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3MgITSHTTSH, HGTS & HIHT Yellel I IR T I-AT| IMSTANT IRASTAT YT W HT
ETSd & I AT A1 FAHTOT ST & | Aefg ATt o AL Teltel I fSraret ohr qut faham I

AT Tq AT SfahT fasmr
IThAUNY Td HHTES hITHRI IMTcIhT h Tgelel IETIE T0 ¥ e &7 & 3Heliched COx*
(0=3,4,5)313iT & HTH & el Felhglold d SHIRINST A A &7 § AR 37Tt & @y
Hereesit # g forae e € & faerfid Reparael 3ifaer HaeT HUHIATCT 7 J219T fham a7
qeToTHIsT 3cdotel T ITTET FHTOT TS AT AT g | 3Tk ATARBd Tgell a1 gHeT i
TGl GART AT FoE U Selevcial Scadold TUDHEH H Jgcl HaTsTUIel TelloTAIT Scdsiel
THTOT ST T 2TeT fohdT|
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A FAT Selepgiald o ATY IATATTHAT I ThfoTd BITHE TH F CO, & e Foldeld IR
ITTATET BIHRI o TUH TIFeT JHTT T IIAT I-AT| §HA AT THE & ThrTcHDh HHG AT
STy soeciT dadc &1 Y e fRaml NS Td FAd IEIHAES &
SR saisel 3itTsie $r 3nfPas afadhr H qargar 1 75|

EHY T BHSITHUTS S ER-3d ToTd TATSTAT H 37T I SRS W T 3add gy IIfahr Fr
3T FhaT| AN T oTE-Told FER-UATSTHT HTAALThaT3it # AT Aammeie ek s
& quieTe a TURel FaleF & 39 Tasies AT fhU| gHe FRTHAHTHTIT oI&Tal & T el
T oY AT GHT T HAATATHAT & Tagraifeten 31Tl & Helthaeers & fdafor faa
§He Solenglel STAE NS & AT FaTeg2ret 1 3 IeTAeT FEAEAAT o] el &
3T JaX0T TF Wrele qavor & Hest & fora|

d3-usT AT ST IRIIEHR-3iTeT-TarsT Aefess Junferdr # 9d fram a3 forae quve &9 &
Henel fAST foh Theheell MRATSH HIBIRIE T JiTehereTell RIS fhdT ITT| TelToTH feleh
3NRAEF ARABF AArgrer WS FT 3T 315 & T & T F fha 3T

Aerifa sitferey R

FiaAIAIA T GIMeTHT ST

T

el & IH SRTAH T FHTGATI T 1107 AT Aoindiar et & el Thedtelnd |
U HITEHS FETARIT JISHH TIHT & Foda-Stor I & HUTAT @R fhar |
mma:aga%%étmwvﬁaﬁmﬁ?maﬁsqmﬁwmquﬁWWMAp
9 low! ¢JeTehOT STT o TTY ETeT &1 H FhTRIcT Toleh hT hITEHS FaTHRIT JuS3{[H 3T vd foiefst
TSRAFe TLTUT o ST AT AT ek TohaT I

T

HSUC B & ToIv RUTIAT &l Arefosdhd Ua AAAAThAT3iT o 6 & 99 fohar 11 I
foréIeher SRATST & faaRoT Y arT I |

FeIHIUIET TAg TR HeAT$S 3137 Hd g UM I 3T YOIl Sl st AT A ol
Rerspaiere yafRia 3 ge fe@mar arar St o Tg S qurshertor gRliey arell i gonferat & are
T SATITIRATHS TUIER T SATeT AT B

MATATH o HaTHAC 2T & AlSel I shepd T ST TF ATSTIT GaRT T2 T & gol fohdT I1:0T| AT
IRUTHAT ST FhAdTX SITeleh UX 2x2 8IS had AR I sholl [ behel THIAT & oIt yrad fohar 3= foad
AT G317 1% 7E TRRepe-Eo FHisel & HAgda Yol Tehl 1 R@rar |

&l I TN g FrEAToe A IRG IAARaNT FaicA ot & v
IGEIRGRERIEIE
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39 FoIr fabr

1 SgehvT Hedat &0 & quT HE &1 TEd fohar 73T St foh srelgiaiefaffes sry-3itgs
{-IhICCo-IIﬁI",ICIIG Felh UL aﬁraﬁ%ﬁaﬁrag WeTo1s AT T 3TAT IRIT ¢ |

q mﬁﬁmwﬁmﬁﬂmmwwﬁmﬁﬁwm
31fARepTar & A RAF e @Rt YeiRid fohar |

T Teh gefd T JHATd SIS AZaaquT Toig TIeTUl o foIT Scehve Siger JOTHHAT & AT SiTeleh
haTeh 81T & SUATET T FIH A o T FHATTICT ThaT aT| qd H TATHR T 375 BIA3T-
13T AT Fr 3afser & fow gqufa  IRAT TERfAs diders g a9AT W T 39 4§
AT HATRRY TETL T AT & HHAIUT T VLT & T FaE]l 29 feam aram |

T SiTeleh HYFNST IUTAT A B and B AH o HUZ AN [RUTeH{ET 7 oAl @mstar - 80° 8 MeV
o aram| 31 RO & B A9 o @IS & TEIdT A Taar &

1 UoTadr # A fRore Sl Hohd A3 S Y361 IAader faled 3 & |y
AT Alsel W Hag1cd @ & forw f3mam aram| Rare dege T fEuRar @ Alse W HagecH
T ST U SHA ITARBA 3TATH & ISR WA T 1.3 Tev H 75 A7 TAT Y ATy
e

T WHAERS kA FAHATATT T godbeidih Ther IfawAfAlT & 75 sw@r &t
LR GUEGRERIEIE

T Soleh-{So-HeIHA AlSIH I HUTT Folehgidleh AT IeoTd iaeld o Has & faar arar|

1 fe@ra 12 i Forpuere-fSHEIere YAT H deheX Aelel I HEHaUH Hl AlSel TR ITTH 7
AT NIRRT & FHROT FANAT FRT S Hr HTaR@HAT &1 588 Rey g3 i gicafde
T FSTSHH T SehelereT, &1 Aguifcieh TfSeenur & Hara &l

dq RIgEne va Il sifaer

T % e o f wiffer FAfATT & Qe areaqades e o1 @t Rwe gerd feuidr &
TN T ST § Hifh THeReT HuT gorrd) 37 ¥ vfanfas § g F S vd wiFlsi=g &
FUT SYUTIET T Tl X & | T Fagyial & vd Afcawd 67 08 fagyidr 1 3e et 7
GaTHeT TEuich 7 @8t shal 1 t* Hooft large NEVAT  TUTe 9 & FT0TAT hY IS & AT shiTHaT
TOTEHT T FeTiad T I

T vefRid R o R Sele giord &1 a1fcieht o7 Jac 31 TiaAT T FieAT 3 AgAaqet T & Felanior
g § STet 21 3icRTel Tog & 3t i T § S s g fegan 81a 1 gefdia frar
T o 3UGehcd HAT H Feleh greld T arfaieht 1 qof &u & feiRor sfifeafosrdy aaeam @enfad
BIe[s T TAE T FHb T AHSIT Al AIRIT) H AGH SaRT AT ST &1 38 AHAST & ARIA
o TR 1 FALRoT 3reof sha & R 91T I SHHT TRl S §U AergRid 1 RSy e
& forv foRam a1aT| 5 AT Foleh ged Ud e Tolsh glorg ¥ Tfad Hardi=Tid Algd
MTAT |
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PR el 3i¢epeT & 3eTexoT &M AMMols GRATAE H AAT fhar 1| Tearels HaieH
HIFATIT hY gl HET & T STATMAIT ST hl AT 31T

HehoR Bels & el &g ol ) Aisel gAfsUse HaeacH Sl Tid fomar arr forad vagss
T aram 1o At geivrorely ques{fd A Foi Jor WY garT Feferd SfeT 3errel H
HSAAGS AT HFHACH &I Ggol TUTH T7 H AT YSHAGT # a8 31gsiedrer & faeior
NI YT FoRaT AT Te Safehl YT He, el AlSell 3 clie g Fehrait b1 shdge o forw fapa ara|

IHTHYTeT Flaume

EITSUGEHR I[GaRT YT, Fedrame
EITSURIR hT IGSRT G o IEER T ST IR Y 38T AT foham| T8 v guaw &
TP H RO TIH 3de9HT HIARLTA & Feeahike ThATARLIA (TCThd) S &
JcaTel faRre st Fafifereh St Aleld eaRT IEERT 35T o [T fohaT I1aT| SHenT dlelg# 328,232 m’
ar|
agell IR el S <@l & 29.5 T, 1 TS W SMSTHIR ofeT HiATE @ T HahRaH
TSR T FANT HTeh AT IT| Sof SHATH, THIMYR T29T & $19T o6 T H 3 bl RIS &
IR $elg HBoIdIdeh a9 TR 37| Selehclioleh HHE o HEAIYOT eh HOICTHHCH Hhr
THTET ST ST3T Toleh ohl ITCTY T Tored 3TRATST F WoheldT TH el | Ffeleh TIR-TT8e aMistel
f3Siae Td fAHTOT @1 Hd ENSUBRIR ST BRATAET H gAETRIer-Tgh & w2eT & fafdme
3CS T I it o Torw e aram|
IEERT Giaer & a7 a1 AT & A F A7 o) I 3T Hoss R
IR T ATATACYUA TAGTHHCT TAIN(TTHSNSSUSHE) T SATHY ST 3T &| SAHT 81T
feATeRa T 331 WAfewd ol IoieT (AETH-RA-3MSSAAY) AT T AT 36G2T Al ToThel
ERTHATERT & T TIRIATTH & THRAToTeh, e Td Jeh1iRleh uTert st A9 AT
aIféenger HeX (PMp) Higdl H AGAAYUT Se{-TelgeR HURTS gledIatiale! T a-c.?rgééézﬁafr
TG o AT IRAY H Fehe TohdT I1T| geraTe Ta FdgH W AT iR & el
TATA 3reTdTAl & aféenel faaRoT &l 81 AN feeh TeleTd Ua STETUTqdl URIAT & a1 Sag e GaRT
TG B9 U WATII ITIT I=T|

IV 399 &9 THUANR giaen
sAlgel Terd HiHaad HI I3 N Sohalel / 1SS T HASAHC & [T 3T NI &1 FATT
eh Tahfad fhar | orgd A Reagifsél & Acmifoeh qRadal I 3T -l
TATHIR T TATIT Fleh [T I
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AT BIAT SAfice TTIRBIATHH & W hATTT i ST & [T ERA AcEIATAGH hl
fomaT ara|

AIBTFEIR & Fg

YA T FrTeT e g

T[Tt FRIGT FeaTaHAes vd fawy 3maTiRd A1 & 9 @A daiae g faehra gaaansi
W I HY T 17| SoTehl 3EG AT ISTYHcTh H duTReh TaTargt i Igtel el d ot &
thorerd fafeier & Yeaiq Y Faastar ATl

THNAT qelchH FF EB3STATH T S2leTd Jiad Jehld dldicdd o ard Jafad &
ST 99T f3Sfc e AIEET I UIgTshHA & faauT & forw fomam 3| Ig faaRor ar TSt & 7000
T 37 Tt Y T I |

IR Ffavs faaret 3efars # dRd F1 afaffda e arel @8 ©: SEr a gao
& Siid Y &2l & 3Neifaars sfagra 7 Rers s=mar| siifad:, e, s faaa, aforq,
GaNATAAA Td HiANS AT A HRTET A TASH & T el 30 BET BT EF 7§ 28 A
Teeh Siid ToleTdl & 9 FaUT deah U |

TISIIOHE HHIET : TISTHTCHS Sl STEd GHIET 3ehea, 2014 H &1 15| Ftem afAfa
WhER Ul TATAT (/A3 HEHETHSHR,  HAlgret}), 3eq8T ol WSeR  (f@earcedis,
GIUT 311FT), WA ST  (GSHRS  [G0afAqarerd, 3TeRels), diell AR.TA. §0eT
(@TRIGIEsT faeafdgarerd, JuaQ), o. Bish (qa-Hae, I 3o FI7 GEdr=) T
A.vw. WEAA (HalfAged vA.vE. [deataqaers, F5lar) affer A1 vadivas f agd
FHIET & 99 TISEIUHS & Hhd HHE o faEgd e GHIET dr fSEe aRune seg
gereT AfAfT Fr 39eey T A0

SR IAURT, ST HNAH! T STPIHICHE . TATHAHR TSI AT & FEATIA
& Y 5 &1 H FHYY I Toldeil 8 SIRGR 9 T ST 3§ 81 800 MHz NMR - #HRfT &t
HEATYE TohT a7 U 31T 600 MHz FTeT &1 3TERM & ST T@T 1 TE THg WElT hifesa,
AT Aelt, Sawriicnd, AAeIfRT g A1ffe 36T Td YT W AT Hraf 7 grsel
EIEERCE]

FIRNHIT HIIST Ud HbcdeT = A& WA Torelel T d fhfaher, wramisAdess
Aeraiferstd, Ha T SAYST AHCH heprlel & AT AT H 39U 39 A €ishd §1 S8 3™
JITET 7 gIgce folchold ol TLAehd Siall U HATShITIUT i ol TelleAT eMael § St foh TiRrar-
At T A A R AT TH B
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SHfae quTferdl &7 fAGE U #HistelsT: THEHIA Qg 3T AT haTed H Jal HT gohl §
St o AT W38 & AT Ui G@aRT YRS §1 SHETH & 9 HgdeT # 3§ HAg o
Sk TeTel TR AT Heel ShT HATIAT 1 B

HITATRNHT Ul [T : 3ieich HEAYOT 3T Hd foht ITT| SoTd TeIwells TATHT &
ToIT 3maeTe dexwrargs # f&er Yeotq 1 WHAT el & U AT Sfiel (SToihd) T argsell
Rt srezara w1 vd pherars & ATGURIAT 1 AT S arel @A def G el S ggere
X 37T I QA £ |

TR TG FT H &, T H Ao Ud Tarectacy, @. Hafd Aol &
forT foraraat o wd o WS & Ui A e e anffer A1 wHg A @A wd
TRTECTAEN IX hugeelelel TSl 9 HHT Hehol YRS foharr § Toraad |t 81X Ud fava & or
I HHIT HGHT AT ¢ |

AT HAETHhoT FAFCIT HT (Aol Jiidsiehe- 3NRTLs FFeRIT Taiateie)
T AR Rl |

a3 7 Yo VSR H . TATANR Al Y7 TTHAT STHRION AN FHIRATAT, .
1000 FR13 & 2 FHolAeH Tole1d ¥ Teh TASTH & foIU g 317 AT Jfadares & fow gl 1. a8
FIGTRRCY e R 1 YT 3 6, ST G & T Serarge HeReT 0¥ B et

TR Y G st S, qor

1.69 TACTAHUE Totd (MSP), J12228534 @ieT J& Hiexadar I3 graelt (sheasme) &t
ST & 607 MHz UX b1 378 & St foh BT oie amar-famor Jia 1FGL J1227-8852% 1Y Iefad
¢ 09 gfte & i 75 Tra-Y gfasmerdy yomeh wfiva IR wvad o cifSres & 7 81 7
Y guTrelt § i X3 vHTET T AT gaaHATT Tha- GIA3TYRT (TATATG ) ITHATI &
FE Sk TUTS I 3raqT Reafer & vaAror & femrdh #1

HTANREY & T q133-93 250-500 MHz KR BaeA sraaerisiiive z ORI 393
ATSH-3TThT TSSITad (DLAS) 3 HI 21 QY. TSTIRIeT o HEHAAT b1 1T e & forw faham arar
& oY DLAS at z ~ 20X STToY §U DLAS 31 HEam e g1 18 ¥

SNTUANRE &7 ST ek 3wt ASAT 3qdste T Wit 2=0.65T U Srgeill-Afoter
FHIEY PLCKG14716.65 Hr a7$ g

327 MHZzIX 3¢ 33T gzl (N3 & @Y fhw 910 gexqelaied faéeerT (3msdea)
ot & G Fo1 a1fa va gerda water Fr dig PRrae asswe 22 va 24 & 797 915 918 foraw
g 8RB 7 HReTel A FoAHAH & FHR Fell TRUTH H1H 3177

31 A3 graet, 9ist & goraR Ud 3siivd fAdaoi & fov ardaide JiFeady sehuus
TISTHAT & ITUTIA At & forw fFar T
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3oTeTd 3T3TRET ST FANIT ek 327 MHz W 124 To@RT & folT AT Hohe ssfaier Iag-
YA & TIYE §HT & o6 3 kpedeh 3P STIHAR FFSTH, ARG FIHgH & T HId
¢ STafeh I8 30 gl & AgaquT ¥ & Sfave g g

EHS I STBET F JUF H RAAIT Afeaw i 101 | 3T 151 Toleh 8log
& SHUTSIA, FoR UG RITS3A T ol fhaT 3T § T a1 38 oo TenRysAw assdr &
FRATfedd f3haT| gAY TSR Toieh glold & HHAT U RIHAIY THEALT 7 AfqeereTel-aa Hehell
%+ YT hd AISH & THIG T TFHIT 3TYIIA fhaT|

ser wfaffeies ua o yonfordt 7 3gauTe & al JET AT &. 399 A,
eIy AT Jonfordt & o7 fheleRaT SHET HEhI YeHTerdl &l 3TN T G, Holdlal
e Rer derstent 3 TR ayurest & e arford serer &1

gHeT Rdies AT & Tedl H ShdlcH ThaTdal # 3RS & U0 &l gof fhdT| e
fe@mar for Rdies Aawsie & 3reheT Sahenere & Ald-Zfaell TAT Salog2r T aule HEY &l
giATeT= gffeeliarg=T gaRT f&haT ST Tehall € 9 S8 $© HUNC [GATUTTHS TROMEAT Y I
el H I Al g

gHa Aisha A herAt 7 wfaiarst faTor 1 srerrae foman o fe@ran fa wuiefaers ge@edr
SfdATeT g Fhaleie T atel 7 a0 3EIATT 81 & fd Bréae-fSswgfer guehisr, afha afdee s
WelE el ¢ AR Fell-Borgffer gueier afshar gidee T sE3a-3gele Al &

§He o fAeuid # FHT AT g Ud glealithes YIS @ Hefed faffets
AT W H fomaT|

g 2+1 f3AE A oet-TaAw gty Raqud # 2 1St Heohe a1 & forw va-Afcewa & e
58 TTAleTd & 3UTEUT o HROT il JUTEre ¢ g Ig BiATIAH Td G o HUZG SJUToIeT
&I gear gl

AIMSTHEHR HATawTS AT g, TeEg

halcH AT H Teh Srefehlolle] HHAHAT TG &1 & Toh ol RIS Gelel AT fefollel aqr
AT TUTRT FT Thd &1 67 ST THTAT FT g fhAT T 3R APRITHS ¢ |

gl apoEAb TATITRATT & Staaifashra oraToit 1 adretor fohar St fob 31e=iaR & T
1 YTeTslt 3 AGATYUT T § | §H FoITH TR VST 1 FANT ek i ifdaafaa,
JICfAeRYoT T 31fATETOTeT & fT SN3METd & St T e THITRITeT I 8 GUTI=AT |

gIféepgeic Forlor: ATAA: HISAT ST § T Aiféehel el 7 0T, 32 &aTd & &1 H 39
AfEFAET T FHereT & 811 FF BIsd 81 A fe@rT foh AT v # F0T, Fellols GIHAARH &
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3T U TAd g1 Heohdl & | $H UTfEhgelc Fall l ot 7 fAfRare g1 #endt & foras! Sel3s # Fell33
STTeICH T ThATROT AMTAT &

g JTaIARF T IhieT AARTAT T TANT IF SPheIsd & T A5 3 I
snfewTR #1 Tawfad fhar g guria e & a3 SEfafa, o defmar va saEror 7
RORTET Seiehels 3Tad & 3edd 3AHC &

gAs areet AeleR de 1 fassfid farar foaed wRasifes amhier sremargs darde
et 1 5 ATARSd g Tl T UTEaT Tehetleh T T ol FATTAT fohar ok Ifeara T
STeT §U& 0T ~174 & ST fo 313 o Raifes queh o1 & S9ea# 81 fEHgd uaae s
T3NS & IThTeT AT 7 S HAE Foll & [AHNRIOT 7 THTT T ST & forw fomam arm
gl

TATHIR HAHEIHRIUT T 3TT0qeh ITciehT AR & SIS 1 91eT aieh 68 fe@mran g &
&4 ATSAISTSH & SHR YAW T oY HIGA3N & AYT Felehac & AT Hhd Faft I Ah
53TRET § | GARY HalcdH STIeTehRT & 3TN Ig HleT 30T o Gl hidehc shhefRid o HEY olarsfar
NI gifererT i gger RAE &1

Rlefarehr va HugeX =T kel

I S SR faee U Aeed &= & a6 & fhar om0 avy aghe A
AT 2015 ATHE FATHIT ANHT & 87T H T IHRTET FAHAA &l 1 3rsr |
39a1 HIEATT & 42 aﬁﬁﬁwqﬁwgm%mﬂmmaﬂmmW(m
HEIEl

I ol Heitceh Tetaal sl qdeTor FIiad Hugeer & fau f&har amr sissde
AeTell T &THAT o foIw 7T IROTHAT vl hrsstes o ATer 99T foham Ir|

T QATC SR 138 ! SISHIEC AeTol & [T Y9 fHIAT IAT| SHH AEAT & SoR d138 &
SN & Fell Aol 3eTYC d HdlcH M3CYC A ST o FelliAehel SN HH & T FTHTAT H 2T
& foeTr A1 e 2lfe &THar 3ifReraTors S ot wrad fomam arar St i |y W derdier & Heer F
HATCH AT AeTol TR FHellTHehel FaaT Aatal & foIT |

UITAITHR-T5 WRITSIH T FeTae T TH Tl (AT FTolel U Hell [ fehol HYWOT)
SRRl 3 o3 T 91| S &g 36 Yeufd &1 9T ShaieH HeeHATIT FIetalel & [T ¢ Had
&1 ufea & fore fomam arm|

RRATES T UG TeNRHAT IR A T 37| SHHT 326 TAT & A1 IRafdd
glet aTel IR & {AIRel-aTager AT ! HeeT el T g TR e AT & Har groger
AfIE WA SHEAH A [AeTATH gleh 8 STel gt i ITATT M ad H gl &
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FIGUT STICeIar RAgend & 813 H gHel HelCl-aIel FIYOT FAfeelar di3R WA T FY
R it o 37afeifed sicash T ediarsi & Ui HageIele § | TR SIdIdisil & [olT SISad Jehr
& oI 92 21T o3 WA I AT fohar 1|

FAABT UG HISIHCT & 81T F CURH FoIhed FI 75 ddheileh T TN Tg @A & folw
o arar & wféer ARROT & @y AT (@) & 3F tpaew # AvaHES
dfeawisfafads &1 0T FEfeer AT & I tHadidd dlak TASIU &l ey 3U%h
NAH & /Y AT T ToE & TIHE T HRAGE AT T Gleoierd IMaR@FhdI3 &
farereryor & fore foRar aram|

FYICUAST &alctioh H ITaiR® qeeErfadl Alser TeToT deheiiehl & eS0T FANT &l
3T ST W3R Aeasnd H fonar arm| [aerevordss qeufa &1 fda Siel Wgeredr
ACdehd & I HIseT o 1T fohaT 14T & SHHT STAIT [AH A o HrAfTdTCeT Pl Seeid Hiet
& fore fomam amm|

SIeeT TEgAE HAFAHT & TONT IreRT & TeI0T A TSl H ATG-THT
IS TCHE o TITYATT Fehrd T THRTAh ATHET FHINRIOT o HEAR faeor & Feg & fe@ran
INAT|

[aqefar aAfoT v 3gagdd FHGIAT & &9 H ITEU F FHshic Aeow
SYCAHIRIUT F AT GICHhITerdl SR ATYT 3 fRam 317 fSa1s FALIARE Sfde At
T ZATEId T ATell cTeheilehl AT JAIRT fohaT I1T| ATfaieh FUfeTe |ie Jomferar uX off & fomar
AT STg1 &Hel Ushotehe THHCINGT qeufaat i fasfld fonar o [fges qeemll Foaadnsit &
oITot SfauersT faereyor & forar|

SHRANT HTSI3HT H HGFITT Figaar o) [aemra & a1 off faam a1 Sigl aeadt of Frdy
& for i a9 & fem & #Agdat qfFer & f@dw e
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Preface

This past year was an exciting one at the Tata Institute of Fundamental Research (TIFR). Key results
were obtained in several areas of Science and Mathematics, continuing the tradition of very high quality
research. Also continued was the ins&Ww s t mwarkinig oni divarse foohtiers efience, ranging from
the universe, galaxies and stars, to organisms, biological cells and atbmssuandtomic world of
electrons, quarks, neutrinos, and maybe even strings.

Research in TIFR is cadien nowadays in the main campus, at Colaba in Mumbai, and also in
several centers and field stations across the country. The centers include, the Centre for Applicable
Mathematics (CAM), Bengaluru, the HBhmbha Centre for Science Education (HBCSEumbdi, the
International Centre for Theoretical Sciences (ICTS), Bengaluru, the National Centre for Biological Sciences
(NCBS), Bengaluru, the National Centre for Radio Astrophysics (NCRA), Pune and the TIFR Centre for
Interdisciplinary Sciences (TCIS)létgbad.

In Astronomy, three major payloads for the satellite B&SEROSATexperiment were developed
at TIFR this year. Together, these instruments will provide an unmatched capabiktgesmarichap the
universe in the Xay wavelengths. A major tgadp of the Giant Metrewave Radio Telescope (GMRT)
operated by NCRA is underway. This upgrade will keep the instrument at the forefront among radio
telescopes for the next decade or so. A millisecond pulsar was also discovered by GMRT this year throwing
light on a transition from a Lawass Xray Binary to a Redbadilisecond Pulsar.

In the subatomic realm of Particle Physics, the Indian Neutrino Observatory (INO) project was
sanctioned by the Government of India, for the study of neutrinos. Theasiagepalticles that hold the
key to many mysteries of the univef¢ER will play a key role in executing this mega science, multi
institution project. The Large Hadron Collider, at CERN, resumed operation after a hiatus during which it
was upgraded. TR-has contributed to improving the Outer Hadron Calorimeter, a key part of the CMS
detector. After the upgrade, with the higher energy and increased luminosity of the machine, we hope to learn
more about the Higgs boson and also potentiallyevidéncedr physics beyond the Standard Model of
particle physics.

In nuclear physichigh spin states in nuclei close to closed shells were studied to understand the
shell model better. A tin based cryogenic bolometer was developed as a part of a detatyorgfor st
neutrinoless double beta detayhe study of lasers and their interaction with matter, the control of ultrafast
optical pulses was achieved to enable electron wave packets in atoms and molecules to be probed on tiny,
attosecond, time scales.

Inside the human celly significant breakthrough was made in understanding how a tug of war
between opposing motor complexes regulates the transport of celluldProgrges was also made in
neuroscience by understanding how a brain chemical, noremnepbtilates neural precursor cell activity
and the generation of new neurons in the adult hippocampus.

At NCBS, exciting advances were made in the chemical ecology and wildlife biology and
conservation programmésh a t show gr eat bpdvergtn tAndadsearghi condnued inndi a €
other well established fields including neuroscience, where it was showimdlevg@ne, acting in a single
stem cell, controls the functional wiring of neural circuits in the brain.

In Condensed Matter Physicspgress was made in the studystobngly correlated electron
systems, nanophysics, optoelectronics and soft matter. In a disordered superconductor (Niobium Nitride) it
was found, by studying the optical conductivity that a collective mode exists Iselpgr¢brducting gap,
when the system is close to a critical point. This mode has been interpreted to be the analogue of the Higgs
particle seen recently at CERN.

In Chemistry, a novel combination of spectroscopies was used tamjloidbeta peptide
oligomerst hr owi ng | i ght on t he And temgpialncontoof of gxdtemobpéed mer 6 s
electrortransfer reactions, was demonstrated which could be important for energy related applications.

On the more theoretical note, a mgbercomputewas installed in the Balloon Facility, TIFR, at
Hyderabad. This machine will helpgamg studies of Quantum Chromodynamics (QCD). In particular, it
will shed light on the properties of bulk matter at the kind of temperatures which existed wedhe very



universe, when it was about a microsecondnote study of statistical mechanics, which deals with the
behavior of systems with many degrees of freedom, a significant advance was the study of lattice gas models
which show phase transitions wherecthiigal exponents are non universal and depend on the composition
of the material.

In Mathematics, at CAM, important contributions to the study of partial differential equations in
hyperbolic space were made. In particular, solutions of theSgamby-Mazya equations were shown to
possess hyperbolic symmetry. In number theory, at the main carbgtasitial progress was made in the
third degree of the Lindelof hypothesis. This progress is a route towards proving the Riemann hypothesis;
one of the mst celebrated hypotheses in the subject first formunt889.

Research in Computer Science included contributions addressing important problems wf the areas
Complexity of Approximation, Matching Theory, Information and Communication Theory aatl Form
Methods.

Some of the research undertaken in the centers of TIFR has already been discussed above. In
addition, in ICTSa key result was a possible resolution to some deep puzzles tied to the black hole
information question. And advances were madedyirsg signals for the detection of gravity waves and the
study of dynamical systems.

At TCIS, remarkable work on the reversible formation and isolation of digermene with two remote
functionalitiesvas carried ouAnd a phase transition in which flockiredhavior appears dramatically was
found by studying little pins placed on a vibrating surface, amidst a sea of tiny beads. This offers new
possibilities for collectivansport in industry or biology.

At HBCSE, which specializes in science educatios @ednodal center in the country for training
Indian participants in the science and mathematics Olyrspiaiss on sociscientific and development
issues in science education looked beyond factual and discipline based knowledge to ideadify ideologi
biases in textbooks and patterns of fallacious reasoning in studessive open online course (MOOC)
platform was developed and used to deliver a course on digital literacy to over 7000 students, in collaboration
with other organisations. And aitthe total 30 student team members for the International Olympiads in
Physics, Chemistry, Biology, Mathematics, Astronomy and Junior Science, 28 bagged medals, including 9 gold
medals.

It is also worth mentioning that a balloon developed by the TIlERrBacility at Hyderabad was
used to set an altitude record for a manned balloon flight with a jump from an altitude of 41.4 km.

Our outreach activities continued to draw an increasingly enthusiastic response from students of all
ages. The popula€Chai ad Why series continued twice a week in collaboration with Hriiteatre and
RuparelCol | ege i n Mumbai . TCI'S conti nue cdawhlawah oild i t s
HyderabadT he Col aba campus ¢ oFroitiers bfeSdie dha®Op evia sHaned e ,wi
response from students in and around Muma the Annual Science Day event at the GMRT
Observatory, Khodathis year had about twelve and a half thousand visitors including students from more
than a hundred schools.

The coming year clearly holds much promise and excitement. With the proposed further expansion
of TIFR in Hyderabad in a campus which is over 200 acres in size, TIFR looks to enter a new era, where it
can push the boundaries of research and training even furth

Sandip Trivedi
Director, TIFR
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Elected Fellow, Indian Academy of Sciences (2014)
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Highlights of the
Research Activities of T.F.R. (2014-15)

School of Mathematics

Algebra and Algebraic Geometry

T

=a =4

Equality of linear and symplectic orbits of a unimodular element in a symplectic module was established.
It was shown that R is a regular local ring of dimension four for which(R[X]) = eSp(R[X]), then

the Bas®uillen conjecture holdsfBfX] . The normal ity of the el ement
orthogonal transformations @f hrwas proved whem? 3.

Anal ogies between Quillends | ocgadsiltsimtopologgweteh e or e
devel oped. Quillends |l ocalisation theorem in pr

property of covering spaces in topology.

Study of tensor product decomposition of -Kody algebra modules was done. Operatoich

commute with Kadloody Lie algebras and move highest weight vectors were constructed.

Relation between the fundamental group of a smooth projective Xusgiaddts quotient modulo a

finite group of automorphisn@ was studied, and as a consequShegarevich Conjecture on the
holomorphic convexity of such surfaces was proved. Some new results about factorially closed subrings
of commutative rings were proved. A class of normal projective surfaces containing a cuspidal rational
curve was classifieHome new results ab@itactions on smooth affinef@ds with trivial homology

were proved.

A sharp bound for the essential dimension of coherent sheaves was obtained.

It was proved that a pair on a compact connected special affine manifold, coinaidtatgvector

bundle and a flat nonzero section of it, admits a solution to the vortex equation if and only if the pair is
polystable.

The quasiprojective groups that appear as fundamental groups of compaenifolels (with or

without boundary) we characterized. All closed thremnifolds that admit good complexifications were
characterized. These answer questions of&tieidi and Totaro.

Relations were found between vanishing of the top graded piece of the Hodge filtration on the local
cohomdogy of a certain isolated singularities in characteristic 0, andilgoteRce property of the
Frobenius action on local cohomology of the mod p reductions. The general results depend on validity of
an important conjecture in arithmetic geometry rewtdained unconditionally in some situations.

Examples were found of regular schemes of finite type over the integers for which etale motivic
cohomology is not finitely generated; this is in contrast to the expected (but not yet known) finite
generatiomf Zariski motivic conomology for such schemes.

It was shown that for a pair of a standard graded ring and a homogeneous ideal of finite colength,
HilbertKunz multiplicity is an integral of the limit of a uniformly convergent sequence of compactly
suppored continuous functions.

Differential Geometry, Topology, Lie Groups and Related Areas

1

Several new results on the cohomology of Shimura varieties and the mixed motives they carry were
established, as a result of methods developed in recent yearsowéds &l example, the
determination of the primitive stable cohomology of the moduli space of principally polarized abelian
varieties as a mixed Hodge structure, relating the extensions appearing in it to the values of the Riemann
zeta function at odd ptise integers.



Number Theory and Automorphic Forms

T

The explicit evaluation for the SuSso;xyens axby=n; axy iN terms of various divisor functions (where

C(x,y) is the set of residue conditions>omandy) for various fixed_(x,)) were investaled. Some
identities and congruences were obtained as interesting applications. For do¥ ihtélgerorder of

the error term related to the genertll Riesz mean of the arithmetical functiof(my was improved.

The distribution of Fourier coefgats of cusp forms over sparse sequences was studied in detail and for
j=2,3,4, the order of the error term related to the Samd 2(n) were improved whevrgn) are the
normalized Fourier coefficients of an eigenfdanthe full modular group. €horder of the error term

related to the discrete mesquare of the divisor function was improved. Contributions were made
towards a conjecture of Mueller and Schmidt on the number of solutions of Thue inequalities. For cubic
Thue inequalities with posgéidiscriminant, improved upper bounds for the number of solutions are
given. Some generalizations of a problem of Pomerance on consecutive primes forming a residue system
are considered under the prisigple conjecture.

A complete description of the wetions of certain crystalline Galois representations of slopes in (1,2)
was given. The first examples of-@ih p-adic ordinary families of modular forms with full residual
Galois image and with peplit arithmetic points were constructed.

Substantialrpgress was made in the subconvexity problem for symmetrid_sfyuentéon in various

aspects. Using the newly introduced higher rank version of the circle methddalnoounds were
established for symmetric squaiffienction in the level aspecarfany given even intedger 1000, and

g sufficiently large, it was shown that there exists newffofmageightk and levet such thatl (1/2,

L(1/2, SyrA) . 0. Questions about decomposition of -tempered representations of groups over

local fieldgo subgroups is being considered. First examples of number fields which are not isomorphic
but for which their idele class groups are isomorphic were constructed. Examples of projective algebraic
curves which are not isomorphic but for which their Jacobi@ties are isomorphic were also
constructed. A two dimensioahdic representation of the absolute Galois group of a number field

which is locally potentially equivalent @&_&2}I-adic representationat a set of places iéfof positive

upper dasity is potentially equivalentrto

Let G be a connected, absolutely almost simple, split algebraic group defined over a nlinaed field

let G be a finitely generated, Zariski dense subgro@&)ofWe showed that the fididgiven by the
compositn of the splitting fields of characteristic polynomials of getesgular elements @
determines the gro@pupto isogeny, apart from some few exceptions.

The problem of effective density of lattice actions on homogeneous varieties of semisisiplagyroup
studied. The distribution of approximates in Diophantine approximation was studied. Cuspidal
excursions of geodesics on hyperbolic manifolds were studied. Diophantine approximation on manifolds
with primality restrictions were studied.

Combinatorics

1

It has been shown that any subset of a root system has a linearly independent subset such that the root
system generated by the latter subset contains the former subset. It has been shown that for any real
number not less than 1, there exists a conrgretgll of countable order whose domination index, total
domination index, closed packing index and open packing index are all equal to that real number.

TIFR Centre for Applicable Mathematics, Bangalore

Inversion of a class of circular and elliptical iRadasforms has been pursued. An efficient numerical
algorithm for the inversion of an integral transform arising in ultrasound imaging has been developed.
Stability estimates for inverse boundary value problems for the biharmonic operator with bounded
potentials have been obtained.



A method to determine the lower order perturbation of the polyharmonic operator from partial boundary
data has been analysed. Microlocal analysis of restricted ray transformm syrmaretric tensor fields

has been pursued conformally invariant Adams inequality has been obtained.

Interesting results on concentrating solutions on orbits offliogtion class for semilinear equations

of BrezisNirenberg type have been obtained. Profile decomposition for the 8¥skioftions was

studied. Global stability of radial hedgehog solutions for the nematic liquid crystals within the the
LandawdeGennes theory was studied with explicit geometric dependence criteria. A nonlinear
hyperbolic system has been formulated as a Ippwadiae problem on the half line and its vanishing
viscositycapillary limit under self similarity was studied.

Regularity results for nonlocal HamiiacobBellman equations have been obtained. The entropy
frame work was developed for stochasticeteaton laws with levy noise. Well balanced schemes for
Euler equations with gravity and entropy stable schemes have been developed for compressible ideal
MHD flows.

Fluid flow along with heat transfer has been studied numerically for a multi fluidithodeiable

fluid parameters. Convergence of fully discrete finite diffrence schiveetyuation was studied for

the decay as well as for the periodic cases and also regularity of the solution was studied. At low and
higher temperatures, existancenoltiple solutions for a non linear combusion model in two dimensions

was proved. Wetlosedness of the system coupling N&tmkes equations with Lame system is
established.

School of Natural Sciences

Department of Astronomy and Astrophysics

Detaled Xray data analysis done to find observational evidence of thermonuclear flame spreading in the
extreme environment on surfaces of neutron stars.

The time scales for high energy particle collisions for the black hole and naked singularity case for
rotding Kerr geometries was examined and a finite time scale was pointed out forghmsinger

case as opposed to an infinite time needed for the black hole.

The random diffusion of a particle predicted by the model of Continuous Spontaneous Lagatization
shown to be detectable in the laboratory with currently available technology, at low temperatures and
pressures.

It was shown that loop quantum gravity formulation of Quantum Gravity can be testedlanhgthcro

scales using strong gravitational pgrenomena close to the photon sphere of a black hole, though
guantum gravity is a phenomenon at méargth scales.

It was shown that gravitational lensing of background galaxies by rietiugddagycould exhibit time

delayed multiple transient egelike supernova or Gamma Ray Bursts in the source galaxy, which
provide a powerful method to get the cosmic distance scale as well as magnified complete light curves of
the transient event.

The flight model (FM) of th®8oft X-rayTelescop€SXT)was integted electrically with the satellite and

tested successfully with all the satellite subsystems. It has now been integrated mechanically into the main
deck of the ASTROSAT satellite.

The Cadmium Zinc Telluride Imager (CZTI) payload of ASTROSAT wasstelliyaed integrated with

the satellite. The polarization capability above 100 KeV was experimentally demonstrated.

All three space flight units of the Large ArgayXProportional Counter (LAXP@)strument were

handed over to the ISAC AIT lab for intéigrawith satellite bus after completing all space qualification
tests and final calibration.



TIFR Near Infrared Spectrometer and Imager (TIRSPEC), mountedhetne2Himalayan Chandra
Telescope, Hanle (Ladakh), was successfully characterized andpimdenuse by all astronomers
worldwide.

TIFR-ARIES Near Infrared Spectrometer (TANSPEC) for ARIES 3.6 metre Devasthal Optical
Telescope was developed.

The subject of origin and growth of astronomy in India with special focus onAhgphatta period

including early astronomical culture in China, astronomical records of the Orient and representation of
astronomy in art were studied. Work on Indus script and on building up experimental facilities for
archaeeastronomy was continued.

Department of Biological Sciences

We demonstrated that genomic insults are repaired by cells via adaptive changes that involve movements
of generich chromosomes and other concerted signaling mechanisms that ensue both within and
between the cells.

Functonal significance @Plasmodilgpp specific insert sequence in Enolase was explored. Efforts were
made to identify the epitope in enolase that confers partial protection against malaria in mice. Unique
insert sequence derived frélasmodiuemolase was incorporated inan@particles and tested for
immunogenicity and protection.

We studied genonwede gene expression dynamics in the presence of a causal variant as the sole genetic
determinant, and performed allecific functional validation to delineate the cadisetsedf the

genetic variant on the phenotype. We showeautegonistic pleiotropy (AP), the ability of a gene to

show opposing effects in different phenotypes, was abundant in synthetic populations but resolved in
natural populations.

We identified thdependence of myosin organization and dynamics on theorganization and dynamics of
the microtubule cytoskeleton in the generation of heterogeneities in cell behaviour, notably, pulsatile
contractility and cell delamination. Our work provides insighteénbasis and the functional utility of

this cooperation in generating collective cell behaviours that enable spatial patterning of epithelia.

We showed that lipid rafts work as a mechanical platform for force generation in¥ite foelsl a

new role ér kinesin in fatty acid regulation in the liver. We also worked towards a mechanistic
understanding of how cholesterol control phagosome maturation and studied the role for specific
phospholipids in assembling a "Lipolytic complex" of proteins on épldtdr

RBC pull down assay revealed unique and specific interad@tasmafdiuibosomal protein P2 with

RBCs. We showed that acidic ribosomal protein P1Tfoxwplasma goaldio translocates to free
tachyzoite surface. Toxicology data for GDL Ifgidearriersdemonstrated the carrier to be safe. This

paves the way for a possible clinical trial of -GIDC mediated antimalarial delivery. We also showed

that asingle episode of mild malaria in an adult mouse cause specific behavioural changes.

We cemonstrated that transcription factor Lhx2 regulates genes controlling cortical cell fate, migration,
axon pathfinding.

We showed that intergan communication between central metabolic tissues and peripheral organs
defines intestinal hoemsotasis. We dstraied that mitochondrial retrograde signaling cross talks with
central mediators of nutrient sensing. We also explored the protein domains (in Sirtl) that give specificity
to metabolic adaptation



Department of Chemical Sciences

Chemical Dynamics

T

Sipersonic Jet spectr@isspyiation energies of the hydrogen bonded complexes @fHhk A A S
complexes was determined. This is the first measurement for this class of weak unconventional
H-bond.

Singl¥olecule Biophysiexhanoresistance of a muat®main of nuclear Lamin A that causes
Muscular Dystrophy was examined for its altered protein binding properties which in turn affect the
mechanical rigidity of cell nuclei.

Ultrafast Biophysics and Photaréeceised out reactions inside resr@ainers using visible light. A

new paradigm demonstrated the use of charge transfer states to trigger ultrafast photochemistry from the
singlet state

Molecular Biophysics

T

Novel multidimensional NMR pulse sequences were developed for rapid assigremkhomdé and

some selected side chain resonances in proteins. These employ dual receivers and socdtelae 6

the same time. Structural insights have been derived in the case of. It has been demonstrated that the
protein P2 of Plasmodium falciparis intrinsically a molten globule even in the associated state and this
helps easy adaptability as per the requirement of various interactors of the protein.

A putative UV inducible proteidYI131+) from Chlamydomonas reinhizatitExhibits RNA and DA
endonuclease activity was structurally characterized. S114A and S55A mutantswwété\dBawn to

reduce and enhance the DNA endonuclease activity, respectively, as compared with its wild type.

In studying the liaison between myristoylation andccBptand motif that confers @asensitivity to

neuronal calcium sensbi(NCS1), the disability of EE was shown to be a prerequisite to append
myristoylation signaling while preserving structural robustnesszaseénSiivity and specificity in

NCS1.

Experiments were designed that enable detection of protons, nuclear spins-abimtiggite and
gyromagnetic ratio, in powder samples. These experiments may yield information not possible so far
particularly on hydrogen bonds.

A rigorous comparisonaw carried out on various expansion schemes that are usediatsditMR

to solve timalependent Schrodinger equation, namely, Magnus, Fer, and Floquet. Fer expansion,
adapted to NMR by our group, shows promises over other methods in efficienajatibcadnd
convergence.

Materials Chemistry

T

= =

Inorganic vanadates were shown as viable electrodes for supercapacitor apjdicetimsinescent
Carbon Nanodotsvere constructedNovel Perovskite based light absorbers for use in heterojunction
solar ells were evaluated

Cuprous Oxide/Au NPs was shown as a novel photocatalyst with visible light harvesting. properties
SBA150Oxynitrides as a SolBhse Catalyst was optimized for its best catalytic performances by simple
tuning of Nitridation Temperatur€his material removes €fdom the environment as well as makes

fine chemicals.

The catalytic activity of nitridated fibrous silica C@anocatalysts was finally achievedi#iagd

29Si NMR technique enhanced by dynamic nuclear polarizatiofle Arfdcsustainable protocol for
synthesis of six different shaped iron oxides was developed.

Chemical Biology

1

We reportednovédt wmm® f | uor escent s e nX)olhessenboosraffoddedumta n e s e
50 fold selective enhancement in fluonescemission upon binding to &and could be applied fior
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cellulaletection of M#r using confocal microscopy. We also reported a zebrafish larval model for
manganese induced neuronal deficit, manganism, and showed that exteempb®lme can lead
reversible functional deficits in mechanosensory, motor, and neuromodulatory systems.

Department of Condensed Matter Physics and
Materials Science

Apart from bringing outmultiferroic properties in many members of Haldarehapirfamily,
R:BaNiGs,we brought out t hetnttrraing fmaimité phbdnememmid hotbtedh a &
so commonly known in the field with a complex magnefield and frequency dependence
uncharacteristic of spglasses, thereby revealing complex dynamicspifeh@menon. We also found
characteristic features attributable to another
dielectric phase@x i st enced in this family.

Although the topologically ordered states are protected by time reversal syrayneteye found to

depend on surface termination and degrade with aging due to surface impurities. The Dirac states in a
topological insulator, Big are constituted primarily by the interface states of the surface-smdasg

qguintuple layers insteaf their surface character predicted. We showed that the surface character of the
Dirac states in BBe can be achieved by oxygenation of only tterfinated surface

Quantum Measurement and Control Labottaostudy of quantum coherence ofestgnducting

guantum bits (qubits), we found that by incorporating improved fabrication, shielding and filtering
techniques, the phase coherence time improved from about 1 microsecond to about 30 microseconds
while the best energy relaxation time was @bauicroseconds. This significant improvement allowed

us to implement weak continuous measurements of qubits.

In the past year the semiconductors group has investigated the epitaxial growth, structural and optical
characterization of semipetarented Il -nitride alloys, the growth of dtitride quantum wells on

layered transitiemetal dichalcogenides like Maisl WS and the growth of InAs nanoneedles.

Plasmonic quasicrystals were demonstrated to have designable spectral response that @troadband
omnidirectional. These are suitable to enhance the efficiency of photodetectors including photodetectors.
Carbon (@) ion irradiated GaAs substrates with reduced carrier lifetime showed high efficiencyfor
Continuous Wave (CW) THz radiation emission.

We demonstrated broadband, omnidirectional, antireflection coatings based on reflectionless potentials.
We elucidated a route to smijanization in a model granular system. A key ingredient for achieving
robustness emerged, namely, a continuouslyleaigkative fraction of time the particles spend in two
distinct motional degrees of freedom, rolling and sliding.

We explored physics at the nanometer scale in three projects to understand optoelectronic properties of
2D materials and in another projeettried to understand the details of the factors that determine limits

of InAs nanowire transport.

Department of High Energy Physics

Belle Experiment at K& continued to explore the highality e€ collision data recorded by Belle in

the broad aas of rare decays of B and D mesons, and bottomonium spectroscopy. Onlthe Belle
upgrade project, we have reached an important milestone being successful in producing a number of
mechanical prototypes for the lagef its silicon vertex detector.

Gromdbased TeV Gamma Ray Astr@fmsagvations of astronomical sources like Active Galactic Nuclei
(AGN) and gamma ray pulsars were continued throughout this year with HAGAR telescope system at
Hanle in Ladakh. Analysis of data from Crab nebula, varmmersBincluding Mrk421, Mrk501,
1ES1011+429 as well as mulveband studies for various objects were carried out. There was



substantial progress in development of calibration device for prototype Large Size Telescope (LST) for
Cherenkov Telescope Arr&fQ).

A gravitation experi ment e q ui v-aurrent interactibn wAsmp e r e C
conceived and performed to provide direct evidence for the gravitational action of the distant matter in
the universe on the dynamics of spinning matter.

Experimental results on spinning objects in rotation relative to the universe necessitated a modification
of the Einsteinds equati on-momentum wgresor off tlkel universel at i v
integrated in the equation itself. Spin selectivélectron transport along chiral molecules, with large
energygap (>0.5 eV) was identified to be entirely due to the large gravitomagnetic interaction of the
electron spin with the cosmic matter.

The INO Proje@&ignificant progress was made in all taspethe INO project during the past year.

Master plan of the IICHEP, Maduveasready At the INO Project site, construction of the approach

road from state highway is in progress. Master plan and design of the surfasedadiiiepleted.

Department of Nuclear and Atomic Physics

The Sequential and concerted fragmentation dynamics have been identified unambiguously in case of
highly ionized C@®+ (g=3,4,5) molecules in collisions Wastelectrons and highly charged ions from
ECRIA, measured ing a newly developed recoil ion momentum spectrometer.

An indirect evidence of plasmon excitation is provided. In addition for the first time we demonstrate the
evidence of giant quodrupole plasmon excitation in the electron emission spectrum fom fuller
excited by fast ions.

First direct evidence was found of the catalytic electron induced resonant formatierfrafn CO
condensed formic acid on interaction with low energy electrons. We also demonstrated the functional
group dependent dissociativecteten attachment to thiol group. Molecular dynamics of dissociative
electron attachment to ozone and chlorine dioxide was elucidated.

We studied the ultrafast dynamics of a-smaFdensity layer in an intense femtoseconddasibed

plasma. We madehghresolution measurement of the spatial and temporal evolution of megagauss
magnetic fields created in intense ghdse lasgolasma interactions. We observed the manifestation of
anharmonic resonance in the interaction of intense ultrashort lssgmgtlh microstructured targets.

We also studied dynamical evolution of electron density profiles with reference to ion acceleration and
proton acceleration from nanostructured thin films

Bandedge lasing was obtained in periodiaverage random syste indicating conclusively that
perfectly periodic configurations were realized occasionally. Field correlations in plasmonic
aperiodic/periodic nanohole arrays were studied as a function of disorder.

Department of Theoretical Physics

Cosmology andofsitticle Physics

T

Prospects for looking for missing baryons in the Universe were examined by studying Sunyaev
Zel 6dovich distortion of the cosmic microwave be
massive galactic haloes.

Plausible dark ergy models, parametrized by multiple candidate equations of state, were tested using
the recently published Cosmic Microwave Background data from Planck, together with t#&e WMAP

low-l polarization data, and data from low redshift surveys.

Condensed krasind Statistical Physics

1

Conditions for condensate formation were specified in terms of randomness and interactions, and the
distribution of critical densities was found.



1 A nonequilibrium system of particles sliding down a fluctuating surface wa® shdawbit talgebraic
relaxation to the steady state, much faster than the logarithmic behavior found in other systems which
exhibit strong phase separation.

1 A model of fragmentation of glaciers by branching and merging cracks was solved exactly. New results
were obtained for the classical problem df2hard squares on a square lattice, establishing that it
shows critical exponents of the Ashikafier model.

1 A perturbative renormalization group formalism was developed for driven interacting quantim system

High Energy Physics

1 A complete set of multiparticle correlation observables was presented which providpeoagediti
probe of the physics of flow fluctuations in ultrarelativistic-feagyllisions.

1 Significant enhancement in the capabilititseedCAL detector at INO with the addition of information
on the hadron energy in the detector was demonstrated through simulations.

1 A method was proposed to facilitate the use of lattice quark fields with superior chiral properties for
QCD critical pointnvestigations. The method for evading the fersigmmproblem invented earlier was
extended to compute the equation of state of strongly interacting matter at finite chemical potential and
temperature.

1 From Lattice QCD calculation the mass splittingdset B and B meson was predicted to be about
80° 8 MeV. This result can help in the discovery*ahBson.

1 The Higgs boson signal strengths as measured at the LHC were used to put constraints on a minimal
model with a universal extra dimension. Takiogaccount constraints on the model from stability of
the Higgs vacuum, this led to a new lower bound of 1.3 TeV on the size parameter of the extra
dimension.

T A new framework of electroweak scale supydsymme

was proposed.

Bulk RandalBundrum Models were studied in the context of Electroweak precision observables.

It was shown that vector channel current correlator in fluctdimpation theorem needed to be

modified due to the effective interactiorthi@ model Lagrangians. This proved that the inclusion of

implicit parameter dependences were consistent with the field theoretic point of view.

= =

String Theory and Mathematical Physics

9 It was argued that the usual text book rules of crossing symmetrglitieel inocChern Simons matter
theories because the scattering particles are effectively anyonic and enjoy a duality between bosons and
fermions. The S matrix of the corresponding theories was exactly computed in the t' Hooft large N limit
to all orders irthe coupling constant in several classes of such theories, and the conjectured crossing
properties verified.

1 It was demonstrated that the dynamics of black holes simplifies considerably in the limit in the large D
limit, where D is the number of dimensi@isspacetime in which the black hole lives. It was
demonstrated that the dynamics of black holes in the appropriate limit is completely determined by the
solutions to an auxiliary problem; the motion of a membrane together with a velocity fieldame its sur
The equations of motion of this membrane were determined to leading order, and demonstrated to
reproduce known solutions including rotating black holes and quasinormal modes about static black
holes.

1 An example of a stable Bianchi attractor in dasigeergravity was constructed. A geometric dual for a
large class of entangled quantum states was found.

1 Model independent constraints on the three point function of the scalar field were derived assuming only
that the inflationary background had thmé&tdes of DeSitter space perturbed by a slow role parameter.
The constraints were obtained by first determining Ward Identities in exactly DeSitter backgrounds and
using those to constrain the three point functions in slow role models.



Research Facilities
TIFR Balloon Facility, Hyderabad

TIFR Balloon Facility designed and fabricated a balloon of volume 328282rm t he wor | do&s
manned balloon flight under the Stratospheric Exploration (StratEx) program of Paragon Space
Development Corporatiomucson, USA.

For the first time, three live rats were sent to an altitude of 29.5 km using stratospheric balloon from
TIFR Balloon Facility and recovered safely after a successful mission as part of the In. Genius, Singapore
experiment. The electronics grqrovided effective data down link of the crucial life support system
contributing to the success of the mission. A unigtighdigondola was designed and fabricated in

TIFR Balloon Facility to meet the specific objectives elRhtbexperiment.

Balbon Facility Team participated in two national field campaigns namely Cloud Aerosol Interaction and
Precipitation Enhancement Experiment (CAIPEEX) Biochass Tracer Study in the Himalayan and

Indo Gangetic Plain Region (BHIBn-IGP) for the measurement$ chemical, physical and optical
properties of aerosols along with meteorological parameters.

A significant inteannual spatial heterogeneity and increasing tendency in particulaté®khtter (
concentration has been revealed around the urban envirohidgderabad. The vertical distribution

of ozone mixing ratios in the lower troposphere over Hyderabad and Trivandrum was found to be
strongly influenced by air masses advected from the Indo Gangetic plains and Southeast Asia.

National Facility for High Field NMR

Novel pulse sequences using dual receivers for rapid protein backbone/side chain assignment were
developedvetabolic changes of live C. reinhardtii were followed usiely MMR.

Serum metabonomics for understanding the disease mechaaisnt t§male genital tuberculosis was

carried out.

Centres of TIFR

Homi Bhabha Centre for Science Education

Studies on sockrientific and development issues in science education looked beyond factual and
discipline based knowledge to identify iggzdbbiases in textbooks and patterns of fallacious reasoning

in students.

A MOOC platform was developed and used to deliver a course on digital literacy, in collaboration with
TISS and National Service Scheme volunteers, to over 7000 students rastates fou

All the six students who represented India in the International Junior Science Olympiad won gold
medal s, setting a record in the countryos Ol ympi
the International Olympiads in Physics n@istey, Biology, Mathematics, Astronomy and Junior Science,

28 bagged medals, including 9 gold medals.

HBCSEReviewAn external review of HBCSE was carried out in October, 2014. The review committee
comprised of Prof. N. Sathyamurtiréctor, IISER, My Chair; Jill AdletUpiversity of Witwatersrand
South AfriaSibel ErudurarUgiversity of Limerick, Ijel®aadila R.L. HerorUfiversity of Washington
USA), B. PhondkeexDirector, National Institute of Science Conanthi€éfioSaraswiafRetd. M.S.
University, Baodirior to the external review the HBCSE faculty carried out a detailed internal review,
the outcomes of which were made available to the external review committee.
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National Centre for Biological Sciences, Bangalore

Biobhemistry, Biophysics and BioinfDneratissa strong push to developing strength in this area, with the
installation of an NMR spectroscopy facility. An 800 MHz NMR machine was installed and another 600
MHz machine is being ordered. The group hastbgkly productive in studies on protein folding, ion
channels, bioinformatics, nanotechnology and nucleic acids and function.

Cellular Organisation and Sighhifirgyoup has been highly active in studies of membrane structure and
trafficking, phospoinositide metabolism, cancer, and immune system function. Its outreach efforts
include strengthening hospital linkages, and running the Microscopy Course which is one of the top such
courses in the AsRacific region.

Theory and Modelling of BiSigreaiEhe Theory group has moved into its new quarters sponsored by a
major grant from the Simons Foundation. In collaboration with ICTS the group has established the
Monsoon School on biological matter.

Genetics and Develo@egatal notable studieslude a widely reported study on the master gene
(Doublesex) for regulating wing patterns in butterflies, that is crucial for butterfly mimicry, and another
study on identification of a stem cell population that forms muscles in the fruitfly.

Neurobiodly Major works include a) learning and plasticity in stress, b) on mechanisms for associative
learning, and c) on human adaptation to throwing. The group has initiated the summer school on
Computational Approaches to Memory and Plasticity which bratgdents and faculty from all over

India and internationally.

Major release of neuronal multiscale simulator MOOSE (Multiscale-ODigiettd Simulation
Environment).

Major additions to the facilities include a) commissioning of major common equigtnditilg NMR,

b) 2 clusters each of 1000 cores, one for NGS and another for general supercomputing. C) opening of
new mosquito research facility, and d) Commissioning of petabyte storage array for the computer facility.

National Centre for Radio Astrophsgics, Pune

A 1.69 millisecond pulsar (MSP), J4BBAB, has been discovered using the Giant Metrewave Radio
Telescope (GMRT) at 607 MHz, associated with the Fermi LAT -gaynsoarce 1FGL J1224852,

confirming that this Xay binary system has traasid to an active radio MSP. This is the third system
showing evidence of bagkdforth state switching between radio MSP andriass Xray binary

(LMXB) states.

The new widdand 256600 MHz receiver system of the GMRT has been used to obtainrdetdctio

HI 21cm absorption in four Damped Lyrsah p ha Absor bers (DLAs) at red
number of known DLAs at z ~ 2.

Using the GMRT, diffuse radio emission has been discovered in thenbigarg cluster PLCK
G147.316.6 located at z = 6.6

Interplanetary Scintillation (IPS) observations made with the Ooty Radio Telescope (ORT) at 327 MHz
revealed a steady decline of solar wind speed and density turbulence between cycles 22 and 24, leading tc
consequences on the propagation of coronalejeagions in the inner heliosphere.

A real time software backend for pulsar and IPS observations at the Ooty Radio Telescope, PONDER,
has been developed and commissioned which has been used for studieshojastartiag in pulsars,

single pulse st and pulsar timing.

The measured scatter broadening-sicaées for 124 pulsars at 327 MHz using the upgraded ORT, has

led to the conclusion that the ionized interstellar medium upto 3 kpc is consistent with Kolmogorov
spectrum, while it deviates sigatiitly beyond this distance.
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International Centre for Theoretical Sciences, Bangalore

We computed the Riemannian metric in the space of gravitational waveforms describing the inspiral,
merger and ringdown of binary black holes, and implemented hRid IG® Algorithms Library. We

also made a comprehensive study of the effect of-brgleermodes of gravitatiowvehve signals in the
detection and parameter estimation of binary black holes.

The two main contributions of the research in the data assiméind dynamical systems group are a)
application of statistical methods like particle filtering irdimgnsional, complex dynamical systems,

and b) a detailed mathematical understanding of asymptotic properties of Kalman filtering techniques.
We addessed the question of time of arrival in quantum mechanics in the context of repeated
measurements. We showed that theundary time evolution of the wavefunction subjected to
repeated measurements can be described by an effectiiermitian Hamiltoian and this enables

one to obtain some explicit analytic results.

We studied pattern formation in active thin films and showed that spontaneous pulsatory patterns
emerge in a two component active fluid when thdifasting species up regulates theestress and

the slowdiffusing species dowagulates the active stress.

We worked out the time dependent solution in string theowadnds issues related to holographic
thermalization

We exhibited the-®atrix for 2body scattering in Che8imonsmatter theories in 2+1 dims. It has

novel properties due to the presence of anyons and exhibits a duality between fermions and bosons.

TIFR Centre for Interdisciplinary Sciences, Hyderabad

An outstanding problem in quantum measurements has been velpethierd weak measurements can
determine an unknown state. We solved this problem and the answer is negative.

We examined the biophysical characteristics of theAhpoteractions, an important event in the

pat hol ogy of Al zhei mished the kdocheneistrys labh at WHS fa Ipotein e st ¢
expression, purification and characterization using fluorescence based assays.

Particulate flolvis commonly believed that particles in a vortical flow leave regions of high vorticity and
cluster in regns of high strain. We showed that particles in a moving frame can cluster within closed
streamlines. This could have implications a range of particulate flow, including for how cloud droplets
aggregate in a cloud.

We developed newdimensioanl architectufor electrodes using atomically thin graphene nanoribbons,

and established that the new geometry has an enormous advantage over conventional electrode designs in
energy technologies and catalysis.

We developed a transparent polymer paint containingdted graphene oxide nanosheet fillers, and

using a simple spray painting technique, we established that the coatings have a water contact angle
~174, the highest ever reported contact angle. A detailed study has been conducted for understanding
the efect of fluorine in graphene matrix in minimizing its surface energy.

Using a Combination of NMR spectroscopy and Molecular Dynamics simulations we have shown that
the free energy barrier for T4 lysozyme to interconvert between its major and mirooshateRT.

To the best of our knowledge this is the first report of a near barrierless transition between two compact
conformations of a protein molecule.
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School of Technology and Computer Science

Research work was pursued in the areas of compereesas well as systems science. This year, the
school also hosted a major international conference in the area of Programming Langu@e4 called

2015 This is the first time that a POPL conference has come to India (Asia) in last 42 years of its
exisence.

New information theoretic methods for secure computation were investigated. New impossibility results
for the capacity of broadcast channels with feedback.

One shot inner bound was obtained for a broadcast channel with classical input and wtpabtum o
mat ching Martonds inner bound without common me
characterization for sending classical information over a quantum wiretap channel in terms of smooth
Renyi entropies was also obtained.

The PolyansiVerdu paradigm was inverted and applied to LOCC (local operations and classical
communication) maps. This method was then applied to yield a strong converse for the quantum state
merging protocol.

Work was carried out on pairwise spanners and algdothmaintaining nearfyopular matchings in

graphs that change with time and for determining if popular matchings exist in instances where ties are
allowed in preferences.

In the area oEommunication complexityvéheargked on muiparty communi¢@sn complexity lower

bounds that argensitive to the topology of the underlying network. The first tight lower bounds for the
tribes function for the star topology were established.

In the area ofogics and autanaat@vel technique of temporal pridjers was used to show that several
extensions of MTL[U] with counting modalities have decidable satisfiability. Expressive power MTL with
such counting modalities was analyzed using EF games. Tools were developed for formal modelling and
analysis of het@genous requirements.

Exploring use oformal methods in computationanbibdbghecking techniques were applied to gene
regulatory networks. An analysis method was deve
and it was used to improverformance of simulations.

Investigatingnathematical foundations of complex chemuainectiaionsvere shown between the
Lyapunov function of masstion kinetics, and the stationary distribution of the chemical master
equation.

In the area ofinancial mathematics and applied ,predsdnitity was conducted in discrete stochastic
optimization and in financial portfolio risk measurement using techniques exploiting evolving multi
armed bandit methodologies. There was also work on dyndiaidagsasystems where we developed

exact simulation methods and conducted large deviations analysis of the system stationary probabilities.
Development work ocomputing technology for Indian veasgasmpepursued where members played
prominent rad in developing speech corpus for Marathi.



