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FEATAFRATAT F IAT F HAET AgATEC F &AT @Tge |l fl /AT AT gt gl TEh | ar
AHLATARATA 7 HIATAHIHEE FiT HAT LU TTEET AISToRT T fe@mar % ag areiarst aa =afed grear
g ST TTereer® & e e SFameaeid 9% a1 g a7 349 (A0 vdiarT SR gidt 81 srqaem=aarat
T e FereT & 99 F 919 33w s § A F Sewr Fiadis #7 S e vy Hi
serfaefe e tiaT 3T ©se A8t AT ST Jeham| 38 ATaRE o0 F18 & (g srqATa fAeT qrer f[{eior
STATAHRTAT &l F8h TterT AT gy =ave T5i 36T ST Fha 1| (H9% s T<h: AT qataheT)

FITHAT FT TANT Fah AT I AT F 78411 | A< freas 1 T899+

AT ATATA H 9T AT & hrea® & Awifadra Rufaat wyae grdt € za+ afafa sexeeaw fifeaw
(AETEUH) H IS ATHALAV T TITIAT BT 81 TEF AT g1 ivass o9 Feras va "@dreT aiwamsi
ZTT AT fRETor SRamsheTT T aTiad 2raT € U ArRTenRet § e uaus o wHiSw hy I fHedt 21 158
AT I¥ UHd AT C+ TH 63 3T 145 ATSHT UL Tee A TS TLATI] hl G&H HLadT aiiorerd
& FHTLT TIFLA ATSAT T ST Se¥Fed? T0F § FIdhiT UIEAT Ta T8 6l FeAHCHT  forw anael g F
AT AT GIT TATed 37T STTaT 81 “Fiea® AT ARET HTHH &l g1 of | YA 36T 73T 81 78 o0
TAATILAHE o T AT AT T ST 0T o 7294 & forg aufia g1 s0¥ sEed aRietasa & forg

49



TEETCRIH STesTa el (FITRAT) FT AR AT ST 2T | 38T THE Se9d AT ari & {37 hreas Fionarst
FTT Sifeates wes=t # wiaeht v qusAar 81 =9 o few, arfig e Bt g arfae 81 za+
afefeas szea FitehT ot Sormem ud YRufea SfET gwrastiar 1 Faifesrs w37 81 & a9 &7
Ty wee stfsrereqvnt § frerme 357 § g1 79 ST A F o qI 6 A G F THF A AL FALH Td
T TETTEEE A AT g1 (9 T F: qTeadt gasii)

STHRTLRETT M51 % TITELe g § [ClI] T CO wreaafeay

TATETA ATHTIRATTSA H STSUHUR F =T 67 AT TEAT FIT (SRS Teveiid H | 9 & Tareet At ot
H faremer sfvas @i (GMCs) T srEafen it fafq aee grdT g1 380 978 RIEfSHITAUEE &l I4: T
At § et arer fAwtor gy aeETp = 7§ gg=e i Rufy @fE gl 1 ww 51, aie-Remew s
TR & 158 WISHIT T¥ C+ il G&H HLAAT IS & TR U1, A[-NsTTese 8T FT Areqr B =
THF [0 AaFd @ITATASTT g Teelehiia ATestaesl &1 TIRT AT =T C+ it T TSI, Tee
TSI UE 12C0 FT TR METAUR § AAFd, TeeT TH] Ud el srivash i &1 20 F:77 & o
T T g7 o afevey #1 Adtaer a9t Tog § wow o iy srateafaat § fufa & woee siwde F a1y
T TIT — ST SATfoae 1 (12 CO 3R 35%) UF ST3AeL ¥ arT (A0 ([C 1] 31T 2¥) & Hed a7 & H|
T M51 F AAF TTed H T3 g | ot it IAtedfa % a1 vd M51 % aTg[ 91ed § dgdni
ATHTIRETT M51b T Fielefe FT T ATH | & g1 (S =7 1<h: qTeadt gasi)

SN 0J28 F qATATT TR o< F Al

ATZE s491T OJ 287 — H WATE2 T T Se F AT AOHT SATHRTRAT — T freaa=a F2ee g1 T8 =4+1-
TEST [ECATT TN F IS o FIET SEATSIAT AT 504 gt fgemay i g & fow 31 2018 #
qatETT OJ 287 F forw qieyers fg=memy saa gt (d10=) Far 3579 aviv g g o st feefrares do=

TATA-TTT SETESTZET AT & 2019 FF 31 JATS &1 d1 I FHAT ATRUN 6 TATTHIT HT LT TTSHL
U= U THHN T S5 & A AR B 1a® d0= Tore sl il faeqa amH arafers qiefei g1 31

ST, 2019 UF 06 fEdaT, 2019 & HeA ol 287 & Ao -2qIa qese wud graeft Adteron & aay faeeryor
H qT FAT T Q@A sSease ared &l & g Aferd faes v SR aiadt F 32 aamear
T 2007  THdaw  JAT Aot 287 & HLITET THT190 T HeT FIeTe & T2 FLTTAT ST {3 st 287 & forg
fRemamdt = Atew F forw sraea oM =9 Fuesy RO F A71-gest Taed i I-a3T Icasii (eq =T 9Tt
AT AU T IR F ST STiere THI S| Tl SHATeLfeT, sl 287 H AT ATYTers THH{h

Afee | gIAT g1 (9 FRE: T, TIATFATY)

CHIME/FRB gZ¢ft & 9 geai ud Qefér = gifordes it oo @

AHATARATA 7 T AT Forafiar qea<i ue i ¥fear oifomied (RRATs)HT @ISt &l FATIa+ greg o
ZERET ATy e YA 9% (CHIME/FRB) S0vE % |12 fYTE 36| =7 &1di & Briae-giaswre
TeaY RReelt & TR TAES % @l i TAAT H 396 Ushel aved T GE=q AT TAT| ARt o
T ToEE] & (o0 Ui AT, FLO-HTq TSI oo ua Aot ShEeie w1 ATa A (S swikn:
A 1. Tger)

FRB 20180916B FT 60 IT&® TAGAAHE

w2 24T 9% FRB 20180916B, fMeedw-sTd Uhsmeet g 51 foF 149 wadi=ft it gf o Tawe gee
ATRTONRIT TETTHULH F |7 81 36 &1 g1 16.35 & &t srafdr &1 weow o7 zoft afféw & o= fra
STAT 81 AqHeTaRaral F TgUERAT3 FHY F a1 FRB 201809168 F THTIF Ud STavad THISNT U
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THTSRd & TAFE e 4T (AEeAn i gt =0e geaefT vd THEsiemy Taami® 97 10.4 TH 49 feremroay
FATRAH 9% T&qd FFaTI FRB 20180916B F T4 2.3 THUUH TATHIIHIU F T gao THIONT % 60-90
e (THUUH) e & SqEar=aaret # 364 UAaiaeTae s s 30-60 T fareas & a7 Fv
# Fgraar =T areadist (60-750 FUH/TH) § ToAw, BV AT el T & TEOCETd TR o &
a1 FRB 20180916B T 0.8 & 7 frferaer awt T sasaswar srow Arfea steweaer & fAdfera o & amm
LA | RN T8 THRAEAT T2 (10 FST aUT F ) =T A0 3T F AT {0d Al | ATATHRT ATATAT
A v FAEerd qerareor i1 ' S5 o-Ee | UaH-¥ STea<isT Ud ITHT-60r aTeadist it g ud Aaeay
AT TSI |7 81 (F9eh oA Teh: #fgd 9. dgaay)

Trer =T T AT T o7 fawaT o

ATHATAFRATA 7 IT-ATHHHVE TATAITHI 6 | S A1 24T a2 (FRBs) FT ZTE ATHTIRATTS & gae
stafver graeft (HST) LTt 1 weqa 3| srqeemaaatsll ° I Tafesrel AFHeH Tl FATTCHTS THRTIH
THTET o Hae H RAT Ud =9 ARHeH dl difeaahid &9 § qaqT1 <16 Ud qF STE e U Heedd 993
Zifsrias & Ty #11 fAewd e = G affera e § vwsmeEe g sra serteed | G
qv giforie aiegerem & RErsge™ # oo 981 foram sirar ua T giferdhr ®7 & f%= LGRBs, H-poor
SLSNe, SGRBs & Ca-rich zifsriza £t srafearfaai & €| = srfafia arar war & s grees & #i

AT G7gST 1 QAT | Aferaier FRBs #i srafeafa uerates s ar AHi a7 ud ©ew ge9q1 9ag
RS F ware #/ A2l 21 (F@0F = ey ff dgaEe)

50 fAeht T TASTAT FARH H WA-GSTATT A BIod AT TAHTT qHEqT

AT o GATANTA T THETT & THE AT § U AL FATSH STH A0S SF T FATEH & a7 5% glod
T TFART T THAAT | TH ATHHT § AGed Ul TaqT TAHTT 6 WAL FACed H qATGd oA gred i
AT HT SATHHRTL g ETAT o TATSLAT FACEL H 5l gIod shl HEAT il Tl & T WU FIAT TTHAIT A AT
Bl ATHATTFRATA § T3 § TEATAT FAL@T 6 AT T AT TH I T ST 6AT| THHT 3297 et o
H 50 TATSLAT FACTH H EEAT 54 gIod =l ST HT [HIT FIAT 97| THH JI9q (9 T\l % qE o+
T Fq T FUNLT ¥ TGT T AT Fo7AT 747 (3Mehizaet U=Uadt-UHTUe ST T T3 F2h) | (9 =71
TS =i

AT AT FAEEH | Io7 A=A AT R 8 ST R TE-Foq9qTT st gred

U [Afteafiar soha IUersy & S 9aT Ferar 8 T S=H-aeq =1 a1 &1 16T UF gHeTT ST a1l fa g
= | BIAT gl AATY AT gAT-THTL A FIAT FAEeT HHTAHTT TS AT TANT Fideh ITAT AT FoF 3= 778719
AT § = TTLTHF ATSALT SheFeT T STHI TR 5% gIod T (T gl TG TEAL 5% gl T Al &
o a-fAwtor vd geeEe iffuaar & uger gt 81 AEeTHadten 7 arar G G wea-agT ua
Aga Ul IS oo 3w JUne & o AT off 39 aT Fee g SeTH IR Ue-3aHTT soidh giod & [HHTor
TFT ST FhaT 81 (F9 =T<h: |Hiva =esii)

AT TIRT FAEEH H LA FUSAT G SHUL SAF gl FoqA A9 HY qregqaAtesT

T Teaas F1a1 g7 Q@ATed BT Srar 8 & vwa arr #afasme g 40-50 THUEaIuT § F97
Sl gIed T AT qg1 ST ST HahdT| ST HIL0T 00 IcqTeT U Ted e Aeary g1 ag AT fEewtag
T AT & (-89 TeTAE F AT g| @ 7 & e #7 S9 a7 Fqeed & 387 Ta qugal &
TATATT ZoTHT HT Tgea ol &0 & e 7976 g0 G99 g1 90T & (1T T AT &l AT HIaTe & J 1=
TG gU)| TH A G SF T FATCH H &0 HHEAT G AT AT & AT AT T T (A7 7=
AT AUATHA AT -GeTH/TT A & 72 3T ST Fahar g1 UAT 219 9% JTT FAweH gIT TTHidF &7 F 54
grod &7 [AAToT FoFaT ST ST § ST 39T 1T | £ EAT-goq 0T so0eh gIod Ud SATATHT T SedH S Ue-Zeq AT
A god & Hed § 3| (FUeh o T<h: HIed o)
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I FHoll WAl AT

g e i Ta: st B At

&5 FrEe (=) & @ 2012 § Uedd Ud HUHTH YA T ge ot A8 a9-uauaEt 7 ot 9% g
FTAE gt w7 oftT 65 g1 TR /At i T, ¥ Aied (TAUH) & Q@ATAEL & 91 it T8
S| THHT 32T TH THTIOT FTAT AT THUH o TL WAl F Hehd 1 0T GIoT FHeAT g foreht SHfa Tt e srama
2| THUR gT T % 979 UH A=A RIT T a0 (797 Srar € Forees 1o 397 & 3 97 4 %7 099 TFhe
FEHT T BT TFaAT gl TH Tqq: TAARIET A & AT GIT &38 T & sare F7 fHeiwor & srar g
ST AEea ol TATE AT TA & qIaH 6 [T UF 386 FAAaeT 6 gATT IEERT 92 g1 13000 GeV #Ht
FTEIHTT TS0 % % (2016 § 2018 F 9 HUHTH TART FIET HUTRd) TT TS H-AA-S1E o e FT
TR ok TUHUH FAITCET HZANT F 2T &1 | Fawre At o A fY 3o 9% gatcay Fegee 1 qred Fham
T qforTy ST TreaTied, U it Wi F O s e F forg €)1 veru=dT w5 g e afasy #®
Fga< fareara & are {59 o0 3T &1 aredtas =9 | [AOfera B s awar 81 (F9e 7i<h: |rer qasi
T FSET AAATY)

I qXESAT UX o T Scdq =7 ST T fahor fAdreror

S e UY § A1 arguee aAhE ettt oarfie 81 ag fdew, 2008 ¥ TErE F g (ST
4270 ¥iex) | TATT g 7T @IASATIHE Sl 6 FAEAT H 38 a9 647 T471 Mkn 421, Mkn 501, 1ES
12184304, 1ES 1959+650, 1ES 2344+514 FHT 3 soio< AT T T T ATIF TS 3hel, STTHIAT STH
T ATesraed U wHT IUUE T S =d T Tedl &7 fAdreqr B wam za srfafve s adeqont
T 2T § fRreesteay % arwad & forg fham w1 227 % For 785 =el &1 68 a9 & a0 ot ) fAafa=
HTAT T 2T o TeSrTor o7 1 ST g1 (Hoh =9i<h: =1.32. Frefae)

4-TH FAH FIEHESHT ATeha gaeft & forg 256-feRer weerEhiun srarfa ¥ #1 R

Tt 256- e THATEFTH (F9THE] & TH13361-3050T0H-4) 3 TIETeTET 64- e aste sremd gafonT
Fa¥ 1 e R ) == [ Y 3 the-uue § 9T Aised AT SIeNT-3enT TEevT BT T 2] e
STRTRTETTAT TETEA0T HE-37T 3T TN AT ITAT| S IO & Fq oSt T foerl T T Tfae 37 (1600
HIErEae=d a3 WIaad AT-TEIAAT), THa Hlersaded 9 TH/U JquTd (¥6 @ SiPM overvoltage of
3V), arIET | qREde F FTL0T A9 7" (3% over -20 to +30 °C) AT 21 100 fo=er "\ & afasF
for srfSrererorT 7 qut foRaT 19T Ue 22T T TR A 9o & forg R mm WY F SE-uve #i7 ot
AT T TLIE0T TR AT T S0 TR S e BT FT TR AT AT ST 3R9T AT S e
THRTIT UH ZIEAaT o T THT hferster, fovme S, foraer goar fesfersstem @1GSPs wa farrfs st it
ST AT 97| T8 ATAAT T l-AISd LA S-ALTT THh-UTE FTFedIL FHIAFHHAT H (AR 6T 2T
ST 3T TeT & AT, et e srfanrgor 52 3 #1d F7d 1 TH-FHE o Uhiahd AT eaTae T godised
U = F AT ST 72T 81 TG TANTLITAT He-31T ZTT 36T ST 78T 81 T8 78 THHT A3 g | <o gaeft
F FEAT TIOTHE o T T FRAT SITU| (Fueh =af<h: 1.3, fefae)

i dersrdr A1fere & agarde TeaaT F1d

FEATAE ALTAT FIAT Hl Y & ST AT TOhT TAFH T ATIF (TSHUA) F forg B m@m wie saeq
YA FATAY (TRUHATET) F ATHA H FATHT AATF At (FLAT) FT dg=e ~ 47 =1 i srafer x ara
T a1 77 450 AT % 227 3 T T T et e us Ay 3= e e fReer 2 § wHT 3T
H faermer &= et (TAUET) U THIF 5T 9 2T aF AT U THHT A=g7 qieqehia Tged AqT| FAeT F
oo watfers sarfad afiged it Scsd & &7 I T3AT| THA ITRY 2 o 332 & G gherwedt F g2
AT THRUFATHF] T 102 % forT QPOs &1 HH=, FAA AT RATHATT o T ~7.6 fa=T T srafer & arer

TTHT T3h0T T& TERTIQTF ST S€ H g3l UASHET 1275, THAH FACe 6 g H AaTedd LSAT SRR & forg
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FHI: FaTe-Uaad Ud UAgElY ¥ 919 Ud gTE UF-Y T2T & FeqTT F13 Hl UAGIES TTHT Fhor e
F T BHI-Tudy F 7 R Aferont & arer G ) uw g s Bt B e S sger
FATEL TF US(IUA ANEE &l [AgRTd, Hi%e U TS TH-Y TFed Sel § ATSHACHH (e I FHeh FHIAT 97|
rfo= Tw mmt aw afofaferdt 1 steramr R s zae |7 S Faredie ud weree daerst | fAfie
FSRQs % foIT IgasTa e Traee Sofl [Aaeull & Teqa HF & A AT 19| (50 == @3, frefa)

GITTFHT Fifd#1

o ATH-3 TAWT GIXT FITAT Fhur Fetl TaeH T HUVISILT HT HTIT

Fiteaa foreot, o # SufRaa gatfas SiRra wor 81 grefife 9% go1, @ Ud THI0 F] 96 ¥ F FHEAT
TET AT 1 S SHoTT THFH T FHATTSTT F TATT HIIAT & T4 I=F ST H0N o Tged HT IqT 9 Tl gl
STafvey SeTd Sl ZT &1 & ATal o ey g & Fifeas o Sraeq 7 auid uha 7ia af grer
# (energy ~3 PeV) T ATOTq AET AT ST |haT| Aqfver meaTia Sg=Fl *F 3= FATT ATIAT H FiEHF
T3RR0T FeFew & U A T IS T AT g 21 ST 39 AT, 100 AT F = e @i #1100-
1000 TeV FT FHT ¥ 9% Fifeds 0T Tem vd giery Ty 9% Io7-3 YT & Tei=aq TiomEt gren
SqTer § ToTeT ATIAT U S{H § Tcqeq Hraay & 7 ooy Iqerser a7 Srar g1 foremer &= wyaia gzasft
= 919 g fHfeees 9=t & 99 U | T g 7799 999 g0 2| (H7% A T<h: Jaar . Higad)

o -3 YA & AT FHi e Fhor fArawafArhar & ATa

Trf wifegs freort &1 A aerawr fowefos gar 8, o ~10%-103 dae f Femar-fumr i
et arRaT &1 FLerT stvs qiF fod e Taw overT WA g1 AT T 8 S a8 9 § Qi
T T Fd | TATHETorar, AT ATRTIRET | AT i H 30T STl UF Hi (€7 (Rl & THTL0T i
TATIAT A ATl Tedeca ATeqH § AGahT HLaAT % [T 9% T g1 -3 AN AT AT AT Taaht
r-zaeee safRafa F Feor =8 wAmar & ofegad § g1 Aumatosrar v f@eerwor #r T g
S -3 22T 3 AW T TART FHAT TAT §1 THF TILOTTHT 30T T (A9 S0 o 97 8 e [eaa
TUERITHT, USUEeedH ] U ASHFE AT &) (S5 sq1<h: T . Tigdl)

o FE-TeV AT f3hor Fat #iY ST & T Ioq-3 AT F FIvii Ardew # S+
AT v frdes, o wifeas et % qor i qwer F o ag-Tev T fFr sat #1 gt
T & T SAfFaTd 81 T2t A oeI Yhe T % AR UF oy (A¥ar & SUIRT g I-3 TR &
FIoirr forsa # wgca ot geme o | Frofir e &1 =387 a0 Sites, Fifens o e 02 wars

F FAreror g Sferae foRaT ) =gaT f feor T Fitens Bt 3 v | Y g Froi fordeT o
IqsY BIAT g1 (Fh ={<h: TadT . Higdr)

o -3 AR TRT 10-300 TeV U fRWST AT {301 FAa U STEqAT 14
2.7 k wifA® wrEwaaT dEuTse (Fuaed) F AT qFq-3=A-Fo hiegE RO (UHECRs) #it
AT TRATAr ST RSt TTHT-foneor It | @Rt 10-100 TeV Aot faawor srfera g1 = At
FIRT Fiord &l & a0 92 F 30 a8 a9 & GEIAaiorhe FHERE 9 GF4T AT qg4 AT S1aT gl
o -3 TR FIT AU 2T o ST 9T 10-300 TeV & FHoAtall 9T FHi e heort & gaferd arar-fweor i
FraaT 9% 90% C.L. FaLT TAT ¥ wATi fBFT Strar 81 (S =ikE: 9T . qigdr)

o ITTETH HWTSHAT GIRT HUIT & <07 T L&
ToH-3 FAT EEUT 7 FeTEeT+ § NATE 9 Araiee §9Tear ol @il il Ta8 1929 # #1.47 3. foeaw
FT qATHHTAT % STETE FHiteds fheor =gt (7. giee & vua., fsmeue 122 (2019) 105101) =7
ST f3FaT AT 2011 & 2020 T IvH-3 2T T @IS H 486 FSvETT Taed fUer T 80 wiaad Tae #
& e & e fram wam fega /i w1t fAeqere stegae & arar 3 3 v ufasdt a1 wgaia =
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9T ETXT 2 T3 ST 9T 8, STt IS 67 o1 § 93 § =791 Y907 3=9q< graT gl (V9 s f<h: Tadr +.
qEAT)

CHEEIRER I IREIRER I

TS & AT a1 &

TH ST FILT TATAT 2 T [T &0 &7 G2 Foha1 S1at 8 7o 357 dftarar s # freme gashra &=
T AT wAtsAT § FHfEawm A9e ©he § graT g1 S| H & FT aredd H SEH HAIEhIT0F Thel |
BIAT g1 T8 T S T =rArett gy afeta e wam & St Jomeor woisw T & grar 81 THE @aradiiaht
TE SSIY WIS § R &A1 il gATE ST Tafdd gl Jhdl g U Tae sHionT ud f=iFars & o
ANTTHT Y 3= Soott o1 &t it RS & ggrar e dt g1 (5o =2fxr: st &6 F9m)

T Stareropstt & Toraeie IS HT ATIT

TS Y, § THIAT AeqqT H T UF AT | AaaEaarsi 1 (72T asd Aqaer= dem &
ATHATAFRATSAT % oG H) TRFAATIAF TAFSIT IS o6 SATHALAI HT LTI, I=A-aAT AFAT & TATSA
(FTTAT F T T FIFAMAET § ) F A1 TG 6 9 AT FF I=-3911 aAra1 g STuAu &
TETH FT I T HASH 6 A [A=aiad (AT ST Gl §, Ad: 218 % (Aowul F gHTT TR § 417 g0
AT g 6 8 AT i & FIfereTel & oia7 FaY [Ahad g F7 JEH Jgdr gl 9T TR | Il
TSATST AR o ‘gL [ATar wie g (Srereiue) 9 F=m 3 =0 dog & 7g §9mar afoq grar
g T fafere =fstt ud Shefiar & aror soraei F1 A, g U ot F d9gT F T gRl T2
TATAAT I HHT T FHAT % o0 rfFar § s Saeropet i staeiwr, soFei-a g Har ST s
e F3d 8| AqEaTRars & ARl § gATT SITHHT § U 747 | e a1 g & 57 St o
I=A-a 1 atae fafer gy warfaa forar Srar 8; =899 gwad: agay SEEeT A aadt g 6 8 wrfornret
# Fw Y seafxr fafreor &afa % are g o=t 31 (Fud saie: vher |7, Brad)

T -FAFE STEIUaT TZT TRT 2*1 level in 1125n F T 14T Sfrawrshrer 719

M2uEUd FAH # Aqed I Elab=195 MeV T¥ 35C| TISTFeTZel % T TASATREH ThatiaT FIAT Jedrord
BT M 24 S9 F IO 2o g9t y-EReer 9w @ fFeerwor BT mam o w e st
HATSTATSIIE T THNT 63T TAT| TEHRT 3297 AqA S{AAHTA U S (o2d FA1STATA (32) ZiTorere FATe7dT,
B(E2;0+g.s.~> 2*1) il TaFeHE FIAT T FaaTd gy i ey fFemmm shawse gt & e
aRuTTHT % AT g R T 4F FrAd Icded Ud AT-siad INA sAedifted dugAl g Ru¥ a9-geawrT
THUA ATSHIEIH § AT-ATT 22 T ATHAT o Tqa = wHaG ATIAT o 91 G § g1 Ziforerd garsaar
T 2%, e & forw arqfEsar & Fiag & ot 7f & St & vd =3 arar=figa afissar atee (Stoam) v
AATLF HIE FAT A AISA (THHTTHUR) TUATSAT F AT ITFT ATEIaT | qTAT 7T g1 THEHuaud
TISHAT & & § Flg F 1250 § TAT 0+g.s. TH 2*1 AAEATSA & folT FTe =90 F Haer § THAT ATAT §
et ITafxr 3 WeM-HIT |l Ua UAGES TIed-~I2q S =ahATA  FILT gl gl Seeh ST
3 T U 1 19 |H9TeadT, B(E1;3-1->2+1) F Strawrahret o forw #iwrsit &1 srea f3am =m (7o == f=F:
FgsATT aTferd)

135pm § @ FHaATa= U qfRaaT i &I &1 qreor
135pm #FT 3= fFu Ieafora sraerait &7 qeq0r 145MeV S8 FelT U< 107Ag(328,2p2n) STfHfwaT &1 w3 T

T o7 AT AT TRRIHS-T0dT 989 H TEHEHAT ©9.0-, 7.6-, TH 6.9 MeV IcdsId Hofish aF feaw
THATIAT FH: (55/27), (49/27), UH (47/27) h, F &1 AT T2 FATems qfomet it =4Tear arsuiFsr
TR O AYES FT AN Feh 6 75| @ 77 o F9eia d€ §aarsi & Heq & & 0g 959 &
T o Hag § yrast 92 % G TIv 67T AT THhaT g S 76 Ae-U Ffaasrd & o 399 $409 81 396
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ATATead yrast 9T § Aaeq % SHAAHTAT HI UAHeae, SIAAY [T TS AUAT T FT TN Feh AT 747

yrast STAEATSAl & AT a1(32) 0T FTT S=ad? (o9 9T qTH{eHaT f g+ & fa@mr Smar g S
AATSAHE TTHRAT F FHTLOT BIAT g1 (FTF =T<F: FFSAT qTiord)
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T THAAT | UH ZTEUIE &l AT 0aF Al gIT AT STAT § S FWI H KIFT Jiet g B & 7eq
ATESH SIS S 6 |19 Jd FAT & STTHLTHRATa § G =7 F VLRI St T2 779 (<AT| THH FI a0
HAHe gl STAT g1 T FHIART TSt § AT TF AT g d9F UlerHed, FEI aHe F1 A0 a9d 2| STgi g8
e "gcau Utedrre we (U-fmftes affemew va Areemitean) ua 39% wied (Y& *7 F FH
FIEATEA-3 UH FTeATad-1) F U & oqr g, 81 i FH ATHHRT ZFIIE TIas i SRR § dore
AT AT T TgATT U AAF FIAT & Gael § ITAH gl TZ AR TAYT & F AT Hged qATad
TAT Tz e ATt % o off 1 vastaer oraare & fohat 7 ST sFieeh =20 HITorRT Stiash Timaet
F foreqa srearwr i T YW AT T T9T gH g RSN A g AT YW AT g1 3HE AR
S eree ortae € SEH ATseshi 3AT T AR =i ¥ 7ied & ¥0 | 67 37 77 81 AqEaEare
T &1, TV T e w9 8 AN AT ST TET 81 ST 32T FUT GHATG AAF TIAT T g FIAT gl TH
FITT AT U ATz THORT TS=e T T 36T ST 22T 81 (S =rixh: gear ot #rfor)

FagIT FT AFFTITIETT

AT G AT TASITEd HT AISAL: AATAATH [Sqered § Riodg

¥er UF FreqT TN F WA BR 0w ¥ AT *REEEET, S F R SreE o &
AUl ST T TR AT g1 T8 T X § AT ST ICIEA U STaS 13 il THa "gelel
FT B TH FT F Hoha AT I ATZSIRITIIT T ST HTIT ZTT AL FIT 58 LAV ST T
fRate T SITaT 21 39 F1 § UF 7 i TgAT TS g TE ST AT ANTAET Saferd S 961 T
AT TIATE A UF ATerhiiegdd SehFe # iy F a1 §afdd F2ar gl 8% Hged o SUIRT
TS ed Td IAAEATAE LA | gl 36 FF 6 TR STANT 9T 6 o7 § ST AT earesy
R ud URRT ST % a2 Hehe &7 a1 7 5T § o gafesmtes fRaarsy F oy et sifew
g (F7% =af<r: fafear a=)

LCIRIEERERIGRER LU

FISOTT THTITITE TF ST9fa#hi

T T STEFAA FATFATS e T STTHTT AT

T, FutEee it gfdas F @9 § orq €, 97 399 fAuwators feare gortar smfera grar 2
T T AT A fFar #T UTHa-30 B SFe eyl (THUHURTE) TR | o9 57 1= g 5
TrELFAEd TORT Fiedad &l NO1E Fd 81 AAEUFAR-SAUT H Sqaear=aha el 7 e Feqeaad Tl
1 faawfaa e 21 T I freeed §¥aTsl I e &1 SHaT 3297 Tl il TTeLaedd Tl aorer
Td FitAT AT F @A FAT 81 e 7T 6 Sre A B wiEdeq T STET w9 |
AEHae THUATETH TARTCH 22T & 919 5 T34 7ereqay Tideg & forw grar g1 =98 gfafete, gar 1,
a2, Strowdt v sfieft 1 enforer €| Fereemar wuvEt i W FfafEmteT fi At fawatosrar 1w

58



farforee qatqamT % forw amp R w81 30 afaiard et o Staes =9 & |@9rq g sTeveere ud
ITEAY TTET T Fgar a2 T 17 8 it Fifrhir g2 #§ 91 yehraters g g1 (J@9 =i &g
e )

TS ALYV I REAASIAAHT TS H SIS TRAdAT HT THI1AF GGAT

FTHTEE § TRTF =7 F FoE GaaTeqs Ua gt TRadal gl ATvaeh e &1 Fair sSagafe
wter &t et & forg frar stmar € o argar § Tt areniEenedr v fros #1839 w2 T )
A TFA-SIHTH § STIHATTRATAT T o FrTaRve Feqefee 0T TFaTEhdT Ua HFIT FT AR
TFIT 81 THET LT HLAATHS (Loraaeid & T4 TRTi o= Fif T FTAT g 57 RSt a7 -Fa1q
ATEEAISad AT 2% % o0 qETte Soae(ad AaeaTsll F7 g9 Fdl gl Aqaaraawars « =15 &
S T -3TaFT TEAAT T THFL R ITAHAT 3o Fed § THAAT ITS (ST Tg TR IEIh0e aT2H Thed I¥ TFATS S
FaEAT qag U YA gt 8)| FegEd™ T TS F a7 UAd ai¢ F {dave § faforee ywrforw o=t #r
TS AT TAT| T STeTAT FIT TTEH ol HRHAA (AT Tl =IF Feh AR A-[ATCT ST 0 Tiee i
RS & forw 2 gfges Iuersy AT SATaT 81 (H0F =7i<e: s dwewof)

AT T ARTAT | IS 1IN SEIqTA T AT HEAT

A UERANT-STEHE T ArEAMETEHT SE § ATHATARATA 7 FLSITA T AAT T TN 397 F1 o7
39T TAA-FE (ST (SUH) AUAT STHHT T STAHTT TET T SAhT TG STTHSTUAT ATHAL % T AT
FIAT g1 S AT FIAT T IT0T & § AL raAret Jeeiv &1 q9re1e a1 Srar g1 J U-%ig SiuAu:
AUAT TS Ud STUHSIUAT § HaTerd =Tol STHIIE IEAqT T LA FHLah (ohAT STl gl ATHeTARATA
T AT QISenT FI4@T T YA FRATl SHET 329 AT 2199l & |l J99d U FJEd L9+ §
FUHASIUAT UF STUHARUAT o HATAT [ Hege FHIAT AT| ITAT AT 3 STUHSIUAT AT FATAT STUHAT0A
q Aga¥ 1 =TS eraare e # g1 foega fEresrwr 7 fGmamar & Suadivan g Srugsmue F Rawe
T Ud FATSS H HEAATHE HqL AT GITUT 195TH F STUHSIUAT % S=ad< Gl o T =T F1E0 2|
gTATTh T HHT § THIT 99 99 A o o0 STOHAUAT T G979, AIRASE F (o0 STUFS 0T &

I=AAY g TGl STUHATAT il ALAY TIL-2-UTE o3, STUHSTUAT & ol | | (FI (< L5 AheThuiT)

TITed & FUX st RarRee Teree agha ff a9

HrarsuhAr-Sefiue Ua Ut § SqEeTRa e F o YITUerE, UAUSUaUEHUS i Gt T e
e = Az =t AT it ITTHTS 11 F oTq AT a5 9 F g8 TFHIISE AN F fordT 147 g1 396
TARTTCHE Ud HOIEIAA TZIAAT T TANT AT 3T 81 FHIAL AFF &l 95 Fieee ~ 10° M to 10° ML, F &1
HETUeerEE & 1:1 Fersrd il R FTd T T4 296 27129 2 Fi92 e # eerss 4 4 ol frateaea
T TR f3haT T AT-TeeTee ool o FUFE eI Aeqa F1 U FAH 7 gTq-ferie aie ghat §
pH ¥ afadt & wohe T a1q TeeTee % forg Ssame gt ua dt-F1eent & faearwon & doq e &
TeaTTT AFA | ATAF TEAAT Ud FSLAT T S0 T AT T TZAT 92 gIaT g1 THH Hon T7er 3 T
H =9 Yariearse H FHUT AT A TEqT F T JHarT w1 qaie 2T g o o frsuteatdr s i
freraaT T AT F AT 81 THH Sqd: T | HIU A=A % HioF= o7t 79 § qgraar [Hedt g (Fh
sgf<r: 7o Faezmll)

NAErEE feifigw g T f TifFhT Rawar 1 aisgaa

TErd T T # oI s forfieq & 919 95 A 3| S UhRaA-SHIug § SAqaemaahais & ST
TE FCAIH FT TN AT §| THHT IL9T AT AT TTETE o AT [orerst o2 fordfie ag Arze & spfe

T AT FHIAT | IF TATSLAL TIE7T ol HLAATE GALSAIS AT 8 [oTee A Tahied e o Jafafed dafad
HITRHIAT 1 (AT 1) FT ATAT g1 37 TEH & AT EHH FT FAFIT SIS T8 T 2l g Ua ¥

B-FAT SATIHTT (AT TTTHTT FAT) FT A Fd 5| THH = A(TANT A= [ATIT T RIe HI TTeq IaT 2l
TH FEAAT HA | Tohe ol o T forie G738 B-FAT & AT HTE STAAHAT FLel % qTas(@ LA Taied
& AT IOTEAT FHT ARATTT Al HAT SATATl 3HF E0dd B-FAT FT @ 7 HIA ATl (9 Te3e forle

59



FIT B-UTET hlee FIRT STAs FArAT A TIE RA¥ar il qAaford a7 ST aFaT g1 39 STeqaT FIAt 510
B-UTET ThIee WIS T ATTh1 (EATAT ot Aigertedt # fohieq & a3 &I Ud a5 #AISH FT Hgcd 4% gial
gl (W9 =ateh: Tfag dheHofT)

geTef THTITITET

CO2 U Ut & dAfFSa F aHwlo AgaEas geT

aTeit FRaferfésr £t Freafes w1 3= 3 Zq (B8 I UATe I #8 AT Terael sAifaasta wataarg
STTRAT BT ATTera FohaT STTaT §) ST e aTahare o 9 § Sl e er STTSTHRaT &7 eteaae foham =3 &1 3o
TTRAT & TSEaH 0T GIXT FohaT AT ST Zregioe UiradTse (AT FT ITasd w0l gl =0 Aegaeaaes
srfwrfera % e co2 & 2T afSiT 9 % =0 & Frr Srar 21 stewas w1 ° gfg F9a gu Fefes srfsrha
TN THAT T TATH AT T2 TATE T = &7 F ITAR(T WAt H202 F [{Hir it a970 @@ gu
Farfe srfaferar it wfa v @Oy &7 7 Fr3e? TAFEIE T CO2 T2TT F w0 Fhegl gregiarad TeFel
% TR T Geataha 36T T (F9e 2 T<h: ZI9T gerar)

e 3T=T 1 B HA — FESISH 1SS T Blel-Saae KA HE STad

RIETEh AT ATATAT & HeATHT T F1A TEH o oo aee Ud Tnd 4 Tl qied Afaae e
TERAT T Tl § T STTRT I F1 (FTSS9F TLaTEE o AT 3 &7 Toraeid aie? s erd & €I
)| ATHITAFRATA o IH 79 I H1A 64T U qeaia a1 PreH da<e 3o & fawtaa 2 39 Ruife
o Strar 81 feew &t 7iers ud Grearferfadt ageaget fefied 8 st = Fhe warer afRtaa st i
3T LT § AR H3d 8| (9% ST <h: <I9T GrATT)

RIEISTTE gTeg I AT & oI THATeHe FTAT ATSEI5E Tq@T T ITINT

TH w1 H o6 AtadT (FOw &9 & 995 & a1 # I9feaa) Ff 3ufeafa # atex Ruferten stfaferar # oo
HIATAT FITSTTH FT FHIG JoATwT AT g1 qeATtha Td=Tas =0 7 # AfgdrT g & ag Fonfaa
T ATSEISS &l AIAHA AT TITAHT-STLTT TUTAT 6 €9 § FHIGd FAT gl TH FH § FHGE dleT
feuferfeT 7 avie e s & S f3fse sifg=t (Na+, K+, Mg2+, Ca2+, Cl-, S042), FT Sufeafa & forar s
T T RIS RATaaTT T AISTATesT § Il I T TodTehe 6T TAT g1 Pt AA 10T Hg-3cI<H &l
TIRT Fh H2 IaTaT § 39 A7 gt F1 [Fafera o @ =7 39 stg=r i safeata & fBrar @ uF pe
ATITRaT U THFd g (Sl STF § TRIITcHS Flad AT3215S FT THTII Pt TZSILE il Iuredtd &
BIaT & Tt 3T <At & Wi 6T ST § H2 IeaTa § g 3 & forw atex faferfer &t s #wwar
BEIRISEERIR CHEGCRER SR R IRE K EIRi))

ST & STTATFIT THTTATH 1 TH7dT FTSTAT

GKS-spRPA TZfX F T & foas ez ia sAfhfAde

TR staearali it AISToNT, Torel (e ST T@ a3 & (ol SRIvt AT gl AT STEel ThTai®
TITTFEE ST &7 T foham| =8 1, Sr3uararsdy srfe orrfHer 2| soreae i SR AEsT T ST T sehere
BIAT g1 TEHT F ALF AN SAAGTE AT el Ieqi & A=A AT Jfedl ud Reqea-yae &
TEHae TATAT AT FHT & Zret g1 36 F14 7 fe@maT & arar=iiaa fi9-99 0 9907 TTiaHaer (GKS-RPA)
TS F AN-IS HAGIY ¢ et AaeThdl TRATA ATeqT3 & qu & o0 | TROmHeas T STups
FT T UF AlAAeE THAAAE ATEATA Fl FHT 7T H IULFIAAT 6 12 A7 (63T 1T gl 39 F1d H
FATIER ThToRT GKS-RPA TATTTY=H &l AT yeariad fram 737 § ST 95 i 6ot 1 T & a7 #9 aF
Fr=r AT 81 TSR eT TSRS FT YR Tearasie Su[Et fit 95 UiAai=s qaeqrafi & i &
o FoFar ) o STE ST S ST FeT TR # gl (F =ih: ST . 7q3)

60



FHTH THTATAITE TZ1GA1 % [ FTLoUTT To8T

A ; TTEH | FH-THES TF gaa-uare R e aisge s&ny 932

= T | fAeqs¥ 3 o\ THEl % YATHl 9% F=1 ¥ T2| T T, FeH HEAFTE TGt § e 7
Tg 8 ST ETHIA Fi%ed? 6 AT gl 36 FF § ST THATcs Ud oy 9giaat &g &0 T g &
TorhTe AT U T TR T THTEAT 6T TS | URTTLZHT o Al il &7aqT 6 |12 SATEATHT UAherd
F THTL FT ool AT TAT| (Hoh =2rieh: St . 927)

FoIt UF gF1a7r #F [T dqrderarsiad

FETATS O, Wiftedh RIS Td €02 ¥ S99 Tiaew & U vl sfbeedia Tg@AIRise &
AT

ATHITAFRATA 7 “THHEF AToheed 1T TAATAITHH (AAS)” ATHH TaT it f9e FeaT & ooy v
ST 7 Fare R zaw Seersed St Jiees UHieE |15 UF ASAs SIE CHFEETA [UTEH ITHA 2
AAS BT 3113 o ATHTRaTetl &t sherarsst fhar siar g (5 a6 &t srargaes Saerees ud stweed
TR orhed &l T § dgdd FACITad & 919 38 UHIeH d15e UF a8 TIT A I Araedwmdt
BT 8)| Sea@d 1 9 § TUUH T TATET 9 & ST TATREFT i 397 il gregarad d Agea ol &9 o
A AT 9% FTARE AT SITET 81 Cu-Zn-Al/AAS BTETEE BT Sofhte FTATHTITES &l CO02 7 4
FATACOT | FTAT ATAT & o6 eTewamse ¢ & forw 79 yfaerd efae=dT grdt g1 33+ 918 AAS % STes
FTATACATE T T IR U STUAN-UAGEE SH-TFeT TAURAT g7 33T 37| THaAT 29T =7
TaTt #F a4 Seee uEfew Arsel # arfva® TT A AEEeT 3udsy AT off| 37 uEiEdr ud
THHTH AT o ST STE & HILT AAS ZTSATTHAT (STATATSEH FT ST Fswed g (9 =ath: fFa®
TIEATEETY)

TS 9 QAT TE R Far 9 CO2 s

THHTHE CO2 ITHSAT T THE HHT Targ Tadd § gl Id: J2at & qguea § CO2 T | FHT AT
ST ATATATONT THTAT Tl L % [oTT HZeaqul &1 STTHLTARATSN o qTHT U EXATH FT TINT Fh CO2
F1 Taa (He, Forerer ve wriE ufde) va fiw @ #§ [k e WiRet § wutatia Grm ea st w1
TART T2 IeaTaA (TS T 940 frex wfa fhetr) F foro ofF B ST aekar & o 3 Rk 9t & |
THSH T ATHIHRAT FRT ST BTegioe | 420 AT T8 g1 T8 THHAT FATEd &9 | e 98 A3 10TH-
ST T AT it ST TIH FEH g1 AT g (Sgh CO2, I (%), U HT9rae &t T=(2ar g1 (9 =t foa®

)

IF FoAX oAt F qr AR RAferee Adiew wa Sse-arre CO2 Sou ¥ fg sifedfts Ruar &
T FIEATCHT

FqEETAFRATA F A o aarefied (LSNs) it RSTea e deerwor &7 w1 foram) za# sreda d
FTEATEHT & |79 I= CO2 Foa¥ &HaT ud 650 =t fcaas ux ot g2 Fawar & famar mam LsNs
AT9MTE ATRIATSIT 6 FET Irgid TodH TAAS-AT5e 9T CO2 AAATII % [orT ITLFT AT Hdg ITAH Flls
S ITFte CO2 FoAT fwaT WTeq g5 | LSNs &l Aererie AiRiaist § TAT CO2 e # "qgraar et
THAT 359 T offe % AT ATTHRAT F7 AT FI7 Ua Tedq i C02 Foa¥ Fretead (0.22 g g™ min)
I FAAT AT| TLAIRIT AT Hforhed i 99 T FF0 6 2 qadl § AT Foa qqdr v
FTEATCHT | FHHT AT o [T STAT STAT g1 SHRT FILIT Hlele FHOMt i Hefar §; grefifsh LSNs it Fawar &7
H T 200 FHT TH Tl (o1 I ITh! FoaT &THAT AT FIeA 1A | IS FHT Tal gl LSNs T T T Fraie
e a1 fAmTor forar 7 €1 5= e & [oeAT 9= THE TAEt sraenor-fEeyer T § qgrar 6o
(8o =afeh: foes Tedrgam)

61



g-C3N4 SHixfes SgTafes fhsr AT T TN F0h BIESTE FIES IS ST Ta CO2 Tl
ARt 7 Fgrefed fhae AaTfaferET (STuwuATe) 9T TERfee g-C3N4 FT FeaTr Rl g-C3N4 T
AT STTRTATH T TAF FIZAL T FITT GTT C-N-Si TECHAHT AT IeqT 7 F7F 357 A &7 Uy
T foh THH FATISTE o AT T TAFST {1 T[UTerH Y orariard gul g-C3N4 Y Iah Heeroor gt Ao
THEAT FT AT TFHA-H e FATCS S[F 6 SEAATA o IO gaTl| T & H faeqa Jehner sTaemoor &
HIETSTIe ATST FAH & SHAAHTT H glx gl THH H0 AT Ud g-C3N4 (STH-AEAT TAUHAT FTIT
qt) F HeT TETHET HT (MHI UF T@T gl 908 &7 I THH TR0 T3S e Scaid Ua CO2 AT %
o0 DFNS/g-C3N4 3 I+ HIeISITa haTha T | Hadr| (§9% =ath: foas Teagam)

T & ISF AtfFaeiea Rgregeres ¥ forg Sgrefes e amfafosT v qafés 0+ Tregee o
SIESIES)

ATHATAFRATAT 7 T AT (FTUA) ITSTHT  FATHRATT H Tgea ol &9 F TRl Fed H ThHdT qTel
THHT AN ITUE & Aifaaeied RErEsnme (A=) & o gar g T08 sqaem=adra o Sgrefeh
e A_TRforT (FUwuaTs) 9T qaites fiua £ RersfaT va gearaor &1 w1 fFm Susuaua/LoT
T STETETI At ve et EE % ATy agea Tyl 79 H 9@ g herarsied aaqr [ETs| SaIe AraasoT
(STE-3AEAT ATTHEIT FAhT AT (TATHAT) TF TFT-L BleleAFe d TFe[EhI 19 [AeTurt & |T12T) &
FURTATH Ft AqIH ThaE wiwtaist va Atae aee arzel (At & a1 #afaes) & Fifadee it
ITEATT FT TAT FAT| T FHITATAT IO FIATACATET H TH T % (o107 HIE &1 Ier@1T &7 & DFNS 7
ot Ior RamsReTT i faEram grerifs a8 DFNS/B203 #it et # stfers wieve i ad w ara 81 ==

FLTAT | IAT AT g T AT AU AT22T2E U AFTSE, TR IUTH 81 THh AATAT 359 Tdg & g9re

(STTHETATH) FT TR FH T T AT § Fa207 Ud Arfehed i Icrashar § Ageaqul &9 F FEied <l Hr
T2 (F9 =t e TeddET)

I & FRTTT [FeFTT

FITAFTA & AR FAswnor F fog Sgrefes e amfafemT (Sowga)

TATET AT AR &7 "ged Tt sTeAEiw arfvas uftashd® ud qeAran 6 oo g1 =9 st H
TRt 7 faarar & Fwrfernrst & sreuaw #7 Fewd, Serefes e Ao (Sowuaee) grr
FATAETF & & IUAey Ao § 3= qqar & a1y Fhar 1 ahar g1 9t F1eor Afgdi e
AIRIATST, 3= TFHTHTT HAg A5 Ud STURUAUA % TR F H7 gl TFhd g ATHLTRarsn § &fae=
AT TEAAT T SATAT HAT| TTH HT AR T ITHFT, TIRTATSH, T & Td ALUAU [HHYT Te7aT §
oot wrag ww srarer ot §1 WIfaT TEEi STavad (THETTSHT) FIae [FhIT STeaaw FTa1 o ferferh
g & TT AUAT F THATHF THGI T TAAHAT F Tahe A Sae FiHar agar &1 5+ grar 8l
FURTATH T GO HEATT Ferhie Ug ATH THE FT qeaar a TIFa a0 T F H0r 39
suAT ey fohe & T ot sEmrereT § sreae T ST aear g1 (F0 st A dedEa)

qFT STAIAH

Y TR STt gT=r @59 Atsgae

FEH T ST e & TTT A AEN 0l AAATHAT 0l ST o0l TS| TH TIHT] T ATSHIERGT, THRTTAF
TAFEIT T TAUHAT TIFEIERT o T AT T47| RN et gy §a [oreet & saraferd
3E ALY F ITAT TAT| AT (FEash § Agea ol RRATCRT 3707) &1 o7 77 HT Agca 0l €7 F FF
FLA ITAT TAT| AT AT [reradied & € &t @farst % gara o =g Frfder et oo
THT TIF § UA THH 38 UCARIT drH-Hrer FRafeiT F g1 | g7 T & (F7%h =7 <h: qErear #dT)

62



TET TIIT

THATES SHRETIE il €T, e TF d99 S 3aTa

T Wi % arfoas Seedl i G9AAT Hgcd U gl THHT R0 A7 ¢ 6 T FurEqar w1 qwAT #
Ffard g Fad 2| STAEeTARatel & 09 F F TqT FT 97 % ua-zfH{ae i sfarar fEoredar F oo 2
TH AT § TTEINAeTHE AT THATSE it HLAAT 0l S 6l TS| 7T TH@ TAT Had § THATZS
TR F T T GHAAT AT| TAF THATH UF FLHT SHTAART T 1 AR 67T T2 Tl §
e T TgE Y TAFEIERIUT, TAFSIT T THIAT T reanrdt arfer off| 9T 3297 ufiares
et vd wiAfer sropett % foe Wit & srafeataat i qwsrr 9m (Fud e garear a6)

TFT ST TTAIAHT

THA AV] BIETSA =T & AT TAF WIE SHEHE T i

STETT TN & & § Y@ T9, FITART Holed o AT T AR 0l T=AT=a 647 & "Hataa | ey
T H AE THA AT AA9TFAT g Toh FAT ATNTHT F Fohe T fAforee g § S=aa< Afwf ey o=t & g1 §
FITART Aol & (10 81 U TgTq F7 A =8 9T % Iea¥ & (o7 UHe-30] THSRT T il T TTRT Fh
o M = aEdE ¥ T T ufEtem-Haa et fit SEEnT Sudsy gE atcd a9 Haed & 91
s TR & foro foReT sirferme & fore |mames agfa off fef (Fue saf=e: g ad)

TR SFlas7T7 U Sfoaa sa9fGT

FIAR-ATH U WWNATETF TS TG F AT TTSAT-CTIAT ST SAETBAT

ATt srfaam Frferfir Raeem whrar 21 SU=e et 1 st fRsse & aryr fofw foham a7 21
TAH FHY UF TSI AT gl SHferd FRIforrTsti # SHErthreh o T ¢ T o ATTHT & g
IR STARTAT STeq g1 S8 ATTIFT SHE AT fHihcarsti & €7 & sferhit Aigaed & dF
GRITT 7 T FgraaT foentT| siieTh e T FT & HL o (oI AETHIAT 2l SHIST & (o7U HITAHRT-ATH Ui
i T SATTIARAT BIAT & ST (AT T & AR ATEhed Fl ATETT T qF TF ASTEIT F faeare a8 Rdre
T Toh| AHEATAHRATA o SRt fordl Ua wiforrr-afiuiaferdt & aigr deron wr dgea B o= 2o
AT T THSAT Ud SRR wora 6t ST 3 T atet-aregiad, Hrferamr-afiufa, Esffaa-amee
THTE A, TeaTees- AT, FeEide 967 ®1 st Far oan =0 g 7 sagaaq & 30 fafaet F siww
stfer rforrrett ® qEa waer fFar v satersies affred i1 fa=1 =9 & afegq w3 & sfafa stfaa
FTRTHTSH | IO SHETEAT Torer 7 Tfear-dureet o o ag T vermates droe df&fea dq=m Temr
FTT 6T TS| T F T AT H FTART-TIH U ST o qT SN terdt ariaer o1 See siereft 6T w1eft
ST g7 AT Wigred $Y 3= P2 GhIT § dad JTed gl (S =T<h: SRHT 3edT)

TR wiehiferiaed H 4R F forg a0 Wit wEEe §6

TIHAAE RERITTed, TAisqT Ha9 & GLaaTcq® Ud FRad KIS He g 6 ATdiad THATeT
FIFAHTSAT § ST Hwe BT 2| BTSATTR T BIERIATISH F TETad HeTalorsd F JTa [SHATSH af qoha
g ud 7z T % o St F w0 § oft w1 w7 "war 21 39 ftew F o e affufae weree
HHLT G GeaaTd 2o6 & &9 | HTF S{Tad R0 S U ST & oIy f36ar Smar g1 S6e 3297 Sta®
THE  HETq SHIARI TF Tiaehl 9% a1 ST FIAT gl AHLTaamdisn F i qHufeEd,
Yerrates werde wia #1 fwfEa B a7 voerame ud areawEe §3e F a7 v wienrferties
F A o o7 ITFT g1 T Tiod il AHAAT TITFES FITAHT F TTEH B 9T FTg] AT BIeRorasg
FT T we | oft o (Fwh =f=e: st aem)

63



HIChE TSR -(3,4,5)-feehiehe it T & forg Afrawr-afuiee s wHe Sa9

HER AT ae d-3,4,5-fewiehe (fremdid), fraferr forfue 31 98 wiewtedersaaeia 3-#ra
(FT3TE3%)/THeT T2 T Wele FAT gl TS IF/THel Tqd FIRT AT HeTdlorsH, qearsad, s,
e, T U s § F v #1 Mate G s rar 810 zew affem ag amw faa
ATTele gaT § FoeH | &1 F97 aree g1 Tee3® w1 Ui FT ard Sie| &0 |1 & $897 §
AECTFESE ITAT TAT E1 T8 ATA T | 10 (FEue) v 9 Refies wiehen ue dor grveriT
FT BT T st AdTeror i & Fow # T Sar g1 92 gu ens 3% framearT ud ge gu e ud g
FT THT TATT TAEHTS T H=97 g1 FATAT [T 70 % =7 § AATSAe 9 F Fo¢ § Tqdi3 F a¢ gu
T H HYAT HIT F AT AT AT ATHATARATAT 7 qH T T e-2eTed FITAR-HUE TeHIEE
FALIEE HH T o dremsdi3 & forg foham (§7e =7 i=h: ST Zn)

TRATRE wiehifiaed f & T Wb |EEs o

TIAATAE RICRITATISH, FITART HAwT & AT TLAATHE FEh gl 37 [ATISH I TATCATSTILA ITIaht
T RAAfeT wees ua Haw whRATe fit WAt § FE it & Fatg G Smar ) @i aw
UIAATAE IEnRoiued Jerariorsd § AT T o® TR o dag AT STTaT g1 ora: St Srfeverst # ==
FIERITTISH Td 3T AT &l (A3 ATSST HT T STHAT ZTT THE FITUHT TORITA o el § A
STTRTTAT ST 2, AT & g ud [Hare usiel T ag= &7 411 T2ed 61 ST 9har 81 wLEe
HHIT (ST TR wiERbed & 9~ 7 96d g) F ST THE A 208 § g St Tanr
FRIHA ATSHIERTIT TehiH | T SAT-EN F THT TF & FI & (o0 T ST FhdT g1 36 THieT |§
ATHATAFRATA 7 =T Ta=F Tied Ua ST FEGAT F7 3oo@ UHATAE RIERIaed Ud 396
Te7 ST et 3 =y fram g seei Shfaa wrferrstt § == siffars forfoee 6 zafcr va T gq ==
ITANT F Fe # T (5o saRE: st 3e)

Alefaaer TqraTITET U FIIFT Staias17

TR F9< F ST & o 7% seRRIw v 2 g et amiaetiers Facret garst H1 @wm
TS AT Afega faaor

AR Taadt F9 % O 9 Iuer Fwew 7 99 F IL9T H AqEdEEaral F g af 8 o+ ®
AR vd FARTw AR & RS2 T3 7 Ud ST Feeraor Fram s6F i aqaamsars =
IThT FELAT FATAAT HT eATHA THAT| ST FT TROMH A=A FFATRATT % "1 &7 399 Tlee e
H fAwar ST wetfeqw afaire & qgarear T § 950 A AqELTEhdaisi g1l aduTT | & & AT &7
YAV FoRAT ST R8T ) S Ulee qaT Hfeeed & Atedd faaeor % oIy sTaemaadist 7 3oo Uhaeererd ear
& T forararee e F off A o) o sropelt ue ferareres # ofte et Aare| ST FE
H 3T SITum (F9e =iE: 9 qTe)

IoF ANE AW ST FAUET AR F A

TH HA AT 329T WAEAR TATSAN & [aFed & qX 9T IoF doie gTq-3aTd Iarsli &l @rsf FHeAT gl
ATHLATARATHAN TN AT IoF TS LAAH G FICCTFHE o He LT [UIEHT T2 H1H Hl ST T@T ST T
g1 I=AAY SATFISAT § Tl F T LT FICAFE, AT FISATSHAT 3 gId gl THH TRUTHET ST T
TS F w9 H F1F F7 gad g1 var dgw, e gt § e a5 § oA s frg sme
TAATIEAHE g Ud 208 Fae et framerera 7 fAreheor aifea worer aw grm 20 s g afwgor
T Fov Rerfaeted ua 23T i grar THed § U1 g7 9T gl T8 ATA T I-Tee (AT aTqet & (9
STAVTF: q&A F FE AN 6l 9 95 FAT § FO¢ H WIfeAq TaOg qHOT 2T e gl
FqEeTaERatar grer XREm (V) v YR (V) F 9§ awedrel fF Tgd gt gred R )
ATHATAFRATAT FIT TAAT H HLAAT il TEEAH =T [&AT ST 2T g THH 3297 Sfas Hfear & friorr-
TETI T AT Ud RAwarelt § YT AT ) (S 776 AT 9ra)

64



FATIATEF Tarel & fAawer & forg ez it G & redT & 7157 HEA a1 L ht grAraT

TH FT T IZ9T FAL Sdh § T et aTsh F afeaa faawor  fore v de7 S it g #3471 g TE
qTZE 9T IATET SIS H g SRt U raifad aree g § FHT SR STTEeamahdisn 1 G 3297 T
TIEAIEH &l ATSAT FTAT § ST FHT FITAHTA T HAg IT Aa< THFTIEe &1 30 3297 F fory srqeeamasarsi
T feerrrare iR e srfas =9 & wteq Faret 2 $it Reauarree gred $i gwrerar # afdaa w7
FT AT STAATEL F TEEA07 T TTSAT TATE HT| SAHATTRATA F THEATTIASF [sAa TS h HIATIRTEE H
HLATUTCHE HI T SSEAH LI (AT & TF o FGHTT | AT Foiad & HLAT T2 1 FT T &1 TIH el
HIE-SATEAR Fred T FHT AT & adveqor % forw Jame grer oftw sroferg g1 (F9e ==f=p: 7o ar=m)

AT THTITITE

ATSHII TH-ERIEH § Hde fhere gy Se-Freie fude sraedmsit T RiesH e

e e (waos) g AfET sfvas feude vaareea § amreaa: @ feaee sfaqsre grar g1 saar
FIU TFATSA-UFATZed NHTfaaer va Ao 92 81 THH TR UauE-gites H§1T Aforwrsi &
oo Fwoe fRaree anffesad & fAeear @1 Siede ifoue raemoor SUFERdT T T3 F3h
ATHATAFRATA F fE@TT 3 FHE F TIOHE 9 A6 A T ATSHRGT TH-UINEH F RIETTFTsee o %
foaetes a1 AT stfadter 35 AT g F A1 Sawahrar § grav g1 (WIAHL Shaid 9% ST & gar #)|
=T aTeaIaE T F 979 ~19 H Tae! -{fee qgaatead -8 3 sraear it Fifea 3t &
THUF-ST feuee SHve & o srem Suasy grart gl (H9% a1 SATTaere aTeR[ear)

BIEe-TEE STAST T FTRIH T AT Fileh B HTAAATER: W T Ied ora sraedreti it Tfhrg S
¥ T | SIHATANTT

FRTEFE TAATIRAHE H GIEa-1Te S=ATeTRATSAl F IeIv RIS TR [T STE9T ST (HTET) Ziforera gy
FTeATehel oo Yiedod £ TITh =9 7 Ieqfxr g1 Tady g1 Frewor Hifva sfdrframsi  forw = st
ewew & fftens #3 & form 9ff v It sEesti § gree-fee #idT seareataarat it THa #7
THAAT AT 81 TH AT | TqEeTIhaisn 1 iee Atfae et £ et ud SammHT sose=1-a94
Ariverh i U, UA-STeA A A Ta s erggred (STUATETT) (3= Sfhfarie ater-aregtae wfeaifs
PA6LA12+ AATEIFE & Sia¥ THITULICE) Fl IcdToTd STAEAT AT TATATALT (AT 0T ST Tl 1TF-UATHAT,
TEEE THA FUFEERTT U G- TIFEER AT o T[T 9T T TN Fleh AT ATARATA o SELTF A TTAAT
T o ToRATI ST FATTAAT 7 FTHAT STV hoTd FHT TN BIESHIE SFTTHAT THH 6 & § HLed 6 (70
TR ST 81 (59 A f=h: SATTAerae araege)

SIEEE PRI R EC R R L

TSI ST Ieqfy T SITaehIar ST &7 fAHTor St Fuiawor  fore S wrerEees (Ardisgr) awis
H 3T SITaT g1 SEH T qoAd ST FAT H STad ATl T TR 6 ATIMTT & RerSedtord
AFEATAT T I FLAT ATIHA g1 T AT HAT § SATALT TATATALO TS AT JAFRLIT TTATT (ITLFT
T T ITFRATT H) ST 81 ST Rl o111 ITANT U7 &9 & STfawaq farsH arar grae we
F oo forar ST =rfeul greits Seefaaaet Safes S=a-3e1 AT gle-Scdiord Taerstl s Srfaefier
Terarre griaat g sTfewan Rrsatee areest & forg i@ ITfa<rer Sca grar gl 3H F&4dT HHa 1
T T B1 § AT, AT T TATAT Jeafxr & gie-hivast v it gy &t 12 81 o1 7aoft oo wfrarsi
q gle-uFaTzed & AR £ Terfimar SOt dia i ol gl T=ast &f Aearest fFr ST asar
g1 39 1 § ATIAETT TIAHT F AT TFATS e TIAhl il ST % Hged HI Ieol(@d (AT AT gl THHT 3297
gie-Ta ST Breaeesd & [T gq FIET FT 3Uesd FIAT g1 (Hq% s Th: SATTTITHT ITER[eT)

65



ST IF TITITITET

AT ot AR i STz || # ST diae R Terse sgwn ft gg=m: g3 dgitas o
TITCHF AETIT

USTEH F fEaTfefiT ader CuA 33 it A=2er I ATzert® o7 ity £ ITZFE || F 97q AaTaE I
*F HORE TAIISE 90 | YTeq YeTerse UAUSUaUERUH &l R &1 94ew &FFm T@m zqq8 o\ s
THNTTCHS U4 HAATA TE AT T TR AT T471 9T A3 & Gerierze & 1:1 Ficasd o1 AT wed
AT AT T 2727 2 FIY g # Teres ¥ 4-fordfie wrarfEaes #1 whe frar mam e sfvas it
(e forgerers & ATt ST F FATETe FT Tq7 TEIRET () |12 39 U= T 6 SJ0gE
FATI THF ATATAFT Cu-NHSFM F STHTHT T WA SATHTT H TEQLoRT (UH9) * fBedersy (uH),
FfSremTe (vw) vd e qwreT & T qqr = o9rq Teerse F o asa gt ua d-wrewt
FEreroont & woa fre 3 Teeree et # oTfah Teaar Ud FSAT 1 S eTq A i a5dT 97 2T gl
THE IqT FAT T T § = Yerueerse § FiqY da9 i T5d1 § GH9ad: e SwarT H1 gaHe gl gl
TEH AT ATATTSATET LTt T (efhedT FOT diae & gl 81 30 a<g T & FHIqT Ag=t & diska oret
FUCH | FrIar et g1 (9 oAT<h: $ATHAET T9HaETY)

T SRS % frg CYP101 e F a1y Rirer-ates Fdd AFISI 7 Fraeie FgieT
ST F faforee wuer gy River ates w1 A9 (TaSseg|  uAdT) Ua Tarsdi101 F 7ex Fraeie fofhs
FTT TATAT USTTSH SFESH il [SSTS (AT i 419 TGl 39 Telel3T AT h ¥ 11450 TSTEH F T
FTT IUAsE FIEAT ST HHAT | ATHATAFRATAT 7 AT THMATHT Tl Fl GHIGT FLA aTel o 4-
Frarardt R §ordres (Hhuwsrs) &1 w@ratas =0 F gofad B 53 uSreq &1 feded g
T H AT 9T foRaT T 7 e (i diuwens) F demres g & 9y udrse A 58 a1 Hharsdt
101 % T8 136 & HWIES q9E G (AT ATl Y A9 T2 Fladed! SHITIATESS STl T (HHTT
TN FeTeara Hresegw U - s uaemHEaTe 101 Fepie & 3 fohew v /et Frae (ShHT) TaFre @
R foFaT T gawee (FR)-a5 USTEH & ToAel STaaLaTI=ee & 723399 T T3 38+ o 36
TAMAATSSE USTeq  Toaele Jorell &7 SO fFar @ 3@ S| S e Wi
be - 320mV vs Ag/AgCl (3 M KCl), TT3T IT ST 94 # Rdifee gavee a3 UsTed & =i Tead & oqeT gl
FETATZIRE & e AT Icame Y 29 S HE-SUae i T greSiR-4hY & =9 § fiT T (HTh
F: $ATHAAT AHRTY)

TAEE TO-HRET A9 & Y saeRiRaw s 1 [ saes: 9=qT v Femstg 1
AT

AT ca A RTSTH Ficors it ATH UL BT ATl i 1T 9T ATST TreA] UT IeqfLad & AT
T qEEA0 TRAT AT 81 T I29T FISLA Uodlged & G & forw gqTeT grefae Sa-A+r SwF it
RSTes qome AT 81 AaEaTEERate 7 W F ar wya-faforee sofafdt wir fFwfEa fem shfea v e
grefae Sa-aqrho &t e afeasfes THEreAI % % greSemed fl T &9 F Farares
FLA ITAT TAT| T8 80 TiAerd Faia<or Ua 70 Siaerd wAAtesnRaiFe = % FTeva Uehliged & fAqior
TN THITeT ST % i< aTq % 6 UhTHALT § SATHHIT T TAA A H AT (AeT T ST 21aT gl T aar
Foar g 6 uieafes TEe tAaiaade gRT qeeee & f[Afdse FwHa w1 adigar & St g e
TRt Iearat T AT grar g1 saateaEetaatadt % ghe g F fAeeruont & srewtae FAdwar
T ATH Ud Aiet[UaH HT ISR T 21 HT Hehd (9AT| (HT%h T Teh: LATHAAT ASHETY)

TRAERANTERE F 39 fig deewur ft A 3 B Fea s  daeg Sous
IERIER IR EUS R I CEU |

HeATUSITEH & ToI THTATcHs AISHl & &9 § &7 FICAFIe 6l (ST JATT FIAT HEATUTHE ST (9T
TETIFAATE § T A& | UH g1 T8 AT STt Tt § gie aTel 918 % S ZahrHer & forg
ITITUTCHS SATHHAT & ATCq ITATE (ITATRT) T ST Tl SATAH FHIST FAATAT AATHTAT AATIAHT 6 [T F
TS (AT FATIAF THATAT TSATSH) FIT AAT 6T ZTSSIATS (416 &l FeTATSST AT SITAT § U TG A0 €I
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# srfeard fEafefia uasms (1) Foee T quTed Fedr g1 IUST F ITIOMeRs TUIerT g Sfed &1
R (1) Fiweres = ofigd 2,4-dimethyl-6-{[(2’-dimethyl aminoethyl) methylamino] methyl}-
phenol and 2,4-dichloro-6-{[(2’-dimethyl aminoethyl) methylamino] methyl}-phenol], H’HT%H%, T FYATIT
E AfHeeror T AT TAT FrE F UEad "o § IR 7 AT F foraerd % v sy
F Fvust R F1 femmm frefee smfReT &1 3w 2-sir-3-armrare R S Sfaw = gt
ITET o A9-Ie FeATor H AT 971 S0 AATaT 3 fRersatesd &7 ITANT U =aq § 3T
TROTTHT % |7 BT AT (9 ST eATHAAT ISHaT)

FIRANTF Sia edF2remid]

TS TR A-a i STEHT FT TAFER U ATHATOT

i T HSudY &1 == stra i auiarer ("@rargeme, s TETe, T ugared, & oareare) F w0
T g ST STUAT sae SforT 1 U A1 ;v gresioTT aifest siear=a st g1 Tadl 21 greg o
ST ST foraTstt T et T =T F 7378 | G F a1 F2rsrare s i s tmaT 6 ot e
Td FEATA LT FT AT AT TAT| T2 9T STa T geFAT o S0 ST FHl GHAAT U=F AT
& g PETET UE Sured Rysated g1 g s & 91 §YadqreAd €9 § 419d § UF g AAE
griort § IufRea g1 waTeRss arorEt F wefha fr B e a-art F aatfae fuw srgeae v
fAmTor gorm ue =& queATE Aeard § 9= BT T4 9 SeET B q9g9daT agd ATE FEadraed
TE T o HeT TTSHH il GEAAT & q79 g FHE 9 Sof1 ol G601 a4 [Had gl PEsmea-am= & o
ITed TOTTAT Ud AT G0 F AAIIE3ed F (o0 forg=? § RIfes & HeT qa1 w61 T3 (§9% af<h:
TS ATATTAHT)

Ho TH THT ATHE QT STTLTUI BIES (ST A1 AT o6 WET ZTSS ST AT ST (3T

AEHT (TH), T TIH I TATANT TSI (3.44) FT qoA9T § FH TAFFRIAT (2.58) B TH o T0T
T FATIAT U= T dgl AT T g1 H-TF---FT5 (ATS, = T TFwe?) A=A h0AT il Hioerad
frmfor v o S sl & Sfrersmere et @ zafy &1 @ #7 2fge 21 9T i
BT dTS Wi Td AATq HI-UH---TH AT TARAT o6 I 5 T SAATA AT HT FHAG THA T FTF T
THE AT AT| TH-FAL0T ATSHATA FIFSERTT T U ST Faied TS T0Tet 6 67 S -UH---0
BTSN FiT (TFET) FT Whfd Ud qra=d w1 a0 6 @m0 1,2,4,5-2|mEardsid (S uaar) &
Fierd | AT qeh (A1 Aieded & a1 6T 7411 391 UHat MY ud U=dl Tl (FA -
UH UF UH) i STIIRIT T & aras(@ 9137 T47 o H-0=---09 gregiee die g0 TInd greg e
T F THET ATHALAV FT FLTAT TTAT gl T FICAFIT § H-UH---TH q T T5qT A= Rl TLIOCRT
BTSN ATSH & AT ITAT AT 37 HBs T T8 AT Ruwarsti T 47 0 & 97 sAdfFeq faqeq
FIT=ATRAT T 33T AT (H0 =7 =h: 6977 ATeTia)

R-FreR A & fa=ew

ATHT 90T TE & o Ta-UA---aT gIegio d1SE HColFed H UaH-UF F =1 dgir § ¥ fve, u=-
FiE TR (10) F7 Feaai oas g U T8 Tead: Soe-arae (999 F =9 § 7 Srar g1 39 Tgiy #
H2S/H20 F TH-aTee FHiveraad & forw o fare frar mam a8 o o aogs & o 937 afeaslies
Feted & AT FaTe T T 29 Aifae diad gregem aiee (SIEu=Er) weeray F fiay 3=ad¥
A= = A%l ua 10 FT @ (TATATE 90T Hied gregied dice (THHIU=ET) Fiera e 6l Joar
) aqEeTEata T @ ygr # qdeer emge wfseerfee H2s/H20 Twred § R R
THATSAACHIZE U SEHATSAGEY Fgl 1Al gl A1 TT-afeas]fee Ta-ai€ MY Hled & a1 Me20 Ta
Me2S F ZTESIS diee (TH Fiee) FICAFHT F T TIFERTIFAT TF FAATAT 6T TAT| THE
e g o T graif fFaee S0 Me20 Ficara e &t 0 Ay =9 ¥ I=9q¥ off (TATei e Me2S
FICCrFE il AT §)| THF ATAaFd o [Aewy g o1 & Ferfors o-ue gt § =-foet 7 3
i sgfxy & 3atam (FuF s7f<h: 50 areTia?)
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FTAT Y TSSO AT ST I AT

S FoT A0 S0 H FHTAT AV A Jeat o see Frsee sropett 9 w3 G ) gt ammat §
T BT FT AN & A § IToq TR 7471 ZTAifh o 5 & 378 FHA| TR qud gid a1 ud
AT StfRaTsti & Treded geaAT g @37 THHT AT AT & Toee AL & FT G glee?
T froFde sy fRo=Tst & v =2 99 1 fR3 T o7 oo vaaed de i B d= w7 At w i,
FAT FTHTAT (SSMEUHRNT, Harg) H T wam) =8 srarved &7 averor B3 o § ud =0 s fafa &

AT AT §1 TH ST T TTRT Tk FTATE il SIS FEA &6 TAN I FTT T T2T gl TH TRITSHAT H IR/
H F=T a1t EEqd Rt ATH-ST39 % FILT AT\ (HTH ATh: T ATSEF)

gof=a geTy wifadt v gt s B

Fagtfea® THAFI FT TFT fFeaer [FFrT

THATREETATET WSix ® steda faremer Amaiaea, Rawsfrs gier e ua i aag araraisit
ATHATARATA 7 ATAET-ZTEITE I[OTEHT T T MoSi2 Ther Foheeat a2 FoFam| =9 S0 Iegiv o7edd faermer
AT (T TS 37 d 3= Mol &l S ATR | 91971 MoSi2 F farerer §vaarefeeds &7 947
TSt HIAH & AT TTRFE FHUTHI T [GIT TAT| T A -LTicash ST o LT FIAT 1 AT L@
U ATHITAFRATAT o ATSHELAATHT ATRIEH WSi2 F FAoAiF Siadie ua wHT qag TOTed! w1 aeqo
TR Wi 3 359 puTaedT U foreedl FT fAsTe STohTaeht Tgia gTeT 22T-3me wee § fRam w2 k 1
THEATT F FAT 10° % T T I T #c2 F6AT| T 14 & F AR a1 & § G99 & {7 Bt a9 %
T TR AT =TS R F e FURE UF Seeguass § faener S witaterdy, THr e uHeme
Fogsr & forw qof =9 & eAa™ €1 WSix F i IRefadt T & S=9 w9 & fauwafers amaw w=m &= &
TEFE UT AT = " 9= O T g1 a9 oW (STUHegiu) "t v wof [dwar |
ATHATAFRATSA o FHT g (O H7 fareerar fFFam (w9 =afh: 0. aHisae)

AT CaAgBi T foeeet & ARASIEEIIE orerH

ATHATAFRATA F TRAATIAT TL-HTHHH CaAgBi F TFwel Toheed FT fawe T soT foreearesiem,
SFARIAS Toheeel H¥=T § AT g1 THE AT gl ATHATARATSA o S SIS [UIEHT T T T aT T&F
e Then STeLae™ & AT o) - faeqa YRefady & arfcas Torrelt & |91 a7 T=T| gt
TS ILHESH (THATY) 7 L= Ot &1 Taeie ) e & o uaeme &1 asft & e @ va 3 &
& FUT UHA AT TEIT & H T2 TG0 o (ohe T qT2 6 [9AT1 9737 TAT| TH T Fe 0l 16T o6 o
H g U qaehig & sHenr et furfa # am A g 07 uHew # == E agicady #7 T2 TFE A
TEATRATESII (SUTA) F A AT ERAETheFed ST F AT UG RHTHT-AITsieT-artha
(TAUATA) A & LT 92 647 97 5|9 CaAgBi H TeeqUUA HagY &l ¥t AT faearwor & qra7
T T8 sT9eh e =Seat 6 Hisat =6 33T AR | o (5o =ritE: v afisme)

TS ErAl.Ge, THA faeeet & fawwafars Jereht orersd

AT T RT2X2 F TAH-37 {qeiicash JATHawT T Tr&A07 6T T 21 T2h A, o o ua &1, gifores
oTq & U, Fr-sefis Uore g T fheeramesier ThCroSi YT it foieed S¥=eT § graT g1 aireq &
T &0 & I [Aeqa = AITAehi UILAT & FH107 6T TAT g1 T8 ATqaTashal, AT B 981,
FAAH FAFAUIE AT ATFHA & | FIHG ThCraSix T AT Fobeeet d=mT o faadid | g (1-2-2) F 9%
-3 A0 & ST Preearssiod aremea CaAlSi; THX fheee S3=T & AT g1 Aqaemaahara «
THATTLAT ErAlGe, % Tad (heedl 1 fadre FhaT| 38 ITH e i+ T & o7 | Al:Ge ST (e HUToaT
T TINT FhATI 3= I[Uraedr % Uwel Theedi il ITod AT 7| qeqeaTa SaET 9yl qed heeamireT
Treaed & a7 forar @ T § fuwetor wifasir et 1 fGeare # sregae frar wm Grawetos

TEAAT FIAT F AHATARATA o (oY [AHTAT o6 e HT qLA T, TAT-5el 1 3 STIEF I gl
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FFhrT FaTaAT § W femar & areATTeTE w9 § e R e () fEreeror gy s A S
THAT gl AT Er® ST1 % 16-Fiee Romve aeq it Bafafer s saeeq # gt & S|+ 108 k #7797
LI AT g1 (9 ={<h: U, THISTea)

LaPt2Si2 ¥ TaT9 ¥ {quiq ATSl S AT AT ATST U Afa=TAFAT HT FATADTT
AHLATARATHA o LaPt2Si2 F T foheee T TV 1 ST T@T| LaPt2Si2 FTT TIH-FH F07 ZoerT &l

TIRIAA & ATl AT e H¥=aT | F97gT FTaT g1 98 76 k F /= =1t ST 9 (HiSiesey) e
T AT gl TF 9Fieq &9 § e | 9% a4 1.87 k 9% Afd=rershar w1 q4iar g1 399 g9 AR
YRefadt e uHt qaehr gatcefaiordt ATaat F AT For 4 Heresed it HT T FaTd & HI gl
gl za fAaadra arfa=rae gifsred & e 2.5 k #it Fgicasy g2l 2.54 S 2ama 9 Hidiesy e #i7
T BT qTAT TAT| AT, SATqaTAd ZITSTeM ATIHT Ud wHT 3o TFaserd 6 YRefadl T wl-ufhferue
2.54 ST & ST STTeraha ™ 9o T 91T TAT| TROTHET & 997 =77 6 Afa=mes < it gear & qoEm
Frefroe frgia i woear & it ST awdT 8, et qiSiesey 7 F Freie 97 saerat £ SRE afermaw f)
(GRERD ISP LI SIEE)

9Tt ST 3 AT LaPt2si2 § Aiegi srfa=rasar

TSt ST a9 (FMETesey) T ATTATATRAT F HeT Tedoel, Hofad Tard Siaahl SARM o T F71a1 § 727 8
s Hdresey arat 7 srfa=rersnar it sfaeaet Hiiesay Sy & gt 81 =09 Hiesey oo & aiee
T srfaeTe ZifStem araw § e FEieady g 81 grer & § "9rtad = AT HGLAATHT FATH
Trfesar e & day § stfa=mae staer &t THia § agdt = 6t 12 g1 78 9 BT At ud
TFEUUH- FLTRA ATdaATART H TR AT FATEH fhichiolel % THT9 g1 LaPt2Si2 Tae fheedl 9¥ o
F TARM | STHLTRATSN 7 LaPt2Si2 UHd (e 9T Fad e[ T0F U TTee Hicqe I lenldr dea=
AT T AT IR 30 41O | A aTaTEl 9% UHa e araETe AEeqr T aqr 5697 vd srtaaee
ST 7 weAt-ATTa Fue =7 FTR § R 0 UH-a39T o ®9 § FFAT ST Tt g1 LaPt2Si2 9% aaHTT Teror
H LaPt2Si2 H U e SAfq=Tarshal & 9T AiS<edl 38 SAaeid-RIA 90T & |1 a1l (9% AT<h: T,
qfisTTae)

AT AFT

Feroard, Iu-aaraed e F @y e v 1 g'rsd g1 g SuAnr qerd F wuredt 1 qtegert,
ATSE-TaTH AATATHRAT & T TF T UCAned | g1 AHeTHRaran § Rguifae atargas i ferea
T fY U THET YR ATl 77 TChae UsiTaY § SThAH & fag a¥ =vor fReatergdt qv¥ smatia 81 =%
AT § T UF [UrEcdl F1E 6l Seaan arfee R g Tgat I sqEaraarer 1 faamr fF siftesa
FoFrRmaT qréae | Aicde Tied Tqg AT AT 8l THH TART §LAAT Ud UAgEE ol i1 & a1
HITH[E A HT S FA § Q07 5 TRUASHT 1S T8 6 AT & (o107 a1 gl HIel-TA STH T LTI
FTIT o TorT 3= Aveel-afifeesdher FoRaTeherTT 3 |7 92T 9 g T0F o0 UHAreseus Hrse AAIhon &7
AT ToRAT AT UA I UILTHT T AT AT TAT| T FL=AT180 it 127 G F¥ T2 TF IqHT
T2 FEaaeii=eF sreaae i [0 &9 § a9 Fie S Ud Tagiee Jiel-aiftedhd |mile T9E
= forw oft fora am) a9 & =fUa sishi TRl FT TART SiTash J1T RITARTA 9 TOMHT Sl 3787 %
forT o T UE FATE ST 9 Sehy il I UE TS WAl Hl €% AT T A EEed | Arse e
FHHT TEA =T AT TEH FIET ISESIT % [0 | ATHATARATAN 7 TUSTET AASAHSH T FH1F FH IH
o S Sl SSmEUwe™ # Serg i e T T ATl (9% s {<h: I T9Te ST=dT)

69



daree qifast

o T IM-A7 F¥F aAfd=amers § I=A-EHT ATAATARAT it HIT UL TATHT GG

I=F ATIHTA ATAATAF (HTSs) FT Hged AT ATTARN TS 3E HgHael & T il THAT | gl a7 3T Ao
2T BixSr2CaCu20s+s (BSCCO) BT A(Ae-8e T WITAeh! %l ST & [oIT He YEATAT (64T STTaT 81 2 DEGS
SEUH TF AT SedaaATa fil e g7 Tt & WAl F AL FA q T2 TRATHEBAT T
AT HT AW AU AT % (70 Toreq gamm g1 6T g T A Thed I ST &9 § THE0H H Afq=reranar
T FIMTAT F2AT, ATATATAT Torrei Fae & sTcda =0 &7 & g1 Tdg U2 ar1q 6 Rttt gy e =
T STfA=TerRaT T FeNferd FT o AR &1 SIEUre 72799 w1 31T Fg Ie-d 2% BSCCO u¥ f3har ram
BSCCO % F[ g &7 9¥ HAg I¥ HITHIH (Cr) F AT &1 TROMTH SISTATT & % SHATT AAgT &
frereraT 81 Cr g7 ST ' 7 AffEFEST i cu02 ® Teefte T srar € ue = aeat # srfa=ersar
Terrtera FoFam SIar 81 srfa=rershar v denfaa e T =0 aadis 6l STLFaar ST-ATShHe? Afa=res
FIAE U ATAF Tieet Afa=Te T3 % [Aior § g1 (% ARE: T2 T I909E)

o TIZ §TH F T U T Il gigaIe Td I Fowar 1 A
23Y ward st srfastrerst it seafxy FreawiT 7= % =9 § d 6e=war ud zaw A f aiegee w7
# g2 2 faow = ¥ Raftes arfie oot § wrer AR g we =+ S8 # [t G smar
gl Raftes fGuwdt IThie # TAHTH g 979 (AHE) TF sfifded qahcd & &I & [HL1eq0 &l UH =94 se9
¥ fa=eee &t eataefaea R & aryr "@&tea B mar 81 g area-Nede fd & d@xfem g
AHE STaeT o T o &9 | 9ol giel oTaeT &l (Afera Al 36T 1T g1 28 &1 § 30 Fehee sraer &
ST AT g THTS T TN FH2eh il T2 | AqHLTRarsn o faarar &+ Raftes =a Gt arhia (TDBG)
# f=faa a9 fAwd gT aoF It wde it AT &l T B36AT S7a1 81 T8 FAT A € Jorredt |/
AR SIS % TARCHE THI9T &1 1S Fveh AT SITaT g1 39 e a6 | 941 awal gleedieq e
YSIEE TR0 9011 6 (AT % ATAS[@ ATHEATARATHA § TS| TLEATH T ATeedT T HLeor AT SIr =t
e T H TAF ATSHIHIET g V- T FATeedT, HHT Sl & A7 6 G TSt AT ahdT & 41 g 92 dT fE=rem=
TZdl gl e SATae HwEe S v T Aieguien wufeagas e o § i e Jieedr & 399
Togaefiedr & TDBG, Fie S0 T ST Jofi-Eawe e & oy st §= a9dT g1 (§9 A T<h: "I

HEFHT 29THE)

o A I ATSH Fahr qarel # W aa-aw Aigw &7 Ao

fRus = &7 sregAe, TeT wErS, SO ud oAifors affel  forw fumerae F & § frar srar 81 7g
TAFSIH Al AGHSIE FIA il 3T HATSAAT IT SATLTRT graT gl HIAMAAL Crls TF CroGeaTes SET 23T
STt § Faehed a1 21T 6l @i & 227 HAT | qahcd % UF ITARN H 7% w09 T[T g2 gl Taf e
fEU 98 & WoFeT THI &7 a9 ST dAfeq gasid 9&rd CrCls § AT M9 TH=T qISH & a1 T&qq
T | 77 =R Rues &1 gouw Jowe Ae g1 36 99 I Fied gard § 20 mm #FT HIeTS F 91
TATTOT FohaT T ) T2 Foue ) T UEThe e Teeh SE I ol Q1 ITaTell YT Ud earteish ¥ Hehear
H Sgfua BT STaT g1 BE-EREE 9 TF aTOHTE & 97 ST 7S i GG § Sededy Uaas
& % UAH S I AT ATTHTT & T 6 & § gl gl (F% T {eh: HITX HEHT I9@)

® 39 X Jied UEHUGAF | BT T WA % HET §F THT & oI HIATHL HfAdT
FqHATARATHA F AATEIH Aeeres ATaTad FHCATIT Jaise HHed & HAHTITEd & qirer Ham)
THHT 329T WAA-HIEE F & qT gSiae FFieq T Fl T €9 a7 AT| AeqAT F1 § T qqhT
& | 20 THE ST ATIHTT T AT Toracdr FH1eaht 20000 FT G| 9747 747 FF 100 TH0H % = fhed
#T HIeTS FT HF F2h 1000 F AT AqF UrEcar H13F w1 & F G qanid & a6 79 100 mT +
ey FahT T &= aF G AT ST Tl g1 ATHATTRATsN o N =7 HIHed § ATSHEd BIEH & 38 70T
T TEAA FITHAT STEFATEE H A0 & A1 67| T8 97 T qTed TERHaT § ST S9Tdl g 1% 39 e
FIRT 3T 6 & &9 § &1 2D TEH AT gIEfeE Faed JOTerdi § Ha=-Hie 90 & fore

70



STAT gl ATHLTARATA 7 §F AAA-HIE T FT TF TEFLGaT 6 AT THRIAF T LaqTieeh G
Hred & o o) (Fo =afen: #e agFT 3979E)

FH12H FHIT U7 FAT JIAET % [17 ZT8397 # 7 # sid+777 aidea

®  TTE-AISH FA(CH AIHEH A ST BT LA ST e (T

FATEH HLE] T FAEH ATGIT FATHAT &l TGS (AT STTAT &1 THHT 3297 THEATHAT Tl §A HLA & 117
TAAT &I AT FAT 5 O AT F0027 ATagIE €0 7 qgl H7 dad | ATT=TaT Ffaed, Tgas Fied
Foqe? % fAATor & 3T # T9T 59 a9 o 8| AT snfehed=+ # srferier & e o Mepeaw-aa< 0+
g ST AEl-FYfae TEEY F FIATCIIE & ariad Fdl gl ATHETTRara § ahioqsd AheFa? Hl Teqd
o S wedt-ates =1 &1 v fAafesw sata F =7 § e stfa=res Faten waee F o 9w
FAtFeract % a1 | sqaaRare F 0@ # off-Ffeae RS w1 95edq B a8 Aedr-Ared qihel 9%
AT g U Ag A1, I=a-FIewe ! Hedl-F(ae d & [AoaTad T Tl g1 TAHTH F14 § Fod[-HIed dihe
& Z-Fgfae aoi (e @ # a7 THa e oTfHe §) F 9w a § U il Sraedariq fedfrwa wid-
YT ey | T T aeTaadist F Ha-amg 2d & T HT Te7IT [H= [F=0r Geretesd &
T & w9 | AT S Sevagfae RapH ua grea ey anfae 81 e g #it agata fEia
= AT ot T 9TAT AT IAhT TUTAT § ATSh ST FIESIF 6T FAM0TAT 3ST ATheaF=L o 10T AT (Fh =71
BECIVREERECE)

o qfeq sfi-Fyfae New F AT TR SATA=ATeT Traa<

FATEH FAedl FIT A9 qaedTall il g2 T ST JahdT § ST 7T F169 gl 39 TEErall il Foli ehe
TETATAT-STETT FAET FIET GL Agl (AT SIT TFHAT| TAT FT IEH TS, d0! FATeH T[0T B HAT 6
START | ZrAT gl TAH FOEITore — U |17 9= srtsrfaemai/sraearsi § g i &war vd ueeiade -
qAT 3E AgHaY Sgl TAATEAT FIET AIAT oI TgaTd @I & STl g, AL Ao g1 UH [oresi
FaraTzster # forw faary greeaw &t saeaaar gt 81 UH gready & [AfeeT s &I FieH faed a1 2+
9TTE FfTH Fgl SATAT ¢ TSl AT TTafe gial g ATHATTHRATA § AISIE-3AHT 6 FAEH He|
F fAwtor % foro waret gedt-wytae fafes sats fr Suasy w0+ & T4 fF= o ey G e
AT ST st § o1 FAed AT ¢ ST 38 A A-2-3 309 & a1 g =9 fi-Fgfee TEaw #1 g
FATH IoA-T[UTECAT UredTTornT sitaere &7 frearfaa e & ermar g1 o a+ft =t Fpfees £ uF ary gom
oo ST g (sAfarwter sfhes=d § wgaa dfea g-Fgfeae afaqere™ & fAada)| ey it gAasferdr w1
T2 =T T Faten Tt aReaTst i g w7 AT 74 SraH weaw ¥ 399 3 At ahadary 9o ge |
(GREEIRHIE I EERPRCER))

gafaa gard Fifa#1 o qradt @

o REmT Ta95 Aieh H RETRRT vd WE=a

TA95 YFTEYed H SARId HYeAvil STHIU T Hged Ul W ATHHA gl THHT TINT ThedTsd Taresamiaar
ZTT T3 STAT 8 UF AT 378 U af 9T SUANT § ATAT SATAT 8| gTeAiieh g1t sl ahitas-19 fFeawmr &t
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#r AT § Fag =7 7 TREdd T FEHEe TREde & G graT g FFi%h Tg TR TET AThIfoeT
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o ATOAT % A1 "3 R g1 wafeha fram o & v-unashs & garifes area v saedr i
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THUH-TsUHUH & HSSTH 6l HTHqar UH TaTT aF g ST Sa9 et 1 99 #7d § vd ssegearsud
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HISH B & U =T e, fded Argiy i S=aav gris § AT § (ST TH1e 67 F uge 949=F a9 §
T FA 2)| TH FF 7 Ty & =7 S=uae 95w # g6 9F Aaqradt 997 F TEHEGE GeawTEl & a1y
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FT I AZAYUl ®T F T I TAHTT T 9og F g, AT S{eseq M0 & TIaTad | arei & FeaA7Ta;
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TEEAHTHLOT ARTRSATS (AT F forT sraems & arer fBFam 19m TSuaerd & M9 9%-ure 919 ud
Tofrumaredy fMdteror swafay @fém &t sareat 3 wex farfea arew stwded % 90 vd wad= et §i gemr
TSR T wderont & yreq iy F arer i w2 shE afafer s==-UfEee T0As F Rt ¥ gaw, 22T
TEF] &l SA<e Fed | foer FiT A7dr w7 T2oi7 TuasmT 1909%-$3744 FT TART Fh IaTEL0T F &7 H T
TAT| TH ITSAATE 1 IqAsedr ot e g7 TSTURaer & a1 at qeq? Adreqn  forg grft| ot stiaarar
AT To8T TS UY (SMEUAYETT) S# TN # TS0 UHSET & a7 s gea ¥ arsfHr & fAoares
& forg 81 (F9eh =3 fh: et == Sref)

TR T TAUTHFHT T TSRS STH HierserT

TEHe [ | o\ E I=9-Fo11 SgAni H TANT FFAT STaT 81 ST 3297 HIens® drar w1 e sreaas
FIAT gl I=9 (U agaiaraed STSHT TEqAT FEAT H F3A 6 [0 TATcdd TATAT TATAAT F T 37
AT F TEAIE q9T T T el HIAT AT g1 TRrHe TAUTFRTIEHT 75 & TeEIoe THT HioTsol 9T &l
o T =9 e oA | Ate-dT feRagasia IS a1 T AT AT SHHT 29T BHI-UAT UF T
oo YfeaT sestaedIs, geq Hiexaiw AT el (STuRedl) ua odr W=ar gadt (el § #ig
FioTee AT AT ToOT SISO T TRl T TTNT F4F T (9T 31 % G99 § TAUUFAIET & fhaee
e ArRded 1 Mateor BT ar ve aer uegide I Hieiedians F Arwied % Ay g ot off
T (T =Ff=R: qTer =aT Siref)
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I SHTTHSET & AT SeCeea RuTee AR F S= e araw

qee? YT Scaeid H R, Teveday ATew (MEUEUH) | Wad TAFe i 6l ITRATA % FHTL0r ZraT 2l
Ter? e & sTEae e § fRuufda fOea & aaara 9877 & 917 grav g1 THHT FIE0 qI2 Al AT &
a7y afadt srEuTHTH ol Faw guadr g1 =9 e i 9Er 9 ¥ g FIAT, Argest [EeAT 0 6
A % T i g1 Tad Ioae STt U &1 YA 36T STTaT 81 =9 1 § UF a9 # o0 &
Ty AT AT 9ol % IA-9€ U TeT-9¢€ SIUH AT wl Teqd AT 3T 7 09 &7 19 dere
FATSAHE TETAFT FT TN TFAT =T ST A1 TEAAT T TINT F2h 9150 DMs 5T 86 o sia<t &
FUHT 1713+0747 UH 11909-3744  foru fRmm= STt 81 Ageaqut siwde &l 91 T iadl % #e fugsm
11939+2134 TF J2145-0750 F STUH H I@T SFTAT g1 THHT FLT Tg H The (7 it IUefa va gav #
TTRTEA FHHTAHTE 6l ITRATT g1 AT TEAFT STTR(T &, T ITT DMs F HeT FHag ATFHE gl TFaT gl
(Feh =feh: AT =aT Sreft)

ALTRFTTFT @IATTHITHT

TS FRaTseTa #1 REuewTd F7 q TF A% ararerimett § arr fAwtor & forg YR vadafes
HETTT

YRAT-FATEe USHUA | Y27 IS & G %l a0 Ud a7 [FA{0, USUT Uhe, Ud Sed % JEEHl &
e HAT A o [o10 ATHATARATAN § TS ATHRTLINTA o (e ST % T TETTAES ATRTLTTAT T JAAT
o &1 e foFm 3| S Seeia d-UY At § qui-TTeRTssied JIE wT TR AT S
SATRTLNRITSAT T TSAT AIRTATSITE GIT LLAT IS H Ala/TTA-S1H AL T THE HE I AT ST &
ST TEXaeE ATHRTLNATTS T THMH THAT § @ arer qr-FAaioraey &= F |1 =97 s
Tfeaet FrEfice # @ Jmar 81 9T @ & Gher-arEs wha WA IS i g FiT @l 9%
ATRTIRITTST o et % FAadra quefeem % arer Tereaes SrehTonTal gar ARAT-UhAEA agaee 1 e
H YRAT-UHFE & A8l R@ET STar T6E 9qr Fadqr g 6 ot uheeferie, awed | faw sfafea =aw
ITESI T TS FX & [T GITeq Al g Ud o[ TH SAe-HaTed Jo g #hl AaAT8h FATAAT gl TAT TAT
T TSfiue Ste, uSiiua whee Ud aeT AR &7 9faT TREE, % ATRTONRTE & gAY S F e
TAATT Z| STATUTARATS o FHTIT 3T TS STHRTIRETTA H UiUeiEs ustroa BramsherT & dhat ar off
T (FO =7 TR ST @)

AT FATTHIAH], T

T o TF-X U =AY Sceid Hit ety i atsfnr

T, IATAY SSHeH & Ud AlS € Icasid &l THE FIAT | ToHT ATHLTT HT A0 g Tg AT
& T & Fort 1 FAmTor qemel 3 Se-uT 2T § Ud 9 3 <ol 39 ¥ § ZraT ¢ % F S i e
Fiede THA &l T FT Teh| THAT AT ¢ 6 S &t gt &t gamaar fd aeqd § qag 7-Begda
g A0 &= #hf Iuterta # g1 Fdrerofia =0 & qram @ & ardar wah-3 it Seafr =eiq arT 9 59
T AT g Ue AT IS it Iy qag & AT 500 TRt 30w greft 81 arfier warg-¥ wa Y= & oy
TTEH AATSAHE | A fa@ar g 7 % T2-BegaiT 9aqg qa6id &7 F7 =7 gl 37 MO i T
T % o0 sTqEgEEaren F areqtas Gt Aieet &1 21 § fhe a7 yriw fFFm =a &9 #§ 3397,
FoHT J1136+1551 FF A7-faegera Jahra &= sATfata #1 vave F2ar om 2-fFeE &= % for wiwdt,
Ap-He f3ga grr Aeui 7 7 d SUgaa & | #0367 7 a7 | Taamaare o fHend HeaHmar
3 Fe-Eerata aag JahT &=, aea<) #1 AfFard qer g1 (§9F tn: S f7Em)

TR @l & Hisd
T Qe | [ srafd ud TArersa ¥ & a18 Il i §edT § FHHT A 1q grdl gl q471 S1av g 6
fatera srafer va srafar Rerzatea % ame qeal § wwq W=7 s #1 AT we £ aaar a8t gt 8 vd
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AT I P BIAT 1 T F1T § STAHLTARATN o ATAF Thiee FFIH T AT & AT 9T eafod fmar
o 8 Temel T gog Y@T w1 Tse T STu) TEH qEre o A B aewt i gt 9re £ § e 6
ITATEA o LU AT | GTATR AT AT F TodT % (o0 T 7 AHE F Agea 01 &7 F FHT gt g ud
TH qYE A s TTHaT RH=TS 1 AT 98 ¢ ashan fe@mar a7 & =9 9ied g7 TFena 9oy
FUHAT 12144-3933 F FHT TIEHT T T AT ST TFaT 8 ST Io8T g W@l 9T g 8l (FUF = f<E:
HEIECREELD

e

o Wefiete 7e9¥ 11227-4853 & forg U5l T sreaae

FHT TAUST & o | T § T i g Ta 12 TTIHUFuadT JOTierdt &7 76 T ST @7 gl 37
TOTTToraT gTET STeda ol Aot (R Tave T A1 & Teael 9 8§ 92) Tl F90797 STTar g1 /A7 17 g FoF 2T
FIUT TaT-aTeA<T TaTd &, ST To6< Il I SHeeFIIT FLd gl TUHsT 11227-4853, TH{CICHT ¥Ea®
THUET 31 39 o9 Yeae THUET % UahicTod I[UTEAT % agag i sTeddq il STuHeer & a7 fFhaw
TAT| T8 qeqY & e enfae & frd 36 wiaed ® uasforfeast qaref gy wartaa g foar o smar 2
ATEAACTH ZTSTHT Td THISNT AT FTAT & Tq7 FAT {3 J1227-4853 H Teh{oTCAEST T FHTLOT TFH
REweia va THRefi F F10r 2R T 78l § afed Toa? woag w1 Rgad gl I8 g, #ufeaT &
FAHIT & Tl Feed T Tg Sel-ATSALT TaTd T qove B & Arsaaiel= a9y  FIL0 gl gl THE
SfaTead SHRIRAT Fsiaer & Hae Tore Icasid § ggaaul 9 | faea g1 Srar g ST % qeve ud wfeegerm
FAF TETATAT T HIET F T H AT g1 THRAT ForsiaerT & e fhaee srfdee =F201 % 90 T UHY
FAFH TS Al ST TeRToT[CET ATSALIST ZIT (XUTE A5l AT SITAT g1 SHTAT Fesiaerd & AT Y 39 Tae
FT AT TA2 R TS FTT FTHTT gl 8 Icqe TAISHT o TH EE sofisd ZIeT qove oo &l
AT ET THAT g (Ve =Th: STAT 1)

SHuaemedY F | Av-amgfxr Sruw wraat # SHTarel F qeaihT

e et st g RaweE, e ud fiF-Ao ereaehed § 396 Taddl S TA7dl % for
Fgae wisd it iuT fFare s asdt 81 2o forw fefisrves womwt (Msps) it s=a-weq ag-amgfxr et
FT AFLTFHAT T g S Tod¥ e UY (q1Ew) afmrser F oo awr gh = va féw uruadis 1
FAdreror et STrowemedT (32 THU=Ste defager) & 979 UF 97 322 U4 607 THU=SE 9¥ #3q R+
& a1 o s Sfrowsr Rdeon & st Raet® Fow (Sruw) oSt i gt 39 ar i T R[reg
AT Adreont g shetEt ua UREEr siestaet § 1400 & 2300 UTHU=SE gt 9 qTed o731 1347 2
UE TiaeqdT sreaae Ud a9 Serhe § vH Aea-smg iRy suasmedy e /14t &7 SHMe i 9T
9T o S=aa FfeeT Stogen=dy a7 it AraeTshar T ST F 70 I+ STUH A1 1 STeAsd Far
F foro 21 (Fweh =f~e: Saa T)

IEEIEEICE L

®  JRUAYT FISTHAT § TETH-2 GLAT T AHAT T&HAT F (¢ TN qiHFd

TeTH-2 (TEUF2), AR HI=7 o] g ST RUAEaey UeTael 2729 || Ud UHAeiius deid
e & Icaiatdaa grar gl YTETReEnT & Ufee FTd TgaT M0 AUAU-a5 S|l & a2l F1 TTR
Tk TAVIRATSN o STT11%eT Aieash Ua TH2 FITAFTA H TEUFT2-AT mRNAs % TgH T2 42 6l Tg=1
#T 3’UTRs & TL-095 Ul F a7 TETF2 F=A-I0RATA T 27 @59 mRNAs & a2 WIT it
fRordT/asia™ T Aisele FTAT TAT 2raT g1 TErua2 Ter= feeftera % o 3 SHIiHe ud Arforrr S
FEreeroont 7 wafdha fraT f vdiuaa2 g e 9 & =2 iaT @& mRNAs F 9T mRNP J=ed # gidt
21 =8 SreraT e fAforse S ga8e g § S AreuAdr-Uee sreaett w I A1 o By w7 g ud
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THEHT MRNP I8 & TgY ATAREFT srfaard g grdt €1 =7 FAewut & =[iea e [
TRaTa=t 7 SITHTT FEdl § Ud SAfeseted T & forw s & faiia v 2-andrig Sevded &
forT swT=TaT &7 9aT =Fear g1 (H0F == ;. fesraraa)

FreuTa e # iferem Reaia #1 aggsy Wit SR Hfdrawr wrsea it S=a wiferT arefafedT & arer
BT &)

A, arearer Raars (§1E1) F oo gyarE, geraftag su= 81 aufv Tas &1 % Grrde ud
e fFeaie & afvadat & FTor &1 aar 921 =77 g1 ST At F =g e wrfarwret (NPCs) v
T IsATEaTE T AITAFT ATSE (LCLs) FT ATSereqor forar ram| g St § fFerfaser feare & forw B
TAT| TEHT 329F a1 stel ue Fafawe fifdew feama 7 getaa FforT ey 1 2826 FaT 9|
F St =7 F Fafard St Tt § NPCs (ST St 3 i srae ferfaerer Reeara & sfaw o) $F gaer
Tarey =t o "7y Y 2| Fe Gerfedd @ Hedrr 39 arzer SYEw F 97 ud gaek faar e m
TAH AUAT-uELH ud fFrecryr, wreerwifeaer daw qréae (wHuady), wifer arufafedt ua wrforr
TTerh T e orfier o) fAehet & ST NPCs Te LCLs & TIT & Ha farq hIfarshrr Hererew; Ue LCLs &
fFtaeer St Reai & gaferd 1 aaqr J9dr 5| (59 oAt offae stamay)

FHIGFTATHF STqATIAFT

® JTHI % A F FHAFTATHF SAg & AaiF Foe wa =g+ it fAdramarht qiewrd seofaa gt §

TSATI HEeA | AT, FHSARHTHS Td AAA0F S F AT & AT AT ThaT gl greith arei &
FHTARTETHT TAgTd Ud S|ITHaH Trad a9t T oT577q g1 fored & 70 wiaerd =i & 91ed § T & Hreor
THT AT HZedqUl gl THATRATA F 65 JAF a1 AT AT [T ATHRAT AT ST AT & et a7 ey
ST 3 AT FATEF fEeqd STTSTAAT T STAiATered FTdt g1 T3 6 TeTqT FIAT g1 AT AAE efeq
T ITSATIAAT o HET FE ATTATTAF AL T ITAT TAT| A | 397 FoA SATTHE (ATAeAT F ITa9E IIF
FTAT | GIATSITSINET & &9 9% BT 6| S T Ud HATHTCES HIATT &Il 6 HIL0 HHad: g 1 Salted
T ETSTET Taed FT Hoha (0T 1 AT FT F T Fel(Feidel ATE & THATAT HT Hehed AT JTT AT
I g wfawds 97 fear g St e Rt it S = 21 snesdsE S = | SHithE et g
STISATAIT TS FE TAHEAT G 6 HeT gT & sTeacad (Thger 20,000 ATAT #) T 9T FqT g1 (H7F

FIF: T THTHEI)

wTIE STFATIIHT

Tfera s R &Y sifferiaT A wiie TRy StaeHeg F e g

Tt vt e o S "o foer o w5 fafere & 1 599 Aieq § e A arasE e o
TR STt g, Ty arfoae ferawor et 9 39 Fewae 1 A @ foF UHSArS s/ TR ST e
# faforse Siet-aqE agwa fRa= &t SufRafa & sraeg=dr a9 THAAuAT FiaeH e & o gl
ST ST & SeT-a9E RRa=e i §edT Td miRNAs T S=[2ar &1 7fe g sufvas ua ywaies
FEreeroor g #it ) TR uAT-fAtate ST A= it ufRata F A7 H9d miRNAs % @& RNAs &
AT FfET T AIFHH RRe=E, 376 miRNAs T3 HITeH § 2d gl 39 et = &7 999 Taarsud
ATHF SHTTA1 F AOAT F5 TIE TTeA? 92 97 A7) 37 H TeAvwarait § FEHE miRNAs (ST TR Tea
SITTHE STEqaT FIAT | ATHRIT) T THLAT UF 34qT H Jleg FEA g SH @IS o6 Hel TIRT AT 290 6
(Fe = f<h: qgiaadt a1, foravEms)
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TFfFTINT STFiaTTT

Tromed 9T a1 TG & ST THIET T SA-STaTRT TRATITHS ey

AT, AT T HaH T2T A (HATAT UA (G G A8 STHEEAT aTAT 297 | 3 el 1 Hged qd
FT @rer geT & forw g1 9 § e F attas 10 wgiod ogad § 9 aa 8, T e ue sriorai ¥ sorreft
U AT TG F TATH T &I AT Agl AT | THAFRATSA F FEAIE AT | agauid AeqaT Hird
o) SHeT 32T THE ATRA T qITqey, T STee Ui g+l &Y, Tio| SHeT % a1g TgUW & Heh(dteh
THATAT T TEEHATST AT 2T| AT TG F T THFAIISE SRAT AT T TANIATAT-AE SITTheAr
FF AL T TeAT FFATI TAH AATSAd, GG, TR %, TG HI[STHT TUET, TE/AT w6 H, THIAET Ud

HeTaTorsH & Safad Siiea FT TaFade e omfie | TH &g | faersed a1 qoracdl ARl &
ATET AT WO I STTA e FHTAT & [oTT AATALTARAT HT TAT AAT| (HT% 2 Teh: 9= &1, Sfred)

#1 ST

3T F T ATSHIEIET GRT Fefae-Ue A=A=aiharet # IRT A a1 ARt it Afeq =T 0
THTITHT ATBIATSIT T TS FIAT

AT ATTHAE TXFATSS F had(Ierd il Ued FIT 2 Fham Smar g St feed vd dorfiersea & deero
TR FAT gl Feduad | e, Mol ang v e smtdees S& fAordida se==re g
FeefUeasl Ud Uad & Hed sqfifed daered, eaTa® Ud @t 99w § g sqfawret w1 Fatg G
STTAT 81 TATT T AITATHATAT & SHRIATTTR, FHTAHRTETHE T HAGIHE Tgeell T TAT-SIT AT
oo T €, Farte Eerdied Sevufaea ARt &1 ST Fa arer Bramas (raid THTAicHE AIhrersT)
I TTg | ATHALAV T2l gl g ST UaH- ATShHITHRITRT (ATSAHIEIET) FT ST AT TAT| ST 3297
o AEe = T=H, A9 e, UF SHISd [HTosil SN i Sedd, dfed AIniais fl SfoHue
FIAT AT ST FHE T UaH UF S {oaie AT THHIHAT RIS T [Told (a9 JeTFATS & et (Ued & Hed
FTATFATSA T AT FLAT g1 -FAATershry ATshrEEr faeeaw F 7= 3-8 SehriAt 1 24
frerdiea st &t afes dv=mT g Rafaai & d9g § iy @ § Suasy #Em 39 by §
TRTITeHe Heel T T T &7 ST AT S=1st Ud AT 30T T HiEuiody Ua 999 F qeT grav g o
TASH U SHITTA AN T ATYE FIAT 21 (HT% == FOTHH £2)

GFEIT ST

TG TR ¥ ATERaE Ry SEeeEE (Mth) Rifte-fiRufee armawe faefar g
AR THETAT SIRIEHRT T GLETAA Tl AISTAS HEAT

T g T STt SIS g7 A8 &9 | 99 qarsad & (o0 gree ATSHE | ST il §f e
T STar 81 gt 7 AT 9t g B A = Teee IR afEde grr = ArsHEHe Yot &
ANTATSSIOT UF HFRIAT Hl gOIATAT F6AT ST 81 39 teqad § qdervaaren & yaida fmar &
ATSHEHA e Ud ThaTaaTd &l fFea-97 § Arehas gy SEvaFaiad (Mtb) Hhd T |
Uerere fRaT STar 21 e e o & uagiee Areeeer SraedT i 99 & 91 vt Ry Srar g vd
Tg AT ITHATE T T FUIT Hh 0T AohThT § FdT g1 AT TEdAT T FTLT ATSR ISR AT
g T ¢ (o8 g aid gatad forfoe gewrferfe-1 (SL-1) Iea@ 1T g1 SL-1, MtbDpks2 F fa9T Mtb
ICANEdT ZTT AT3e€ 2739 Mtb T AT | ST Uiee ATSHEHA XATS T &l |1 39 aTsel Ud o arsel
TRV § @A STTaT g1 S hore 7 95 SL-1 § TFATIST H7 & ATSHIE T § FAHTS o AT 0l S (ohieT
# gz g2 TRomHl & qar F@r 6 gee A Yot w1 fEeasardt afiadd, Mtb ST S
THE AEAT gl THE AATAT TOTHT & Foh AT T 280 Tadl ATsaaee Taem g7 giee 9 Sl il
Tferd R SITaT § Ud A TS % hedde § ANEE Fdl g1 (9% o <h: avareiT gavgid)
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a7 siqiaTrT

AR TTAE & oW 3fUE SRT 8924 IncRNA g1 &7 Tfawr, o< defea wagiae f At g
ERISIEI

8424 ATHH H AT TXAAT FT Hael TRThT F9T & ATRAT H WIeee FA H I=aqY HHTEAT & a1 gl
T U Rt der fafrse gorw afue rs72725854 (A>G/T) (~6% allele frequency) &l Tieee FHT STTfaw #
~2 AT i F ar "@etaa BT w3 81 greitE =w g fi ywratars S 71T a8l g1 39 oAewad |
e Srar € B 3tz rs72725854 FY sufeafa 8q24 A § witee Foe-fafase wag= & 81 Frafed-
FEHAT FHT TH dCas9 HITSUET UHAGTET AT G TTEde WAl o i TATIAT 39 UAgEY Ug
IncRNAs PCAT1, PRNCR1 T& PVT1 o Hex &l SITAT &1 ST allele (“T’) &7 el Wieee &[AH | PCAT1, PVT1
Td c-myc F I=AAL THFTIIA 5 T gl THh AATAT SN allele F T TAZTET FT TSI (RSHALT F Hael
# feat| yTed Zrar g1 Tg et FTe SPDEF FT e Fvh ferar g srafs #=-S1few allele fReaiage
TZAT gl ST allele F=H H T9 IncRNAs TF c-myc % Ui {ee THFAIH GIT ATHT I=ad¥ H9TET &l
Tieee FHT F Hag § Tt 36T ST gadT g1 (F9e ot Raer qrer)

TTCGTITITET

ARSI FTCHI | STATTAF TRAIT it ATAhl T SR AT § LA A & FHIAHE F (T Tdh
ELEERE ]

ZrefoReerd et (STUF) FT 99 de7 Ste (Frsht) i oaT § SR wefisr # 7 |efera o 13 )
Tg AUTET FIIT AT STATHCLIT HTLHT FIT SCAAAAT Tl AL ST TR q1H €7 F TRl a1 ST
TH TIFHIAT FT AH TANTLTAT FHAHTE AT F1AT 1T TR &7 v g Segie aratheas Fwreat
99 =9 F TA G Woled T AFIT IcAATAd qTATI S FLTAT HTAT o6 ATASE LA Aedeh 6 HHARH
H ARSI FTLRT § TATSe ATl & AT &l ST o A1 THAT TAT 1 TEHATRTTAT o ST ¥ 36 71
TTETRCeTT FTEHT FIT Ioad AT TRAAT il 97 T S| =l qaqT # [F@mET Sam gl 39 2
IR TEARIFIT FIcf] ATHIAEH & AT HUg & TUI-S( A H TTHAIT ST AT TN ThAT| STaiheerT 1,
ST AT § STT" A& S ol qAqT § H7 fafaer o) TA9 fFreme WA= & iaimead FeE dfa®
Tt o1 THE AT e Fat § SeAa< IcAaq gy &l sefted TARTATAT HH AR TR
H famama| graife SrEETe= TTRIATAT FHEHE (60,000 S §) STahee F1H § Icaadd g
T HTHE T A ATLHE Fe & a1 gall TH AT FIT Taad a7 S(1aT g % Arse Saoaaadi (T2
AT o ST TFTI TRaal H H%T HLd gU) G ASTELT & qd F01 1 JTd 67 ST Tt g g
ST YA T ST & A& FRdL RIS (Heraerd | AT 2raT g (e s <h: Ta aqrs e
FOTETE)

TAUHSAR g7 qreq A a0y § N Ffafafeasa ud qurgaa § aifaefar
FfafFfeaam & =0 & arq gfafEtes F Fracde de@a (T0), ag-=woft gt 8 e s\ dere
AT BT &1 THATRAT § ATedias q0d, S-Tad Taid & e fwam o 3297 et

TR & SaTa TAURS TIFER T T TIE Jrathfeder i Faear #3aT off| =8 U= &7 ST
qeT FrATeHeA-SIE Hemraat ®r AT ud &t arferee it Sasadr & fow ff frar s g«ar 81 (\@9
ZT<R: T 3TH)

GZ11a% ST13717

Eia KCERIEIRIEERIER R AR
TH LTI | A G067 T2 % Iocl@d 1 F HAgIT T TLE AT TAT 81 397 Gh-T190E FT, TE1 dahele

AT | 1> 0 F THEH 2[3FT &l 31 § ATHA 8, T TG0 T, TEAaT eraeid it §aar & qeedr
g, T THH TG 19, AT TTIee 9o TF & T - oo TF FH 2l 99 UL ZaT gl 7 T 99 TF FH
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AT &, A7 FolE, Weea ol fag 9% STH graT § U4 HIE-++8 § Jfaad gid gl TevfiRue t F oo f & w1 &
FoIE, Fevfide AT BT 3TEA 2T 2 (R w & Ry s ¥ ) 77 fee i, i A sty w
ot g e a1 uererst faeaot 3 |y wefar ot e Ao F awed g €1 g A% U § qErais
T T AT | FRTeadl gt §; Tgaa (2 Tl (eaeh gaed HT Tore a2 Tore i afefadt ue e § fAaerar
B T AT AT TR T T, ST, AR (RET U eqrsy s Wit T U |77 i aFri oot garet
FT TS TAEAT | ATAT FATAT g (V9 A <h: e 04)

ROt F § T s A W ue AT g9

i SFRITT FHaEt g g9t & oo gfaerst £ St g vd gtoerdt s i g
gatETEa R Srar g & e deaw - ST oa g % § TS g9 9% qatqared
T ST B o Yeeaera-ai R fRehere (seus) Jortfersi & arer s g w2 grer Tiaedeff Aewmas frgia
T HhHae AT ST THAT & TH ol JEE SATH 6 FHH il (ATaedT T TgaT ST Gl gl THARarsl grr
T ST g & siiae A 3% ud 39 euw urrerat & |THed o "eJ - o |91 U
e TaEeH it fafaredar § aw s it FAT F T FL AT I0E T qHAT g THb AT e ALrrerd o
g T St w0 it faeTe 32 o SIquTd | TEaT SIUH Tt T SUCRFI, Ifhte TATIHEF g (6 &2
T G STAAT Al U FAT T & AATHIE ALATST R T80 FAadra ford fFse a2 =7 gt + et
T AT q81 81 T w1 & HIST THITOEEH FHT TLATUTHF IaTL0T (Herdr g STgf et Tefist &t fheas
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FTE STEHE FIeAa T & 3 i FAT AT Foh [HAT| TET FIMAA ATAT FIAT o a1 A FEST TS
Freer qoras F forg fgaTreeha fhama=r it dwreaar 1 qaie T Fgeed Seqa= Fa1 F 3894 a18
Tefaa fonie Tav@r & @¥adTa® SWTeadr & Aeaud ATl g FOET, SO &l qIOH a9 are
TeaHITRUe Fiverad # a7 Hrg-aal i e e srawasii #1 997 w2t 81 6+ Afa i Foges™
7 f=Fa & I Cu(I) TI9fIST 3 srfeaca T q@TqaT=a 6T, Frefitsh 9e T ITEA Cu(ll) sifFaeee =%
T g AT| TH Q@ATTHATT ol SN & § off (2 6 T2| (F9% A {<h: ST =)

HTFIET T TIIITITET U 7f09% 9379

UHA-AT] Jaoh, ATVaH Jahl FT TRATY § ST THA-AAT Faahi Ud THd-oF qahl Gigd a7 STaaT
O QTIHA AT @1 &N FILRT gIT UIEAT 1 Aata B smar g g feuwatasmar ua qwr o
ATHITT THE 5T 39 U ®ad, forie i ITgFa [SSre g7 6T ST 727 € ST UH FieelF e 6l qeaa’
T TFd FAT g1 (HT A eh: &1, F5eEw)
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TTTHIAT T2 T

T TATEH (TS BT Fafr) w2 e feae wied sagrenrdr

e foue Fated (E19) IR0, STH-TaedT § 1T g1 THaH qeF F gad Icdoid 2edT0, (4-8%) Ta
THTET t1-ATH 81 S FTT Tt i SeaTeqs® Sl § 3eaae, stee ffam araratst % arer
STAT g AqHLTRArat 7 9= S [TIFHT ATRAT ((RN2'RNRY)3Y) @t fRstmer dame & T fgdia-we
eI &7 AN FAT 8 S 4-ATSH T JoUdH FLdT g Ud 260 3-4 I[AT SwoAd¥ a4 Iedoie 2&7dT gl
g = AT IR FH-20 F 7T H Tow TH Tow* SO0 F Ted FG -7 giieeri=ae § g2 off smaaes
Hoe q¥ AF-AETHT TQ-DQ-SQ T FaaFed & 1.5 & off w7 f&d1 Rare o s ashar g S|+ stegam
HTIT THT T UF TCATE AT IeAd TN & Aoraes dqeq § BIa-2rqreisit 7 Tieeror g9 grar g
(GREEISTAEIRE RS EIE))

St e wmafRs e (Seamaeere)
FTATIHF AFIF7T7 TF STTTHTITITET

AR feue gier 1 g=ATes stivreee

STrae % FdT Tge F FAd STUAT  A0AT UF AT F T | T AT B A= F Aaeuau
O[T T TIE | =TT 781 2rav €, g T Suaw & sieuaw & s it shwam #r =t s § agoagt
et FT FaTg F3d 81 THH AUAY, A % FE1T qeF & = § T7q grav gl I gierwd 93441 &
T ALTAT FIT A 32T AR HT AT AL 73T SITAT § ST 87 T o (o7 Ageaqur gl 37 AuAT
FuE H O seaHe grar 81 TH qreAT (T) T FT ATAT 81 AZ TEhr oAt F forw wgea et gar gl
TUAS ATHS ALOAT F AU Th1< FIT fEuer giers Sx=erstt &1 fAmior Oret (7) & & |71 o sirar 8§ vd
g AT w7 RIRT F 9ferg F:3ar 81 ‘Sae S AT SUAS il T q% FT i Theee §er &
Rrerieor T @M 3899 95 AIRUAT-ARUAT S AT o Sae § Agedqul SITHHTAT 39dsd g2l feue
FTMERT 3 |1 U SOAT Ti6E T IS T TS ST T (T) ¥ R A g F7aT § UE 58 69 98 Far
2| (FU =i s e g=)

TTGHAT ETF2IEF Y] UF GEATTHF 133777

T SEIIEH UF Ul T AT AqEaTT

TH T | T X T AATT T U2 g 136 0 Hold T U Uldeed SOAT H1d Fd 8| TH FLA & o0
FTELTIRATSA T SH-TTEAT AU FIFLERAT T ST SAAFITADI T Theienl T TTRT 63T S1aT 2
e ad 3=+ Awaforfaa Su=feaat yrea #7 g : 1. 319 UF deq9d TAUHAT FeqT= FA1 6 TIR o
TS HLAATHSE AATAATT H1A & (o7 FoT T THAHET T RRTee | srqeamsarst 7 arzel § 3646
PrarereTy i Mt F foro o i At G @) 2. s ufdes frosmeow £ oerstE ud
TGN ATHATHFRATHAT 7 STSARNH HLAATHSE JAATAAT H1F & o0 Uasr 1 fowtaa &Far g1 3.
ATHITAFRATAT o TCIAA-2hT SAA THIAH TAHH 6 AT T ETA &l | AHET TAUHAT THATh1 T TINT
AT T THUTH it 9% TIE Tiaeht &7 [Haiia we & forg fBham g1 4. =0 910 81 UF At a1
T we Fa-For Raf & siauid TSR ed Ud S3AATcH® Teeved T YTod Fd o (o0 fohar 127 oree
STAFT forwat o srfersrier e &1 T &7 ST FAAT| (I AT FEQH AL, HIC)

STTIHIFIT THTITITET

AT T HHTEAT: THALIH FISHT % et & A 1HN s fRreee w1 sarese

FHLTT THE 1 q&T 7T § &= TEH il FRALTA Tl 6 AT H ¢ FA(1h qg ITh THE, HIoeT,
FrERIfeeT onf 3 forT agcaTet 81 39 stater 3 ST &1 SUsfeuat §: 78 UTAUHAN Tgid 7 {3, varee
1H TR 3 weEe & forw, S5 Jicde TF=s F F0r IDPs fe # |~ 78 f3am ST @har v A1
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HEUad (TTAAF U= A9 SHET) TN F7 A ST 3297 sfuears 1 gewr ar2el § 69
FEHAT THFTAS T FETAT FIAT | (HT A eh: THIE To@ITAT)

GIATUTHF THTIATATE

FHAA fFT T Fve TREE S0 TE FTaq-sariid sled-SRaeadrssd

AI-9 [Tl STEATfesod 6l [SSTed Ud 9ol § FHThH &= T[T g% g| THHT HIL ITeh! HLATTHE
FAAAT TF TATH AT e g ST I Ty @A & darfad I9n & o = a9 €
ATHITAFRATA T F7- BATAT ToST FIT Tve TIH TRATAE gle =TT - Td HTaT-3TETa el
TR HATSSH & AT Ud ATHAA FT =7 a1 Felroe-a Rivere Jorrett, s Fae-
AT el F gregaEd & A gled T aIid- Td FHad- eTid ffd STeieharizsd 1
FAY F qAMOEE 92 fEUde daedT & uifuiad afegere  # ffamr 58 = Ao ud sdiem
TUFEIERAT TT <@T ITAT g1 3] A1 g1 ) e -fodete o & |79 n-Fspifes STupshi & Taie q3aer
HITEH Tl ITAL FAT ATAT & EH Teragia-2 TRt Fedisr] oTfie g1 T8F Afaiad ed UHIi=aT
W—@W—WW@T&—W%W&W@WM— diarylboryl-phenyl)methyl
Yewar & AEir #7 ared BT A 2| werad § wAnua sfvas HeduuTes FATSiArs 7 3@d gu
ST HAISSH & [HeT TN &l TEHeqaT &l ST Fhal g ST THITcHE GaTdi § o9 FA1ad ST &
T SATEre TEEAT AT g (e A T<h: SATHA STT)

gt Wt fa=rT fover Fs

FEEiERIRE GGG

IEEIRREIEL
f@s77T FETsl & 8T

e o =T Farslt & RramEr 71 G917 SAredT f IFia td TRumHl F Weaed F F7 a9 g
AETAT

s ® faforse =97 & qahefierar 1 awraer grar g1 =7 T w1 AATF GHT I ATAT /AT 74T B
FIAT 7 T FeqT & =7t grey (3 o S1are a0 a2 forers gra == & g9 sgaqre A

THETT & AREAT § ggcaqul qiHeT &7 Hatg BT STar g1 a8 10 & 991 & #q U Jteadr, Tea1 &
oo gt aftaer, ve fras-gr == tharst & Gt st grer FaT Srar g1 59 Aeq9= § 59 ¥ |
T T AT AT SATAT 8| TAH TAAHT GTLT ATATT 471, ThATawerd wwarr, ua &sme w7 & Faa &
Y AT &1 TH AATAT TLATT FTA H K FTAT ZILT AT SATATSA § I8 ATIHA FLAT, T & g =17
#T HeheqATsl i AT T TTTHTLT BT TATAT FLAT ¢ TS F AT GTT (AT T FATATAA § FHATAAT i
STAT g & 9 o AT A7 I@d g, AT FT 7oy 363 347 81 (FH0eh =ARE: AT FAART T STCEAT
FAATEHT)

Fra=aTR® 07 JTrT=IRE G127 7 grar # goT

T ATat § FTAT 6 T 2 T U AT 7 3 | S8t Y1 &1 aa71=T

=H FeqaT | iR T & Frav it ToF THHAT UF ATATS o [0 F 27 7 Z@ent AT 1 are Haw
TAT| ATHATARATAT F FHET TF HET & ATZL 6 GIAT | SIAT 0T Araq=1a 1 (< reqor ohar ua geeht RawrteT
& ATararT oo o TEfAET w1 TAN w7 (AAF-IA, FA-T0A, FIA-TEF AAFRATA w1 Tt
Ta=q 3T AT ue weAt Fi whRar & forw gt fEresraor B ) forer/arear e s et |7 It v g
FEAT o SATEATT | BIAT FIT ATEATT § ATTT T | TN A U G gie =l grareT Tl o7 STara= T
I | BTAT H ATATATT TTLT HIA, ATATATT o6 (0T, FTL-TTL ATT HTA, FTHT 6 THRT, TESA HT T T
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FIA AT F FTAT A\ AATTATE HIAT | STAT F TAT FT FHA: A g 3895 FILO0 § qFl 04
sragAtaAl & At war<t ua gran g s @aeft godt & Ffa= ggqet § Taq: 9w oEr ante artee
| T TZAN F AN T FHAT, LA F7A7, TF FLAT, THAT FAT 3w orfoer o s g9 vh-gae
a7 97 o) wiafed F =amena ¥ 35 vgqst 1 qea e shpefae ua SHrwRfed Farst & g & for
o w1 ) (59 =t e 6, F3 getF, ud %%, )

gqfaTr # [T #73

AT &Y FE © THAL § AT FIY G TATGLT F Torg Somett H FwfEa Faar

TATALOT freT (32) &1 T@ F1F SIAT A TG0 % (0 F:1 Fe (TEuud) gq IRT w47 81 graits
= § gAAr-AtTiE=TtaT Tt B S § TAEOrEl AT S G@rar o § AT anadr off | 3Ee
FILOT A ¢ o U wigat g A7 S7av 8 6 st | #7er 7 grar g1 FHerT F gret o qisoi g 39
YETT U GHAAT-IIRAT 19 T @IS TFAT STaT € U T390 & 977 Uaisre Aeareatnara &1 f=aT ua
FATATSIA % TN % €T § TET J7AT g1 TH ALqTT H I AT-FY T U Tl | r-A0d aF F:iy
TRATSTAT & AT FAT 9T AT T2T 6T Iafr § vaiere Fraf & qREaHT F7 qeawor war w21
FEAAT FTAT 6 TROMHT § TqT FAT & 6 THIT-ALTRT AT TRl F1T FIATET TSR &l
qITE 7T ST |har 8 oras St § TS0 &1 S0 graT g| THE STATaT &1 T TF FIAT 6 (Ut § UH 77
F AT Ggifa® Ao F Teqa war w2 Sred S £ scrfxy vatdte s vd ayarg et
T T g1 (V9 =aTeh: I TcdT, I Jgaaed, SFHer IeT)

12 fAaFarrar & Ffea gral # faw aaqra<dl (er 3 #1a+11aar

3f® Reraivrar & fifea St F s fRreror g FEAAITQAT 92 ) & 919 yread v e gt §
gurasht B fra

TH ALATA F TAFHATT FTAT (SWDs) F forw aararsty fasme forer % forw swasaaar #r waifa fram ag
e Y arear (Svis) & Tfea T F qwraer & forg foreror ua sravsta vt & e & Arrare
FIAT g1 39 779 § THira sraqaears FASrarst &1 w20 R @ zaqq 227 §ug ue freerr % forg
O T TERATOTR U= 9T &) 77 a1t it Rore 3ar< £ 7 vd 3+ w=riera frar mm
THET d&F fase forear & forw SWDs T sTaeTsti &°f a7aAAT; U qaraeft fovar gq feverat, Arar-foar, va
AT T TFRIIT AT TAHAAT 8| ALTAT F Texaad a0 § SVIs U fafarer Traareii Iaa rai & 77
HEATTCHE FATATSTT T ST 3T TAT| THF AATAT Fee o Isiead (IS g2 L@rshi ard @, gieat,
FUAT TF FATA) F 3T STAN TA; SVIs T 3P FAFwarirar & qTq STl F Aed qeqiis AT *
SETEYO | TqT FAAT g o AT NITHE ATATSIT AT g ST (3 STAT % QA1 GHgl 6 (70 ATAITF gl (T
iR 8T o9t Ud qUAT FATATAT)

fasir, wifa#t oq 71T F7 ST, USeF

AT BT I TSN FUeA § RSeaas #iiear it g w1 785 5T @r Remsa-sraria
FLTAT

TH AT 1 § JFeH F AT & Ga9 H GrAT 6 THISUH Hi erd 9¥ Riusiceaar difzam # sgfaar
T ST TR TAT| T H FErarmTe -yt ATeAw o Hael H QAL 6 aTiheh SAagIT il T HTT STae
T TE0 AT AT 7T w0 | AT BIAT dFH (SUHeRl) ATHF [Sofiee Hifar sevwg it Reme
T Ieore 6T AT T FA=rATe Ta2-SeaTd TSI ea el & T H1el Ua 398 i H 6 gl F7 Io @
T T ST ATEE § TOTHT F AT STAT B AATATHRATA | I qATieha Aagre § qraddl
TAT FAT| THF SMATT IT ATF=Gr F TRETAT a9 AT HTATTATA 6 FeATan (3 FI=ror, 3 TR F; 266
) | 3T T T9H agas ars Arerary, (forersht grer | # Rwrea it ) erfyer off| sremaT wrd H
AT AT 7 39 9187 7 TLOIRT Aog-FTA HeaTahi § qrina sqagre § a7 6 ua qiawwrg sieq-
FATATEH § FiFATed gawaar # g i1 (F7% =Af<F: I8 FAH)
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THTITITE UF SF135777 § GFTAT-H0

TehreqdT Ao FY [uraear w1 77 [RATorsrd s gro yarfag T smar g

TeheqaT 7o &7 fAeqa =9 & A {39 o &1 § ey i ddheqaqrcrs® St & fargeraor  forg
STAT g1 IO &9 & srferrtera: AT few v oo BT Sar 21 = demaa w19 #§ sreawor B
AT 3 “HReqaT FTUT FT TART T SATATSIA 67 TR U IR0MH % gorarca s §4@u & forT w9 & &7
# forar ST Far 81 @O =9 & srerae oAt AT R w W A @ & g 9 (e dEenr a0
Ui ed-HHheqaTu (F159, HY), o (T, 1), va it e (here, f) 1 3t €0g 9% @1 Srar 8)
T o Seefes g9 & quracr & qag § SITAHT Hadt g1 fFeata=mas F St F &1 79% a9ar (N=38
(18+20))  SATAATH U THTIAATE | a7 FheqaTall ¥ e Fehouar o w7 fAutor R dweqr-
FTURT wieraT & oo & yred Aeht & 9q1 F9dr § Il Mide ¥ ¥ Ufede wWHHe & 3T HH T
FAETor ot e Iwgi qrwerd it off Ud o | 9o §o ¥ [uracdr § Hgcd ol SAq<i w1 A I 57
At wra AT of 1 (59 == @9 JeEe)

TTH TTg T AT FI9rT

TH BIUTSSIIed g8 U< AFTAA & SgieT o T ok AT PhFeIeT o FIYBIATE T TATTCHT STETTT
78 sregad, o =9 & RSz frw ru &sraer % =gier o6 TIORT Yo § Hefera o 2 7 F:a1¢ T,
BITESiied ¢ 9T U ZrAT gl Fard il dald (6 il Tfewr arg # FEafewher a0 % qe7 gral gl A1
TS IT UFA TT AT (el LT FoATo] o I3 & TFIA o TATAT LT AT H TRATAd HEAT THT gal
TH SAEAT ZILT STHAMAA HSAT T VLA o ATATT T T Fwar 2 a7 gag & fFreao grar g
TE THE TRUTHEAET Hdg ATHORAT I T U & f6g 2 H1d 6T Srar § S e fea ficde |rie
F AT AT AT 6 A1 H ZraAT 81 TH ATHAS G T Faiel F [SHTTLIT U AT Sl T gIia o6 a1
Tafera AT 7 ) siwde T UF AT ThEed & FUfRite F qiae-at Fawar &1 araraee S
AT I¥ FATAT | (HTH A T<h: TS0 GTTE)

fasrT #1 sTart T

O ST F 77 H TqT: TTGTROMTHF a4 e deat gra RvSesme amed & fasm & a6
FAT

s # Rfusieorae st (neHT), awar g Saes grrareatas G6e wArHar & arg] Rivstes s (IaT.

THTFHTU, TIHT) FT Ica= (AT 7T &, 7 WIS F Heq STaRIH 63T SATAT § TF Thiahd &9 § T
T T SITaT 81 S -EfT srerare it « faarar g o o=t g st &y g e areir auerat
T FA FLA U ATTH ATLTIOMTHT AT (IAT. T-Thaaer) Tt il a7 6T Srar g1 aaar sreqa=
FTH H THTO & [H T AT TEIA (6T THH TqT FAdT & o6 ATLT0MTHT TAR19 FedT (1 qadeq)
I s Terar & A/T srdad 7 st faferse w9t & fRAr Srar g1 =9 Aoy ¥ 9qr Ferar g
fErera=t grer faferse srs-gade Tedt #1 w=A G Srar § g 9% e €9 9 el -gatad aaears &
FITH BT gl THE TaT FAdT g (6 et UATSre FI9d § ST AT &9 F TTLTL0MTHT TOTAT hT ST
& TREfdT Fdt g SaT & w0 F gra & ‘g FEiar § Seataa BHar 1@ 81 (§9% oA h: 997
FEHGIA)

fewrzT foremr

TAHIHS (AT FLaed il ST : T=a1 & a1 fagera R=ga sr=me

90 HFUST THeAT BIAT & ATA A-ATUTHS ALAT I AT 77| T9H I 9w =9 7 f*ore+ fFw 10
TFLAT F FTSH (2T AT | TAH g AT (AT FHTATSN 0 THATAT TAT AT| FTAT F Fgl 74T 76 F TFee
T 9TeRT Al GAT AATU U 7 FISH o ST T FIACH Hl FATC| STAL 01 31579 Ua aenefied & faearaor
T T4 FAT FTAAT F &7 F T oreat v forffasr F grat 1 Feaed & 12 Fed § swasgq® &9 F
TETIAT q5! THAT| ZHF STATAT @IS & TAqT FAAAT o6 F FTE H TECE TF TICE bl F e (Sosd |
qETIar et F1TF ST B ST F oA (hofiehdd Ud T dadl w1 g9rraT; g 77 off aram a7 &
T o SUT THY T TISE & F FHTAT Tl af T2 | 6T | Teqg= F7F gI SUAT % Saee-THS Haai & w1
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F T IIMGLUN & TATAT HLACTTSSH FT Y TaqT Frar g Sregia varararfsy v gotam (§7F =7
AT A1)

EATTH AT

1037 AT ATHLTT TFIAT

BIHT 9T fasTe forear s ® arfis srqeeTs Fv el (TAUR) F 9947, Teqid Ua GaiisT & forw wrda
HE GTET TAT g1 TE TAATHITHS 6 ATHATARATA, TATIAH TIF Ta ATHETT STeAqTeA oAfS 6 Afareaa
gLt FEAT & forw forg 81 /T gaegt g1e7 T98 qgATRIAt Ud araiar<l & € § TrArhar it S g
TEIAA FT LT T T Mg T SAATIATIE TF e §= 7 Teqid, 741, A7 v ara-faars
forT Iuerese AT 21 109 AT STqEETT T & IS 25 § 29 73, 2020 F Z0T T4 ShiH
ZT1 T ) (e =i 99 Saaae)

rfore faverr
Tfore forer# foremr

feversRt % ST T TvEOT U gHAT T AT F Ao R & gy Rewrew
HeATT FTF H ATT AT TIHET Tt (00 freqai & T¥TH F UAAAIES F6 Teq79 H1 F a1

TR 121 T2 A "y AT, areATeRTal v forerant % /v ST/ ARTa= T A= grer af Aiav
SrexforsR F=1 % 2T forar AT feveraRt o FeAT sTvETal | 9ar =@ 6 few w7 79 foE G =t 9w
HHa 78l ¢ afod 7g w1 | forerant wd Sl g7 HYFd € | GrAT FHAT SATAT 2| TWF A1 ¥ foreraw
AT % TIAF Tgen & T F org wod god a7 g A= v i sraeaswar §; Sarew & forw g
* TEiee & UH 79 % T= T30 &1 9aqT 9o Ghav gl FFearwor & gqr =« & foras, gran & aq & g

arfersn eaifera steaa = & WoIw & g0 a9 § gUl T899 F Fa7 A RAfaai #1 garer § T gartagi &
Taer H sTfere ST el | AL T A 7 [T AT /I A7 STEL 01 S SFRrwwer dwegrsit = foreror # siafafEa
ff| (Fos =7f=F: foraT zare v &, gawfiram)

i SAEEIEERCEIRRE R EEIENUEIEE SED))
TITFIINT @A77 [FTAT % [T F@eiza #7 3 7F 9917

T Sl Gl & [T qaiaeoiiT Sreqg= FTAT Al G JAET

THUHATCST TRATTAT o T o 9 § TEAAT AT HT TR AT TA § TRAT TAT| 77 FeT § UF
TH% are fSrsmar-smearia GsT Fear § sreiqet ==t # FE7 5 (10-11 M) F AT Hl HoT HIA &
AT T F TATH HT FuF AT T2 F1T7 F9=a Q=i § @rar g@and ud o arie o) 739
T FHATEH F TN T A0 AT F FATAT STAT 0 THETATHAT Dl A%d FA 6 GTe % =T | T
srera & eyt Aferort £ ==t ared F @3l § £ T2 Tl FeArel § a7 geAr § grA gra @ va
TAH GIeLIoad BT AT §| STEATT AT FIT THI TATA % TRTETA HT TR 64T S1aT g Sreg i g
Fraefie T RSTaw oo Ua go|Te® &9 | 973 T30 Al [Awied haT| T8 ST iad Iraid e HeT
AT H AT FATAF RAT| (HTF T <k TIAT FATATAT)

T
& forar
STIFATTT T FT TETITHF &7 & THATT (F74F)

FIF BIH TARTLATATY

ATHITIA & HILO TeAF AT 9T AeAforas Feareqt § TARTLraraq £ aaar 6§ 1 g1 T 81 graAifs 744
FIAFH 6 TAEATAH AT 7 ATT AT F 1T GIATHE €T F H1F FHIAT T ATHATST HLAT ST @7
gegiv fetorfaa Aot 92 g yarerarstt &t rwEra B v sroq st £ e =zarer § £

100



https://webinar.hbcse.tifr.res.in/b/kir-vge-6jf faeat & siasta: Sranfhar FoareeT $I EEEIGH &EWT‘%
FoaT & [oT0 Tl ST STUasTegl HISAT & e, a2 TH1ereq F1 Arzaraad; s waefis
#T TZATT; HIF ATSHIERTYT FT [&FwTE; FETHTET F T0ofis it 98919 Ud FISTHISA & IS ATHA9H 97

FIeE SeHe & TATH FT TeTAT TS AT | FIF ASIATAT, AT T & S Ffata" @ 5.30 7 9:30 TF

FAA &1 Uk g T forar 747 SeH & q@eras rat & are F97 0 are 3 T 29 21 1 390 97 H
AU [EA TS ALY F AT AT ATATSA ATAT 6 forw qufha €7 F w1 FFam) /g & gra Taererarsi

T FZITAT GTLT SATATSHAA o FTAT % T ATATA {IE FT Joord (AT 14T (F9 =7f=F: A1 gvqaa)

ClEIEAERESCRREURIICIE LY

forTa At & Fga FTawH & siava AT Atee artasss & 9 YA E AT TE snihe ' we
TATS, AAATH, T, HISAT, TETFATS, LT, UTEHY, TATEE TS AT A FIF HT T TRATTATSA
T HEATU Tg TS & 1o = T TN T THeAT TS FHielsT & ST GILT AT | AT ST TdT g1 ST
FETH TH FTT 7 T TARM FI WIS ARMASFT I T 63T UF ITHE €T F TA8 F I F1 Gae e
QERTY ST aTell GISl | g1 S8 T8 TR Ve FA12 § (& U d & 9% F GHAAT g1 T TIAT
“HrEAT § AtfaTS Y irET F guear” g wreAr, areeeff avewr-anttasy 81 (5ud =i 9 gvan)
AT ¥ ETATT T AT

TR T srastae AT ATSHISARTASH & ATHIT R TATTATIAT FHIAT, FIAT T (AAHT & 0@ AT H1

g1 TF A3 TZIT T Teq AT TAT| THF GIIT A AT AT ATHAT 63T ST TFHAT § TF ATTT T TS
F ET H HTSHIT & T R H@T ST THAT 1 FAT GTLHIERIT o a3 oy o7 Feqor we % g

ANTASFT F THTT FT fF et o o7 Fehar 82 0 HErdred a1 ez § gqr =afgw ar s+ a1
THTSAT & ATEF AT TF T 24T AT 0? VT Zare a1 fFzrwme € S g1 geft st & 9 39 1 9867
T T AT FH AT HTSAHTSAN A SHT 7 A&7 T ST FordT 81 S8 & TF &l AISHA () IT ATSHIHET
(um) FZT STAT g1 TOT F RFFgemarsse & § ATIF 6T FAT FHLAT U T 17 F=ref & 39 da7 §
FAFE T FHLAT ST 6T A1 Fam g, s fovear & siofiv Raswase 81 =7 steaaw T sna97® Fase &
ITASH FHITT KT TATH AT g (F7F 7w HHET @Taad)

ST FFITITAT

eAe o v %1 A (SrEairdy) S=iade qIE (STEEITH)

THS TS TFTE0T 7 SUAN32 aTid esidl TTIHE are il T2 F1 sweandt grarsarat &
o e foram) & arfesw ue fifes afde a1 (feEfe) it RSrea #1 Femseiust (Yo = aiweaaT)
H T foRaT o o S qa7l (FT0=Er22, Suas280, HU=1750 5H°) § Fsed | B wreat
T W0 3 forg ST 3T sy SigHe are (s ruw) & fa fifes affe e (fireteh) #r ara
TFaT o) e qEw F® IR T4 U S A At gew Mo S gend: taueEr O 9 e
Aeferfaa e SevhfE F1 TRaargas T SRedrSerd ®e & foraa T 17 : fruas 280 #47
T ATTHTT TF SGdT I 6 forT Serd 3 73T, THEg2 97 &1 U &l a@4 & (o0 SeThd AT 4T,
T TUAN32 ST o =7 I &1 AfFqsh 5| |ig dle & foru [fHT ffex afde a1 &1 7eai & 919 argee
T T ua TR T % forw adveror warrerrerr § fRA waAm) asfy gEat v grer geaht g1 arse T
g1 (FT = {=R: ATATSAT i)

AT TALATAT F Fg T9T % o0 qUIHIT TF AGAT % Sedde T 2679 (3meeet) derd fi enfuq
TFATHITHE T & § T % o f36am) o7 aiveaa &1 G gz vhiga Gse vaataade §
T AT UF AiFeaTT wIT F GRrHe) i AifFeT Fw & o forar w3 ue 3w o Sitaw TERrer-3ersit
TATS ST T FATAT 147| O i AT AThe F qITATT TF Aqradr Hrtr @50 % |27 ot i 1)
ATFATT F AHEAATIAT TLUAT & TATT THHT I+ATF FY TH TAAHTHS F deda & A1 Fedae (haT

TAT| TEHT I2LT SATUTH T2 F AT T FLAT, AL TTCARIT TRTH TTTHAT Tl WAL ATTSH, AL
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AAC & HAY H AT U FASH & ETTE FHIAT A1) T 5 for7 TaFaArsre f e &7 threhe § qa1e
TAT| THHT 39T SATAET STATTHE ATE (AMESTTF), ATUHAE 280 HAT TH THFL2 HHL Tl ATIHT HTAT AT
TFAIST, TANHUas gheeqd | 37 fifes om o= atweag? 1 3=99 #1 F a7 & @ =3

TFSTHIUHS F TATHT A2 § AT GIFTIT HFITAT AaC-3-UFT (A7) FT AT F % forw B
AT (Fo ={h: RIS ST

ST FHITETAT — ST [T [T 1 G Teq % &7 & THET (74)

T — AT fawr srarfa afsmrd

FF 7 AR A srerhd afRATSHret w1 ST AT T F geAt, argA-Iaead U qegy o
o & "gag off| 227 §ug ua A &1 q9-97 § w2 gl & g a4ty & o BT T
TIIHTAAT T ATH F F&AT & HIel H IT0! AT AFRATT (FreMTSAew), Frel & Oy va 97, T2 9uTes
& ATH U Ggca Ul GITHie] & qT9 GTAT A7, F97 AH % g § BA/FA/TT T 31 T &1 ATGA o6 [T AT
raTaTT & T T8 f=7 F ST & SrAred AT T SE9E STeT AT A dars § i A oCE
FAT AT-THF AT 2f T FY TAFATH, ATTEHAT % AT arfe F forw difEw arzet oo Ffve= v *
Hogl, ZIear & aediy A1 W2 | TIAaTrat w1 §ufegd 27 9 TAthar a7 % fore sreartga @ B =)
(F9% ==fF: =T geaaa)

B fram

i W F At F forg et g Arberor wveret 1 e

reqor wrerett 1 AT FEAT, AAE w7 H Seofera et § uw g1 Fderor wvaet wv G ararer
Frerelt gTeT FoRaT ST Fhat & fSrer | FraAt i gerar gt g 7 Soree T w6 w5 d g1 T R ot
21 7Tt it ST armaret F v g Gt F e Fwreret F e A e G g
T § AT-ALTRT Rl arsarT & 09 &9q: 3y QU 396 =y vd 998 =+=91 § 379
et off, gTaifer saar qaTeTT a9 gom a Irgid A7) & Ao Gy va F aqrm s
STTat o fAderer ud 3wt At ® wgA w6 F7 wIdT AuTar ud SUEd o F i ok 9y 396 foeqa
=t gy foraT T 39 e § 5 AT o S g ear a7 setia o (e a7 sraria i gadr 7))
TIAT 7 T § 3T7F T97 I o9 SAraa<i & Ao § 3767 Icqahdl | gl w1 TaqT1 FaT| (F9% 7 f<h: /AT
GEAHT)

HTeZ 1. SSATTSH] 97 e 741 % [T TfeaaorT

ATATAT.EA it TS TF 0T 1 e

FTITAT, HATET T g1 TE TTST FAT TWEHIH I IS FLAT g AT AIATSA-ShSolT, TST-TATAT g UF Foraat
AT TETHT gl AZITAT. 2 F TAwra 7 Sremedrue foary 3 Srsi gTr 79 THRTeT H28 & e §
ST FoRT | =TT 2 | arat ug ars Grawr qrsH € S rerfors arEat w1 99 w7 d gl 36 AR

FIA & o AEaY Taee AT SITar 81 S99 A8 A9F S| 97 (S5, FiAST, HHT T, q341) § qA
THAT | 386 51T (9w d=fagy i @ud grdt ¢ Srag T8 JrHior &= § A g1 qhdT1 8| HHTeITq Jerar
i vera e gt i, T gEdaTa g e 39T TAIIOE AT % ArF 9gAnT § A
TSR foram & qamr #7 AR I & Tevaeaa FEAANd 7 AT FIAT gl ST 7 q4F
T HATHILT FAT FT FATAT (HAT &2 AT AFE, TIATRA & SHAT § TS(H FT A0, STA2aTS
ATAATERIT, TY IT TAFSI (T TANTIATAT & THATT Fq THFAOAT F7 700, SASAE qIIa1T Ud sradr
a7 w1 fAwtr, areft-frtm w e wr Fut ud e w1 e T a9 gaq g7 3 [ @=rad ararte s
TEat a7 3T ) (Fa =ixe: s Si)
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AT TTHIFIH FT [FFTT

TATATETTAT HIA{EH SAehrae

TAUATSUUAT qRATSAT T I29T qiegias fafeear vd earasen § gig, gabraaa g vd
TAaEe ATATAT FIT FIAT g1 ATHTT qoi, ATAT AT A7 TR0TH g ST 2012 F SArHTH A ga
TH AHTAE F [TATST FA T IO o@e A7 AT guraeft aamr g1 I8 & forw aefeg a1 s
ATHTEH il J2AT TATATSUUAT &Fee | it g1 399 78 FFee Reaftamar & $= w0f § a9 grdv gl
SATRTSE T (AT UATSIE T % aT8 TTEH g AT THH 00 67 747 § Fo6 58 A17at gy eafaay &1
ITATI BT & [T aTahel FISH T A1 & AISLATCE FAT & a1 gioi, SiH, Toe, A1 & AT FATeA
ZTT T U rw o St &7 T3 Ghar Siar g1 od: SAferwter g wmiAis S 9agdr awhd
srfsrfaeamat & =9 & grt g1 Afew Frare #TURT F 97T WEreTeT 9" a12q %ie (AErus) fi ff ferea
FATT FT TE g U TH AR AT A 81 (59 ST iRE: AnsAr i)

T Bl 2020

e gt 2020 - wow 3 wawEHt gravsh & oy Wifad § e uwe s ra FEdEw

TACTRAT FATAT UF TAN S UHS-TASTRAT 7 HIFT =9 7 =1 f@Fgdt (sgrear) 1 swars &
Tg UH.UHEH TI7 a9 (ATfahr) § st F fore swra #1%9 g1 29 1-20 7, 2020 F 0T Argrird
T ITT| T AT wEE e s § AT ST o, g freamte F F9d 39 Ataersd o5 § aiatad
T 3T et § 51 FTATAT 7 AT SAAATSH FATHET § T foram we 300 FTATAT 7 ATEATHI &l AT
W & AU AT 39 T F ATTaanr § @t o 9% 9i= F1% areawmdi w® F9rar 59w ey vd
SIETTE AT | THE AATAT AITTh! (AT STHETT T HAT FAT0 T TFAASeLr a1 92 79w
et Tt i Fwrar @ qrq g gfer st § {Fow srens o) gw daw et vd

aTTReTl % Afafed SR/ adHUas F TR GaT, TESIF LA HeArel U JATF FfAhr<y

ITFRAT A1 THH AT ST AU F AAF TATAhIaT FrAT 1 AT STo+T IUfeAfa a5t Frs oras ey &
srfers wigarTy off | frea® | a1 7o (o6 STl § T6d F1 AAT ATAAR AT (FTH A 1<h: A9 T AHETT)

ToT-IeTT HETT — JFT &IT

TR TR

TATATH TRATTAT, TAT-IqAL TF @l FT AAATSH HSTT gl AANEURAT-ZIATE F TH Taed Fil
Tt T 81 77 TeAt & I a1, @@l it forad va Ffse arorst § fug-awg % sqars & o 9=
ITASH FIAT gl TAAETHE T FTAFTLAT (HETITSE LRI AT GTETEqF s420) & A7 g | &A1 &
fat= &= & WoAT T Iqar T HEAd (hAT| T G § UTANHUES F harwera Cowr-aqraraq
YT et FT arfae B = 81 e 8 7t & " aRra 850 TeAT i Aq«res Ay Ay ud
TATATCH T2 F AMHIT 725 T9AT U Ieq < 6l ST /AT 81 (F9eh =i fasr 3. o)

& [AFT7 ST T [T (TAUTAET)

Ta« =T wfex (Tasiew) gfaswrmars w1 stqeeTT afRsr
TETHT FLARTL-TTAAT AT TFA o T ETH-HTAT (79 TT) TIAATNTHS H1d ATHLTT TRATSTAT (FrUe?)
F AT & €T § THUAATS! Y 1 A4F GgINTHT hATHATT FT FATAT =0 99 (63T | TRATSHAT *

I | FAA-ATATSIA TORAT T To=r4T; foreqsht  forg Su=nft srqz e areft (Ssg/ ey Fam
IIETHT) T TATT FLAT; HEATIAT T {SAH T F 6 (o0 B39 370 70 99 U 7 @+ & TA H ST
FAT; vt uT [ATg AT UE Aq9dl F SATEAT FEA hl AT w1 AREd AT e ortae g
FEreaaTdt o T THUHATET TG 7 UAGUH gSHTEET U4 fU&Tahl & AT &1 51 H7 SATATST (hAT| THAFT
29T IS T HAL FIAT UF ATAT 6 HATHATAL 0T ATSTAT FATAT 5| TETAT A ATH T AATST JATS,

2020 wF ¥T=, 2021 F T AT TATI F6AT 7 T 8 F ITSTHH & ALTT TT AT T&T TAT Fl Tl & (70
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AT TR T TEe ATy i frerant i REm A ‘FiagEa e fora (FrErEwerT-sratRa aataiT
forear)’ & =T sreaTat A off gt AT AT (F9E TR A a9 U AT TATATAT)

fasr oF Tforad 7 3= fAerad # gral # fau aradt FEra
TSI SHIEAT UF Ferfors DRI 1 e ta wedig wrars § Sqars

1.

FATATSIA THISAT 6l JHole (TALTH): THIEAT, HITEH T RBIH{T F q72 qHeed & TI7 45 (I 0d
forerss astr) =t fife foram T Srad a7 8 & ==  forg 15 AT Tz o)

FATATSI THRISAT FT AqaTE H1A: 1 A= afqar (SErdt) TS THE F7 qAqars 7t §, 8 AT
THSAT T AqATE THA § (ASTHUHAAT § S5l E7 ZTT) BT TAT) 9 THISTT AT 14T ag9r3e 9%
sroerre foraT T 4T, 993t ue erdt § Sqars w7 S 2l

ARTT AT AT — ST TS o forw AT v AR A S 7 (2 Fr FFET w5 w5
) T Rt AT uE 7 AT 9w § 21 fAthe arunet § vaeer-aiagay Aot a7 a9 S| arged,

orte ARrsT &7 e Foha s (31 i AfET whFa = T8 €) Ua 4 AT F =Feor § g1 (O i siper
TEAT U <97 A7)

IEEIRRGEIRER UL
forer foreror & zierT aradt @+

HIEREIEISEEIRT TR

I forersr wforeror srForastt F ufommeas foreror ATt T TAT FLE T FTATST FrAGQAT
(wuerme) F7 frere T srar et avfe foverss afEeer & fram = steaa= & s 9 g1 F et
T ATAT 63T SITaT 3 e fverant F FeaT § SUAT FF FA FH o6 I TATHI o6 & § TANT A7) STeq g
F o7~ AT | foreror-arers F forsre we forers wioreror wrdsny & 09 T8 T 92 S 247 147 ey
I9T FIRT ATATSIA &l TRTAT IAT AT| TAF IETEL0 H TTATH TEHATRT ! SATHLONIAT T TEITT FTA T
saTe AT STaT 81 TEwT 1o ag g T forerant & Grarwedt Y FEraTes w99 v qbhg w9 F grA
AT FTA il GHAT AT ATATSHA Ie&AT 1 (AT THEAIT 6 SATATT BT &1 (FTh A {<h: AT LATATAT)

TEETaH T UL AT FRreT dares

THTITITE FITTITE TF TTAZIUT F il [@#rT

TEETaH T I AT TIRTATATS & forg TIRTeH Aieged

TAATEIUH THRTH T Sod il UTSTET Ud HeTg= & AR % €9 § Aielod Fl 4 TAaIsT &7 UA=de
forfat ® vasmEuE At # Ay o Twe e fredw, Ateged & 9rdd & o SuAE A7) wrEAad
U U wisen, TETIAATE fAAT AAeTs T STl F AT g1 MR v - @At 9yqg 81 T8

AT AT INChO TH=ATS & Ha w7 7 T fAfsr= Ateged & {0 o= Aqrureli § Awoed H AT FT
72T €| 3T ATHASH T 3297 THTAALTE & HATATSIH I THTATAE TR AT T TRTET | 3@ S

H FTAAT FIAT gl T TRA FT S(ATH, FAT, SATITL ST AAH AT UF THTST, HEFIA, TITAL 6 q7
THF Aqeadl F A gatad B v 1 9 (S asi), 7 (B i), ud 2 (A2t a5i) Arwded Fr
TATAITE fOreT Sraarse U sruerre f3har w3 (59 =i afaar =)
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wrfore faver
ZET STTFT F T TIOT & F=a 07 F [T THHT qT559 (37

& i T v

THETYAT T RS UF I7F TZ-GAT o HTAT Hl GgATHNAT & T ‘TEX AT F G T o6 AedTor—IT
foreraht o forw st wwatseY urEwa F foro R ST vy 81 AR st w adaE § A (-
qre T srhizae wewid) F Te¢q T srdhiza T o1 771 81 writes ==, Meferfa frar-aegat
T Hiad 8 — Yeuqd, AHd, ud Tw | o1 AT A Hw AT TRATTAT 6 €9 H Hheadreq s &7 f&aT
ST ¥7T g et foratas vd wrE, Reraw seved ud q9w freas TiRar & 90 gl U Aeqaq w17
TIA AT (ATSHIaee) T ATaATeT Goadr i RS vd Frateag= F y=awor F forw B w@m ==
FAT g AT <@ AT TF A 5 e FrAes TN F 9T AATSAHE § BT TATIHIT HFHTATA F SErSaHr=
FT TATE FIAT g1 TH TATTar & Fwae AFaare 95 Ud URIHAe S8 HESAY (ASUHA) FTI T7E F qe7
TS Ta HEANT & FATHL ITAH gU| TTLIHF (AeoTTor & T2 AT T, A4 grar fEawfiar ug aaer-
THTETA * forw s fafee Sfert i Sraasrdy & agraar = (F9 safh: ST i)

o FRveT SETe
o T TIRTYTAT : Gl RutfSredist ug fifear dareae R & g a7 Seohe
1. AT 2.0 (ATFATSH qFT Aeqf0rF dorea asiq 2 % oo fFafa fe): gerw 2.0 adam §
I § UF A AAATe Iuersd AT qara frear sare=i & dave=i & T w1 1 wear
2l
2. UAATALAT (LT forear warea Raiforedr) 2.0: FT7 ST F UF3ess sy & forg
TH U T2THE H TITETH 6T 81 SeThE g o IS 96T | Ararat w1 991 &I it 51
THAT & U T F TIH gHAT § TATAT 5| TH AU TSN GIAT SO Hi=e, TATAT fhea T
e & % forw @rsr § off agraar # AT g1 AT TATATAT F HEA FETET 7L F o
IR &1 AT g T 81| ATy 2.0 § 59/t aqgl & gor #7 ot Fr=7 g
3. Towererd g ArATSi 9¥ A1 AT et w1 A et F 4y AgARIHE TATH K
HaweqdTed® w9 3T saaT 327 O ua g &a & fAwat @ |@«faq v @t @

TErerei BT SATATSIA 9T §aTal AedT Saredi H7 gorT HAT 2
JGAT TT IIELUTHF AT UF G3raa Afhe w1 ot F#Afor fFFam = ua ==

HETEE AT, TSI 9% 18 /7=, 2021 &v Fefist BT | (69 ==f=e : qrrrs{ar sir.)

Tt faewre
fesrsT o gzt (fovsdt) forer

IESLESRE R IEUUEIR RS K E L
2018 & wTiw ¥ RTea ug yrenfidr (Fruvedy) faar aaarse (https://dnte.hbese.tifr.res.in/) T 1=

& T8 § a@arze H1 17,000 & [fe srtaaar &iores 56,000 F FTEeF a1 @1 TAT &1 HA1eT ATATT |
areedl, ATy oftel ua aehefiet S& FErg 21 7 Nare & sty % e Fay, st udg qst 6 7
TETYAT FT 4 el & ATATET TIATS FRIT TATI THF SAATAT Fe4T 6 AT Fos19 I eas & uaeissmer
ZTT artae faw=t 9 swemiia 16 ashefiet & aqg 1 o sraare BT 3T SEHt STeT goarcaanar hrerar
7 fETeT F T sra|T SUSrsy FET 97| TAATT § JaATEe F 9 80 § rferw Havys, forerswt ve wraAr
& o € ST STuvedy TRl § geedr & Tog® o (7% oA Th: TAT FATaTe)
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ERELIEEERII
SIS TR [T AT, TR

ST dafFT

wATRea T[Tl it fRTes ud i

TASTHATE ToaTT AT, TETATE (STAETHAT-ETTE) 7 2T T 479 o TAT e o=l HT =BT 91
T I (AT FRAT| 3T AT A 5,884 HUH. AT TH FF 20 ATHE Ulead {hew F1 a4 & =9 #
T BT T ag A=eE araed F w9 # 66 TR % v To % Ay #Hfiew ot gEer sgew 230 R w
AT F 21.4 Y. At FATE T TEATT AT 3T 1 AT w1 At g 72 <F, quan A e wEm
THHT I29F TUAT & +F HIFah! § JATAE TATSH FT LT FHIAT AT| A TRAT-HTE § T Th{vhe
AT Eas ety &t off RSTed qae 2 391 [AHior ) T8 areg® 34.1 HLLUH. oM 39 S
9T % =7 § 38 WTeshi~ Uiea fohewr 1 waT foFam mam 712 100 ww. £t S=m 97 15 B Uetre aist v
#r SArs = & forw ofta 9 9T WOrTer ST SHTierd FAT AT T e F HATT ST ud
siafer sorrelt e, wedier siafver srqerene ue e et derdsT datver i, sree, Aresitar i
e | (Fve =3 iR 937 g $E)

TS GIYU TE TETAE STASH F F (T AT ATHI BT HT (ahTer

A THAT-ATTE 7 A AT AT (FT22A) TeaTd i f2ores aame it ud 39T fAwior G =g
103 "L UH. & 07 aregd Rarersstad  arg [T fram m@m =7 S09 150 A1 (75 AT & 2
) 7% foetaa wr-uamgies uiead fhew T =T T | =0 #sed § i Sretad e, STeaee
99T o AT g1 TEH 35 FRUT &t 9T¥ a8+ &war g1 =% 350 UH. #i FATS aF Zres AT AT 9FdT gl 39
T HT T SHaTaer & ESTarsT 96 & gEa=T AR (SMeh) & 9o e 9% 6w = o5&
29T IeaLT SR (TAT =T &) | ATHI &1 Tl A1 ST TF Zevde raems Iqase FIT 97|
TH EATY &1 Tl TLE0T [T e & 35 BRI aere & v o6 @m =3 120 R, $f S91e % o ST
TAT| (T AT 38 e THIY)

I SEHE T ST ARTHESN (s iy)

THA THEAIST (Fiee TR T2 UY) a7 § [T 329 siqare Riea soeeiag § sfaerier &
TR F & 3297 & (o0 TATEl AT AT @A gU ATl UHhieT (&%) FT A Hhar T =5 25
FaUE, 50FTHUH, 100F T, U 250 Frdroa it Tomafa fae @ & qr Fwa G =
T fSITe o arerr F o sraEtiAE €9 7 SUsy TITEA-6 THAISIT are &7 TN 3631 47| 39907
& o frd 73 SUaeg 1/0's 7 & 8 724 (7 RRed + 1 UATAT a€) &l S Hiey T ST 96T g hF &%
U THUGRATEET A1 G -12 TSH/60, 8T / THE 9 U 8 faew /A< &1 9= Iueted e 1 ST
Tz fFrerde Ud fFeqe -UasTse-Ud, Hiudeh, dTe-HT0=-U % forw fB3ham 747 g1 FI 7 o q 3= w41
sheiifee affe greaaw sRwem das (Fu=Eiue) § forar w21 frgere #1 Rrfoem srduas Remea
oo § oo am) Forgerer % aformst v e #7 Searuor BT & g TR a1 F ST BT
TTIT T FSHITET TOITAT & AT TV FT FTH 0T Al goll @l g5 (9 FTS< & AT a1 Al ThHUTS(IT
AT § ALAAT | Flag T ST THT g1 SETAT FTH SATHET UHIST (E12) Tl T8l & oI (Aaferd et fahrex
(1Y) F AT FYFT FAT g (FF A T<h: TSI AH3)

AT SHeEeT T e AN (e iy)
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T 21 | At 1.2 vw R o=t &1 afeqor se STl # aeo et % siata T wem =i
Frferfeeame JorTelt 1 FafAoaTeT 70-80 Y. Y orfc ¥ § wqros o1, TUTY 241 A9-foik U ST3A-
o sroaiea o v-fofe va ersa-feis & forw amarer afde, vEmT fiex 8, 9d: TEAT $IeT &7 Are-4 &
for weere TR ) gem fearor 3 are a1t AT G fieT § qrerrest e oFr vd q9eqr w1 fee
o ) srarfora e UH-TETE (T) AT, THEsegT I U I ATO1 7 3697 m| 28 e fiex

T TEAT % 9 HT AETHIT 26 STET (@@TAT | I HETaeh I 9og, AT TAT g1 T TOITeT i SETTHT [eamT
I A 397 & & forw g adiferd fram ST €1 (5o =i avei aes)

TR ST % g afreday fwm

AT AT AFAAT FT FAwoa BT 737 81 THFT IZ9T T[T 3 & e Jerfiedl &l v@ ard
A T F TS ATHRHTS Teed hil RAIRET vd fRower #5247 g ST 21 & ot 07 F00| STeqT=T F7d Al
ST TR TT| SHET 329T e S & ST T[T & DA Ted Hl SSIH FI il (afs TZiaar il

AT FAT g1 H FTEFA 1 orT 797 THHT STeT TAA TH A (ST TH(d) UF e F:or ggia
FT TANT Fleh HIATTSACH I HE FIAT AT| A AT IS 22T T TART 38 g9+ = forw Fomam mr va
T TATCHSE AEATT ST &l B H LT, AT & qaH & forw 3y ) f&e ey At &1 | Bt

TAT g1 THH S| fae da7 7 RFre, Race ug it #iRae 227 & forg asy aiveaa< &1 T30 6
TAT 71 =9 g aredT, 2 ffAe, 10 ffAe sfea arg afa vd e ggis s a6t 28 sfafad a8 aamiy

FT o wATE T T T AIFEATT FIT TohTe qad 6 (oI Uaer JTeq # giafas ua areqrigs 21 & off
FANT FFAT ST FhaT g1 H AUTEAT 7 IS (2ad % e geariaa FFar 7 aar g1 29T 3297 9dg a1
TRt T 97199 UF St FAT g (9% A T<h: qaersI 3=3)

EIRGESIRRC R RIEEUIRREEIE]

EAETHAT TeaTT GrAgT § argHea T @ Sqae g i qeraar (o G- arrsea F=sm
TegHed F T@vETd # g1 T8 F T & EeRae Siaena? #TEd (Sa-stedy) f uiEre dRufea
EITENT A SRAT (TARUHATS) TRATSHET F Sad gram gl seih e (A1) TIerHies & forw a0 wer
e 1 g T T ud uerdeT e seet £ qof FifET i sugE S ders are w9 F
form fram | srEeTEERA Tl g SFT T F FTH UAUSIUSA IR oh T ULIE T F U & forg
TR ST TET 81 THHT 39T WIS e THTATE U1 6 ST Ted Tealehi i SaTeal ah ZeaHTT Tigdl
FT ATEHA TTHTSIAT FT TEAAT FIAT | FATES (heed Aehl-aqad (FIHITH) F I (Fhae el &t
TAUSUSA &l AN & [Fewor o a7 AT (F9% 24 T<h: 93¢ 919 FHY)

HITTIEHTT FAH1T TTEH

FTTATH BT TF 929 & See R dftaege fifesrss (qad) 1 agdsy RFeawor

IR AT Atadrer fovaen, Rrates wiv gaea & R ¥ Aaaeraw e oo e g e
UAE[S Ud 930 GRT IIEd 2f 38 gl AT % 18 % Hel Ud Sabatd ©H gdeq & a0
ATAATERIT FITh I TUIETAT o eI g7 (e e uamerd % e gq Aneedd 39 grar
gl FATTEA vEatee R ataaie (Hudtars) Tumet 1T sHaa R & &9 § FHATS a9TH gy ATsed
& Hae # AAAERAT | qTeh sfice Nortdes Raed & fare o Smar g1 gaied & 9997q & el ud
HTATT TIH qeATH F I ATTRTE H I TF TeATH F SAIAERIT F ATTAAVN FT Iq7 FerdT gl
Aferte fraet § uftaege Rifectem £ gedr it S91=qT #7 eaiwd B UF Ud W& Qoo freeq
(Stdus) tftaere ffecre™ (Ta4) Triied & agaagtaesyor T AT ST gar g TRt & Fada
satver giaw afaat F 9 32 T UF Ud vH4 TOHIE & = qgaad FT Iq7 FedT gl (F9% =7 i<
TAE FHLALT 1)
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HTTICHIT T TATTHTT TATN 2T

® ITE-ITTLHMT A AMiE T AW e sia e e qeor q@iqaT Ay

AAATERTH ZTT SUUE AT AT Tl § 3= g ool S99 Ud SAaar fafa sy &
ST AT (TS STt 81 e A7 U2 FAT HEed o A (TRATE2) U i grie (TUHT2),
AT AAATERH AT & ST ATATSA, HIEHT TF T Tei¥ saed g7 ATFERIL I &I a1l TA7d
FT T FLT 2| THATTE2 UF TAUHUER2 TCrHe<) 7 HUSTrE A § Uadeae FohaT ST @967 2
gtase stafeet AR Rafaa & I AFFEhF THATUE2 Ud TAUATE2 TAUN & AHA Ud TaTqATT
q FTAT IUTT AEA 1A gl IAHT TIRT SHa I AT Afarerd Torferat ua 3=+ sgi a9
srorTferat § fRfeerer swarat 7 g% F § a7 At €1 Bi-LSTM St F:f3 it swemfid wefie stmamsia
ATV T TN SATATERF AAT 6 TATTATT 6 (o0 AT T3] F&driad arqaTT Hise Trort
TE@ET TUAUS UF TATHEUH HISH SAS2qe o q1 6l TS| TATTATT TATHAT H GATT TEariad TAieed &
TAT B (HT% =ATh: T dheeadT 114)

G AT AT

AT Aita#

LA QgL ST &7 FHT THTHAT TEIAT

o, T a2 arrfeas (fieT) =0T & SALI=TAT FAX07 (SICHT) THRUATSIAF FL07 ST | oI ThaT g
o O & = # off S7q =9 Ziforee gy s fed Suer # ST va RHEfeye™ gar 81 39 avg TE
9% fea1 arenied & drdsrer e wrdfaeuTed & forw g Har 81 et siere adteont gre e
SITAT & T3 Sn % AT Bi (ST-% waed %) &l STATHT 1T fed 9% &l 1T S1aT 8| Faicad HIaaeqras

FT 0.22 waerd Sn-Bi & 97T 7271 fSr|e >1 a9 & forg foq O & #rs fawma 981 fa@m™m 81 Sn-Bi
AATTH & ATAATA I[OTLHT 7 T 6T 74T AT farsfaa e vag-¥ RhFere araet &1 =9
FIOT IS % LTI & forT T AT SAemhe 23 # 2q-2 Eme & fiua-12 7 f&Fr
TAT| 39 ATAAT & AT 9¥ AT foar 197 fF 20-30 Ffdet a6 50 =3t afeaws o foq aanfier
¥ fY gtk 7 foe O AT o7 Shferw 9 2 A Semse wstT deay Seruas g #T I
T T F U U o7 UALIST q9l H fATRoit stergarsti & stegas & foru e wm 21 Aeefifaa
STHIAH SGAHI 6 q1 FIETHSH THFITSS JeoTT F | FEATIT AN T AqIT FA1 & o0 fhar
T foreqa Rerer® &t SThfa® JRAEET AT i 2F ALEATN § THRATSE AFAd| UF FlEfase
TTHT = 3497 & forg fFam wam sor S2ed &ehe § fR-uammefén wmar freort g safsa
FFEATAl | TAN AT FT LTI FLAT AT| (AT A T<h: F&AT ATAA)

A I5 ATTHS + qT ATHIHAT 77T

9Be + 197 Au TOTTAT o forT UF-THTAL0T Ua T FISA e SAHIH FT TeTAT a1 Ho1l ¥, Ec.m.
~29-45 MeV 9% FoFIT 311 7 YRT § AORI0T et Ud SF-ATS ITTHT FTSTEIT T TTIT F7AT 3T
TATATALT TTRAT T TT o= STTATRaT =Saat i qaaT § TATe 7 a3 3m| faega givaa srtstrar
Ferer (FrareelY) TSt v uA-wArAiaeor et ue foewsry e dewerer F forw Gt e arfie 1ua-
Ui wie Sereie T et TUATst GTeT #ve, I SaeT Ud 8Be it 2 THAH 7€ dT (E = 3.03
MeV) & arfier F:2 3T 71T 1 vA-feerT & forw oEret (Frek 10 &S &t iy st & anrfeer
Feh) T IUFAT WU FIF THTE F ATT AT § TAF Tg IAIL FAT I T2 Fl Ao
FIAT g TGO TOHAT § AoTFersd AT it JHET &l dgad SEart & forg 1ua-fefur
srterteraT & w\y fEreeraor &1 197 vy dex Aty ux fAfa= g9 a5 Sz & oo e mm
AT TR ATRTLT ATT & Fot LISAT % THIIT F A1 Thoe TATAACT I TFT G g9 95 (20T
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TrorFeTsed & forg 1ua-fefiT ==er £ sruferd F-aog fAiwar it e sar g1 (\@9% sat: agar
qATA)

TS 357 T TATHSR iaem
T (@577 - TTOHAT 2T

FIAE AT =AM F 979 AFET F SARET d deaaasg feae=yg o e
e & fRefier (STfiuers)) & Sedeme Wiraa & 1 e &1 Ux gar g1 78 SRmaT av
FTESATTRE IT SATerF ATHI: AT F &7 | ATHT TR S orser [RAa-e & 91 gram gl
Ut & forw 300 & 7T HUM it TZATT 1 qF 0l T gl TETALq ATAT STAUAST TLAqT
F ~50% F FAq Ataaaadsfierar =gEaten (Tt st g1 wrfAE =wor § vedt grer Srartes
FTHTUAST o 3= THT T (T AT ST TRt ¢ e st faoia gr ahar g1 &= =t (=)
F T e vd s Tharfed et suward & Rattaaas it sifamar & #=itF == fa=
et = Ud d9stHe FT aeTEar gral gl 39 AEATT F AANd q 1T TIATFLSH FT AATETT
HaTaTeT o fearoor aT 21 T AH, UHFAgee a1 heqaae (S414T) Ua Hu=dy v Srarfes Sfiueet
TRET F AARATAL AT TS (FTTTATE) AT 5| ATHETARATAN LT THeTAT 0T STl o6 1 T
AT FFHIT ATATE (TTTHAT) AT HETITATTHFT TEhIT GIT AU Higee ATHH hil Tg=re =l
ST FRAT g ST Thates Srdiuerst et & fiu=dt & waret &9 F 9 7 T "edar 81 (5 S
HHAT SAreft)

AT qraTe giaeT

A aromT qiEe gy ger Sifcrmw, o Arzeew ud Award v faret i e f &t
st Td TAETITATSH R ST FTAT SATAT 1 TALTTE FT R Thrd deqm £t F3fere srerem
qiargret # = ara ain £ T FA7 81 Seaw T9 F7 g2iFwo, o 7, qed-ua280 gieaw
forFarmta v RedfonT SR @ ¥ g7 ATear, Aied : Rexform-8 wor ATz wie g
STTAT €| USEITF ZTRT ST § Fatierd SeaT § SAqaeTT TATadTsl fil 62 Hed & SATdFd ST UhHAT
# fato/mgcagt Eiferaw desre v qare B sirar &1 fearfT srafer § gadios 7 a1 2020-2021 %
FO 557 Siferad % 58,000 el il ferar et T e 5= Arearer =va 2,01,190 fe< «ff) feafér
Tater & FTH TASTUSE o ST 420 Fo7 SITOIH TaH il TATHATH 1 T FhAT| TASUE 7 ST,
ATFSTST AT H FaAT Rt a7 F ST 77T 557 ATSS IS Ud 367 gIorad i sfd & a6 Ageaqor
TIRITCH rAeTst i EAted FFar T =98 THUHe TaeHied arad O TaEus T STuseE],
Has T ATTTARTATT STAITFHAT 1 W1 FoT AT 6 AT 2,000 e i AT &l aT FAqE@0 9%
e qoT o) (F9es =afxh: . A, fifReme)
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AU F AT THIX TF STAHEAHAT @ Y AT
At srsefi= vd fosr o FrdwEt 7 ST a9 6 S RAT T SHET 32T fAs ue wrentdr o
= U T FEAT % Wged o W ST 1 STaTd HIT A7) TH I ST Uha § 6 S7 T ST 7w
e ST T 1| 39 S 6 qE S /A & gl ue et @9 w0 § M a9t aF 9gear ue
et & g s # FHRee aa F forg S #wwar am

Fifas-19 fFGreaAry, dfEd g1 TAAMSUFHAT TF 0 hal 6l HenadT d°% Al § @l g S @aeasardt
freaaTdt Frfae-19 F fAedoor Ud I/ FASE F34 § G 18T g1 A9 qIeg1 g AT &7 F w1, T97 F dafaa
ATTAF TAT T FHET T T G727 AT o6 (17 1T ST T@T g TAq GAAT 6 geTd gU Aeaae 17 =T ol THAAT
FATAII g1 FIAE FATH ATHF Tg-HEANT, TgATITAT AT T T A7 g Bk =7 A1t F qFhraar
T o T T T 81 T2 AT YATH § ST 2TeT gaAsd AT SeqT, A s 6eT (e uaeT)
e =rer AT dav (Srume) g fr 9 @ @1 e yqw areferl § GEe v, Rty ve
T Strae fasT Feree? (BLISC, e sianta seew, e #i-Fa & sriafiaa vaehiehva-Semiuseam arfae §)
AT 21 FFETEe (https://covid-gyan.in/), T8 AT T IROMTH § T I FITAS-19 THIT F REqie & q91e1 %
TUE T U AT A9 F (o0 g F 7T H w1 FedT g1 ATA-Hemra wrfas 7 Ja9rse #7103 39, 2020 Fr
A= T T = FaETEE 9T SIS Ue e qoft wrurstt # Suesy A o, Swnntte, drewieed, ud
T 7 3T T I H AATHF €T F STRTEH AW U a1 6T § A0 F47 2

TASTRAT FT AT TS 8T ATRIT AT ATqTel i A< U T90F F ATF G0 & T AT fua af 7 gl
g I SATRIT T Herie a1 ¢ et e § =fr g g e snfaet 3 | sow f=mst &6 | @@ vd
T9F A T ATEL Al (HAaT| ST FAeawTy furfa & F1or araistt 7 Ararsi sitaars AT T3 gas Tiord-
Tl T FAATT, TTTATIATAT THeAT FTAT % (0 SASTHRAT T HaAS % He SAAT Hlorol % ATHeH TATH & &
H T ) Tfor T gHTEaer sTfersRter Bl g1 ok aieTet & forg ug S arer v % w9 § /7 St g
TEF ATAAHT TH TR Ty AUEATH T ZoT F2 o Zof o & | AT (a7 & U Ti0rq & =+ T a1t gt &
oTe AT TS AT e FHIH w1 T AT AT 6 |1 WA SETE N U TIOTTHT 6y T4 Tl HT TEhiH Tgi
2IAT g T HH, TordT faare a3ieT Sged o HTHa gu faeT Iiora & Siae Ud =1 Hitd 7 a9Y ITeAse Hral
g1 g Tt fasme # srf¥gh va wrsfaes = arer 3=+ Td Ud GF TTdE Sl 6 ATeqd FHaT gl TS0
wal, 2020 H g fFFam wam Fwfae-19 freauth F =wa fhsfeher Szt &1 41+, 2020 & T 33w T=m
gTATT SAeeTea Forat w1 18 faway, 2020 & qF:=Te FFaT 23| Tiora #ehet’ 1 fhsiise S2&1 % =1 g aF
AAATET WIS § FATIT AT

AT, 2020 # farea=ardt Agr@T & T ZI9 & ST JoTHT HTHTOE FHed ol STareiT Tl FaTeaiE U 3o
THA % AT ATH ATATST THITAT T (FTTHHTS) FT AT 67| 747 e 6 a0 6 frerant gy weavsti &7
TSI 36T T ST U IRUS S T A A F AT GETEAT 0 97T 4T U ATSAT Fd T T 9T
H TETAAT FT 19 TET | Hieseh o (e AR it st it grafef) it agrar & saz=iaat g a=T ud
I 900 § ATEASNHSH Ud TAied § SaIeiad d STHAee 6 TRare w1 sTeauor a1 S 996 gl
AL UHAT [EET AT, TIATE FIT Thel U Hiesl & A1 % Feq [Hataa =7 8 &Fm &1 9 G s
TET 3| T Ao g AT, gl F7 [eaRT-aried aere® 331 fT {2 847 F37 Ud =7 331 1 /a1t
T % forg off TreaTted wedt 8| At =t ud Fwerst & B 7 ASqTAE TAT B GHE 7 g T 6 9T
TOefiah 9eisd & &7 | Sve A1 1647 2| ETSME TR a1y e il FIoT UF Qe i s ST e HaaHd
HATford e it g1 TH @At % fHe? Tet (Tearfad-2021) F gt  forw wwadt, 2021 # fagar w=efaw
%, gEaraTe § "Erter R S
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TAETERAT, FATAT UF T U -EASTERAT T Tera &7 7 fasme Frgeft () 7 st fram ag s
H ST FHT g1 TH 1-20 S, 2020 FT TR 9 UH.vHHT, (W) § wiger g F oo st fr wm
T &9 F T8 U 0ES F09 § ravora 3w siar o, &g freawmd F =oq & siivarea oo § giafia G
T AT H ATST AT FATHET F 51 AT T U AT d L7 5T 300 F feew gyrAt o gfawriar e
A 7 AT § AT @ 9% 77 T TeE AdT0| T ST U el A ST | 38 FArar
frory artaeff a1t #r S0 ==t vd vwrdoedy g wiv @ifadr forem s o srntoa G @
o ara g wfger Ssfast § @oaw serw o) =9 sEae o e ud Antedts, @9 e,
TS IFITA HeAlST, SASTRNT/TAAH TS F FATAF ATARTT T AASTRAT F A FATTRAL I
IufRerd 21 smer & srferen foversnt & wigerd off| Freds & qar =ar O Gl 7 T F7 qeid AT9ETEE qram)

e AT fGaw (28 weatt, 2021) U AU 7 FeATaT ad | &5 % quf fEaw i a9mig w1 e
| =9 S STl ST, AT TARILTATE ITAT0, S9-ai SANT Ud Y291 ATfe F7 s o
AT 29 a9 ferme A= HAT H AT Hifae-19 Taa el & F0T A5l g TT| FeAiih (T Aqens saeq
FT AT AST UA S § ATRIT ATEATAI, 2ea-SA-hATHATI Ud a7 TANLTAT AT G (6T
T

ST fAeawTh Rafa F wor Ot aigedi= AT A AT F|qET AT CFEEERT F &
ICFAT ATATSA T SATATSIA FHAT TAT| Tg ATTRE FTASI I Araren it f&ag FrfEdy st atqared asiq g1 7%
et s wgr R wiw B ) fAse agn, uw uw g R gra aHdum ud e qme et 1
reafaamert & feraTiast g St §eaT § T80T & 9" IS FHIAT % (@G0T § THATIT ST TFhaT g AT T9F
IHATAE A OGN 9% TTGHETT F qrF Heaadr 6l 1 Gt gl 39 arqre #1 aed, &= it g
T TR, TEEATAT ST g ST TIGT & 8 qAHTT ASATAE [AHTe FHAT & [&a0T § |

T S e 37, ST

TAHEUH # q9 F I At sreed= et &1 B mam fFeEmtd F 99 g1 F 918 o\ s
AATITRATAT U HATATA I SHAATSH AT AT TF AT IATAF HovadT RATHRATT ST gU| FUAMSTHHT
B9 %, T° 999 | AT 3| Tg AT G e = FAFH ¢ ST 997 6 JATH] Al A7 S9d7 TH o
STTAT 1 ZEHT 28T FAATTATER T H AT G0 AT FIAT T A AT H1 AT HLAT | AAATZA
EEIEEE LI RIEER LI Ci G R e R R Cro i A PR e DT A I L e R i | s )

e, 2020 § A= 36T T3 THET 39T A e § == T ATl U9 F AATAF 9T A UH a1
FATAT AT| A FAS, STATHETT TFH AATART o6 FHeAT TeF T AT 6 (70 FOH F FATHIL HI SATAT g

TS o 9T % e A=A % qaFa GUT F7 A, 9 § gl Fed U (997 6 FHearet & a9 gl & o7y
g1 TH HHAT gU T Ahell ATSE AT5H THIH g Tq16 (TAUHUS) e Jem G @t Jars, 2020 #
T 3T AT TEH 9T GRS % €A1 F Ud UAH e, 9ed & forg of v sears Aam 29 e st
AT § T ATAI0 g2 | 398 U s 7 gasdt fosm defa a2 of| 359 s tnarart aras s ararer i
TS A7 JFATH HT ATATSH AT, FEY AR S THE ATH UF (HET THTH % SqTd (6I7 TAT| T MSearesed
THIATST JGAT § ATSHIH & TR q ot a2 7=1eq & forw Fatag va qufda ot a9em 81 3 =0
I TAATESASE J@dAT § AT UATHT 7 gafda At Foat £ forar smar 81 fwgiera aifea
UAHTETTH & IS UF TFeAl ST Hicsll & 39 GAT 6 T ATF ararsn & qod =6 g Breg amaraa:
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ATAT IToT Al gl FIT AT F A1 AT F TEA BT 737 81 THaT 3297 UAHIA0H F ISR
TTHTOT &1 § THAT BIAT 6 A1 Frlohe FIAT g U ST FAHT ArHaTaF 6g goT 81 ST d S ATeAT @,
AT ATt 9 LT gl THH HATHIL, AMThraeed, REeri™, fere, T, aaq1HE Ud o7 AN od &1 39
T siiaTeT wrHe § qivafdd B = 2

T SafFTdl [T F%, FIRIAIT

19 1A, 2020 FIETASUERA, FITETE AT FA=T HI{2AT 5 J9Tse F A= 36a7 74T THH oG, qreren’e,
AHAT foraTeaRaTT, HTeAT Hoi| Ud oy ATSATS | THHT 3297 T % A1 AT FHT FATT FIAT A7) FHIfere-

19 freawTY & w0 T3 =T “HaTd-Sare H AAATS AT TAT| ETAESTRAT, TILTETE F AT oaeh fHarT

sfereqor giargT it TATIET 1 THET 32T FfAe-19 e F ooy ' & wyEa fte srarha Fee
TV T 2 H TCATESAHAT FHAT hT SHAT | Jlag HLAT AT TH TN TATH FT TLTAHAT 6 AT TATZHIL

F FATAT FT AGTIAT & St § U = ety agrar, fae g afeer e weas gy & S f)
TALUFRAT, gaaTE § Fiofera wfasrhrat § a0 i, s9-afde iaed, Tl @eras ATedrdl,
FAELTHRAT, TF AT & ATq AT & HIeher i o1 180 | tferw qfoveronfaai F wiereror v & ertae
I I8 I FAT 1 TH & s wioverorreft, For F AR it & Frfae-19 e e § s w14 #57
2 2l

GIHT 9197 {35777 [9reiT #%, g

=9 Y T qTe o 10T g F e s faw (vAuast) #7 fesfies wewid uw 26 w3a<r, 2021 FT 7973m|
T ToIa 9T ATEa-EE T 3 o S 1600 & 1800 Fefet 7 F@m| el s qugt F qeedt 7 fesfee Hiw
& g GIT AT AT & AT HATId F S0 TITATRIAT 7| “Aqarse fase 7t aiorg foram F forw sifaa
Ao TSI 9% TIAATaT F7 SIS UHSEE e U ST o6, IO (23-24 wasd, 2021), vF

TASTEITET (26 FEa<r, 2021) FIT FBRAT AT s 1.0/, 0 AT, sA-aiE et ue forer forerfaat =
= giaaar § 9 o e &1 1 vauaey eferwiee § off oo BT
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gegr i wiasy it wa S aRkFrsETg

TATETHATT TUITSAT H S-S THRATSTAT TATIT FIT ST & o6 &1 § 7 HTAT U I AT TRTqAT
FT THE T-Fere sdaeieia St § TTiord FeamaT STy T Siaae ST Uhse U SH Fal gTel oAiTaT
1000 STTHETT T9T FT THIF T(q a0 UH et § a1 SITam g UF 38961 AT a9 | ST T 01 39 2
TH AATAT AL UHAL, AT TAAT U e = § 9T FEAFH] T HATAT FLAT gl TAH (ST A raaSq
aTfarer g Foeeht |THT=T =9 | =7 TEAT ruferd g

T AT @ AT TS0 AeTa 8

1.

e Y siaeisd e fAerfier WX afEsEr & gfasfan oaefesme § ey terfier i F
AT TTAATRAT & Rroft qiAeT e ST @ 78 agarse T aganens TRASET gl THaT 3297
ANTTHT d1EY & 0F YT gaeft it s wear ua fAwior war g S ot fHemm giegr & 50 E@r
srfers Hf&fea gim qee, 2018 § et yaers w1 st (Fa= THehT JaeT 3901 % 6 37T "red| ud
AT I F AT ATEEHET & G719 TAEHAET & dqcd §) il B it ggaqu Bome awtar
() ¥ THT TOIAT F TLATT ATATT TR 7 T3 Tererz o Srarsearal § wgeaqol swrfa £7 81 =t
o Tau & fAuter = § aredy gfaartar F oo sifom Srfteme &t do w3 it Femm E)
ofter 2t STHTa" % oIy STed S3Te F7 AT SATUIT| S8 A1 8 UEeRU TS F a9 - AT &
TR o ForT earfora o ST 7 STaeisera S SR1ed § AT & QT g o ol AT St 9ed a3
¥ foraT ST (H0e 2 feh: TerEd o)

AT ZETHUHIEX A 1F-TGT srestde<t (FT) ATHLT; I AT, 9 a7 qganT (TAuHE])
T T AT {1 verwet & st staarfar, s TEe a3 e (erEuadtarsta g
F¥ ST 21 ATIAN A AT WS (S 170817) F AT it ud e Bt F o
T SAT F AR, @A Atfadt v Hiearaist F s=F Tgqat & gad § Afgda SRt s
FATE| T T 1T F [EA T TN @A 6 AU I HT TAITT 21 Tl § (% T h: FTaT 31297)

AT (FFR TR TOATES) 9890 (T4, Raewae): daruwar F et g frogug
TRATSHET % FHT Tgel § TawThar & ST Bl gl 398 2T 64y, e, fEreer, dq=d greaay
FRwTor ua R aegfer antoer 21 S uwa fe Fie qieeT 7 M1 §9gT U Hie FHAr ST aHgl hl
THETET | Y@ T &1 Hatg A & (F0s sFin: afer s e, Fodd A5@ar, MiaaT a9Hary,
HATLSI T9)

AT FiY T Toq AT UX (ArEdiEig) & sfsiar: siwr-amit Faifda g 2w g=aaq7 sa®
BIoH UF i AT ol AT | GFel-gadl &l T aall & (A 8 [Eea 17 TOT @IAtaa i & a0 9
T ITEH G| SHALTCENT ToH TS 8T U (AMSHIENT) BT A9 1-g2sl o d T % TAel HqaA % oy
ST ALTSE T YAl | Siafafere BT Sar g UE [Eea i G it Icqi=T, SATRTLNRITSAT & 7oL & Ao
fAfa Er arer 9Ty s9F et AT % HoEd T gl g1 ged? ST U g fafodenve qeasi &
T & Yy wedt % sredq Aafaa e i et f STt 21 swE amE g YR e (e
TASTHRAT FT TS TTHAET ATIHA ) FT TIRT /AT ST 21 S AT TATHT FILT SRR SRS
TECATT T AT HT (AW 21 7T g THT SALTFAT AAT-ges [ecd 1T AT o6 TeAef Hae & o g
AT STTHITARAL, SMETTEIT FHITSAH 6 % FIAFRT a1 H AT AT & TF gHIL a3 % TATH Fl
AEUATTENT, TATT T AT g (FTeh =T AT =a1 sireft)

ATa-Fora T srssaed F forg wtfadh faeeroor g (smEues): 9 fRug =T srssraedt
(ATSTAS), ATIHESAT LIS 6 TEAIT % o7 T=qTad Jed-asd TIRT g1 THRT TG 32¢T eidr
FEIHTH FHHOT T (LT AT g1 FTATTh A IE o (e [OTEHT T AT Tea0T FohaT ST FohalT & e
FOT AIThT  FEST WISA 6 T % IUTEH ATTHA &1 3HF G120 &F SO0 Hed Ud Jaehid AArared S|l 95
ATt o o7 &rsTi a7 T ST |haT § Ud gt 67 siatie S<=er i o ST 60 ST Jahdt g1 39 e it
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F forw srguae # Wifaht G9Teadr F1 F=ieHs F & o Feed vd uRiiesy % qae e &7
e =T ifas asen g 6T ST T@T g1 39 9T a9t & qed At ud 3qE St
fEreeraont &7 FHvaa" TFaY 0 fad (Semsuwae, §ag ud Teay fasaradt meart (dframoe,
FEHETATE) FIT FohaT ST 7T 81 (F9eh = teh: sTHe fao)

q-fua Pee s anafasm: sSqaamaare #f gaiar, M s@wwa (1 § 3.7 AEHE)
AT TR & g1 THHT 3297 a1 Auior ud o @erdiiashia BraaT 7 Aeqq=T FA7 2
FqEAEERATA 7 qF qrgEE FMwe sEvad Ew ud o™ & Fwtea fem ozad
TEAETIR 2 FT AT F 3.6 Hiew Taerer whTorn grasft (), fersaua et wir A=
A | 2 Hiex BHTerad wwr gradft & a5 Ui, Ud SHEE A A 9T qr3e AT WA THAT 29T
e savaa 9T | SR aAT=E ATEETT FAT AT ST FAT 7 TN G THET & fFeqeqe
e, ez a4 IO F7% 8| 37 A1 H1 TN F G851 qeaT § (G5 9ot 71 whrer foeger
e {1 o T AT 71T g1 F SemamruadE it @5 aRESET oo I F ~11 a9t § quf R e
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AT FAFT Bl o L o ASTHAT F Faer &
Fitefr ST e adr § ud e
et & =7 § sterefr wisgered &1 di=
GETTART 1 Tt 81 ATHETARATN o TR (A Torer Ua
FITART-TH U TAET * AT ALAV T FIFT FhATI
TEHT 39T SACTHAT T THISHT T AT (T Feaahe
#r o F oo Fdhe ater d@regfaw, ffoe-
gffufas, RfSea-TFa v, Tees-
AT, FLTHE HHY T faw o w7 AT FHIfreT-
affufaferdt & arer ertefafadt #it w3 w2 aret
gt & THE A H ACTHAT AT3F 6 ST T
AT HTeTeled 6T 3o P ThITAT & TS et
El e

gefaa gl |ifadt ua arndt f@eme e

TRq7 T 7 eI, TET WETIOT, AW UF AfTorh
afFet % foro amertae % & § frar Srar g i
5 e @il gfeae]e #vd fif I qHar 97
S]TaTﬁ\_Cf g| ‘ﬁT‘ﬁW Crls 'Qa' Cr,GesTes ﬁ?ﬁ Zé}
SUTTTert & Haehed &l gt f @i o 237 A7 |
JaHd F UH YA § s R ¥ SN g 2l
FTEITAFRATA 7 AR FEee =T 729 *
T T U TET o ToTey THIT Fl 97 ST Afoe
FahT e CrCly § weqa fram 7w =R
Foqaar weq &1 79w Yoae e g v a9 2%
Fiew TaTd § 20 THUH FT qIaTS & 91 2T
TAT g1 AqHeTARATS 7 HISLE-AHT F F(eH
Fegedt & fAmtor 3 forg yareft aedt-afae fafesT
ST i TS FLI o A [A=TE TC Frwe T
= fafes sats &1 ‘Treuwsegr JAmar 81 T9H d9
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T[T F 979 3¢ AA-2-AA A AHA gl TH
T-Fgfee THET & G AT H 3= [orEcdr
TeaA o AT T FHEA il &70qaT & a1 fa=ma
TAT| THH ATEFTLT ATTheFaL | TFT aoft -7 fae
A & faadia asft f9 Fgfeea & uw arg
ST AT SITAT g1 e T IAasterdr w1 yaee
I 9= Faiew TR queTst # gq Y
T a7 St e &% 7AW § 399 o1

ATHATAFRATA o S(hIT Ta Fifas =7 F &1 §
frorwators o &t afadr w1 weor St gafEr
UE TR o fory T =& ST o7, efve 9=
H amew fareeat & RfUSiefea o1 og T=gar 319 Fad
e wrr srfSyeteont &1 Ffewrs w9 & forw o s
arew foreeer srtsrfereame fAaeor uv fEfeaedtt Aw
gl "9, gl BAfFer awe § gatfas
srfaferaar 1 gorta & Ue 28 T T START oA idedr
TAETSH TATd | I TR & AT | A7) 39
FH &1 T, Tegie RHwdH, 92 Iose ud
TATEI ATl o a1 AT off 7 37 q¥g A8 argHe T
wd qt T wEra F forw =t i e om e
Feqa § TR FHort ¥ T FEATHA T THA-FTSA
AT © T UUS g9 0T, A ATSAAT FO UH
AIFT AAeeA-3qa® FOT FT qeqa9 fhar Tm
I=F FHAar aegs T gF Rufeda ug afé-ise
FAT GIT AATITRATHTLT HT T TR, TAA T
AT AT AIETEA UF T Freed | aral g
TE T Fodh FLO-HINT T Al 2T &1 37 Taeat
I AT | 9T T T TNEEE F Fee]
ATHTT FT 20T, THTT ThReRT THTd F 97 qhrT
FOT & AL Aiedl § TEFdT TF FHRar e
FT Thos T gl TH ALATT o TAFARATRIET
TqIHT FHOT 6T THA-RIS Tl § JAaee ShieiT
SEET T 4T FAT|

Ty A=AT @At g, IO

SATHRTINRTTSAT H 9 T HZea 0T HIT TLHATI] B2 o
% ¥ H AT 1 I+ SATUHATLET /T TIRT ALferd
FIA-AATORET  STHRTOREst & sfEd I
BTSN oA & ATIA & o7 39T 8 37a a9 qF
i feurf % srqame gem = st % T "aw o A
“TFaF 2Teqg o forw vEr g R = Bl
AT AT o6 gTeATTeh SRSt | I2HT] greg o
T HOH FST WS §, TATTT o UHT o i | qref
1 fAwior #% v g % afe oy = i e 7 2,
T I 7 ofter = BT SITUST| ST & IaT 9T
F U9 99T | ArwromeTen ¥ {9 whe § FHT,



ATT-TARTOTRTY STeRTeNRITSt § 3= arer-fastor a2t
o o1 g1 FhdT g1 78 HlTeAsh arer-fATor % Fermar
¥ fRmae &1 #@9rfed o0 g1 g%ar gl
ATHITAFRATSA 7 I+Iq Jaq HleLdr fear graefi
(TSITUHETTET) 3 |7 2018 HraArgsey U¥ q1a-3cav
=TT Ziforie (THaTareT) o A smefy Y=
fAdreror form| o= swawer asraTsti T qatcaH
=7 F Hied, fHweE Sos| & &7 § g
-3t o7 & fhar Stmar g S e
AAFTSSS ATLAH TF gl TROmHT it sqzaar @
Y=, e T, uE g A #2018
Hdraresey i Adear & o9 qFweeaT 9 £
IRt & & & |77 g

RIS IEEAEEICE T D H

qT faeq T 999 927 B IcATeS g Ud g
I ATUF STAHEAT ATAT 9T g 3Td: TITered &7
A AT T GTe AT % forw g 9 § f3eq &
10 Tatfas Jgfoa T & 9 s g g e wa
ST 9% 9T SEU9 FT TATE O[T AATT Bl
THAHATA o STATT | TEILAT TeTIAT A1 6T
THHT IL9T THE AATT T2, § a9 Ui
g AT, Tfo| SRHEer 9T AT YUl & AT
TATET HI HEEATId FHAT AT a1 TgU & i
THAIISE AT2eE gAl ] Ud oF RIS SEhar 1
S T fe@mam ¥ gearsad, a8, a7 a7, T
HTTSIHT T, /AT &4, TR 7 Heraiforsy &
FATAT S F TFTI | Haferd I 57 AeqqT 7
SAESErT AT ot ArRteeft gt F deg
Fga¥ AEEr & forw arges fAeewm wwoufaw
FEAT FTAT hT AATALTHAT T TTha THITI ITOT
LA | T FHAHTEATHT UF AT STaard
*F AT GIT ITT ST qFaT gl graAits fHal &
FHTARTETHT (AT UH SATTHE Tad ol STt
T ST A51 747 g1 frear 3 70 widerd s & A
H gIF o L0 UAT AT AT g1 Teqorhatet
65 STERT-STT FTHT % SOATFT &l ISR AT
ST WG & arar o Few S % qra qaitas
o TSt 1 29t &1 @ & AeTqT FAT
FTT AT ST 38 ATATTAF A<l T THeg are
SYATIAAT F HeT 9T AT ARG H 39 A
st Afgegdar F amEsE gaw amn ¥
BIHTSITSAIITREY % €1 =% gId 8| | 389 §9ad: greT
AT AT AT ISR Tded & qaqT FdT g S A9
T UA WATHTCE |81 &1 % HI0 g SeaASTH
O IHMIMRE AlEAl ¥ ITASTAAT Ud 38
STEEAT AT F qeT g & ereaad (fwer
20,000 79T &) T IqT T 2
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Hrearduwen safaudt fFem ¥, taETe:
ATHITAFRATSA F §ATSE T AR § AT HAL
T § AT wrew 7 sqfaEr 7 ST §
TRrET T =9 srema 7 famman & 59 e
FTTANT G 1T gTes Gaehree § scdqdia
HEAATCHE e gq FNTET AT STar g1 a9
seae 7 fommar & 9 siqatfvas aregds g
e # e fRee & qow e stmar g1 3
HAEAT UAURAT THATE HT TART Fh AT
g 7 ATq-gd1ee UiEaehize |I¥ FITARTAT
Rodiaor gq areufEiFea #iee f1 qffEr @
ST Ie FAMS| hiedd Td AT ATIAT
F TIRT Fh AqGLAERATA o F@L gATRE
qTraeRTse Cs2AgBiBro ® 3ufera Ffedt & it
TE HIT AT [AEITEA 92 36 TATF AT GIoT il
ATHATAFRATAT o ST AGEAT ATIHRT  FFhIT
weg ® ugfaat & B B s sgew
FIATE H y=forg yaRmeRs Rufaat £ fEaega 3=
ov srfafy Geriesl & wUaea e ud ave
TFSFI FT Il AT AT\ 39 Tgfadt & o g
oL F st gt i aTeT e v et
T FAT FA | qgraar Werdy 81 299 §=A s
wd ot gEar edr g S afedr gE=e,
TAURAT ARG FT AfGdT 12 81 =
TEAAT & T A § s e et
H Treeead, FH § g GRrHied § Afeswad, gaar
ST T ol FIHAT U 2T 38 Ud gaof L9 |
TRAAT T ALATHLT THA 2| 37 T it o1 Afae=
srfveres orrforat & St gataT w4 g1 A oy
UET F TIET AT 2

Y AT fasTe foveT W

ETAETHSTE FoATT U U TS ETALTFAE 7
qaq &9 § s gt & sraree B a8 gum
F9 T uaHT (i) ® wfger s F oo owa
FEFRT g1 T 01 S & 20 A, 2020 TF =FATAT
TAT| § &9 | T8 TS FTUHS F99 § AT 6T
ST A7 T e & F9d =H AT o |/
gfeafda o wam G gl § area siqereT
FAEER | 51 Ut 7 TraArRar £ vd arsa =i
ZTT 300 ¥ SfarT e F ATl B ATl TH
AT U7 HAEURA/UFS T UAS  F fOreTeR,
ARTEYTHT, HFTT TAEEdl, TIFESiFLd healel g
AFTF SATAFTRAT F STATAT ETACTFRAT & TAF
@ SATAF ST TAATRIAT 00| B & 9q7 7T
& == T =@ oA A qAT ATAREE T
Ty forAT #1 W@ dee, W-uAataiaHed
wFE (FEuws) & geawaar F oo gt #7 afa
FIAT g1 U FL7IA 14 7 F20 it Icqfy | varsre
FIAT AT STHHT FT AT FBFAT| T TT56 T-




FIT qZ F AL FEAT TF UF el § A=
X R IRATSET 9T ST AT1 TeqIT FIAT
% IROMET F Uar Fo9qr g B aeeE-ardria
UarEe agfadt & FT-smaTia TSRS 1 9
T ST TRt § ST T H T A o T 81 TEE
AATAT AT AAARIT UF qHETT Seas &
IR IO F AT GFifaE Aied &, A
STETAT AT 6 [ASHUT § TEIT (0T TTI

A=

Ffae-19 Fegamdr forgd g1 fremsuwar ud
THH hRl hl HAAdl f+4E gAUTAr § Tl g Sr
Fregeamfy Feaurdt wfae-19 F Fecwr uva ==
FHASIE A T HAT8T g T qEed| g AT &7
q HTF, T | Fa g qatcad 7T a2t Ud FHer
T AT H AT o Torw 6T SI7 78T 81 Tod =T Hr
gaTd U farea@ =i =T &1 911 Ao gl
F-HEANT TF Fgaruardt f&sme /v gema
CHITEEATT H goid &% =0 FAd F I 909 6
o T T ag Arfed =T g S 2rer gad
(e uEHEY), Ud arer gEREe & (Suwe)) F
qeT g o Y@ "rEERl § s T\,
AT, Td §ene Sstad foem Feees
(Froarersuesdt, s saiq TaHEE-
TAETRAT F AMAFT ZEEH TF H-FT T 2)
arfeer g1 F=@Eree  (https://covid-gyan.in/) =H
TAITT &1 IROMH § TF Tg Ffae-19 THT
ot & S9TeET F "9 & 9T § a1 F fou g
2l ATET-FEIWTT FITASA dadrse i 03 31,
2020 T o= 36T T4 =9 q9ETEe 9¥ S v
aq® AT wTuTe H Suersy Aty o,
TR, TISHieed U AT T q&T gHAT
290 H AT AR BT H FAT AWCE T A
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STHEHETT gl oS IT0rq Tehel il STTaaTermett Thaft
At & o e uwa ud e Sfaa7 wtas, qa5
F AR T % w9 # YR R e it
e T 3297 ATt s & = v arer gt
T TfaaT F FEaT @ 39 AREH #7281 T7
ot forere olteqT S2eT o= #ifwa gu fomr wfvra &
AT Ud 3ET F=7 F4F 7 G gl Tg, T
oem & wgf~r va arpias &= T are 399 o
TE qAEATAS STl 1 AT FAT &l

TERTT
Feq Hiewawr =ar et (Shumemd) 7 e
T 9 Y@ SaeTedr T 9o T 81 29 e
ATeawed SR & =7 § ==taq fBFar @ g1 78
I e sEEss Areawerd 9T g o W
TTeTe % foro sare R 3T 81 e 99 1895 #
R qit i soafy vg wfE ot F oo aw S
9 T T T ofid w1 % fore v 1928 § @7
AT, T T qad TERY (A ardt @it &
forT g JvaT o T 81 AU F AT
T =H AT F T TTA 5T TERT S| T S5
e Fg, S A TR aoer feees @ v
2020 F o orifa-Fa=d Feane e T =1
TALUFRAR, Has & GFifds Wiaenr AT i
TR fremfor "1y w18 RBdaw, 2020 @
AAATST TARIE § % GOHeH g1 =f. THS.
FATH TATHT [EERTY T&TH TR T STt ug
FgeT fAMHT % TrRaY gREeor A i 996,
2020 ® | ZTIT TSI HATTrT & FEATT AT

T T, AT SR (UAH U, $E) w76,
2020 ¥ SHOET AT A% dAoeed T T
EIEG I A | - b pA L 1 e L D I e
Faefereed (2021-2023) ¥ w7 # Araiftead e
T
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PREFACE

TIFR made significant contributions in various
areas of science during the year 2020-2021,
spanning Biological and Life Sciences,
Chemical Sciences, Mathematics, Physical
Sciences, Technology and Computer Science,
and Science Education.

In Biological Sciences, researchers
demonstrated a profoundly important role for
the monoamine neurotransmitter, serotonin, as
a key regulator of mitochondrial production
and of bioenergetics in neurons. This work
indicated that serotonin, via its actions on
mitochondria plays a strongly neuroprotective
role. This work has identified a pathway
linking serotonin, via the longevity associated
gene, Sirtl, to neuronal survival and the
amelioration of mitochondrial dysfunction,
with important implications for
neurodegenerative and  neuropsychiatric
diseases.

At the National Centre for Biological Sciences,
Bengaluru, researchers re-sequenced 65
individual tiger genomes representing most
extant subspecies with a specific focus on tigers
from India. Strong genetic differentiation
between the putative tiger subspecies was
found. Despite high total genomic diversity in
India, individual tigers host longer runs of
homozygosity, potentially suggesting recent
inbreeding or founding events, possibly due to
small and fragmented protected areas.

Excessive CO, emissions are a major cause of
climate change, and hence reducing the CO;
levels in the Earth’s atmosphere is key to limit
adverse environmental effects. Researchers
from the Department of Chemical Sciences
used water and magnesium and converted CO;
to fuel (methane, methanol, and formic acid)
and green cement in just a few minutes. This
protocol can even be used for hydrogen
production (940 liter per kg of Mg), which is
nearly 420 times more than hydrogen produced
by the reaction of Mg with water alone.
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Researchers from the Department of
and Astrophysics used deep
learning for prediction of solar wind (SW)

properties. Extreme Ultraviolet images of the

Astronomy

solar corona from space-based observations
were analysed to predict the SW speed.
TIRCAM2 (TIFR Near Infrared Imaging
Camera - II) is proposed to be used on one of
the side ports of the 3.6-m Devasthal Optical
Telescope for regular science observations. It
was successfully tested on one of the side ports
of the largest Indian telescope, DOT, in
collaboration with ARIES, Nainital. The first
light from this port was seen on May 04, 2020.
This achievement is significant since the
efficiency of the telescope will drastically
increase with two instruments being available
for near simultaneous observations during any
particular night.

A significant fraction of the gas in galaxies is in
the form of atomic hydrogen. The upgraded
GMRT was used to measure the average atomic
hydrogen mass of star-forming galaxies
observed as they were 8 billion years ago. This
is, by far, the furthest ‘lookback time’ for
which such a measurement has been made. It
was found that although the galaxies have a
large reservoir of atomic hydrogen, they are
also forming stars at such a rapid rate that the
gas would be very quickly exhausted, unless
there is ongoing infall of gas.

Spin waves are studied for data storage,
communication, and logic circuits in the field
of spintronics based on their potential to
substitute electrons. The recent discovery of
magnetism in 2D systems such as monolayer
Crls; and CrGe;Tes has led to a renewed
interest in such applications of magnetism in
the 2D limit. Researchers from the Department
of Condensed Matter Physics and Materials
Science presented direct evidence of standing
spin waves along with the uniform precessional
resonance modes in the van der Waals
magnetic material, CrCls. This is the first direct



observation of standing spinwave modes, set up
along a thickness of 20 mm, in a van der Waals
material.

Researchers at the TIFR Centre for
Interdisciplinary Sciences, Hyderabad,
developed methods in solid-state nuclear
magnetic resonance to improve spectral
resolution and easy extraction of geometry
parameters over a wide range of experimental
conditions currently in vogue. The methods
help in obtaining internuclear distances and
order parameters in a given molecule. Salient
features of these methods include robustness to
various experimental parameters, less to no
parameters to optimise, ease of extraction of
information, and targeting couplings in both
strong and weak regimes. The methods have
been shown to be useful in a variety of
molecular systems, from small molecules to
proteins.

The Higgs boson (H), discovered in 2012 by
the ATLAS and CMS experiments, is the
pinnacle of the scientific results obtained so far
from the CERN-LHC. The experimental
measurements are compared with predictions
from the standard model (SM), to vindicate it
or to look for hints of physics beyond SM,
nature of which is yet unknown. The SM also
depicts H interacting with itself due to which 3
or 4 of them may couple via a single vertex.
The strength of the self-coupling A, determines
the shape of the Higgs potential which has a
considerable impact on our understanding of
the properties of the very early universe and its
future. Using proton-on-proton collision data at
centre-of-mass energy of 13000 GeV and
collected by CMS experiment during 2016
through 2018, the CMS international
collaboration recently derived the Dbest
constraint on the value of A to date. These
results are extremely encouraging to pin down
the nature of H.

In  Nuclear and Atomic Physics, a study
overturned a dominant six-decade old notion
that the giant magnetic field in a high intensity

laser produced plasma evolves from the
nanometre scale. Instead the field actually
originates at macroscopic scales defined by the
boundaries of the electron beam that is
propagating in the plasma. This could alter our
understanding of  magnetic  fields in
astrophysics and laser fusion and may help in
designing next generation high energy particle
sources for imaging and therapies.

Flavor-dependent neutrino emission is critical
to the evolution of a supernova and its neutrino
signal. In the dense anisotropic interior of the
star, neutrino-neutrino forward scattering can
lead to fast collective neutrino oscillations,
which has striking consequences. A theory of
fast flavor depolarization was presented by the
researchers of the Department of Theoretical
Physics, explaining how neutrino flavor
differences become smaller, i.e., depolarize,
due to diffusion to smaller angular scales.

Researchers at the International Centre for
Theoretical Sciences, Bengaluru examined,
numerically and theoretically, the dynamics of
anisotropic particles in turbulence, accounting
for both inertia and gravity; the particles being
representative of ice crystals in turbulent
clouds. This was the first concrete step towards
quantifying Cirrus cloud characteristics, which
depend sensitively on the ice crystal orientation
distribution. Clouds constitute the greatest
uncertainty in the Earth-atmosphere radiation
budget, and this work had implications towards
estimating their contribution to the planetary
greenhouse effect.

TIFR Colaba and HBCSE-TIFR jointly
organised Vigyan Vidushi, an advanced
programme in physics for women students in
the first year M.Sc (Physics) in June 2020.
Vigyan Vidushi was converted to an online
school due to the pandemic. Vigyan Vidushi
catered to 51 students in a live online
classroom and 300 more students attended the
lectures via live stream. The teachers and
present faculty members,
postdoctoral fellows and scientific officers of

mentors  were
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TIFR/HBCSE, and several past graduate
students of TIFR. Feedback indicated that
students found the school to be extremely
useful.

At the School of Mathematics, work was
carried out on several questions and problems
in Algebraic Geometry, Complex Analysis,
Ergodic Theory, Group Theory, Number
Theory, Probability etc. Establishing the
existence of phase transition of a model is one
of the most fundamental problems in the
rigorous, mathematical treatment of Statistical
physics. A novel technique was developed in
the particular context of phase transition for
independent percolation model on general
quasitransitive ~ graphs.  The  technique
developed in the work also provided a new
paradigm for proving existence of phase
transition for various other models of interest.

Researchers from the School of Technology
and Computer Science proposed a new
algorithm called Masked Adversarial Auto-
encoder (MaskAAE), where the true
dimensionality of the latent space is learnt via
the operation of masking the encoded latent
space in an autoencoder. MAAE is able to
discard the spurious number of dimensions
through this process of masking, thereby
marking a significant departure from the
existing frameworks where an assumption is
made on the size of the latent dimensions a
priori. MAAE brings the generative quality of
the AAE model closer to that of the generative
adversarial networks (GANs) and thereby
provides state-of-the-art generative modelling
for both the synthetic and real world data sets.
The algorithm is thoroughly backed by a sound
theoretical framework.
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TIFR and its Centres have been involved in
several initiatives concerned with analyzing
and understanding the debilitating global
pandemic COVID-19. It is a challenge to
comprehend reliable information while filtering
out misinformation. A multi-institutional,
multi-lingual science communication initiative,
called CovidGyan, was created to deal with just
this challenge. This is a collaborative effort
between the Tata Institute of Fundamental
Research, the Indian Institute of Science and
Tata Memorial Centre. Other
include

prominent
partners Vigyan Prasar,
IndiaBioscience, and the Bangalore Life
Science Cluster. The website (https://covid-
gyan.in/) is an outcome of this initiative and
serves as a hub to bring together a collection of
resources in response to the COVID-19
outbreak. The pan-institutional CovidGyan
website was launched on 03 April 2020.
Various articles, infographics, podcasts and
videos available in English and multiple
vernacular languages on this website are aimed
at both the scientifically inclined citizenry and
the public at large in our country.

The Giant Metrewave Radio Telescope
(GMRT) achieved yet another honour and
major landmark: it was selected as an IEEE
Milestone facility. This is only the third such
IEEE Milestone recognition for an Indian
contribution, to date. Scientists from TIFR
received prestigious awards during this period.
We continue with our efforts and look forward
to the coming year.

S. Ramakrishnan
Director



Awards and Distinctions

NATIONAL

Vatsala Thirumalai (NCBS) — Shanti Swarup Bhatnagar Prize for 2020
(awarded by CSIR, Sep. 2020)

Kedar Damle (DTP) — J. C. Bose Fellowship
(awarded by SERB, DST (India), Jan. 2021)

Shiraz Minwalla (DTP) — J. C. Bose Fellowship
(awarded by Department of Science and Technology, Govt. of India, Aug. 2020)

Hariharan Narayanan (STCS) — Swarna Jayanti Fellowship
(awarded by SERB, 2020)

Anand T. Vaidya (TCIS) — Ramalingaswami Fellowship
(awarded by DBT, Govt. of India, Mar. 2021)

INSA Medal for Young Scientist 2020 —

Riddhipratim Basu (ICTS)

Shyam Sundar Ghoshal (CAM)

Karthik V. Raman (TCIS)

(awarded by the Indian National Science Academy, New Delhi, Oct. 2020)

Anirban Basak (ICTS) — Young Scientist Platinum Jubilee Award
(awarded by The National Academy of Sciences, India, Feb. 2021)

Sushil Mujumdar (DNAP) — P. K. Iyengar Memorial Award 2020
(awarded by the Indian Physics Association, 29 Nov. 2020)

Chandra, Poonam (NCRA) — Laxminarayana & Nagalaxmi Modali Award
(awarded by Astronomical Society of India, Feb. 2021)

Nilmani Mathur (DTP) — APJ Kalam HPC Award
(awarded by CRAY, Sep. 2020)

Uma Ramakrishnan (NCBS) — Horni Bhabha Award in Science Education 2020
(awarded by the TIFR Endowment Fund)

B. Satyanarayana (DHEP) — Horni Bhabha Award in Science Education 2020
(awarded by the TIFR Endowment Fund)

Gurinder Singh (HBCSE) — Best Thesis Award 2019-20: TAA Science Education Award
(awarded by Tata Institute of Fundamental Research, Deemed University, 28 Oct. 2020)

Geetanjali Date (HBCSE) — Best Thesis Award 2019-20: TAA Science Education Award

134



(awarded by Tata Institute of Fundamental Research, Deemed University, 28 Oct. 2020)

V. C. Jacob (HBCSE) — Lifetime Distinguished Service Award 2020
(awarded by Tata Institute of Fundamental Research, 28 Oct. 2020)

Siddharth Bhandari and Sayantan Chakraborty (Students, STCS) — Best Student Paper Award
(awarded by STOC 2020)

Kaushal D. Buch, Kishor D. Naik, Swapnil Nalawade, Shruti Bhatporia, Ajithkumar B., Yashwant
Gupta (NCRA) — Best Paper Award: [IETE-CDIL (Best Paper of the year 2020)
(awarded by Institution of Electronics and Telecommunication Engineers (IETE) — India, 2020)

Praachi Tiwari (Research Scholar, DBS) — Sun Pharma Scholar Award for 2020

Fellows of the Indian National Science Academy —

Abhishek Dhar (ICTS)

Eknath Ghate (School of Mathematics)

Shiraz Minwalla (DTP)

Mahesh Sankaran (NCBS)

(awarded by the Indian National Science Academy, New Delhi)

Vivek Polshettiwar (DCS) — Fellow, National Academy of Sciences, India (NASI)
(awarded by National Academy of Sciences, India, 01 Jan. 2021)

Vishal Vasan (ICTS) — Elected Associate, Indian Academy of Sciences
(awarded by the Indian National Science Academy, New Delhi, Aug. 2020)

Mahan Mj (School of Mathematics) — IIT Kharagpur Life Fellow, 2021
(awarded by the IIT Kharagpur Council, Feb. 2021)

Sabyasachi Mukherjee (School of Mathematics) — Start-up Research Grant
(awarded by SERB, 07 Dec. 2020)

Anand Sawant (School of Mathematics) — Start-up Research Grant
(awarded by SERB, Dec. 2020)

Subhro Bhattacharjee (ICTS) — Quantum Materials Grant under the NanoMission Special Project
and includes researchers from IISc, IACS, TIFR-Mumbai and other research institutions in the
country (awarded by DST, Govt. of India, July 2020)

Anusheela Chatterjee and Aprotim Mazumder (TCIS) — The 1st IndiaBioscience Outreach Grant
Award (awarded by IndiaBioscience, Sep. 2020)

Rama Govindarajan (ICTS) — Jury Member, Abdul Kalam HPC Award
(awarded by CRAY, 2020)

Rama Govindarajan (ICTS) — Council Member, National Academy of Sciences, India, Prayagraj
National Academy of Sciences, Prayagraj (Allahabad), since 2020
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Rama Govindarajan (ICTS) — Chairperson, Advisory Committee, CSIR Young Scientist Award for
2020 in Engineering Sciences
(awarded by CSIR, 2020)

Chandra, Poonam (NCRA) — Faculty Associate
(awarded by ICTS Bangalore, May 2021)

Sugra Chunawala (HBCSE) — Member, Academic Council, Dr. Homi Bhabha State University,
Mumbai
(Homi Bhabha State University, Mumbai, 22 May 2020)

Sugra Chunawala (HBCSE) — Member, Thematic group (TG — Capacity Development) as part of the
Science, Technology, and Innovation Policy (STIP) 2020 Initiative

(The Office of Principal Scientific Adviser to the Government of India (Office of PSA) and the
Department of Science and Technology (DST), June - July 2020)

INTERNATIONAL

P. Ajith (ICTS) — TWAS-CAS Young Scientists Award for Frontier Science
(awarded by The World Academy of Sciences, Dec. 2020)

Ravindra Venkatramani (DCS) — Fellow of the Royal Society of Chemistry
(awarded by the Royal Society of Chemistry, UK, 2015 — Present)

Shriharsh Tendulkar (DAA) — Prof. M. K. Vainu Bappu Gold Medal
(awarded by Astronomical Society of India, 20 Feb. 2021)

T. N. Narayanan (TCIS) — Journal of Materials Chemistry A - 2020 Emerging Investigators
(awarded by Royal Society of Chemistry, 2020)

Ben Wigley (post-doctoral fellow in Prof. Sankaran’s laboratory, NCBS) — Julie S. Denslow Prize
for the Outstanding Paper in Biotropica 2020
(awarded by Biotropica, Nov. 2020)

Rahul Vaze (STCS) — Best Paper Award IFIP Performance 2020
(awarded by the Technical Program Committee, Performance 2020, Nov. 2020)

Rahul Vaze (STCS) — Best Paper Award WiOpt2020
(awarded by the Technical Program Committee, WiOpt 2020, June 2020)

Arkadev Chattopadhyay (STCS) — Paper adjudged as one of the top papers in Algorithms for 2020-
21
(awarded by the Program Committee of HALG 2020, Aug. 2020)

Soumya Bhattacharyya (DTP) — Postdoctoral Fellowship
(awarded by Academia Sinica, Taiwan, Jan. 2021)

Amit Apte (ICTS) — VAJRA Grant
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(awarded by SERB of the Department of Science and Technology, Government of India, Dec. 2020)

Mitra, Dipanjan (NCRA) — CEFIPRA Grant
(Indo-French Centre for the Promotion of Advanced Research (IFCPAR/CEFIPRA), Jan. 2018)

Mahan Mj (School of Mathematics) — Eisenbud Research Professor, Fall 2020, MSRI Special
Semester on ‘Arithmetic and Random Methods in Topology’
(awarded by MSRI, Aug. 2020)

Deepa Agashe (NCBS) — Vice President, American Society of Naturalists (2021 - 2023)
(American Society of Naturalists, May 2020)

P. K. Mohanty (DHEP) — Representative to the Scientific Committee on Solar-Terrestrial Physics
(SCOSTEP) Bureau
(awarded by IUPAP, Jan. 2021)

Sumantra Chattarji (NCBS) — Lifetime Member of EMBO
(awarded by EMBO, July 2020)

M. Rameez (DHEP) — Distinguished EPJ Referee for 2020
(awarded by EPJ, Jan. 2020)

Rama Govindarajan (ICTS) — Member, Committee to decide the winner of Bachelor Prize 2020
(IUTAM (International Union of Theoretical and Applied Mechanics), 2020)

Rama Govindarajan (ICTS) — Member, APS-DFD Fellowship Selection Panel
(awarded by APS, 2020-21)

Giant Metrewave Radio Telescope (GMRT) — IEEE Milestone Facility award for the GMRT
(awarded by IEEE Board, Nov. 2020)
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Faculty

Trivedi, Sandip P. (Director, till 07.10.2020)
Ramakrishnan, S. (Director, since 08.10.2020)

School of Mathematics

Bhattacharya, Amitava
Bhattacharya, Siddhartha
Biswas, Indranil

Das, Omprokash (since 02.07.2019)
Deshpande, Tanmay N.
Fakhruddin, N.

Ghate, Eknath P.

Ghosh, Anish

Holla, Yogesh L.
Krishna, Amalendu
Mahan, M;.

Mondal, Sugata

Mukherjee, Sabyasachi (since 29.07.2019)
Mukhopadhyay, Swarnava (since 14.08.2019)

Adjunct Faculty

Nair, Arvind N.

Parameswaran, A. J.

Prasad, Dipendra (till 14.04.2020)
Rajan, C. S.

Roushon, S. K.
Sankaranarayanan, A.

Sawant, Anand (since 01.04.2019)
Sridharan, Raja

Srinivas, V.

Subramanian, S.

Trivedi, Vijaylaxmi G.

Varma, Sandeep V.
Venkataramana, T. N.

Bader, Uri, Weizmann Institute of Science, Israel (since 01.01.2019)
Campana, Frederic, Universite de Lorraine, France (since 01.01.2019)

Clozel, Laurent, France (since 01.01.2019)

Ramakrishnan, Dinakar, California Institute of Technology, USA (since 01.01.2019)
Velani, Sanju L., University of York, United Kingdom (since 01.01.2019)

TIFR Centre for Applicable Mathematics, Bengaluru

Adimurthi, Karthik
Aravinda, C. S.
Banerjee, Agnid
Biswas, Imran H.

Chandgotia, Nishant (since 01.09.2020)

Chandrashekar, Praveen
Ghoshal, Shyam Sundar

Gowda, G. D. Veerappa (till 31.07.2020)

Karmakar, Debabrata

Adjunct Faculty

Koley, Ujjwal

Krishnan, Venkateswaran P.
Maity, Debayan
Ramachandran, Koushik
Sandeep, K.

Shrinivasan, Prashanth K.
Sivaguru, R.

Vadlamani, Sreckar

Nair, Ramachandran D. Institute for Mathematics Applied to Geosciences, USA (till

31.05.2021)

Sire, Yannick, Johns Hopkins University, USA (since 01.01.2019)

School of Technology and Computer Science
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Asnani, Himanshu

Bhaskar, Umang

Chattopadhyay, Arkadev

Guha, Shibashis (since 01.09.2020)
Harsha, Prahlad

Juneja, Sandeep K.

Kavitha, T.

Narayanan, H.

Pandya, Paritosh K.

Adjunct Faculty

Prabhakaran, Vinod M.

Radhakrishnan, Jaikumar

Raja, N.

Saptharishi, Ramprasad

Sen, Pranab G. D.

Srinivasan, Akshayaram (since 06.08.2020)
Srivastava, Piyush

Vaze, Rahul

Borkar, V. S., Indian Institute of Technology, Mumbai (since 01.10.2018)
Jain, Rahul, NUS, Singapore (Adjunct VAJRA Faculty, till 31.05.2021)
Kayal, Neeraj, Microsoft Research Lab India, Bangalore (since 01.02.2020)
Mazumdar, Ravi R., University of Waterloo, Canada (since 01.05.2019)
Netrapalli, Praneeth, Microsoft Research India, Bangalore (since 01.05.2020)
Shah, Devavrat, Massachusetts Avenue, Cambridge, USA (till 28.02.2021)

School of Natural Sciences

Department of Astronomy and Astrophysics

Antia, H. M. (till 30.11.2020)
Bhattacharyya, Sudip

Chatterjee, Sourav

Ghosh, Swarna K. (till 30.09.2020)
Gopakumar, A.

Hanasoge, Shravan M.

Department of Biological Sciences

Das, Debasis

Kolthur, Ullas, S.

Koushika, Sandhya P.
Maithreyi, R. Narasimha
Mallik, Roop (till 30.07.2020)
Mishra, Mithilesh

Adjunct Faculty

Mookerjea, Bhaswati

Ojha, Devendra K.

Puravankara, Manoj

Singh, Tejinder P.

Tendulkar, Shriharsh (since 14.10.2020; Joint
appointment with NCRA

Nair, Sreelaja (till 25.09.2020)
Ray, Krishanu

Sonawane, Mahendra S.

Tole, Subha

Vaidya, Vidita A.

Kamat, Siddhesh, Indian Institute of Science Education and Research, Pune (since

01.05.2020)

Menon, Gautam I., The Institute of Mathematical Sciences, Chennai (till 31.05.2021)

Department of Chemical Sciences

Dasgupta, Jyotishman
Datta, Ankona
Khushalani, Deepa
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Polshettiwar, Vivek
Venkatramani, Ravindra



Koti, A. Sri Rama Voora, Vamsee K.
Maiti, Sudipta Wategaonkar, S. J. (till 31.03.2021)
Mazumdar, Shyamalava

Adjunct Faculty

Kuo, Jer-Lai, Institute of Atomic and Molecular Sciences, Taiwan (till 31.05.2021)

Department of Condensed Matter Physics and Materials Science

Bhattacharya, Arnab Paulose, P. L.
Chatterjee, Shouvik (since 21.08.2020) Prabhu, Shriganesh S.
Deshmukh, Mandar M. Ramakrishnan, S.
Ghosh, Sandip Raychaudhuri, Pratap
Ghosh, Shankar Singh, Bahadur (since 27.07.2020)
Gopal, Achanta V. Thamizhavel, A.
Maiti, Kalobaran Vijayaraghavan, R.
Adjunct Faculty

Gupta, Subhasish Dutta, University of Hyderabad, Hyderabad (from 01.09.2017 to
31.08.2020)
Levine, Dov, Technion-Israel Institute of Technology, Israel (since 01.05.2019)

Department of High Energy Physics

Chitnis, Varsha R. Mazumdar, Kajari

Dugad, Shashi R. Mohanty, Gagan B.

Guchait, Monoranjan Mohanty, Pravata K.

Krishnan, N. (till 31.10.2020) Rameez, Mohamed (since 21.10.2020)
Majumder, Gobinda Unnikrishnan, C. S.

Department of Nuclear and Atomic Physics

Datta, Sourav Pal, Subrata
Krishnamurthy, M. Palit, Rudrajyoti
Mazumdar, Indranil Prabhudesai, Vaibhav S.
Misra, Deepankar Ravindrakumar, G.
Mujumdar, Sushil A. Tribedi, Lokesh C.

Nanal, Vandana S.

Adjunct Faculty

Garg, Umesh, University of Notre Dame, USA (till 28.02.2021)
Rajeev, P. P., Rutherford Appleton Laboratory, Oxford, UK (since 01.02.2020)
Department of Theoretical Physics

Damle, Kedar S. Mathur, Nilmani
Dasgupta, Basudeb Minwalla, Shiraz
Datta, Saumen Raychaudhuri, Sreerup
Dighe, Amol S. Roy, Tuhin S.

Gadde, Abhijit Sadhu, Tridib
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Gupta, Sourendu
Khatri, Rishi
Kulkarni, G. P.
Majumdar, Subhabrata
Mandal, Gautam

Adjunct Faculty

Sensarma, Rajdeep
Sharma, Rishi
Sridhar, K.
Tripathi, Vikram
Trivedi, Sandip P.

Bali, Gunnar S., Universitit Regensburg, Germany (since 01.10.2018)

Das, Sumit Ranjan, University of Kentucky, USA (from 01.03.2018 to 28.02.2021)

Dhar, Deepak, Indian Institute of Science Education and Research, Pune (since 01.05.2020)
Jain, Bhuvnesh, University of Pennsylvania, Philadelphia, U.S.A. (since 01.05.2020)
Majumdar, Satya Narayan, Université Paris-Sud, France (from 01.03.2018 to 28.02.2021)
Mukhi, Sunil, Indian Institute of Science Education and Research, Pune (till 31.05.2021)
Vishwanath, Ashvin, Harvard University, USA (since 01.01.2019)

Homi Bhabha Centre for Science Education

Chandrasekharan, Sanjay

Chari, Deepa

Chunawala, Sugra 1.

De, Prithwijit

Gupta, Ankush

Gupta, Ayush (since 01.10.2020)
Joshi, Paresh K.

Khaparde, Rajesh B.

Ladage, Savita A.

Adjunct Faculty

Mashood, K. K.

Mazumdar, Anwesh

Mishra, K. K.

Nagarjuna, G.

Sengupta, Tathagata

Subramaniam, K.

Sule, Aniket P.

Vartak, Rekha R.

Vijapurkar, Jyotsna (till 30.11.2020)

Sengupta, Pratim, University of Calgary, Canada (since 01.02.2020)

National Centre for Biological Sciences

Agashe, Deepa

Badrinarayan, Anjana

Bhalla, Upinder S.

Brockmann, Axel

Chakrabarti, Shaon (since 1.7.2020)
Chattarji, Sumantra

Das, Ranabir

Das, Soumyashree (since 02.11.2020)
Ghosh, Hiyaa Singhee

Gosavi, Shachi S.

Krishna, Sandeep

Krishna, Sudhir (till 30.11.2020)
Kunte, Krushnamegh J.

Kutti, Ragunath Vinothkumar
Ladher, Rajesh Kumar

Mayor, Satyajit
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Padinjat, Raghu
Radhakrishnan, Sabarinathan
Raju, Archishman (since 1.2.2021)
Ramakrishnan, Uma

Ramesh, Arati

Rao, Madan

Sankaran, Mahesh
Seshasayee, Aswin Sai Narain
Shivaprasad, P. V.
Sowdhamini, R.
Sundaramurthy, Varadharajan
Thattai, Mukund

Thirumalai, Vatsala
Thutupalli, Shashi

Udgaonkar, Jayant B. (On deputation to
IISER, Pune)



Notani, Dimple Venkatesan, Radhika (On deputation to

Olsson, Shannon B. IISER, Kolkata)
Sane, Sanjay P. Viswanath, Shruthi
Adjunct Faculty

Jain, Sanjeev, NIMHANS, Bengaluru, India (from 01.09.2017 to 31.08.2020)

Karanth, Ullas, Wildlife Conservation Society, Bengaluru, India (from 01.09.2017 to
31.08.2020)

Malhotra, Vivek, Centre for Genomic Regulation, Spain (from 01.09.2017 to 31.08.2020)

Ramaswami, Mani, Institute for Neuroscience, Ireland (from 01.09.2017 to 31.08.2020)

Shilo, Ben-Zion, Weizmann Institute of Science, Israel (Adjunct VAJRA Faculty, since
1.09.2019)

Spudich, James A., Stanford University School of Medicine, USA (from 01.09.2017 to
31.08.2020)

National Centre for Radio Astrophysics

Bhattacharyya, Bhaswati Kharb, Preeti

Chandra, Poonam Lal, Dharam Vir

Chengalur, Jayaram N. Mitra, Dipanjan

Choudhury, Tirthankar Roy Oberoi, Divya

Gupta, Yashwant Roy, Jayanta

Ishwara Chandra, C. H. Roy, Subhashis

Joshi, Bhal Chandra Shriharsh Tendulkar (Joint appointment with
Kale, Ruta DAA)

Kanekar, Nissim Wadadekar, Yogesh G.

International Centre for Theoretical Sciences

Ajith, P. Krishnamurthy, Vijay Kumar
Apte, Amit Kulkarni, Manas

Basak, Anirban Kumar, Prayush (since 05.01.2021)
Basu, Riddhipratim Kundu, Anupam

Bhat, Pallavi (since 01.12.2020) Loganayagam, R.

Bhattacharjee, Subhro Pandit, Pranav Sudhir

Dey, Rukmini Raju, Suvrat

Dhar, Abhishek Ray, Samriddhi Sankar
Gopakumar, Rajesh Vasan, Vishal

Govindarajan, Rama

Adjunct Faculty
Nanjundiah, Ravi S., Indian Institute of Tropical Meteorology, Pune (since 01.01.2019)

TIFR Centre for Interdisciplinary Sciences

Agarwal, Vipin Mote, Kaustubh R.
Chandrasekhar, V. Narayanan, T. N.
Dani, Adish Nandi, Saroj Kumar
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Das, Tamal Nayak, Pabitra Kumar

Garai, Kanchan Perlekar, Prasad S.

Ghosh, Soumya Ramakrishnan, Raghunathan
Jaiswal, Manish Ramola, Kabir

Jana, Anukul Sengupta, Surajit (till 18.03.2021)
Karmakar, Smarajit Shirhatti, Pranav R.
Krishnamurthy, M. Vaidya, Anand Teertha

Madhu, P. K. Vallurupalli, Pramodh

Mandal, Kalyaneswar Venkataraman, Karthik
Mazumder, Aprotim Vig, Monika

Mondal, Jagannath

Adjunct Faculty

Chattopadhyay, Amitabha, CCMB, Hyderabad, India (since 01.10.2018)

Huster, Daniel, University of Leipzig, Germany (since 01.10.2018)

Kang, Gagandeep, The Wellcome Trust Research Laboratory, Christian Medical College,
Vellore (since 02.11.2020)

Ramaswamy, Sriram, Indian Institute of Science, Bengaluru, India (till 31.01.2020)
Roesky, H. W., University of Goettingen, Germany (since 01.02.2020)
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Administration and Services

ADMINISTRATION

Registrar & Secretary to the Council of Management :

Deputy Registrar

Assistant Registrar (Academic) :

Secretary, IWG

Head, Accounts

Head, Establishment

Public Relations Officer

Legal Officer

Purchase & Stores Officer

Security & Fire Officer

Administrative Officer (C), General Administration
Head, Administration, HBCSE

Head, Administration & Finance, NCRA, Pune
Head, Administration & Finance, NCBS, Bengaluru
Administrative Officer (D), CAM, Bengaluru
Administrative Officer (D), ICTS, Bengaluru
Administrative Officer (C), TCIS, Hyderabad
Administrative Officer (D), NBF, Hyderabad

SERVICES

Chief Engineer, Tech. Services & Central Workshop
Head, Medical Section

Head, Information System Development Group
Head, Scientific Information Resource Centre
Scientific Officer (F), Low Temperature Facility
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Wg Cdr Antony, George (Retd.)
Col Gokhale, Sanjay B. (Retd.)
Bhoir, A. D.

Shinde, M. D.

Paithankar, Kishore S.
Athavale, Milind A.

Ambekar, Raju P.

Dikshit, Sucheta S.

Baghele, Deepak B.

Joshi, Bharat B.

Felix, T. J.

Raul, V. P.

Solanki, J. K.

Pandian, K. P.

Kannan, C. J.

De, Abhijit

Hari Prasad, D.

Manohar, D.

Sinha, Sangam
Raghavan, Sandhya
Goel, Nihita
Prabakaran, R.

Srinivasan, K.V.



Highlights of the Research Activities of T.l.F.R.
(2020-2021)
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School of Mathematics

Algebraic Geometry

The Log Minimal Model Program for Kahler 3-Folds
In this work researchers proved the existence of the Log Minimal Model Program (LMMP) for
Kahler 3-folds for DLT singularities. Previously the existence was mainly known for the
‘Terminal singularity’ case. Extension of this result to the DLT case makes it much more
applicable than before. [Contact person: Omprokash Das]

Boundedness of Pluri-Canonical maps for surfaces of general types in char p>0

The log-version of the boundedness result was proved for pluri-canonical maps in dimension 2 in
positive characteristic. In characteristic 0 it is known in all dimension by a celebrated theorem of
Hacon and McKernan. However, their technique fails in positive characteristic. In the current
work the researcher uses a different method to prove this result in characteristic p>0. [Contact
person: Omprokash Das]

Kawamata-Viehweg Vanishing Theorem for del Pezzo Surfaces over Imperfect Fields

It was shown that the important cohomological vanishing theorem, known as the Kawamata-
Viehweg vanishing theorem holds for regular del Pezzo surfaces defined over possibly non-
algebraically closed fields. This kind of results are useful for studying Mori fiber spaces in
positive characteristic. [Contact person: Omprokash Das]

Galois Representations

Lifting and modularity of reducible mod p Galois representations

In this work a general lifting theorem for Galois representations valued in (possibly disconnected)
split reductive groups was proved. As an application for most reducible odd two dimensional
Galois representations of the Galois group of the field of rational numbers were shown to be
modular (i.e., a version of Serre’s conjecture also holds for reducible representations) and a
similar result for arbitrary dimensional representations of the Galois group of a function field in
one variable with finite constant field was also proved. [Contact person: Najmuddin Fakhruddin]

Essential Dimension

Fixed points, local monodromy and incompressibility of congruence covers

A criterion for bounding essential dimension of covers using local monodromy was proved. Using
this criterion it was shown that many congruence covers of Shimura varieties corresponding to
tube domains with rational boundary components, including some exceptional ones, are
incompressible. Similar incompressibility results were proved for covers of the moduli space of
curves. [Contact person: Najmuddin Fakhruddin]

Representation Theory

Non-admissible representations of p-adic reductive groups

Let p be a prime. It is a theorem going back to Harish-Chandra, Bernstein and Jacquet that every
irreducible representation over the complex numbers of a (connected) p-adic reductive group is
admissible. In this work, researchers give the simplest counter-example to this statement for mod
p representations, i.e., representations defined over the algebraic closure of the finite field with p
elements. In particular, researchers construct irreducible smooth non-admissible mod p
representations of the 2 by 2 general linear group over the quadratic unramified extension of the
field of p-adic numbers. The proof uses the theory of diagrams of Breuil and Paskunas and
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simplifies similar counter-examples found by Li for the case of higher unramified extension.
[Contact person: Eknath Ghate]

Number Theory

¢ On the monomial lattice in modular symmetric power representations

Researchers investigated the structure of and the individual terms in the monomial lattice in the
mod p symmetric power representation of the 2 by 2 general linear group over the finite field with
p elements. Researchers also investigated related quotients that show up in the mod p Local
Langlands Correspondence. The results were stated in terms of the sizes of various base p
expansions and in terms of the valuations of certain binomial coefficients mod p. Researchers also
explored applications to studying the reductions of certain irreducible crystalline representations
of the Galois group of the p-adic number field. [Contact person: Eknath Ghate]

Quantitative Ergodic Theorems and Quadratic Forms

e Optimal density for values of generic polynomial maps
This work provided effective estimates for the density of quadratic forms in a wide variety of
contexts, providing effective estimates for Margulis’s famous solution to the Oppenheim
conjecture. [Contact person: Anish Ghosh]

Diophantine Approximation

¢ Inhomogeneous dual Diophantine approximation on affine subspaces
This work established the inhomogeneous Khintchine-Groshev theorem for affine subspaces
using dynamics on the space of lattices coupled with an inhomogeneous transference principle.
[Contact person: Anish Ghosh]

Higher Moment Formulas for Siegel Transforms

e A generic effective Oppenheim theorem for systems of forms
In this work, higher moments for Siegel transforms were used to prove generic effective
statements for systems of quadratic forms. [Contact person: Anish Ghosh]

Continued Fractions and Gauss Map

¢ Continued fractions, the Chen—Stein method and extreme value theory
This work proved new results in the extreme value theory of the Gauss map using the Chen-Stein
method for the first time. [Contact person: Anish Ghosh]

Diophantine approximation and p-adic analysis

e Multiplicative p-adic metric Diophantine approximation on manifolds and dichotomy of
exponents
Researchers established p-adic versions of results of Kleinbock on multiplicative Diophantine
approximation on affine subspaces and their nondegenerate manifolds. [Contact person: Anish
Ghosh]

Probability Theory

e Existence of phase transition for percolation using the Gaussian free field
Establishing the existence of phase transition of a model is one of the most fundamental problems
in the rigorous, mathematical treatment of Statistical physics. In this work, a novel technique was
developed in the particular context of phase transition for independent percolation model on
general quasitransitive graphs (in particular, Cayley graphs). One of the main results in the work
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affirmed a celebrated conjecture made by Benjamini and Schramm in 1996 that the independent
percolation on any infinite quasitransitive graph with superlinear growth should exhibit a
nontrivial phase transition. The work involved a rich interplay between fields such as probability
theory, geometric group theory, spectral geometry and combinatorics among others. The common
thread among such seemingly disparate areas of mathematics was spun by an object called the
‘Gaussian free field’ whose use in a similar context was arguably pioneered by this work. The
technique developed in the work also provided a new paradigm for proving existence of phase
transition for various other models of interest. [Contact person: Subhajit Goswami]

On the radius of Gaussian free field excursion clusters

In the context of percolation theory — one of the richest and most active areas of research in the
mathematical field of Probability theory — the truncated two-point function stands for the
probability that two given points in an infinite, connected graph (e.g., a lattice) belong to the same
finite, open cluster, i.e., finite, connected components comprising edges or vertices in some
random subgraph. Finding the precise (in some reasonable sense) rate of decay of the truncated
two-point function is very often an impossible project for dimensions larger than 2 when the
underlying graph is a hypercubic lattice. Researchers were able to pin down the truncated two-
point function for the level-sets of Gaussian free field up to the leading exponential order
throughout the off-critical phase in dimension 3. [Contact person: Subhajit Goswami]

Mathematical Statistics and Probability Theory

Adaptive Estimation of Multivariate Piecewise Polynomials and Bounded Variation
Functions by Optimal Decision Trees

In this work the researchers revisited the Dyadic CART (Classification and Regression Tree)
estimator — first proposed by Donoho in 1997 — and introduced a closely related estimator,
namely the Optimal Regression Tree (ORT), in the context of estimating piece-wise smooth
functions in general dimensions. An important feature of these optimal decision tree estimators is
that they fit piece-wise polynomials of any given degree. The theoretical risk bounds proved in
the work together with a rigorous analysis of the computational complexity of these estimators
showed, for the first time, that some well-known classes of functions can be ‘denoised’ with a
near-parametric risk in a computationally efficient manner. [Contact person: Subhajit Goswami |

Geometric Group Theory

Property (T) for Fiber Products
Researchers study when the fiber product of groups with Property (T) has Property (T). [[Contact
person: Mahan Mj]

Propagating Quasiconvexity from Fibers

Let 1-K——G—Q be an exact sequence of hyperbolicgroups. LetQl< Q be a quasiconvex
subgroup and let G1=71(Q1). Under relatively mild conditions (e.g. if Kis a closed surface group
or a free group and Q is convex cocompact), researchers showed that infinite index quasiconvex
subgroups of G1 are quasiconvex in G. Related results were proven for metric bundles,
developable complexes of groups and graphs of groups. [Contact person: Mahan Mj]

Regluing Graphs of Free Groups

Answering a question due to Min, researchers prove that a finite graph of roses admits a regluing
such that the resulting graph of roses has hyperbolic fundamental group. [Contact person: Mahan
Mj]

Representations of Surface Groups
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Meromorphic projective structures, grafting and the monodromy map

A meromorphic projective structure on a punctured Riemann surface (X — P) is determined, after
fixing a standard projective structure on X, by a meromorphic quadratic differential with poles of
order three or more at each puncturein P. The analogue of Thurston’s grafting theorem for such
meromorphic projective structures was proved involving grafting crowned hyperbolic surfaces.
This also provided a grafting description for projective structures on the complex plane that have
polynomial Schwarzian derivatives. As an application, an analogue of a result of Hejhal was
shown, namely, that the monodromy map to the decorated character variety (in the sense of Fock-
Goncharov) is a local homeomorphism. [Contact person: Mahan M;j]

Complex Dynamics and Kleinian Groups

Combining rational maps and kleinian groups via orbit equivalence

A new formalism using orbit equivalence was developed combining rational complex dynamics

and Kleinian groups into a unified framework. This furnished a number of surprising conclusions:

i. Topological orbit equivalence rigidity fails for Fuchsian groups (it is true in higher
dimensions by a theorem of Fisher-Whyte)

ii. The Teichmuller space of such matings is disconnected — as contrasted with the case of
Teichmuller space of quasi Fuchsian groups, where it is simply Teich(S) X Teich (S)

iii. Only finitely many Bers boundary groups can be mated (uses earlier result on Cannon-
Thurston maps and their structure).

[Contact person: Mahan Mj and Sabyasachi Mukherjee]

Spectral Geometry and Analysis of PDE

Erratum: Euclidean triangles have no hot spots

Recently the researchers discovered a gap in the paper ‘Euclidean triangles have no hot spots’
Annals of Mathematics 191 (2020). In this erratum researchers explain that the proof in the
mentioned paper is valid for obtuse and right triangles. Moreover, researchers give an alternative
argument for acute triangles to prove that Euclidean triangles have no hot spots. [Contact person:
Sugata Mondal]

Critical points of Laplace eigenfunction on Polygonal domains in the plane

Researchers extended the result in ‘Euclidean triangles have no hot spots’ Annals of Mathematics
191 (2020), to polygonal domains. In particular, researchers gave a new non-probabilistic proof of
the hot spots conjecture for lip domains. [Contact person: Sugata Mondal]

Complex Analysis, Conformal Dynamics and Reflection Groups

Bers slices in families of univalent maps

The dynamics of Schwarz reflection maps is an emerging field in conformal dynamics that
combines various aspects of complex analysis, dynamics of rational maps, reflection groups,
theory of univalent maps, etc. This work is a study of the parameter space of a natural class of
Schwarz reflection maps arising from univalent rational maps. It was shown that every map in this
space is a conformal mating of a fixed polynomial and a reflection group, and that the parameter
space itself is naturally homeomorphic to a compactified deformation space of reflection groups.
This provides a new and interesting connection between Teichmuller spaces of reflection groups
and families of univalent maps. [Contact person: S. Mukherjee]

Topology, Conformal Dynamics and Kleinian groups

Circle packings, kissing reflection groups and critically fixed anti-rational maps
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In the 1980s, Sullivan proposed a dictionary between two classes of conformal dynamical
systems, namely, dynamics of rational maps on the Riemann sphere, and actions of Kleinian
groups. This was motivated by various common features shared by them, but there is still no
precise mathematical framework to explain these similarities. The current work established a new
bridge between the aforementioned classes of dynamical systems. More precisely, an explicit
correspondence between a large class of Kleinian reflection groups and anti-holomorphic rational
maps was proved by showing that the chaotic dynamics of these objects are topologically
equivalent. Using the correspondence, complete answers to certain geometric mating problems
and analogues of important theorems for parameter spaces of acylindrical hyperbolic 3-manifolds
(known as the Thurston’s compactness theorem) in the anti-rational map setting were obtained.
[Contact person: S. Mukherjee]

Complex Analysis and Conformal Dynamics

David extension of circle homeomorphisms, mating and removability

It is well-known that quasisymmetric maps of the unit circle admit quasiconformal extensions to
the unit disk. This fact has widespread applications to conformal dynamics (such as the
Simultaneous Uniformization Theorem). However, in many situations, one needs a similar
extension result for dynamically defined circle homeomorphisms that are worse than
quasisymmetric. In the current work, a new extension theorem for dynamically natural circle
homeomorphisms was proved. This has far-reaching applications to the theory of conformal
matings of polynomials and of polynomials with Kleinian groups. As consequences of the
extension result, the researchers also prove conformal removability of limit sets of certain
Kleinian groups and of Julia set of certain polynomials. There are also applications of the theory
to classical problems on extremal points of spaces of univalent maps. [Contact person: S.
Mukherjee]

Conformal Dynamics, Kleinian roups and Riemann Surfaces

Combining Rational maps and Kleinian groups via orbit equivalence

As another step towards putting the Sullivan dictionary in a firm footing, the researchers develop
a new framework for conformally mating the dynamics of complex polynomials with that of
Kleinian surface groups using the notion of orbit equivalence. It was shown that the only torsion-
free Fuchsian groups that can be thus mated are punctured sphere groups. The technique of
mating involves the classical Bowen-Series maps and a new class of maps, called higher Bowen-
Series maps that are orbit equivalent to punctured sphere groups. The existence of higher Bowen-
Series maps ensures that the Teichmiiller space of matings is disconnected. Further, it was also
shown that, unlike in higher dimensions, topological orbit equivalence rigidity fails for Fuchsian
groups acting on the circle. Moreover, the collection of Kleinian Bers’ boundary groups that are
mateable in this framework are fully classified. [Contact person: Mahan Mj and S. Mukherjee]

Geometry and Representation Theory

Spectral data for Spin Higgs bundles

In this work, the researchers determine the spectral data parametrizing Higgs bundles in a generic
fiber of the Hitchin map for the case where the structure group is the special Clifford group with
fixed Clifford norm. These are spin and ‘twisted’ spin Higgs bundles. The method used relates
variations in spectral data with respect to the Hecke transformations for orthogonal bundles
introduced by Abe. The explicit description also recovers a result from the geometric Langlands
program, which states that the fibers of the Hitchin map are the dual abelian varieties to the
corresponding fibers of the moduli spaces of projective orthogonal Higgs bundles (in the even
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case) and projective symplectic Higgs bundles (in the odd case). [Contact person: Swarnava
Mukhopadhyay]

Geometry and Topology

A certain structure of Artin groups and the isomorphism conjecture

The Artin groups are an important class of groups, and appear in different areas of Mathematics.
The classical braid group is an example of a finite type real Artin group. The Farrell-Jones
isomorphism conjecture stands on the front line in Geometry and Topology. Much work has been
done in this area in recent times. The motivation and consequences of the isomorphism conjecture
are the Borel and the Novikov conjectures. Researchers observed an inductive structure in a large
class of Artin groups and exploited this information to deduce the isomorphism conjecture for
several classes of Artin groups of finite real, complex and affine types. [Contact person: S. K.
Roushon]

Configuration Lie groupoids and orbifold braid groups

Researchers proposed two definitions of configuration Lie groupoids of a Lie groupoid. In both
the cases researchers proved a Fadell-Neuwirth type fibration theorem and give examples of Lie
groupoids where it fails. Researchers further studied the fundamental groups (called pure orbifold
braid groups) of the configuration Lie groupoids of a family of Lie groupoids. This was achieved
by producing a short exact sequence. First, it was seen that the pure orbifold braid groups have
poly-virtually free structure. Researchers also provided an explicit set of generators of the pure
orbifold braid groups. Secondly, it was proved that a class of affine and finite complex Artin
groups are virtually poly-free, which partially answers a question of M. Bestvina. Finally,
researchers deduced the Farrell-Jones isomorphism conjecture for this class of orbifold braid
groups, confirming the case of the Artin group of type D,, which was left open in the previous
work. [Contact person: S. K. Roushon]

Quasifibrations in configuration Lie groupoids

In the previous work researchers studied a Fadell-Neuwirth type fibration theorem for orbifolds,
and gave a short exact sequence of fundamental groups of configuration Lie groupoids of Lie
groupoids corresponding to the genus zero 2-dimensional orbifolds with cone points, and at least
one puncture. In this work researchers extended this work to all genus more than 0, 2-dimensional
orbifolds with cone points. As a consequence, the Farrell-Jones Isomorphism conjecture was
proved for the fundamental groups of the associated configuration Lie groupoids. Researchers
also provided some nontrivial examples of orbifolds where a Fadell-Neuwirth type quasifibration
theorem holds. Finally, researchers stated an Asphericity conjecture and a Quasifibration
conjecture for orbifolds. [Contact person: S. K. Roushon]

Algebraic Geometry and Motivic Homotopy Theory

Cellular A*1-homology and the motivic version of Matsumoto’s theorem

A new version of A*1-homology, called cellular A*1-homology, for smooth schemes over a field
that admit an increasing filtration by open subschemes with cohomologically trivial closed strata
was defined. Several explicit computations of cellular A*1-homology were provided and were
used to determine the motivic fundamental group of a split reductive group over an arbitrary field,
thereby obtaining the motivic version of Matsumoto’s theorem on universal central extensions of
split, semisimple, simply connected algebraic groups. As applications, results due to Brylinski-
Deligne and Esnault-Kahn-Levine-Viehweg were uniformly explained and generalized. Also,
classical results of E. Cartan on homotopy groups of complex Lie groups were reproved as a
consequence. [Contact person: Anand Sawant]
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Projective Modules

Fundamental Groups

A certain Fundamental group is associated to a ring, which measures the set of connected
components of the variety associated to the ring and a Quillen—Suslin theory was constructed for
this Fundamental group. [Contact person: Raja Sridharan]

Unimodular Rows

Seshadri’s theorem
Seshadri’s theorem on projective modules was shown to be related to Fermat’s principle of
infinite descent. [Contact person: Raja Sridharan]

Group Theory

Centrality of the congruence subgroup kernel

A new proof of the centrality of the congruence subgroup kernel in the isotropic case of arithmetic
non-uniform higher rank groups was given. It was related to a result on arithmetic groups
generated by congruence subgroups of levels running through an arithmetic progression. [Contact
person: T. N. Venkataramana]

TIFR Centre for Applicable Mathematics, Bengaluru

Computational Partial Differential Equations

A path conservative finite volume method for a shear shallow water model

The shear shallow water model provides an approximation for shallow water flows by including
the effect of vertical shear in the model. This model can be derived from the depth averaging
process by including the second order velocity fluctuations, which are neglected in the classical
shallow water approximation. The resulting model has a non-conservative structure, which
resembles the 10-moment equations from gas dynamics. Several test cases including roll waves
show the performance of the proposed modeling and numerical strategy, which is better than
standard models. Such models are very difficult to solve numerically due to their non-
conservative nature and the presence of shocks. The current work has shown a new pathway to
build robust schemes that have been shown to produce accurate and realistic solutions. They are
also being extended to unstructured grids which make it possible to solve more complex problems
in general domains. [Contact person: Praveen Chandrashekar]

Partial Differential Equations

A Strong unique continuation property for the heat operator with Hardy type potential

In this work, researchers obtained a strong unique continuation for the heat operator with Hardy
type potential by a delicate combination of a scaling critical estimate, which crucially utilizes the
spectral gap of the Laplace beltrami on the sphere and a subcritical appropriate estimate which s
of independent interest. The result sharpens an old result of Escauriaza and Vessella where
subcritical potentials were considered. [Contact person: Agnid Banerjee]

Optimal jump set in hyperbolic conservation laws
An example indicating that there may exist a catastrophic entropy solution for Burger's equation
where the shocks set can be dense was obtained. [Contact person: S. S. Ghoshal]
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School of Technology and Computer Science

Information Theory and Deep Learning

Deep Learning based Information Measure Estimation

Researchers proposed a novel estimator of conditional mutual information based on a minmax
optimization problem utilizing the variational representation of the Kullback-Leibler divergence.
This naturally led to a joint training architecture similar in spirit to that of celebrated generative
adversarial networks in deep learning. It was shown, using several synthetic and real data sets that
the proposed estimator performs better than both the k-nearest neighbour (kNN) based and the
neural network or the classifier based estimators, hitherto considered state-of-the-art in the
literature. Further, better results were also shown with respect to the conditional independence
(CI) testing as compared to the state-of-the-art Conditional Independence Testers. [Contact
person: Himanshu Asnani]

Deep Learning inspired Communication Codes

Researchers continued developing a series of novel works to have state of the art neural network
based codes for canonical communication channels. Here either the encoder or the decoder or
both the encoder and the decoder are deep neural nets with parameters optimized via back
propagation. Such codes show enhanced performance with respect to robustness and adaptivity,
i.e., when the actual channel settings at test differ from those in training. Settings with or without
feedback and over gaussian and non-gaussian channels are considered as well. The whole
program uses several key insights drawn from traditional information theory and coding literature
such as random interleaving inspired from the highly successful Turbo Codes. [Contact person:
Himanshu Asnani]

Statistical Inference in Generative Models

Latent Space Optimization in Generative Learning

Researchers proposed a new algorithm called ‘Masked Adversarial Auto-encoder (MaskAAE)’,
where the true dimensionality of the latent space is learnt via the operation of masking the
encoded latent space in an autoencoder. MAAE is able to discard the spurious number of
dimensions through this process of masking, thereby marking a significant departure from the
existing frameworks where an assumption is made on the size of the latent dimensions a priori.
MAAE brings the generative quality of the AAE model closer to that of the generative adversarial
networks (GANs) and thereby provides state-of-the-art generative modelling for both the
synthetic and real world data sets. The algorithm is thoroughly backed by a sound theoretical
framework. [Contact person: Himanshu Asnani]

Submodularity meets Information Theory

Submodular Combinatorial Information Measures with Applications in Machine Learning
Researchers studied combinatorial information measures that generalize independence,
(conditional) entropy, (conditional) mutual information, and total correlation defined over sets of
(not necessarily random) variables. These measures strictly generalize the corresponding entropic
measures since they are all parameterized via submodular functions that strictly generalize
entropy. Further researchers studied specific instantiations of the submodular information
measures (for a number of submodular functions like set cover, facility location, graph cuts, log
determinants etc.), and the properties of these measures such as submodularity, monotonicity,
uppet/lower bounds etc, along with applications in privacy based feature selection, data subset
selection, and other machine learning applications. [Contact person: Himanshu Asnani]
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Computational Game Theory

Optimal Bounds on the Price of Fairness for Indivisible Goods

For a set of items is to be distributed among a set of agents, there are two contrasting criteria for
distribution — the social welfare, or the total utility of the agents — which would give each item
to the agent that values it the most, and fairness, which would aim for a more equitable
distribution. This work gave bounds on the loss of social welfare, for allocations that satisfy two
of the most popular notions of fairness — envy-freeness up to one good (EF1), and approximate
max-min share (MMS). From previous work, it follows that the bounds obtained are tight. This
resolves an open problem from earlier work. [Contact person: Umang Bhaskar]

Tight Approximation Algorithms for p-Mean Welfare under Subadditive Valuations

For the division of a set of items among agents, the allocation that maximizes the Nash Social
Welfare is known to have a number of fairness and efficiency properties. However, finding such
an allocation is known to be NP-hard, even for the very simple case of additive valuations. This
work gave a tight approximation for the Nash Social Welfare, for the very broad class of
subadditive valuations. The bounds in the work extend beyond the Nash Social Welfare to the
general class of p-Mean Welfare as well, establishing tight approximation guarantees for this
class. [Contact person: Umang Bhaskar]

Quantum Query and Communication Complexity

Overhead for Lifting Quantum Query Algorithms to Quantum Communication Protocols
The quantum query model can well be said to be the one where most non-trivial and powerful
quantum algorithms have been designed.. Several communication problems in the field are natural
lifts of a query problem where the individual input bits of the query function are scrambled among
Alice and Bob using a simple gadget like the Boolean AND or XOR. Buhrman, Cleve and
Wigderson observed more than twenty years ago, that for such scrambled tasks, quantum
protocols can be designed which mimic the quantum query algorithm and have communication
cost at most the query algorithms cost multiplied by a log(n) factor, where n is a parameter
describing the length of the input in bits. In this work, researchers showed for the first time that
there exists a function for which the log(n) overhead is unavoidable for any quantum protocol. It
is straightforward to observe that in the classical randomized world, simulating randomized query
algorithm by communication protocols essentially requires no overhead. Thus the work brings out
an essential difference between classical protocols and their quantum counterparts. [Contact
person: Arkadev Chattopadhyay]

Circuit Complexity

Lower Bounds for Linear Decision Lists

This work is on understanding the relative power of two widely known and used models of
computation: the first is depth-2 feed-forward neural networks with low weights and threshold
activation function. These are also known as Majority of Majority circuits. The other is that of
linear decision lists: they use linear threshold functions of arbitrary weights to make decisions
inside. Turan and Vatan, in 1997, asked if there are functions that can be efficiently computed by
Majority of Majority circuits, i.e. in polynomial size but cannot be computed efficiently by linear
decision lists. The main result in this work resolves this question in the affirmative by
demonstrating such a function that requires exponentially long linear decision lists to be
computed. [Contact person: Arkadev Chattopadhyay]

Communication Complexity
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Refuting the Log-Approximate-Rank Conjecture

One of the most fundamental open problems in Yao’s 2-party communication model is the Log-
Rank conjecture (LRC) of Lovasz and Saks from 1988. This conjecture asserts that the
deterministic communication complexity of every total function is characterized, up to
polynomial factors, by the log of the rank of its communication matrix. In 2007, Lee and
Shraibman proposed an analogue of the LRC for ‘randomized’ complexity, called the Log-
Approximate-Rank Conjecture (LARC). The LARC asserted that randomized complexity of all
total functions is characterized by the log of the approximate-rank of its communication matrix,
up to polynomial blow-up. The LARC turned out to be a powerful conjecture that implied many
other important conjectures in communication complexity, including the LRC. Researchers
provided a simple but strong counter-example to this conjecture. [Contact person: Arkadev
Chattopadhyay]

Formal Methods

Safe Learning for Near Optimal Scheduling

Researchers investigated the combination of synthesis, model-based learning, and online sampling
techniques to obtain safe and near optimal schedulers for a preemptible task scheduling problem.
The algorithms are able to handle Markov decision processes that have 107{20} states. State
space of this size and beyond this cannot be handled with state-of-the art probabilistic model-
checkers. Researchers provide probably approximately correct (PAC) guarantees for learning the
model. One of the approaches is to compute a strategy with a receding horizon and using Monte
Carlo tree search (MCTS). Researchers applied Monte-Carlo tree search with advice, either
computed using safety games or obtained using the earliest-deadline-first scheduler, to safely
explore the learned model online in the context of the scheduling problem. [Contact person:
Shibashis Guha]

Automata Theory

Alternating Tree Automata with Qualitative Semantics

In alternating automata, states are partitioned into existential and universal states. A tree
automaton on a transition from one state leads to multiple states simultaneously. Qualitative
semantics says that a run of the automaton is accepting if almost all branches of the run are
accepting. The emptiness problem asks given a tree automaton, if the language accepted by the
automaton is empty. Given a set F of states, the Buchi condition states that a word is accepted in a
run if some state from F is visited infinitely often in the run, while the coBuchi condition states
that the set F should be visited only finitely often. Two important results were shown in this work.
The first one was that the emptiness problem of alternating Buchi tree automata with qualitative
semantics is decidable, while the second one was that the problem is undecidable for coBuchi tree
automata. [Contact person: Shibashis Guha]

Biological Sciences: Sero Survey

Seroprevalence of SARS-CoV-2 in slums versus non-slums in Mumbai, India

Researchers in a tie up with Niti-Aayog, BMC and some other organizations organised a Sero
Survey in Mumbeai in July as well as August, 2020. Three representative wards, broken down by
slums and non-slums, were randomly sampled. Around 9000 samples were collected in the first
round and 6000 in the second. The results showed a high degree of prevalence in Mumbai
especially in the slums. The second round also suggested a fast decay in anti-nucleocapsid
antibodies that the kit was designed to measure. These results were extremely surprising as
Mumbai was the first major city in the world to show a very high degree of prevalence. [Contact
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person: Sandeep Juneja]

Financial Mathematics

Credit Risk: Simple Closed-Form Approximate Maximum Likelihood Estimator
Researchers developed simple closed-form approximations for conditional default probabilities
for corporate loans. In a practical asymptotic regime where the default probabilities are small, say
less than 3% annually, and the number of firms and the time period of data available are
reasonably large, researchers rigorously showed that the proposed estimator behaves similarly or
slightly worse than the maximum likelihood estimator that is requires often prohibitive amount of
computation. For a more realistic case of model misspecification, it was shown that both the
estimators are seen to be equally good or equally bad. [Contact person: Sandeep Juneja]

Agent Based Simulations

City-Scale Agent-Based Simulators for the Study of Non-Pharmaceutical Interventions in
the Context of the COVID-19 Epidemic

Researchers at STCS teamed with the IISc team and developed a city-scale agent based simulator
for the study of non-medical interventions for COVID-19 epidemic. Briefly, the agent-based
simulator for Mumbai creates a synthetic simulation model of 1.28 crore residents that matches
the city population in detail, as well as population interactions in households, communities,
workplaces, etc. Once the synthetic city is seeded with infected people, through a simulation, we
can observe a realistic incremental time progression of the infection and the disease related health
indicators throughout the city under any specified intervention strategy. Researchers used the
simulator along with the available data to develop projections under different lockdown
relaxations for gradually opening up Bangalore and Mumbai. [Contact person: Sandeep Juneja]

Machine Learning

Learning a Riemannian manifold from noisy observations

Researchers considered reconstruction of a manifold, or, invariant manifold learning, where a
smooth Riemannian manifold M is determined from intrinsic distances (that is, geodesic
distances) of points in a discrete subset of M. In the studied problem the Riemannian manifold
(M, g) was considered as an abstract metric space with intrinsic distances, not as an embedded
submanifold of an ambient Euclidean space. It was shown that when the number of samples is
large enough, it is possible to construct an approximation of the Riemannian manifold (M, g) with
a large probability. This problem is a generalization of the geometric Whitney problem with
random measurement errors. [Contact person: Hariharan Narayanan]

Information Theory

Private Two-Terminal Hypothesis Testing

Researchers studied private two-terminal hypothesis testing with simple hypotheses, where the
privacy goal is to ensure that participating in the testing protocol reveals little additional
information about the other user’s observation when a user is told what the correct hypothesis is.
It was shown that, in general, meaningful correctness and privacy cannot be achieved if the users
do not have access to correlated (but, not common) randomness. The optimal correctness and
privacy error exponents when the users have access to non-trivial correlated randomness (those
that permit secure multiparty computation) were characterized. [Contact person: Vinod
Prabhakaran]

Gaussian Broadcast Channels with Feedback
Broadcast channels with additive Gaussian noise model the downlink in cellular wireless
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networks. Feedback is known to enlarge the capacity region of a Gaussian Broadcast Channel
(GBC) with independent noise realizations at the receivers, and an average power constraint at the
transmitter. The capacity enlargement may occur even when there is noisy feedback from only
one of the two receivers. However, recent results show the existence of a feedback noise
threshold, beyond which one-sided feedback from only the stronger receiver is futile in enlarging
the capacity region. This work showed a tight characterization of the feedback noise threshold,
which separates the regimes where feedback from only the stronger receiver enlarges the capacity
or leaves it unchanged. [Contact person: Vinod M. Prabhakaran]

Information Theory and Cryptography

Secure Computation over One-Way Channels

Secure multiparty computation (MPC) is a cornerstone of modern cryptography. In MPC,
mutually distrusting collaborate to compute functions of their private data without revealing any
additional information about their data to each other. The study of MPC over one-way noisy
communication channels was initiated by Garg et al. (2015). This work made substantial further
progress. It was shown that while there are channels (specifically, the bit randomized oblivious
transfer (ROT) channel) which can be used to compute any function securely with security error
which falls inverse polynominally in the number of channel uses, there are no such finite channels
if one demands better security. While ROT exhibits a natural form of “anti-correlation” which
was exploited in the above result, many models of practical channels do not exhibit this property
and have been shown not to support MPC with a small constant security error. Surprisingly, this
limitation was shown to be surmountable under a certain plausible assumption on the receiver.
[Contact person: Vinod Prabhakaran]

Zero-Communication Reductions for Two-Party Secure Computation

A new primitive in information-theoretic cryptography, namely zero-communication reductions
(ZCR), with different levels of security was introduced. ZCR was related to several other
important primitives, and new results on upper and lower bounds were obtained. In particular,
researchers obtained new upper bounds for private simultaneous messages protocols, conditional-
disclosure of secrets, and oblivious transfer (OT) complexity of functions, which are exponential
in the information complexity of the functions. The lower bound problem for secure ZCR was
also formulated in purely linear-algebraic terms, by defining the invertible rank of a matrix. An
Invertible Rank Conjecture, proving which will establish super-linear lower bounds for OT-
complexity was presented. [Contact person: Vinod M. Prabhakaran]

Theoretical Computer Science

Explicit SoS lower bounds from high-dimensional expanders

In this work, an explicit family of 3XOR instances which is hard for O(sqrt(logn)) levels of the
Sum-of-Squares hierarchy was constructed. In contrast to earlier constructions, which involve a
random component, these systems can be constructed explicitly in deterministic polynomial time.
This construction is based on the high-dimensional expanders devised by Lubotzky, Samuels and
Vishne, known as LSV complexes or Ramanujan complexes, and the analysis is based on two
notions of expansion for these complexes: cosystolic expansion, and a local isoperimetric
inequality due to Gromov. In the instances in this work the variables correspond to the edges of
the complex. [Contact person: Prahladh Harsha]

Ideal-theoretic Explanation of Capacity-achieving Decoding
In this work, an abstract framework for some algebraic error-correcting codes is presented with
the aim of capturing codes that are list-decodable to capacity, along with their decoding
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algorithm. In the polynomial ideal framework, a code is specified by some ideals in a polynomial
ring, messages are polynomials and their encoding is the residue modulo the ideals. This
framework leads to a new class of codes that we call affine Folded Reed-Solomon codesMore
significantly this framework also captures the algorithmic list-decodability of the constituent
codes. In the specific case of affine Folded Reed-Solomon codes, the framework shows that they
are list-decodable up to capacity (for appropriate setting of the parameters), thereby unifying the
previous results for Folded Reed-Solomon, Multiplicity and Additive Folded Reed-Solomon
codes. [Contact person: Prahladh Harsha]

Decoding Multivariate Multiplicity Codes on Product Sets

The multiplicity Schwartz-Zippel lemma bounds the total multiplicity of zeroes of a multivariate
polynomial on a product set. This lemma motivates the multiplicity codes of Kopparty, Saraf and
Yekhanin (J. ACM, 2014), who showed how to use this lemma to construct high-rate locally-
decodable codes. However, the algorithmic results about these codes crucially rely on the fact that
the polynomials are evaluated on a vector space and not an arbitrary product set. In this work, an
algorithm to decode multivariate multiplicity codes of large multiplicities in polynomial time over
finite product sets (over fields of large characteristic and zero characteristic) was presented.
Previously such decoding algorithms were not known even for a positive fraction of errors. In
contrast, the new work goes all the way to the distance of the code and in particular exceeds both
the unique decoding bound and the Johnson bound. [Contact person: Prahladh Harsha]

COVID-19 Simulation

City-Scale Agent-Based Simulators for the Study of Non-pharmaceutical Interventions in
the Context of the COVID-19 Epidemic

This work highlighted the usefulness of city-scale agent-based simulators in studying various non-
pharmaceutical interventions to manage an evolving pandemic. This work is in the context of the
COVID-19 pandemic and demonstrates the power of the simulator via several exploratory case
studies in two metropolises, Bengaluru and Mumbai. Such tools may in time become a common-
place item in the tool kit of the administrative authorities of large cities. [Contact person: Prahladh
Harsha]

Complexity Theory

Improved Explicit Data Structures in the Bit-Probe Model using Error-Correcting Codes
Researchers considered the problem of storing sparse sets in memory so that membership queries
can be answered efficiently. Using a new approach for building decision trees using error
corrrecting codes, researchers presented new schemes for this data structure problem. [Contact
person: Jaikumar Radhakrishnan]

Algebraic Complexity Theory

On the Existence of Algebraically Natural Proofs

A recent thread in algebraic complexity has speculated on a potential barrier to proving strong
lower bound results. It was shown that if a certain strong derandomisation of the polynomial
identity testing problem existed, then a natural template for lower bound proofs is unlikely to
yield strong lower bounds. In this work, the researchers showed that such natural templates are
provably useful when restricting to polynomials with moderately-large coefficients. [Contact
person: Ramprasad Saptharishi]

If VNP is hard, then so are equations for it

One of the shortcomings of the previous work was that, eventhough ‘algebraic natural proofs’
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may exist for the class of small circuits, it was not clear if this would yield a separation between
the algebraic analogue of P and NP. In this work, it was shown that if the “permanent
polynomial” is believed to be hard, then any natural proof against VP is automatically a
separation between VP and VNP. In other words, if we believe that VNP is much harder than VP,
then there is a natural template that can exhibit this separation. [Contact person: Ramprasad
Saptharishi]

Quantum Information Theory

Inner bounds via simultaneous decoding in quantum network information theory

This work proved new inner bounds for several multiterminal channels with classical inputs and
quantum outputs. The inner bounds are all proved in the one-shot setting and are natural
analogues of the best classical inner bounds for the respective channels. For some of these
channels, similar quantum inner bounds were unknown even in the asymptotic independent and
identically distributed setting. The inner bounds were shown by appealing to a new classical—
quantum joint typicality lemma established in a companion work. This lemma allowed one to lift
to the quantum setting many inner bound proofs for classical multiterminal channels that use
intersections and unions of typical sets. [Contact person: Pranab Sen]

Unions, intersections and a one-shot quantum joint typicality lemma

A fundamental tool to prove inner bounds in classical network information theory is the
‘conditional joint typicality lemma’. In addition to the lemma, one often uses unions and
intersections of typical sets in the inner bound arguments. These arguments do not work in the
quantum setting. This bottleneck shows up in the fact that so-called ‘simultaneous decoders’, as
opposed to ‘successive cancellation decoders’, are known for very few channels in quantum
network information theory. This work overcomes the bottleneck by proving for the first time a
one-shot quantum joint typicality lemma with robust union and intersection properties. Two new
technical tools were developed. The first tool is a simple geometric idea called tilting, which
increases the angles between a family of subspaces in orthogonal directions. The second tool,
called smoothing and augmentation, is a way of perturbing a multipartite quantum state such that
the partial trace over any subset of registers does not increase the operator norm much. [Contact
person: Pranab Sen]

Cryptography

MUSE: Secure Inference Resilient to Malicious Clients

Researchers give a practically efficient protocol for the problem of private neural network
inference that is secure against malicious clients. It was demonstrated that many of the existing
protocols can be completely broken when the clients are allowed to deviate from the protocol
specification. On the other hand, the protocol remains secure even under such deviations.
Researchers implemented this protocol and demonstrated that it outperformed the existing
approaches to this problem by an order of magnitude. [Contact person: Akshayaram Srinivasan]

Multi-Source Non-Malleable Extractors and Applications

Researchers introduced a natural generalization of two-source non-malleable extractors called as
multi-source non-malleable extractors. Researchers give constructions of this object that is
provably secure against a large family of tampering functions. Applications of this tool was
shown in constructing non-malleable secret sharing and network extractor protocols. [Contact
person: Akshayaram Srinivasan]

Traceable Secret Sharing and Applications

Researchers introduce a problem called Traceable Secret Sharing. It combines aspects of traitor
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tracing in the context of secret sharing. Researchers define this problem formally and provide a
solution based on any two-party computation protocol. An application of this notion to traceable
delegation of computation was also provided. [Contact person: Akshayaram Srinivasan]

Three-Round Secure Multiparty Computation from Black-Box Two-Round OT Transfer
Researchers completely resolve the problem of the round-complexity of secure multiparty
computation that makes black-box use of a two-round oblivious transfer in the semi-honest
setting. In the malicious setting, researchers provide a near complete answer by constructing a
round-optimal protocol making black-box use of a two-round malicious secure oblivious transfer
that satisfies a mild form of adaptive security for the receiver. [Contact person: Akshayaram
Srinivasan]

Improved Computational Extractors and their Applications

Researchers provide constructions of computational two-source extractors in the CRS model that
have negligible error and work for poly logarithmic min-entropy. The construction is based on
sub-exponential hardness of the DDH assumption. Researchers provide applications to
constructing better extractors for adversarial sources and network extractor protocols in the CRS
model. [Contact person: Akshayaram Srinivasan]

On the Round Complexity of Black-Box Secure MPC

Researchers give the first five round, black-box multiparty computation protocol for computing
arbitrary functions in the plain model that is secure against a malicious adversary corrupting a
majority of the parties. [Contact person: Akshayaram Srinivasan]

Graph Algorithms

Popular Branchings and Their Dual Certificates

Let G be a digraph where every node has preferences over its incoming edges. The preferences of
a node extend naturally to preferences over branchings, i.e., directed forests; a branching B is
popular if B does not lose a head-to-head election (where nodes cast votes) against any branching.
The popular branching problem is to decide if G admits a popular branching or not. This work
gave a characterization of popular branchings in terms of dual certificates and used this
characterization to design an efficient combinatorial algorithm for the popular branching problem.
Popular branchings have applications in liquid democracy. When preferences are weak rankings,
this characterization was used to formulate the popular branching polytope in the original space.
When preferences are strict, it was shown that “approximately popular” branchings always exist.
[Contact person: T. Kavitha]

Popular Matchings with One-Sided Bias

Let G be a bipartite graph where one side consists of agents or main players and the other consists
of jobs or secondary players. Every vertex has a strict ranking of its neighbors. A matching M is
popular if for any matching N, the number of vertices that prefer M is at least the number that
prefer N. A matching M is A-popular if for any matching N, the number of agents that prefer M is
at least the number of agent that prefer N. There is a simple linear time algorithm to decide if G
admits an A-popular matching and compute one, if so. This work considered the problem of
deciding if G admits a matching that is both popular and A-popular and finding one, if so. Such
matchings were called fully popular. This work showed a linear time algorithm for the fully
popular matching problem. [Contact person: T. Kavitha]

Min-Cost Popular Matchings
Let G be a bipartite graph on n vertices where every vertex ranks its neighbors in a strict order of
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preference. The notion of optimality considered in this work was popularity. A matching M in G
is popular if there is no matching N such that vertices that prefer N outnumber those that prefer
M. Popular matchings always exist in G since every stable matching is popular. Thus, it is easy to
find a popular matching in G,— however, it is NP-hard to compute a min-cost popular matching in
G when there is a cost function on the edge set; moreover it is NP-hard to approximate this to any
multiplicative factor. An O*(2”n) algorithm to compute a min-cost popular matching in G follows
from known results. This work showed an algorithm with running time O*((1.19)"n) for this
problem. Furthermore, it showed an efficient bicriteria approximation algorithm for this problem.
[Contact person: T. Kavitha]

Scheduling

Multiple Server SRPT with Speed Scaling is Competitive

In this work, researchers answered the question: can the popular shortest remaining processing
time (SRPT) algorithm achieve a constant competitive ratio on multiple servers when server
speeds are adjustable (speed scaling) with respect to the flow time plus energy consumption
metric? This question has remained open for a while, where a negative result in the absence of
speed scaling is well known. Researchers showed that the answer is yes, and showed that the ratio
depends only on the power-usage function of the servers, but not on the number of jobs/servers or
the job sizes (unlike when speed scaling is not allowed). [Contact person: Rahul Vaze]

Network Speed Scaling

Speed scaling for a network of servers was considered. Jobs arrive at a source server, with a
specified destination server, and are defined to be complete once they are processed by all servers
on any feasible path between the source and the corresponding destination. Each server can be
operated at variable speed, increasing speed however comes at a cost of higher power/energy
consumption function The objective is to minimize the sum of the delay (summed across jobs)
and the energy consumed by all the servers. Near-optimal algorithms were derived for the speed
scaling problem with rigorous theoretical guarantees. [Contact person: Rahul Vaze]

Scheduling for Green Communication

Deadline Constrained Packet Scheduling in the Presence of an Energy Harvesting Jammer
Maintaining data communication in the presence of jammer nodes is an important feature required
in several modern wireless networks. In this work, researchers analyzed a three node system,
where a legitimate link between the transmitter and the receiver is adversarially affected by
independent Gaussian noise injected by a jammer. The transmitter is battery powered, and has
data arriving as packets. All the data need to be delivered to the receiver before a common
deadline. The transmitter’s goal is to accomplish this task using as minimum an energy as
possible, while the jammer’s objective is the opposite, viz. increase the transmitter’s energy as
much as possible by strategically injecting noise. Researchers considered a jammer node which
relies on dynamic energy harvesting sources to power its hardware. The adversarial interactions
were modeled by posing a min-max game between the transmitter and the jammer. Solving this,
researchers derived the equilibrium scheduling policies of the transmitter and the jammer for the
offline model, and presented an iterative algorithm to compute these policies. A constant
competitive ratio was shown when the last data packet does not arrive too early, and a significant
fraction of the jamming energy is harvested before this arrival. [Contact person: Rahul Vaze]
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Astroparticle Physics

Fast Flavor Depolarization of Supernova Neutrinos

Flavor-dependent neutrino emission is critical to the evolution of a supernova and its neutrino
signal. In the dense anisotropic interior of the star, neutrino-neutrino forward scattering can lead
to fast collective neutrino oscillations, which has striking consequences. A theory of fast flavor
depolarization was presented, explaining how neutrino flavor differences become smaller, i.c.,
depolarize, due to diffusion to smaller angular scales. Transverse relaxation determines the epoch
of this irreversible depolarization. A method was presented to compute the depolarized fluxes,
giving an explicit formula for simple initial conditions, which can be a crucial input for supernova
theory and neutrino phenomenology. [Contact person: Basudeb Dasgupta and Soumya
Bhattacharyya]

Low Mass Black Holes from Dark Core Collapse

Unusual masses of black holes being discovered by gravitational wave experiments pose
fundamental questions about the origin of these black holes. Black holes with masses smaller than
the Chandrasekhar limit ~1.4 M are essentially impossible to produce through stellar evolution.
A new channel for production of low mass black holes was proposed: stellar objects
catastrophically accrete nonannihilating dark matter, and the small dark core subsequently
collapses, eating up the host star and transmuting it into a black hole. The wide range of allowed
dark matter masses allows a smaller effective Chandrasekhar limit and thus smaller mass black
holes. Several avenues to test the proposal, focusing on the redshift dependence of the merger
rate, were presented. It was shown that redshift dependence of the merger rate can be used as a
probe of the transmuted origin of low mass black holes. [Contact person: Basudeb Dasgupta]

Astrophysics

Implications of the Lyman-a forest for 21-cm experiments such as the SKA

The Square Kilometer Array (SKA), in which TIFR has a significant involvement, is an epoch-
making experiment that is expected to unveil the first billion years of evolution of the universe.
The SKA works by detecting radiation with frequencies between 100-200 MHz. Doing
cosmological radio-astronomical measurements in this frequency range is challenging because of
foreground contribution by the Milky Way galaxy. In this work, researchers showed that the
optimum frequencies at which to do cosmological measurements might be higher than 200 MHz.
Using high-dynamic range cosmological simulations, researchers argued that the Lyman-a forest
data imply that the 21-cm power spectrum signal that will be targeted by the SKA is most likely
several orders of magnitude higher at frequencies greater than 200 MHz than what is traditionally
assumed. This is good news for SKA and other similar experiments because operating at higher
frequencies increases their chances of success. [Contact person: Girish Kulkarni]

Lya coupling and heating at cosmic dawn

The interaction between the hydrogen content of the universe and the Lya photons produced by
the first galaxies is a critically important physical process in the first billion years of the universe.
It is this process that results in an observable absorption feature in the radio spectrum of the
universe at around 70 MHz. The first sensational detection of this feature was announced in 2018
by the EDGES experiment. In this work, researchers presented a detailed analytical treatment of
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the Lya coupling and heating in the early universe. This study refuted recent claims that the
EDGES measurement ruled out strong Lya production. In fact, the researchers found that a strong
Lya production is necessary if the EDGES measurement is correct. This work also presents a
comprehensive comparison of all analytical treatments of the Lya coupling and heating
previously presented in the literature. [Contact person: Girish Kulkarni]

Prospects for observing the low-density cosmic web in Lya emission

Due to the ubiquitous presence of hydrogen in the universe and the associated Lya emission,
detecting Lya from diffuse filaments of hydrogen in the large scale cosmological structure is an
exciting prospect in astronomy. Such a detection has not been made yet, but, if made, it will allow
one to study the large-scale structure of the universe in an entirely novel way. This will enable the
study of theories of the geometry of the universe, the nature of gravity, and the astrophysics of the
formation and development of galaxies. In this work, predictions were presented for the Lya
emission from diffuse hydrogen filaments. Researchers also studied the prospects of detecting this
emission for current and future astronomical facilities. [Contact person: Girish Kulkarni]

The detectability of a 21-centimetre forest

Due to the expansion of the universe, the spectra of bright, distant object can often show a dense
network of absorption lines, called a ‘forest’. An example of this is the Lya forest, which has now
become the pre-eminent probe of the thermal state and the large-scale structure of the universe. In
2019, the researchers had pointed out that at redshifts of about 5 to 6 the universe should contain
large regions full of neutral hydrogen. In this work, the researchers studied the possibility of these
regions resulting in a 21-centimetre forest in the spectra of bright distance radio galaxies due to
the 21-centimetre absorption line of the intervening hydrogen distribution. It was shown that
while the presence of these regions would certainly increase the prospects of a detection, the
experiment continued to remain hard due to the overall faintness of the signal. [Contact person:
Girish Kulkarni]

Neutrino Astrophysics (Supernova Neutrinos)

Late Time Behavior of Fast Neutrino Oscillations

Researchers studied the fully nonlinear fast flavor evolution of a dense in-homogeneous and non-
stationary neutrino gas both analytically and also numerically. It was shown that such systems
after reaching extreme nonlinearity show steady state nature in time. In this limit, it was found
that the bloch vectors governing neutrino flavor evolution show a precession in space around a
common axis which further has a gyroscopic pendulum type of motion. Such flavor dynamics
allows a non-separable steady state solution in momentum and space. Moreover, systems with
zero lepton asymmetry show a fully decoherent behaviour among all the velocity modes whereas
in case of non-zero lepton asymmetry there is partial decoherence depending on the velocity
modes and also lepton asymmetry. The numerical analysis also suggests that the transverse
components of the bloch vector become uniformly randomized in space. [Contact person: Soumya
Bhattacharyya]

Fast Flavor Oscillations of Astrophysical Neutrinos with 1, 2, ..., oo Crossings

Researchers explored, analytically and numerically, how the initial growth of flavor instabilities
of a dense neutrino gas depends on the number of zero crossings in the neutrino angular
distribution. This is the first study in 2 spatial, ] momentum and 1 time dimensions, considering
monochromatic neutrinos moving with velocities constrained in a 2D plane. Researchers
developed new numerical techniques to solve the complicated transcendental equations governing
the dispersion relation. The analysis suggests that the radial and angular distribution of linear
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growth rate, the stability of the k=0 mode, overall linear growth, position the highest growing
fourier mode etc. have intimate connection with the lepton asymmetry, shapes of electron lepton
number (ELN) especially their symmetry structure etc. Apart from this, researchers found that
ELNs with large number of zero crossings lead to a relatively smaller growth rate, essentially
decreasing as 1/m where m is the number of crossings. [Contact person: Soumya Bhattacharyyal]

Cosmology

Non-thermal Sunyaev-Zeldovich Signals from Radio Galaxies

Energetic electrons in the lobes of radio galaxies make them potential sources for not only radio
and X-rays but also Sunyaev-Zeldovich (SZ) distortions in the cosmic microwave background
(CMB) radiation. In this regard, the first ever full non-thermal treatment of radio galaxy SZ effect
were made using an improved evolutionary model for radio galaxy lobes, taking into account
observed and theoretical parameters of interests. It was shown that for current SZ observations
towards galaxy clusters, the non-thermal SZ from radio lobes within galaxy clusters to be non-
negligible compared to the thermal SZ distortion from the intracluster-medium and, hence, crucial
for SZ clusters cosmology. It was also shown that small and young radio galaxies offer better
prospects for the detection of the non-thermal SZ signal. Moreoever, for the first time, limits on
the low energy cut-off of electron spectrum was obtained thus explaining the first non-thermal SZ
detection. [Contact person: Subhabrata Majumdar]

First constraints on non-thermal high energy neutrino injection upto z ~ 10*8 from CMB
spectral distortions and abundance of light elements

High energy neutrinos and anti-neutrinos (> 100GeV) can inject energetic electromagnetic
particles into the baryon-photon plasma in the high redshift universe through electroweak showers
from electroweak bremsstrahlung, inelastic scattering with the background electrons and
nucleons, and by pair-production of standard model particles on background neutrinos and anti-
neutrinos. The particle cascades of high energy non-thermal neutrinos injections were evolved,
using dark matter decay as a specific example, including relevant collision processes of these
neutrinos with the background particles and taking into account the expansion of the universe.
The effect of these non-thermal neutrino injections on the CMB spectral shape and abundance of
light elements produced in the big bang nucleosynthesis was studied. It was shown that the CMB
spectral distortions and abundance of light elements can constrain neutrino energy density at the
recombination, parameterized as contribution to Neff, from high energy neutrino injection. These
constraints are stronger by several orders of magnitudes compared to the CMB anisotropy
constraints. It was also shown that CMB spectral distortions can probe neutrino injections to
significantly higher redshifts (z > 2 x 1076) as compared to pure electromagnetic energy injection.
[Contact person: Rishi Khatri]

Prospects of observing the Epoch of Reionization in the 21cm Signal of Neutral Hydrogen

First stars and galaxies that formed in the first billion years of the Universe ionized the neutral
hydrogen (HI) gas due to the emission of ultraviolet radiation. The 21cm radiation, originating
from HI, is a promising probe to study this epoch of reionization (EoR). Another excellent probe
is the absorption of Lyman-alpha photons from the spectra of distance Quasars by HI. Recent
observations of Lyman-alpha absorption troughs suggest that the reionization took place later than
previously expected. In this work, the researchers have explored the effect of late reionization on
the prospects of observing the 2lcm signal from EoR using ongoing and upcoming radio
interferometric projects. Using large radiation transfer simulations, it was shown that due to the
late end of EoR, the 21cm signal is expected to be large at higher frequencies and it is detectable
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by SKA1-LOW and HERA telescopes in 1000 hours of observation. [Contact person: Janakee
Raste]

Lyman-alpha coupling and heating at Cosmic Dawn

A recent literature claimed that a strong Lyman alpha background is ruled out in light of the
observation of 21-cm signal made by the Experiment to Detect the Epoch of reionization Signal
(EDGES, 2018). Researchers revisited the previous literature argument and found that a strong
Lyman alpha background is NOT ruled out and is in fact necessary, although not sufficient, in
order to match the theoretical expectation of the 21-cm signal with that of the experimental result.
The study highlighted the reason for this discrepancy by identifying the shortcomings in the
mathematical expression of Lyman alpha heating used by the previous literature. [Contact person:
Shikhar Mittal]

Condensed Matter Theory

Quantum half-orphans in frustrated antiferromagnets

Elementary magnetic moments in nature are quantized at half-integer values if measured in
‘natural’ units. The work revealed that spatially-extended patterns of magnetic polarization,
seeded by non-magnetic impurities in a class of magnetic materials with competing interactions
between magnetic ions, can behave like emergent magnetic moments with fractional values of
spin. [Contact person: Kedar Damle]

Theoretical Condensed Matter Physics

PT-Symmetric Effective Model for Nonequilibrium Phase Transitions in a Dissipative
Fermionic Mott Insulator Chain

Nonequilibrium phase transitions in open dissipative systems can be described as instabilities in
the spectra and wavefunctions of effective non-Hermitian Hamiltonians invariant under
simultaneous parity (P) and time-reversal (T) transformations. The degree of non-Hermiticity
reflects the strength of the external drive and dissipation, and the transition is described as a loss
of the PT symmetry of the solutions corresponding to stationary low-drive dynamics. This
approach has been successfully applied to spin, superconducting, and Mott insulator systems.
However, the microscopic foundations for the employed phenomenological models were lacking,
which limited the utility of these descriptions. Here a microscopic mechanism was developed
leading to a PT-symmetric effective model in the context of the nonequilibrium Mott transition in
a dissipative Hubbard chain subjected to a uniform electric field. Dissipation was introduced via
a specific microscopic mechanism - electron-phonon coupling. Analyzing the implications of
microscopic model, a re-entrant Mott insulator was found with increasing electric field for phonon
density of states that increased slower than the square of the energy. [Contact person: Vikram
Tripathi]

Kitaev quasiparticles in a proximate spin liquid: A many-body localization perspective

Quantum spin liquids are systems of interacting spins that do not magnetically order even at
absolute zero. However, they are not necessarily ordinary paramagnets -- it is here that we may
see, even in table-top setups, highly unusual and unexpected phenomena. The spin-1/2
honeycomb lattice Kitaev model provides a very appealing playground in this context. It exhibits
fractionization of the localized spin-1/2 degrees of freedom into free Majorana fermions and
vortex-like anyonic excitations. This work addresses the problem of the stability of Kitaev
quasiparticles in realistic situations where the presence of competing spin interactions results in a
magnetically ordered ground state. A new approach, of mapping it to one of many-body
localization in the Fock space, was introduced. Finite temperature calculations show that a vison
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gap, and a nonzero plaquette Wilson loop at low temperatures, both characteristic of the
deconfined Kitaev spin liquid phase, persist far into the neighboring phase that has a concomitant
stripy spin-density wave (SDW) order. The key experimental implication for Kitaev materials is
that below a characteristic energy scale, unrelated to the SDW ordering, Kitaev quasiparticles are
stable. [Contact person: Vikram Tripathi]

Superconductor-like effects in an ac-driven normal Mott-insulating quantum dot array

A number of studies have recently proposed a novel route to eta-pairing superconductivity
(originally proposed by C. N. Yang as a metastable state of the half-filled fermionic Hubbard
chain) through optical creation of doublons in Mott insulating Hubbard models. Here an AC
driven Mott insulator, a normal quantum dot array, was studied using an analytical Keldysh field
theory approach. In this model, doublon formation, an artifact of the Hubbard model, is absent by
construction. The nonequilibrium steady state at high frequencies was found to strikingly
resemble the eta-pairing phase of a superconducting Josephson array. However it was also found
that Shapiro steps — a key signature of supercurrents — were completely absent, which casts doubts
on the optical excitation route to eta-pairing superconductivity. [Contact person: Vikram Tripathi]

Statistical Physics

Thermodynamic potential for nonequlibrium states

A challenging problem in statistical mechanics is to extend the basic equilibrium concepts like
state variables, thermodynamic potentials, etc. for systems outside equilibrium. In this work,
based on an exact theoretical analysis of a famous transport model, an analog of thermodynamic
potential was derived for its non-equilibrium steady state. Similar to the Landau free energy, this
potential characterizes macroscopic fluctuations and it is robust against variations of coupling
with external bath. These exact results are obtained using a mathematical theory of large
deviations formally developed in an earlier work by the same researchers. This work solves a
challenging technical problem for an interacting many-body system with relations to an open
quantum spin chain. [Contact person: Tridib Sadhu]

Stochastic Process

A field theoretical approach for fractional Brownian motion

Fractional Brownian motion is a fundamental stochastic process introduced by Mandelbrot as a
generalization of the standard Brownian motion to account for anomalous diffusion. In spite of its
importance and several decades of interest in both the mathematics and physics community, very
few exact results are known for this process. The difficulty is primarily due to the long-range
correlation in time, which makes the process non-Markovian. In this rather lengthy and detailed
work, a field theoretical approach is presented to systematically analyze statistics of arbitrary
observables of the process. As concrete examples, multiple observables were studied whose
analogs for standard Brownian motion are well known. These exact results were tested using
computer simulation which itself is nontrivial due to long-term memory in the process. This
theoretical approach presented is promising to find the generalization of other celebrated results
of Brownian motion for fractional Brownian motion. [Contact person: Tridib Sadhu]

Condensed Matter Theory

Entanglement entropy of fermions from Wigner functions: Excited states and open
quantum systems

Researchers derived a novel analytical formulation to study entanglement entropy (EE) in
fermionic systems using Wigner Characteristics. The latter is identified with a Keldysh partition
function with appropriate delta function sources. Using this researchers are able to study
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dynamics of EE in a non-interacting open quantum system starting from arbitrary Fock state
initial conditions. The researchers are able to show clear imprints of the underlying processes on
EE and Mutual Information evolution [Contact person: Saranyo Moitra]

High Energy Physics

Predicting lepton universality violating observables in scenarios beyond the Standard Model
The lepton flavor universality violating measurements in B meson decays can be accounted for in
non-universal Z' models. Researchers constrained the couplings of these Z' models by performing
a global fit to available measurements, and calculated their possible implications for specific
observables that will be measured in future experiments. Researchers pointed out observables that
will be affected by the non-universality of this new Z' boson, and hence will indicate its presence.
[Contact person: Amol Dighe]

The role of non-universal Z couplings to explain the Cabibbo Angle Anomaly

The tension among measurements of the quark mixing parameter Vus from different channels, the
so-called Cabibbo Angle Anomaly, can be interpreted as a signal of lepton flavor universality
(LFU) violation in W boson couplings. This issue was investigated in the framework of effective
field theory, keeping the gauge structure of the Standard Model (SM) unchanged. Gauge-invariant
dimension-6 effective operators that couple the Higgs doublet to leptons have been previously
introduced, which give non-universal tree-level contributions to the couplings of electroweak
gauge bosons. However, due to the electroweak gauge symmetry, a tension arises between the
Vus measurements that are affected by new W couplings, and the electroweak precision
measurements, which are also affected by the new Z couplings. This work showed that this
tension can be alleviated by allowing additional sources of gauge-invariant couplings of Z boson
to left- or right-handed leptons, and found the optimal regions indicated by the current data in the
Wilson-coefficient space. The model-independent results were illustrated with the examples of
minimal extensions of the SM involving the vector-like lepton (VLL) models. It was pointed out
that it is not possible for these minimal extensions to affect the decay rate of Higgs to two tau
leptons by more than a per cent. [Contact person: Amol Dighe]

First principles study of exotic subatomic particles

Quantum chromodynamics, the theory of strong-interactions, allows the existence of subatomic
particles beyond the conventional mesons and baryons. Lattice QCD calculations provide an
unique first principles method to study those exotics subatomic particles, from revealing their
existence to deciphering their structures, and hence can provide crucial information on strong
interactions at multiple scales. Researchers are pursuing such a study and have made substantial
contributions on tetraquarks, pentaquarks, heaxaquarks, glueball and hybrids states. The recent
works have predicted the existence of doubly heavy tetraquarks and hexaquarks states and have
provided crucial information on their energy spectra as well as binding energies to facilitate their
searches at various high energy laboratories. Further, an ongoing study also indicates the presence
of bottom-charmed tetraquarks and for that one needs to input a large set of relativistic
interpolating operators where charm quarks are also relativistic. [Contact person: Nilmani
Mathur]

An empirical model on the dynamics of Covid-19 spread in human population

Researchers proposed a mathematical model to analyze the time evolution of the total number of
infected population with Covid-19 disease at a region in the ongoing pandemic. Using the
available data of Covid-19 infected population on various countries researchers formulated a
model which can successfully track the time evolution from early days to the saturation period in
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a given wave of this infectious disease. It involves a set of effective parameters, which can be
extracted from the available data. Using those parameters the future trajectories of the disease
spread can also be projected. A set of differential equations is also proposed whose solutions are
these time evolution trajectories. [Contact person: Nilmani Mathur]

Neutrino Physics

From oscillation dip to oscillation valley in atmospheric neutrino experiments

Atmospheric neutrino experiments can show the “oscillation dip” feature in data, due to their
sensitivity over a large L/E range. In experiments that can distinguish between neutrinos and
antineutrinos, oscillation dips can be observed in both these channels separately. Further, it was
pointed out for the first time that it is possible to reconstruct the “oscillation valley” feature in the
reconstructed (Ep, cos 0u) plane at detectors like ICAL having excellent muon energy and
direction resolutions. This two-dimensional valley would offer a clear visual representation and
test of the L/E dependence, the alignment of the valley quantifying the atmospheric mass-squared
difference. Detailed exploration of the oscillation dip and valley features would provide a new
way of analyzing neutrino data, and probing neutrino properties. [Contact person: Amol Dighe]

Particle Physics

Soft displaced leptons at the LHC

Soft displaced leptons are representative collider signatures of compressed dark sectors with
feeble couplings to the standard model. Prime targets are dark matter scenarios where co-
scattering or co-annihilation sets the relic abundance upon freeze-out. At the LHC, searches for
soft displaced leptons are challenged by a large background from hadron or tau lepton decays.
This work presented an analysis tailored for displaced leptons with a low transverse momentum
threshold at 20 GeV. The study uses a neural network and comprehensive analysis of the event
kinematics including a study of the expected detection efficiencies and backgrounds at small
momenta. Results show that weak-scale particles decaying into soft leptons with decay lengths
between 1mm and 1m can be probed with LHC Run 2 data. [Contact person: Nishita Desai]

String Theory

Novel holographic interpretation of quantum entanglement in gravitational backgrounds
Entanglement entropy (EE) in a quantum field theory (QFT) between spatial subregions is an
important characteristic of the QFT as well as its state. If the QFT has a bulk dual a 1a AdS/CFT
correspondence, the EE of the boundary theory can be computed in terms of the area of an
extremal surface in the bulk geometry. In the present work, the reverse question was asked: given
a spatial subregion of the bulk geometry, how does one understand its quantum entanglement in
terms of the boundary theory? The main example of bulk geometry considered in this work was
that of DO branes (which are pointlike solitonic objects in string theory); the boundary theory was
quantum mechanics with no space. It was proposed that the holographic counterpart of bulk EE
was that for an appropriate subregion of the target space, or configuration space. Some
calculations were performed for planar subregions. The proposal was tested for the c=1 matrix
quantum mechanics model. [Contact person: Gautam Mandal]

Gauge invariant formulation of target space quantum entanglement

In an earlier work, a target space entanglement entropy (EE) was proposed as the holographic
counterpart of EE of planar subregions in the bulk; calculations of the target space EE were
performed in the boundary theory in a particular gauge, which were tied to the choice of the
planar subregion in the bulk. In this work, target space EE is defined in a gauge-invariant manner.
This allowed one to generalize to spatial subregions defined by codimension 1 boundaries of

168



arbitrary shapes. The procedure involved interpreting classical equations of bulk surfaces in terms
of operator equations in the target space of the boundary theory. It was shown explicitly how to
do this for spherical regions. [Contact person: Gautam Mandal]

String Theory/Quantum Field Theory/Gravity

Classifying Classical Gravitational S-Matrices

The space of all kinematically allowed four photon and four graviton S-matrices, polynomial in
scattering momenta, was studied. It was demonstrated that this space is the permutation invariant
sector of a module over the ring of polynomials of the Mandelstam invariants s, t and u. These
modules were constructed for every value of the spacetime dimension D. The most general four
photon and four graviton S-matrix at any given derivative order were explicitly counted and
constructed. The local Lagrangians that give rise to these S-matrices were also counted. It was
conjectured that the Regge growth of S-matrices in all physically acceptable classical theories is
bounded by s at fixed t. It was demonstrated that a four parameter subset of the polynomial
photon S-matrices constructed above satisfies this Regge criterion. For gravitons, on the other
hand, it was demonstrated that no polynomial addition to the Einstein S-matrix obeys this bound
for D less than or equal to < 6. For D >greater than or equal to 7, it was demonstrated that there
exists a single six derivative polynomial Lagrangian consistent with the conjectured Regge
growth bound. The conjectured bound on Regge growth thus implies that the Einstein four
graviton S-matrix does not admit any physically acceptable polynomial modifications for D < less
than or equal to six. A similar result also holds for pole exchange contributions to graviton
scattering. [Contact person: Shiraz Minwalla]

Fermi seas from Bose condensates in Chern-Simons matter theories and a bosonic exclusion
principle

Previously obtained results for the (all orders in the 't Hooft coupling) thermal free energy of
bosonic and fermionic large N Chern-Simons theories with fundamental matter were generalized
to values of the chemical potential larger than quasiparticle thermal masses. Building on an
analysis by Geracie, Goykhman and Son, a simple explicit formula for the occupation number for
a quasiparticle state of any given energy and charge as a function of the temperature and chemical
potential was presented. This formula is a generalization to finite ’t Hooft coupling of the famous
occupation number formula of Bose-Einstein statistics, and implies an exclusion principle for
Chern-Simons coupled bosons: the total number of bosons occupying any particular state cannot
exceed the Chern-Simons level. The phase diagrams of these theories as a function of chemical
potential and the UV parameters were constructed. It was demonstrated that, at large enough
chemical potential, all the bosonic theories studied transit into a compressible Bose condensed
phase in which the runaway instability of free Bose condensates is stabilized by the bosonic
exclusion principle. This novel Bose condensate is dual to — and reproduces the thermodynamics
of — the fermionic Fermi sea. [Contact person: Shiraz Minwalla]

Bounds on Regge growth of flat space scattering from bounds on chaos

The four-point functions of scalars, conserved currents, and stress tensors in a conformal field
theory, generated by a local contact term in the bulk dual description, was studied in two different
causal configurations. The first of these is the standard Regge configuration in which the chaos
bound applies. The second is the ‘causally scattering configuration’ in which the correlator
develops a bulk point singularity. An expression for the coefficient of the bulk point singularity in
terms of the bulk S matrix of the bulk dual metric, gauge fields and scalars was found, and it was
used to determine the Regge scaling of the correlator on the causally scattering sheet in terms of
the Regge growth of this S matrix. It was then demonstrated that the Regge scaling on this sheet is

169



governed by the same power as in the standard Regge configuration, and so is constrained by the
chaos bound, which turned out to be violated unless the bulk flat space S matrix grows no faster
than s"{2} in the Regge limit. It follows that in the context of the AdS/CFT correspondence, the
chaos bound applied to the boundary field theory implies that the S matrices of the dual bulk
scalars, gauge fields, and gravitons obey the Classical Regge Growth (CRG) conjecture. [Contact
person: Shiraz Minwalla]

String Theory, Mathematical Physics, Gravitation, Fluid Dynamics

Near-Extremal Fluid Mechanics

A detailed analysis of four-dimensional near-extremal black brane configurations in
asymptotically anti-de Sitter spacetime was carried out. A new low-temperature limit was
considered where the rate of variation is much slower than the chemical potential, but much
bigger than the temperature — in contrast with conventional fluid mechanics in which the rate of
variation is the smallest energy scale. In the new limit too, the Einstein-Maxwell equations could
be solved in a systematic perturbative expansion. At first order in derivative expansion, the
constitutive relations for the charged fluid were seen to be local in the boundary theory. At higher
orders, it was shown that these relations become non-local in time but the perturbative expansion
remains valid. Four linearised modes, similar to hydrodynamic modes, were found in this limit.
Linearised time-independent perturbations, which arose in the presence of external boundary
driving forces and showed attractor behaviour, were also studied. [Contact person: Upamanyu
Moitra]

Strong Cosmic Censorship in Two Dimensions

The strong cosmic censorship conjecture was formulated to save the deterministic nature of
general relativity. One factor common between some black holes that appeared to violate the
conjecture in recent studies is that they were all near extremality. Near-extremal black holes often
have a near-horizon AdS2 (two dimensional antide Sitter spacetime) factor. In this work, the
behaviour of a scalar field in an AdS2 black hole spacetime was studied. Owing to some
remarkable properties of the AdS2 black hole which is not shared by its higher dimensional
counterparts, the scalar field with smooth initial data on the appropriate hypersurfaces was found
infinitely differentiable on the Cauchy horizon. The scalar field remains smooth irrespective of
the value of its mass — this shows, therefore, a stronger violation of the conjecture as compared to
the recent observations. This work clarified why near-extremal black holes could violate the
conjecture. [Contact person: Upamanyu Moitra]

Department of Astronomy and Astrophysics

Solar Physics

Turbulence in the Sun is suppressed on large scales and confined to equatorial regions

Convection in the Sun’s outer envelope generates turbulence and drives differential rotation,
meridional circulation, and the global magnetic cycle. Researchers developed a greater
understanding of these processes by contrasting observations with simulations of global
convection. Here, researchers inferred toroidal flow power as a function of wave number,
frequency, and depth in the solar interior through helioseismic analyses of space-based
observations. The inferred flows grow with spatial wave number and temporal frequency and are
confined to low latitudes, supporting the argument that rotation induces systematic differences
between the poles and equator. In contrast, the simulations used here show the opposite trends —
power diminishing with increasing wave number and frequency while flow amplitudes become
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weakest at low latitudes. These differences highlight gaps in our understanding of solar
convection and point to challenges ahead. [Contact person: Shravan Hanasoge]

Solar wind prediction using Deep Learning

Emanating from the base of the Sun’s corona, the solar wind fills the interplanetary medium with
a magnetized stream of charged particles whose interaction with the Earth’s magnetosphere has
space weather consequences such as geomagnetic storms. Researchers used deep learning to
predict of solar wind properties. Extreme ultraviolet images of the solar corona from space-based
observations were used to predict the speed from the NASA OMNIWEB data set. Researchers
evaluated the model against autoregressive and naive models and found that the model
outperforms the benchmark models, obtaining a best-fit correlation of 0.55 + 0.03 with the
observed data. Upon visualization and investigation of how the model uses data to make
predictions, researchers found higher activation at the coronal holes for fast wind prediction (3 to
4 days prior), and at active regions for slow wind prediction. These trends bear similarity to the
influence of regions being the sources of fast and slow wind. [Contact person: Shravan Hanasoge]

Application and interpretation of deep learning for identifying pre-emergence magnetic
field patterns

Magnetic flux generated within the solar interior emerges to the surface, forming active regions
(ARs) and sunspots. Researchers presented a first analysis of data from Solar Dynamics
Observatory/Helioseismic Emerging Active Regions dataset using deep convolutional neural
networks (CNN) to characterize pre-emergence surface magnetic field properties. The trained
CNN classifies between pre-emergence line-of-sight magnetograms and a control set of
nonemergence magnetograms with a true skill statistic (TSS) score of approximately 85% about 3
hr prior to emergence and approximately 40% about 24 hr prior to emergence. The results are
better than a baseline classification TSS obtained using discriminant analysis (DA) of only the
unsigned magnetic flux, although a multivariable DA produces TSS values consistent with the
CNN. [Contact persons: Dattaraj Dhuri and Shravan Hanasoge]

Quantum Gravity

Dark energy as a large scale quantum gravitational phenomenon

In the recently proposed theory of ‘spontaneous quantum gravity’ the universe is made of ‘atoms’
of space-time-matter. Planck scale foam is made of such atoms, with Planck length as their
associated Compton wavelength. The quantum dispersion and accompanying spontaneous
localisation of these atoms amounts to a cancellation of the enormous curvature on Planck length
scales. However, an effective dark energy term arises in the Finstein equations, of the order
required by current observations on cosmological scales. This happens if researchers propose an
extremely light particle having a mass of about forty-two orders of magnitude lighter than the
proton. Their net effect on space-time geometry is equivalent to dark energy, this being a low
energy quantum gravitational phenomenon. In this sense the observed dark energy constitutes
evidence for quantum gravity. [Contact person: Tejinder P. Singh]

Trace dynamics and division algebras: towards quantum gravity and unification

There must exist a formulation of quantum theory, which does not depend on classical time.
Researchers have proposed a pre-quantum, pre-spacetime theory as a matrix-valued Lagrangian
dynamics, for gravity, Yang-Mills fields and fermions. The correct understanding of spin in this
theory compels researchers to formulate the theory in eight-dimensional octonionic space-time.
The automorphisms of the octonion algebra replace space-time diffeomorphisms and internal
gauge transformations, bringing them under a common unified fold. The symmetry group of the
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theory is the unification of the standard model with the Lorentz symmetry. Researchers derived
the asymptotic low-energy value 1/137 of the fine structure constant from first principles, and
predicted the existence of the universally interacting spin one Lorentz bosons, which replace the
hypothesised graviton. Researchers showed that gravity is not to be quantised, but is an emergent
four dimensional classical phenomenon, precipitated by the spontaneous localisation of highly
entangled fermions. [Contact person: Tejinder P. Singh]

Trace dynamics and a ground state in spontaneous quantum gravity

Researchers had recently proposed a Lagrangian in trace dynamics, to describe the unification of
Yang-Mills fields, gravity and fermions, at the Planck scale. As a result of a global unitary
invariance, the theory possesses a novel conserved charge. Researchers derived an eigenvalue
equation, analogous to the Schrodinger equation, for the Hamiltonian of the theory. It was shown
that in the emergent theory, the energy eigenvalues are characterised in terms of a fundamental
frequency times Planck’s constant. The eigenvalues of this equation can in principle determine the
parameters of the standard model. A ground state was found which describes a non-singular
epoch in quantum cosmology. [Contact person: Tejinder P. Singh]

Astronomy and Astrophysics

Distinguishing black holes and neutron stars

A black hole is an exotic physical object without a hard surface predicted by Einstein’s theory of
General Relativity. Although it does not have a surface, it is confined within an invisible
boundary, called an event horizon, from within which nothing, not even light, can escape.
Definitive proof of the existence of such objects without hard surface is a holy grail of modern
physics and astronomy. It is particularly important to find a signature of event horizon from
accreting stellar-mass black holes. Researchers reported a method based on a huge sample of
satellite X-ray spectra from a large sample of accreting black hole candidates and neutron stars,
and distinguished these two populations with an extremely high significance. Thus, they reported
by far the most significant detection of the imprint of the event horizon on the X-ray spectra for
stable stellar-mass black holes. [Contact persons: Srimanta Banerjee and Sudip Bhattacharyya]

Continuous gravitational waves from a pulsar

Gravitational waves, which are ripples in spacetime, have recently provided a new window to the
universe. However, so far continuous gravitational waves have not been detected. A slightly
deformed pulsar should emit such continuous waves, which may not be detected with the current
instruments. However, a way to indirectly infer such waves and to measure this deformation is to
estimate the contribution of the waves to the spin-down rate of the pulsar, which was not possible
till now. PSR J1023+0038 is a unique pulsar for this purpose, because two spin-down rates, in the
phase of mass transfer from the companion star and in the phase when there is no mass transfer,
were measured for it. Using these values, and primarily a fundamental principle of physics, that is
the conservation of angular momentum, researchers inferred continuous gravitational. [Contact
person: Sudip Bhattacharyya]

New understanding of neutron star spin evolution

Researchers found that the neutron star spin frequency can evolve in two distinctly different
modes, as the spin frequency may approach a lower spin equilibrium value for persistent
accretion, and may approach a higher effective spin equilibrium value for transient accretion.
Researchers also found that, contrary to what had been suggested, a fast or sudden decrease of the
average accretion rate to zero in the last part of the accretion phase is not essential for the genesis
of spin-powered millisecond pulsars. The findings implied that the traditional way of spin
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evolution computation is inadequate in most cases. Crucial physical effects were reported which
must be considered to understand the neutron star spin evolution. [Sudip Bhattacharyyal]

Science Observations with TIFR-ARIES Near Infrared Spectrometer (TANSPEC) on 3.6-m
DOT

Researchers have developed a Near Infrared Spectrograph (TANSPEC: TIFR-ARIES Near
Infrared Spectrometer), as a collaboration project between TIFR, ARIES, Nainital, and MKIR,
Hawaii, to be used on the main port of the 3.6-m Devasthal Optical Telescope (DOT), India's
largest aperture telescope. The TANSPEC is currently being commissioned on the DOT and is
also available for science observations for Indian and Belgian astronomers from October 2020
(DOT Cyclel) through peer-reviewed proposal processes. The performance of the TANSPEC on
the 3.6-m DOT is found to be consistent with the expectations. The TANSPEC is a unique
spectrometer which provides simultaneous wavelength coverage from 0.55 micron (Optical) to
2.54 micron (NIR) with a resolving power of R ~2750 at 2.2 micron. [Contact person: D. K. Ojha]

Science Observations with TIFR Near Infrared Imaging Camera-I1 (TIRCAM?2) on 3.6-m
DOT

TIRCAM?2 was proposed to be used on one of the side ports of the 3.6-m Devasthal Optical
Telescope (DOT) for regular science observations. It was successfully tested on one of the side
ports of the largest Indian telescope, DOT, in collaboration with ARIES, Nainital. The first light
from this port was seen on May 4, 2020. This achievement is significant since the efficiency of
the telescope will drastically increase with two instruments being available for near simultaneous
observations during any particular night. TIRCAM?2 is available for science observations for
Indian and Belgian astronomers from October 2020 (DOT Cycle 1) through peer-reviewed
proposal processes. It is noteworthy to mention that TIRCAM?2 is the only instrument of its kind
in India which is sensitive up to 3.8 micron and is ideal for the imaging of astrophysical sources at
wavelengths longer than 2 micron (e.g. PAH band). [Contact person: D. K. Ojha]

New insights into the formation of the most massive stars in our Galaxy

Massive stars are astronomical objects having masses greater than 8 Msun, which is the threshold
necessary for a star to evolve into a supernova. The physical process concerning the birth of
massive stars (> 8 Msun) is one of the outstanding problems in astrophysics since they are
extremely influential in galaxy evolution through their energetics. It is still unclear whether the
formation mechanism of a massive star is a scaled-up version that produces low-mass stars like
our Sun or if it is a fundamentally different process. In recent years, two large-scale theories are
the points of interest because of their growing evidence for the formation of massive stars —
collision between molecular clouds, and accretion through parsec-scale filaments. However, the
investigation of observational signatures of these processes is very challenging. Researchers
presented some important observational findings, which provide new insights into the formation
of the most massive stars. [Contact person: D. K. Ojha]

In search of radio emission from exoplanets: GMRT observations of the binary system HD
41004

This work reported GMRT observations of the binary system HD 41004 that are among the
deepest images ever obtained at 150 and 400 MHz in the search of radio emission from
exoplanets. Analogous to planets in our solars system that emit at radio wavelengths due to their
strong magnetic fields, one or both of the planet or brown dwarf in the HD 41004 binary system
are also thought to be sources of radio emisison. Various models predict HD 41004Bb to have one
of the strongest radio emitter at 150 MHz. From the GMRT observations, researchers did not
detect radio emission, but set 3-sigma limits of 1.8 mJy at 150 MHz and 0.12 mJy at 400 MHz.
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Researchers discussed some of the possible reasons why no radio emission was detected from HD
41004 system. [Contact person: Manoj Puravankara]

Host star metallicity of directly imaged wide-orbit planets: implications for planet
formation

Directly imaged planets (DIPs) are self-luminous companions of young stars. They reside in
wider orbits (10-1000 au) and generally are more massive compared to the close-in (< 10 au)
planets. Determining the host star properties of these outstretched planetary systems is important
to understand and discern various planet formation and evolution scenarios. Researchers
determined the stellar parameters and metallicity ([Fe/H]) for a subsample of 18 DIPs using
Bayesian analysis in a uniform and consistent way. The analysis showed that metallicities of stars
hosting DIPs are close to solar values. The large scatter in metallicity suggests that a metal-rich
environment may not be necessary to form massive planets at large orbital distances. The analysis
showed that the planet mass-host star metallicity relation for the DIPs is very similar to that found
for the short-period (< 1 yr) super-Jupiters and brown dwarfs around main-sequence stars.
[Contact person: Manoj Puravankara]

An HST Survey of Protostellar Outflow Cavities: Does Feedback Clear Envelopes?
Researchers studied protostellar envelope and outflow evolution using Hubble Space Telescope
NICMOS or WFC3 images of 304 protostars in the Orion molecular clouds. These near-IR
images resolve structures in the envelopes delineated by the scattered light of the central
protostars with 80 au resolution. Based on their 1.60 pm morphologies, researchers classified the
protostars into five categories: nondetections, point sources without nebulosity, bipolar cavity
sources, unipolar cavity sources, and irregulars. Researchers found that point sources without
associated nebulosity are the most numerous, and showed through monochromatic Monte Carlo
radiative transfer modeling that this morphology occurs when protostars are observed at low
inclinations or have low envelope densities. Researchers conclude that the decline of mass infall
with time cannot be explained by the progressive clearing of envelopes by growing outflow
cavities. Furthermore, the low star formation efficiency inferred for molecular cores cannot be
explained by envelope clearing alone. [Contact person: Manoj Puravankara]

Study of Stellar Feedback in Regions of Massive Star Formation using SOFIA

Feedback of massive stars on their environment regulates the physical conditions and sets the
emission characteristics in the interstellar medium (ISM), influences the star formation activity
through molecular cloud dissolution and compression processes, and drives the evolution of the
ISM in galaxies. A combination of spectral lines due to fine-structure transitions of singly ionized
C+ at 158 micron and neutral oxygen atom at 63 and 145 micron is ideal for the study of the
physical properties and kinematics of gas in the interstellar space that is impacted by the massive
stars. A legacy program named ‘FEEDBACK’, dedicated to the study of the interaction of
massive stars with their environment has recently been initiated using the Stratospheric
Observatory for Infrared Astronomy (SOFIA). The primary aim is to understand the dynamics in
regions dominated by different feedback processes from massive stars such as stellar winds,
thermal expansion, and radiation pressure, and to quantify the mechanical energy injection and
radiative heating efficiency. The source sample spans a broad range in stellar characteristics from
single OB stars, to small groups of O stars, to rich young stellar clusters, to mini starburst
complexes. [Contact person: Bhaswati Mookerjea]

[C II] and CO Kinematics across the Spiral Arms of the Galaxy M51
The standard picture of the phases of the ISM in spiral galaxies posits that giant molecular clouds
(GMCs) are assembled in the spiral arm shocks from diffuse interarm H I gas, and then
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photodissociated back into the atomic phase by OB star formation within the spiral arms. The first
complete, velocity-resolved image of the fine-structure emission of C+ at 158 micron from M51,
the grand-design spiral galaxy was observed using the Stratospheric Observatory for Infrared
Astronomy. The spectral lines of C+, neutral hydrogen and 12CO were used to trace the ionized,
neutral atomic and diffuse molecular gas in the ISM. Strong velocity gradients were observed in
all tracers at the locations of the stellar arms with a clear offset in position — velocity space
between upstream molecular gas (traced by 12CO) and downstream star formation (traced by [C
I1]), which is consistent with the presence of shocks in the spiral arms in the inner parts of M51
and in the arm connecting the companion galaxy, M51b, in the outer parts of M51. [Contact
person: Bhaswati Mookerjea]

Observations of the Predicted Eddington Flare from Blazar OJ 28

The bright blazar OJ 287 — an active galaxy with a jet pointing straight at us — is the most
promising candidate for harboring a massive black hole binary inspiralling due to the emission of
nano-Hertz gravitational waves. The popular binary black hole (BH) central engine description
for OJ 287 predicted in 2018 that the next secondary BH impact-induced bremsstrahlung flare
should peak on 2019 July 31. This prediction was based on a detailed general relativistic
modeling of the secondary BH trajectory around the primary BH and its accretion disk. A
comprehensive analysis of the multi-epoch Spitzer Space Telescope observations of OJ 287
between 2019 July 31 and 2019 September 6 revealed that the observed Spitzer flux density
variations during the predicted outburst time window displayed a strong similarity with the
observed optical pericenter flare from OJ 287 during 2007 September, as required in the binary
BH model for OJ 287. These Spitzer observations added further evidences to the presence of a
nano hertz gravitational-wave emitting spinning massive binary BH that inspirals along a general
relativistic eccentric orbit in OJ 287. [Contact person: A. Gopakumar]

The first discovery of new pulsars and rotating radio transients from the CHIME/FRB
telescope

Researchers reported the discovery of seven new Galactic pulsars and rotating radio transients
(RRATs) with the Canadian Hydrogen Intensity Mapping Experiment Fast Radio Burst
(CHIME/FRB) backend. These sources were detected from their single bursts, as compared to
detections of periodicities from Fourier-transformed pulsar signals. Researchers measured the
rotation periods, phase-coherent timing solutions and nulling fractions for these pulsars. [Contact
person: Shriharsh P. Tendulkar]

The 60 parsec environment of FRB 20180916B

Fast radio burst FRB 201809168 is the closest-known FRB with a robust host galaxy association
at a distance of 149 Mpc. The source also exhibits a 16.35 day period in its bursting. Researchers
presented optical and infrared imaging as well as integral field spectroscopy observations of FRB
20180916B with the WFC3 camera on the Hubble Space Telescope and the MEGARA
spectrograph on the 10.4 m Gran Telescopio Canarias. The 60-90 milliarcsecond (mas) resolution
of the Hubble imaging, along with the previous 2.3 mas localization of FRB 20180916B, allowed
the researchers to probe its environment with a 30-60 pc resolution. With the typical projected
velocities of pulsars, magnetars, or neutron stars in binaries (60-750 km/s), FRB 20180916B
would need 0.8 to 7 million years to traverse the observed distance from its presumed birth site.
This timescale is inconsistent with the active ages of magnetars (less than 10 thousand years).
Rather, the inferred age and observed separation are compatible with the ages of high-mass X-ray
binaries and gamma-ray binaries, and their separations from the nearest OB associations. [Contact
person: Shriharsh P. Tendulkar]
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A high resolution view of fast radio burst environments

Researchers presented Hubble Space Telescope (HST) observations of the host galaxies of eight
fast radio bursts (FRBs) with sub-arcsecond localization. Researchers quantified their spatial
offsets with respect to the optical light and compared these offsets statistically to those of long
and short GRBs as well as calcium rich transients. It was concluded that the FRBs in the tested
distribution do not clearly trace the distributions of any other transient population with known
progenitors, and are statistically distinct from the locations of LGRBs, H-poor SLSNe, SGRBs,
and Ca-rich transients. It was further found that most FRBs are not in regions of elevated local
star formation rate and stellar mass surface densities in comparison to the mean global values of
their hosts. [Contact person: Shriharsh P. Tendulkar]

A Dynamical Survey of Stellar-mass Black Holes in 50 Milky Way Globular Clusters

One of the major goals in today’s astrophysical community is to understand the dynamics of black
holes within old dense star clusters such as globular clusters. A crucial ingredient to this
understanding is the knowledge of the number of black holes retained in today’s globular clusters.
However, it is almost impossible to directly measure the number of black holes in a globular
cluster. Researchers followed an updated method based on the previously proposed framework to
constrain the number of stellar black holes in 50 globular clusters in the Milky Way using the
degree of mass segregation between stars of different masses measured using archival HST-ACS
data. [Contact person: Sourav Chatterjee]

Intermediate-mass Black Holes from High Massive-star Binary Stars in Young Star
Clusters

There are observational indications that high-mass stars are often always born with a binary
companion. Using a state-of-the-art Henon-type Monte Carlo cluster evolution code it was found
that a natural outcome of high initial binary fraction in high-mass stars is the production of black
holes well above the pair-production and pulsational instability limit for stellar black hole masses.
Researchers found that even without any fine-tuning and significant primordial mass segregation
dense star cluster can produce intermedite-mass black holes. [Contact person: Sourav Chatterjee]

Populating the Upper Black Hole Mass Gap through Stellar Collisions in Young Star
Clusters

Theoretical studies predict that single star evolution cannot produce black holes above 40-50
Msun due to pair production and pulsational instabilities. This limit comes from the pre-collapse
mass of the core of an evolved star. It was shown that it may be possible during stellar collisions
inside dense star clusters for stars to grow the envelope mass significantly through mergers while
keeping the core mass below the instability limits. Through this channel stellar collisions in dense
star clusters can very quickly produce ultra-massive stars with low-mass relatively low-mass
cores. If this happens, star clusters can naturally produce black holes that are in the mass gap
between stellar-mass black holes and super-massive or intermediate-mass black holes. [Contact
person: Sourav Chatterjee]

Department of High Energy Physics

Glimpse into self-interaction of Higgs boson

The Higgs boson (H), discovered in 2012 by the ATLAS and CMS experiments, is the pinnacle of
the scientific results obtained so far from the CERN-LHC. The experimental measurements are
compared with predictions from the standard model (SM), to vindicate it or to look for hints of
physics beyond SM, nature of which is yet unknown. The SM also depicts H interacting with
itself due to which 3 or 4 of them may couple via a single vertex. The strength of this self-

176



coupling A, determines the shape of the Higgs potential which has a considerable impact on our
understanding of the properties of the very early universe and its future. Using proton-on-proton
collision data at centre-of-mass energy of 13000 GeV and collected by CMS experiment during
2016 through 2018, the CMS international collaboration recently derived the best constraint on
the value of A to date. These results are extremely encouraging to pin down the nature of H. The
LHC experiments are poised to actually ‘observe’ the Higgs pair production with better
confidence in the near future. [Contact persons: Soumya Mukherjee and Kajari Mazumdar]

Very High Energy Gamma Ray Observations with HAGAR Telescope Array

HAGAR telescope array consisting of seven atmospheric Cherenkov telescopes is operational at
Hanle in Ladakh (altitude: 4270 m) since September 2008. Observations of several astronomical
sources were carried out throughout the year. Several blazar class active galactic nuclei like Mkn
421, Mkn 501, 1ES 1218+304, 1ES 1959+650, 1ES 2344+514 and galactic objects like Crab,
Geminga and some of the pulsars detected by Fermi satellite were observed. Apart from this,
several runs were carried out to estimate systematics in data. Total 785 hours of data was
collected during this year. Analysis of data on various sources is in progress. [Contact person: V.
R. Chitnis]

Development of 256-pixel SiPM based camera for a 4-m class atmospheric Cherenkov
telescope

A prototype 64-pixel version of the full 256-pixel SiPM (S13361-3050AS-4 from Hamamatsu)
based imaging camera was developed. The four modules in the front-end of this mini-camera
were independently tested using a laboratory test set-up. These tests gave satisfactory results
regarding the linear dynamic range (3% non-linearity up to 1600 photoelectrons), S/N ratio at
single photoelectron (~6 @ SiPM overvoltage of 3V), gain variation due to temperature change
(3% over -20 to +30 °C), etc. The characterization for more than 100 pixel sensors was completed
and the data was used for the module testing. The back-end of the camera was also independently
tested using a pulse generator signal for its different functionalities like offset and timing
calibrations of the hardware, trigger generation, signal pulse digitization @1GSPS and recording,
etc. Also, a multi-nodal GUI-based back-end software programs that control, monitor and acquire
the camera data were developed. The integrated performance of the mini-camera is being
evaluated thoroughly using laboratory set-up before taking it to Mt Abu for testing with the vertex
element of the TACTIC telescope. [Contact person: V. R. Chitnis]

Mutiwaveband Studies of Active Galactic Nuclei

Multiwaveband studies were carried out for several Active Galactic Nuclei (AGN) during this
year. In case of Flat Spectrum Radio Quasar (FSRQ), Quasi Periodic Oscillations (QPO) were
detected with a period of ~ 47 days during 450 days data stretch simultaneously in high energy
gamma ray data from Large Area Telescope (LAT) onboard Fermi satellite and optical V band
data, with good statistical significance. Most likely scenario for QPO was found to be emission
arising from a region moving helically inside the jet. For another FSRQ, CTA 102, QPOs were
detected with a period of ~ 7.6 days during flaring activity in gamma ray and optical R band. For
NGC 1275, a radio galaxy located at the centre of the perseus cluster, study of soft and hard X-ray
data from Swift-XRT and NuSTAR, respectively, was carried out, along with the gamma ray
observations from Fermi-LAT, during an enhanced gamma ray flux. Method was developed to
decouple cluster and AGN contribution carrying out simultaneous fit to soft and hard X-ray
spectral data. Variability on various time scales was studied. Also, study of multiwaveband
spectral energy distributions for various FSRQs in quiescent and flare states was initiated.
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[Contact person: V. R. Chitnis]

Astroparticle Physics

Measurement of cosmic ray energy spectrum and composition by the GRAPES-3
experiment

Cosmic rays are the most energetic particles present in nature. However, their origin, acceleration
and propagation are not clearly understood. Precise measurements of their energy spectrum and
composition could reveal the mystery of these high energy particles. Recent measurements by
space based detectors have shown that the cosmic ray spectrum cannot be described by a single
power law up to the Knee (energy ~3 PeV). High precision measurements of space-based
detectors have enabled the discovery of new features in the cosmic ray spectrum. However, their
measurements are limited to below 100 TeV. The latest results from the GRAPES-3 experiment
on the cosmic ray proton and helium spectrum over an energy range of 100-1000 TeV provide a
bridge between the direct measurements in space and indirect measurements in the ground. A
dense array of scintillator detectors coupled with a large area muon telescope has made these
unique measurements possible. [Contact person: Pravata K. Mohanty]

Measurements of cosmic ray anisotropy with GRAPES-3 experiment

Although the distribution of cosmic rays is almost isotropic, a large-scale anisotropy of ~10-103
level has been observed by several earth based extensive air shower experiments that collect large
statistics. The anisotropy is a new probe for local cosmic ray sources in our Galaxy as well as for
the magnetic structure in the interstellar medium that affects the propagation of cosmic rays. The
GRAPES-3 experiment has a unique advantage to study this phenomena due to its near-equatorial
location. An analysis on the anisotropy has been performed using 3 years of GRAPES-3 data and
the results are consistent with experiments such as Tibet ASgamma, HAWC and IceCube.
[Contact person: Pravata K. Mohanty]

Improvements in the angular resolution of the GRAPES-3 experiment to probe multi-TeV
gamma ray sources

Good angular resolution is a key for detecting multi-TeV gamma ray sources to understand the
origin of galactic cosmic rays. By exploiting the size and age dependence of shower front
curvature for the first time, a significant improvement in the angular resolution of the GRAPES-3
experiment was achieved. The angular resolution was calibrated by observing the shadow on
cosmic ray flux casted by the Moon. A deficit on the flux of cosmic rays from the Moon direction
provides a measure of the angular resolution. [Contact person: Pravata K. Mohanty]

Studies on the diffuse gamma ray flux over 10-300 TeV by GRAPES-3 experiment

Diffuse gamma-ray emission by interactions of ultra-high-energy cosmic rays (UHECRs) with the
2.7K cosmic microwave background (CMB) is expected to have an isotropic distribution around
10-100 TeV. This radiation carries the information on the distribution of energetic sources and
hence the cosmological evolution of the universe. Based on the data measured by the GRAPES-3
experiment, a 90% C.L. upper limit on the intensity of gamma-rays relative to cosmic rays at
energies from 10-300 TeV is placed. [Contact person: Pravata K. Mohanty]

Investigation of acceleration of particles by thunderstorm potential

The GRAPES-3 muon telescope discovered record break Gigavolt potential in thunderstorms
using cosmic ray muons (B. Hariharan et al., PRL 122 (2019) 105101) as predicted by C.T.R.
Wilson in 1929. A search of the GRAPES-3 data from 2011 to 2020 found 486 thunderstorm
events, out of which 80% events were observed from the east direction. A detailed Monte Carlo
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simulation study found that such an asymmetry could be explained by the muon charge ratio,
where the charge ratio is higher in east compared to west. [Contact person: Pravata K. Mohanty]

Department of Nuclear and Atomic Physics

e Magnetic field with the edge
This study overturns a dominant six-decade old notion that the giant magnetic field in a high
intensity laser produced plasma evolves from the nanometre scale. Instead the field actually
originates at macroscopic scales defined by the boundaries of the electron beam that is
propagating in the plasma. This could alter our understanding of magnetic fields in astrophysics
and laser fusion and may help in designing next generation high energy particle sources for
imaging and therapies. [Contact person: G. Ravindra Kumar]

e Measuring electron emission from irradiated biomolecules

In a study published in EPJ D, researchers in India and Argentina, led by researchers at the Tata
Institute of Fundamental Research, successfully determined the characteristics of electron
emission when high-velocity ions collide with adenine - one of the four key nucleobases of DNA.
Since high-energy ions can break strands of DNA as they collide with them, the team's findings
could improve our understanding of how radiation damage increases the risk of cancer developing
within cells. In their experiment, they considered the ‘double differential cross section’ (DDCS)
of adenine ionisation. This value defines the probability that electrons with specific energies and
scattering angles will be produced when ions and molecules collide head-on, and is critical for
understanding the extent to which biomolecules will be ionised by the electrons they emitTheir
findings could now lead to important advances in our knowledge of how biomolecules are
affected by high-velocity ion radiation; potentially leading to a better understanding of how
cancer in cells can arise following radiation damage. [Contact person: Lokesh C. Tribedi]

e New lifetime measurement for the 2*; level in ''>Sn by the Doppler-shift attenuation method
Levels in the ''?Sn nucleus were excited by inelastic scattering with 3°Cl projectile at Ej,=195
MeV. The Doppler affected y-ray peak arising from the decay of the 2" level was analyzed, using
updated methodologies, to extract the level lifetime and corresponding electric quadrupole (E2)
transition probability, B(E2;0"g.s.— 2% ). The present result is discrepant with respect to the
results reported from existing lifetime measurements, but in compliance with independent
systematic measurements of the low-lying E2 transition strengths in the stable even-mass Sn
isotopes, by pure Coulomb excitation as well as heavy-ion induced inelastic collisions. The
transition probability also confirms an enhancement in collectivity for the 2% level, and is found
to be in good agreement with generalized seniority model (GSM) as well as state-of-the-art Monte
Carlo shell model (MCSM) calculations. Within the realm of the MCSM scheme, the
enhancement is understood in terms of oblate deformations for both the 0'y. and 27 states
in ''2Sn arising due to strong proton-core excitations and enhanced proton-neutron interactions. In
addition, limits for the lifetime of the 37 level and the E1 transition probability, B(E1;371—2")),
were obtained. [Contact person: Rudrajyoti Palit]

¢ Investigation of the alignment mechanism and loss of collectivity in *Pm
High-spin excited states of *>Pm were investigated using the '"’Ag(*?S, 2p2n) reaction at 145-
MeV beam energy. Three negative-parity bands were investigated up to ~ 9.07, 7.6, and 6.9~
MeV excitation energies with spin parities (55/27), (49/27), and (47/27) h, respectively. The
experimental results were interpreted using the triaxial projected shell model. It was shown that
the observation of the parallel band structures can be explained in terms of crossing of
two s bands with the yrast band, which is a rare phenomenon for an odd-A nucleus. Further, the
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lifetimes of levels in yrast band were extracted using Doppler shift attenuation method. The
evaluated B(E2) values of yrast states show the loss of collectivity at higher spin, attributed to the
alignment process. [Contact person: Rudrajyoti Palit]

Nuclear level density of 69Zn from gamma gated particle spectrum and its implication on
68Zn(n, Y)69Zn capture cross section

Evaporated a-spectra were measured in coincidence with low energy discrete y-rays from residual
nucleus ®*Zn populated by an evaporation from compound nucleus *Ge produced in the
reaction **Ni(?Be,on)®®Zn at Be) = 30 MeV. Low energy y-gated a-particle spectra, for the first
time, were used to extract the nuclear level density (NLD) for the intermediate ®Zn nucleus in the
excitation energy range of E = 4-20 MeV. The slope of present NLD data as a function of
excitation energy for “Zn matches nicely with the slope determined from Reference Input
Parameter Library (RIPL) estimates for NLD at low energies and the NLD from neutron
resonance data at neutron separation energy. The extracted inverse NLD parameter was used to
determine the nuclear level density parameter value a at neutron separation energy for “Zn. The
cross section of ®®Zn(n,y) capture reaction as a function of neutron energy was then estimated
employing the derived in the reaction code TALYS. It was found that the estimated neutron
capture cross section agrees well with the available experimental data without any normalization.
The present result indicated that experimentally derived nuclear level density parameter can
constrain the statistical model description of astrophysical capture cross section and optimize the
uncertainties associated with astrophysical reaction rate. [Contact person: Rudrajyoti Palit]

Evidence of antimagnetic rotational motion in '“Pd

Lifetime measurements were carried out for the levels of the negative parity yrast sequence
in 103Pd nucleus using the Doppler shift attenuation method. The levels were populated
via 94Zr(13C, 4ny)103Pd fusion-evaporation reaction at a beam energy of 55 MeV. De-
exciting y rays were detected by utilizing the Indian National Gamma Array. The extracted
transition probabilities and other auxiliary observations indicated that the sequence may be
resulting from the antimagnetic rotational (AMR) motion of valence nucleons. The key
characteristic feature of the AMR motion is the steady decrease of the B(E2) transition probability
with spin, which is seen in the present measured transitions for 103Pd. The experimental results
were compared with the theoretical predictions of tilted axis cranked approach based on the
covariant density functional theory. It was noted that the properties of the AMR band structure
for 103Pd predicted in this model analysis were in good agreement with the present experimental
findings. Further, semi-classical particle-rotor model was employed to substantiate the AMR
interpretation of the observed band structure in 103Pd and it was shown that results are similar to
the band structures observed in the neighboring isotopes, which have also been considered as
candidates for AMR motion. [Contact person: Rudrajyoti Palit]

Department of Biological Sciences

Seroprevalence of SARS-CoV-2 in slums versus non-slums in Mumbai, India

A Govt. of India approved study to estimate the prevalence of COVID-19 in six slum and non-
slum communities across three wards of Mumbai, India suggested a high asymptomatic spread of
the infection and an infection fatality rate of 0-076% in slums and 0:263% in non-slums. The
higher prevalence in slums could be driven by population density, lower adherence to distancing
measures, and poorer hygiene. [Contact person: Ullas Kolthur]

Episodic Orco transport by kinesin-2
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Localization of transmembrane receptors into the cilium is essential for cilia function. Our
understanding of the process mainly studied for a handful of such proteins in tissue-cultured cells
and the mammalian retina is still incomplete. Earlier studies in the laboratory suggested that the
Odor Receptor Co-receptor (Orco) binds to the tail domain of the kinesin-2 motor subunit
KLP68D in Drosophila. The subsequent investigation indicated that the bulk of Orco enriches in
the cilium in two hour-long episodes in six hours after the eclosion of the adult Drosophila. It was
now shown that this adult-specific Orco-transport requires kinesin-2, which also appears to
localize the receptor at the distal part of the cilium. [Contact person: Krishanu Ray]

Molecular Cell Biology of Stem cell differentiation

Often a stem cell progeny proliferates to generate a mass of cells before differentiation. This
transit amplification process is critical for tissue growth and homeostasis. Although several
studies indicated that the rate of stem cell division and its progeny must be linked, a quantitative
correlation was not established. To test this idea, researchers developed a simple computation
strategy for estimating average cell-cycle lengths (lifespans) of germline stem cells and their
progeny from fixed-tissue demography in the Drosophila testis. Analysis of the wild-type and
mutant data using this method indicated anomalous changes in the lifespans during the transit-
amplification. Further, cell-autonomous changes altering the rates of stem cell divisions changed
that of the progeny proportionately. Together, the results indicated that the early germline division
rates can adjust the following division rates and the onset of differentiation. [Contact person:
Krishanu Ray]

Mechanism of a contractile actomyosin basket assembly

Plasma membrane senses nanoscale topography, and membrane curvature recruits Bin-
Amphiphysin-Rvs (BAR)-domain proteins. The downstream molecular pathway in vivo is
unclear. It was found that the plasma membrane of the somatic head-cyst-cell folded around
mature spermatid heads during the final stages of sperm maturation in the Drosophila testis
induces the assembly of a contractile actomyosin scaffold called actin basket. The basket
stabilizes the somatic cyst cell membrane folded around rigid spermatid heads actively clamps
them together in a tight bundle. It is nucleated exclusively by Amphiphysin, which recruits Rhol
and the Formins - Diaphanous and DAAM. These observations revealed a new response
mechanism of actin-membrane interactions, which generates a cell adhesion-like strategy through
active clamping. [Contact person: Krishanu Ray]

Cryo-Electron Microscopy Facility

This facility was established in 2007 with a Zeiss Libra 120 EFTEM and two ultracut sectioning
machines. It is now running at optimum, and several members from the Institute and from outside
have availed it for their research. [Contact person: Krishanu Ray]

Developmental Neuroscience

The choroid plexus (CP) secretes cerebrospinal fluid and is critical for the development and
function of the brain. Researchers examined the role of canonical Wnt signaling in CP
development. Either loss of function or constitutive activation of canonical Wnt signaling causes a
profound disruption of mouse CP development. Loss of function results in a disrupted CP, while
constitutive activation causes a loss of CP identity and a transformation of this tissue to a
hippocampal-like identity. Aspects of this phenomenon are recapitulated in human embryonic
stem cell (hESC)-derived organoids. The results indicated that canonical Wnt signaling is
required in a precisely regulated manner for normal CP development in the mammalian brain.
[Contact person: Shubha Tole]
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Transcription factors act in complexes comprising multiple factors interacting in specific
configurations. An elegant functional complex is the ‘tetrameric model’ for LIM-HD transcription
factors and Ldb co-factors, demonstrated two decades ago, with respect to LIM-HD protein
Apterous (Ap) function as a ‘dorsal selector’ in the Drosophila wing blade (van Meyel et al.,
1999; Milan and Cohen, 1999). These studies demonstrated that it is necessary for Ap to bind
with cofactor Chip, and for Chip to dimerize, thus bringing together two Ap molecules. The
present study demonstrated that the same mechanism is instrumental in multiple aspects of mouse
hippocampal development. Researchers examined the interactions of the vertebrate homologs of
Apterous (Lhx2) and Chip (Ldbl) and demonstrated that their interactions are also consistent with
the tetrameric model, and that these interactions are critical for the specification of hippocampal
fate and for regulating the neuron-glia cell fate switch in the developing hippocampus. [Contact
person: Shubha Tole]

Thalamocortical nerves carry sensory information from the periphery to the cortex. When they
first grow into the embryonic cortex, they wait at the subplate, a structure critical for the guidance
and eventual connectivity of thalamic axons with their cortical targets. How the properties of
subplate neurons are regulated is unclear. Researchers reported that transcription factor Lhx2 is
required in the progenitor mother cells of the cortical primordium when they are producing their
daughter subplate neurons, in order for the thalamocortical pathway to wait at the subplate.
Without Lhx2 function in subplate progenitors, thalamocortical axons grow past the subplate,
entering the cortical plate prematurely. This aberrant overgrowth results in their eventual attrition,
and consequently a profound loss of sensory innervation of the mature cortex. [Contact person:
Shubha Tole]

Cell-Developmental Biology

Myosin Vb isoforms, mTOR signaling and Grhl3 in regulation of epithelial cell morphology
and tissue homeostasis in the developing zebrafish epidermis

Myosin Vb is an actin-based motor. It interacts with various Rabs such as Rab8, Rab10, and
Rabl1 to regulate specific steps in intracellular transport. Using a combination of knockdown and
rescue by various mutant versions in zebrafish, it was shown that the interaction of Myosin Vb
with Rab 11 is essential for the regulation of recycling pathway whereas that with Rabl0 is
important for scission of vesicles at the trans-Golgi surface, in the epidermal cells. It was further
shown that the compensatory cell growth in the epidermis is directed and takes place mostly in the
apical domain making the cells more squamous to cover the body surface when the cell number is
reduced. Researchers used state of the art genomic, genetic and microscopy approaches to show
that the function of Grhl3 transcription factor is essential for the retention of rounded up cell by
regulating E-cadherin levels. This retention of cells and their subsequent integration is essential
for the maintenance of epidermal homeostasis and integrity. [Contact person: Mahendra S.
Sonawane]

Biochemistry and Molecular Biology

Investigating the molecular mechanisms of vesicular secretion and protein folding

During membrane fusion, fusion pores are the crucial kinetic intermediates through which
chemical messengers are secreted outside the cell. Researchers used biochemical and biophysical
tools (ensemble and single molecule resolution) to study the role of few membrane fusion
regulators (alpha-synuclein, Munc13-1, Muncl8, synaptotagmin 1) in altering trans-SNARE
assembly and fusion pore dynamics. This study explained why under pathologic conditions (e.g.
in Parkinson’s disease) where non-functional misfolded alpha-synuclein monomers, abnormal
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vesicular secretion occurs. This leads to another topic of research — how newly synthesized
proteins by the ribosome becomes functional. Researchers used biochemical tools and discovered
that ribosome actively regulate the functional structure formation of nascent proteins. Release
kinetics of newly synthesized protein sequences from the ribosome exit tunnel might contribute to
this activity. [Contact person: Debasis Das]

Neuronal Cell Biology

Regulation of trafficking and transport of neuronal cargo

Researchers seek to understand the mechanisms of cargo biogenesis and transport in vivo and its
contribution to neuronal function. Such transport is carried out by molecular motors that move
cargo between the cell body and the synapse along microtubule tracks. Researchers largely
concentrated on anterograde traffic, namely movement of cargo from the cell body to the synapse.
Multiple elements form part of cargo movement. While we know some important anterograde
cargoes (pre-synaptic vesicles and mitochondria) and their motors (largely Kinesin-3 and Kinesin-
1 respectively), little is known about the identity of the regulatory molecules and the multiple
steps involved in trafficking-transport pathways. This knowledge is fundamental and also
important for possible disease intervention strategies. Using the findings in axonal transport a
wider exploration of neuronal cell biological processes was also begun where we have begun
addressing fundamental problems such as organelle density regulation using the mitochondria in
neurons as a model. Researchers primarily use C. elegans to address several questions listed
above using genetic and live imaging approaches. [Contact person: Sandhya P. Koushika]

Neurobiology of Depression

Modulation of neuronal energetics by serotonin: Releance to Psychiatric disorders

Work done between the Vaidya and the Kolthur labs has demonstrated a profoundly important
role for the monoamine neurotransmitter, serotonin, as a key regulator of mitochondrial
production and of bioenergetics in neurons. This work indicated that serotonin, via its actions on
mitochondria plays a strongly neuroprotective role. This work has identified a pathway linking
serotonin, via the longevity associated gene, Sirtl, to neuronal survival and the amelioration of
mitochondrial ~dysfunction, with important implications for neurodegenerative and
neuropsychiatric diseases. This work has far-reaching implications for India, which is facing the
burgeoning crisis of mental health disorders, and an aging population with enhanced risk for
neurodegenerative disorders. [Contact person: Vidita Vaidya]

Department of Chemical Sciences

Computational Chemistry and Biophysics

Estimating the Directional Flexibility of Proteins

Proteins when subjected to uniaxial mechanical stress are expected to exhibit an anisotropic
response. This mechanical anisotropy of proteins has been captured in single-molecule force
spectroscopy (SMFS) experiments, which report directional spring constants. Researchers at
TIFR-DCS have now developed computational methods based on protein crystals structures to
predict the directional flexibility and mechanical anisotropy of proteins. It was shown that
directional spring constants correlate well with SMFS experimental data for 5 different globular
proteins (ubiquitin, SUMO1, SUMO2, GFP, GB1). The computational framework has been
applied to make specific predictions on the mechanical anisotropy of the protein ubiquitin along
biologically relevant pulling directions and upon binding to partner proteins which have distinct
functional roles in the cellular context. [Contact person: Ravindra Venkatramani]
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Optical detection of Structural Changes in Stilbazolium Dye upon Light Absorption
Optically triggered structural and electronic changes in chromophores form the molecular basis
for designing bioimaging probes that sense polarity, microviscosity, and pH in vivo. Researchers
at TIFR-DCS have now used femtosecond stimulated Raman spectroscopy and computations to
reveal distinct optical signatures of structural relaxations, which create distinctive electronic states
for a stilbazolium-class mitochondrial staining dye. The researchers were able to
spectroscopically track the excited-state structure of the dye as it relaxes on the excited state
surface on a picosecond time scale. Computations were able to assign specific optical signatures
to the ‘twist’ of a single bond within the dye. This study offers a new perspective for designing
organelle-specific biomolecular probes by tuning the conformational dynamics of dyes. [Contact
person: Ravindra Venkatramani]

Comparing Charge Transport Efficiencies in DNA and RNA

Researchers at TIFR-DCS and IISc Bengaluru have used computational methods to estimate and
compare the charge transport properties of double-stranded (ds)RNA sequences with
corresponding dsDNA sequences. These studies resolve a contradictory picture in the field
obtained by studying relative charge transport efficiencies in A-form DNA:RNA hybrids and
dsDNA. The researchers used a multiscale modelling framework, to compute conductance of
dsDNA and dsRNA in both the coherent and incoherent regimes of charge transport. It was found
that dsDNA conducts better than dsRNA in both the charge transport regimes. Detailed analysis
showed that the structural differences in the twist angle and slide of dSDNA and dsRNA are the
main reasons behind the higher conductance of dsDNA in the incoherent hopping regime. In the
coherent limit however, for the same base pair length, the conductance of dsRNA is higher than
that of dSDNA for the morphologies where dsRNA has a smaller end-to-end length relative to that
of dsDNA. [Contact person: Ravindra Venkatramani]

Identification of a Copper Ion Recognition Peptide Sequence within an Enzyme

Researchers at TIFR-DCS and BARC investigated the role of a small pentapeptide, NHSFM,
derived from the surface exposed part of the metal ion binding loop of the subunit II of
cytochrome c oxidase using experimental and computational methods. The copper ion was found

to form a 1:1 complex of the pentapeptide with a binding constant ~ 10'M " to 10° M!, where a 4
ligand coordination from the peptide in a type 2 copper center was revealed. Spectroscopic studies
as well as computations of the metal-peptide complexes revealed pH dependent changes in the
metal-ligand bond distances. Analyses of the backbone distances as well as B-factors for the
metal peptide suggested that the peptide backbone becomes more compact and rigid on binding of
the metal ion. This indicated that binding of copper ion to this pentapeptide in the protein possibly
cause movement of the protein backbone bringing other coordinating residues closer to the copper
ion, and thus helping in sequential uptake of copper ions to the protein. [Contact person: Ravindra
Venkatramani]

Modulation of Mechanical Stability of Proteins by Protein/Peptide Ligands

Proteins often bind to ligands to carry out their function. Researchers at TIFR-DCS have used
experiments and computations to explore the role of ligand binding site on the mechanical
properties of globular proteins whose structures are superimposable, namely, ubiquitin and small
ubiquitin related modifier 1 (SUMO1). The terminal segments of these protein are connected
through hydrogen bonds and constitute a f-clamp geometry (or mechanical clamp), which confers
high mechanical resilience to the protein fold. The study revealed that a protein ligand does not
alter the mechanical properties of ubiquitin, despite directly interacting with its B-clamp. In
contrast, a different peptide ligand, which binds away from the B-clamp can reinforce protein
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stability provided by the B-grasp fold. These studies highlight the importance of binding site and
binding modes of ligands in modulating the mechanical stability of B-grasp fold proteins. [Contact
person: Ravindra Venkatramani]

Materials Chemistry

Simultaneous Electrochemical Reduction of CO2 and Oxidation of Water

In an approach to improve the kinetics of water splitting, which is normally hampered by sluggish
four electron oxygen evolution process at the anode, researchers previously studied oxidation
reaction via optimizing the two electron process that provides for hydrogen peroxide formation.
During this electrochemical reaction, CO2 is used as a purging gas. As a further to this, work was
devoted to understanding the cathodic reaction. While maintaining the production of the
industrially useful chemical H202 at the anode, the nature of the cathodic reaction and
specifically the formation of any hydrocarbon products due to CO2 reduction at the counter
electrode wasevaluated. [Contact person: Deepa Khushalani]

Photoactivity of Bismuth Vanadate - PHOTO-Electrochemical production of Hydrogen
Peroxide

Work proceeded on evaluating a photoactive semi-conductor: Bismuth Vanadate and its use to
circumvent a conventional 4 electron water oxidation process to instead, a two electron water
oxidation to form Hydrogen peroxide. Researchers worked and evaluated that the manner in
which the vanadate catalyst is grown and deposited, film thickness and crystallinity are vital
parameters that contribute to improved efficacy of this novel light activated reaction. [Contact
person: Deepa Khushalani]

Use of Functionalized Carbon Nitride Framework for Photocatalytic Hydrogen production
This work has involved a systematic evaluation of a semiconductor photocatalyst for water
splitting reaction in the presence of a myriad of ions (especially those present in seawater). The
semiconductor evaluated is unique in that it consists of a modified carbon nitride such that it is an
ionized organic polymer-based system. The work details systematic water splitting that has been
done in the presence of various ions (Nat+, K+, Mg2+, Ca2+, Cl-, SO42), and their role in
modulating the photocatalytic activity has been evaluated. Using a Pt nanoparticle co-catalyst, a
ten times increase in H2 production was observed in presence of these ions and a unified theory
on the PC reaction (where the catalyst consists of functionalized carbon nitride in the presence of
a Pt cocatalyst to drive water splitting to augment H2 generation in the presence of a variety of
ions) was obtained. [Contact person: Deepa Khushalani]

Efficient Modeling of lonization Potentials of Molecules

Molecular Electron Affinities Using the GKS-spRPA method

Modeling anionic states is a frontier challenge for electronic structure methods. Commonly used
density functional approximations such as PBE, B3LYP, etc., often underestimate electron
affinities due to an incorrect long-range behavior resulting from self-interaction errors and a lack
of dispersion-type correlation effects. This work showed that the generalized Kohn-Sham random
phase approximation (GKS-RPA) method has the correct long-range behavior necessary for the
description of anionic states. As a result, valence and nonvalence anionic states of molecules are
equally well described. This work also proposes a quartic scaling GKS-RPA algorithm, which
brings down the scaling of the method by two orders of magnitude. The low-scaling algorithm
was used to characterize new anionic states of perhalobenzene molecules with potential
implications on solar energy capture materials. [Contact person: Vamsee K. Voora]

Computational Tools for Quantum Chemistry Methods
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TURBOMOLE: Modular program suite for ab initio quantum-chemical and condensed-
matter simulations

This work discussed the efforts of many groups worldwide who are contributing the quantum
chemistry methods that are part of TURBOMOLE software. The work reviews the recent
developments made towards density functional and wavefunction methods, and corresponding
algorithms. A variety of illustrative applications along with the efficiency of the code of the
algorithms was highlighted. [Contact person: Vamsee K. Voora]

Nanocatalysis for Energy and Environment

Nanosponges of Acidic Amorphous Aluminosilicate for Catalysis, Plastic Degradation and
CO2 to Fuel Conversion

Researchers reported the synthesis and application of a different class of material, called ‘Acidic
Amorphous Aluminosilicates (AAS)’, which possesses Bronsted acidic sites like in zeolites and
textural properties like ASAs. AAS catalyzes eight different reactions (which all require strong
acidic sites and larger pore sizes, with better performance than state-of-the-art zeolites and
amorphous aluminosilicates. Notably, AAS efficiently converts a range of waste plastics to
hydrocarbons at significantly lower temperatures. A Cu-Zn-Al/AAS hybrid shows excellent
performance for CO2 to fuel conversion with 79% selectivity for dimethyl ether. The catalytic
performance of AAS was then investigated by conventional and DNP-enhanced solid-state NMR
to provide molecular-level understanding of the distinctive Brensted acidic sites of these
materials. Due to their unique combination of strong acidity and accessibility, AAS will be a
potential alternative to hierarchical zeolites. [Contact person: Vivek Polshettiwar]

CO2 Mitigation on Earth and Magnesium Civilization on Mars

Excessive CO2 emissions are a major cause of climate change, and hence reducing the CO2 levels
in the Earth's atmosphere is key to limit adverse environmental effects. Researchers used water
and magnesium and converted CO2 to fuel (methane, methanol, and formic acid) and green
cement in just a few minutes. This protocol can even be used for hydrogen production (940 liter
per kg of Mg), which is nearly 420 times more than hydrogen produced by the reaction of Mg
with water alone. This process could also potentially be the first step towards a magnesium-driven
civilization on Mars where CO2, water (ice), and magnesium are abundant. [Contact person:
Vivek Polshettiwar]

Lithium silicate nanosheets with excellent capture capacity and Kinetics with unprecedented
stability for high-temperature CO2 capture

Researchers designed and synthesized lithium silicate nanosheets (LSNs), which showed high
CO2 capture capacity with ultra-fast kinetics and enhanced stability at 650°C. Due to the
nanosheet morphology of the LSNs, they provided a good external surface for CO2 adsorption at
every Li-site, yielding excellent CO2 capture capacity. The nanosheet morphology of the LSNs
allowed efficient CO2 diffusion to ensure reaction with the entire sheet as well as providing
extremely fast CO2 capture kinetics (0.22 g ¢! min!). Conventional lithium silicates are known
to rapidly lose their capture capacity and kinetics within the first few cycles due to thick carbonate
shell formation and also due to the sintering of sorbent particles; however, the LSNs were stable
for at least 200 cycles without any loss in their capture capacity or kinetics. The LSNs neither
formed a carbonate shell nor underwent sintering, allowing efficient adsorption—desorption
cycling. [Contact person: Vivek Polshettiwar]

Photocatalytic Hydrogen Generation and CO2 Conversion Using g-C3N4 Decorated
Dendritic Fibrous Nanosilica
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Researchers synthesized g-C3N4 decorated over dendritic fibrous nanosilica (DFNS). The
generation of C—N-Si interfaces by coating each fiber of DFNS with g-C3N4 not only provided
high surface area but also affected the optical and electronic properties of the composite. The
catalyst synthesis reproducibility issue of g-C3N4 was resolved using a vacuum-sealed quartz
tube. The extended light absorption in the visible region, enhanced lifetime of photogenerated
charge carriers due to the formation of interfaces between silica and g-C3N4 (confirmed by solid-
state NMR), and increased surface area result in the improved photocatalytic activity of DFNS/g-
C3N4 for hydrogen generation and CO2 conversion. [Contact person: Vivek Polshettiwar]

Boron Nitride and Oxide Supported on Dendritic Fibrous Nanosilica for Catalytic Oxidative
Dehydrogenation of Propane

Researchers were able to significantly increase the activity of boron nitride (BN) catalysts used
for the oxidative dehydrogenation (ODH) of propane by designing and synthesizing BN supported
on dendritic fibrous nanosilica (DFNS). DFNS/BN showed a markedly increased catalytic
efficiency, accompanied by exceptional stability and selectivity. Textural characterization,
together with solid-state nuclear magnetic resonance (NMR) and X-ray photoelectron
spectroscopic analyses, indicates the presence of a combination of unique fibrous morphology of
DFNS and various boron sites connected to silica to be the reason for this increase in the catalytic
performance. Notably, DFNS/B203 also showed catalytic activity, although with more moderate
selectivity compared to that of DFNS/BN. This study indicates that both boron nitride and oxide
are active catalysts and by using high surface area support (DFNS), conversion from propane to
propene as well as productivity of olefins was significantly increased. [Contact person: Vivek
Polshettiwar|

RNA Extraction from Viruses

Dendritic Fibrous Nanosilica (DFNS) for RNA Extraction from Cells

Efficient RNA extraction is critical for all downstream molecular applications and techniques. In
this study, researchers showed that RNA from the cells can be extracted by dendritic fibrous
nanosilica (DFNS) with higher efficiency than commercially available silicas. This could be
because of the unique fibrous morphology, high accessible surface area, and nanosize particles of
DFNS. Researchers studied various fundamental aspects, including the role of particle size,
morphology, surface area, and charge on the silica surface in RNA extraction efficiency. Fourier
transform infrared (FTIR) spectroscopy studies revealed the interaction of functional groups of
RNA with the silica surface, causing selective binding. Due to the sustainable synthesis protocol
of DFNS and the simplicity of various buffers and washing solutions used, this RNA extraction
kit can be assembled in any lab. [Contact person: Vivek Polshettiwar]

Membrane Biophysics

Membrane modulation by small signaling molecules

The interaction of small molecules with artificial and biological membranes was probed with
atomic force microscopy, optical spectroscopy, and NMR spectroscopy. An unexpectedly strong
modulation of membrane properties by small signaling molecules was found. Serotonin, an
important signaling molecule in the brain, was found to reduce membrane order significantly.
Other monoamine neurotransmitters also had effects of varying degrees. This is a novel pathway
for cell signaling, and might have strong implications for the way long-term signaling takes place.
[Contact person: Sudipta Maiti]

Protein Aggregation

Structure, properties, and membrane interactions of amyloid oligomers
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The molecular modifications of toxic proteins are important to understand, as they could be the
key to toxicity. Earlier work from researchers had uncovered that the N-terminal was crucial for
toxicity. In this study, the structure of the pyroglutamate modified Amyloid beta was probed.
Another major effort was to understand the placement of amyloid oligomers in the membrane. A
combination of techniques, including fast fluorescence correlation spectroscopy, electron
paramagnetic resonance spectroscopy and fluorescence lifetime experiments were performed to
understand the locations of the different parts of amyloid beta and amylin molecules. [Contact
person: Sudipta Maiti]

Single Molecule Biophysics

Probing individual protein oligomers with single molecule photobleaching

A major question in the field of protein aggregation concerns the interaction of the protein
oligomers with cell membranes. Specifically, one needs to understand whether a particular type of
oligomer has a higher affinity than the others for the cell membrane. A method was developed
using single-molecule imaging techniques to obtain an answer. This technique not only provided
an understanding of the amylin-membrane system, but also provided a general method for any
oligomers to interact with membranes. [Contact person: Sudipta Maiti]

Chemical Biology and Molecular Imaging

Spatio-temporally tracking autophagy with a cell-permeable ratiometric fluorescent sensor
Autophagy is an essential cellular degradation process. Impaired autophagy has been linked to
multiple disorders including cancer and neuro-degeneration. Tracking the autophagic flux in
living cells will provide mechanistic insights into autophagy and will allow rapid screening of
autophagy modulators as potential therapeutics. Imaging autophagy to track the autophagic flux
demands a cell-permeable probe that can specifically target autophagic vesicles and report on the
extent of autophagy. Researchers combined the desirable features of targetability and cell-
permeability to develop a novel water-soluble, cell-permeable, visible-light excitable, peptide-
based, fluorescent sensor for imaging autophagy and tracking the autophagic flux. The probe
readily entered living cells within 30 min of incubation, distinctly targeted autophagic vesicles,
and spatio-temporally tracked the entire autophagy pathway in living cells via a ratiometric pH
sensitive detection scheme. The salient features of the probe combining targetability with cell-
permeability should provide an edge in high throughput screening of autophagy modulators by
tracking autophagy live. [Contact person: Ankona Datta]

A novel ratiometric fluorescent sensor for sensing anionic phospholipids

Anionic phospholipids are structural and signal mediating components of the plasma membrane
and organelle membranes in eukaryotic cells. However, altered metabolism of these
phospholipids can lead to fatal disorders and can also act as biomarkers for diseases. Cell
permeable fluorescent sensors for these lipids serve as valuable tools for live cell detection and
tracking to provide information on localization and dynamics as related to biological function.
Researchers developed a cell permeable, ratiometric fluorescent probe suitable for detection of
anionic phospholipids within the endosomal and lysosomal membranes. The probes were also
able to detect externalized anionic phospholipids upon initiation of programmed cell death.
[Contact person: Ankona Datta]

Cell-permeable ratiometric fluorescent sensors for tracking phosphatidylinositol-(3.,4,5)-
trisphosphate

Phosphatidylinositol-3,4,5-trisphosphate (PIP3) is a signalling lipid that regulates the
phosphatidylinositol 3-kinase (PI3K)/AKT pathway. The PI3K/AKT pathway plays a central role
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in cellular metabolism, survival, growth, proliferation, polarity, and apoptosis, and is upregulated
in multiple cancers including breast cancer. Genes expressing PI3K have been found to be
overexpressed in breast cancer. Further, loss of phosphatase and tensin homologue deleted on
chromosome 10 (PTEN) function is also frequently observed in breast cancer. The overall effect
of increased PI3K activity and decreased PTEN function is accumulation of PIP3. Toward the
goal of detecting elevated levels of PIP3 in malignant breast cancer as a potential diagnostic route
researchers developed novel peptide-based cell-permeable ratiometric fluorescent sensors for
PIP3. [Contact person: Ankona Datta]

Fluorescent Chemical Tools for Tracking Anionic Phospholipids

Anionic phospholipids are essential structural components of cell membranes. Spatiotemporal
dynamics of these lipids play central roles in regulating signalling events and membrane
processes. On the other hand, defects in anionic phospholipid metabolism are linked to multiple
diseases. Hence, the ability to visualize these phospholipids and their dynamics in living cells can
afford mechanistic insights into vital cell processes, guide the development of therapeutics, and
lead to diagnostic agents. Fluorescent sensors that can detect anionic phospholipids are key
chemical tools that can be used to image and track these bio-molecules in a confocal microscopy
platform. In this review, researchers highlighted existing chemical probes and sensing strategies
for anionic phospholipids along with their pros and cons in the context of their applicability
toward imaging and tracking these essential lipids in living cells. [Contact person: Ankona Datta]

Medicinal Chemistry and Cell Biology

Development of new Iridium and Ruthenium based organometallic anticancer drugs for
treatment of resistant cancer and their targeted delivery

In order to find a novel treatment option for platinum resistant cancers, researchers recently
designed and synthesized several new iridium and ruthenium compounds and evaluated their
anticancer potential. The screening resulted two highly potent compounds with nanomolar activity
and capable of overcoming platinum resistance. Researchers are currently investigating the
mechanism of action. For targeted delivery of these potent drug candidates, researchers also
developed a liposomal formulation with high encapsulation efficacy. The small molecules and the
liposomes will soon be evaluated in mice bearing cancer. [Contact person: Malay Patra]

Towards high valent rhenium based anticancer compounds

This work aims at finding high valent metal-based drugs as alternative to platinum drugs.
Researchers continue to work on anticancer properties of new high valent rhenium anticancer
complexes. Metal complexes with metals in the higher oxidation state are typically kinetically
inert and therefore may act as a prodrug, which can undergo selective activation by reduction only
at the tumor environment, exerting anticancer activity at the desired site. This ‘activation by
reduction’ may improve cancer selectivity as well as safety profile of a drug. Moreover, owing to
different biomolecular target of non-platinum metals, this new class of compounds are expected to
overcome platinum resistance in cancer. Researchers already find a few hits with rhenium (VII)
and rhenium (V) complexes and are currently optimizing the structure to improve the physico-
chemical properties and stabilities in biological media. [Contact person: Malay Patra]

Harnessing cancer targeting properties of Bleomycin’s sugar for delivery of
chemotherapeutic drugs

This work aims to discover new targeting vector for targeted delivery of anticancer drugs to
cancer tissue, thereby increasing the effective dose at the site and reducing undesired side effects.
Researchers mainly focus on targeting sugar transporters, which are over expressed on the surface
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of cancer cells. For this purpose, researchers planned to investigate the sugar transporter targeting
potential of a disachharide moiety of a naturally occurring anticancer compound, namely,
bleomycin. Researchers have successfully optimized the synthetic route to the monosachharide of
bleomycin and are currently working on the synthesis of drug conjugates. The first generation
sugar-platinum conjugates are expected to be ready for testing in cancer cells soon. [Contact
person: Malay Patra]

Physical Chemistry

Photogeneration of Long-Lived Triplet States through Singlet Fission in Lycopene H-
Aggregates

Molecular triplet excitons produced through singlet fission (SF) usually have shorter triplet
lifetimes due to exciton—exciton recombination and relaxation pathways, thereby resulting in
complex device architectures for SF-boosted solar cells. Using broadband transient absorption
spectroscopy, researchers showed that the photoexcitation of nanostructured lycopene H-
aggregates at room temperature produces free triplets with an unprecedented 35-fold enhancement
in the lifetime compared to those localized on the monomer backbone. The observed rise of a
spectrally blue-shifted correlated T—T pair state in ~19 ps with distinct vibronic features provides
the basis for SF-induced triplet generation. [Contact person: Jyotishman Dasgupta]

Photochemistry using a host—guest charge transfer paradigm: DMABN as a dynamical
probe of ground and excited states

Photoexciting charge transfer (CT) transitions arising from host—guest interactions in a confined
environment can efficiently yield kinetically trapped radicals. In order to predispose these
photogenerated radicals for diffusion limited reactions it becomes imperative to understand the
nature of the host—guest CT interactions in the ground and excited states. In this study, researchers
probed the heterogeneity of guest orientations and the ensuing excited state charge transfer
dynamics of an electron-rich molecular probe N,N-dimethylaminobenzonitrile (DMABN)
incarcerated inside an electron deficient water-soluble cationic Pd6L.412+ nanohost. Using a
combination of 1H-NMR, resonance Raman spectrosocopy, and pump—probe spectroscopy
researchers highlighted the necessary challenges that need to be addressed in order to use
molecular cages as photocatalytic reaction vessels. [Contact person: Jyotishman Dasgupta]

Temporal probing of excitons in organic semiconductors

Photoinduced charge generation forms the physical basis for energy conversion in organic
photovoltaic (OPV) technology. The fundamental initial steps involved are absorption of light by
organic semiconductors to generate photoexcited states followed by charge transfer and charge
separation processes in presence of suitable acceptor. The absorbed photon energy must be
utilized completely for achieving maximum device efficiency. However progressive relaxation
losses of instantaneously generated high-energy or hot-excited states form major bottleneck for
maximum derivable voltage. This efficiency limiting factor has been challenged recently by the
role of hot-carriers in efficient generation of charges. Therefore tailoring the dissociation of hot-
exciton to be temporally faster than all relaxation processes could minimize the energy loss
pathways. This work highlights the importance of probing the exciton dynamics along with
nuclear dynamics to provide a framework to build hot-carrier organic photovoltaics. [Contact
person: Jyotishman Dasgupta]

Bioinorganic Chemistry

Identification of a copper ion recognition peptide sequence in the subunit II of cytochrome ¢
oxidase: a combined theoretical and experimental study
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The role of the pentapeptide, NHSFM, derived from the surface exposed part of the metal
ionbinding loop of the subunit II of cytochrome ¢ oxidase on the maturation of the binuclear
purple CuA center of the enzyme was investigated using several experimental and computational
methods. The copper ion was found to form 1:1 complex of the pentapeptide, where a 4-ligand
coordination from the peptide in a type 2 copper center was revealed. Restrained molecular
dynamics (RMD) simulations indicated coordination of a carbonyl oxygen from the asparagine
(N) side chain and of water molecules apart from histidine (H), methionine (M) and terminal
amine of asparagine (N) in a distorted square planar geometry of Cu—NHSFM. Analyses of the
backbone distances as well as B-factors for the metal peptide suggested that the peptide backbone
becomes more compact and rigid on binding of the metal ion. This indicated that binding of
copper ion to this pentapeptide in the protein possibly cause movement of the protein backbone
bringing other coordinating residues closer to the copper ion, and thus helping in sequential
uptake of copper ions to the protein. [Contact person: Shyamalava Mazumdar]

Covalent conjugation of single-walled carbon nanotube with CYP101 mutant for direct
electrocatalysis

Covalent linkage between the single-walled carbon nanotube (SWCNT) and CYP101 through a
specific site of the enzyme can provide a novel method of designing efficient enzyme electrodes
using this prototype cytochrome P450 enzyme. Researchers chemically modified the SWCNT
with linker 4-carboxy phenyl maleimide (CPMI) containing maleimide functional groups. The
enzyme was covalently attached on to the SWCNT through the maleimide group of the linker
(CPMI) to the thiolate group of the surface exposed Cys 58 or Cys 136 of the CYP101 forming a
covalently immobilized protein on the nanotube. Thin film of the modified SWCNT-
CPMICYP101conjugate was made on a glassy carbon (GC) electrode. Direct electrochemistry of
the substrate (camphor)-bound enzyme was studied using this immobilized enzyme electrode
system and the redox potential was found to be — 320mV vs Ag/AgCl (3 M KCI), which agrees
with the redox potential of the substrate bound enzyme reported earlier. The product formed
during the catalysis was identified by mass-spectrometry as hydroxy-camphor. [Contact person:
Shyamalava Mazumdar]

Controlled Uptake of an Iridium Complex inside Engineered apo-Ferritin Nanocages: Study
of Structure and Catalysis

The effect of the mutation at specific sites at the core of the ferritin nanocage on the uptake of an
organometallic iridium complex has been investigated to design an efficient hybrid bio-nano
catalyst for synthesis of chiral alcohols. Researchers developed two site-specific mutants of the
protein and these hybrid bio-nanocages of ferritin were found to efficiently catalyze transfer
hydrogenation of various substituted acetophenones forming corresponding chiral alcohols with
upto 80% conversion and 70% enantioselectivity. Encapsulation of the metal center inside the
ferritin cage leads to enantioselectivity of the reaction suggesting that asymmetric protein
environment favors specific conformation of the substrate forming the enantiomeric products.
Hammett type analyses of the enantioselectivity indicated biphasic dependence on the volume as
well as the hydrophobicity of the substituents. [Contact person: Shyamalava Mazumdar]

Unveiling the urease like intrinsic catalytic activities of two binuclear nickel complexes
towards the in situ syntheses of aminocyanopyridines

Designing metal complexes as functional models for metalloenzymes remains one of the main
targets in synthetic bioinorganic chemistry. Furthermore, the utilization of the product(s) derived
from the catalytic reaction for subsequent organic transformation that occurs in biological systems
is an even more difficult challenge for biochemists. Urease, the most efficient enzyme known,
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catalyzes the hydrolysis of urea and it contains an essential binuclear Ni (II) cluster in the active
site. Inspired by the catalytic properties of urease, two dinickel (II) complexes containing ligands
2,4-dimethyl-6-{[(2’-dimethyl aminoethyl) methylamino] methyl}-phenol and 2,4-dichloro-6-
{[(2’-dimethyl aminoethyl) methylamino] methyl}-phenol] were synthesized and characterized.
Both the complexes showed the urease kind of activity with the liberation of ammonia from urea
in aqueous solution. The liberated ammonia was utilized in the one-pot synthesis of biologically
active products like 2-amino-3-cyanopyridines and their derivatives in aqueous medium with
excellent yields. [Contact person: Shyamalava Mazumdar]

Supersonic Jet Spectroscopy

Spectroscopic characterization of theobromine-water dimer

Nature has eclected CGAT as the alphabets of life (C:Cytosine, G:Gaunine, A:Adenine,
T:Thymine) that hold together DNA double helix by intermolecular hydrogen bonding
interactions. In an attempt to understand the role of hydrogen bonding interactions, a thorough
experimental and computational study of the interaction of theobromine with water was
undertaken. Understanding the molecular basis of the appearance of life on Earth is an exciting
research field. Theobromine is a xanthine derivative, structurally related to the nucleobases, and
present in many living beings. The experimental results demonstrated that the most stable isomer
of theobromine-water was formed and detected in supersonic expansions. This isomer very well
resembles the structure of the dimers between nucleobases and water, offering similar values of
binding energy. A comparison between the results obtained for theobromine-water with those
reported in the literature for monohydrates of nucleobases was also made. [Contact person: Sanjay
Wategaonkar]|

Hydrogen bonding interaction between two unconventional hydrogen bonding participants,
namely, CH and Sulfur

Sulfur (S), being less electronegative (2.58) compared to its first row analogue oxygen (3.44), has
not been considered as a potential HB acceptor for a long time. The C-H---Y (Y = HB acceptor)
interaction has its own history of exhibiting omnidirectional shifts in the CH stretching frequency
upon complex formation. Therefore, a systematic investigation of the interaction between the pair
of unconventional hydrogen bond players, i.c., the C-H---S interaction was the primary goal of
this work. Together with gas-phase vibrational spectroscopy and ab initio quantum chemical
calculations, the nature and strength of the C-H---S hydrogen bond (HB) was investigated in the
complexes of 1,2,4,5-tetracyanobenzene (TCNB) with various sulfur containing solvents. Despite
the unconventional nature of both HB donor and HB acceptor (C-H and S, respectively), it was
found that the C-H---S hydrogen bond exhibits all the characteristics of the conventional
hydrogen bond. The binding strength of the C-H---S H-bond in these complexes was found to be
comparable to that of the conventional hydrogen bonds. The unusual stabilities of these HBs were
mainly attributed to the attractive dispersion interaction. [Contact person: Sanjay Wategaonkar]

Deviation from Bager-Bauer rule

The general perception that the red shift in the X-H stretching frequency in the X-H---Y hydrogen
bonded complexes is a reliable indicator of H-bond strength (D(), and is popularly known as the
Badger-Bauer rule. This trend was also reported for the H-bonded complexes of H2S/H20 with
several para substituted phenols of different pKa values wherein the oxygen centered hydrogen
bonded (OCHB) complexes consistently showed higher OH red shifts and D compared to those

of the analogous sulfur centered hydrogen bonded (SCHB) complexes. Researchers examinde
this trend in the methyl substituted H2S/H2O acceptors, namely, dimethylsulfide and
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dimethylether. The hydrogen bonded (H-bonded) complexes of Me2O and Me2S with seven
para-substituted H-bond donor phenols were investigated spectroscopically and computationally.
The salient finding was that although the dissociation energies, D(), of the Me20O complexes were
consistently higher than those of the analogous Me2S complexes, the red-shifts in phenolic O-H
frequencies showed the exactly opposite trend. [Contact person: Sanjay Wategaonkar]

Hydrogen Bonding Interaction of Carbenes

Several precursor molecules for generating carbene molecules in the jet cooled molecular beams
were tried. In all the cases the carbene signal was obtained at the beginning of the experiment,
however within half an hour the carbene signal used to disappear and the products of the
disproportionation reactions used to appear. This was attributed to the low duty cycle of the
reactant molecule discharge from the sample holder due to the pulsed operation of the nozzle.
Therefore, a laser ablation set was designed and fabricated in the Central Workshop (TIFR,
Mumbai). This apparatus has been tested and found to be working. The experiments to generate
the carbenes using this set up are underway. The progress in this project was severely hampered
due to the extended COVID lock-down. [Contact person: Sanjay Wategaonkar]

Department of Condensed Matter Physics and Materials Science

Single Crystal Growth of Intermetallic Compounds

Extremely large magnetoresistance, anisotropic Halleffect, and Fermi surface topology in
singlecrystalline WSi,

Researchers investigated the magneto-transport properties on MoSi, single crystals and found an
extremely large magnetoresistance (MR) and very high mobility in that compound. The large
magnetoresistance of MoSi» was attributed to the nearly perfect compensation of the charge
carriers. In continuation of the studies on novel semi-metallic systems, researchers investigated
the anisotropic transport and Fermi surface properties of an isostructural compound WSi,. High-
quality single crystals of WSi,» were grown by the Czochralski method in a tetra-arc furnace. The
MR at 2 K revealed a value of about 10° % T in an applied magnetic field of 14 T with no sign of
saturation. The near compensation of charge carriers and the large carrier mobility in WSi are
solely responsible for such large MR values. The Hall resistivity data of WSi» was found to be
highly anisotropic depending on the field direction the charge carriers were different. From the
angular dependence of the de Haas van Alphen (dHvA) measurements, researchers analyzed the
Fermi surface properties. [Contact person: A. Thamizhavel]

Magnetotransport properties of non-centrosymmetric CaAgBi single crystal

Researchers successfully grew the single crystal of non-centrosymmetric CaAgBi, which
crystallizes in the hexagonal crystal structure and studied its transport properties along the two
principal crystallographic directions. The zero-field electrical resistivity was found to be typical
of a metallic system. However, the magnetoresistance (MR) exhibited interesting properties. At
low fields, the MR was found to increase rapidly and above 3 T the MR was found to increase
linearly, without any sign of saturation, when the current was passed in the basal plane and the
magnetic field was perpendicular to it. This type of sudden increase in the MR at low fields was
reminiscent of weak antilocalization (WAL). The magnetoconductance data was analyzed based
on the well-known Hikami-Nagaoka-Larkin (HLN) model, which explained the WAL behaviour
in CaAgBi. From the analysis, it was found that there were multiple conduction channels in this
3D compound. [Contact person: A. Thamizhavel]
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Anisotropic magnetic properties of trigonal ErAl,Ge; single crystal

The rare-carth intermetallic compounds of the general formula RT,X, where R is the rare-earth
and 7 is the transition metal and X is a p-block element crystallizing in the ThCr,Si, type crystal
structure has been investigated extensively due to their vast interesting physical properties like
superconductivity, heavy fermion behaviour, valence fluctuations etc. In contrast to the well-
known ThCr,Si> type crystal structure there are certain rare-earth compounds of the general
formula (1-2-2) that crystalize in the trigonal CaAl,Si,-type crystal structure. Researchers
successfully grew the single crystals of ErAl,Ge; using Al:Ge eutectic composition as the flux.
High quality single crystals were obtained which were aligned along the principal crystallographic
directions and the anisotropic physical properties were studied in detail. From the anisotropic
studies, researchers inferred that the easy axis of magnetization is inclined more towards the ab-
plane. The anisotropy in the magnetic susceptibility can be qualitatively explained by the crystal
electric field (CEF) analysis. The 16-fold degenerate levels of the free Er** ions splits into eight
doublets with an overall separation of 108 K. [Contact person: A. Thamizhavel]

Evolution of charge density wave order and superconductivity under pressure in LaPt,Si,
Researchers continued the investigations on the single crystal of LaPt;Si,. LaPt,Si, exhibits a
first-order phase transition from a tetragonal to orthorhombic crystal structure accompanied by the
onset of a Charge Density wave (CDW) order below 76 K and at sufficiently low temperature, it
exhibits superconductivity at 1.87 K. The high-pressure electrical resistivity and ac magnetic
susceptibility measurements revealed that the CDW transition gets suppressed due to the
application of pressure. In contrast, the superconducting transition increased to roughly about 2.5
K. At 2.54 GPa pressure the CDW order was found to vanish. Both the superconducting transition
temperature and the resistivity 4 co-efficient of the Fermi liquid expression were found to exhibit
a maximum value around 2.54 GPa. The results suggested that the occurrence of the
superconducting dome can be accounted for within the framework of BCS theory, where there is a
maximum in the density of states upon the closure of the CDW gap. [Contact person: A.
Thamizhavel]

Nodeless superconductivity in the charge density wave superconductor LaPt,Si,

The interplay between charge density wave (CDW) and superconductivity has been at the
forefront of the condensed matter physics experiments. In several CDW materials,
superconductivity competes with the CDW order, leading to a sharp enhancement of
superconducting transition temperature upon suppressing the CDW transition. Recently, there has
been growing interest in the superconducting state’s nature near a possible CDW or structural
quantum critical point. This is similar to the antiferromagnetic quantum criticality in heavy
fermion compounds and FeAs-based superconductors. In further experiments on LaPt,Si, single
crystals, researchers performed the London penetration depth and point contact spectroscopy
studies on LaPt;Si, single crystal. The penetration depth measurement revealed an exponential
temperature dependence at low temperatures and the superfluid density could be well described a
single gap s-wave model in this compound. The present investigation on LaPt,Si, revealed a fully
gapped superconductivity in LaPt,Si, with moderately strong electron-phonon coupling. [Contact
person: A. Thamizhavel]

Nanophotonics

Metal-dielectric and all-dielectric metamaterials

Metamaterials are designed materials with sub-wavelength features. These are useful for
modulating the material properties, studying light-matter interaction and for novel applications.
Researchers designed and demonstrated a reusable biosensor based on the phase discontinuity at
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the point of darkness in a perfect absorber. This structure has the highest reported figure of merit
and quality factor. For the first time researchers showed that, an optical reflectionless potential
has a broadband negative group velocity. This is used to couple an entire 5 fsec short pulse to the
structure and generate supercontinuum with enhanced UV range. For magneto-plasmonic studies,
materials with high magneto-optical activity are interesting. Towards this, NiZN Ferrite
nanoparticles were synthesized and their properties were studied. Novel structures were designed
and demonstrated for spintronic studies especially for tunable spin current generation and also for
enhanced magneto-optical Faraday effect. Numerical techniques established in the group were
used to interpret the results on organic solar cells and the role of interface and edge effects on the
local fields was explained. Nitrogen vacancy in nanodiamonds is a very good source for single
photon emission. Researchers initiated work on irradiating nanodiamonds using the pelletron
facility at TIFR. [Contact person: Venu Gopal Achanta]

Nanoscale Physics

On-demand local modification of high-Tc¢ superconductivity in few unit-cell thick
superconductor

High-temperature superconductors (HTSs) are important for potential applications and for
understanding the origin of strong correlations. BiSr2CaCuOg+s (BSCCO), a van der Waals
material, offers a platform to probe the physics down to a unit-cell. Guiding the flow of electrons
by patterning 2DEGS and oxide heterostructures has brought new functionality and access to new
science. Similarly, modifying superconductivity in HTS locally, on a small length scale, is of
immense interest for superconducting electronics. A route to modify superconductivity locally by
depositing metal on the surface was reported by transport studies on few unit-cell thick BSCCO.
Deposition of chromium (Cr) on the surface over a selected area of BSCCO results in insulating
behavior of the underlying region. Cr locally depletes oxygen in CuO, planes and disrupts the
superconductivity in the layers below. This technique of modifying superconductivity is suitable
for making sub-micrometer superconducting wires and more complex superconducting devices.
[Contact person: Mandar Madhukar Deshmukh]

Bulk valley transport and Berry curvature spreading at the edge of flat bands

2D materials based superlattices have emerged as a promising platform to modulate band
structure and its symmetries. In particular, moiré periodicity in twisted graphene systems
produces flat Chern bands. The recent observation of anomalous Hall effect (AHE) and orbital
magnetism in twisted bilayer graphene has been associated with spontaneous symmetry breaking
of such Chern bands. However, the valley Hall state as a precursor of AHE state, when time-
reversal symmetry is still protected, has not been observed. The work probes this precursor state
using the valley Hall effect. Researchers showed that broken inversion symmetry in twisted
double bilayer graphene (TDBQG) facilitates the generation of bulk valley current by reporting
experimental evidence of nonlocal transport in a nearly flat band system. Despite the spread of
Berry curvature hotspots and reduced quasiparticle velocities of the carriers in these flat bands,
researchers observed large nonlocal voltage several micrometers away from the charge current
path — this persists when the Fermi energy lies inside a gap with large Berry curvature. The high
sensitivity of the nonlocal voltage to gate tunable carrier density and gap modulating
perpendicular electric field makes TDBG an attractive platform for valley-twistronics based on
flat bands. [Contact person: Mandar Madhukar Deshmukh]

Observation of standing spin-wave modes in a van der Waals magnetic material
Spin waves are studied for data storage, communication, and logic circuits in the field of
spintronics based on their potential to substitute electrons. The recent discovery of magnetism in
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2D systems such as monolayer Crlz and Cr.Ge,Tes has led to a renewed interest in such
applications of magnetism in the 2D limit. Here, direct evidence of standing spin waves was
presented along with the uniform precessional resonance modes in the van der Waals magnetic
material, CrCls. This is the first direct observation of standing spinwave modes, set up along a
thickness of 20 mm, in a van der Waals material. Standing spin waves are detected in the vicinity
of both branches, optical and acoustic, of the antiferromagnetic resonance. Magnon—magnon
coupling and softening of resonance modes with temperature enable extraction of interlayer
exchange field as a function of temperature. [Contact person: Mandar Madhukar Deshmukh]

Coplanar cavity for strong coupling between photons and magnons in van der Waals
antiferromagnet

Researchers investigated the performance of niobium nitride superconducting coplanar waveguide
resonators toward realizing hybrid quantum devices with magnon-photon coupling. The study
found internal quality factors 20000 at 20 mK base temperature, in zero magnetic field. It was
found that by reducing film thickness below 100 nm, an internal quality factor greater than 1000
can be maintained up to a parallel magnetic field of 1 T and a perpendicular magnetic field of 100
mT. Researchers further demonstrated strong coupling of microwave photons in these resonators
with magnons in chromium trichloride, a van der Waals antiferromagnet, which shows that these
cavities serve as a good platform for studying magnon-photon coupling in 2D magnonics based
hybrid quantum systems. Researchers demonstrated strong magnon-photon coupling for both
optical and acoustic magnon modes of an antiferromagnet. [Contact person: Mandar Madhukar
Deshmukh]

Superconducting Circuits as a Hardware for Quantum Computing and Information Processing

Engineering cross resonance interaction in multi-modal quantum circuits

Quantum computers leverage quantum mechanical phenomena to manipulate information in order
to solve problems that ordinary computers, in practical terms, cannot. Superconducting qubits
have become the dominant platform in the race to build a better quantum computer. However, the
vast majority of architectures have only nearest-neighbor coupling, which hinders a multi-qubit
processor’s performance. The researchers proposed an alternative architecture that used multi-
modal devices as the building blocks for a larger superconducting quantum processor with
superior connectivity. The researchers previously demonstrated a three-qubit design based on
multi-modal circuits that could perform fast, high-fidelity multi-qubit gates. In the current work, a
two-qubit version of the multi-modal circuit, consisting of two Josephson junctions in series,
replaced one of the transmons in a typical cross- resonance architecture. The researchers studied
the effect of cross-resonance drive as a function of different control parameters, such as inter-
qubit detuning and drive strength. The experimental results agreed with theory, and it was found
that microwave crosstalk in their system was negligible due to the 3D architecture. [Contact
person: Rajamani Vijayaraghavan]

Programmable Superconducting Processor with Native Three-Qubit Gates

Quantum computers promise to solve certain problems that are extremely difficult, if not
impossible by the classical, semiconductor-based computers. The power comes from utilizing
some wacky quantum mechanical phenomena, such as superposition — the ability to be in distinct
configurations/states simultaneously and entanglement — an extremely strong correlation where
participants lose their individual identity. The realization of such properties requires specialized
hardware whose building blocks are called the quantum bits or in short qubits, which are usually
pretty short-lived. Researchers focused on a novel idea of providing an efficient multi-qubit
building block for making moderate-sized quantum computers. The building block, nicknamed
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the ‘trimon’, consisted of three qubits with strong all-to-all coupling. The main advantage of this
three-qubit processor was shown to be the ability to perform high-quality entangling operations
that involved all three qubits simultaneously, unlike native two-qubit manipulations used in most
architectures. The universality of the processor was demonstrated by solving four different
quantum mechanical problems with moderate to high success rates. [Contact person: Rajamani
Vijayaraghavan]

Condensed Matter Physics and Material Science

Recharging and rejuvenation of decontaminated N95 masks

N95 respirators comprise a critical part of the personal protective equipment used by frontline
health-care workers and are typically meant for one-time usage. However, the recent COVID-19
pandemic has resulted in a serious shortage of these masks leading to a worldwide effort to
develop decontamination and re-use procedures. A major factor contributing to the filtration
efficiency of N95 masks is the presence of an intermediate layer of charged polypropylene
electret fibers that trap particles through electrostatic or electrophoretic effects. This charge can
degrade when the mask is used. Moreover, simple decontamination procedures (e.g., use of
alcohol) can degrade any remaining charge from the polypropylene, thus severely impacting the
filtration efficiency post-decontamination. In this wok, researchers summarized the results on the
development of a simple laboratory setup allowing measurement of charge and filtration
efficiency in N95 masks. In particular, researchers proposed and showed that it is possible to
recharge the masks post-decontamination and recover filtration efficiency. [Contact person:
Shankar Ghosh]

Effect of Co2+ substitution on the structural, terahertz and magnetic characterization of
NiZn ferrites

THz studies on spinel structured NipsCoxZnos.«Fe204 (x = 0.1, 0.2 and 0.3), synthesized by sol-gel
combustion method was initiated. In addition to the structural properties, THz optical dielectric
and magnetic response of this system as a function of x was studied. Terahertz (THz) time-
domain spectroscopy measurements at room temperature in a frequency range from 0.2 to 2.5
THz revealed high dielectric constant. [Contact person: Shriganesh S. Prabhu]

A THz spectroscopic study of alteration of water absorption traces the onset of fibrillation
in proteins

Water being an active participant in most of the biophysical process, it is important to trace how
protein solvation changes as its conformations evolves in presence of solutes or co-solvents.
Using terahertz spectroscopy, the alteration of the collective hydration of water during the
fibrillation process (native; intermediate; fibril) of a model protein bovine serum albumin was
carried out. This label-free study concluded that water dynamics change systematically with
protein conformational changes as it experiences a hydrophobic environment during the initial
protein unfolding process, followed by the release of bound water during oligomerization and
finally the hydrophobic interior of the fibril. These studies are useful for understanding protein
folding in diseases like Alzeimer and Parkinson. [Contact person: Shriganesh S. Prabhu]

Superconductivity

Scanning tunneling spectroscopy in the Vortex State of two dimensional superconductors
Following the discovery of the Hexatic Vortex Fluid in a thin a-MoGe thing film in 2019,
researchers have been continuing the investigations on the vortex state in 2-dimensional
superconducting films. These investigations make extensive use of scanning tunneling
spectroscopy measurements down to 400 mK, combined with magnetotransport and penetration
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depth measurements. It was demonstrated that the Hexatic Vortex fluid state in a-MoGe is
extremely sensitive to external electromagnetic applications. This extreme sensitivity might make
it useful for building sensors out of this material. Researchers experimentally demonstrated the
presence of zero-point fluctuation of the vortices in a-MoGe thin films. It was shown that when
the thickness of a-MoGe films is reduced to ~3 nm, superconductivity show pronounced
signatures of phase fluctuations. The eventual destruction of superconductivity follows a Bosonic
route where superfluid stiffness rather than superconducting energy gap becomes the relevant
energy scale. [Contact person: Pratap Raychaudhuri]

Topological Materials

¢ A new noncollinear ferromagnetic Weyl semimetal with anisotropic anomalous Hall effect
A developing frontier in condensed matter physics is the emergence of novel electromagnetic
responses, such as topological and anomalous Hall effect (AHE), in ferromagnetic Weyl
semimetals (FM-WSMs). WSMs are three-dimensional (3D) crystals that feature nontrivial band
degeneracies in their low-energy bulk spectrum where quasiparticles are different from the
familiar Schrodinger-type fermions and mimic the elementary relativistic Weyl fermions
previously considered in high-energy physics. Candidates of FM-WSM are limited to materials
that preserve inversion symmetry and generate Weyl crossings by breaking time-reversal
symmetry. These materials share three common features: a centrosymmetric lattice, a collinear
FM ordering, and a large AHE observed when the field is parallel to the magnetic easy-axis. In a
joint theory and experimental work, researchers presented CeAlSi as a new type of FM-WSM,
where the Weyl nodes are stabilized by breaking inversion symmetry, but their positions are tuned
by breaking time-reversal symmetry. Unlike the other FM-WSMs, CeAlSi has a
noncentrosymmetric lattice, a noncollinear FM ordering, and a novel AHE that is anisotropic
between the easy- and hard axes. The work is suitable for opening new research directions in
topological materials research with novel electromagnetic responses. [Contact person: Bahadur
Singh]

e Temperature-dependent electronic structure in a higher-order topological insulator
Topological insulators or Topological crystalline insulators are interesting materials that exhibit
insulating bulk but conducting surface states that are protected by time-reversal or crystalline
symmetries. This unusual bulk-surface correspondence in topological (crystalline) insulators
make them appealing for protected transport phenomena and device applications. These materials,
named as higher-order topological insulators (HOT]Is), have enticed enormous research interests
owing to their novelty in supporting gapless states along the hinges of a crystal. It was recently
shown that interplay between topology and magnetism can give rise to various magnetic
topological states, including HOTI and Axion insulator states. Using high-resolution angle-
resolved photoemission spectroscopy combined with the systematic first-principles calculations,
researchers reported a systematic study of the electronic structure and its evolution across the
magnetic phase transition in Euln;As; which possesses an antiferromagnetic ground state below
16 K. Antiferromagnetic EulnoAs; was shown to host both the axion insulator and the HOTI
states. Researchers directly observed the linearly dispersing holelike bands crossing the Fermi
level and the change in their dispersion across the magnetic phase transition. The work affirms
Euln,As, as a promising material for the exploration of interplay between topology and
magnetism. [Contact person: Bahadur Singh]

Epitaxial Synthesis of Functional Heterostructures and Low Temperature Magnetotransport

e Controlling magnetoresistance in semimetals at the atomic scale
Controlling electronic properties via band structure engineering is at the heart of modemn
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semiconductor devices. In this work, researchers extended this concept to semimetals where,
using LuSb as a model system. It was shown that quantum confinement lifts carrier compensation
and differentially affects the mobility of the electron and hole-like carriers resulting in a strong
modification in its large, non-saturating magnetoresistance behavior. Researchers also revealed
the emergence of a two-dimensional, interfacial hole gas at the LuSb/GaSb heterointerface driven
by a bonding mismatch. Although, stabilization of two-dimensional electron/hole gas have been
achieved in the past via a variety of electrostatic routes including band bending, polarization
induced, polar catastrophe etc., this is the first time a two-dimensional hole gas has been realized
via the chemical route. This is accompanied by a charge transfer across the interface that provides
another avenue to modify the electronic structure and magnetotransport properties in the ultrathin
limit. [Contact person: Shouvik Chatterjee]
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PHYSICAL SCIENCES

Gravitation and Astrophysics

Improved Gravitational-Wave Early-Warning of Compact Binary Mergers Using Higher
Modes of Gravitational Radiation

A crucial component to maximizing the science gain from the multi-messenger follow-up of
gravitational-wave (GW) signals from compact binary mergers is the prompt discovery of the
electromagnetic counterpart. GW detection and localization must be reported early enough to
allow for telescopes to slew to the location of the GW-event before the onset of the counterpart.
However, the time available for early warning is limited by the short duration spent by the
dominant mode within the detector’s frequency band. This can be circumvented if one could
exploit the fact that GWs also contain higher modes that oscillate at higher harmonics of the
orbital frequency, which enter the detector band well before the dominant mode. This work
showed that these higher modes will enable us to improve the early warning time significantly for
compact binaries with asymmetric masses. [Contact person: P. Ajith]

Constraining the Evolution of Gravitational Constant Using Gravitational Wave
Observations of Binary Neutron Stars

This work developed a method to constrain the variation of the gravitational constant G with
cosmic time using gravitational-wave (GW) observations of merging binary neutron stars. This
essentially relies on the fact that the GWs carry an imprint of the value of G at the time of the
merger. If the value of G at that epoch is significantly different from its current value, the masses
of the neutron stars inferred from the GW observations will be inconsistent with the theoretically
allowed range. Using the observation of the binary neutron star system GW170817, the fractional
difference in G between the merger and the current epoch is constrained to be between —1 and 8.
This method allows researchers to constrain the time evolution of G in a cosmological epoch,
which is currently not probed. [Contact person: P. Ajith]

Condensed Matter and Statistical Physics

Interplay of Magnetism and Topological Superconductivity in Bilayer Kagome Metals

The binary intermetallic materials, M3Sn, (M=3d transition metal) present a new class of strongly
correlated systems that naturally allows for the interplay of magnetism and metallicity. Using first
principles calculations, the researchers confirmed that bulk Fe;Sn; is a ferromagnetic metal, and
showed that M=Ni and Cu are paramagnetic metals with nontrivial band structures. Focusing
on FesSn, to understand the effect of enhanced correlations in an experimentally relevant
atomistically thin single kagome bilayer, the ab initio results showed that dimensional
confinement naturally exposes the flatness of band structure associated with the bilayer kagome
geometry in a resultant ferromagnetic Chern metal. Researchers used a multistage minimal
modeling of the magnetic bands progressively closer to the Fermi energy. This effectively
captures the physics of the Chern metal with a nonzero anomalous Hall response over a material
relevant parameter regime along with a possible superconducting instability of the spin-polarized
band resulting in a topological superconductor. [Contact person: Subhro Bhattacharjee]
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Signatures of a Spin-1/2 Cooperative Paramagnet in the Diluted Triangular Lattice
of YzCUTiOﬁ

Researchers presented a combination of thermodynamic and dynamic experimental signatures of
a disorder driven dynamic cooperative paramagnet in a 50% site diluted triangular lattice spin-
12 system: Y2CuTiOs. Magnetic ordering and spin freezing are absent down to 50 mK, far below
the Curie-Weiss scale (-0CW) of ~134 K. Researchers observed scaling collapses of the
magnetic field and temperature dependent magnetic heat capacity and magnetization data,
respectively, in conformity with expectations from the random singlet physics. The experiments
establish the suppression of any freezing scale, if at all present, by more than 3 orders of
magnitude, opening a plethora of interesting possibilities such as disorder stabilized long range
quantum entangled ground states. [Contact person: Subhro Bhattacharjee]

Transport in spinless superconducting wires connected to leads

Researchers considered Electron transport in a model of a spinless superconductor described by a
Kitaev type lattice Hamiltonian where the electron interactions are modelled through a
superconducting pairing term. The superconductor is sandwiched between two normal metals kept
at different temperatures and chemical potentials and are themselves modelled as non-interacting
spinless fermions. For this set-up the exact steady state properties of the system are computed
using the quantum Langevin equation approach. Closed form exact expressions for particle
current, energy current and other two-point correlations are obtained in the Landauer-type forms
and involve two nonequilibrium Green’s functions. As applications of the general formalism, the
researchers present results on thermal conductance and on the electrical conductance of a Kitaev
chain with next nearest neighbour interactions which allows topological phases with different
winding numbers. [Contact person: Abhishek Dhar]

Fluid Dynamics

Small Drops and Particles in Flow, Dynamics of Bodies in Fluids

The work on small droplets is being extended to include small but finite Reynolds number effects
by the incorporation of Oseenlets. In addition, two-way coupling is being introduced, so
researchers will soon be in a position to study dense suspensions of particles, which are not too
small. Basset history effects are being studied from first principles in wall-bounded flow. The
inviscid and high Reynolds number flow of ellipsoids is being extended both theoretically and
numerically to the case of multiple bodies. It was shown how an elastic filament with finite
bending moment wraps itself around a bubble. This work was experimental and theoretical.
Transitions between different kinds of wrapping were predicted and obtained. [Contact persons:
Rama Govindarajan and Vishal Vasan]

Stratified Flow

By deriving a new Reynolds-Orr equation for viscosity stratified flow it was shown that
disturbance growth here is dominated by nonlinear effects as opposed to an unstratified flow
where all perturbation growth is instantaneously linear. The first part of this study was published
in a special volume of the Journal of Fluid Mechanics. [Contact person: Rama Govindarajan]

Statistical Physics

Spatiotemporal Spread of Perturbations in a Driven Dissipative Duffing Chain: An Out-of-
Time-Ordered

This work studied chaotic properties in an open (no energy conservation) chain of Duffing
oscillators (which is a classical many-body system) by measuring out-of-time correlators
(OTOC). It has been shown that OTOC serves as an excellent diagnostic to identify different
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dynamical regimes of this oscillator chain in presence of external drive and dissipation locally.
The OTOC provides a clear demarcation of three distinct dynamical regimes where chaos is
sustained, transient, and absent. This work provides extensive information about the degree of
chaos, which can be potentially used in areas like encryption devices, secure communications, and
signal detection to name a few. [Contact persons: Anupam Kundu and Manas Kulkarni]

Multilayered density profile for noninteracting fermions in a rotating two-dimensional trap
Exact results for collective behaviour of Fermions have remained elusive. In this work, the
researchers computed exactly the average spatial density for N spinless noninteracting fermions in
a 2D harmonic trap rotating with a constant frequency in the presence of an additional repulsive
central potential. It was found that, in the large-N limit, the bulk density has a rich and nontrivial
profile with a hole at the center of the trap and surrounded by a multi-layered “wedding cake”
structure. By investigating the multi-layered structure, researchers obtained a rich phase diagram.
Zooming in on the edge of the k-th layer, it was found that the edge density profile exhibits k
kinks located at the zeroes of the k-th Hermite polynomial. Researchers also studied how a newly
formed droplet grows in size on top of the last layer as one changes the parameters. The findings
are entirely missed by a traditional Local Density Approximation and researchers believe that the
work is a major step forward towards understanding of collective phenomena in trapped Fermions.
[Contact person: Manas Kulkarni]

Run-and-Tumble Particle in Inhomogeneous Media in One Dimension

This work investigated the motion of the run-and-tumble particle (also known as persistent
Brownian motion) in one dimension. The particle is driven by a telegraphic noise, which
alternates between +1 and -1 with some rates. Such a motion is a quintessential model for
bacteria. In order to incorporate the effect of the food concentration in the surrounding media, the
rates with which the noise changes sign were taken to depend on the distance |x| from the starting
position (which is also the origin). In particular, it has been assumed that the rates depend as a
power law on [x| with a given exponent a, so that for a>0, the further the particle from the origin
the faster it changes its instantaneous direction of motion. The distribution of the position of such
a particle as well as survival properties was studied under various conditions. [Contact person:
Anupam Kundu]

Astrophysical Relativity

GW190521: A Binary Black Hole Merger with a Total Mass of 150 Mo

This work presented the discovery of gravitational waves from the merger of some of the most
massive astrophysical black holes ever observed. The primary black hole presented was found to
be ~85 Mo and the secondary ~66 Mo. As a result, the black hole formed from this merger is
almost certainly an intermediate mass black-hole. This discovery is of interest for two reasons:
the masses of pre-merger black holes place them right in the middle of the gap produced by the
so-called (pulsational) pair-instability supernova processes, which is interesting counter-evidence
to our understanding of supernovae, and the mass of a post-merger black hole corresponds to an
intermediate mass black hole, and this discovery presents some of the cleanest evidence for the
existence of such objects. [Contact persons: Prayush Kumar and P. Ajith]

Turbulent Transport/Cloud Physics

Orientation Dynamics of Sedimenting Particles Anisotropic Particles in Turbulence

In this work, the researchers examined, numerically and theoretically, the dynamics of anisotropic
particles in turbulence, accounting for both inertia and gravity; the particles being representative
of ice crystals in turbulent clouds. This was the first concrete step towards quantifying Cirrus
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cloud characteristics, which depend sensitively on the ice crystal orientation distribution. Clouds
constitute the greatest uncertainty in the Earth-atmosphere radiation budget, and this work had
implications towards estimating their contribution to the planetary greenhouse effect. The work
also had relevance to pollutant dispersion, soot emission and plankton dynamics, and was
therefore of interest to the atmospheric and oceanic science communities. [Contact person:
Samriddhi Sankar Ray]

Polymers

Polymer Scission in Turbulent Flows

Polymers in a turbulent flow are subject to intense strain, which can cause their scission and
thereby limit the experimental study and application of phenomena such as turbulent drag
reduction and elastic turbulence. In this work, Vincenzi, et al. studied polymer scission in
homogeneous isotropic turbulence, through a combination of stochastic modelling, based on a
Gaussian time-decorrelated random flow, and direct numerical simulations (DNS) with both one-
way (passive) and two-way (active) coupling of the polymers, modelled as bead-spring chains,
and the flow. [Contact person: Samriddhi Sankar Ray]

String Theory and Quantum Gravity

Information Transfer with Gravitating Baths

There has been significant recent attention devoted to computing the Page curve of a
nongravitational bath that is coupled to a holographic system. A natural question is whether this
Page curve is relevant to black holes in our world, where gravity does not switch off entirely
anywhere. The researchers examined the extension of these ideas to the case where the bath itself
has dynamical gravity. It was found that the existing results were significantly modified and the
Page curve disappeared. On the other hand, researchers showed that, by asking an appropriate
nongravitational question, one could still obtain a Page curve. This supports the idea that the Page
curve is generally the answer to a nongravitational question and does not provide an accurate
picture of how information emerges from the interior of a black hole in asymptotically flat space.
[Contact person: Suvrat Raju]

A Physical Protocol to obtain Bulk Information in Quantum Gravity

A physical protocol was established that would allow observers near the boundary of an
asymptotically AdS spacetime to identify bulk excitations. It was shown that if the observers are
allowed to act with local bulk unitaries and measure the energy, this would allow them to
uniquely identify any low-energy bulk state without directly exploring the bulk. This provided a
perturbative verification of previous arguments that signs of holography are already manifested in
the low-energy theory of quantum gravity. [Contact person: Suvrat Raju]

Open Quantum Systems and Schwinger-Keldysh Holograms

The researchers initiated the study of open quantum field theories using holographic methods.
Specifically, a quantum field theory (the system) coupled to a holographic field theory at finite
temperature (the environment) was considered. Researchers investigated the effects of integrating
out the holographic environment with an aim of obtaining an effective dynamics for the resulting
open quantum field theory. The influence functionals, which enter this open effective action were
determined by the real-time (Schwinger-Keldysh) correlation functions of the holographic thermal
environment. Researchers computed real-time correlation functions using holographic methods in
these geometries, and argued that they lead to a sensible open effective quantum dynamics for the
system in question, a question that hitherto had been left unanswered. In addition to shedding
light on open quantum systems coupled to strongly correlated thermal environments, the results
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also provide a principled computation of Schwinger-Keldysh observables in gravity and
holography. [Contact person: R. Loganayagam|

Holographic KMS Relations at Finite Density

The researchers extended the holographic Schwinger-Keldysh prescription introduced earlier to
charged black branes, with a view towards studying Hawking radiation in these backgrounds.
Equivalently researchers studied real-time fluctuations of the dual CFT held at finite temperature
and finite chemical potential. The prescription was checked using charged Dirac probe fields.
Researchers solved the Dirac equation in a boundary derivative expansion extending earlier
results. The Schwinger-Keldysh correlators derived using this prescription automatically satisfy
the appropriate KMS relations with Fermi-Dirac factors. [Contact person: R. Loganayagam]|

Physical Biology and Condensed Matter

Universal Scaling in Active Single-File Dynamics

The researchers studied the single-file dynamics of three classes of active particles: run-and-
tumble particles, active Brownian particles and active Ornstein—Uhlenbeck particles. At high
activity values, the particles, interacting via purely repulsive and short-ranged forces, aggregate
into several motile and dynamical clusters of comparable size, and do not display bulk phase-
segregation. In this dynamical steady-state, it was found that the cluster size distribution of these
aggregates is a scaled function of the density and activity parameters across the three models of
active particles with the same scaling function. The velocity distribution of these motile clusters is
non-Gaussian. It was shown that the effective dynamics of these clusters can explain the observed
emergent scaling of the mean-squared displacement of tagged particles for all the three models
with identical scaling exponents and functions. The study revealed a universal scaling behavior in
the single-file dynamics of interacting active particles. [Contact persons: Vijay Kumar
Krishnamurthy, Anupam Kundu and Abhishek Dhar]

String Theory/Quantum Field Theory

From Symmetric Product CFTs to AdS;

This research work gives a proof of concept that the program to understand gauge-string duality
for weakly interacting QFTs through a recasting of Feynman diagrams into a string amplitude is
viable. This is done through the example of AdS3/CFT, duality, which has been developed in the
last couple of years. This holds out a lot of promise for being generalised to other cases of the
AdS/CFT correspondence. [Contact person: Rajesh Gopakumar]

Quantum Field Theory

Crossing Symmetric Dispersion Relations for Mellin Amplitudes

This work develops a formalism, which writes (four point) correlation functions in a conformal
field theory in a way, which manifests the so-called crossing symmetry between all channels. This
formalism is used to show how one can make a well defined expansion of such correlators in
terms of what was dubbed Polyakov-Mellin blocks which in turn are closely related to Witten
diagrams in anti-de sitter space. In particular, certain ambiguities involving contact diagrams are
fixed through the imposition of locality constraints. [Contact person: Rajesh Gopakumar]

Astrophysical Fluid Dynamics and Plasma Astrophysics

Inverse Energy Transfer in Decaying, Three-Dimensional, Non-Helical Magnetic
Turbulence due to Magnetic Reconnection

This work showed empirically that the inverse magnetic energy transfer in decaying, non helical,
magnetohydrodynamic turbulence in three dimensions (3D) occurs on the magnetic reconnection
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timescale. Thus, it was suggested that reconnection is responsible for the dynamics leading to the
inverse transfer. The 2D numerical simulation of this system showed visual evidence for inverse
transfer via merging of magnetic islands leading to larger structures. The researchers found that
the scaling behaviour is similar between 2D and 3D. On normalization of time by the magnetic
reconnection time-scale, the evolution curves of the magnetic field from systems with different
Lundquist numbers collapse on to one another. Further, the role of conserved quantities was
discussed and found to be similar across 2D and 3D simulations. This study indicated that the
dynamics in 3D could be approximately explained by what was understood in 2D. [Contact
person: Pallavi Bhat]

MATHEMATICS

Probability Theory and Combinatorics

Upper tail large deviations of regular subgraph counts in Erdés-Rényi graphs

Recently, there have been enormous interests in studying the large deviations of subgraph counts
in random graphs models. The simplest non-trivial model in the context of random graphs is the
Erdos-Rényi graph. In this work, the large deviation bounds for the upper tail event for all regular
connected graphs in the entire localized regime (where the large deviation event is believed to be
due to the presence of localized structures) was derived. This together with prior works indicates
that in the localized regime the large deviation event is due to planting either a clique or a hub (a
localized structure). It completely settles the upper tail problem for regular graphs. [Contact
persons: Anirban Basak and Riddhipratim Basu]

Probability Theory and Spectral Theory

Spectrum of Random Perturbations of Toeplitz Matrices with Finite Symbols

In this work, the researchers studied the limiting spectral distribution of finitely banded Toeplitz
matrices under random additive perturbation. Under a very mild assumption on the noise matrix,
such as the existence of the second moment of the entries, and a technical condition on the
behavior of the smallest singular value under perturbation, it was shown that the limit of the
empirical measure of the eigenvalues of a random perturbation of finitely banded Toeplitz matrix
converges the law induced by the push forward of the uniform measure on the unit circle by the
symbol associated with the limiting Toeplitz operator. Researchers showed that the assumptions
on the noise matrix hold for a large collection of matrices, such as matrices with independent and
identically distributed entries having a finite second moment and Haar distributed Unitary and
Orthogonal matrices. [Contact person: Anirban Basak]

Geometry

Local interpolation by maximal and minimal surfaces

Maximal surfaces are zero mean curvature surfaces in Lorentz-Minkowski space L. The
researchers interpolated a given real analytic spacelike curve a to another real analytic spacelike
curve ¢, which is given to be “close” enough to a in a certain sense, by a maximal surface.
Researchers used the inverse function theorem for Banach spaces. Minimal surfaces are zero
mean curvature surfaces in Euclidean space E°. Using the same method researchers interpolated a
given real analytic curve a in Euclidean space E?* to another real analytic curve ¢, which is given
to be “close” enough to a in a certain sense, by a minimal surface. The Bjorling problem and
Schwartz’s solution to it play an important role in the proof. [Contact person: Rukmini Dey]

Algebraic Geometry

Spectral Networks and Stability Conditions

205



This work is aimed at relating the theory of spectral networks from high energy physics with the
theory of Fukaya categories in symplectic topology. [Contact person: Pranav Pandit]

MATHEMATICS AND PHYSICAL SCIENCES

Thermalization of Local Observables in the a-FPUT Chain

Most studies on the problem of equilibration of the Fermi—Pasta—Ulam—Tsingou (FPUT) system
have focused on equipartition of energy being attained amongst the normal modes of the
corresponding harmonic system. In the present work, the researchers instead discuss the
equilibration problem in terms of local variables, and consider initial conditions corresponding to
spatially localized energy. Researchers estimated the time-scales for equipartition of space
localized degrees of freedom and find significant differences with the times scales observed for
normal modes. Researchers showed how thermalization properties of the system, quantified by its
equilibration time, defined in this work, can be related to chaos, given by the maximal Lyapunov
exponent. Somewhat surprisingly, it was also found that the ensemble averaging can lead to
thermalization of the integrable Toda chain, though on much longer time scales. [Contact persons:
Amit Apte and Abhishek Dhar]

National Centre for Radio Astrophysics, Pune

Targeted Survey of Millisecond Pulsars

Discovery and Timing of Three Millisecond Pulsars in Radio and Gamma-Rays with the
Giant Metrewave Radio Telescope and Fermi Large Area Telescopes

Millisecond pulsars are rapidly rotating neutron stars, from which we observe pulses having
extremely stable rotational periodicity as the beams of radiation pass our line of sight, making the
millisecond pulsars the most precise celestial clocks. While it has proven possible in a few cases,
it is generally far more efficient to first search for radio pulsars in the direction of these sources.
Deep observations were performed to search for radio pulsations in the directions of 375
unassociated Fermi Large Area Telescope gamma-ray sources using the Giant Metrewave
Radio Telescope (GMRT) at 322 and 607 MHz. Researchers reported the discovery of three
millisecond pulsars, PSR J0248+4230, PSR J1207-5050 and PSR J1536-4948, named after their
locations in the sky. Researchers discovered the gamma-ray pulsations from these millisecond
pulsars folding the gamma-ray photons from the Fermi Large Area Telescope with the parameters
derived from the GMRT observations. [Contact person: Bhaswati Bhattacharyya]

Discovery of a Gamma-Ray Black Widow Pulsar by GPU-accelerated Einstein@Home

This study reported the discovery of 1.97 millisecond period gamma-ray pulsations from the 75
minute orbital-period binary pulsar now named PSR J1653—0158. The associated Fermi Large
Area Telescope gamma-ray source 4FGL J1653.6—0158 has long been expected to harbor a
binary millisecond pulsar. Despite the pulsar-like gamma-ray spectrum and candidate optical/X-
ray associations—whose periodic brightness modulations suggested an orbit—no radio pulsations
had been found in many searches. The pulsar was discovered by directly searching the gamma-ray
data using the GPU-accelerated Einstein@Home distributed volunteer computing system. The
multidimensional parameter space was bounded by positional and orbital constraints obtained
from the optical counterpart. More sensitive analyses of archival and new radio data using
knowledge of the pulsar timing solution yield very stringent upper limits on radio emission. Any
radio emission is thus either exceptionally weak, or eclipsed for a large fraction of the time. The
pulsar has one of the three lowest inferred surface magnetic-field strengths of any known pulsar
with B ut = 4 x 107 G. [Contact person: Bhaswati Bhattacharyyal]
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Astronomy

H I 21-centimetre emission from an ensemble of galaxies at an average redshift of one

A significant fraction of the gas in galaxies is in the form of atomic hydrogen. This gets converted
into the molecular state and finally into stars. Although the evolution of the star formation rate of
galaxies is now relatively well measured, the evolution of the atomic gas content of galaxies is
not. This is because the only available tracer of the total atomic gas content of galaxies is the
hydrogen radio spectral line at 21cm wavelength. This emission is very weak, and has only been
measured in individual galaxies at relatively nearby distances. The upgraded GMRT was used to
measure the average atomic hydrogen mass of star-forming galaxies observed as they were 8
billion years ago. This is, by far, the furthest ‘lookback time’ for which such a measurement has
been made. It was found that although the galaxies have a large reservoir of atomic hydrogen,
they are also forming stars at such a rapid rate that the gas would be very quickly exhausted,
unless there is ongoing infall of gas. The study suggested that gas accretion onto galaxies at these
times may have been insufficient to sustain high star-formation rates in star-forming galaxies.
This is likely to be the cause of the decline in the cosmic star-formation rate density. [Contact
person: J. N. Chengalur]

Astrophysics

Wide Band Study of HD 133880, the second star known to emit ECME

As per current understanding, massive OB stars are the progenitors of most of the supernovae.
However, magnetism in massive stars, which is rare and seen only in 10% of these stars, have
important consequences in their rotational properties, mass-loss rates, thus their final fate as
supernovae. The electron cyclotron maser emission (ECME) is a directional emission seem to
occur at the magnetic nulls of the stars. ECME appears to be a property at low frequencies, while
the same stars show gyro-synchrotron emission at high radio frequencies. Researchers carried out
the wide band study of HD 133880, the second star to have ECME emission. This study has led to
the discovery of several interesting characteristics of the phenomenon and also of the host star. It
was found that the observable properties of ECME pulses, e.g. the time lag between right and left
circularly polarized pulses, the amplitudes of the pulses, and their upper cut-off frequencies,
appear to be dependent on the stellar orientation with respect to the line of sight. It was suggested
that all these phenomena, which are beyond the ideal picture, can be attributed to a highly
azimuthally asymmetric matter distribution in the magnetosphere about the magnetic field axis.
[Contact person: Poonam Chandra]

A 3D Framework to Explore the Propagation Effects in Stars Exhibiting Electron Cyclotron
Maser Emission

Coherent radio emission has been discovered from a number of hot magnetic stars, via the process
of electron cyclotron maser emission (ECME). One of the important properties of ECME is the
frequency dependence of the pulse arrival time. This has been attributed to the propagation.
However, no quantitative treatment exists for this phenomenon despite it being a promising tool
to estimate the density in the stellar magnetosphere. Researchers proposed a framework to deal
with the propagation effect by considering continuous refraction in the inner magnetosphere of
the star. This framework is capable of incorporating any type of density distribution, and in
principle any type of magnetic field. The work showed that for stars with high obliquity, the
propagation effect can influence not only the sequence of arrival of pulses drastically, but also the
pulse shapes, and the observability of a pulse from a particular magnetosphere. [Contact person:
Poonam Chandra]

207



Radio view of a broad-line Type Ic supernova ASASSN-16fp

Researchers studied a Type Ic supernova, ASASSN-16fp with uGMRT and the VLA. The data
represent the lowest frequency observations of the supernova beyond 1000 d with a frequency
range of 0.33-25 GHz and a temporal range of ~8-1136 d post-explosion. The observations are
best represented by a model of synchrotron emission from a shocked circumstellar shell initially
suppressed by synchrotron self-absorption. Assuming equipartition of energy between relativistic
particles and magnetic fields, researchers estimated the velocity and radius of the blast wave to be
V ~ 0.15c and r ~ 3.4 x 10" cm, respectively, at to ~ 8 d post-explosion. Researchers inferred the
total internal energy of the radio-emitting material evolves as E ~ 0.37 x 10%" (t/to)** erg. The
mass-loss rate of the progenitor star was determined to be ~ (0.4-3.2) x 10° Mg yr'! at various
epochs post-explosion, consistent with the mass-loss rate of Galactic Wolf-Rayet stars. The radio
light curves and spectra showed a signature of density enhancement in the circumstellar medium
at a radius of ~1.10 x 10'® cm from the explosion centre. [Contact person: Poonam Chandra]

Supernova Interaction with a Dense Detached Shell in SN 2001em

Researchers carried out a comprehensive analysis of supernova SN 2001em covering a period of
19 yr since discovery. SN 200lem is the oldest supernova known to have undergone a
metamorphosis from a stripped envelope to an interacting supernova. Researchers used archival
data with the Very Large Array in radio bands and with Chandra, XMM-Newton, and Swift-XRT
in X-ray bands, along with published Ho measurements. Researchers combined these data with
the low radio frequency observations with the Giant Metrewave Radio Telescope at two epochs
covering three frequencies. While the observations missed the phase when the shock entered the
dense shell, the X-rays indicate that the shock came out of the dense shell at around 1750 days.
The data suggested a forward shock origin of the X-ray emission. Radio data showed a spectral
inversion at late epochs (>5000 days) at around 3 GHz, which mimics the properties of the central
absorbed component seen in SN 1986J. A possible explanation for this component is that the
progenitor of SN 2001em was a massive binary system that had undergone a period of common-
envelope evolution. The hydrogen envelope from the SN 2001em progenitor may have been lost
as a result of binary interaction. [Contact person: Poonam Chandra]

Radio emission from a decade old Type I superluminous supernova, PTF10hgi: comparison
with FRB121102

Researchers performed a comparative study between the only radio-detected Type I
superluminous supernova (SLSN) PTF10hgi, and the most active repeating fast radio burst
FRB121102. This study has its root in the hypothesized FRB-SLSN connection that states that
magnetars born in SLSN can power FRBs. The wide-band spectrum (0.6-15 GHz) of PTF10hgi
provided strong evidence for the magnetar wind nebular origin of the radio emission. The same
spectrum also enabled researchers to make robust estimates of the radius and the magnetic field of
the radio-emitting region and demonstrated that the nebula is powered by the rotational energy of
the magnetar. This spectrum was then compared with that of FRB121102, which researchers
extend down to 400 MHz using archival data. The newly added measurements put very tight
constraint on the emission models of the compact persistent source associated with FRB121102. It
was found that while both sources can be powered by the rotational energy of the underlying
magnetar, the average energy injection rate is much higher in FRB121102. Hence, reseaerchers
hypothesized that, if PTF10hgi is indeed emitting fast radio bursts, those will be much weaker
energetically than those from FRB121102. [Contact person: Poonam Chandra]

1000 Days of the Lowest-frequency Emission from the Low-luminosity GRB 171205A

208



Researchers studied the lowest-frequency measurements of gamma-ray burst (GRB) 171205A
with the upgraded Giant Metrewave Radio Telescope (uGMRT) covering a frequency range of
250-1450 MHz and a period of 4-937 days. It is the first GRB afterglow detected in the 250-500
MHz frequency range and the second brightest GRB detected with the uGMRT. Researchers fit
synchrotron afterglow emission arising from a relativistic, isotropic, self-similar deceleration as
well as from a shock breakout of a wide-angle cocoon. The data also allowed the researchers to
discern the nature and the density of the circumburst medium. It was found that the density profile
deviates from a standard constant density medium and suggests that the GRB exploded in a
stratified wind-like medium. The analysis showed that the lowest-frequency measurements
covering the absorbed part of the light curves are critical to unraveling the GRB environment. The
data combined with other published measurements indicated that the radio afterglow has a
contribution from two components: a weak, possibly slightly off-axis jet and a surrounding wider
cocoon, consistent with the results of 1zzo et al. The cocoon emission likely dominates at early
epochs, whereas the jet starts to dominate at later epochs, resulting in flatter radio light curves.
[Contact person: Poonam Chandra]

uGMRT Observations of a Fast and Blue Optical Transient—AT 2018cow

Researchers performed low-frequency radio observations of a fast-rising blue optical transient
(FBOT), AT 2018cow, with the upgraded Giant Metrewave Radio Telescope (uUGMRT). The
observations span t = 11-570 days post-explosion and a frequency range of 250-1450 MHz. The
uGMRT light curves are best modeled as synchrotron emission from an inhomogeneous radio-
emitting region expanding into an ionized medium. However, due to the lack of information on
the source covering factor, which is a measure of the degree of inhomogeneity, researchers
derived various parameters assuming the source covering factor to be unity. These parameters,
hence, indicate limits on the actual values in an inhomogeneous model. The results agree with the
speculation of the presence of a dense circumstellar shell in the vicinity of AT 2018cow from
previous radio, ultra-violet, and optical observations. [Contact person: Poonam Chandra]

Radio Astronomy

A real-time Automated Glitch Detection Pipeline at Ooty Radio Telescope

Glitches are the observational manifestations of superfluidity inside neutron stars. An automated
glitch detection pipeline, which can alert the observers on possible real-time detection of
rotational glitches in pulsars was developed so that the pulsars can be monitored at a higher
cadence after a glitch to measure the post-glitch recovery phase. Two algorithms namely, Median
Absolute Deviation (MAD) and polynomial regression were explored to detect glitches in real
time. The pipeline was optimized with the help of simulated timing residuals for both the
algorithms. Based on the simulations, the polynomial regression algorithm was found more
effective for real time glitch detection. The pipeline has been tested on a few published glitches
and is presently implemented at the Ooty Radio Telescope. [Contact person: Bhal Chandra Joshi]

Pinta: The uGMRT data processing pipeline for the Indian Pulsar Timing Array

Pinta, a pipeline for reducing the upgraded Giant Metre-wave Radio Telescope (uUGMRT) raw
pulsar timing data was developed for the Indian Pulsar Timing Array experiment. The workflow
and computational performance of Pinta was optimized with provision for RFI mitigation. A
novel and independent determination of the relative time offsets between the different back-end
modes of uGMRT and the interpretation of the uGMRT observation frequency settings was
compared with results obtained from engineering tests. Further, the capability of pinta to generate
data products which can produce high-precision TOAs was demonstrated using PSR J1909$-
$3744 as an example. The pipeline will soon become available for all pulsar observations with the
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uGMRT and is critical for performing precision pulsar timing with the uGMRT in experiments
such as Indian Pulsar Timing Array (InPTA). [Contact person: Bhal Chandra Joshi]

Absolute time calibration of LAXPC aboard AstroSat

The AstroSat mission carries several high-energy detectors meant for fast timing studies of
cosmic sources. In order to carry out high precision multi-wavelength timing studies, it is
essential to calibrate the absolute time stamps of these instruments to the best possible accuracy.
The absolute time calibration of the AstroSat LAXPC instrument, utilizing the broad-band
electromagnetic emission from the Crab Pulsar was carried out to cross calibrate against Fermi-
LAT and ground based radio observatories, the Giant Metrewave Radio Telescope (GMRT) and
the Ooty Radio Telescope (ORT). Using the techniques of pulsar timing, the fixed timing offsets
of LAXPC with respect to these different instruments was determined and also compared with the
offsets of another AstroSat instrument, CZTI. [Contact person: Bhal Chandra Joshi]

High Precision Measurements of Interstellar Dispersion Measure with the upgraded GMRT
Pulsar radio emission undergoes dispersion due to the presence of free electrons in the interstellar
medium (ISM). The dispersive delay in the arrival time of pulsar signal changes over time due to
the varying ISM electron column density along the line of sight. Correcting for this delay
accurately is crucial for the detection of nanohertz gravitational waves using Pulsar Timing
Arrays. In this work, in-band and inter-band DM estimates of four pulsars observed with uGMRT
over the timescale of a year were presented using two different template alignment methods. The
DMs obtained using both these methods show only small differences for PSR 1713+0747 and
J1909-3744. A considerable offset is seen in the DM of PSR J1939+2134 and J2145-0750
between the two methods. This could be due to the presence of scattering in the former and profile
evolution in the latter. Both methods are useful but could have a systematic offset between the
DMs obtained. [Contact person: Bhal Chandra Joshi]

Extragalactic Astrophysics

A radio polarimetric study to disentangle AGN activity and star formation in Seyfert
galaxies

To understand the origin of radio emission in radio-quiet AGN and differentiate between the
contributions from star formation, AGN accretion, and jets, researchers observed a nearby sample
of Seyfert galaxies along with a comparison sample of starburst galaxies using the EVLA in full-
polarization mode in the B-array configuration. The radio morphologies of the Seyfert galaxies
show lobe/bubble-like features or prominent cores in radio emission, whereas the starburst
galaxies show radio emission spatially coincident with the star-forming regions seen in optical
images. It was found that unlike a sample of Seyfert galaxies hosting kilo-parsec scale radio
emission, starburst galaxies with superwinds do not show radio-excess compared to the radio-FIR
correlation. This suggests that shock acceleration is not adequate to explain the excess radio
emission seen in Seyferts and hence most likely have a jet-related origin. It was found that the
power contribution of AGN jet, AGN accretion, and star formation is more or less comparable in
our sample of Seyfert galaxies. Researchers also found indications of episodic AGN activity in
many of our Seyfert galaxies. [Contact person: Preeti Kharab]

Radio Astrophysics, Pulsars

Modeling the location of X-ray and Radio emission from pulsars

Pulsars are unipolar inductors, and emits broadband emission. A challenging aspect of pulsar
research is to understand how particles are created around pulsars and accelerate such that they
can explain the observed broadband nature of the emission. It has been found that a self-consistent
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theory is only possible in the presence of surface non-dipolar surface magnetic field in pulsars.
Observationally it was found that the thermal X-ray arises from the neutron star polar cap, and the
radio emission arises around 500 km above the surface. Further time alignment of thermal X-ray
and radio shows offset which is a signature of non-dipolar surface magnetic field. To explain
these observations researchers began to fit realistic non-dipolar models to data. In this work, the
aim was to explain the non-dipolar magnetic field geometry of PSR J1136+1551. An off-set
dipole, which is a proxy for a non-dipolar field can explain the observations extremely well.
Researchers concluded that a non-dipolar surface magnetic field is an essential feature in pulsars.
[Contact person: Dipanjan Mitra]

Model of Pulsar deathline

In the pulsar population after a certain period and slowdown rate the number of pulsars appear to
decrease. It is thought that after a certain period and period derivative, pulsars does not have the
ability to produce coherent radio emission, and hence dies. In this work, researchers explored
based on a partially screened vacuum gap model how to explain the death line of pulsars. The
suggestion is that pulsars are active due to production of sparks at the polar cap. However, for
long period pulsar the polar cap size decreases significantly and thus cannot form any sparking
discharge. It was shown that the model is able to explain all the properties of the extremal pulsar
PSR J2144-3933, which lines at the pulsar death line. [Contact person: Dipanjan Mitra]

Pulsars

Study of eclipses for a redback millisecond pulsar J1227-4853

With huge enhancement of the population with the advent of Fermi LAT, there are 12 redback
MSP systems known so far. These systems exhibit very long eclipses (apparently larger than the
companions Roche lobe) that are believed to be caused by the intra-binary materials obscuring the
pulsar emission. PSR J1227-4853 is an eclipsing redback MSP. A multifrequency study of eclipse
properties of this transitional redback MSP was performed with the GMRT. The pulsar is
observed in only 36% of the orbit without getting affected by eclipsing material. The
simultaneous timing and imaging studies suggested that the eclipses in J1227- 4853 are not
caused by temporal smearing due to excess dispersion and scattering, but could be caused by
removal of pulsar flux due to cyclotron absorption of the pulsed signal by intra-binary material
constraining the companion’s magnetic field. Additionally, near the inferior conjunction the
pulsed emission is significantly delayed, which is associated with a fading of the pulsed and
continuum flux densities. Such flux fading around a fixed orbital phase near the inferior
conjunction is not reported for other eclipsing binaries. This event around the inferior conjunction
could be caused by absorption of the pulsed signal by fragmented blobs of plasma generated from
mass loss through the L2 Lagrangian point. [Contact person: Jayanta Roy]

Evaluating prospects of low-frequency DM measurements with the GMRT

The lower observing frequencies are better probe for the effects like dispersion, scattering and
their variations over week-month timescales. This warrants high-cadence multi-frequency
observations of millisecond pulsars (MSPs) that are part for the Pulsar Timing Array (PTA)
project. Four such PTA MSPs were observed with the legacy GMRT (32 MHz bandwidth)
simultaneously at 322 and 607 MHz with coherent dedispersion. The dispersion measure (DM)
values obtained from the GMRT observations were compared with those obtained through
NANOGrav observations with the GBT and Arecibo Observatory at 1400 to 2300 MHz
frequencies. From such comparative study as well as from incorporating these low- frequency
GMRT timing measurements into the NANOGrav dataset, it was found that higher precision
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GMRT data is necessary to provide improved DM measurements for PTA experiments. [Contact
person: Jayanta Roy]

National Centre for Biological Sciences, Bengaluru

Neurobiology

Antagonistic roles for Ataxin-2 structured and disordered domains in RNP condensation
Ataxin-2 (Atx2) is a translational control molecule mutated in spinocerebellar ataxia type II and
amyotrophic lateral sclerosis. Using the Targets of RNA-Binding Proteins Identified by Editing
technology, the investigators identified an extensive data set of Atx2-target mRNAs in the
Drosophila brain and S2 cells. Atx2 interactions with AU-rich elements in 3'UTRs appear to
modulate stability/turnover of a large fraction of these target mRNAs. Further genomic and cell
biological analyses of Atx2 domain deletions demonstrated that Atx2 interacts closely with target
mRNAs within mRNP granules, contains distinct protein domains that drive or oppose RNP-
granule assembly, and has additional essential roles outside of mRNP granules. These findings
increase the understanding of neuronal translational control mechanisms and inform strategies for
Atx2-based interventions under development for neurodegenerative disease. [Contact person: K.
VijayRaghavan]

Lithium response in bipolar disorder correlates with improved cell viability of patient
derived cell lines

Lithium is an effective, well-established treatment for bipolar disorder (BD). However, the
mechanisms of its action, and reasons for variations in clinical response, are unclear. Neural
precursor cells (NPCs) and lymphoblastoid cell lines (LCLs), from BD patients was characterized
for clinical response to lithium to interrogate cellular phenotypes related to both BD and clinical
lithium response. NPCs from two biologically related BD patients who differed in their clinical
response to lithium were compared with healthy controls. Different parameters such as RNA-Seq
and analysis, mitochondrial membrane potential (MMP), cell viability, and cell proliferation
parameters were assessed, with and without in vitro lithium. The findings indicate cellular
phenotypes related to the disease in both NPCs and LCLs; and those related to clinical lithium
response in LCLs. [Contact person: Sheetal Ambardar]

Evolutionary Genetics

Recent evolutionary history of tigers highlights contrasting roles of genetic drift and
selection

Species conservation can be improved by knowledge of evolutionary and genetic history.
However, the tigers’ evolutionary history and genomic variation remains unknown. With 70% of
the worlds wild tigers living in India, such knowledge is critical. The investigators re-sequenced
65 individual tiger genomes representing most extant subspecies with a specific focus on tigers
from India. As suggested by earlier studies, strong genetic differentiation between the putative
tiger subspecies was found. Despite high total genomic diversity in India, individual tigers host
longer runs of homozygosity, potentially suggesting recent inbreeding or founding events,
possibly due to small and fragmented protected areas. The study suggests the impacts of ongoing
connectivity loss on inbreeding and persistence of Indian tigers to closely monitored.
Surprisingly, demographic models suggest recent divergence (within the last 20,000 years)
between subspecies, and strong population bottlenecks. [Contact person: Uma Ramakrishnan

Plant Genetics
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A conserved sequence signature is essential for robust plant miRNA biogenesis

Although there were reports indicating how a specific region is selected for miRNA biogenesis in
plants, molecular details were unclear. The study showed that the presence of specific GC-rich
sequence signature within miRNA/miRNA region is required for the precise miRNA biogenesis.
The involvement of GC-rich signatures in precise processing and abundance of miRNAs was
confirmed through detailed molecular and functional analysis. Consistent with the presence of the
miRNA-specific GC signature, target RNAs of miRNAs also possess conserved complementary
sequence signatures in their miRNA binding motifs. The selection of these GC signatures was
dependent on an RNA binding protein partner of DCL1 named HYLI1. Finally, the investigators
demonstrated a direct application of this discovery for enhancing the abundance and efficiency of
artificial miRNAs that are popular in plant functional genomic studies. [Contact person: Padubidri
V. Shivaprasad]

Environmental Biology

A field-based quantitative analysis of sublethal effects of air pollution on pollinators

India is the world’s largest fruit producer and second most populous country. Pollinators are
therefore important for India’s food security. India also contains 9 of the world’s 10 most polluted
cities, but the impact of air pollution on plant and animal systems is largely unknown. The
investigators performed a multiyear study in the megacity of Bangalore to correlate the
mechanistic effects of air pollution on a major Indian pollinator, the Giant Asian honey bee, Apis
dorsata. Wild honey bees and lab-reared Drosophila exposed to air pollution exhibited differences
in survival, behavior, heart rate, blood cell count, and/or the expression of genes related to stress,
immunity, and metabolism. This study indicates the urgency for more studies on wild systems to
better inform international air quality guidelines. [Contact person: Shannon B. Olsson]

Insect Biology

Tools of the trade: MicroCT reveals native structure and functional morphology of organs
that drive caterpillar—ant interactions

Caterpillars of many lycaenid butterflies are tended by ants that offer protection from predators
and parasitoids. Specialized structures such as glands, ciliary organs and chitinous ornamentation
in caterpillars play key roles in the underlying tactile, acoustic, and chemical communication
between caterpillars and ants. Although the ecological, evolutionary, and behavioural aspects of
these interactions are well studied, the mechanisms (i.e., the functional morphology) that drive the
specialized interactive organs are poorly characterized. Advanced X-ray microtomography
(MicroCT) was utilised to delineate internal, native morphology of specialized larval dew patches,
nectar glands, and tactile ciliary organs that mediate interactions between Crematogaster ants and
caterpillars of the obligate myrmecophilous Apharitis lilacinus butterfly. The non-destructive
MicroCT analysis provided novel 3-D insights into the native structure and positions of these
specialized organs in unmatched detail. This analysis also suggested a functional relationship
between organ structures and surrounding muscles and nervation that operate the glands and
tactile organs. [Contact person: Krushnamegh Kunte]

Infection Biology

Mycobacterium tuberculosis (Mtb) lipid—-mediated lysosomal rewiring in infected
macrophages modulates intracellular Mtb trafficking and survival

It is known that intracellular pathogens commonly manipulate the host lysosomal system for their
survival. However, whether this pathogen-induced alteration affects the organization and
functioning of the lysosomal system itself is not known. Investigators in this study demonstrated
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that the lysosomal content and activity are globally elevated in Mycobacterium tuberculosis (Mtb)
infected macrophages. It was observed that the enhanced lysosomal state is sustained over time
and defines an adaptive homeostasis in the infected macrophage. Lysosomal alterations are
caused by mycobacterial surface components, notably the cell wall associated lipid sulfolipid-1
(SL-1). An Mtb mutant lacking SL-1, MtbDpks2, shows attenuated lysosomal rewiring compared
with the wild type Mtb in both in vitro and in vivo infections. Exposing macrophages to purified
SL-1 enhanced the trafficking of phagocytic cargo to lysosomes. Results revealed that global
alteration of the host lysosomal system is a defining feature of Mtb infected macrophages and
suggest that this altered lysosomal state protects host cell integrity and contributes to the
containment of the pathogen. [Contact person: Varadharajan Sundaramurthy]

Cancer Biology

A rare variant of African ancestry activates 8q24 IncRNA hub by modulating cancer
associated enhancer

Genetic variation at the 8q24 locus is linked with the greater susceptibility to prostate cancer in
men of African ancestry. One such African ancestry specific rare variant, rs72725854 (A>G/T)
(~6% allele frequency) has been associated with a ~2-fold increase in prostate cancer risk.
However, the functional relevance of this variant is unknown. This study shows that the variant
rs72725854 is present in a prostate cancer-specific enhancer at 8q24 locus. Chromatin-
conformation capture and dCas9 mediated enhancer blocking establish a direct regulatory link
between this enhancer and IncRNAs PCATI, PRNCR1 and PVTI1. The risk allele (‘T’) is
associated with higher expression of PCATI1, PVT1 and c-myc in prostate tumors. Further,
enhancer with the risk allele gains response to androgen stimulation by recruiting the transcription
factor SPDEF whereas, non-risk alleles remain non-responsive. Elevated expression of these
IncRNAs and c-myc in risk allele carriers may explain their greater susceptibility to prostate
cancer. [Contact person: Dimple Notani]

Biochemistry

Dynamics of genetic variation in transcription factors and its implications for the evolution
of regulatory networks in Bacteria

Transcription factors (TF) have been found to be less conserved across bacterial species than their
target genes (TG). This would be expected if TFs accumulate mutations faster than TGs. This
hypothesis is supported by several lab evolution studies which found TFs, especially global
regulators, to be frequently mutated. Despite these studies, the contribution of point mutations in
TFs to the evolution of regulatory network is poorly understood. The investigators tested if TFs
show greater genetic variation than their TGs using whole-genome sequencing data from a large
collection of Escherichia coli isolates. TFs were less diverse than their TGs across natural
isolates, with TFs of large regulons being more conserved. In contrast, TFs showed higher
mutation frequency in adaptive laboratory evolution experiments. However, over long-term
laboratory evolution spanning 60,000 generations, mutation frequency in TFs gradually declined
after a rapid initial burst. The study proposes that point mutations, conferring large-scale gene
expression changes, may drive the early stages of adaptation but gene regulation is subjected to
stronger purifying selection post adaptation. [Contact person: Aswin Sai Narain Seshasayee]

Monitoring protein ubiquitination and SUMOylation in real-time by NMR

The covalent conjugation of ubiquitin (Ub), known as ubiquitination, is a multi-step reaction
involving multiple enzymes. The investigators reported a real-time, tag-free method to monitor
protein ubiquitination by NMR spectroscopy under physiological conditions. The approach is also
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applicable for monitoring other ubiquitin-like modifications, and the disassembly of Ub polymers.
[Contact person: Ranabir Das]

Theoretical Biology

Extreme active matter at high densities

This study investigates the remarkable behaviour of dense active matter comprising self-propelled
particles at large Péclet numbers, over a range of persistence times, from T — 0, when the active
fluid undergoes a slowing down of density relaxations leading to a glass transition as the active
propulsion force f reduces, to T — o, when as f reduces, the fluid jams at a critical point, with
stresses along force-chains. For intermediate t, a decrease in f drives the fluid through an
intermittent phase before dynamical arrest at low f. This intermittency is a consequence of periods
of jamming followed by bursts of plastic yielding associated with Eshelby deformations. On the
other hand, an increase in f leads to an increase in the burst frequency; the correlated plastic
events result in large-scale vorticity and turbulence. Dense extreme active matter brings together
the physics of glass, jamming, plasticity and turbulence, in a new state of driven classical matter.
[Contact person: Madan Rao]

Defence versus growth in a hostile world: lessons from phage and bacteria

Coexisting bacterial communities compete for resources and the competitive exclusion principle
predicts that all but the fastest-growing bacteria will go extinct. When exposed to phage, it is
predicted that bacterial strains with restriction-modification (RM) systems can circumvent the
competitive exclusion principle and reach diversity of the order of the phage burst size. The
investigators show that with a trade-off between bacterial growth rates and the strength of their
RM systems, the diversity of such an ecosystem can further increase several fold beyond the burst
size limit. Moreover, it is observed that the ratio of the growth rate of a bacterial strain to the
imperfection of its RM system is an excellent predictor of whether the strain will go extinct or
not, and the biomass of the strain if it survives. In contrast, the growth rate alone is not a
determinant of either of these properties. This work provides a quantitative example of a model
ecosystem where the fitness of a species is determined not by growth rate, but by a trade-off
between growth and defence against predators. [Contact person: Sandeep Krishna]

TIFR Centre for Interdisciplinary Sciences, Hyderabad

PHYSICAL SCIENCES

Statistical Mechanics and Soft Matter Physics

Stability and Response of Athermal Amorphous Solids

The research group has been studying the mechanics and rigidity of naturally abundant
amorphous solids such as granular materials and structural glasses: materials that are not
described by conventional paradigms of broken symmetry. In collaboration with other
researchers, a field theory for amorphous systems was developed that shows a remarkable
agreement with numerical simulations as well as experiments. In other recent work, the
researchers also analytically demonstrated the presence of long-range correlations in such
athermal systems that arise from disorder at the microscopic scale. Recently, analytic results were
also derived for the Hessian matrices that govern the stability of such solids. Additionally, recent
numerical work with collaborators has also highlighted the importance of choosing the right
ensemble from which configurations are sampled when studying the vibrational properties of
amorphous solids. [Contact person: Kabir Ramola]
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Quantum Condensed Matter Research

Proximity effect studies in quantum materials

The research group demonstrated proximity effect studies between organic molecules and
ferromagnets by introducing a new mechanism of crane-pulley effect. The work showed that
molecules when placed on magnetic surfaces can magnetically detach the surface magnetism from
the bulk magnetism giving rise to an exchange-bias effect. In another study, the researchers
explored proximity effect studies between topological insulator and ferromagnetic insulators
showing that surface states of topological insulators can enhance the Curie temperature of the
ferromagnet via the conduction electron mediated RKKY interactions. The research group
successfully demonstrated the establishment of a world’s first cryogen free scanning tunneling
microscopy integrated to a cryogen-free vector-superconducting magnet. [Contact person: Karthik
V. Raman]

Intense Laser Plasmas

Direct two electron attachment to fast hydrogen

Direct two electron attachment is an extremely weak process that has eluded most terrestrial
observations in atomic physics. Three body recombination of H to H- is a fundamental process
that is relevant in astrophysical measurements but the conflicting requirements of high electron
density with low temperature with low quasi-static fields have made this observation impossible
thus far. In continuation with the researchers’ interests in electron ion recombination in high
contrast and high intense lasers, this inconceivable reaction was found to take place. Its
observation has only been possible now in this research group’s experiments due to their
enhanced gated- Thomson parabola spectrometry developed in house recently. The researchers
established that recombination of ions that co-propagate with electrons in a universal scheme
prevalent in all the intense laser experiments and in fundamental to all the studies, just that these
processes have been missed in the three decades of this research. [Contact person: M.
Krishnamurthy]

Statistical Physics

Strategies for Survival

How should dispersal strategies be chosen to increase the likelihood of survival of a species? The
researchers obtained the answer for the spatially extended versions of three well-known models of
two competing species with unequal diffusivities. Though identical at the mean-field level, the
three models exhibit drastically different behavior leading to different optimal strategies for
survival, with or without a selective advantage for one species. When the total particle number is
fixed, dispersal has no effect on survival probability. With a fluctuating number, faster dispersal is
advantageous if species competition is present between members of the same species, while
moving slower is the optimal strategy for the disadvantaged species if there is no intra -species
competition: it is imperative to include fluctuations to properly formulate survival strategies.
[Contact person: Mustansir Barma]|

Energy Transfer in Atom/Molecule — Surface Collisions

Imaging single atomic layer thin films using atom scattering as a probe

A neutral atom scattering based surface probe technique for imaging surfaces was developed. The
work involved testing and characterization of the experimental setup in order to optimize the
signal to noise ratio and measurement speed. Using the soft and universal nature of slow (65
meV) Helium atom scattering, the research group was able to demonstrate that ultra thin MoS,
films as thin as a single monolayer, can be successfully imaged. Based on a comparison with Kr
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atom scattering, the researchers hypothesized that the contrast generation occurs due to the
different local roughness of the SiO»/Si and the ultra thin films of MoS,. This work paves the way
for future developments and studies in ‘neutral atom scattering based microscopy’. [Contact
person: Pranav R. Shirhatti]

Fluid Dynamics

Instabilities and turbulence in complex fluids

The theory of active matter, systems whose constituents convert a sustained supply of fuel into
movement, is the framework of choice for understanding the collective behavior of motile
particles. Like condensed matter in general, active systems display many types of order and
operate in a variety of dynamical regimes. Researchers considered groups of motile organisms in
a bulk fluid medium. Using linear stability analysis, and numerical simulations, the researchers
investigated the physics of complex spatiotemporal flow patterns that are generated in these
systems. The flow of suspension of deformable objects (bubbles or droplets) is omnipresent in a
variety of natural and industrial processes. The presence of bubbles dramatically alters the
rheological and thereby mixing properties of flows. In the absence of bubbles, a nonlinear transfer
of energy (maintaining constant energy flux) from forcing to dissipation range characterizes
turbulence. [Contact person: Prasad Perlekar]

Atomic and Optical Physics

Nonlinear magnetoelectric effect in atomic vapor

Magnetoelectric (ME) effect refers to the coupling between electric and magnetic fields in a
medium that causes the magnetic fields to induce electric polarization and vice versa. So far, the
exclusive studies on the nonlinear ME effect are mostly concerned with the investigation of
second-harmonic generation in chiral materials. Researchers demonstrated nonlinear wave mixing
of optical electric fields and radio-frequency (rf ) magnetic fields in thermal atomic vapor, which
is the consequence of the higher-order nonlinear ME effect in the medium. The experimental
results were explained by comparing with density matrix calculations of the system. Researchers
also experimentally verified the expected dependence of the generated field amplitudes on the rf
field magnitude as an evidence of the magnetoelectric effect. This study can open up the
possibility for precision rf-magnetometry due to its advantage in terms of larger dynamic range
and arbitrary frequency resolution. [Contact person: G. Rajalakshmi]

Biophysics

Glassy dynamics and aggregation in cellular and intra-cellular systems

The research group theoretically studies the physical principles behind the slow dynamics and
aggregation in different biological systems. Researchers studied two distinct problems with long-
standing applications in biology. The first problem investigated the principles of how protein-
protein interactions and their valency affect the intracellular phase separation. A multidisciplinary
approach was undertaken with experimentalists from Weizmann Institute of Science, Israel.
Through a combination of theory, simulation and expressing synthetically designed proteins in
yeast cells, this study yielded intriguing results on how interaction strength determines the extent
of phase separation whereas valency determines its symmetry. The second problem looked at
glassy dynamics in a confluent monolayer. This dynamics is indispensable in morphogenesis,
wound healing, bronchial asthma, and many others; and therefore, a detailed theoretical
framework for such a system is important. The research group combined numerical simulations of
such a model system and an analytical study based on one of the most successful theories of
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equilibrium glass (the random first order transition theory) to develop a comprehensive theoretical
framework for a confluent glassy system. [Contact person: Saroj K. Nandi]

Theoretical Statistical Mechanics

Signature of dynamical heterogeneity in spatial correlations of particle displacement and its
temporal evolution in supercooled liquids

Dynamic heterogeneity (DH) is believed to be one of the hallmarks of glass transition. Numerous
studies have been performed to understand this at alpha-relaxation timescale of the liquid.
Researchers showed that DH develops completely at very short timescale and survives much
beyond the alpha-relaxation time. Temperature dependence of DH length scale was found to
remain same for all timescales but the magnitude of the length scale reaches maximum at alpha-
relaxation time for molecular liquids. In contrast for models that undergo jamming transition like
colloidal model, length scale continues to grow much beyond alpha-relaxation time, where other
measures of DH dies out completely. [Contact person: Smarajit Karmakar]

Mechanical Properties of Materials

The research group was actively involved in the development of a theoretical model that takes a
new approach to classify atomic fluctuations viz. affine and non-affine. This alternative
classification has not only provided new insights into materials physics but finds its application in
programmable active matter and frontiers of biology. A few of these applications include protein
conformation and drug binding. In the former, the yielding of crystalline solids upon deformation
due to an externally applied mechanical load was investigated. Combined with extensively large
in-house computations, the theoretical model predicts experimentally observed yield points over
the fourteen orders of magnitude of deformation rates. Intriguingly, the study revealed that
yielding of a defect free crystal is, in fact, a hidden first order phase transition. These results
demand a review of widely accepted viewpoints on the phenomena of yielding or, in general,
physics of materials. The group further advanced the knowledge and show a swarm of
programmable active matter, such as drones can be stabilised in any desired pattern, whatsoever,
against the destabilising turbulent weather. The crucial ingredient here involves suppressing a
certain class of fluctuations, non-affine displacements that are responsible for the disruption of
pattern while simultaneously allowing trivial translations and rotational capabilities to the swarm.
[Contact person: Surajit Sengupta]

MATERIALS SCIENCE

Engineering Materials for Energy and Environmental Protection

Rechargeable Respiratory Mask using Graphene Oxide

Electrostatically rechargeable respiratory masks having the standards of ‘95’ have been developed
using graphene oxide based ink. It was shown that such a low cost mask can effectively stop the
sub-micron sized particles with good quality factor, a measure ensuring the breathability with the
mask. The melt-spun polypropylene, available in a conventional N95 mask, modified with
graphene oxide and polyvinylidene fluoride mixture containing paste using a simple solution
casting method acts as active filtration layer. The efficacy of this tri-layer system toward
triboelectric rechargeability using small mechanical agitations was demonstrated here. These
triboelectric nanogenerator assisted membranes have high electrostatic charge retention capacity
(~1 nC/cm? after 5 days in ambient condition) and high rechargeability even in very humid
conditions (>80% RH). [Contact person: T. N. Narayanan]

Electronic Materials
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Electronic properties of halide perovskite and organic semiconductors

Researchers contributed to the understanding of the role of vibronic modes in charge carrier
dynamics in halide perovskites. The study showed how photoinduced vibrations contribute
towards an ultrafast structural distortion in lead halide perovskite. A similar study showed how
intermolecular vibrations facilitate the singlet fission in pentacene. Using solid state NMR
technique, the research group provided information on the role of piperidinium salt towards the
stabilization of metal-halide perovskite solar cells. Using Kelvin probe based measurements, the
researchers unraveled the types of defects present in double halide perovskite Cs;AgBiBrs and
their impact on the solar cell performance. [Contact person: Pabitra K. Nayak]

THEORY AND COMPUTATION

Self-organization and Pattern Formation in Non-equilibrium Complex Systems

Waves and patterns in spatially-extended systems

Research efforts were carried out across two different areas under a common theme to explore the
spatiotemporal dynamics of complex systems of chemical and biological interest. Researchers
investigated thermodiffusion induced emergent traveling and shock waves in a self-propelled
colloidal system. The study has provided a route towards development of shock waves by
adjusting the initial and boundary conditions. Another study was conducted to explore the role of
time-delay of diffusive flux in a one-variable reaction-Cattaneo system. This work is particularly
important in the context of biological population dynamics where a better description of
dispersion is needed rather than standard diffusion. Researchers also explored the collective
spatiotemporal dynamics of bacteria, which differ, only by their cell-aspect ratio. The study
revealed that both shorter and longer bacteria exhibit slow dynamics whereas the fastest motion is
obtained for intermediate aspect ratios as observed in some of the recent experimental studies.
[Contact person: Pushpita Ghosh]

BIOLOGICAL SCIENCES

Cell and Cancer Biology

Investigating Gene Expression and DNA damage responses at a single cell resolution
Understanding DNA damage responses (DDR) is critical for elucidating cancer emergence. The
research group’s experiments indicated that DNA damage response peaks in the S phase, and not
primary damage. Researchers also optimized a method for combining DNA and RNA smFISH to
interrogate gene position and expression at the same time. In another study, using single molecule
mRNA detection in the context of EGFR signaling in the fruit-fly, this group provided critical
insight into cell-type emergence during organismal development. Also, the researchers had
previously described how fluorescence anisotropy can be used to monitor chromatin compaction
states. Compaction of even undamaged DNA in response to localized double strand breaks was
shown. [Contact person: Aprotim Mazumder]

Polyphosphates

Inorganic polyphosphate (polyP), orthophosphate residues of varying chain lengths, is found in all
living organisms. Its functions in metazoans are largely underexplored. However, the major
limitation in testing the functions of polyP in metazoans has been the lack of knowledge of the
genes involved in polyP synthesis and turnover, which restricts modulation of polyP levels in
vivo. The researchers developed a Drosophila model to study the functions of polyP. It was
shown that polyP exists in flies and that its levels are developmentally regulated during
embryogenesis. Further, through phylogenetic analysis, a putative exopolyphosphatase Prune was
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identified. A significantly higher level of polyP was found in prune mutants as compared to wild-
type flies. Since mutations in prune were shown to be linked to neurodegeneration, this work
suggested that the Prune mediated regulation of polyP is crucial for the protection of neurons
among many other processes in a multicellular organism. [Contact person: Manish Jaiswal]

Mechanobiology

Collective dynamics of cells: A mechanobiological perspective

Collective cell dynamics refers to the process of many cells acting as a cohesive unit. The
research group addressed how cell-generated forces govern the collective dynamics of cells
during cell competition and collective cell migration, using numerous biophysical methods and
super-resolution microscopy techniques. In cell competition, it was found that the competition
between HRAS oncogene-transformed cells and their normal neighbors was determined by cell
generated forces and the elasticity of extracellular matrix, with pathologically stiffened matrix
abrogating the competitive removal of transformed cells. In collective cell migration, cell-cell
forces were found to govern the structure, localization, and dynamics of intracellular organelles,
including the Golgi complex, lysosomes, and the endoplasmic reticulum. Taken together,
importance of mechanical forces on cell competition and collective cell migration was established
by the research efforts. [Contact person: Tamal Das]

Cell Biology, Neuronal Synapses and Single Molecule Microscopy

Molecular Biology of Vomeronasal system and Molecular architecture of auditory ribbon
synapses

The vomeronasal organ is an important model sensory system to understand how sensory stimuli
elicit innate behaviors. Researchers developed a combination of RNA sequencing approaches to
understand the transcriptomes of sensory neurons. These approaches revealed novel molecular
components that are being investigated further. Using a single molecule microscopy, the
researchers imaged specialized ribbon synapses in the mouse cochlea with a goal to understand
their molecular architecture and how noise induced hearing loss can affect these synapses.
[Contact person: Adish Dani]

CHEMICAL SCIENCES

Theoretical Chemistry

Computer simulation at the interface of chemistry and biology

Researchers focused on computer simulations of certain chemical and biologically relevant
phenomena. The investigation has shed light into the protein/drug recognition processes. The
simulation highlighted the role of conformational diversities in protein/substrate recognition. A
certain direction elucidated the role of osmolytes in stability of protein. In another study, the
research group developed a model of bacterial cytoplasm. The project integrated experimental
data in a model and discovered macrodomain segregation inside bacterial chromosome. The
researchers also initiated a collaboration on exploring host-guest interaction in caged molecules
for developing sensors. An existing collaboration led to discovery of allosteric switches in an
ammonia-sensing protein. Finally, a continued collaborative effort led to the observation of
structural evolution in doped graphene oxide systems. [Contact person: Jagannath Mondal]

Organic Chemistry, Biological Chemistry and Chemical Biology

A radically simplified total chemical protein synthesis utilizing Fmoc-group as an N-
masking group of reactive cysteine
Easy access to multi-segment, fully convergent or one-pot, native chemical ligations greatly
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facilitates total chemical synthesis of proteins. A robust and operationally simple method for total
chemical protein synthesis was developed exploiting the Fmoc moiety as a temporary masking
group of the N-terminal reactive Cys residue of Cys-peptide thioester segment(s). The Fmoc
group was found to be fully compatible with harsh oxidative conditions frequently used to
generate peptide thioesters from hydrazide or o-aminoanilide. The ready availability of the Fmoc-
Cys(Trt)-OH, routinely used in Fmoc chemistry solid phase peptide synthesis, where the Fmoc
group is pre-installed on cysteine residue, minimized additional steps required for the temporary
protection of the N-terminal cysteinyl peptides. Notably, the exceedingly efficient method
demonstrated in this study would be very useful for high yielding chemical protein synthesis and
will be widely accepted by the chemistry and chemical biology community worldwide. [Contact
person: Kalyaneswar Mandal]|

Biophysics

Study of protein aggregation using single molecule techniques

Aberrant aggregation of proteins is involved in the pathology of multiple debilitating human
diseases. Early intermediates or the soluble oligomers are considered the proximal cytotoxic
species. However, study of these oligomers is challenging due to rare population and
heterogeneity. Researchers developed two single molecule techniques, viz, superresolution
fluorescence microscopy and two-color coincidence detection to detect and characterize the early
aggregates and the soluble oligomers respectively. Recently, the researchers have shown that
molecular chaperone Hsp70 interacts with the oligomers but not the monomers of IAPP, which is
involved in the pathology of type2 diabetes. Using superresolution microscopy, the researchers
have also detected the complexes of apoE and amyloid-beta peptide, which is involved in
Alzheimer’s disease. These studies open up the possibility of screening of potential drug
candidates that may alter the interaction of endogenous proteins with the amyloidogenic peptides.
[Contact person: Kanchan Garai]

Solid-state NMR

Enhancing resolution and information content in and from solid-state NMR spectra

This research group has developed methods in solid-state nuclear magnetic resonance to improve
spectral resolution and easy extraction of geometry parameters over a wide range of experimental
conditions currently in vogue. The methods help in obtaining internuclear distances and order
parameters in a given molecule. These lead to structural and dynamics information, the latter
being a unique aspect of NMR spectroscopy. Salient features of these methods include robustness
to various experimental parameters, less to no parameters to optimise, ease of extraction of
information, and targeting couplings in both strong and weak regimes. The methods have been
shown to be useful in a variety of molecular systems, from small molecules to proteins. [Contact
person: P. K. Madhu]

Theoretical and Computational Chemistry

Understanding mechanism of Cu-based bidirectional catalyst for O,/H,O conversion

This work highlighted the underpinnings of one of the rare examples of a bidirectional catalyst.
This Cu-based complex can catalyze both reduction of dioxygen to water and oxidation of water
to dioxygen depending on the applied voltage. Experimental observations indicated the in situ
formation of a dimeric complex during both the oxidation and reduction cycles. Extensive
computational studies supported the feasibility of a binuclear mechanism both for oxidation and
reduction pathways. Computational studies further explored the structural flexibility of the
associated ligand framework that supports various oxidation states of the two Cu-centers in the
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intermediate complex that facilitates the catalysis. In addition, the computations predicted the
existence of Cu(Ill) species during reduction, even though the cycle started with Cu(Il) oxidation
cycle. This prediction was also confirmed experimentally. [Contact person: Soumya Ghosh]

Organometallic Chemistry and Molecular Materials

Single-molecule and single-ion magnets

Single-molecule magnets are a family of molecular magnets that encompass other subsets
including single-ion magnets and single-chain magnets. Two factors seem to govern the
properties: the magnetic anisotropy and the overall spin. The research group has been focusing on
these by appropriate design of the ligand that allow assembly of such complexes. [Contact person:
V. Chandrasekhar]

NMR Spectroscopy

Proton Triple Quantum Spectroscopy at fast MAS (Magic Angle Spinning)

Proton triple quantum (TQ) has been challenging in the solid-state mainly due to poor excitation
efficiencies (4-8%) and prominent #1- noise. TQ improve structural understanding of systems with
complicated spin topology. Researchers designed five TQ recoupling sequences ((RN,"RN,)3")
that employ second-order Hamiltonian that minimize ¢/-noise and have 3-4 fold higher TQ
excitation efficiency. The TQ terms was generated as a cross-term between the Tx"* and To./*
operators in the second-order Hamiltonian. The three-dimension TQ-DQ-SQ proton spectrum on
unlabeled samples can be recorded in less than 1.5 days that would otherwise take a week of
measurement time. The improved experiment allows the characterization of spin-topology in
unlabeled samples. [Contact person: Vipin Agarwal]

BIOLOGICAL AND CHEMICAL SCIENCES (BIOCHEMISTRY)

Structural Biology and Biochemistry

Structural Characterization of RNA Triple Helix

The central aspect of life involves conversion of DNA to RNA and RNA to protein. Though some
RNA molecules are not converted to protein, they still play an important role in controlling the
process of DNA to RNA to protein. This places RNA as a central component of life. Along with a
double helical structure, RNA also adopts complex 3D shapes, which are important for its
function. Many RNA molecules have a chemical attachment called the poly(A) tail that is
important for its stability. A new type of RNA called ENE forms triple helix structures with the
poly(A) tail and protects the RNA from degrading. The crystal structure of this new class of ENE
called ‘double ENE’ was determined. This provided key insights into new RNA-RNA
interactions. Along with the triple helix, a new RNA pocket was discovered that binds the end of
the poly(A) and protects it. [Contact person: Anand Teertha Vaidya]

NMR Spectroscopy and Structural Biology

Structural Biology of Active Transporters and Actins

The main focus of the work is to study how membrane proteins and actins function. To do this,
the researchers use a combination of solid-state NMR spectroscopy and other biophysical
techniques. In the past year, they have achieved the following: (i) Refolding of a membrane
protein MPC for downstream structural biology work using solid and solution NMR studies. The
researchers have developed an assay to monitor its activity in vitro. (ii) Expressed and purified a
bacterial actin ParM. The researchers have developed assays for downstream structural biology
work. (iii) The researchers applied the recently developed NMR techniques based on the
rotational-echo double resonance sequence to determine protein dynamics at very fast MAS
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frequencies. (iv) A technique was developed to simultaneously acquire assignments and structural
restraints under slow magic-angle spinning, which will help speed up much of the work on the
above topics. [Contact person: Kaustubh R. Mote]

Biophysical Chemistry

Confronting the Invisible: Assignment of Protein '"HY Chemical Shifts in Cases of Extreme
Broadening

The research group is mainly interested in studying the conformational dynamics of proteins as it
is critical to their function, folding, misfolding etc. Two accomplishments during this period are:
Development of a new NMR method to detect amide 1H nuclei that cannot be detected in IDPs
etc due to solvent exchange, and development of a new CEST (Chemical exchange saturation
transfer) experiment to study slow conformational exchange at Gly 1Halpha sites. [Contact
person: Pramodh Vallurupalli]

SYNTHETIC CHEMISTRY

Diradicaloids

Anionic Boron- and Carbon-Based Hetero-Diradicaloids Spanned by a p-Phenylene Bridge
The design and synthesis of open-shell singlet diradicals have attracted much interest due to their
synthetic challenges and unique physical properties, making them interesting for potential
applications in materials science. Researchers disclosed the synthesis and characterization of first
anionic heteronuclear boron- and carbon-based Kekulé diradicaloids spanned by a p-phenylene
bridge. In contrast to homonuclear carbon-based Thiele’s hydrocarbon, a closed-shell singlet
system, heteronuclear boron- and carbon-based Kekulé diradicaloids showed an appreciable
population of the triplet state at room temperature, as evidenced by both NMR and EPR
spectroscopy. The work provides a novel structural motif of z-conjugated molecules with small
singlet-triplet gaps involving an electron-deficient heteroatom. Moreover, en route to these
anionic boron- and carbon-based hetero-diradicaloids, the formation of an isolable diamino(4-
diarylboryl-phenyl)methyl radical was achieved. Given the modular synthetic methodology
established in this study, different kinds of diradicaloids can be envisioned which merit further
investigation into their potential applications in functional materials. [Contact person: Anukul
Jana]

Homi Bhabha Centre for Science Education

RESEARCH HIGHLIGHTS

SCIENCE EDUCATION

Discourse in Science Classrooms

Transacting Inquiry in Middle School Science Classrooms: A Study Exploring the Nature of
Discourse and a Spectrum of Outcomes

Science involves reasoning about the world in particular ways that are shared by a scientific
community. Students are inducted into the practices of science through discourse in the science
classroom. The teacher plays a pivotal role in guiding students into this emergent science
community through the level and complexity of her questions, the environment created for
questioning, and the patterns of teacher-student interactions. This study explores some of these
ways in which teachers guide the discourse, activities, and ways of thinking in the science
classroom, how students appropriate them in their learning and how it affects not just students’
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understanding of science concepts but also how they engage with and perceive science and
learning. [Contact persons: Aisha Kawalkar and Jyotsna Vijapurkar]

Students’ Questioning in Formal and Informal Settings

Student Questioning in Student Talk: Understanding the Process and its Role in Doing
Science

This study investigated the nature and dynamics of middle school students’ questioning process
and its role in learning and doing science. The researchers observed and recorded students’ talk in
the classroom and out-of-classroom contexts. Using the conversation analysis methods, teacher-
student, student-student, student-stuff interactions were transcribed and analysed for the process
of questioning. In the classroom discourse, dominated and driven by the teacher/textbook
questioning, students hardly had the agency to meaningfully participate and engage in the
discourse. In informal contexts, students had agency in matters like initiating sequences of talk,
the content of talk, turn-taking, use of language, exploring stuff, etc. Student questioning in
informal contexts evolved and progressed due to various kinds of conflicts and disagreements,
and students spontaneously engaged in various aspects of scientific inquiry like questioning,
observing, arguing, investigating, etc., which were all interdependent. Several aspects of everyday
discourse are suggested for creating more equitable and democratic classrooms. [Contact persons:
Gurinder Singh, Karen Haydock and K. K. Mishra]

Developing Pro-environmental Actions

Doing to Being: Developing Pro-environmental Motivations through Urban Farming in
Schools

A key mandate of environmental education (EE) is to motivate students to engage in pro-
environmental actions (PEAs). However, information-oriented approaches to EE have had limited
success in facilitating environment-oriented actions in students, as such models assume that
knowledge leads directly to action. Recent models of cognition reject this linear and information-
processing understanding and consider embodied interactions with the environment as
foundational to thinking and learning. This study explored the role of embodied actions in
generating PEA, based on studies of an adult urban-farming group and a student-driven terrace
farming project in a school. Results from the studies indicate that community-based embodied
practices can support action-oriented pedagogies that lead to PEA in students. Further, a general
theoretical model of the way motivation emerges from embodied interaction and community
practices was proposed, from the findings of the two studies. [Contact persons: Deborah Dutta,
Sanjay Chandrasekharan, Ankush Gupta]

Strategies for Inclusive Education for Students with Visual Impairments

Inclusive Science Education in Elementary and Secondary Schools with a Focus on
Strategies for Teaching Science to Students with Visual Impairments

This study established the need for inclusive science education for students with disabilities
(SWDs) and contributes to the development of teaching and learning strategies for the inclusion
of students with visual impairments (SVIs). The study used a mixed research methodology
involving qualitative and quantitative approaches for data collection and analysis. Several surveys
were designed and conducted to understand the aspirations of SWDs for science education; and to
learn about the attitudes of teachers, parents, and students towards inclusive education. An
intervention phase of the study focused on cooperative learning among SVIs and students with
diverse abilities; their use of multiple representations (in the form of raised lined diagrams,
models, descriptions, and discussions), and; expressing learning through drawings. Instances of
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mutual learning among SVIs as well as students with vision suggest that cooperative learning is
possible which is beneficial to both groups of students. [Contact persons: Amit Sharma and Sugra
Chunawala]

Learning Sciences, Physics and Math Education, EdTech

Touchy Feely Vectors: A Design-based Study Examining the Role of Representational
Media in STEM Cognition

This study explored the role of representational media on students’ STEM cognition in the context
of studying vectors. It examined the current state of students’ reasoning behaviour in connection
to the existing paper-based medium. The study involved designing a digital media interface called
Touchy Feely Vectors (TFV) addressing some of the limitations of and augmenting the existing
paper-based textbooks. Students’ interactions with the system in lab settings indicated changes in
their reasoning behaviour. Based on this, an edited version of TFV was implemented in 6
classrooms (3 control, 3 experimental; 266 students), with virtual lesson plans (co-designed by the
teachers). The study found that these lessons improved the reasoning behaviour in conventional
good-performers and enhanced cognitive engagement in conventional average performers.
[Contact person: Durgaprasad Karnam]|

Concept-maps in Chemistry and Biology

Quality of Concept Maps is affected by Map Building Strategies

Concept-maps are widely used to assess students’ conceptual understanding in different subject
areas. Conventionally, it is mostly built maps that are assessed. This study explored if
“concept-mapping” could be used as a case for constructive alignment of both the process and the
outcome of learning. Specifically, it studied how a simple measure of looking at the order in
which concept map elements-concepts (cards, C), links (arrows, A), and linking phrases (phrases,
P) are placed on the working space reveals information about the quality of the final generated
map. Two separate groups of university students (N = 38 (18 + 20)) built concept maps related to
two concepts in Biology and Chemistry. The findings from the analysis of the concept-mapping
process suggested that they consistently followed the same order of element placement that they
began with and significant differences in the quality of eventual maps resulted from their map
building strategies. [Contact person: Sanjay Chandrasekharan]

Rolling Motion on a Soft Surface

Experimental Study of the Coefficient of Rolling Friction of the Axle of a Maxwell’s Wheel
on a Soft Horizontal Surface

This study was related to the rolling motion of a specially designed Maxwell’s wheel. The rigid
axle of the wheel rolls on a pair of horizontal tracks. The central disc of the wheel rotates in the
air symmetrically between the tracks. Attaching a pair of identical metal sleeves on the axle on
two sides made it possible to change the effective rolling diameter of the axle. By this
arrangement, the ratio of the rotational over translational energy was changed. The soft surface
undergoes deformation as a result of which the surface reaction force acts at a point on the axle
slightly in front of the ideal contact point between the two. This offset distance has been related to
the deceleration of the wheel as well as its loss of energy. The offset distance and the coefficient
of rolling friction showed a power-law dependence on the dimensionless energy ratio. [Contact
person: Rajesh Khaparde]

Learning Sciences

Expertise as Sensorimotor Tuning: Perceptual Navigation Patterns Mark Representational
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Competence in Science

Representational competence (RC) in science is the ability to generate external representations
(e.g. equations, graphs) of real-world phenomena, transform between these representations, and
use them in an integrated fashion. Eye-tracking studies have shown that experts employ unique
perceptual attention (e.g. gaze-fixation) patterns while solving problems that involve RC. The
current study presented a different strand of evidence, indicating that perceptual navigation
patterns (eye movements) also mark expertise in science in more specific ways than attention. The
analysis indicates that experts deploy distinct eye-movement patterns, but specifically during RC-
related problems. This suggested that RC is an embodied skill that fundamentally changes the
tuning of the perceptual system, as argued by recent ‘field’ theories of cognition. [Contact person:
Sanjay Chandrasekharan]

Design Education

Design of Symbolic Science Characters: A Visual Design Exercise with Children

An exploratory study with 90 secondary school students was done, which involved providing
them specially designed textual cue cards explaining eight science concepts. Students were told to
list keywords from the text and draw characters based on the cue cards. Analysis of the students’
drawings and worksheets revealed that listing keywords as a strategy did not necessarily help
students to design the characters. Further, findings indicated that the implicit and explicit cues in
the cue card aided in character design as students’ drawings represented many physical and
theoretical cues; but there was no clear preference of one over the other. Lastly, the study also
brings to the fore some examples of students’ ways of text-image relations and the
characterizations that reflected anthropomorphism. [Contact person: Sugra Chunawala]

Graduate Research

10" Annual Research Meet

Annual Research Meets (ARM) at Homi Bhabha Center for Science Education is conceived as a
local forum for discussion, presentation and sharing for researchers, scientific staff and research
scholars of HBCSE and beyond. Faculty members participate as collaborators and discussants.
The meet aims to provide members with an intense yet informal and supportive forum for
presentation, discussion, sharing and debate. The 10" Annual Research Meet was held during
May 25 to 29, 2020 through the virtual platform. [Contact person: Sanjay Chandrasekharan]

MATHEMATICS EDUCATION

Mathematics Teacher Education

Investigating and Supporting Teachers’ Knowledge of and Responses to Students’
Mathematical Thinking

The study reported an ethnographic case study of the practice of four experienced elementary
school mathematics teachers. The data was collected through observations, interviews, and
formal/informal interactions with teachers for two consecutive academic sessions. Evidence from
teachers’ classroom practices suggested that the teacher’s knowledge is not uniquely possessed by
the individual but is a joint province of teachers and students in a classroom. Also, the tools used
to investigate the dynamic aspects of teacher’s knowledge need to be reimagined; for instance,
students’ responses might help unpack some aspects of such knowledge. The analysis revealed
that teachers became more responsive to students’ thinking from the first to the second year of the
study, making them experience more mathematical challenges in handling classroom situations.
The study presented the knowledge demands underlying the teaching of decimal numbers.
[Contact persons: Shikha Takker and K. Subramaniam]
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SCHOOL SCIENCE RESEARCH AND DEVELOPMENT (SSRD)

Development and Use of Worksheets for Environmental Sciences

Making Environmental Studies Engaging for Elementary School Students

As part of the SSRD project, a study was published in an international journal, which described
the research group’s attempts to engage Grade 5 (aged 10-11) students in a meaningful discussion
in an inquiry-based science classroom in and out of school, on the topic of food chains and webs.
The study described the use of worksheets as a means to elicit students’ conceptions about the
science topic. The preliminary observations emanating from the study were discussed in light of
the context of India where classrooms have large numbers of students and comprise a
heterogeneous student population. The study gratefully acknowledges the contribution of Prakash
Nawale who designed the original worksheet and creatively developed the lesson plans and
conducted these in the school classroom sessions. [Contact person: Sugra Chunawala]

DEVELOPMENTAL WORK

STEM EDUCATION

Collaboratively Understanding Biology Education (CUBE)

CUBE Home Labs

The lockdown have disrupted access to labs at educational institutions everywhere. However, the
undergraduate students of the CUBE program continued working creatively and learning along
with their peers. They have developed home labs on the following topics and reported their work
on chatShaala: https://webinar.hbcse.tifr.res.in/b/kir-vge-6jf. The topics include: Identification of
Drosophila melanogaster; Developing of frugal based TSRV media for fruitfly culture; Isolation
of soil nematodes; Identification of Phyllanthus species; Developing phone microscopy;
Identification of species of Cardamine and Studying the effect of cold treatment on seed
germination of Cardamine. The CUBE chatshaalas are open sessions from 5:30 to 9.30 pm
everyday. An article was written reporting the conversation with six undergraduate students who
along with their mentors and peers from across the country were dedicatedly working towards a
shared learning experience. The article highlighted students’ ‘new normal’ mode of learning
through the home labs and the chatShaala. [Contact person: Meena Kharatmal]

CUBE Investigation Projects for Students

Over the years, the CUBE program used experimentations with a variety of model organisms like
Fruit fly, Earthworm, Snail, Moina, Butterfly, Hydra, Rotifer, Nematode, etc. An important aspect
of CUBE’s investigation projects is that all these experiments can be done by school and college
students in collaboration. As an illustration, this work presented some experiments on model
organisms, and two of these are incidentally also related to the Nobel Prize-winning discoveries.
The first experiment is about “understanding the day and night cycle in Fruit flies”. Another
experiment is about “understanding the role of oxygen in Moina”. Moina is a transparent micro-
organism. [Contact person: Meena Kharatmal]

Estimating and Measuring in Microns

Estimating the size of any small object or microorganism is a challenging task for students and
teachers. A simple method to estimate small sizes and learn to use micron as a unit of
measurement was presented. While observing organisms under the microscope, can one also
estimate the size of the organisms? Should it be in centimeters or millimeters, or even more
minute and tiny than these two units? There are units for observing smaller objects or
microorganisms that are too small to see with the naked eye. One of these units is called micron
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(i) or micrometer (um). Talking about measurement in a decontextualized area of mathematics
and not connecting mathematical ideas in a context that demands it, is a serious disconnect in
science education. This study attempted to provide a much-needed connection. [Contact person:
Meena Kharatmal]

Gnowledge Lab

Development of Internet of Things (IoT) Deployment Board (IDF)

HBCSE Makerspace designed the ESP32 based IoT Deployment Board for IoT projects. The
board Schematic and Printed Circuit Board (PCB) was designed in KiCAD (Open Source
Software) with connectors to interface sensors (such as DHT22, BME280, BH1750, etc). Design
files were sent for fabrication. The fabricated Printed Circuit Board (PCB) of IoT Deployment
Board (IDF) was received. The BOM components were purchased and the board got populated
with components, mostly SMD. The Board and the following three interfacings were tested
successfully by writing individual code: BME 280 sensor was interfaced to get Temperature and
Humidity; MQ?2 sensor was interfaced to monitor Smoke; and ESP32, the brain of this device.
The fabricated Printer Circuit Board for Chotu bot got populated with components and tested for
its working in the lab. All the components mounted are through hole components. [Contact
person: Nagarjuna G.]

Software Development and Enclosure Design

Gnowledge Lab temporarily deployed the Internet of Things (IoT) setup of temperature and
humidity in the HBCSE server room for testing. The software was developed in Arduino
Integrated Development Environment. A software code was written to monitor parameters and
displayed them on a tiny organic light-emitting diode screen. The readings were also compared
with the temperature and humidity monitoring devices from the market. After successful testing
of the software, it was upgraded and connected with the HBCSE network. The purpose was for
integrating with telegram bot, sending alert Application Programme Interfaces, about regular
updates, threshold alerts and respond to commands. The enclosure for the device was designed in
FreeCAD to accommodate the loT Deployment Board (IDF), BME280 sensor and MQ2 sensors.
The enclosure was 3D printed in the HBCSE Makerspace. The device software was upgraded
with the code for updating the device software securely Over-the-Air (OTA) within the local
network of the HBCSE. [Contact person: Nagarjuna G.]

Gnowledge Lab — Collaboratively Understanding Biology Education (CUBE)

CUBE - Citizen science based projects

CUBE organized citizen science based projects around mapping mango trees, nail-regeneration
and mosquito mapping. The data collection and observation was done across the country to
popularise STEM habits. Volunteers shared photos of mango trees along with their exact location
(coordinates), date and time of the photo, name of the data collector and an important
parameter(s); whether the mango trees are fruiting/flowering/new-leaves are sprouting. For the
nail-regeneration activity, use of image reader was encouraged to keep track of increase in the nail
length. For mosquito mapping — along with collecting pictures of different kinds of mosquitoes,
hunting for breeding sites for prevention of diseases, spreading awareness, etc., participants were
also encouraged to reflect on the data collected. [Contact person: Meena Kharatmal]

SCIENCE EDUCATION

Developing Observation SKkills through Activities for Primary Level Students
Developing observation skills is one of the goals mentioned at the primary level. Observation
skills can be developed by simple activities that students engage with and like, such as drawings.
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By using students’ drawing abilities, the activities facilitated the development of observation
skills. Students initially responded spontaneously during an experience-based drawing activity.
There were some discrepancies in their drawings and group interaction, however, these got
resolved when they observed the animals and made drawings. Students’ deep interest in observing
and drawing animals was demonstrated through their detailed drawings with accuracy and
appropriate body parts. There were differences in their drawings based on experiences compared
to those based on observations. Students asked various questions at the end that indicated a rise in
their curiosity about animals. [Contact person: Meena Kharatmal]

Application for Threaded Discussion on metastudio.org

Release and Further Development of ChatShaala.in

ChatShaala is a conversational space and supports a threaded discussion platform which is
mobile-friendly, data-efficient and has a simplified interface. The development of chatShaala.in
was initiated by BITS Pilani students under the guidance of Gnowledge Lab mentors.
ChatShaala.in has conversation and lesson delivery modes to support educational formats. It is
constantly updated to be decentralised, such that it can run at multiple places (school, colleges,
maker spaces, organisations) and consume low bandwidth, thus making it accessible in rural
areas. MakerSpace Chatshaala’s ‘Embedded Systems’ is a novel initiative to explore an
interventional strategy in guiding reforms in the existing engineering education in collaboration
with Acropolis Institute. The team has conducted interactive sessions on: electronics, exploring
gadgets in everyday life, DIY oscilloscope, exploring expeyes to make an electronics lab at home,
making an IOT temperature and humidity sensor, making of a voice-controlled car and exploring
sound. These were open sessions on weekdays. [Contact person: Nagarjuna G.]

Development of Phonetic Alphabets

naYana Phonetic Alphabet

naYana project is aimed at enhancing cultural diversity and localization through transcriptional
unity and universal literacy. The current version is a result of iterative development that started
around 2012. The motivation for designing this alphabet is to make writing more inclusive. For
example, rotated or mirrored alphabets are valid within the naYana script thus making this script
accessible to some forms of dyslexia. The development of the alphabet followed the embodied
nature of how the sounds are produced by humans using the dynamic configurations facilitated by
the dexterous movement of the lips, tongue, palate, teeth along with the modulated flow of breath
through the vocal cords. Therefore, most of the basic phonemes are linked to the form of the
buccal configurations. The prototype OpenType Font (OTF) with Latin keyboard mapping has
also been designed and developed. [Contact person: Nagarjuna G.]

Vigyan Vidushi 2020

Vigyan Vidushi 2020 — A TIFR advanced Program in Physics for First-year MSc Women
Students

TIFR Colaba and HBCSE-TIFR jointly organised Vigyan Vidushi (VV), an advanced programme
in physics for women students in the first year M.Sc (Physics) from June 1-20, 2020. Originally
planned to be hosted at the HBCSE campus, VV was converted to an online school due to the
pandemic. VV catered to 51 students in a live online classroom and 300 more students attended
the lectures via live stream. The school offered five core courses on different topics in Physics,
consisting of lectures and tutorials. In addition, special mentoring sessions on career discussions
and expository sessions on physics education research were held. Seven eminent women scientists
delivered special lectures. The teachers and mentors were present faculty members, postdoctoral
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fellows and scientific officers of TIFR/HBCSE, and several past graduate students of TIFR, with
more than half of them being women. Feedback indicated that students found the school to be
extremely useful. [Contact person: Anwesh Mazumdar]|

Question-Answers Repository: Open Source

Sawaliram Project

Sawaliram Project is an online repository of question-answers and articles. TIFR, Hyderabad has
developed this portal and provides a platform to collaborate on answering questions, writing
articles, and translating the content into various languages. HBCSE in collaboration with
Balbharti (Textbook Bureau of Government of Maharashtra) collated questions and answers from
different fields of science. This repository includes questions collected from “Shanka-Samadhan”
an HBCSE activity. During the last six months, about 850 questions were uploaded and the
Sawaliram portal has released about 725 questions and answers. [Contact person: Vijay D. Lale]

School Science Research and Development (SSRD)

Nutan Vidya Mandir (NVM) Participatory Action Research Project

As part of the long-term (7 year) Participatory Action Research (PAR) project with a
neighbouring government-aided school, the SSRD group conducted several collaborative
activities this year. The project aims to understand the teaching-learning process; prepare
instructional materials (handbook/activity manual) useful for teachers; generate simple and
inexpensive experiments designed to nurture resourcefulness, an eye for detail and an ability to
interpret experiences. Amidst the pandemic, the SSRD group hosted two meetings with the NVM
headmaster and teachers to gather feedback and plan future activities. Accordingly, webinars were
organized between July 2020 and March 2021. Several test papers based on the grade 7 and 8
syllabus were prepared for the school. Also, four chapters of a teachers’ manual ‘Krutiyukt
Parisar Shikshan (Activity-Based Environmental Education)’ were completed. [Contact persons:
Narendra Deshmukh and Sugra Chunawala]

Material Development for High School Students in Science and Mathematics

Development of Learning Units and Educational Videos, and Translation in Indian

languages

(i) Booklet of Learning Units (LUs): After reviewing, editing and formatting, the first set of
booklets (student and teacher version) containing the 15 LUs for class 8 students was printed.

(i1) Translation work of LUs: 1 Vigyan Pratibha (VP) LUs were translated into Marathi, 8 LUs
were translated into Tamil (by the VP team at IMSc). These units were uploaded on the VP
website. Translations into Hindi, Marathi, and Gujarati are in progress.

(ii1) Video material development: Four support videos for the LUs were prepared in English (2
under vetting process), and 7 are in the preparation stage. Ten learning bytes, short videos on
extra-curricular topics in various languages were prepared (2 under vetting process), and 4 are
in the preparation stage. [Contact persons: Ankush Gupta and Deepa Chari]

SCIENCE EDUCATION AND PEDAGOGY

Material Development during Teacher Training

Active Learning Strategies

As a consequence of several teacher training workshops, a set of active learning strategies (ALS)
using teaching aids were developed that featured in a teacher’s magazine. One part of the study
shares some observations from the practices that teachers used in their attempts to engage students
in the classroom. Another part of the study focused on the development of a teaching-aid and its
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use during teacher training programme aimed at promoting active learning. In each of the
examples, an attempt is made to demonstrate the adaptability of ALS techniques as teachers have
the ability to customise the activities and actively engage students using a variety of methods as
per their learning objectives. [Contact person: Sugra Chunawala]

CHEMISTRY EDUCATION RESOURCES AT UNDERGRADUATE LEVEL

Material Development in Chemistry Olympiad and NIUS

Experimental modules for chemistry laboratories at undergraduate level

As part of the editing and modifying the NIUS experimental modules, the modules were
administered to the NIUS students in the earlier exposure cum enrichment camps. The feedback
was useful in modifications of the modules. The finalized modules are part of the Chemistry
education online resources. Leaflet Preparation — The Chemistry group is preparing leaflets in
multiple languages for various molecules primarily featured in past INChO problems. These
leaflets intend to help the Chemistry learners look at chemical compounds through a Chemistry
perspective intertwined with multiple lenses like history, art, trade, and its interconnections with
society, culture, environment, etc. 9 (English version), 7 (Hindi version) and 2 (Marathi version)
leaflets were uploaded on the Chemistry education website. [Contact person: Savita Ladage]

MATHEMATICS EDUCATION

MOOC Course Development for Exploring Math with Turtle Blocks

Turtle Graphics and Mathematics

Resources are being designed and co-created with collaborators for an upcoming MOOC course
for teachers on — ‘Exploring Mathematics with Turtle Blocks’. The video resources are currently
being archived on an instance of WeTube (an open-source media archival platform). Preliminary
discussions are centred around the following themes — Randomness, Symmetry, and Functions.
The initiative is also in process of being conceptualised as an action research project where
educators and students will be part of the design iteration and overall feedback process. A study
was conducted to explore the design and implementation of an online engagement on Turtle
Blocks (microworld) and how it supports the introduction of core programming concepts in
alignment with the constructionist approach. The engagement provided opportunities for
discussions and collaborations amongst peers via synchronous online session and asynchronous
instant messenger (IM). The preliminary analysis helped in understanding the nature of
collaboration, tinkering by the learners and varied styles used for problem-solving. [Contact
person: Nagarjuna G.]

OPEN EDUCATION RESOURCES

Interface and Open Source Repository Development

Gnowledge Lab: New Interface for Government repositories and Video Resource

Development

(1) DOER 2.0 (Distributed Disk for Offline Open Educational Resource version 2): DOER 2.0 is
currently functioning and collates resources from a wide range of Open Education Resources
available online.

(i1) NROER (National Repository of Education Resources) 2.0: The Gnowledge lab contributed
to this new interface for NROER. The interface now can handle a good number of audiences
together and protects itself from spam attacks. This new platform also supports tagging
features and efficient filtering and searching for tags. The Gnowledge lab has also created
plugins for easy resource curation. NROER 2.0 has a feature to create public/private groups.
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(iii) Developing Video Resources on Learning through Simulations: Conceptualized a
collaborative endeavour with teachers to create conversational video resources on learning
through simulations on STEM topics related to middle and high school topics.

An exemplar video on series and the parallel circuit was also created and released at
metastudio.org on March 18, 2021. [Contact person: Nagarjuna G.]

MATERIAL DEVELOPMENT
Design and Technology (D&T) Education

Design and Technology Education Website

Since the launch of the Design and Technology (D&T) Education Website
(https://dnte.hbcse.tifr.res.in/) in early 2018, the website has received more than 56,000 visits by
over 17,000 unique visitors. The resource section has been populated with resources in the form
of posters, activity sheets, and worksheets. During the period of this report, 7 resources (Roller
coasters, Nature-Inspired Packaging Design, Interactive posters, Design a flag, Eliminate and
Create, Learning Frames, Full Tank) in Hindi, English, and Marathi were uploaded in addition to
4 posters on the same. Further, a set of 16 worksheets based on the topics covered by NCERT in
the grade 6 science textbook were also uploaded which were aimed at providing opportunities to
sharpen creativity skills. Currently, the website has over 80 resources for teachers and students
who wish to engage in D&T activities. [Contact person: Sugra Chunawala]
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Research Facilities

TIFR Balloon Facility, Hyderabad

Scientific Ballooning

Design and Fabrication of Plastic Balloons

TIFR Balloon Facility, Hyderabad (TIFR-BF) designed and fabricated two zero pressure plastic
balloons with a volume of 5,884 cu.m using 20 microns Antrix film as shell, sealed with load
tapes of 66 kgf as breaking strength, for lifting 230 kg payload to reach an altitude of 21.4 km.
These two balloons were exported to M/s Sceye Inc, USA for testing scientific payloads from
New Mexico, USA. TIFR-BF also designed and fabricated a small spherical shaped tethered
balloon with a volume of 34.1 cu.m using 38 microns Antrix film as shell for conducting cold gas
thruster system experiment for altitude control of a 15 kg payload body frame at an altitude of 100
m. This balloon was exported to Department of Engineering and Space Systems, National Space
Research and Development Agency, Obasanjo Space Centre, Abuja, Nigeria. [Contact person:
Buduru Suneel Kumar]

Development of aerodynamic shaped balloons for providing mobile communication and
internet

TIFR-BF designed and fabricated three aerodynamic shaped (kytoon) balloons with a full volume
realization of 103 cu.m using 150 microns (2 layers of 75 microns) newly developed co-extruded
Antrix film. This kytoon is having three inflatable fins with dilation panel with a load carrying
capability up to 35 kg and can be tethered up to an altitude of 350 m. This kytoon was developed
upon the request received from Department of Telecommunication (DOT), Vijayawada Circle,
Andhra Pradesh for providing mobile communication and internet facilities in rural areas over
Northern Andhra Pradesh (Eastern Ghats region). This balloon was successfully tested from
Balloon Facility with 35 kg payload and hoisted up to an altitude of 120 m. [Contact person:
Buduru Suneel Kumar]

Control Instrumentation and Balloon Augmentation (CIBA)

Continuing the efforts to include most of the balloon flight onboard digital electronics in to a
single FPGA (Field Programmable Gate Array) board, a telemetry encoder (TE) with
programmable bit rate of 25 kbps, 50 kbps, 100 kbps and 250 kbps was developed and to test the
design, a commercially available Spartan-6 FPGA board was used. With only 73 available 1/O’s
for use, 8 words (7 digital + 1 analog word) can be telemetered. With frame sync and SFID, the
format is - 12 words / frame, 8 frames / major frame and 8 bits / word. Other available pins are
used for bitrate select and outputs — NRZ-L, CLK, BJ-PH-L. The code is written in very high
speed integrated circuit hardware description language (VHDL). Simulation was done in Xilinx
ISE design suite. Simulation results and the code was synthesized and the FPGA board was
programmed. Tests with the ground station decoding system is pending. With the high pin count
FPGA number of words can easily be increased. The next step is to combine telemetry encoder
(TE) with already developed telemetry decoder (TD). [Contact person: Devarajan Anand]

Control Instrumentation and Balloon Augmentation (CIBA)

Recently developed 1.2 m dish antenna was tested in several flights during BATAL campaigns.
Though the performance of the orientation system was satisfactory with the short range up to 70-
80 km, both up-link and down-link were insufficient. The common circuit for up-link and down-
link is the antenna feeder, therefore, antenna feeder was suspected for the lower range. After close
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analysis, it was found that there was polarization mismatch in the feeder and rectified the
problem. Charged feeder n-type (f) connector, SWR measurement and gain measurements were
done and meter showed the gain of the antenna to be about 26 dB, which is closely matching to
the theoretical gain value and the whole system is to be tested again for range test in coming
balloon flights. [Contact person: Devarajan Anand]

Software development for balloon flights

LabVIEW based software has been developed for decoding and displaying telecommand status
with other station keeping parameters during balloon flight and which will also log data. A study
was taken up to compare various methods to deduce the coordinates of the balloon during balloon
flight. A ‘C’ program was written to compute the coordinates using the current method
(Haversine method) and subtended angle method. Previous balloon flight data was used for this
study and entire comparison study data was stored in a file for future reference. A wind data
logger has also been developed using LabVIEW software for decode, display and log serial data
from ultrasonic wind sensor. It will also display the gusty wind, 2 minute, 10 minute average
wind speed and direction and will also plot waveform. This software also logs daily and weekly
data in an excel format for ready reference. This system can be installed during flight day to
measure and display surface wind dynamics. [Contact person: Devarajan Anand]

Atmospheric and Environmental Sciences

The atmospheric science research group at TIFR Balloon Facility has been involved in
maintaining different ground-based atmospheric science instruments under Aerosol Radiative
Forcing over India (ARFI) project of Geosphere Biosphere Program of ISRO (ISRO-GBP). A
new flow sensor for Black Carbon (BC) Aethelometer was installed, and a thorough cleaning of
the Aethelometer mirror assembly was taken up to get proper BC values. Researchers are jointly
working with NARL scientists for collecting aerosols for studying the physical and chemical
properties and also for vertical profiling of mass concentration up to stratospheric altitudes. The
flight recovered crystals of Quartz Crystal Micro-balance (QCM) were sent to NARL for further
analysis. [Contact person: Buduru Suneel Kumar]

lonosphere Physical Properties

Correlation analysis of Ionogram spread F events and GPS signal amplitude scintillations
(84

Satellite based navigation signals are getting affected in the form of signal amplitude and phase
by the ionosphere and its scintillations in the response to the geometric storm events. The study of
ionosphere physical properties during post sun set hours and geomagnetic storm events, guides to
develop the scintillation mitigation algorithms. Canadian Advanced Digital lonosonde (CADI)
system records the vertical incident reflected signals from the ionosphere, in terms of height
versus frequency points in the form of ionograms. Spread F events in the ionograms during the
post sun set hours and geomagnetic storm events reveals the characteristics of ionosphere. The
probability of occurrence of amplitude scintillation in the navigation signals can be evaluated by
the correlation analysis of spread F and global position system (GPS) amplitude scintillation (S4)
parameters. Results show the good correlation of strong spread F and S4 parameters during the
adverse space weather conditions. [Contact person: Tanneru Venkateswara Rao]

lonospheric Features Prediction Algorithms

Bi-directional Long Short Term Memory based Ionospheric features prediction models
Ionosphere plays a vital role in high frequency signal communication and user position estimation
in satellite based navigation systems. F2 layer critical frequency (foF2) and peak height (hmF2) of
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the ionosphere are the critical ionospheric features, which reveals the diurnal, seasonal and
geomagnetic storm events impact on ionosphere. The foF2 and hmF2 parameters can be extracted
from the CADI ionograms. The estimation and prediction of ionospheric foF2 and hmF2 features
during the adverse space weather conditions leads to initiation of safety measures to overcome the
scintillation effects in transverse satellite based navigation systems and high frequency
communication systems. An artificial intelligence based machine learning algorithm such as Bi-
LSTM was used to predict the ionospheric features. The proposed prediction model results were
compared with ANN and LSTM model outputs. Prediction accuracy is improved with the
proposed algorithm. [Contact person: Tanneru Venkateswara Rao]

Pelletron LINAC Facility

Nuclear Physics

Feasibility study of neutrinoless double beta decay

Tin can undergo an allotropic phase transition from a metallic (beta) phase to a semiconducting
phase (alpha) on cooling. This transition, also known as tin pest, often leads to the cracking and
disintegration of the tin sample and is thus a major concern for the longevity and performance of
pure tin bolometers. Controlled coolings tests show that alloying Sn with Bi (at sub-% levels)
inhibits tin pest. The best performance was found in 0.22% Sn-Bi which has shown no
development of tin pest for >1 year. Superconducting properties of Sn-Bi alloys were measured.
Temperature resolved synchrotron X-ray diffraction measurements were performed at BL-12 of
the Indus-2 synchrotron at the national facility RRCAT Indore for studying this phase transition.
Based on these measurements, it was suggested that baking the TIN.TIN bolometer array 50 C for
a 20 - 30 min will reduce the risk of tin pest formation. The low background counting setup
TiLES was used to study radiative impurities in Aut rock sample and other NTD sensors.
Coincidence background setup with two cryocooled germanium detectors was also installed for
rare decay studies. The detailed simulations were carried out for background estimations from
trace impurities of natural radioactive chain and for coincident gamma detection efficiency to
study rare decays to excited states via de-exciting gamma rays in the cascade.[Contact person:
Vandana Nanal]

Reaction studies with weakly bound nuclei

The n-transfer and incomplete fusion cross sections for 9Be + 197Au system were studied over a
wide energy range, Ec.m. = 29-45 MeV. The experiment was carried out using activation
technique and off-line gamma counting. The transfer process was found to be the dominant mode
as compared to all other reaction channels. Detailed coupled reaction channel (CRC) calculations
were performed for n-transfer stripping and pickup cross sections. The measured 1n-stripping
cross sections were explained with CRC calculations by including the ground state and the 2*
resonance state (E = 3.03 MeV) of 8Be. The calculations for In-pickup, including only the ground
state of 10Be agree reasonably well with the measured cross sections, while it overpredicts the
data at subbarrier energies. For a better insight into the role of projectile structure in the transfer
process, a comprehensive analysis of In-stripping reaction was carried out for various weakly
bound projectiles on 197Au target nucleus. The transfer cross sections scaled with the square of
total radius of interacting nuclei show the expected Q-value dependence of 1n-stripping channel
for weakly bound stable projectiles. [Contact person: Vandana Nanal]
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National Facility for High Field NMR

Chemical Sciences: NMR Metabolomics

Metabolomic signatures in biofluids of patients with chronic hypersensitivity pneumonitis
Diffuse parenchymal lung disease (DPLD) comprises an array of heterogeneous parenchymal
lung disorders with common pathophysiological denominations as inflammation or fibrosis or
more commonly, both. More than 300 causes for DPLD have been identified so far. Incidentally,
~50% of the Indian DPLD population comprises of hypersensitivity pneumonitis (HP). In chronic
stage, HP may mimic other types of fibrotic DPLD, which may lead to misdiagnosis. Accurate
diagnosis of chronic HP (cHP) and discrimination from other fibrotic DPLD subtypes is essential
as it requires a different therapeutic approach and management. This study involves un-targeted
metabolomic analysis of three biofluids namely serum, exhaled breath condensate (EBC) and
bronchoalveolar lavage fluid (BALF) of cHP and fibrotic DPLD patients. Researchers
hypothesize that 1H nuclear magnetic resonance (NMR) based metabolomics platform may
identify novel candidate markers which can effectively discriminate cHP from fibrotic DPLD
subjects. [Contact person: Mamata Joshi]

Low Temperature Facility

Low Temperature Facility provides liquid helium, liquid nitrogen and cryogenic support services
to various facilities and laboratories of the institute. The primary function of LTF is to meet the
cryogen demands of various research facilities of the institute. Helium gas is liquefied with the
Linde make, model-L280 helium liquefier and Liquid nitrogen from Stirling Cryogenics make,
model: STIRLIN-8 liquid nitrogen plant. LTF handles the largest numbers of research users in
India, supporting various/critical helium setups within TIFR. During the reporting period, LTF
liquefied 58,000 litres of liquid helium during the year 2020-2021, and the liquid nitrogen
consumption was at 2,01,190 litres. During the reporting period, LTF dispensed around 420 liquid
helium dewars to the users. LTF operation was more or less uninterrupted during the lockdown
period. The supply of liquid nitrogen and liquid helium was ensured for all the critical
experimental facilities including, NMR spectrometers. LTF also fulfilled an emergency
requirement of BARC, Mumbai, on two occasions supplying about 2,000 litres of liquid nitrogen.
[Contact person: K V Srinivasan]
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Science Popularization and Public Outreach at TIFR: A short summary

A wide variety of Outreach and Science Popularisation programmes were conducted during the year
to convey the importance of exciting new developments in science and technology to the general
public with a special emphasis on showcasing the research being done in TIFR. A major focus of this
effort is to reach out to school/college students and teachers, especially in under-served communities,
and to inspire students to pursue a career in basic sciences.

The COVID-19 pandemic is unprecedented. TIFR and its Centres have been involved in several
initiatives concerned with analyzing and understanding the debilitating global pandemic COVID-19.
Several members have been actively working to bring together the best scientific facts and
commentary related to the disease. It is a challenge to comprehend reliable information while filtering
out misinformation. A multi-institutional, multi-lingual science communication initiative, called
CovidGyan, has been created to deal with just this challenge. This is a collaborative effort between
the Tata Institute of Fundamental Research, the Indian Institute of Science (IISc) and Tata Memorial
Centre (TMC). Other prominent partners include Vigyan Prasar, IndiaBioscience, and the
Bangalore Life Science Cluster (BLiSC, which comprises InStem and C-CAMP, in addition to
NCBS-TIFR). The website (https://covid-gyan.in/) is an outcome of this initiative and serves as a hub

to bring together a collection of resources in response to the COVID-19 outbreak. The pan-
institutional CovidGyan website was launched on 03 April 2020. Various articles, infographics,
podcasts and videos available in English and multiple vernacular languages on this website are aimed
at both the scientifically inclined citizenry and the public at large in our country.

TIFR’s Chai and Why popular science talks have been attracting young minds of all ages for over a
decade now. It engages people who are interested in science but generally never have the opportunity
to discuss their views with, and ask questions to the scientists. Due to the ongoing pandemic situation,
the talks were conducted online. The Mumbai Math-Circles was initiated for talented school students
as a collaborative effort of TIFR and St Xavier’s College, Mumbai. ‘Maths Circle’ aims to nurture
and mentor students interested in Mathematical Sciences. Mathematics is unfortunately seen by most
students only as a subject to be studied for examinations, or as a tool for solving some problems
perhaps, and even those students with an interest in Mathematics do not have a platform to discuss
interesting examples and results with experts or other like-minded students. It is a forum to learn and
discuss Mathematics without being limited for any particular exam purpose. It targets high school and
undergraduate students with an aptitude and natural interest in Mathematical Sciences. The meetings
were started in Feb. 2020. Due to the COVID-19 pandemic the physical meetings were stopped in
March 2020. However, online classes were resumed from 18 Dec. 2020. ‘Maths Circle’ will continue
in the online mode till the physical meetings are resumed.

With the onset of global pandemic in March 2020, middle and high school students of the Telangana
Social Welfare Residential Schools were organised into Village Learning Communities (VLC’s)
where classes were conducted by teachers from nearby villages. TIFRH outreach volunteers have
offered help to share video resources and develop audio content, and presentations. With the help of
Foldscopes (the low cost paper microscopes) volunteers could explore microorganisms in water and
moss samples; processes of transpiration and germination in plants. The TIFR Balloon Facility,
Hyderabad is regularly popularizing science among school and college students and also tries to
encourage them to design and conduct balloon-borne scientific instruments. Students from various
schools and colleges have developed science instruments and launched them as piggyback payloads
with the main experiments. The TIFR Balloon Facility conducted one day students’ outreach program
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in the month of February 2021 for the students from the winter school of Astronomy (ASTROWIN-
2021) program organized by Birla Planetarium Centre, Hyderabad.

TIFR Colaba and HBCSE-TIFR jointly organised Vigyan Vidushi, an advanced programme in physics
for women students in the first year M.Sc (Physics) from June 1-20, 2020. Originally planned to be
hosted at the HBCSE campus, Vigyan Vidushi was converted to an online school due to the pandemic.
Vigyan Vidushi catered to 51 students in a live online classroom and 300 more students attended the
lectures via live stream. The school offered five core courses on different topics in Physics, consisting
of lectures and tutorials. In addition, special mentoring sessions on career discussions and expository
sessions on physics education research were held. Seven eminent women scientists delivered special
lectures. The teachers and mentors were present faculty members, postdoctoral fellows and scientific
officers of TIFR/HBCSE, and several past graduate students of TIFR. More than half of the teachers
were women. Feedback indicated that students found the school to be extremely useful.

On National Science Day (February 28, 2021), TIFR hosted a day-long celebration of science at the
Colaba campus, with a mix of engaging lectures, open laboratories to visit, fun hands-on experiments and
demonstrations etc. This year, the large “science mela” could not be hosted due to the COVID-19
restrictions. However, special online events were organised with popular lectures, hands-on activities and
virtual lab visits, in Marathi and English

International Centre for Theoretical Sciences, Bengaluru

Due to the ongoing pandemic situation, all the outreach lectures were conducted online. ‘Kuriosity
during Kuarantine’ talks were organized, which is the online version of the ‘Kaapi with Kuriosity’
monthly public talks. A new series named ‘Vigyan Adda’ was initiated. Vigyan Adda is a forum
through which academics from ICTS and other similar institutes and universities can explain their
scientific work to broader audiences, or engage with the public on scientific and mathematical topics
of interest. These talks are aimed at people with a background in science, undergraduate students
would get to know about current scientific developments in a lucid way.

National Centre for Biological Sciences, Bengaluru

The community at the NCBS undertook various outreach activities throughout the course of the year.
With the onset of the pandemic, many interactions and engagement were shifted online, and new
science engagement activities thrived. The BLiSC Science Café has been for some time, a popular
science outreach programme that brings campus scientists to the public to speak about their work
colloquially in informal settings. Online Science Cafés were organised with NCBS faculty. In
addition, the BLiSC Sci Art Club was launched in September 2020 with an idea to bring together the
campus scientific community interested in visual arts, and the club features artists from the campus to
bring the artistic side of scientists to the public.

Recognising that open communication of science across borders is key to increasing knowledge and
advancing solutions to global problems, the weekly Life Science Across the Globe (LSAG) sister
institute seminar series was initiated in July 2020 with institutes on five continents, and NCBS is the
anchor for India. The sessions feature two talks: one on science and another on science culture. Two
new themed series of highly interactive popular science talks were launched online under the
Communications Office Science and the City Programme. The Outsideln Ecology series has a regular,
dedicated audience for discussions ranging from microbes to ecosystems. The Human Body
InsideOUT series tackles different topics within human anatomy. The Communications Office has
facilitated more conversations between NCBS scientists and students from schools and colleges that
typically lack access. A partnership with CARE India has been initiated to connect NCBS scientists
with school students in rural areas, and the pilot programme has proven fruitful. The Archives Public
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Lecture Series- monthly talks by artists, archivists, historians, teachers, journalists, scientists and
others - also shifted to an online format.

TIFR Centre for Interdisciplinary Sciences, Hyderabad

On October 19, 2020, the Science Media Centre website of TIFR Hyderabad was launched. The
media centre website hosted articles, interviews, research highlights, media mentions and short
videos, in an effort to communicate science to all. In view of the COVID-19 pandemic, the Science
Café ‘Sawaal-Jawaab’ went online. TIFR Hyderabad set up a Molecular Diagnostic Training facility
to boost the capacity of healthcare professionals in performing PCR based diagnostic tests, which is
primarily used for COVID-19 diagnosis. The training effort is supported by the Prime Minister’s
Scientific Advisor’s office and funded by Bill & Melinda Gates Foundation. The participants trained
at TIFR Hyderabad were lab technicians, in-service doctors, government undergraduate lecturers,
researchers, medical students from seven states across India. Over 180 trainees have attended and
completed the training programme. Many of these trainees are now working in COVID-19 diagnostic
labs in various parts of the country.

Homi Bhabha Centre for Science Education, Mumbai

Due to pandemic this year, the centre celebrated the National Science Day (NSD) on a digital
platform on February 26, 2021 and live-streamed it on YouTube for around 1600 to 1800 viewers.
Members from all laboratory groups participated either by creating digital content or conducting
sessions online. A contest on ‘Innovative Teaching Learning for Online Science or Mathematics
Education’ was hosted by MIT School of Education and Research, Pune (February 23 and 24, 2021)
and HBCSE (February 26, 2021). Many D.Ed/B.Ed students, in-service teachers and teacher
educators participated in this contest, whose work was also included in the NSD telecast.
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FUTURE AND ONGOING PROJECTS OF THE INSTITUTE

Within the TIFR system, individual PIs will continue to work on their areas of interest and publish
their research findings in major peer-reviewed international journals. On an average, TIFR and its
Centres publish about 1000 research papers per year in such journals, and this may be expected during
the next year as well. In addition, TIFR conducts multiple programmes in Science Education and
Outreach, e.g. the Science Olympiads, which may also be expected to proceed in the usual manner.

The major science projects of the institute are as follows:

1. India’s participation in the international Square Kilometre Array project: NCRA continued
to lead the Indian participation in the Square Kilometre Array, a multi-national collaborative
project to design and build the next generation radio telescope that will be 50 times more sensitive
than any existing facility. After successful completion of the Critical Design Review (CDR) of the
design of the Telescope Manager work package (that NCRA led, with 6 other organisations from
different SKA member countries and in partnership with Indian industry) in July 2018, the Indian
team has achieved significant progress in early prototyping activities. Meanwhile, plans are on to
prepare the final DPR for Indian participation in the construction phase of the SKA, which will be
submitted shortly for approval to the Government of India, along with seeking approval for India
to join the international treaty organisation that is being set-up for the long-term future
governance of the SKA project. [Contact person: Yashwant Gupta]

2. Laser Interferometer Gravitational-Wave Observatory (LIGO) research: LIGO research is
carried out by the LIGO Scientific Collaboration (LSC) and the Indian participation in the LSC is
via the Indian Initiative in Gravitational Wave Observations (IndIGO). The first joint detection of
gravitational waves and electromagnetic radiation from a binary neutron star merger (GW170817)
provided unprecedented insights into many aspects of physics, astrophysics and cosmology.
These developments are heralding the new era of Gravitational wave astronomy. [Contact person:
Bala Iyer]

3. CMS (Compact Muon Solenoid) Collaboration (CERN, Switzerland): TIFR scientists are
participating in all aspects of the CMS experiment including data collection, monitoring, analysis,
detector hardware construction and grid computing. The TIFR grid computing facility has played
a major role in processing both collision and Monte Carlo data sets. [Contact persons: Shashi R
Dugad, Kajari Mazumdar, Gobinda Majumder, Monoranjan Guchait]

4. India’s participation in International Pulsar Timing Array (IPTA): Observations of hecto-
hertz gravitational waves from merging stellar mass black holes and neutron stars by the LIGO-
Virgo consortium heralded the new era of Gravitational Wave Astronomy. International Pulsar
Timing Array (IPTA) represent the on-going international efforts for directly detecting nano-hertz
gravitational waves. Such gravitational waves arise during the collision of massive black hole
pairs that are formed due to the merger of galaxies. Pulsar Timing Arrays monitor extremely
regular strings of radio pulses from an array of millisecond pulsars using many premier radio
telescopes including TIFR's uGMRT. These collaborative efforts are creating a galaxy sized
gravitational wave detector that is required to directly detect nano-Hertz gravitational waves.
Indian researchers are very active in many working groups of the IPTA consortium and our own
effort is called the InPTA experiment. [Contact person: Bhal Chandra Joshi]
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5. Physics Analysis Coordination for the India-based Neutrino Observatory (INO): The India-
based Neutrino Observatory (INO) is a proposed mega-science experiment to study atmospheric
neutrinos, with the primary aim of determining the neutrino mass ordering. However, many more
properties of neutrinos, including those beyond the Standard Model of particle physics, can be
explored here. Also, searches for new physics like dark matter and magnetic monopoles can be
carried out and even the internal structure of the Earth may be probed. In order to quantify the
physics potential of INO for these explorations, a robust set of simulations and algorithms is being
developed by neutrino physicists in many Indian institutions. The activities among all these
groups and their physics analyses are coordinated by Prof. Amol Dighe (TIFR, Mumbai) and
Prof. Srubabati Goswami (PRL, Ahmedabad). [Contact person: Amol Dighe]

6. Ground-based Near Infrared Astronomy: Researchers are involved in Near Infrared (1 to 3.7
micron) astronomy experiments to study star formation and other astrophysical phenomena.
Researchers developed three state of the art Near Infrared spectrographs and imagers, TIRCAM2
mounted on the side port of the 3.6 metre Devasthal Optical Telescope (DOT), Nainital;
TIRSPEC mounted on the side port of the 2 metre Himalayan Chandra Telescope at Hanle,
Ladakh and TANSPEC mounted on the DOT to conduct astronomy research in the Near Infrared
band. These instruments have given Indian astronomy community world class facilities in the
Near Infrared band. A number of science papers using these instruments have been published
during the past one year. Since TIRSPEC instrument project will complete ~11 years from
inception, researchers plan to upgrade the TIRSPEC to a fast readout science grade array Hawaii-
1RG (H1RG) during the current plan period. [Contact person: Devendra K. Ojha]

7. Development of a Configurable Slit Unit for the Multi-Object Infrared Spectrometer: A
configurable slit unit (CSU) is currently being designed for the Multi- Object Infrared
Spectrograph to be built for the 3.6m Devasthal Optical Telescope, India. The CSU is designed to
form 5 optical slits in the 9.1'x9.1' field of view of DOT. Each slit of 120" width is formed by a
pair of opposing bars which can be positioned to form a slit at any desired location in the field of
view of the detector. The entire CSU is being designed to operate at a cryogenic temperature of
120 K. The motion and precise positioning of the slit is implemented by the use of piezo-walkers
in a feedback controlled loop. The controller for the piezo-walkers as well as the feedback control
position-sensing loop for the CSU have been designed in-house. Room-temperature movement of
the CSU and initial low-temperature test of the mechanical setup have successfully completed in
the laboratory. Optical tests and movement of the CSU at liquid nitrogen temperatures are
currently being designed and will be conducted next. [Contact person: Bhaswati Mookerjea]

8. Completion of the Laboratory Model of InfraRed Spectroscopic Imaging Survey (IRSIS)
Payload: Researchers have proposed a spectroscopic survey of the Galactic plane in NIR
wavelength with a spectral resolution of ~100 and spatial resolution of ~10 arcsec. As per the
ISRO requirements, the Laboratory Model of the Infrared Spectroscopic Imaging Survey (IRSIS)
payload, a NIR spectrometer for an Indian small satellite mission, is being successfully built to
demonstrate the feasibility of the 2-band optical fibre-fed spectrometer. The instrument will
operate between 1.7 to 6.4 micron wavelength range and will observe 50% of the full sky
including the Galactic Plane during its two year life time. A detailed report on the performance of
the IRSIS Laboratory Model has already been submitted to ISRO (Space Science Office) for the
further approval in February 2021. After successful demonstration of the Laboratory Model of
IRSIS, the Engineering and Flight Models for this payload would be undertaken after a design
review by ISRO. [Contact person: Devendra K. Ojha]
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Far Infrared Astronomy using Balloons: The Far Infrared Astronomy experiment is carried out
using a TIFR-made 100 cm aperture balloon borne telescope weighing approximately 1 ton which
is being used to carry a focal plane instrument, Fabry Perot Spectrometer (FPS), tuned to the
astrophysically important [C II] line at 158 microns developed in Japan and future spectrometers
which could be used to probe the [Si II] line at 34 microns. Researchers are upgrading the current
FPS to new FPS which will provide higher spatial (< 40 arcsec) and spectral resolution (R ~
10,000). This will allow researchers to study gas geometry and dynamics probed with [C II] in
star-forming regions. Thus, the study will directly reveal the relationship between massive star
formation and cloud-cloud and/or filament-filament collisions, which have been indirectly pointed
out as potential processes of massive star formation. [Contact person: Devendra K. Ojha]

Very High Energy Gamma Ray Observations with HAGAR Telescope Array: HAGAR
telescope array consisting of seven atmospheric Cherenkov telescopes is operational at Hanle in
Ladakh (altitude: 4270 m) since September 2008. Observations of several astronomical sources
were carried out throughout the year. Several blazar class active galactic nuclei like Mkn 421,
Mkn 501, 1ES 1218+304, 1ES 1959+650, 1ES 2344+514 and galactic objects like Crab, Geminga
and some of the pulsars detected by Fermi satellite were observed. Apart from this, several runs
were carried out to estimate systematics in data. Total 785 hours of data was collected during this
year. Analysis of data on various sources is in progress. [Contact person: V. R. Chitnis]

Development of 256-pixel SiPM based camera for a 4-m class atmospheric Cherenkov
telescope: A prototype 64-pixel version of the full 256-pixel SiPM (S13361-3050AS-4 from
Hamamatsu) based imaging camera was developed. The four modules in the front-end of this
mini-camera were independently tested using a laboratory test set-up. These tests gave
satisfactory results regarding the linear dynamic range (3% non-linearity up to 1600
photoelectrons), S/N ratio at single photoelectron (~6 @ SiPM overvoltage of 3V), gain variation
due to temperature change (3% over -20 to +30 °C), etc. The characterization for more than 100
pixel sensors was completed and the data was used for the module testing. The back-end of the
camera was also independently tested using a pulse generator signal for its different
functionalities like offset and timing calibrations of the hardware, trigger generation, signal pulse
digitization @1GSPS and recording, etc. Also, a multi-nodal GUI-based back-end software
programs that control, monitor and acquire the camera data were developed. The integrated
performance of the mini-camera is being evaluated thoroughly using laboratory set-up before
taking it to Mt Abu for testing with the vertex element of the TACTIC telescope. [Contact person:
V. R. Chitnis]

Facility for Antiproton and Ion Research (FAIR) Collaboration: TIFR is one of the
participating institutions in the FAIR (Facility for Antiproton and lon Research) Collaboration.
This facility will be one of the largest international research facilities in the world, is coming up at
Darmstadt, Germany. About 3000 scientists from 50 countries will study the structure of matter
and evolution of the Universe from the Big Bang to the present using this facility. All the research
activities at FAIR have been subdivided into four experimental programs, namely, Compressed
Baryonic Matter (CBM), Nuclear Structure, Astrophysics and Reactions (NUSTAR), Atomic,
Plasma Physics and Applications (APPA) and Antiproton Annihilation at Darmstadt (PANDA).
[Contact person: Rudrajyoti Palit]
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13.

(1)

Superconducting Circuits as a Hardware for Quantum Computing and Information
Processing:

Engineering cross resonance interaction in multi-modal quantum circuits

Quantum computers leverage quantum mechanical phenomena to manipulate information in order
to solve problems that ordinary computers, in practical terms, cannot. Superconducting qubits
have become the dominant platform in the race to build a better quantum computer. However, the
vast majority of architectures have only nearest-neighbor coupling, which hinders a multi-qubit
processor’s performance. The researchers proposed an alternative architecture that used multi-
modal devices as the building blocks for a larger superconducting quantum processor with
superior connectivity. The researchers previously demonstrated a three-qubit design based on
multi-modal circuits that could perform fast, high-fidelity multi-qubit gates. In the current work, a
two-qubit version of the multi-modal circuit, consisting of two Josephson junctions in series,
replaced one of the transmons in a typical cross- resonance architecture. The researchers studied
the effect of cross-resonance drive as a function of different control parameters, such as inter-
qubit detuning and drive strength. The experimental results agreed with theory, and it was found
that microwave crosstalk in their system was negligible due to the 3D architecture. [Contact
person: Rajamani Vijayaraghavan]

(i1) Programmable Superconducting Processor with Native Three-Qubit Gates

14.

Quantum computers promise to solve certain problems that are extremely difficult, if not
impossible by the classical, semiconductor-based computers. The power comes from utilizing
some wacky quantum mechanical phenomena, such as superposition — the ability to be in distinct
configurations/states simultaneously and entanglement — an extremely strong correlation where
participants lose their individual identity. The realization of such properties requires specialized
hardware whose building blocks are called the quantum bits or in short qubits, which are usually
pretty short-lived. Researchers focused on a novel idea of providing an efficient multi-qubit
building block for making moderate-sized quantum computers. The building block, nicknamed
the “trimon”, consisted of three qubits with strong all-to-all coupling. The main advantage of this
three-qubit processor was shown to be the ability to perform high-quality entangling operations
that involved all three qubits simultaneously, unlike native two-qubit manipulations used in most
architectures. The universality of the processor was demonstrated by solving four different
quantum mechanical problems with moderate to high success rates. [Contact person: Rajamani
Vijayaraghavan]

Program on Chemical Ecology of the North East Region (NER) of India: The program started
six years ago with the vision to sustain the fundamental and applied research in Chemical Ecology
by a comprehensive inter-institutional collaborative program between North East and Bangalore.
It aimed to form a strong interlinked group of a new generation of Chemical Ecologists for the
investigation of the biodiversity-rich and unexplored North East region of India. The program has
provided an opportunity for the young researchers from the NER to be trained in the state-of-the-
art research techniques in Bangalore and to explore a multi-regional and multidisciplinary
research environment in both NER and Bangalore. The programme also built capacity in the
Northeast by providing interdisciplinary training through workshops, awareness program, online
lecture series, public talks, science café, additional program i.e. DST’s Science Express train
exhibitions and many more. So far, about 15 research papers have been published from this
program and a few more are in the pipeline. 14 students from NER have registered for PhD under
this program and they are working towards the completion of the thesis. [National Centre for
Biological Sciences, Bengaluru]
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16.

Accelerator program for Discovery in Brain disorders using Stem cells (ADBS): ADBS is a
collaborative scientific venture between the Institute for Stem Cell Science and Regenerative
Medicine (inStem), the National Centre for Biological Sciences (NCBS) and the National Institute
for Mental Health and Neurosciences (NIMHANS). The ADBS program seeks to understand
mental illness by harnessing the power of sophisticated clinical investigations, modern human
genomics, and stem cell technology. The program offers a unique opportunity to understand the
disease biology and use this information to facilitate the development of improved diagnostic and
therapeutic options. By leveraging the clinical services at NIMHANS, the program has assembled
a cohort of families with a strong family history of mental illness. These families will be followed
over twenty years to observe the development of clinical disease using a range of clinical
investigations including neuropsychological assessments, neuroimaging, and clinical
electrophysiology at regular intervals during this period. Also, the program is using modern
methods of genomic analysis to discover the genetic basis of mental illness. Finally, the ADBS
program is generating a repository of induced pluripotent stem cell (iPSC) lines that will be used
to create ‘disease-in-a-dish models’ to discover the cellular basis of mental illness. The ADBS
program also undertakes capacity-building initiatives in the area of stem cell technology and
genomics through a collaborative training program with the Centre for iPS cell research, Kyoto
University, Japan along with in-house training initiatives. [National Centre for Biological
Sciences, Bengaluru]

Bioinformatics Centre for Genome Informatics: NCBS and InStem have recently received a
grant from Department of Biotechnology, India, to set up a Bioinformatics Centre for Genome
Informatics. This Centre has a mandate to provide bioinformatics solutions to managing and
analyzing genomic data, arising from other initiatives or biological research, which require
creation of database or bioinformatics pipeline or softwares. There will be an emphasis on
capacity building, wherein workshops and conferences will be conducted. The areas of research
would include genomes of different organisms for genotypic/phenotypic changes under different
stresses, genetic mutations of disease relevance, and a large number of human genomes of
medical, evolutionary and anthropological significance. Such an initiative will be pursued by Prof
Sowdhamini and seven other faculty members from NCBS and InStem. [National Centre for
Biological Sciences, Bengaluru]
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SUMMARY

Annual Report 2020-21

TIFR made significant contributions in distinct
areas of science in the year 2020-2021. The
report highlights the research activities and
achievements of TIFR and its Centres during
the period.

School of Mathematics:
Work was carried out on several questions and
problems in Geometric Group Theory,
Probability =~ Theory, Complex Analysis,
Conformal Dynamics, and Reflection Groups,
Geometry and Topology, Lie Groups,
Arithmetic Groups and Algebraic Geometry.
Establishing the existence of phase transition of
a model is one of the most fundamental
problems the
treatment of Statistical

in rigorous, mathematical
physics. A novel
technique was developed in the particular
context of phase transition for independent
percolation model on general quasitransitive
graphs. The technique developed in the work
also provided a new paradigm for proving
existence of phase transition for various other
models of interest. In Geometry and Topology,
the Artin groups are an important class of
groups, and appear in different areas of
Mathematics. The classical braid group is an
example of a finite type real Artin group.
Researchers observed an inductive structure in
a large class of Artin groups and exploited this
information to deduce the isomorphism
conjecture for several classes of Artin groups of
finite real, complex and affine types. In another
work, researchers provided effective estimates
for the density of quadratic forms in a wide
variety of contexts, providing effective
estimates for Margulis’s famous solution to the
Oppenheim conjecture.

TIFR Centre for Applicable Mathematics,
Bengaluru: In Partial Differential Equations,
researchers obtained strong unique continuation
for the heat operator with Hardy type potential
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by a delicate combination of a scaling critical
estimate which crucially utilizes the spectral
gap of the Laplace beltrami on the sphere and a
subcritical apriori estimate which is of
independent interest. The result sharpens an old
result of Escauriaza and Vessella where
subcritical potentials were considered. In
another work, an example indicating that there
may exist catastrophic entropy solution for
Burgers equation where the shocks set can be

dense was obtained.

School

Science:
Research work was pursued in the areas of
computer science as well as systems science.
Researchers proposed a new algorithm called
Masked Adversarial Auto-encoder
(MaskAAE), where the true dimensionality of
the latent space is learnt via the operation of

of Technology and Computer

masking the encoded latent space in an
autoencoder. MAAE is able to discard the
spurious number of dimensions through this
process of masking, thereby marking a
significant  departure the
frameworks where an assumption is made on
the size of the latent dimensions a priori.
MAAE brings the generative quality of the
AAE model closer to that of the generative
adversarial networks (GANs) and thereby

from existing

provides state-of-the-art generative modelling
for both the synthetic and real world data sets.
The algorithm is thoroughly backed by a sound
theoretical framework. In a joint effort between
IISc and TIFR, a city-scale agent based
simulator was developed to study the impact of
various interventions on the spread of the
Covid-19 epidemic. The tool was used to arrive
at projections for the city of Mumbai and
Bangalore (amongst others) as as
recommendations on the time frame and the

well

strategy for the cities to open up.



School of Natural Sciences:

Department of Theoretical Physics:

Flavor-dependent neutrino emission is critical
to the evolution of a supernova and its neutrino
signal. In the dense anisotropic interior of the
star, neutrino-neutrino forward scattering can
lead to fast collective neutrino oscillations,
which has striking consequences. A theory of
fast flavor depolarization was presented,
explaining how neutrino flavor differences
become smaller, i.e., depolarize, due to
diffusion to smaller angular scales. Elementary
magnetic moments in nature are quantized at
half-integer values if measured in ’natural’
units. A study revealed that spatially-extended
patterns of magnetic polarization, seeded by
non-magnetic impurities in a class of magnetic
materials with competing interactions between
magnetic ions, can behave like emergent
magnetic moments with fractional values of

spin.

Department of Astronomy and
Astrophysics: TIRCAM?2 (TIFR Near Infrared
Imaging Camera - II) is proposed to be used on
one of the side ports of the 3.6-m Devasthal
Optical Telescope for regular science
observations. It was successfully tested on one
of the side ports of the largest Indian telescope,
DOT, in collaboration with ARIES, Nainital.
The first light from this port was seen on May
04, 2020. This achievement is significant since
the efficiency of the telescope will drastically
increase with two instruments being available
for near simultaneous observations during any
particular night. It is noteworthy to mention
that TIRCAM2 is the only instrument of its
kind in India which is sensitive up to 3.8
micron and is ideal for the imaging of
astrophysical sources at wavelengths longer
than 2 micron. In a study, researchers found
that the neutron star spin frequency can evolve
in two distinctly different modes, as the spin
frequency may approach a spin
equilibrium value for persistent accretion, and
may approach a higher effective spin
equilibrium value for transient accretion. In

lower
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another study, researchers used deep learning
for prediction of solar wind (SW) properties.
Extreme Ultraviolet images of the solar corona
from space-based observations were analysed
to predict the SW speed.

Department of High Energy Physics:

The Higgs boson (H), discovered in 2012 by
the ATLAS and CMS experiments, is the
pinnacle of the scientific results obtained so far
from the CERN-LHC. The experimental
measurements are compared with predictions
from the standard model (SM), to vindicate it
or to look for hints of physics beyond SM,
nature of which is yet unknown. The SM also
depicts H interacting with itself due to which 3
or 4 of them may couple via a single vertex.
The strength of this self-coupling A, determines
the shape of the Higgs potential which has a
considerable impact on our understanding of
the properties of the very early universe and its
future. Using proton-on-proton collision data at
centre-of-mass energy of 13000 GeV and
collected by CMS experiment during 2016
through 2018, the CMS international
collaboration recently derived the best
constraint on the value of A to date. These
results are extremely encouraging to pin down
the nature of H. Good angular resolution is a
key for detecting multi-TeV gamma ray
sources to understand the origin of galactic
cosmic rays. By exploiting the size and age
dependence of shower front curvature for the
first time, a significant improvement in the
angular  resolution of the GRAPES-3
experiment was achieved.

Department of Nuclear and Atomic Physics:
In a study, led by researchers at the Tata
Institute of Fundamental Research, have
successfully determined the characteristics of
electron emission when high-velocity ions
collide with adenine — one of the four key
nucleobases of DNA. Since high-energy ions
can break strands of DNA as they collide with
them, the team’s findings could improve our
understanding of how radiation damage
increases the risk of cancer developing within



cells. Their findings could lead to important
advances our knowledge of how
biomolecules are affected by high-velocity ion
radiation; potentially leading to a better
understanding of how cancer in cells can arise
following radiation damage. Another study
overturned a dominant six-decade old notion

in

that the giant magnetic field in a high intensity
laser produced plasma evolves from the
nanometre scale. Instead the field actually
originates at macroscopic scales defined by the
boundaries of the electron beam that is
propagating in the plasma. This could alter our
understanding of magnetic fields in
astrophysics and laser fusion and may help in
designing next generation high energy particle

sources for imaging and therapies.

Sciences:
profoundly
monoamine

Department of  Biological
Researchers  demonstrated a
important  role  for  the
neurotransmitter, serotonin, as a key regulator
of  mitochondrial  production and of
bioenergetics in neurons. This work indicated
that serotonin, via its actions on mitochondria
plays a strongly neuroprotective role. This
work has identified a pathway linking
serotonin, via the longevity associated gene,
Sirtl, to neuronal survival and the amelioration
of mitochondrial dysfunction, with important
implications for neurodegenerative and
neuropsychiatric diseases. During membrane
fusion, fusion pores are the crucial kinetic
intermediates  through ~ which  chemical
messengers are secreted outside the cell.
Researchers used biochemical and biophysical
tools to study the role of few membrane fusion
regulators in altering trans-SNARE assembly
and fusion pore dynamics. This study explained
why under pathologic conditions (e.g. in
Parkinson’s disease) where non-functional
misfolded alpha-synuclein
abnormal vesicular secretion occurs.

monomers,

Department of Chemical Sciences:

Excessive CO; emissions are a major cause of
climate change, and hence reducing the CO»
levels in the Earth’s atmosphere is key to limit

247

Researchers
used water and magnesium and converted CO»
to fuel (methane, methanol, and formic acid)

adverse environmental effects.

and green cement in just a few minutes. This
protocol can even be used for hydrogen
production (940 liter per kg of Mg), which is
nearly 420 times more than hydrogen produced
by the reaction of Mg with water alone.
Autophagy is an essential cellular degradation
process. Impaired autophagy has been linked to
multiple disorders including cancer and neuro-
degeneration. Tracking the autophagic flux in
living cells can provide mechanistic insights
into autophagy and allow rapid screening of
autophagy modulators as potential therapeutics.
Researchers combined the desirable features of
targetability and cell-permeability to develop a
novel water-soluble, cell-permeable, visible-
light excitable, peptide-based, fluorescent
sensor for imaging autophagy and tracking the
autophagic flux. The salient features of the
probe combining targetability with cell-
permeability should provide an edge in high
throughput screening of autophagy modulators
by tracking autophagy live.

Department of Condensed Matter Physics
and Materials Science:

Spin waves are studied for data storage,
communication, and logic circuits in the field
of spintronics based on their potential to
substitute electrons. The recent discovery of
magnetism in 2D systems such as monolayer
Crl; and Cr,Ge;Tes has led to a renewed
interest in such applications of magnetism in
the 2D limit. Researchers presented direct
evidence of standing spin waves along with the
uniform precessional resonance modes in the
van der Waals magnetic material, CrCls. This is
the first direct observation of standing
spinwave modes, set up along a thickness of 20
mm, in a van der Waals material. Researchers
focused on a novel idea of providing an
efficient multi-qubit building block for making
moderate-sized quantum computers. The
building block, nicknamed the ‘trimon’,
consisted of three qubits with strong all-to-all
coupling. The main advantage of this three-



qubit processor was shown to be the ability to
perform high-quality entangling operations that
involved all three qubits simultaneously, unlike
native two-qubit manipulations used in most
architectures. The universality of the processor
was demonstrated by solving four different
quantum mechanical problems with moderate
to high success rates.

International Centre for Theoretical
Sciences, Bengaluru:

Researchers examined, numerically and
theoretically, the dynamics of anisotropic

particles in turbulence, accounting for both
inertia and gravity; the particles being
representative of ice crystals in turbulent
clouds. This was the first concrete step towards
quantifying Cirrus cloud characteristics, which
depend sensitively on the ice crystal orientation
distribution. Clouds constitute the greatest
uncertainty in the Earth-atmosphere radiation
budget, and this work had implications towards
estimating their contribution to the planetary
greenhouse effect. The work also had relevance
to pollutant dispersion, soot emission and
plankton dynamics, and was therefore of
interest to the atmospheric and oceanic science
communities. In another study, the single-file
dynamics of three classes of active particles:
run-and-tumble particles, active Brownian
particles and active Ornstein—Uhlenbeck
particles was studied. At high activity values,
the particles, interacting via purely repulsive
and short-ranged forces, aggregate into several
motile and dynamical clusters of comparable
size, and do not display bulk phase-segregation.
In this dynamical steady-state, it was found that
the cluster size distribution of these aggregates
is a scaled function of the density and activity
parameters across the three models of active
particles with the same scaling function. The
study revealed a universal scaling behavior in
the single-file dynamics of interacting active
particles.

National Centre for Radio Astrophysics,
Pune:
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A significant fraction of the gas in galaxies is in
the form of atomic hydrogen. The upgraded
GMRT was used to measure the average atomic
hydrogen mass of star-forming galaxies
observed as they were 8 billion years ago. This
is, by far, the furthest ‘lookback time’ for
which such a measurement has been made. It
was found that although the galaxies have a
large reservoir of atomic hydrogen, they are
also forming stars at such a rapid rate that the
gas would be very quickly exhausted, unless
there is ongoing infall of gas. The study
suggested that gas accretion onto galaxies at
these times may have been insufficient to
sustain high star-formation rates in star-forming
galaxies. This is likely to be the cause of the
decline in the cosmic star-formation rate
density. Researchers performed low-frequency
radio observations of a fast-rising blue optical
transient (FBOT), AT 2018cow, with the
upgraded Giant Metrewave Radio Telescope
(uGMRT). The uGMRT light curves are best
modeled as synchrotron emission from an
inhomogeneous radio-emitting region
expanding into an ionized medium. The results
agree with the speculation of the presence of a
dense circumstellar shell in the vicinity of AT
2018cow from previous radio, ultra-violet, and
optical observations.

National Centre for Biological Sciences,
Bengaluru:

India is the world’s largest fruit producer and
second most populous country. Pollinators are
therefore important for India’s food security.
India also contains 9 of the world’s 10 most
polluted cities, but the impact of air pollution
on plant and animal systems is largely
unknown. The investigators performed a
multiyear study in the megacity of Bangalore to
correlate the mechanistic effects of air pollution
on a major Indian pollinator, the Giant Asian
honey bee, Apis dorsata. Wild honey bees and
lab-reared Drosophila exposed to air pollution
exhibited differences in survival, behavior,
heart rate, blood cell count, and/or the
expression of genes related to stress, immunity,
and metabolism. This study indicates the



urgency for more studies on wild systems to
better inform international quality
guidelines.  Species can be
improved by knowledge of evolutionary and
genetic  history. However, the tigers’
evolutionary history and genomic variation
remains unknown. With 70% of the worlds
wild tigers living in India, such knowledge is
critical. The investigators re-sequenced 65
individual tiger genomes representing most
extant subspecies with a specific focus on tigers
from India. As suggested by earlier studies,
strong genetic differentiation between the

air
conservation

putative tiger subspecies was found. Despite
high total genomic diversity in India, individual
tigers host longer runs of homozygosity,
potentially suggesting recent inbreeding or
founding events, possibly due to small and
fragmented protected areas. Surprisingly,
demographic models suggest recent divergence
(within the last 20,000 years) between
subspecies, and strong population bottlenecks.

TIFR Centre for Interdisciplinary Sciences,
Hyderabad:

Researchers contributed to the understanding of
the role of vibronic modes in charge carrier
dynamics in halide perovskites. The study
showed  how  photoinduced
towards an ultrafast

vibrations
structural
distortion in lead halide perovskite. A similar

contribute

study showed how intermolecular vibrations
facilitate the singlet fission in pentacene. Using
solid state NMR technique, the research group
provided information on the role of
piperidinium salt towards the stabilization of
metal-halide perovskite Using
Kelvin probe based measurements, the
researchers unraveled the types of defects
present in  double halide perovskite
Cs2AgBiBr6 and their impact on the solar cell
performance. Researchers developed methods
in solid-state nuclear magnetic resonance to

solar cells.

improve spectral resolution and easy extraction
of geometry parameters over a wide range of
experimental conditions currently in vogue.
The methods help in obtaining internuclear
distances and order parameters in a given
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molecule. These lead to structural and
dynamics information, the latter being a unique
aspect of NMR spectroscopy. Salient features
of these methods include robustness to various
experimental parameters, less to no parameters
to optimise, ease of extraction of information,
and targeting couplings in both strong and
weak regimes. The methods have been shown
to be useful in a variety of molecular systems,
from small molecules to proteins.

Homi Bhabha Centre for Science Education:
TIFR Colaba and HBCSE-TIFR jointly
organised Vigyan Vidushi (VV), an advanced
programme in physics for women students in
the first year M.Sc (Physics) from June 1-20,
2020. Originally planned to be hosted at the
HBCSE campus, VV was converted to an
online school due to the pandemic. VV catered
to 51 students in a live online classroom and
300 more students attended the lectures via live
stream. The teachers and mentors were present
faculty members, postdoctoral fellows and
scientific officers of TIFR/HBCSE, and several
past graduate students of TIFR. Feedback
indicated that students found the school to be
extremely A key mandate of
environmental education is to motivate students

useful.

to engage in pro-environmental actions (PEAs).
A study explored the role of embodied actions
in generating PEA, based on studies of an adult
urban-farming group and a student-driven
terrace farming project in a school. Results
from the studies indicate that community-based
embodied practices can support action-oriented
pedagogies that lead to PEA in students.
Further, a general theoretical model of the way
motivation emerges from embodied interaction
and community practices was proposed, from
the findings of the two studies.

Outreach:

The COVID-19 pandemic is unprecedented.
TIFR and its Centres have been involved in
several initiatives concerned with analyzing
and understanding the debilitating global
pandemic COVID-19. Several members have
been actively working to bring together the best



scientific facts and commentary related to the
disease. It is a challenge to comprehend reliable
information while filtering out misinformation.
A multi-institutional, multi-lingual science
communication initiative, called CovidGyan,
was created to deal with just this challenge.
This is a collaborative effort between the Tata
Institute of Fundamental Research, the Indian
Institute of Science (IISc) and Tata Memorial
Centre (TMC). Other prominent partners
include Vigyan Prasar, IndiaBioscience, and
the Bangalore Life Science Cluster (BLiSC,
which comprises InStem and C-CAMP, in
addition to NCBS-TIFR). The website
(https://covid-gyan.in/) is an outcome of this
initiative and serves as a hub to bring together a
collection of resources in response to the
COVID-19 outbreak. The pan-institutional
CovidGyan website was launched on 03 April
2020. Various articles, infographics, podcasts
and videos available in English and multiple
vernacular languages on this website are aimed
at both the scientifically inclined citizenry and
the public at large in our country. The Mumbai
Math-Circles was initiated for talented school
students as a collaborative effort of TIFR and
St Xavier’s College, Mumbai. ‘Maths Circle’
aims to nurture and mentor students interested
in Mathematical Sciences. It is a forum to learn
and discuss Mathematics without being limited
for any particular exam purpose. It targets high
school and undergraduate students with an
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aptitude and natural interest in Mathematical
Sciences.

Awards:
The Giant Metrewave Radio Telescope
(GMRT) has achieved yet another honour and
major landmark: it has been selected as an
IEEE Milestone facility. This is only the third
such IEEE Milestone recognition for an Indian
contribution, after the pioneering work done by
Sir J.C. Bose to demonstrate the generation and
reception of radio waves in 1895, and for the
Nobel prize-winning discovery by Sir C. V.
Raman in 1928. Scientists from TIFR won
prestigious awards during this period. Prof.
Vatsala Thirumalai of the National Centre for
Biological Sciences, Bengaluru was awarded
the Shanti-Swarup Bhatnagar Award for 2020.
Prof. Nilmani Mathur of the Department of
Theoretical Physics, TIFR, Mumbai was
awarded the Dr. A. P. J Abdul Kalam HPC
Award by Cray Supercomputers in an online
18 September 2020. Prof.
School of
Science was

ceremony on
Hariharan Narayanan of the
Technology and Computer

awarded the Swarnajayanti Fellowship by
SERB in Nov 2020. Dr. Deepa Agashe (NCBS,
Bengaluru) was the Vice
of the American Society of
(2021-2023) by the American
May 2020.

nominated as
President

Naturalists
in

Society of Naturalists
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3 21 12,27,160
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INDEPENDENT AUDITOR’S REPORT

To,

The Chairman,

Council of Management of Tata Institute of Fundamental Research,
Homi Bhabha Road,

Mumbai - 400005

We have audited the attached financial statements of Tata Institute of Fundamental Research (the
Institute), which comprises of Balance Sheet as at 31st March, 2021, the statement of Income and
Expenditure Account, the statement of Receipts and Payments Account for the year ended on that date,
as required by the Bombay Public Trusts Act, 1950 (the Act), and a summary of significant accounting
policies and other explanatory information.

Management’s Responsibility for the Financial Statements

The Trustees are responsible for the preparation of these financial statements that give a true and fair
view of the financial position, financial performance and receipts and payments of the Institute in
accordance with the Accounting principles and Accounting Standards generally accepted in India. This
responsibility includes the design, implementation and maintenance of internal control relevant to the
preparation and presentation of the financial statements that give a true and fair view and are free from
material misstatement, whether due to fraud or error.

Auditor’s Responsibility

Our responsibility is to express an opinion on these financial statements based on our audit. We
conducted our audit in accordance with the Standards on Auditing issued by the Institute of Chartered
Accountants of India. Those standards require that we comply with the ethical requirements, plan and
perform the audit to obtain reasonable assurance about whether the financial statements are free of any
material misstatement.

An audit involves performing procedures to obtain audit evidence about the amounts and disclosures in
the financial statements. The procedures selected depend on the auditor’s judgment, including the
assessment of the risks of material misstatement of the financial statements, whether due to fraud or
error. In making those risk assessments, the auditor considers internal control relevant to the trust’s
preparation and fair presentation of the financial statements in order to design audit procedures that are
appropriate in the circumstances, but not for the purpose of expressing an opinion on the effectiveness
of the trust’s internal control. An audit also includes evaluating the appropriateness of accounting
policies used and the reasonableness of the accounting estimates made by trustees, as well as evaluating
the overall presentation of the financial statements.

We believe that the audit evidence we have obtained is sufficient and appropriate to provide a basis for
our audit opinion.

Branches: 819, Laxmi Deep Bldg., Laxmi Nagar District Centre, Laxmi Nagar, Delhi - 92. Ph. . 011-46081818 e-maul : delh @kejainco.com
227, Starlit Tower, 29, Yeshwani Niwas Road, Indore - 452 D01. Ph. : 0731 - 2547979 e-mail : indore @kcjainco.com
House 25, G. T. Capital Home, Bihiyee Science Centre, Saddu, Raipur, Chhattisgarh - 492 014. e-mail . raipur @kcjainco.com
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Opinion

In our opinion and to the best of our information and according to the explanations given to us, the
aforesaid financial statements give the information required by the Act in the manner as required
and give a true and fair view in conformity with the accounting principles generally accepted in
India of the Balance Sheet of the Institute as at March 31, 2021, Income & Expenditure account
and its Receipts & Payments account for the year ended on that date.

Emphasis of Matter

I) External Grants for various Projects:

a. As per the guidelines prescribed and as per the terms of the sanction amount received for
projects should only be used for specified purpose and balance if any must be deposited in to a
separate account,further complete details of project assets and liabilities must be maintained.

In case of certain centers it was observed that the project fund liability does not match with the
project fund assets further the reconciliation for the same has not been provided for our

verification. Details of the same are as under :

CAM 1,65,29,448 1,77,12,422 (11,82,974)
NCRA 4,01,76,178 4,13,78,350 (12,02,172)
TCIS 17,73,89,262 17,69,99,421 3,89,841

HO 79,52,35,575 73,33,99,947 6,18,35,628
HBCSE 9,57,018 _ 20,33,838 (10,76,820)

b. In case of certain projects there were no activities for two years or more as on March 31, 2021,

credit balance appearing in books of accounts are as under:

II) Statutory Obligations
a. GST Revenue Reconciliation at Head Office Mumbai

> Total turnover (Receipts) as per books is not matching with turnover as per GST return

1 HO-Mumbai 16 68,41,287
2 ICTS-Bangalore 3 15,95,113
3 TCIS-Hyderabad 21 12,27,160
4

filed, further no reconciliation was prepared for the same,
» Exempted grant has not been shown in GST return,

» The accounting system does not provide complete details with respect to total revenue
fgkeqmpilation of details for filing GST return
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every month.
» TIFR has not collected GST on Royalty Income, Tender Fees, Guest House Rent Income,

Grant received from private organisation.

» Further it was observed that GST TDS has not been deducted in some cases even when the

b.

individual contract value exceeds Rs. 2,50,000/-

It was observed that National Center for Radio Astrophysics (NCRA) has collected Labour
cess but the same was not deposited with the government authority within the due date as
specified under the Building and Other Construction Workers’ Welfare Cess Act, 1996 (Act 8 of
1996). As on March 31, 2021 Rs, 6,27,999/- was outstanding in the financial statement and
the same is outstanding since last 5 years.The delay of payment will attract penalty and
provision for the same is not being provided in the financial statement by NCRA.

III) Advances Paid

Custom duty receivable amounting to Rs. 10,21,779/- standing in books of head office since
2017, it was informed that the institute had imported Firewall and Switches from M/s HTP
Global Technologies Dubai and custom duty was paid to the custom authorities, subsequently
due to some reasons the material was rejected and amount has been recovered from M/s HTP
Global Technologies Dubai but the custom duty paid on the same is still appearing in books as
Advances in Current assets thereby ovserstating the assets by Rs 10,21,779.

Our report is not qualified for above emphasis matters.

Report on other legal and regulatory requirements:

1. As required by the Bombay Public Trusts Act, 1950, subject to our observations mentioned
above, to the best of our information and belief and according to the explanations given to us,
we report that during the year ended 315 March 2021;

a.

The accounts of the Institute are maintained regularly and in accordance with the provisions
of the Bombay Public Trusts Act, 1950, and the rules made there under.

. The Institute has properly and correctly accounted for all the receipts and disbursements

made.

The cash balances and vouchers in the custody of the manager of the Institute were in
agreement with the accounts, on the date of the audit.

. All books, deeds, accounts, vouchers and other documents & records of the Institute, as

required were produced before us for our verification.

Registers of movable and immovable properties are maintained in oracle as required under
schedule X-AA Part I and IV of the Bombay Public Trusts Rules, 1951. subject to our
comments below:

i. The Register of immovable properties has been updated in oracle for the year ended 31%
March, 2021.
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ii. The changes in the Register of immovable and movable properties have not been
communicated to the charity commissioner for the year ended 31 March, 2021 and as
informed to us the same will be communicated after adoption of the financial statement.

f. The ‘Registrar’, ‘Head Accounts’, ‘Accounts Officers’ and all other persons required,
appeared before us and furnished us with the necessary information as required by us.

g. We have not noticed any instances of the funds of the Institute;being applied for any object
or purpose other than the object or purpose of the Institute.

h. Based on the information provided to us, details of outstanding income and advances to
creditors for more than one year, at Mumbai main as on 31 March, 2021 are as follows:-

1 Income Receivable 13.00
2 | Advances to Sundry Creditors — Local 23.91
3 | Advances to Sundry Creditors — Foreign 3.34
Total 40.25

i. As far as we could observe in our routine test checking, tenders were not called for some of
the repairs or construction works involving expenditure exceeding Rs. 5,000. In cases where
tenders were not called for, due documentation and approval of such expenses has been
done.

However, in case of purchase of branded items / items of special nature / spares of branded
items, these are purchased directly from manufacturers or their distributors/ agents and in
case of repairs / up-gradation work, Institute often directly approaches the original supplier
of the equipment for carrying out the repairs / up-gradation and accordingly, tenders are not
invited for such items.

J- As per the information and explanations given to us and as per the records made available to
us for our verification, no monies of the Institute were invested contrary to the provisions of
Section 35 of the Bombay Public Trusts Act, 1950.

k. As per the information and explanations given to us and as per the records made available to
us for our verification, there has been no alienation of immovable property contrary to the
provisions of Section 36 of the Bombay Public Trusts Act, 1950.

1. Special matters, which we think fit or necessary to bring to the notice of the Deputy or
Assistant Charity Commissioner is pointed, vide this audit report.

m. During the course of our normal audit procedures, we noticed no case of irregular, illegal or
improper expenditure, or of loss or waste of money or other property thereof, and no such
expenditure, failure, omission, loss or waste was caused in consequence of breach of trust or
misapplication or any other misconduct on the part of the Director or any other person while
in the management of the Institutg
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n. As verified by us the budget has not been filed for the year ended 31% March 2021 by the
Institute in the form provided by rule 16A.

. As per explanations provided to us, pursuant to the format suggested by thé Controller General
of Accounts, financial statements of the Institute have been prepared in the accordance with the
format prescribed for Central Autonomous bodies. Hence, the formats prescribed in schedule
VIII & IX of the Bombay Trust Rules, 1951 have not been adopted.

. The administration and management of the Institute vests in a Council (Rule .3 and Bye-law
No. 1 of the Institute) which comprises (as per Rule No.4):

a. Three members appointed by the Government of India;

b. One member appointed by the Government of Maharashtra;
c. Two members appointed by the Trustees of the Sir Dorabji Tata Trust;
d. The Director of the Institute (ex-officio member); and

e. One co-opted member appointed by the Council.
. Having regard to the above paragraph we further report that-

a. The maximum and minimum number of trustees / council members is not maintained since
the council has only one member appointed by the trustees of the Sir Dorabji Tata Trust
where the minimum requirement for the same is two members.;

b. Four meetings have been conducted, as against requirement of four meetings in a calender
year as per Bye Law 1.1 under rule No. 10 of the Institute;

c. Minute’s book of the proceedings of the meetings is maintained;
d. No trustees / council members have any interest in the Investments of the Institute; and

e. None of the trustees / council members is a debtor or creditor of the Institute.

. With regard to audit carried out by CAG and DAE, it is observed that the Institute, (including
the Centres and Field Stations) has 20 CAG and 226 DAE open audit paras as on March 31,
2021.As compared to 31 March 2020 total 64 DAE audit paras were added back due to non
acceptance by the DAE.

During the year the number of paras replied by the Institute and dropped by the Audit Agency is as
follows. .

DAE Audit

Mumbai 34 76
NCRA 0 102
NCBS 0 43




HBCSE 9 9 4 , 5
Total *264 158 . 38 226
CAG Audit @

Mumbai 16 11 7 9
NCRA 3 *%3 0 43
NCBS 6 5 4 2
HBCSE 6 6 0 6
Total 31 25 11 20

Note: * There is difference in Opening number of Audit Paras as per the previous audit report
since audit paras were added back due to non acceptance by the DAE.

** NCRA has replied all the paras but their status is not known from DAE.

Other Matter

a. Interest income earned on the project fund is not being allocated to individual project by
NCRA in current year.

b. As per the information provided and our verification of records it was observed that
mechanism for allocation of interest income earned on fixed deposit is inconsistent
during the year. Details of the same are as under:

Center Accounting System | Mechanism Followed

HO Oracle -TIIS Daily Average of balancing method
TCIS Oracle -TIIS Daily Average of balancing method
NCBS Oracle -TIIS Annual Average of balancing method
NCRA Oracle -TIIS No Allocation

ICTS Tally ERP Annual Average of balancing method
CAM Tally ERP Annual Average of balancing method
HBCSE Tally ERP Daily Average of balancing method

c. Accounting with respect to transaction in foreign currency has not been done as per the
accounting policies set out in point 4 — vii in schedule H. '
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d. Biometric or QR code scanner is used to record the attendance of an employee.The attendance
record will be maintained in the module of Establishment department and admininstration
department. -

The payroll module is not linked to the establishment module hence the payroll module does
not provide any report for attendance of its Employees.We réc__ommencl the linking of these
modules to avoid manual interventions.

For Kailash Chand Jain & Co.
Chartered Accountants
Firm Registration Number: 112318W

Saurabh%

Partner
Membership No:167453

Date: November 17, 2021
Place: Mumbai

UDIN: 21167453 AAAATZ1972
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HAT A< AT TS HUAT (TSHFa) W 022-22009131
AT AGTHIT

022-22065373
“ERHT” IUH T 022-22005373
97, weft w4 Wit % 022-22089978
AIHT FATAT  Ae
Hqa$ — 400 020

e-mail : mail@kcjainco.com, kcjainco@gmail.com

4T ¥,
qeTH,
TTET AT LT G Y y9g 7Rug
BT ST H,
Has — 400 005

Seger it TLATIAT I UTRT I wfdsT

7 w8,

9 FHIE ATHMY/130(51)/7071, fRAi® 18 S@TE, 1962 F wqmw (Gt wfafafa
AR 918 "2H F forw Iuersy A%l § 9 9 g9 @ A@T qiersdi & yiaasd 9% A
= e 8) 89 31 W, 2021 &1 G99 gU a9 & forg e & a@l 92 amr e
FA & T TeATIAT 6 Ica? AT E T &

(F) AT G, AT GIHIL & A1 AR Td GSIRTT AR & §C 47 & I=a
A TEAT g dTfs @ gdesd g #% 9% % =37 SHt seew & o gu
fora forg stgam fRg g 72

> HETH A 31 /79, 2021 F g9 gC facia avf F e yrea el ¥ g
=gt % If=a Et Fi w@r gl
41,337/- M@ ¥TAT *F & Aqa (2019-20: 43,996.00/- ATE FT9N)

(Gttara/ fAAY SgaTi & |isHY) TF 9,360 1@ %. & YSiara Agar (2019-
20: 15,627.00/- 1@ %.) 99 F A AT TR F I U T A H
g & RAf s et & @= v mar Sred v va =
% &7 & forg s =3 e A

@) ey i wE A iy i ad i warhy o BT g2

> e o A FaEt ft 3arh F e S F wigaT s v
SHLIT AT B
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T S AW T FAcd i a9 &t gy w AAgar &

& wrart — o e A T 2,018.52|  2,858.18

1
2 | & @raT — TRAISHTY, SHiET SFE 3,878.36 1,643.58
3 | et ST AT - JSET 3% A AT 2,436.30 1,637.61
4

AT STHT TTAAT — TRATSATY, ETRT SR 13,651.50 11,342.43

™

21,984.68 17,481.81

9 F A T 9T §S AT it ATAHar 18,806.67/- ATE TIY (qF a4 28,256.48/- TG .)

gl

2 (F) T AQRE A9 F [T At FIS IULFT SqGEAT § ATl gATa far s a9

>

e Hal Y @4T 9 F1AT & fAvareq, 3 seew & e fRgifRa gt 3 sfFars
F ATET A &7

g4 e fahg 1T % a9 gar Rden & sra ax g f e =t
AHTL T THA & Gae § WS 7l it 0T 9 FET & (Aa1ed & dae § iais
fRai=ror it IugeE HaeT § 9 I 39 Ieed & forw FRratiRa witkamst & smam 2
% Tl § gt wee ¥ At o s FEr sravae T8 aws a5 56 v
TR HEAT T T | ITYFT 914 ¢ FpAt &t fw 1w

AT UH HTA qTAA A1C § STt & Rgial 1 segera: arerm 7 fam m 812
AT T aieT ¥ S U Rl oft Sergeer i agt arr wm

FIT ARG @R & e & afsiq aREaRat &1 sugsa sfsee @ smar g
S srsier it AT &1 IAF TS F GTHA IATAT 7T 3 2

e § gREaiET & i w@m f U sraerr feme g S ad & e
A TLHIE F AR & ATT TAS TS & ATHA oI T ARG Q14T ST B
ZHd ATATET TH ST FXS TS FAAT & ATH TREIRIAT T 15 o7 areqras
AT 2020-2021 % A GEATT IR Tal (64T 74T g1 56 31 |74, 2021 F¥
qHT a9 # forg Ay Fut 6t w=hgta F geara B smom)

SUAST WER #al f} F ey & 7 3w wer dw W@ W § 7 = 3w
AL F AT THI-THT UL A TATIT (9T AT 32

T dSR A€l FT T AT § TF WS HIl & JrEdfas gy 98\ =T
2020-2021 ¥ S+ BT T )
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5.(F) T A<, WS Ha&I UF T URETAl it gri=a & g=ar Sf=a s & ge=ra
areft AT Ft A St e PemE 82
> g g B U ¥ aqE s saae Bem g ud U ash gy
TAAT ATHT FAHTT FY AT § UF ITLFT FAATG! B SATAT Bl
(@) ¥ @@ ger B A e T OF g« 9 wie feoft FEt 82

> ST fa g g R man & yEee A a9 F e v ol A i gEEr a8t
<X TS T Y w0 R ot "reer it gEar agt o

6. eI % 9@l | TF FIT GHIRd gidl 5 [orad 9419 & 9891 9 gU =97 & A
RIaT § (e T ST 7))

7. 79 ¥ A Refafeaa wAfat #r e ofwatat & g ara @ |@fa
HAgTE § 6T T (ST /AHTASH] $l GIEHY)

1 TR 17.79 17.79
2 ERETU) 948.29 857.02
3 HIeX a1 73.80 67.82
4 HET ud T 1.34 1.27
5 Hed U I 52.14 47.89

A ' 1,093.36 991.79

8. =9 yfaasT #1 A 31 71, 2021 &t g6 g¢ a9 & g §e e & a9 )
AR gfaaad, feAis 17 799, 2021 F 91 IS & 9 § 98T A0

FATT HE AT US HAAL
A AGTHTT
(FH dsfienor §eaT 1123188s7)

famie: 17 7a, 2021
I IS
TETT 167453 ARAA T2 1959
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KAILASH CHAND JAIN & CO. (Regd.)  Phone : 022-22009131
CHARTERED ACCOUNTANTS 022-22005373
Fax : 022-22089978

"Edena" 1st Floor,

97, Maharshi Karve Road,
Near Income Tax Office,
Mumbai - 400 020.
e-mail : mail@kcjainco.com, kcjainco@gmail.com

To,

The Chairman,

Council of Management of Tata Institute of Fundamental Research,
Homi Bhabha Road,

Mumbai — 400005

Supplementary Report based on Chairman's Questionnaire

Dear Sir,

As per letter no. TFR/130(51)/7071 dated 18th July, 1962 (a copy of which is not available
for our reference and hence we have relied on the report of the previous auditors) we report
further on the accounts of the Institute for the year ended 31* March, 2021 and answer to the
questionnaire are as follows:

1.(a) Does the Institute maintain proper accounts of the expenditure incurred out of the

block grant and capital grant made by the Government of India so that the auditor can
verify that the expenditure has been incurred for purpose for which the grants were
made? '

The Institute has maintained proper accounts of expenditures incurred out of the
grants received during the financial year ended 31* March, 2021.

Block grant of Rs. 41,337 lakhs (2019-20: Rs. 43,996.00 lakhs) (excluding capital /
special grants) and Capital Grant of Rs. 9,360 lakhs (2019-20: Rs. 15,627.00 lakhs)

- was received during the year from the Government of India. The amount has been

spent on the various research activities of the Institute including establishment and
other expenses for the object of the trust.

(b) What is balance remaining unspent at the end of the financial year?

» The Institute follows accrual basis of accounting for the preparation of its Financial
Statements.
The unspent bank balance at the end of the financial year is as follows:
(Amount in Rs. Lakhs)
Sr. No.| Particulars : As at As at
31-03-2021 | 31-03-2020
1 | Bank Account — Plan & Non Plan 2,018.52 2,858.18
2 | Bank Account — Projects, Endowment Grants 3,878.36 1,643.58

Branches: 819, Laxmi Deep Bldg., Laxmi Nagar District Centre, Laxmi Nagar, Delhi - 92. Ph. : 011-46081818 e-mail : delhi@kcjainco.com
227, Starlit Tower, 29, Yeshwant Niwas Road, Indore - 452 001. Ph. : 0731 - 2547979 e-mail : indore @kcjainco.com
House 25, G. T. Capital Home, Bihiyee Science Centre, Saddu, Raipur. Chhattisgarh - 492 014, e-mail : raipur@kcjainco.com
5-A, 162, Aashirwad Complex, Maharana Pratap Nagar, Zone-1, Bhopal, Madhya Pradesh - 462 011. e-mail : bhopal @ kcjainco.com
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Sr. No.| Particulars As at As at
31-03-_2021 31-03-2020

3 | Short term deposits — Plan & Non Plan 2,436.30 | 1,637.61
4 | Short term deposits — Projects, Endowment Grants " 13,651.50 | 11,342.43
Total 21,984.68 | 17,481.81

The excess of expenditure incurred over income for the year is Rs. 18,806.67/- lakhs (Previous
Year Rs. 28,256.48 lakhs).

2 (a) Is there an adequate system of internal check and control to ensure that purchase of
stores and execution of work is done with due regard to the policies and procedures
laid down for that purpose?

» As explained to us and as observed, the Institute, having regard to the size and nature
of its operations, has a reasonable system of internal control in respect of purchases of
stores and execution of work and is in accordance with the procedures laid down for
that purpose.

In some cases where the management considered it was not desirable to invite
tenders, the contracts or orders were given to the persons who were deemed fit
according to opinion of the Institute.

(b) Have any cases come to notice where these principles have not apparently been
observed?
» No such instances were observed during the course of our audit.

3. Is a proper record maintained of the assets acquired from out of The Government of India
grant with the cost of acquisition entered against each item?

» The institute has a system in place for maintaining records of assets with cost of
acquisition entered against each item acquired out of Government of India grant during the
year.

Further as per information provided to us no physical verification of assets is conducted by
the institute during the year 2020-2021 and the same will be conducted after adoption of
financial statements for the year ended 31 March 2021.

4. In respect of consumable stores etc., are proper stores accounts maintained and are
physical verification made at periodic intervals under proper supervision?

» Proper stores accounts have been maintained and physical verification of the stores items
was carried out by the Institute during the year 2020-2021.
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5. (a) Is there a system of reporting losses of cash, stores and other assets to the governing
body after proper investigation?
» As informed to us, formal system exists and all such losses are reported to the
governing body and action as considered appropriate is taken.

(b) Has the auditor any comments to make on the cases so reported?
» As informed to us, there were no such cases reported to or known by the management
during the year.

6. The accounts of the Institute include a statement giving a break-up of the expenditure
incurred on objects of the Institute (Schedule "M" to the Accounts).

7. During the year, following deductions were made from the original cost and accumulated
depreciation of fixed assets: (excluding transfers / adjustments)
(Amount in Rs. Lakhs)

Sr. No. | Particulars Original Cost | Accumulated

Depreciation
1 Buildings , 17,719 17.79
2 Equipment 948.29 857.02
3 Motor Vehicles 73.80 67.82
4 Furniture and Fixtures 1.34 127
5 Computers and Peripherals 52.14 47.89
Total 1093.36 991.79

8. This report should be read in conjunction with our report dated November 17, 2021 on the
accounts of the Institute for the year ended 31* March, 2021.

For Kailash Chand Jain & Co.
Chartered Accountants
Firm Registration Number: 112318W

Saurabh Chouhan
Partner .
Membership No.: 167453 -
Date: November 17, 2021
Place: Mumbai

UDIN: 21167453AAAATZ1972
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TATA INSTITUTE OF FUNDAMENTAL RESEARCH
BALANCE SHEET AS AT 31ST MARCH, 2021

(Amount in Rs.)

Particulars Schedule | As at 31st March, 2021 | As at 31st March, 2020
Corpus / Capital Fund and Liabilities
Corpus / Capital Fund A 21,86,11,85,831 21,52,29,84,773
Project Funds B 1,32,61,47,510 1,02,30,34,743
Endowment Funds C 41,96,12,656 36,90,62,593
Other Grants D 4,73,02,313 4,38,17,544
Current Liabilities and Provisions E 16,63,84,66,794 15,48,50,15,008
S EnaTotal  40,29,27,15104 | ~ 38,44,39,14,661
Assets
Fixed Assets (Gross Block) F 18,35,62,17,182 17,85,65,48,870
Less : Provision for Depreciation 11,91,02,51,893 11,19,88,80,594
6,44,59,65,289 6,65,76,68,276
Add : Capital Work in Progress 35,80,93,221 63,67,91,467
Fixed Assets (Net Block) 6,80,40,58,510 7,29,44,59,743
Current Assets, Loans and Advances G 2,71,13,16,314 2,25,27,81,951
Excess of Expenditure over Capital Fund A 30,77,73,40,280 28,89,66,72,967
. Total £ 40,29,2715104| = 38,44,39,14,661
Significant Accounting Policies H
Contingent Liabilities and Notes to Accounts

For Tata Institute of

ndamental Research

Wg Cdr George Antony (Retd)  Prof. S. Ramakrishnan

As per our report of even date

M/s Kailash Chand Jain & Co.
Chartered Accountants
Firm Registration Number: 112318W

S

CA. Saurabh Chouhan

Registrar Director Partner
Membership No.: 167453
Date: 17th November, 2021 e
Place: Mumbai ST,
!I.;I_; |‘:. |_§' / r% 1
\(f\ 4004ds.
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TATA INSTITUTE OF FUNDAMENTAL RESEARCH

INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR ENDED 31ST MARCH, 2021

(Amount in Rs.

Income

Grants

Interest Earned

Other Income

Total (A)

Expenditure
Employee Related Expenditure

Expenditure on the Object of the Trust

Total (B)

Excess of (Expenditure over Income) / Income over Expenditure
[before Depreciation & Provision for Retirement Benefits] (A-B)

Less : Depreciation

Less : Provision for Retirement Benefits
(Gratuity, Pension & Compensated Absensces)

Balance Being Excess of Expenditure over Income
Transfer to Special Reserve
Transfer to / from General Reserve

Balance Being Surplus / (Deficit) Carried To Balance Sheet
Significant Accounting Policies
Contingent Liabilities and Notes to Accounts

4,73,25,48,943 5,48,77,88,712
1,28,01,677 2,64,27,405
9,73,44,502 15,35,55,007
4,84,26,95,122 5,66,77,71,124
3,48,15,19,544 3,60,64,08,406
1,51,38,49,645 2,06,82,58,206
4,99,53,69,189 5,67,46,66,612
(15,26,74,067) (68,95,488)
81,05,66,050 91,26,33,334
91,74,27,197 1,90,61,19,022
(1,88,06,67,314) (2,82,56,47,844)
(1,88,06,67,314) (2,82,56,47,844)

For Tata Institute ndamental Research

Wg Cdr George Antony (Retd) Prof. S. Ramakrishnan
Registra Director

Date: 17th November, 2021
Place: Mumbai
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As per our report of even date

M/s Kailash Chand Jain & Co.
Chartered Accountants
Firm Registration Number: 112318W

CA. Saurabh Chouhan
Partner
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TATA INSTITUTE OF FUNDAMENTAL RESEARCH
Schedule Forming Part of Balance Sheet as at 31st March, 2021
CURRENT LIABILITIES AND PROVISIONS
Schedule 'E’

Current Liabilities
Creditors for Goods & Others
Creditors for Expenses
Rent and Other Deposits
Statutory Liabilities payable to Govt.
Sundry Credit Balances

Sub total (A)
Provisions
Gratuity
Compensated Absences
Pension

Provision for Salary

Sub total (B)

5,34,33,657 8,08,72,922
28,39,51,430 8,84,00,703
5,13,42,089 7,73,17,745
3,22,25,267 73,79,652
1,12,86,564 1,42,14,162
43,22,39,006 26,81,85,184

1,09,29,70,393
1,00,53,68,427
14,03,59,18,201

7,19,70,767

1,09,14,13,900
98,28,53,378
13,14,25,62,546

16,20,62,27,788

15,21,68,29,824
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TATA INSTITUTE OF FUNDAMENTAL RESEARCH

Schedule Forming Part of Balance Sheet as at 31st March, 2021

CURRENT ASSETS, LOANS AND ADVANCES

SCHEDULE 'G'

Stores on Hand (Net of Provision)
Goods in Transit

Loans to staff
Advances to staff
Deposit Receivable
Capital Advances

Advances - Others
Tax Deducted at Source
Less: Provision for Bad Debts

Prepaid Expenses

Interest Accrued
' Project
Others

-Other income outstanding

Cash & Bank

Petty Cash

Postage Advance

Bank - Plan & Non Plan

Fixed Deposit - Plan & Non Plan
Bank - Projects, Endowment Grants
Fixed Deposit - Projects, Endowment
Grants

3,79,48,409

22,60,03,215
3,38,35,804

2,64,23,034
2,20,458

84,486
66,521
20,18,51,725
24,36,30,295

38,78,35,807
1,36,51,50,264

3,79,48,409

2,07,693
1,24,19,383
6,19,83,683

3,28,81,196

265,98,39,018

5,77,89,859

2,66,43,492

2,29,84,483

44,56,33,027

1,75,29,86,071

328

4,66,19,817

16,51,93,480
3,93,63,616

96,78,830
2,54,17,592

2,80,465
1,10,457
28,58,18,746
16,37,61,128

16,43,58,347
1,13,42,43,247

4,66,19,817

2,77,007
2,14,32,471
5,99,59,348

2,50,02,191

20,45,47,096

7,85,16,350

3,50,96,522

3,27,58,759

44,99,70,796

1,29,86,01,594




TATA INSTITUTE OF FUNDAMENTAL RESEARCH
Schedule to the Balance Sheet as at 31st March, 2021
CASH AND BANK BALANCES
Schedule 'G' Summary

L 1, 202
Cash in Hand
Head Office, Mumbai 3,859 2,14,201
Centre for Applied Mathematics, Bangalore ' - 27,495
National Centre for Biological Science, Bangalore 49,910 20,644
Centre for Interdisciplinary Sciences, Hyderabad 30,717 18,125
84,486 2,80,465
Postage Advance
Head Office Mumbai 60,357 1,00,189
Homi Bhabha Centre for Science Education, Mumbai 3,645 4,876
National Centre for Radio Astrophysics, Pune 2,519 5,392
66,521 1,10,457
- & P
Head Office Mumbai 6,87,90,434 8,04,23,345
Homi Bhabha Centre for Science Education, Mumbai 1,32,89,942 1,11,25,890
National Centre for Radio Astrophysics, Pune 3,61,83,358 8,75,03,430
National Centre for Biological Science, Bangalore 3,87,64,265 4,51,19,514
Cosmic Ray Laboratory, Ootacamund 7,86,975 96,68,803
National Balloon Facility, Hyderabad 78,66,140 36,23,186
Centre for Applied Mathematics, Bangalore 1,30,92,331 98,71,822
Centre for Interdisciplinary Sciences, Hyderabad 93,52,005 1,81,90,609
International Centre For Theoretical Sciences, Bangalore 1,47,26,275 2,02,92,147
20,18,51,725 28,58,18,746
Bank Accounts - Projects, Endowment Grants
Head Office Mumbai 3,86,59,129 8,53,05,796
National Centre for Radio Astrophysics, Pune 4,13,78,350 9,06,344
National Centre for Biological Science, Bangalore 5,42,22 372 1,92,55,875
National Balloon Facility, Hyderabad 17,96,756 20,40,789
International Centre For Theoretical Sciences, Bangalore 6,08,37,035 1,16,55,357
Centre for Interdisciplinary Sciences, Hyderabad 17,67,99,421 3,89,30,208
Centre for Applied Mathematics, Bangalore 87,12,422 62,63,978
Homi Bhabha Centre for Science Education, Mumbai 54,30,323 -
38,78,35,807 16,43,58,347
Short Term Deposits - Plan on Plan
Head Office Mumbai (Plan & Non Plan) 5,59,65,509 5,55,50,000
Homi Bhabha Centre for Science Education, Mumbai i 50,00,000 2,40,00,000
National Centre for Radio Astrophysics, Pune 6,00,000 6,27,270
National Centre for Biological Science, Bangalore 6,23,10,373 2,11,12,786
50,00,000 2
11,47,30,463 6,24,71,072
23,950 -
24,36,30,295 16,37,61,128
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TATA INSTITUTE OF FUNDAMENTAL RESEARCH
Schedule to the Balance Sheet as at 31st March, 2021
CASH AND BANK BALANCES
Schedule 'G' Summary

Short Term Deposits - Projects, Endowment Grants
Head Office Mumbai

National Centre for Radio Astrophysics, Pune

National Centre for Biological Science, Bangalore
International Centre For Theoretical Sciences, Bangalore
Centre for Applied Mathematics, Bangalore

Centre for Interdisciplinary Sciences, Hyderabad

Homi Bhabha Centre for Science Education, Mumbai

330

68,80,52,041
47,4948 223
16,32,50,000
90,00,000
2,00,000
2,97,00,000
1,36,51,50,264

51,00,64,348
65,80,676
47,44 48 223
13,41,50,000
90,00,000

1,13,42,43,247
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TATA INSTITUTE OF FUNDAMENTAL RESEARCH
SCHEDULE TO INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR ENDED 31ST MARCH, 2021
Schedu’le 'L,M,N,O'

Employee Related Expenditure

2/42,37,17,610
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Salaries, Wages & Bonus 2,62,93,81,957
Pension 68,90,42,075 71,65,36,469
Employer's Contribution to Provident Fund - 42,50,973
Contribution to other funds (CHSS) 8,94,95,529 8,22,14,328
Gratuity Expenses 8,20,84,655 6,27,23,633
Leave Travel Concession 2,72,38,253 1,40,95,467
Staff Welfare Expenses 1,89,90,725 1,55,89,669
Employer's Contribution to New Contributory Pension Scheme 9,54,95,571 5,78,54,354
Tuition Fees & Honorarium 2,18,89,887 1,00,54,753
Leave Encashment Expenses 3,35,65,239 1,37,06,803
Sub Total: A 3,48,15,19,544 3,60,64,08,406
Expenditure On The Obj f s
Lab Stores Consumed 36,92,19,906 41,58,30,732
Lab Expenses 1,62,35,059 4,43,18,451
Electricity, Water & Power 29,96,36,664 34,35,69,131
Honorarium to Visiting Fellows & Professors 47,52,726 1,73,13,380
Repairs & Maintenance 38,60,47,533 47,20,41,995
Travelling & Conveyance 4,76,17,299 10,66,54,342
Rent, Rates & Taxes 3,05,39,686 471,111,438
Conference, Seminars and Events 2,28,95,403 7,63,95,303
Advertisement Charges 29,94,059 55,10,943
Postage, Telephone & Communication charges 2,53,28,535 2,48,12,048
Book Grant 2,41,67,575 2,16,65,144
Loss on disposal of fixed assets 76,87,630 11,93,33,711
Legal & Professional Charges 74,82,221 2,50,29,663
Printing & Stationary 30,28,996 37,111,217
Auditor's Remuneration 9,44, 000 9,44,000
Insurance Charges 3,71,795 6,74,157
Contribution to Projects 2,03,08,496 2,97,70,076
Periodicals Expenditure 13,29,79,933 21,10,69,991
Loss / (Gain) on Foreign Exchange Variation ; 2,42,158 13,90,223
Interest Refunded to DAE 87,28,437 -
Miscellaneous Expenditure 10,26,41,534 10,11,12,261
SN\ Sub Total: B 1,51,38,49,645 2,06,82,58,206




TATA INSTITUTE OF FUNDAMENTAL RESEARCH
SCHEDULE TO INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR ENDED 31ST MARCH, 2021
Schedule 'L,M,N,0O’

N Depreciation on Properties & Others 81,05,66,050 | 91,26,33,334
Sub Total: C " 81,05,66,050 91,26,33,334

(o] Provision for Retirement Benefits

Gratuity 15,56,493 10,06,64,561
Pension 89,33,55,655 1,71,40,66,046
Compensated absences 2,25,15,049 9,13,88,415

Sub Total: D 91,74,27,197 1,90,61,19,022
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SCHEDULE ‘H’
TATA INSTITUTE OF FUNDAMENTAL RESEARCH

SIGNIFICANT ACCOUNTING POLICIES / NOTES ON ACCOUNTS FOR THE YEAR
ENDED 315" MARCH, 2021

1. Background:

Tata Institute of Fundamental Research (‘the Institute’) is an Institute registered under the Bombay
Trusts Act, 1950 in the year 1953. The Institute is an autonomous body and National Center under
the Department of Atomic Energy, Government of India and is involved in fundamental research in
Physics, Chemistry, Biology, Mathematics and Computer Science. The Institute offers Master's and
Doctoral programs in these fields.

The Institute has different Centers / Field Stations as follows:
1. Colaba Campus — Mumbai
2. Homi Bhaba Centre for Science Education (HBCSE) — Mankhurd, Mumbai
3. National Centre For Radio Astrophysics (NCRA) —Pune
4. National Centre for Biological Sciences (NCBS)- Bangalore
5. Centre for Applied Mathematics (CAM)- Bangalore
6
7
8
9.

International Centre for Theoretical Sciences (ICTS) - Bangalore
Cosmic Ray Laboratory (CRL)- Ooty
TIFR Centre for Interdisciplinary Sciences (TCIS) — Hyderabad
Balloon Facility (PBL)- Hyderabad

10. Gravitational Laboratory- Gauribidnur

2. Basis of preparation of financial statements:

The financial statements have been prepared and presented under the historical cost convention,
unless otherwise specifically stated, on the accrual basis of accounting, and comply with the
framework and format laid down by the Controller General of Accounts, Government of India &
applicable accounting standards issued by the Institute of Chartered Accountants of India ('ICAl'), to
the extent applicable and in the manner so required.

The financial statements comprising of Balance sheet, Income and Expenditure A/c, and schedules
forming part thereof, Statement on Receipts and Payments, represents the consolidated financial
statements of all the Centers / field stations of the Institute.

3. Use of estimates:

The preparation of the financial statements in conformity with generally accepted accounting
principles requires management to make estimates and assumptions that affect the reported amount
of assets and liabilities as of the balance sheet date, reported amounts of revenues and expenses
for the year ended and disclosure of contingent liabilities, if any, as of the balance sheet date. The
estimates and assumptions used in these financial statements are based upon management's
evaluation of the relevant facts and circumstances as on the date of the financial statements. Actual
results may differ from those estimates. Any revision to accounting estimates is recognized
prospectively.

4. Significant Accounting Policies:
i. Grants in Aid:
Grants-in-Aid for Non-Plan and Plan funds of Government of India related to recurring and

non-recurring expenditures are credited to Income & Expenditure Account on receipt. The
portion of funds utilized towards capital expenditure is credited to Capital Grant Account.
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Interest earned on investment out of these funds is credited, and capital and revenue
expenditure incurred is debited to the respective project / special accounts. Overhead
charges as specified under the respective Grants / Endowments is charged to the project
funds and credited to Income and Expenditure Account. The balance in the project / special
account is carried forward in the balance sheet.

ii. Other Income:

Interest and Rental Incomes are accrued on a time proportion basis. Other Income is
accrued as and when the right to receive payment is established.

iii. Expenditure:

Expenditure other than project and endowment is charged to the Income & Expenditure
account on accrual basis. However, changes to Dearness allowance and pay revision
consequent to Pay Commission recommendations are determined on cash basis.
Expenditure incurred on enhancement to Equipment not being capital in nature is charged to
Income & Expenditure Account.

iv. Fixed Assets and Depreciation:
Fixed Assets acquired out of Grant / endowment funds for specified projects / purposes are
charged to the respective project / special account. On completion of the respective project,
these assets are transferred to Fixed Assets at a nominal value of Re.1/-.

Fixed assets are stated at cost less accumulated depreciation.

Depreciation on fixed assets is provided, under the written down value method, based on
useful lives of assets determined by the management at the following rates:

Buildings 5%
Laboratory Equipment 15%
Other Equipment 15%
Motor Vehicles 15%
Furniture & Fixtures 10%
Library Books & Periodicals 60%
Computers & Peripherals 60%

Depreciation on assets purchased during the year is provided for the full year irrespective of
the date of purchase.

Assets identified for discard / disposal are written-off on identification. Depreciation on assets
sold / discarded is not provided in the year of discard / disposal.

All assets individually costing up to Rs.10,000 and where the useful life is determined to be
below 5 years are charged to Income & Expenditure Account.

v. Stores on hand:

Stores-in-hand are valued at Cost less provision for non-moving stock. Cost is determined
using the Weighted Average Method at all the units.

vi. Taxation:




vii. Foreign Exchange Transactions:

a) Transactions denominated in foreign currency are accounted at the exchange rate
prevailing at the date of the transaction.

b) Monetary assets and liabilities denominated in foreign currency are converted at the
exchange rate prevailing as at year end and the resultant gain / loss is accounted in the
Income & Expenditure account or the respective project / special accounts as the case
may be.

viii. Employee benefits:

Defined Benefit Plans:

The Institute provides Pension, Gratuity and Leave encashment, which are defined benefit
plans, to its employees on their resignation or retirement.

The liability for pension, gratuity and leave encashment is accrued based on actuarial
valuation determined under Projected Unit Credit method as per Accounting Standard 15
(Revised 2005). Actuarial gains or losses are recognized in the Income and Expenditure
Account.

Defined Contribution Plan:

The Institute contributes a fixed percentage of eligible employee's salary to the Provident
Fund administered by a separate Institute (Tata Institute of Fundamental Research
Provident Fund or referred to as ‘PF Trust') established for this purpose or to the New
Contributory Pension Fund established by the Government of India. The Institute’s
contribution to the Provident Fund / New Contributory Pension Fund is charged to Income &
Expenditure account.

ix. Provisions and Contingencies:

A provision is recognized when the Institute has a present obligation as a result of past
event, it is probable that an outflow of resources will be required to settle the obligation, in
respect of which a reliable estimate can be made. Provisions are not discounted to their
present value and are determined based on best estimate required to settle the obligation at
the balance sheet date. These are reviewed at each balance sheet date and adjusted to
reflect the current best estimates.

Contingent losses arising from claims, litigation, assessment, fines, penalties, etc. are
recorded when it is probable that a liability has been incurred and the amount can be
reasonably estimated.

A disclosure for a contingent liability is made when there is a possible obligation or a present
obligation that may, but probably will not require an outflow of resources.

When there is a possible obligation or a present obligation in respect of which the likelihood
of outflow of resources is remote, no provision or disclosure is made.

5. Notes on Accounts:
1. Grants:

During the Financial year 2020-2021, the Institute has received Grants amounting to Rs.
50,697.00 lakhs from the Departm tomic Energy. The summarized detail of its application
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Revenue 47.314.99 54,743.00
Capital 3,382.01 4,880.00
Total 50,697.00 59,623.00

2. The unit wise aggregate net balances of grants received from different authorities for various

external projects undertaken by the Institute [as per Schedule B of the Balance Sheet] is as

Mumbai H.O. 152 4,820.11 165 3,922.11
NCRA - Pune 4 401.76 12 382.78
CAM — Bengaluru 10 165.29 11 142.55
NCBS - 238 3,854.30 194 3,895.42
Bengaluru
PBL- Hyderabad 2 17.97 2 20.41
TCIS — Hyderabad 66 1,769.40 54 428.19
ICTS — Bengaluru 37 2,223.07 46 1,438.90
HBCSE - 1 = 2
Mankhurd 9.57

Total 510 13,261.48 484 10,230.35

3. External Project Funds of the NCBS includes the debit balance of Rs. 28.61 lakhs (Previous

4.

5. Employee benefits:
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Year 2019-20 Rs. 62.93 lakhs) and TCIS Rs. 0.21 lakhs (Previous Year 2019-20 Rs. Nil),
representing the excess of expenditure over the grant received for the same. NCBS and TCIS
are in the process of recovering this deficit amount from the granting authorities.

The ‘Closed Project Fixed Asset Account’ amounting to Rs. 11,073.42 lakhs — of Mumbai and
NCBS as on 31.03.2021 (Rs. 11,070.97 lakhs as on 31.03.2020) represents the assets acquired
for the specified projects, which are closed. However, these assets have been transferred to
Fixed Asset Register of the Institute at nominal value of Re. 1, as per the policy.




Contributory Pension fund is as follows:

e st T

42,50,973
5,78,54,354
6,21,05,327

New Contributory Pension Scheme
Total

9,54,95,571
9,54,95,571

b. Defined Benefit Scheme:

1. Gratuity:
Description of the Gratuity Plan:

The Institute provides for gratuity a defined benefit retirement plan covering eligible employees.
Gratuity plan provides for a lump sum payment to employees on retirement, death,
incapacitation, termination of employment, of amounts that are based on salaries and tenure of
the employees. The gratuity liability is not funded by the Institute. Gratuity is paid is as per the

rules applicable for Government employees.

(Amount in Rs.)

a) Change in defined benefit obligations
Liability at the beginning of the year 109,14,13,900 99,07,49,339
Current service cost 5,06,92,795 4,45,70,758
Interest cost 7,45,43,569 7,61,88,624
Past Service Cost - Vested Benefit Incurred During the
Period - -
Benefits paid (6,24,49,151) (4,07,89,000)
Actuarial (gain) / loss on obligations (6,12,30,720) (2,06,94,179)
Liability at the end of the year 109,29,70,393 109,14,13,900
b) Fairvalue of plan assets - -
c) Actual return on plan assets - -
d) Amount recognized in the balance sheet
Liability at the year end 109,29,70,393 109,14,13,900
Fair value of plan assets at the year end - -
Amount recognized in the balance sheet Liability /
(assets) 109,29,70,393 109,14,13,900
e) Expense recognized in the Income Statement
Current service cost 5,06,92,795 4,45,70,758
Interest costs 7,45,43,569 7,61,88,624
Expected Return on plan assets s -
Past Service Cost - Vested Benefit Incurred During the
(6,12,30,720) 2,06,94,179
640,05,644 14,14,53,561
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(Amount in Rs.)

f)  Projected Contribution during the next Year - -
g) Balance Sheet Reconciliation
Opening Net Liability 1Q9,14,13.900 99,07,49,339
Expense as above 6,40,05,644 14,14,53,561
Benefit paid (6,24,49,151) (4,07,89,000)
Closing Net Liability 109,29,70,393 109,14,13,900
h) Actuarial Assumptions
Discount Rate (p.a.) 6.85% 6.83%
Salary Escalation (p.a.) 7.00% 7.00%
Attrition Rate for All Service Groups (p.a.) 2.00% 2.00%
i) Experience Adjustments
Actuarial (Gains)/Losses on Obligations (6,12,30,720) 2,06,94,179
Actuarial Gains/(Losses) on Plan Assets - -

Note:

i. The Retiring Gratuity account also includes certain amounts related to deputed employees.

2. Privileged Leave Encashment (Compensated Absences for Employees):

The Institute permits encashment of privileged leave accumulated by its employees on
retirement, separation and during the course of service. The liability for unexpired leave is
determined and provided on the basis of actuarial valuation at the Balance Sheet date. The

privileged leave liability is not funded.

a) Actuarial Assumptions at the Valuation date

Discount Rate
Salary Escalation Rate

6.85% p.a.
7.00% p.a.

6.83% p.a.
7.00% p.a.

b) Amount recognized in Balance Sheet and movements in net liability:

Opening Balance of Compensated Absences (X)

Amnt inR

982853378 | 89,14,64,963

Present value of Compensated Absences (As per actuary 100,53,68,427 98,28,53,378
valuation) (Y) as on 31.03.2021

d liability of Compensated Absences recognized for .

;#EQM@E (= X) 2,25,15,049 9,13,88,415
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3. Pension:

(Amount in Rs.)

a) Change in defined benefit obligations
Liability at the beginning of the year 13,14,25,62,546 11,42,84,96,500
Current service cost 3,74,59,965 4,33,31,784
Interest cost '89,76,37,022 88,91,37,028
Benefits paid (66,02,31 ,094) (71,59,69,000)
Actuarial (gain) / loss on obligations 64,84,89,762 149,75,66,234
Liability at the end of the year 14,03,59,18,201 13,14,25,62,546
b) Fair value of plan assets - -
c) Actual return on plan assets - -
d) Amount recognized in the balance sheet
Liability at the year end 1403,59,18,201 1314,25,62,546
Fair value of plan assets at the year end - -
Amount recognized in the balance sheet Liability / 1403,59,18,201 1314,25,62,546
(Asset)
e) Expense recognized in the Income Statement
Current service cost 3,74,59,965 4,33,31,784
Interest costs 89,76,37,022 88,91,37,028
Expected Return on plan assets - -
Net Actuarial (Gain) / Loss be recognized 64,84,89,762 149,75,66,234
Expense recognized in the Income & Expenditure
Account 158,35,86,749 243,00,35,046
f)  Projected Contribution during the next Year " -
g) Balance Sheet Reconciliation
Opening Net Liability 1314,25,62,546 11,42,84,96,500
Expense as above 158,35,86,749 243,00,35,046
Benefit paid (69,02,31,094) (71,59,69,000)
Closing Net Liability 1403,59,18,201 1314,25,62,546
h) Actuarial Assumptions
Discount Rate (p.a.) 6.93% 6.83%
Salary Escalation (p.a.) 7.00% 7.00%
Aftrition Rate for All Service Group (p.a.) 2.00% 2.00%
perience Adjustments
i (Gains)/Losses on Obligations -Plan Liakjlit 64,84,89,762 24,47 26,728
a ains/(Losses) on Plan Assets %ﬁ&w% - =
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Note:
i. The Retiring Pension account also includes certain amounts related to deputed employees.

6. Fixed Deposits of the Institute includes an amount of Rs. 5§59.65 lakhs at Mumbai H.O., which
represents Earmarked Funds kept aside for the immediate commitments for the next financial year.

7. Conference, Seminars and Events’ expenses of TIFR, Mumbai H.O. under the head ‘Expenditure on
the Object of the Trust’ (Schedule — M) includes:

National centre for mathematics expenses A/c (NCME) 81.25
Conference expenses Al/c (CONF) 20.28

Which are expensed out based on the utilization certificate received from the concerned project co-
coordinator for expenditures incurred during the year 2020-21.

8. All known liabilities, whether contingent or otherwise have been taken in to account and there are no
other liabilities or claims against the institute not acknowledged as debts as at 31st March, 2021.

9. Previous year's figures have been regrouped, wherever necessary, for the Current Year's
presentation.

As per our report of even date,
For Kailash Chand Jain & Co For Tata Institute of Fundamental Research

Chartered Accountants
Firm Registration No.: 112318\

'g Gdr George Antony (Retd) Prof. S. Ramakrishnan

CA. Saurab Chouha
\ Registrar Director

Partner

Date: November 17, 2021
Place: Mumbai
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