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Tfafafy sk Sysrfeuat : g & fhameey
(3w 2018 - REa2019)

ATET SEAISIE 3l A Thiore Sgifas® sfiT TR 37 Soll, TR ST S9i=q 73T difaeht &
HTT-ETT TR S & § ATl a1 AT | AT 3T 8| Qe g ag Aol §
o T T 2 ST arfe® ®9 ¥ 9% 94g a9 & (1) S Fifdar i TEmEtas @ 919, (2)
TTHTI], IF AT, TLHT] ¥ wATSHT Hifaeht 7398, (3) Frgia siw sgqie fBse awqg, (4) =@ 9ard siw
qa ATl THg| He § UF JHAT(AF AT oiiT Sar1e TART (SIRD) AT g STr foreqor sfw wfreror,
YT T HTaH FIAFHT, TETHTAT, A= FIAFHL S TT. TH, UA. TIGT ATHAGET Al T rert
T WA ST qHiead F2dT gl

FRTET (84) HH HEEAT, T (35) Ti¥e- THUSH! FIAT AT TFH AT Uxg (115) AEI 37
TeeeiFedd Ag qihd &7 F T, frequ sfiw gfereor Frdaat § &1 g 8| = dAafy § deama &
qE (13) AT THITHUSH ¥ THhc 19 (31) WSHETSA T BT 7 Tevfera o = 2|

T THEI o ATT-AT UHASTE! [Saisd il AT ieal ¢ Meferiad 9 § STH1er STt T347 8:

TG AqEUTT T AATHAT
1. Stg WA R TaEE e a9g
ATATTRISTFT U i HIS6 9948 | A8 ATIH e dq: T g1 39 99z & @ a&di

H ¥ UF g SOAl T HaT T THS F AR g1 & o0 7 Al e ATy F7 w1er a9
qEHd | & % €9 § Ao+ (AD, HD, Prion TRT), A@AMATEE (DCM), SHEES

3IY FET (FLHHAT, TNBC, HBC) FT &9 # ¥@d g, Ua ag-SaATHI, FHld TehiH g0

U HEEAT 7 AT ST T ! THAT 6 (o0 SHA-TATaL0T STSLFAT o T il T FlA H] AT

TET gl FHT ATHATT TRATSHTAT FT UF ST ATIH AT qTMHA g, Aol Flee FTUFeEn ]
ST TS I THIONT HT ITTNT Fileh SATeeA TEATHN i I<ToTd (2T il qHA, [T aTAl
(NSAIDs) & o 90 &3 @ISHT, TEAT] @A &eE, dRArntaedr, T wEedt e oo
fErapoor # fafsrsr e |, oEwmmefie Aqreaaist i ST=me 39 ATt AOaan & oTeed &
T, 9, SO0 % d&icq® |dl, eid TIFHel 3T T, a1 qTicha SIeHel Y
TArTeheoT q2eaam & ST THEaTeil il FAATAT

SHTL oTg &7 U THE & UH-¥ hecoUThl &7 STANT Fideh A0 &< 9% IEd &
FATS o O Dl I FLAT gl Th(LATIEH RITARTA § T STUAT TTAFIT ST HA Foh IT
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AT AT RRT 7 g THw M @ g & sregAe Ty Star g1 vdetaetReer gt
& O, FAT T FATIT FFgeAe (e v AEaaithicd ®IT & SIS
AT o T 6T ST 81 gAe FEreett TEE, e &7 7 Mg2 + A 99l &l G FA &
T "Trgdl-Eesie THIA" T ARAdTIa® [ erd (haT gl TURHIT 6 ERT0] Stia (s &T
o= o T 8T T

ZHTL STHETT TRATSIATAT T Tah ST ATIF AT ATHA §, Aogl FIEe TIFLERIT 3T TFHdd
AT THSRT T ITANT Fi¥eh STl TeaTeit T Sutord Rt it a0y, [T ga1si (NSAIDs) &
T 9T 1 @reET, TR A A, SRAeR S, W R o ou fEgwer 7 Gt
&, fammefie AqreamTeist i I I ATHUT SATIARN & TEHET [T, T2, FHoll
(T FTAT, IS TIFEIHEl 3T TELFIA, AT qTieahel SITAHST ST AT qeear & =T
THEATAT Al FAATT

SHTL g &7 U THE & UA-¥ heeaUThl &1 STANT Fideh A0 &< 9% TEd @
FATS o Tl ITNL FHLAT gl ThLATTCH RILAHRTA H Heldh STUAT FTahid 3T T oo T
AT ATSHTET a7 g7 Tk (07 &7 TS | T2qA9 TR AT STaT g1 U aa (aaer AT
T ST, T 3T qATd FFgeaad RISwTed oY ATeddlthied HIT & TIETHT
TATIA & AT T ST 5| gH Breedt Teid, e &7 7 Mg2 + 33 A=l &l F Fid &
o "Tefi-fResie THI" T ahAarqas® [Adea haT g1 FUHHIT & TR Stia &= &7
IEEEERIR IR D]

o O

AoSTEHT T (AD) 3T 2129 2 TEfadrs (T2D) g
IIAre o AT IR0 &0 1T Fd 81 37 FASrSus
| Tyrear # e et e @ qus & forw, RTKs
| #r af¥fafr Rafy Freewmén AD siv T2D Fawt # @i
#T T g1 ZATEIEA TAT (THAST) o TRSAT § -1 T
SHE sfiT ATSHIMUAT & qiafdd dAf9eaie &Y &0
SO FohaT 3T 81 Ee SUAT SIHA T dETee
T T ITANT X g4, TAST AISH A*aeh § 12 @ ncRNAs (IncRNA) & &< &
TEaEl, AR & o § 7199 R 21d 8, 39 U 2|

ESCRT YIEIH Ha=ATIl ®T 6l 989, Hele X Rae § 738 Fed gl e ie<ied
T o SUEHTAE T g (e sy o7 steaer R o </ €, e uar =erar
g & = ee g saa: e ® g gt gl 'y gt e IR O,
ATSHEHA [OoraaT FH=07 Fef T IrfiT qet § § UF &« § IALAT gl STl
AT T & | F) 0 T HA1212T & Tohed § oA gMT | & 13w gl
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o] >oeore [2rc [ecre] | Dilated Cardiomyopathy (DCM), T# ¥#TX &t faertaa #
T T 1 o I{éﬂ7r%YQWTUFgTﬁ'aFﬁTfafﬁﬂ'HQHT?ﬁféﬁ%Ffﬁ}ﬁTdTff%TYFF,E?FT
oy | 1 FARE A AR ¥ o T R A
Pras— Puwoi " Pr gl 9% A- v fiY i i it § 34 qew g 8,
004 DCM # &0 &fde % Tashie T=ma gr arfeeha = s
fosfa o Scafads grar g1 a9t =Eet 7 fases ATy §3=d s
o=t 7 w=9i= o, ST g9Tfad &9 & XA S | 90 FH ST
2ol < AT g, e TE9TEr $fi¥ oA ATiE g 2l
T oAt o SRt % o v gt T &1 F T
e wrta F oo sfas &7 & ferarfes Rt f gg=m= i T8
TATSTA, SF-S01a =FATI=T 7 FAoor Te7 sfier =T i g/ a9 v anr
FE 6 70 T STerTsTaah I 6 & § IWIT g1 HILIC T Rad-sT (RP)
FIHSUTHRN T ITANT FIA gU SAFEANT SAAHL HIH TUFSHLT (ESI-MS) F AT AT T 3T
HEH (AT SAT) & A FA009T TRV & 0 UF F@q-3e-a0 TerEid, SO &
FATTAAT T TgATH AT AT g1 AT AT
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FET UiiSH e §, g Tai9q Bham = g % F7 UBR7 stfsraatth fouer-aetfes =a9 o< ofiT Hewefe®

SI[AY & 9T 9993 gl Tg T eq7iuq Bham a7 fF UBR7 T# f@¥™ H2B monoubiquitin ligase &
ST S[ATSIH e 3T HeTee{e & &7 a7 &l T8 A1 @ @ g & TCF19 PHD [T=T | wiaaad
Tfwaror gerrae % foro ue stfgdter yrafferar 21 TCF19 Ferarfers st  #2 svxr wideres fFamet %
AT AT & Sehy S qama s Frferr srfeqer § wgeagl qfie § &fiv =8 T20M T & =
&9 H SIET @7 2

AUAT § FAAFA GG AL o AT ST TN qr I FEIEeo eI, TIaAA [A198 S-2uAT
TEFI T TEATY] ATHE F TRT Aty v F omssht S STUwd-2T oY uwSt R i 3wt
Feh TR AT AT B

Tt areist o= ®, 9eeq ag ot e #d g & S gfhe &7 1 v w-forde siie g s=mar

Three color SFRET -Anisotropy Instrumental Set up STTAT &, ST U S-ITHaa & Hied F AT

e M FLAT F| TH TG H ST (o Tle-2q

oo | 3 Sy vt st fra 70 v -
gl s # aforme grar g1 FR-faree fhw o ofie &

T fFrarfes-sia-afie £ 7g gl e g1

B cotarizerp) | TRICTR STSTE ISTHT TUFSIERIGT (ALEX) 3T Tehet

@ 2/2Plate

_________ Microscope ~ Beam S

3T FRET-Anisotropy T [a&TH &l¥ U& 96T § TH
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Emission part AL= Achromaticlens
DM = Dichroic mirror
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T At AT & forw enfua G ST =T 810 S=ar st Tiaaite g garsi 37 o= argar
TSiel o [olT S8 9% T U TIAae 3 R0 STTeieh Hoh[HIeraded sl (et Rawar il 290ar g1 SH!
STANT F2 SATeeh =1 § ST qg & oo [Far § o 0 TIRT T FhT SIT JhaT 2l

Fial AR (AgNPs) % a1 |2e«=a (5-HT) &t ara=id &7 99744 & o uam-3
FIEToFE I TUFalehl U (XPS) Tohe 1o o HTEAH T FTEARTE SHoll {17 F q1-a71 Roe-vrg
AT FHI-SEE YAl A7 T T oo AqreiEatadt o e Eer & geam |,
HAMHTEA SIEEHIET 9 S9MR00 & T97d 98 UH g0 fGawfad & & fow qgemay s

AT o AT ATAATT LTI ATAITF g

{ (/ - =30

|'|I'-|~|I

l-**l.

[ L
Increaseng Tk

. g9 AR (Lx) ®
o U e e A B
gars g, o1 &t
o ATeaAlSadied & 91
* l AfFTFT T T H&tdq
l l 1 UF T %, S W
T % fow e ¥
fRafaat 1 Toe FXAT 81 1 TH TAUHSA 3T THRETATSATT 319 €T | fa@rd g o veruey
&1 di-zereia aqg e Ry s9e B-aweett # ga«T # y-CD 3T HPyCD ¥ g4 93 %
ATT AT [Tl § TAT FAT gl AT TEahi(eieh TIHE o FAATHE AT HIAL AT TAqT AT
forw 3 & Mee AFTFATaY & foheeet IIOT T ST Tk Hged o qromH 9 fFu 8; &9
FTET AT FT AN Lk g TATAT &1 F UF 447 9dg adsorbed TErered UEHAT TaT *
fera-yermasw w1 R #T 9%d €; 3T T® A Pt-99gl & THAH § IRa 2-
TRTEE-Z-THTEe srortee Faf=nT & §9R7 F7 997 TR

? ?
I'uhr vl
”W"“ f N ppolar i Mnl

Emisalva

»

= ¥ ¥ F 3 2 2

Rate Canstant (k. 10° ema')

fIeer F= 29t ®, FEiE URE (H2CO03) AV, aTEeAT i qaiaeeiiT ag i1 UF
AT IS, @ o diea Ao sreens a9zt &7 5T @1 51 89 & & & s
HTd, 2T F FIIHEA 3T W Aigd 9Tl sareed § H2CO3 31 F ATSHTHLTEso, gre
ST STTeAaT & aT | "gca Ul darai &1 stard orHT ot 3w S it sraeThar 21 I8 I@d gU
o w17 § H2CO3 [ T 94T =T UF Hgeaqur 9rer owT 8, g9+ g1t &f § '"riaq
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ATLHSA T T o FIAHH TIHE ASHHLSSAT ST T THTIA G 9T TFH1er STAT
g, BTeAith g8 ol ot 7rg aar =T § o T g/ gt o ATguE S | 9 ST oy % TATT
e T T € |

Tl AT AT Ha<ad H STHided ASATHAT & AT ARST % 91¥ | FqrdT 47 2
IS TN o LESATIHT AT S+ (SEMEAT) F IcATET o o0 AT AT § 3g 3T I2H1
qaTel § AT g, ST Fdes o A& & AT THTAT AT T a7 @7 37 g1 TATHH-

ST aEds o el faffoa #aacy @ | 3T AedeiEEs  a-SdEsiE
TATTHAH TRATAZHETT F TRHATU RO 9T T8l TANTeH 22T TaT9 3Tl 209Bi (p, 2n)
3T 209Bi (p, (), natW (p, xn) TTATHAT S TeiT IR THTI TTATHATAT o FIe TFAT T
G LA AT Fg ALAIAT T eI A7 =M UA| FAO F As-tolerant endophytic
consortium & ITIRT Fah As-detoxification & Teaa= 7 fHHT T &Tq detoxification
& ToTT IUh TSt o |T-HT 4Tl & 939 o Hgcd ®f €79 a1l GSI Darmstadt #

I & ¥ g At TASCA &1 S9N 50Ti + 249Cf sfaferar g saarfad Arfae
& AHEATIAE [Sd20T &7 TeTAT H o (o0 AT TAT AT| AL AT dedl HaHeaq (Cn, Z =
112), FRga=w (Nh, Z = 113), &i¥ ®Ri&agd (Fl, Z = 114) % A=T-Tamaiaes o 6t
et & oo ofF == gl &1 ST T @ o, S & He, T1 % e A= a9 i &7
SYANT FX Tg Al , FAM: Pbl Adg FaLsT AT (Au 3T Si0O2) & a1 190Hg, 19171 3f¥
192Pb &l IZFIT BRAT 9Tk FT AATCHE AeqId 39 9T 99EH Cn, Nh, T Fl it
A ATRICT SHATAT o AT FA TATIOT Hld o [o7T AT TAT AT| TTHRIAh HTaT & Tdel AT Tl
T I FHAT &Ll ATl 12C TSFEEA & (o0 AU 28 ia¥ +4eiq 3usf (DDNY) &r
Agifas Atee & g § fAguor fGrar = 81 SfEw &= § o, &, A7, 49, aredtr, v, Cu,
Tg, I, Mg, Se, Fe, Zn, Hg, Ba, Cr, &< &l igqr & F&i20r Fd & 0 NAA &7
FIAANT; T FE<, TAT FHT, FIALFeT Ha¥, TATAFAAT ST AT 4T F [Fd & Tt
&t ATer AT i qHTer i TS 3

VCEAL 3 == afvae it el 5=t ¥ "redw ; ‘gehee

" IPTG 25,M \ H-q-shuadt - arfeed o 9T ST ¥ UE F
®© o o Y

qEwr Jae F fm SEr ST 8 $fiT cou SR
'5GPGPG, FE TS F T Felda 3T fashTe e F |1r
oy, a9 =@  WeadM  BER-A-URLT h
TEgEEles 9 & yedw Grr g1 fR{fan e

IPTG 50,M \ ‘ T s HafEe ”(@?{ (VcPSR) & He==T fRrerieor -
. ? 7 o 4 U atypical TFRITIA TRET TS ATSheH Tod |
u ® V4 TN ST F I ¥ H-a-SaadT e i
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FOTAT 21 AT 89T F T ATZATT BIERL-aTZ8 Biehe (FEdT) it 6T, INTF q12e 6 AHI

afgdtT aag =T ST g 7 Y=o Fdt g, St ST Iu=am garsh v RS ¥ o
TFaT ST &1 81 TF Rho ST TTaerae SHTE Farer FIAaTAT YaeO i HL=AT 4T Rho & AT THH
S T g sreaad, T FHTE 37 Hferehr §, 38 e F d5ad dqge I w3 g

TH AATAT, AT FAHA K F FATId Fee & Pycnodysostosis (TF g fGF1Y)  freeer F3==T &l
FATCH TRATH 1 AT siage fQ@rd gu ge o6 1 & ST TR 1 furfa &t S0 3471 31 U o7
T H, AT IAT F UF (orecfed wde & RSrea & 9ofar & F91faq a7 d&7, wew o 2 &
AT T2 o ForT a=TaT 747 2

g & &, F - T SIUAT AT TIEiT T RITAHTA | TTAahid Sl THRAT § a1 g ofiT Uh
e =k AT ATE T O g0 9 REE| 7 @ 0 g T # F A 9@ gatgd w1 A
AaTer® TS THH Ku70 HaZAe & TTaadi BIehEATwI ST qaaATd e 97 A7 81 Aoy
Tg-FATHE 7 TSI Fl ATTHA FA ATl TIAHId QAT 6 FATHE G 6 q H AT SAHAHT T

FT §, I SAAEF Rawar F By agat 2)

wErefasAtaae ARt f1 v e, SeH 7 g i ag=e age warrener § £ 78 off, Arordfaaer
TN, T THTReeH 3 UfafRemien & faerd Sti=r & et 81 =97 & gfie siv afefofatm v
Mg Udtaerdfaae wfafafer & arer gg=mr T3 oam uF 99 Ated 9 AT fi v tHsa T
TATARTICAT T T FoRAT AT AT ST AT o A HHATee & ers gar v Trafater s 7w wwar
gl ATSFANRAT & FIegHiia® T &l e F BT FT fif T0ET T &7 T2 § 3T aaa9 T +
TUFSIER T T 1] 3T TF-¥ FReed Tl & 2 AR &7 ST 99 S §eaqrds &9 F
Ferfoush 1 T f=FeraT ¥ forg B ST =T 2

Tg T a1 4T g T e fafater it avg a0 Tef9d FTar g oY o gaeded I
SHNAITE % o aaaar fR@rar g1 TUFT & BIERTATIES aTaie T T AIa_ HFer &
= TF TAAINAr HINE 81 gANAlaa-ared T(aed &l gehde Hl HH Hed 6l Juredfad #
LTSSl AT TS T F@T o {70 91T 9T 8, 3T 7 ThT, GrHFATTE S e & aLH
SIS ULIFEATEE &l AT 4 | HEq 0o TFdl gl TIFRA hf A= qienr o o= g
T, SIE T I sfiT Arserhig-+t aF %l g &l

Aggregating
Hb o0 protein

w 00 + ABTs,f .
... reducing . Aggregation
[ ] substrate Fibrilar
Peroxide > (Clearance ' ‘ aggregates

... (insulin)  _pomeeseeem Protection .
H --Sm— _— Dispersed
+ Spectrin
- —>
g e ——
© Phosphorylation;
.E Increased clearance/ crowder/BSA
[} better enzyme .
g l Glycation; Less
) Membrane/ _less o dispersed
Lipid peroxidation > Pr Moeffect hemoglobin  protaction
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RBreett T it §vaaTas Aiaefierar it fFewar o Teqaw g & § gF AT T gl
gTAtteh, fRreett e & for /e S\ e #7 30% Y Iqese TaT13f & ~ 60% AT
BreetT I1E, BT o TRAdTll & STaS[E, TLHTI &Y 92 F2eat Sl &l Seadrede Hei,
G A=A, T 9[fg TITETT i F 0T FThT AT 0T 2 =t avg o araer far 3 <t
oreeet aAT i 7 GFAaT 33| 39 HaH §, HA ATge-Haied e & STTNT FTh JeqT1

& o ARTa-TaTET Tl | RBrect T, [T €7 % Mg2 + 3T Al &l G FL & o
"Zrgi-fesie WA T FRadrg@s® Asea 6T g, ST S3a-rs T Traefier Seer
TR FA & (o0 UF Srfrermet SrEir gl Heet TéT & &3 & o i g1 sqade
T A ==t & FiRgor AT G5 i awerT 9 Fwied g, v 7g oft, fdw aefomm
=TAL Tl T MY FleasT-1eg TTATH It § ferfe-fa«de afem

2. YTHTY, g FHoll, TIHTIL T TATHT Hifaht T

U Aeqa o &7 § T4g- 11 F7 AqHd Ba: Hal 357 H oo 3T TATSHT AITaahl F OF
BT qHT] St e & et aoft & Ty ofe sty et & a2 g #remee & 54
AT T2 Ig S AITdahT H ZIAT | THg il TG T T tafa=i | aufiehd (oha1 ST dehdl
g

U, Ao T & wreT ¥ - T HE AT #° eI

ofY. FTEH THTIIEhT S TIATI] T eh il

HT. FLAATHS TN, HIAATHT GUT 31T Ik AT T T HTAT
&, @ AT AT At

<. AIfaet TeV ST T80T 12

. e, S ofiT ATt Gee 99 fRewel & ST uanT

THh AATAT, TG o ITH &I AR AT o6 HHII 0l SFIERT §,
ERERIEEREL

STY. FrEgT § TR IEAT9] @9 sifaent (FRENA)

T, ST Hq &= samrerar (JUSL)

T &= § TOeger U A1 § At el 9% Jahter STt 147 2

. R TR & T § USSR g T e

TATEYT § qE ST ATRATATSH F e # Wifas Jhharst &t gwe & forw - geard
TTERAT aret &1 = Y THeror whRaTstt v sremA, S g died b FeArsi uT Uw
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HEAQUT T STAAT &, ATTLAqTaTar 3 ST T Jecd THTET il SUTEATd | TolaFe i TATSHT
AT | eI AT STaT g ATIerararal THTAl i et I SST ATEAT & YaTg § Soagid
EAME® THT T AT TAEIA-THA-Fwd A€ & IodT e Fawar § = & [t gl

TLMTET T@TT THIHLO NHET Agd & AT TAFE(T edidd aul f s@d aradid &l
TLAAT FXA & [0 ca gl FF AT AT |, TG THIHLT AT AAATS AL AL
THIHTUT [ FH FLAT § ST Uah aAq G o 9T T e[ GHremT Taie7d FHar gl

HThIT & ATSAT F T 6 Ha9 # FAHT ST 2 qaenid &=l i [@&rs ey
e fareraaret T sTeq== AT STar g RS SEasi ST SANTTET S eat |, ahid
& Ul 3T IF Tl SogHT THIHIUI o AT G dATL (ohU SITd &1 S (Haareas® &=t &r
HIhIT & @0 AT AT &F1 6l dig ALITh Thid H T2oq Fedl gl RrmEe
STAATHFT & qqT Far 2 5 feg Azt g Jaiehd qr, que e qa-Regf@e on v
T TR SITAT € 3T e ATed 9907 Siafeer & faf9e Aiaars Iy s fererodra
q S[ET gIaT gl FTF LT Faehid &= & AT Faares &= g e & Areqi & i
AT | qHEAT FI SN FLA gl Fs qaAT |, Fahrg &A1 & fawm &1 afig w0
THIHLOT GIRT A0 TohAT AT gl 0 T8 & THIHT 6 Fwg AHTEE! &l T=8) dig o A1
HITCTETT THTLTAT & AATAT AT THTd T T FA & (10 @A T47T 2

TR Afatadt MaPLE (§32TE5e WT9AT L@ TINT) 3 q8L o< YA (DLX)

SYFLUT H HT ST W@l g1 MaPLE Rarew & vs Fata e am@a § T@n lix
SATEATATSAT T LTI Tl o [oIT (ST TohaT AT 81 TH STHLIT | TgAT d1 Sl eaieah

TGN T TETE @7 AT 971 gitas Fgoor 7 Rfarey § @ J are’ 537 agdl sl
TSI T SUEATa § =9 e & feaw g &t aiesgaroft it g1 DLX fRare &1 of<e &

IgAT A & [o1T RF TEHAT &7 TF 94T faame anfee &3 & forg sera o @ am o amig
ST A Tt ¥ gl ITH 3¢ gl T agrd JI€ il Feradqrsit & gearad &mar
SR

oft. Fiew FHfAHT T TTATY FFrERrdt

TR w7 ¥ IRT yrafdar (SrEd), sy (), S sy - <A (Th) *
= TF TA-THR AT oAt A s

29 AN €Y F ST FFiTah T F AT TqLUT TA-TRE TOTAT T 72799 741 8, e

2T 2 F A9 S| 6 97T UF §¢ [HEeH T § 85 ALET FT HHAU 2raT gl g EIT,
EIA 3T AT &I Fad 97 T &l Mgl & T & e 92 Fqria wed gu <@r 2|
A F ST ST SAET F TE F UREdT FT AT AT T oM

[{=d- OSA Continuum, 2, 994 — 1010 (2019)]
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Rb-D1 3R D2 Hel F T A-TR FIRERaT § soriaes &7 & IRT wefiar
T FATHTOr AT

Tg TAT AT o ToIT o AT-STHTT AT TOTTAT T FEITT THTS ST S o A R0 o (G| &

AT &l FE TATIAT AT &, A T GATHLT TIaalendl Jesd a9 ga 795 3
780 THAUH T I&F & & oIS EATAl Hl FHHAA: TATRIT GATFd Aofgd 97 S T Iah
AT FHHSIL ST A7 (70 ITANT /AT AT FHL F TIATT T STl & § A H0 &
T 3 Treere Y =TeAT F 1 degae

[f=sT: J. Physics B: At. Mol. Opt. Phys., 51, 175502 (2018)]

. TEATHS AN, GCAATHS QU 3T I AT T GO0 AT
AR T fer & =<or gk

ZrPd, HfPd 3i¥ TiNi § =007 Ufadd &7 Teq99 9 F01T dgaa4 (PAC) TIFERUT FT

T T 81 o=l &, S o FgEE § T S0 U Feqadl 9407 & qr7 FAL &
ATIHT o 99 91T 4T AT 3T 57 e gl foge R e 0 9ot § 9294 @,
STafs ZrPd T HfPd ®, STh 9adHdl & 9gd w9 arqq (~ 373 K) § 9737 747 2l

T8 (~ 800 K) = fATE Fee ATttt oA

Hf2Co7 & ®QAafesw i @er %

Hf2Co7 ¥ HIuHT 71T =0 Seaieifors frs arq § worastesw &1 Adter s % forw arowme
¥ 77-973 K ¥ a1 7 €1 a9 977 &, Hf2C07 # woraafesy it srqufufa v i
FLA AT SULH ATIHTT 35 | el o e o &1 @ ara4id dgl a@l S gl
FAgT TfRomET § gger F qrorEt F ary Ahrar § gt #9 A ard SOaaieTH® ~
390 K = FT ATIHTA o T I7AT IT3T 27|

AT 90T 9 HO2 W

9[E UAUERA 2 §, eI &7 F I 21 / HT T e <07 @7 97 AT ST T o aTTHr
Y TaTa | 9 o TAUERAT 2 F AtATrRasht it e R aEt 81 oy s rendt g
FAHT ALAIAAT H, [F T TATEHAT 2 F ACATFaah FL0 hl ITEATT 3T FHAL F e
U SET ST Tk UAUERST 2 § gt a¢ <@l 9T 8, A7 af 97 qa¥ AT €9 F FH137
ST ATAT UeTaaAt= 920 TF 5% et doped #w HfO2 TH WX FHL % arqyqT_ U<
FITo (e HANT | UH G9TTad I RT &7 HTaT gl
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SF GLAATHT QYT ST Hq3H ATAT @A T ST FLA & (T A€ EE ST FEMS A0
QU & qiforeie & faamer $1 sreag:

2018-19 # T UHk Iec@ 1T @Il T4oT HI=d Tieiigeed A TeRIH X Hea T | e
H{FT ATAT o I T AGATRT AT, ST 6 FRET TEEze CaC33-xTid-xFe2x012 (x =
0.0 - 0.7) & weamI= & 2O Il fAATeer dohiger 3T 21T 5eaT qfade & "orrfaa
FAT 81 TF Y fae=er #19 wEfod e @Y T 9« (Muaee a9te) F
Terde, T aiferme Sead it ST % e Hfad o, S 976 7 § w6 e e gs d
e | qg-HEaY UF & A1 qT FAHT TR0 6 919 ATTFH FAT Zexqa9r i 2 Fzar

S| TS 7 FEaTer st oft e SIS T AArEErore 9% R o S o
FLOT TS ST F1E o A IheeATse GIel | q<h AT MU 6 Hged Hl L@ifhd a1 7|

. T AT I Wit

I T 3T AT v AT FT STTRT FT Ty Aremied Ffraae e
(ST~ AT TYFSERGT A RUF Teqaq) § qAheAqrqas AqA1 TArareas &l St

TU E T 7 el I T8l & AN F TTH AR A7 (G800 F 72 3
2018-19 F I T TT Fg TTATATE TIRI & A1 greeATee AT T47 2

IUAC & INGA % |T T SFEhidt: 140E ATI9 $T 799

ST ed TIHTY T o IT-TIHHeHE ATSH S[H J1T & (o0, TH Pb A9 T 112Cd T&T FT

TEGATT 145 MeV 328 =0 &7 ITTNT F4h qatel 9Tt 140Eu ATI9E &1 TS Fed F
forw o s 81 27 T fRrgpor wrf 9w 2

VECC 9% @i fafwar sreaasr

VECC & FHL & dqIIHTE A" § 150
"% 97 20Ne + 12C JAfAT 7 ITART FH
160 F 6.92 #F T[T &l ANC FT o
TEATALI A FeTeon TAETeRT 2d F0FeT Fi
I ARG | R@ =T TAT g ST TaoRar § 3T
B Aol AT ZhSl &l Tg =T fa@rar gl
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Has F Yargi foew SR § For It ST i sreaaw

14 FAE< ReFed (Fig.1) & 919 8 Csl (T) ReFl T ITANT FT FHO-1 FANT TIART 64Ni
(9Be, any) TAHAT & T Geagmteg giaem (PLF), §as & 33T @7 g1 TF 30 MeV 9Be
A T ITIT FRAT AT AT W F AT JAAT H TIRICHF T e TR g faaer afee
T TFTH 22T (ATA 319 @) Fig.2 H fG@MT TAT g1 2T T dgd 3= T I f=6am
ST 2l

o expt *zZn(n,y)*°zn
- —--FG a(S,)=8.4(lower limit) |7
10" F - ~--FG a(8,)=8.71(upper limit)| 3
: ——FG a8 )=8.625 3
Gorioly

10° |

0.01 0.1 1 10

E, (MeV)
Fig.1 Experimental setup at PLF, Fig.2 68Zn(n,y) capture cross
Mumbai. section.
%. TeV ISt dqm 91 sifasht
i. ufew aganT

SAHA-CMS & #f wiafatest & qer s = [Ru T g

MANAS =7 F ALICE 9% 2007 -18 & 12 &7 &1 H% siq¥erd 927 f#6am 7g =
O FFRH e 3T RSt & ™0 he-ue = of f=erse s9«t & o 9er 1.4
e ==t ot o g BT o ST g2 AT Afaanier A1 A A1 & T felotelt ahf
AT # a9 T71 31F T, T8 9 § THATT a2 THH 9 TATANT TUHSASHT IATE &

5.02 TeV WX Pb-Pb 2T #T 39-13d A4, 8.16 TeV WX p-Pb 22T 3 5.02
TeV 9T p-p ST A1 AW ATl FT Aqcd AT i TRoma QM-2018 # J&qq U
Tl Jpsi & 0 fT0er ¥ TXHT Heed FE Tgel a7 Mgig AT @ gl
oo = 1 # femmar @ gl
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RAA

14 | I | I 1 1 | 1 I 1 | I 1 I | I 1 1 | 1 I 1 | 1 1 I ‘ 1 1 1
[ Pb-Pb {8y, = 5.02 TeV, Inclusive Jiy — pty @ O<pp<2Gevic
1.2 Cent0-20% $ 2py<aGevic
- L ] 4<pT-:SGeWc
r 9 E<p1<TZGEVFC
1 H rrrrrr e
08| [+] R
Sy C|
0.6
E R
C fol (el
04 T3] 3]
B . -
C 23]
- b HH
02|
0 C | | | | | | |

26 2.8 3 3.2 34 3.6 3.8 4

Fig.1 Fig. 2

SINP &% 2019-20 ¥ TAUHHT § & A gls dleedl 3T TS AT & T e
2| ffda¥ 2018 § CERN-SPS & Fahedt ¥aliq a1 & a1 UF waaeht &7 ¥ B+ i
Figehee fesmse N Teer=T 1 g BFar w@m oo f9 22T F7 ST+

=ATIE ThIH &l AT THIT AT AT TARTHT He-oT = 2 § R@mer g

i . drowTE T=AnT

AT 319 FArzs (LHC) 9 2016-18 & IO AT Y9+ FFaT 3T #iuwus Y9 &

forw di Y =3 227 % 150 fb-1 & Fia g1l SAHA-CMS &9 #t fafafasi & qex
AHRY {1 U U g

T 11 At i fReaer a=ei ereqa=:

g 7 THEIw ANIERT % 9T s Agcdqul AITdenl & S0 & 7eqdqT § qgeaqul JNTaT
o 8, 1ot (1) =19 #e oY Afa -3 it @ier; (2) TauH & aE in a7 fFar o
FeTe FAT g, (3) 28 S SISt seutan sifaw et i "5ear § (bbrrt, i, bbZ2Z))
I F Il 7 IF ST Gt § wofie A1 (THUA) o aaT & qTI-ard qeAr geeft
Fegael 9T off 17 FRAT 2

I 7 g2 weridier (HCAL) & sterfd 3T aaATT ¢h? Sl & qedTdd H Jgcaqu TRIEE
o7 8, O ST ST 90, ST GXTd oAl ST9TTRd ST SRt T ST 9T gl

Phase-2 HIUH¥ fqgee ATHHATU:
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9 % gl F ® AgcdqW ANEM U g, ofUiq (T) T & e ger Ay, (3)
TAFSIT X H T Al a@d U TEqTad U 1 & [T & T@90T #7 oeqqq, () fomw #a &
for Thowus arwar F7 weaa o, 79 91E, W avg ¥ wis Qe sraeer $9 ff g -

ronic — 4 &, (1) TETET ¢h & (@0 RREEAT Ai%aa< &1 [ 6T 94, (3)

TEEFIST ST 3T FRRerer & 3-3 ATa< SR Al 7 A3 ffeqes &t gearad 3g Il
FAHIET (HGCAL) (f) # of¥er g9 & U testbeamdata, GE1 / 1 3R GE2 / 1 %

3 foeew st # onfee 2

TE 7 AL -2 HT ST TASAHITA qaeienl (Sorred Rare (FEien) i =0 / UHs-
TALUA Il RATE # TRTeE 33T 81 99 & 9857 9207 -2 o 1 for S8t & fow «ff &
FT L B

AT & SAfear F A a1 g it e

ST AT TSTgd 9aehid & § Eal | aradid Hid arel Tarel HT STeqAT FHAT gl 39 A8
& T HIHC [ qTUTeTH & § AT AT Shal Sl g2ar | areiiehd aeqall § HgqH har ST

TFHAT gl 3 a9 2019 F I, ga« (T) 7 foega adis & ®iHaT Tiee it 9T
HE=AT T TOET A ST T H AT FE TGS F gIE e d-SIET Ieared iy TUET FIA &
T == @ foRaT &, () 7 T=IEa Rt o aem | XA ST SRHT UE Jaehid e Se
Fah T Fefore e (IMC) FT &l o SITAT 8, STgl qaehld & i gl o qreT THA HT a7

FH g1 STAT &, (¢) TTET Lagrangian 3IEFIT &1 ST Flh AahiT &7 § q2e rho 99
F FUHHI UM T STeae 36T ST gl

Ut e, R o wrht ded dw R #1 st

Geant4 ¥ CRY T¥ SeTeq HeATcH® (A & ATeAd § FEIF soienia s
HTIGSl T ATEHA|

T & forT 2 el Resedl T SUINT F3a 3 ) #ed & o wrfees ffreay &1

SUINT & ieh Ueh HlASTERT 97T 1 gl

o FFarehi sfie Ao aRer o & forT e Fiae et 9737 T340 2l

THRASHTT AT ST ATATZIT TUTAT il FLATA THIONT THHTAES o fore fastaa BT =
2! Nino ASIC = &7 IYANT We-UT & & § FhAT AT & Farh 9%-U &l af FPGA

TAEHIT T AN AT AT 81 a9H H, T2 10-200 HIATEES & SAAT-AT THA 2T F AT
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AT 150 =T I FATAT § TAHT g1 THHT ITAN 49 e &t qerar, Feq agaar sfiw
TRt THTem 7 et e o forg o ST w@T 8l

DATE =T AT8UgT 3 AMORE {a[aaTseier Hi%eady il TITIAT & 9719 UH Sholdd
frearse ffeew (SRS) &1 AT 6T 37 31

feaTes areror avie sremaw

(I) ®aTee HFed, (ii) AT 92 FHNSA B9, (iii) s HqmE, (iv) a1
TEAHT I ATeAT 37T TATAX o ST EHe aehieqsh I [Heor et 7 fReamst sriewar sa-reT
ufFefEds § 7 )

U eH-ST SAETRA [Seaes &l fSoTe" a1 4T g 3T =4 SINP H S97IT ST 72T 8| ATSHI-
HY T ATEATT SIS | GG AT g 3T Tg FHThT ST=e 1 [orar T 93T S[rav g

TASHISUH ToFerecied diea< &l CERN Ha¥ 9¥ fFafHa 7 § 9T 3T a91T T@T 47 &
AT THH MTHIeE ++ Tohet o forw dhiiee A7 Aa1a w2 67 o9ar 2|

BT | M | Wit

APV25 + SRS #T IT41 | LVDS-LVITL &/ ATSHIHT AT IS o
Feh |q 1 Feurfa &1 /e TS & 97 Nino o8 ge T

St R aeAT @ wfQEr # e F g giewr (FRENA)

Iy eItk (FRENA) # 89 @l faear t# 3MV Tandetron

Accelerator & e AHT &1 T2 8 ST To@er=a & dgd 3g T2 &l o H 9497 gl =5
e giaeT % &7 # e & i @1 21 FRENA § 7919 Fis e aTeed T & aiedst

ST T UF TAFEIEETah caeeh gl THH A1 S-S ATAA-HT ATIHA & - g (UF)
v giferT () st % forg a1 ag-#" oA | s ATy et & forg v o wrex
A HA| T 9T 19 F = H 17 % 50 epA, g §1%7 & 30 epA 3T C &iH % 30
epA FT ATTFAT MY FT THAT gl Tfaq H- 3T 2-ns ToH AISTE & g-dH HI ITAH 2
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AT qees 10-5 F HFhed % 917 200 Fdl ¥ 3 TAAT T W T Tl gl HAA 9T
FHIEAT U= § AAAT 6 [T ATSEIS T9 T ITART Feu< o &7 § FRAT 74T 2l

THh A AT §, o a1 $19 Aarear § gaterd gl 90 =3 & uger w9faq wawrer s
i\ F o w7 1 T FA F are St Aiw F O e & gET fFgwr wm

Tl e &t FITEF T T 2T TS 2| e § Sta 9w w7 (Fig. 1) &1 8917 waq & o

T 79T F 9w Beed a9 W@ g1 @%E &F & SF6 19 & Tvqcie | 9T S7aT gl
TATEE T TV FT & o0 =i qreest 7 2.1 THAT T87 g7 397 g1 297 qiees ¥

=T ATeest sgd U arar AT €, S Yo Aferwan efiae dieest #7 e ar-fagre f)

= 1 TaH e gia &7 fage o7

TIESIS ST IO AT & A0 il Tgel@THT I H1q o= | @l 47 g 3T 99
Traor JOrTelt / [T gl ATee AT &q o o0 T FAqeor AreAi &l [Aaad s arsadiei
HaT, FHIARTAT F TN & faanterd B @ g

wefte 7 Taw FHT9A T S| e or 79a<, 2019 H 0% gl

U=, STIET SASTATIVE qIEH Aseil (JUSL)

UCIL Jaduguda

555m 1

ggom  ASLUTSS Hré m;|<¢0 -'.555 IﬁE‘{ ¥ ?{Fﬁwé'@r
STEIET ATEH | AT g1 TIRTATAT AT A& 9l 5e
T T LT & ST qATF e SINP i BARC F g1 F=fa &7 & o giae &1 3 3
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T2 &1 TIAT FAEH, ATHT-L, 7SI, TSI SAMQ o ST ol [T 3T awfe R ST w@r 21 78
FSATIART T TH TELTS T TANT FleA o 1T AGATU SAIE & 2T & ST TLHTI AT FHT ATl
H T TET FT ALATT FLA ST AT A & T 850 Hiex & A& i Tgers 9T Faem &
TISTHT AT 97 =T 2

T TS STIRTemaT i ST i AT e & o, g_ g e we, Sael § UCIL
Teee 3T BARC, FaTE |{dahl THNT (SITEET) & a1 4 AT 2019 Tl T 9% Ao
FT M| FAHTE AT F T S IHAF 6 a1 | [T forw ) =7 S F IRmHEa Sy,
BARC # 9 YINLTAT & GRATT TARTLTAT T dearanT &7 FH & 2 1T g [afa
FALTA T ATAANT ol FJTSAT FATS T2 2

AT ST | fOger uE |1 § Aiarated i 9% Jehier STav 497 2

JUSL ¥ ITHT-FR0Tl 3 YaTg T 4TI

I YA TFAT §, TAHTT TTHiaa deargtaar § U T Th =@dT & &7 & THT-Th00
ST STEITE T AT | 40K g g1 T TET-f0 3 MeV & 7 g TS i a2 &l wHen:

21 52 3T 18 = & o HISiere Reae? T ITTNRT Fdeh dAag M LA |T2e I AT 747
gl SISl 1 & 9a1 9T ¢ 3 &7 7797 999 32 (<2.0 MeV) @17 5l

10° =
E- 2 = - n
. 5 o SiPM spectrum 3 fold Entries 987
[ o = Mean 1126
ot 8 Std Dev 715
=
w10 Ty, E
E ’-3&:,4% » Surface 557
3 “%e. ... ® Underground Lab (550 m) A=
10% e, E
e 3
F M
F i L i
e b e e e % 500 1000 1500 2000 2500 3000 3500 400
o 500 1000 1500 2000 2500 ~ 3000 _ 8500 (ADC ch. no)
Energy (keV)
Fig.1 Fig. 2
\J
- .
FI EHR-T AT T TeqTT

ot ot sTereT | Uy § R S arer ST O U siaed® s e g1 SINP, FieswTar
H HTHH oAF H AT HEAT AT & AT UCIL, SISt H 555 HieT 92 fa0d o gl I deaq §
ﬁ%ﬂ%—%wﬁmﬁ%ﬁﬁqum%ﬁ%aa%n = scintillators § & 9 photomultiplier
=@ & 0 AT g &l TaT I e & (o feve & ol Sooer & & fore Saenr o smar 2l
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A TheaTeolel &l Aferaia weeeltaay § IAa BFam @ &)1 67 fat # forg uaer fg 0 9ror
A TUFEH HI ST 2 H R @ gl

qag il AT | IR AT UT FiTend T FT FHT Hh 2x104 1 TF FI99 & [0 FHT F1H
T STORT STl ST o qiCorT % e 2

AY]
i yaTg it AT
. F o 10

§|IIE|Q| ﬁ— 2 r{;' N ESERIE a; No Source at Surface

u . . —— Underground (555 m)
Lec q’ﬁ— SHULh Slehs ﬁ- l é@ AT AT %l 1 —— Cf-252 Strong Source 3 days run average at -555 m level

. —— Cs-137 Source Fastn=1.13x 10" cm®.sec.”

?JrﬁTfl' Ud, HIEd UA 33“? S IRETUL (?ZIT Al Thermal n = 4.62 x 10°cm?®.sec.”

TAFIAT) F ST FAL FLA o (o0 goi q9

(STEH gHgles) WEWTE &9AT & 91 Ta1d
T BT -4 TR 2iq SeFet T
SYANT FTeh ATIA TRAT STaT 81 Jiathar
TAAT & U =q argTa 71T | (e
o o

Counts/sec/TOT

Time over Threshold parameter (ToT)

3. <A U FHiawaisi 49
Rt e
ot WifefY afigewr

I FHHT HISAT o Teh ATTH a3 & HIAL Tg H1ST gidl o1 W@l &, Jg LA & q197 o
FhIT A ST TH AIAF HiSe TrAeaaroit o = FFAERTa 7 Jarasaes &1 § 99 & oy
gl SHT S THEATH  forw qow [Riwdy afET & TS Feqe9ar 7 UF 797 GHrd Seqried
FoFaT g1 ZATE SEaTad IRged T T 3 FTHEHRI TAU=HT 9T AT ST 96T 3

AT ITE HITSRT-39 ST Hed ThalT aFed YL & UFH 997 GATEE T&d11ad g), Tai Teaed
ue faeeft I i g, et areamr 97 F o i agd #ES g1 9 FASRT & for
T TATAT SH-HIEHAETST HAeNT R gl T8 A IS e T8 Fed il aedqsharl o
3T ZIAT 2| TTeh He ITATaT aX § Jgd ATee qTaHT [ adl AT Y@ Aiaeaaroit g

THA STThT-Hhgeh HISA & &/ H [oqd Thea< & 97 TS Aled Hl 9gld gU THTaT-S18-a41a-
5 Staeel aigd wear qadt fAfRaret w1 sreaae fram
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Frew Fee fgidt & T-wias sreaae

e & § T e 9 frgiat S St a7 fgiat F o, st ® aqaed a9 B sered
A7 FT Taefierar Fr sEreA T a0E ¥ I9TEd a8 i, sasar S faee B i et
F F forU, WTE weF-TTarE A5-h e wr S w8t e ST asar g, =i afhe-
®Ue-FI-2fed (BRST) AF- HSa-T101E il HHETAT FHlFIFe SATAT 97 97 % a1 gram g1 et
Y -z Rz st & Jeanem ge7 % forw sifafarasrtim 0/0 i oy (2) dfeq I forgia %
forT u Hertera st Rl AT, sfvard &7 & 9 vEg (2) / (1) 7 3-(1) 99T IS-zaaiiue
TIE & oo, JuOmtIT s Steeuadt (eBRST) THETAT, H&ATH® &7 F ofiF Hit 75 off|
ATETE & § GHITGY ATEQRAT &l Hie @i 7 o@r T4 9T, Fi{H g AT qg ol q0g-a97
T S AT FEH RA=T G0 TIi0E, TS & Sqaed I (ST & Asgq Aaeiear vagar (2) ®
U Sl FHEIAT ST (THUEET) & 7 (1) F e = fofes e, v Sraitoea fiee fgia
(ETTHRET) 9T B AURS H UHUHAT FHT TG TEA AAATERA U [hiorehed (RS & & faa1 B I
gt @ gigva a1 it fee=reT S9Ta=T &1 571 a7 2|

TEETHY T SR sg[ie s

TS 92T F=ed (SUAST) &l UF TS ST Hed UATgaer 2% 1 AT 4ot & forg agr = deo
TEATIT Al 77 < Tl gl TH TGLT § T THA STeh He & (oI AT T ATHHT & o7 | FF
g, I 7 fa@mar I 2 & 98 q@dw agarEd I FAT 39 HIEA H BT qTH F dHed I
FATE I U FHF redqT Maid Hidr gl T 37, T o GRIERI 6 912 6 T § w <1/3 i
fAATaT aTer ST FT TF THEFT 21, S Thad TFd TSF ATATHA § AHE ATHT HHT 6
HITT 30 & =7 A0 At ety F HHa Har 21 349 G=t o Mam, a8 R @ g & aqww
ST wferer it S Arsdhraa 79 F TR § EMI uhvged & forg freier v &t #ase arfea
o2 ST AT 21 o =7 &7, 0.01 & = UF da7-g-5hdT ST & a7 RTEhId & Aied U 12-
JHA FUIRHHICH TTh Hed &l ATIH-ATd TR AHA q9ed T H geT Thd gl TH T
TRATSAT |, AATT AT F fGFeq F ®F § 927 [oca F7 FET07 SAERERT TSAqT /=T H
SUANT Feh TR & stfaiforg aers) & f3ram s 81 v s afesmT § 3 oot Jied § gaa
T q91 o §a9 § T LSFE HIEH AT TR SeT %l ATEIT FHLAT AT gl

78 @ 3T 8 % TF noncommutative ATHAH Tt Ta AdS3 THeeH | UH 77 fAareqorar
Tl FHHSAL i (EHH HHALIAT o ATET I GhdT gl ITET IF FoIl U gIaTl g, ST ieh JH 9¢ [T gl
U& noncommutative 3§ FT ITART FJ g0, Tg fe@mar war g f&F Fa2 wgd gu fAaeuar § uF
T BTZ &4 &I %l SATTHIA & ST 54 g1 THISTAATTHAT % G491 AT Bl € FLdT gl FIS T
THFaaT il TeeTd ST STef-ATaT=T |re ¥ TorET &F ATt 2 i 78 Ry sirar 8 & d@«fea seersy
T AT & F QT FAT ST T 81 AAFRed 50 I TF goh Tha? F SH adqT 8, ST ITHH
sTEfie ag[ie o & fery Sreiie &1 @t 2
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gitT farfareor Y o iR 3 atee & ot ToreT F werter § T & fY T2 30 7g e oy O 5w
ATTh AZY ITH I ST qHhT 5| & G Tgeae qe & qGHIETT %l SRg & F[ca, IR [Eia
TOTTeRT T TUTET o aT& Tgol [HEial & eaeq THeTeH Sl GHIET S STt g T Toh for Srar g & =
oS T T R forfas % greer § oft " TR S gedar 81 v T-maTe e s w
form

o

A

ThTe [IB e fgia & fie-quefemfes < 3 89 diegew £ R i siw d&faa o sanfafy
T T T 71 qURRAEE ¥ ey, T8 QCD ST I F Ay uw A-gueenfew o fEgia
TECATHRY T ZIEY T AU HAT &, S [ THeh HTIGE] ol H12d HET § = T 70 S Hrerard (AT
T 3fd7) | AT-guefRmtes T 3 qi TeqAqT F TF sk TERIor 7 RET Har § e 4w g 6w
THHT ITART SIAWT e & § I qHT 6 (o8 T i STTEAT % AT 0l [T A & (o0 6T Srar
&, S 9&el § Teh AT Flh ahl SHAT § HaTad g -3 [dehTea ol SITE T U omar [ermsii o a7 [Earhu o
THTLTT T FETAT a7 3 29 Q9T & a1 U qaqer afafaem § st wawe SRR £ dars i
AT F Iy § AT, THH ATHIAATT 3T g F o= Aot #7 dearems &7 § I @ g1
IeAEH T T H T &, ITH TROTH 39 AR % A1 OITHE AT H &, ST I e To frgiat
H AR &7 § ITH #7d 8, 7 9iar g F T f@€raard sy gerea e aaaitas & #its F
frgia & ot off goeeadt £ sufRata % vfa swaeqdfie €1 Zrannfhs awdis &1 STIRT F4d g,
A T S 3 AT & [SFiSee SATHIT gy TR d FUEET & daiaeed & (o IaaA™ Teardr
T TUET AT T2 81 TH QFT o FHSIT IO WAl o (o1 IAATT THISTAATHAT T o 7273+ fohar
TAT g1 T <@T 47 ¢ [ S aateeeq & &0 a8 79 awaa § UF GrawHE (ITA1d) JTIHE 6
AT Haer il g U Tgol HIA Bl GqE FLAT g, ST TATHESH & SR 6 (UL I g i Th
(IAATE) TATT H IAAT g2 Adg & [0 ATHA g1 &iq H, T8 fe@mr mr g fF 39 armm e o a5
UeeTdT H 8 SAATE UIdT F97dT 81 THh FATaT, 37 QFT § I=ATa Ut (EE), Sfeerar sfi¥ fhere
TAAT e T MATRT IT-TOTerEt F o gramtes 7 oET 6 78 g1 ot v fhew

AT HifeF T T0ET AT H F5 T THE! H1 TN Fd g0 doeh SATHIT % TF FTT 6 HIISHIT
F e =9 F =29 gy 7 & T 2

(D2, D8) a1 ‘T THT 7T Si-fiee g7 aufdq Lif4XS1XS5 ATHNEST 31 T IcATa Fd 2|
AT TH TUTAT % g Heish (SF(aat 7 deqae 6, STgl 70 70 7€ F =TI HIe 3T gl 1 gl
T A5 T U¥ WIE F FR0 GFT FH AT oqma_ § UF qqEW Lifshitz Vacua (Tiaefie
AT A9 6 1) qgAT g1 THT T T TATT TATE F TAT TeT I¥ HATAT SATAT 8 STl Uk qTIerararar
e TRT & Wohe EIAT g1 EHT RS ATSHIAT aFen o Teqq T e SaaHs tFaes
AT o AT ATHH FadT g
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TEA & FAT 6 A T, ASEA-geae M58 & A UF [EATRG T JUTel FT FHTETE #9, TH
TR T[T R & A1 U Seh-aie-gahee qard T U {7 g1 W Ai-fEe g
fORSTIehe T TAT STTAT 4T 971 SR-98 21 el =a-aueg 1o f@aw &9 7 faq=eT g, 320 78d +
T (JHEP 1711 (2017) 101) ¥ it 75 feoaforat & seme %) Shd-2addes Tohe o
T UAAhRATE e FaTH, S TR AR q9E9qr ofiT TET-amET &7 qHEqdr g fEerwar I
g= ol SUIh AT F FHTATA] hl GAATITHAT U AT Qi T Fdl & SHH T argas &30 &
AT FEET ST frgrat w1 ggar & 3R B S €, i fF aro=ers § Rafy F 5w € 72
fr-zaatie e gry aftia B 1 awar 21 98 maas omthee R (R o=t % o

THHT FHHIT & FE) 6 TGol (GCTH F GHAT H THR1LT ST Tl &, ST S0 § et Feamar
g1 3F T FTH-T21d FI0

U HiH (M) FHEAT TR 7 TS ofF, SEH v vt g¥@e qifahr F Afee srerme artaer
J, I T & ZIANTHl % §a9 H, Teh THIF T o GT TGqT 0l T (ST 6 [T, ol TaTg 0l
o T i <=1 g & HHI 7 a0 Fied gu| 9T | A $g 6 (A9 H1A1, 9T &F a1 39
&3 % T AT AN o AAST 6l F5 TATAATSN F d1C H Uk FIUH gl TZ IF FoIT ATl § AT
9T 37 o T U e aHier o ) I8 U ATTH THET 6 Gaed] il Garar |iident o=,
Ire HAMAT FLA o (o0 STttt s fEafee g2qf § STt 31 9 arel o 9181 a6 dg+
TETH L I ITHIE

TR e &R e I g

AT-ha I AT AT ZhTd 0 Teh JAH T S00d wedl g o Siaiehdr = & fRer-Haers § uF
T AT ATTHIEIUT Fahi T &5 3T SIAT &, ST SAAT i ATTET AT o FHILT AT &l T g0l
& T TTLIHE TILHTIT ShaTd o TG0 ARUAASHT 37T TATAHT HoI1 | agd (e gl ThdT g ST (Y
FEd dSiT | qedT g1 A1 § WeAW § UF ATt URHeus a7 it suRRafy F o adqwne dgitas
ATIAT & HLTeT AT saedahar gl & it QGP & fafs=r som #ir QCD #it = & fow sfa =7 &
AN BT 0§ ZH UF TH AUCTEsS FEIST HIEAH (o0 I dgifas SuEer [Aewfad A H
AT & 3T Svg FIHIST ARSEAATHAT & AT FIA & [0 AR[ AT T 81 T/ Foh-q e
CATTHT T FSAT F HIT-HTT TATAT WIS 6 A TH FLHTST ATETH 6 T-ATE0H TeqaAl Bl AT
T § AT arfAe £

T R

Tg TEAT AT TATMAA 64T AT & T ST A9 i ~fFaaw =l i a7 JioiT wivieFe T g
FATT (T SAR-ATE ATE § I g & TS A LA HISH & F 1 ST o FHiFdrFe Fawd w
e e & o Ha i ST Srererme T ST 9 TN SaT & 9T 1T 8, Uk 997 FHIw0 15T

ST [T AT § ST US & ST e § T T8 Y sanrefir Fiviae awqal & Soser 1o
T STEAT 2l
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GW170817 ¥ fAaet AT fashfa & W91 & TTHT] & THIEHT & THE ATTEE] ¥ AT [T Faref
FT ST ATUEAraTar si¥ A-ATaeAdraTar &= Hied & [Afae qe T ITART Fh 6l AT gl SAATHG T
s OFfa 999 o= T2 & g TR BSAr F 97 9g99E ¢ GW170817 F T 90%
(50%) Tersame HTHT 3 HIa¥ T A AT AT (GFid, TF FAaad 1.4 -39 2 iq € & (o0
F3rea it FaT /T @t 13.5 (12.2 T gt 8l

ATH-EHFAY ST SEEl-a9ed TATET FAaY ST AAaad-~IFaae e W quaraides
AT FT ATETA-TET FLT g A qeTeA = qIeT Tared & forT S5arT o qeieweor 1| graiish, 39 TATT
FTAAL & od, TRIHT AT 6 ITIHAT T FUA FA arel DT g&H Afed F 9T g1 8, SIf
o= o €1 a7 wefda R strar g & ot arivet § fere afqeats & qor s =gia aw &
ATAHAH FHAT TF T T2F H AT TATAT FAHE 92 4T F2am & S 396 =7 [Haior #i7
gfafara #wwar 2

wrfordtar Aot

EH ATELT AT &1 anda AL THTAS &A1 il IUEATT H T A8 9 (m) t-J qISA &l da 0
T T AT 3 TFH T TLTAT T B A AT FIA F oI, FH TIH g T THE F WAl F
U 9 a9 T FAuHar &1 2 (1 | m) gUeiedtes B = % 97y Ush SUgh TEEiaeE URE 268
AT ST Fd &1 §F 39 THEAT HT BIIET 3514 & (0 Tl g Al -5 AT & a8 Ta&q § Hid
FA B, [OTH g9 ATHTLOT ITAH I o AT U AHTAA T AT HISH 6 2l F HaTdd Fed gl oH [T
W F AT T FH AT TATART Rl THF deaq Hied & 624 H =gl aig & TeATod auie
AT & AT Tt T At &= Aisford ST-Afori & vfaetaa fEse aqg & ow uF ads =7 8
Feldl e § TeIH | g 18 % IT-ANIT H TUFH HT Uah T A OUTeHE [Ga<or ar §, SeH i
TAT 9T el ST Aigd, goed & Jo Hehl & UUiaHicdh Tl & HIeqH & Iqh dqarerd
Al 3 ;AT oA €1 U SreEd F w9 H, gH AT THEAE AT gahid o w6 F qad §
THISTIATHE HHT § 709 in #ieor i THIAT fafq & 2 97541 % thestructure T a0
T g1 TS AT & Al AT AT TUHH T 7qAT o6 HIH H, I STHIT hl GIEUT o ST 97, FAT-
ST STHIAT STEEATA T U7 T F oA HLAT gl

FATT *F FoATT F Tgq AAT-AAT TUTTAAT %0l Fied Traefiaar Torrett it qorie / st THhid &
AT I F2 feer=e oA wafsha et 81 UF UHfaen oruT Wernier F agq greiaE dErsi &
T2 T & QU TUITSAT il Feteh Tqefiedr &7 sTedd AT STar 81 J9T & a18Y &l giufed srqvedl
* Tgaaet FT sreer AT AT oOr S quterEETHE 79 § 92 G997 veiha gar g1 39 o H,
SAATT TraTdT ST Ha T fEawor &7 F117 Feh A1 UF (97 9T ToF T2 899 2d & Ig AT famar
T & T e AfSR a2 [eeq s & o1 S 99 & arg Aol &9 &1 /419a7 81 d9d ArATHT
Reae T &1 ATHe T aTl I qeiT TR0H UF o &7 8 G9ewiT gEias ga@dr & &g
T THA A F Hohel 2
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TESATICohel (ThieTad ST RieAATSIT (APC) THTT:

el qTfEwa (it U wiearatst (ThrHT) e 3g So1 Ueeihiora, RIS sie e
ST =AY Tl & el Se0hd &= § Sq 9T F3aT | THIETT au & 2T, TART & q@edi F
AAATERA, TEARIE 7 FFifasw @ fasm |t § i o=t o v B 81 = s G
fa 2

=T Ha¥ ST 99 THFaRde:

SINP & YARTETAT | ST HeX o TeTe @ISt TANT & (o17, THNTeH, SEifds S ofiT e &
3T AT 81 WIMP =Te #ex & forw Reger &t fFowar & forw guegrese ava 1=y I greg o &l
3T T I<h Bede? & ofF § T AT 37 3| FH =9 a7 WIMPs T 947 @ & fow, ffewes
Fr F=er #9197 gt foear ST A Stet Regexr T e F afa dagshie g siar g
TEHT] TAE T ST FeATelt 3 T YR TeATsl & s AaWTd ATIH 157 gy eaiesh qa< &l
TN FH T 747 21 SINP i H faawfad ®ie 9 & feFex it fPuar &t quqf# 3w, =g+
ST IOET 2 ST T IR ET 2 F O queiae 97 F T & 999 F w9 § FAqtead w9 °
T T AT €| guRfee aXar & Faferer Bt &t arer fReeexi & dai i Rowar &7 &0 F:3 %
2T 1=t 13T 81 A I A § 5 S s iy d&i § g FAdr Stiae w1 gt gl

qlHT T % TF acd & &7 | g9 I<h I alee a [Seqed Hl USRI & aTel FF ZAATT ATl
WIMPs # wi= % fou dgiftas siegaw frar war @1 99 gfeaaew F oo gees 3=t
THTSTIATIHE T4qT o Jod U7 AT Facdt § S 3 U =it 2, i< e w2 & /reaw § Faifa
FT ST TFHAT 1 AHTSTAATIHF 7T & [Afe qeai F e avar C2H2F4 # fafvsr g i arfee
TALAT T (FAUIT ATE 1T Al VAT T TS | T A [FATT T TATEAT FaITS 37T Sevtzer i HAT
9 5579 WIMPs ¥ o0 9 Jgies 0 & s4agTe il STy €, et 70747 7 T g T0ET & aar
FAqT & o ST qIIHE F SMeT 9%, 0.2 Fdl F FH 6l q9es Hol 99 gl Tl g, ST
SEYASUATT HT IT-STEAT FqL qAH A o ST 0l SALATT A

THUASTET, AL, FATET & T / TTATRIE gt i HIHT 9¢ FET IR I H THUAATUAST 6
2 ot TgY [T (Aferse o) | PICO YA & fRedex & forw egeres o wam 81 78 <@
g ToF SETRTaT =i HeAT & qEdT § any A fem 7 81 a8 A7 g@r 14w g & AT 45%, 20% 7
8% i #H: 1 MeV, 10 MeV 3iT 100 MeV ¥ e Zs1l & 5

IF HSIT T X @ A

ufidt R F s Afew gtwesww sz st & vge gftsr R w 8, s T
TeH e AT THRET JvasE (85) sfiehm ey i 72 gedaonmse aTse 3w sfiT o
gee Rt % = forw v 2 * fhiSrerr uatfarfee & gefaa 2|

STgT % ATFddY &l Hae &, HaH Tgcdqul &A1 § H U Sgf aAT+E AT hiad Td &, q8 & FAoTH
T T START 2 g0 Aot el T Ul ThTer S| g7 ATIHEA | Ieqe JAT 1 ITART
LA o T AT THA & (T ATTH HAAT FTA 5| T RHAAT |, TH LA o0l T TR T
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TAAT T ATHTT MM 5 AT The el & 9T AT ITART ATIEST 6 AT Fd gl THUSIISHT
SATERIT F FF ATIGEST & THEI-ST AT 9T gHTT FIH LA TUTAT F dreehrierh Ja99 & a1

HeTaT g ETHeRTierh T2 Geaisha T ITAN FLd gU, 20 MAGIC THIEhT F ZrEaL % TEidTd
ST IAT H ATIHA AN T HGea 01 TR AT TETT HL g

T ST Jgd Hed Ul TEAAT ST gH (T, a8 & FTEAT STaaddl & a0 [aHah JEgies o TAE|
Tg AL TF ol AT AT F FFqT AqAHAT F I A9 ATGeE &l 316 F [T FLA hl

AT ZaT 8

THT THRACH] HelU 102 Fif TF Hecldioor T2l &7 g ar S| wafi-de ofiT uF arr
are-wamardl / FETad feeaforat 1 ITART R 4T Fermi-LAT TofiesiT 9 2016 fBdaw &
2017 AT % ZT9 39 96q § 994 354 flares ¥ F TF & TqT AT AGAEA a9 % 190 &t
H, B AT TG TG0 8 T[S0 GeV Fial H 34 flares ¥ A1 &l A0iHd T F1 UF faeqa
fargroor T A om e gee e, TR w2, woaw o RFRR ®2e F uw gwy 1w Qe
Al FiETenT T 29 o ga= aguefia ausHT So1 [aer $if ATl F3 & o7 T=li=H
TGeAT % AT IX U UFhel &7 IcasiT &= &l ITANT FohaT| TqE Fewui § ¥ UF 78 o7  flares
o Z, ToFedl § FHF Ja-9EH 1T 0l AT § AT q¢ I[AT 98 ST 8

A T FEgen § ErSAT ATHT-FHRTOI 3 0T @IOr ST WA T AeqIAT A % forg MAGIC e
ST % AT Mrk 421, Mrk 501 ST F9ER 37 G A0 o (HBL) F&gl T T&q149 T@T 5
AT 2015 ¥ 2016 H I TF SAAATEHA ATHATT o 1 09 Uiqgriesd Fe-arsai (ha agar
FAFT FT 10%) | T TF § G 421 FT T0qT7 AT gl FH Sq 9L AT AT H 2T THT 63T ¢ 37
ANT Heclarere TaT faauor (Tad) -373x, <=, sAiftedid) o= Terermarsii & el A STANT T HT
o T 81 g9 smaq agsa Fa1 (DCFs) T START ik A aGr a2 § SIaa1iorsd agaadl
T LT fohaT| aga Faaaefier ATl & 932 ¥, g0 39 TATg ST & AL 3¢ ol & (o0 [HamiaiT
FaE il fAferE I 7 Iee a3 99d & (B "SSad” g & &7 § ST 14T )| g6 e
ot qIfSterT T foerar &1 o sregae T 8, e gae siiftesa, Tdt ofiT Ua-¥ 227 &7 ST &g
TU A SEHH TT UF ARTIRIEAT HRIE T STANT Fided A7 A T 8l gH Rave-ae
TR | AUl Fol¥ TFT-Y IS #l TATIAT ol ST ANT-ULTS AT AT o TFHea e T qrele
TEl HLAT gl AT § g7 FOT Itodtad Tq@ Fowui 6l Alfdehl ATEAT 9T FH FL 1g 8, S & T
e [-AaAd IS o [0 [STFHETT STE 6 (&Y 0T @30T G i ITAsH FI AN A8 TI HT|
gTE URIS[E aTe? qead (HAWC) 9831 7 g1 f § TeV &dl #if 2HWC =T ST 1 &, Sad
19 ot T a7 3 311 (HE; E> 10 GeV) a7 9gd 3¢ 391 (VHE; E>) & a7 &S 949 Tol [«@rd
g1 300 GeV) & Hq| TH FieANT 7 WL TSHIEHILF TTHT-C THONT weq®E (MAGIC) 3T HHi-a
(FATST THAT THTERIT) ATATATAT LT U SATTE Sol1 S € IL ATHT-(R0T I i ST F o 329T o
AT TEAAAT AT I AT gH 1 sa=Ts HAWC &dl 9% AT adisd 0 2HWC

J2006 + 341,2HWC J1907 + 084 *, six 2HWC J1852 + 013 *| #gMH{eH X VHE &=t

H FIT Agcd Ul TgATT Al (9ell| ST TROTHT & 90T 7aaT g & 2WWC J1852 + 013 * & HTH &
Page | 29




1Wgree THHEAT (95% ATHTAATH & &L TX) ST GeV H HST TFeH &l g1 § gAqq TUFeH
IATH AT &, a6 0.16 =AU (AT) FT A FAqH f6Ed® g 95% forame &% o) 98« &t

A FAT % T HAWC g7 Teattad qiiged &t ST #iT §FaT g1 T80+ qamar, Tewenar g =9
HTaT To1T 79 & nebulae T Fawor § sti= T T 21

TATGAL FoAeeH (GCs) Tl AETETr HT 1A af § Fermi-LAT SoTERT 31T GeV TTHT-X |al & UF 90
A F T H wATO BT T 21 e AT Serret # a7 §, e gemy (THuEd) F
At AUSIERE § AT 19 ga7 &= |, ) F = A e § Ieer Fivved & Aqrea| & qy
ToREOTT T ITUTEA AT AR FHA T[0T IS ol @IS o [T STET TH 15 3 AT qTiersh gaaiei &7
T SAAATHA (AT & ST 165 e T ITANT AT 81 37 SAAATHAT T ITART FXd g4, THA THUHAT
FASTERAT ST ITeh TR ATTT AR 6 SolFe &< Al anda | gq Fewy Meamea & &
ALY SITET & aC Fahid & il qrd il sarerg ST 6 o7 7177 g 3T aAaia Seerma o
A AT FATIAT FT AT AT F forw, Fordt B AT v St & Forerar F Fawrad i airar & wrer
FAAATLAH Tl Agl AT gl g7 [Wicree Te8y & amare At ghramet & afea & o ==
FTATSH  TIOTTHT 9% =1 Fd 2

i AT, TEarwur aai:

GW170817 ¥ =qgi= fRamei & it &r Sii=r wrs7 ® Afesr aefison (Suw) &7 ITART F:h #ib
ST &, S| qomHEST 31 #1 g A Ii| [Har 2id &1 Tg TUET faed geat & forg & @e
oI 0@ 9l & U 9 SUE FT ITART Fah Al ST | A SATT A ATIEE) i TuET |
T SITAT & o 57 3 939 & Heq9 GHIE0 il 50% 3T 90% Teras=i= &=t T At & St
g S aTeadl =i T faaT GW180817 & TEATHUT T Sadidhd o YT gid gl sarid faafd
T TR & o1 UF Gae Tgol H gf AqATAd &  HISE gl STSav & &l 3T GW170817 &
T =reahl & AR[AT A1 T STHTT Tgatt a1 a1 147 &

T AT oo oie i 3 |7 oI =T a (NS) g1 AT BT T2 2 F qTasE, 3 To8T
il a9 smgr & s=Wes AN A & (OU g@r T 8, S aemy TEag Figr SAar gl Rer
AT 1 NS F Fted &7 & Ha¥ A2 T2y it ILRIU AT FT T4 HET A7 g1 B Teere
ST o ATUET T & H 38 qLg 6 AS(l § FG&ATT sl TATT T[T 6 FoT THAAS 6 [0 Feaed &
FT ST=AT (THRATE) 3 A0 T AT LT T TRt 8, S STSAT F7 407 (ThUHAE) S Fgr S[rav
gl | AT U ATUiers AT SIqaeT &= & qgd (A Hd 57 & &g [Aarae Tai=er Thiha qewn
T ITANT Fd gU UF X & AT FHAAML [T TRUHASS 1 AT 0l gl FHT Uod THAE T
e g famT Agifass =7 & T BT T gt 3 Arer 2T 7 I URUHTE fY UF ST T qof T
1 ) T T ATAT § 6 a2 T 0 Fad Feed TRUHSATS g1 GHATT Tol ST ddT &, Tai aF 1%
EERERECIE
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I AT T TAAT FHonT it ST -~ AT T sfiraeerga S Tear 72 F= #06
FT STTAT 1 3 78T a7 F=eT i are ahf offaas TR § SITEar g 37 HeAT & feqdq" ggid & &
TR 3T “feAT Hiei o |7 3T STt 2

TS AT 3R ST TSI 9< Agifas e

T Hex I dgifas oy wfafateat swa § @l € gex =7 &, =16 #eT F F97 9ifaenr qed
JEATAT o T ST T2 AT AT T G N THE AATAT, T TEqT AT ST HeL FON F @ arer
T AFAT, UARAT FHiT TFAA T 0T, TOEAT A T2 37T 6T yrfs =7 T 99 9 aretr
foafir S o ST fex T T uga, T Hhadie U (THE) & v e Gt &
HTEAT & AT TAT AT il TESAATIT T T | THF TATAT ATA T AT = Hgiar & I sfew
Zott o Sgifas Ateer &1 frar G smar 21

T TGT o T WITAeh! Hieel TEATad & ST Iehl HedAT a0 9qT AT 747 g1 B3 9reet arfesher evh
He HiSA & a1 Al UF BHIT Uk ST Hed T ITHIGAT AT &, Telided Hel &5 § T Hed &
e 7 et o & darfaa gearae & 7o i I €, 9 216 He s A-aiieie i SIEl
T FATATY F IqT gl TEATad T har e e (SKA) fReFey g =9 avg # Arehield Hue &r

TEAT %l ATASIETT T STt g STTUHSTIET, SIS o o &l 3777 [Seded] sl TgaT &AHar T |1 qar
FRTTAT 27 2|

et ot =T Fex sree Rewam fBuer % v § 7l o6 #ex Ffaaaw (|fEaaw) saies
THETAT T STANT TTah He¥ o 391 (U FohaT S[Tar 8, TR 1 2941 GeV § U faed=e7 §91&T
@T2c DM (LDM), FdT § 39919 & a1 GeV 9| Faf™ ffeaex angft & arfees & arr iy uw
T 6 ATAGTE TA@IA o HILOT I BI ATAT Hehl [Scaed il HMET & Fhl FH gRM, BeFet F
TTHTI] TFE(AT & q19 UASIUH & AMFa 2hd dgd A=g aig o T Hhd Gl FT Td 2l 39
TTE o ST TLHTI THATST BT ST T Fohdl & STE 1o ST 207 AT TLHTIL ITSTHAT ST S{-3<51HT
3 IO TSN Fohe Hohel | STeh HeT-TAFS T The [T & forg Fgifdes Torr it STt & i afoms
FH FAATT AT gooh T&TY & (01T TH qIg % ToAel TgaTT Hehd | T STHTT T % (o0 0T ol STt
2l

FTAT FoTT;

afafs st % fgia 7 IRa, Jenfed [Earrdor qied q97q A" qied & g+ & Jay <&
TSI SedT &1 STEL0 AT SITAT gl T8 [T ETeh UASH o HAAgE ol 39k T & [S&[Torf &l
TSR &9 & IqT AT STAT 8 3T A eTi<h & TRUTHT &l a1 H§ qaref S il q0ET
FT ST 21 TR It qAAT AaSTHIS IR Hied 3T fFhed Aied aTHa ST UAS( % o A1 qiear 4
T SITAT &1 [ECATRU % FieH Faid & qre 26 g f FRiawar it s F#7 F o s qtee
T T T T2 ST & "HAHIALS" AAaST & forg B @
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ECATRUTT TN TT SFT T 9T

FH-THHAT gaT AlhT TeAtarea ATreh (AGN) T2 et feeafirt & @ 10000 |I¥ 32391 el
ZeHITESUe 919 &4% i (IMBH) & STeacd = 9e7 § ¥efga a1ed [Had gl -8 ¢ q9gi § U AT
T & ATeF Fard IMBH % feqcd & A o & [0 ua-aiel Faad i afaefie atefam =q
qTE & FAHG! ST ATHERIEA % g 6 0 Ford &g ot arzal @i fFew 37 IMBHs ¥ I419d 2t
AT g1 T ATHA H, HEAd IO AT & T [EcATRu T A< I (A0l Fd & (70 agd gohl 2l &
TSz, fEemem A Afead IMBH 91 SMBH #it STfRafa & F120T 27 9 &1 BH a1+,
U 92 TEMET % 9797 HD 181068, HD 188753 3fi¥ 3[whT He<t # i aist ffeew anfa=r & IBN
= TATE o HTLOT FTSALT 6 (o0 e o q9T hl GATAAT HF T AT g1 T AT & H 67 T 6
FIOT & T3 TATET A T Tt f3ememy SorTet! o JT9e T@1 g 3¢ 9% [RcaThy o7 qidl aof & Heqq
o orf<h @T < gl

TEATHRYY T (GWs) FEUE AT 3T I Jg[e F FS Taqall 6l S FLd 6l o1 agadi
ATl & o == &7 ST 727 1 [Ecaruor 8 387 a3 & T 6F ST A1 ST J@rar g &7
AT A9 Al ST &L T I9d HAT g| Al fadhed T A7 Fis THAATSA 6 FATaT, GW THTL *hT
T o AT A, TFrde ST aifahot! sraeasfT drawrel™ awgel ¥ o § 9497 § T UF
T AL & ATEIT TATT &l The Fd gl HEATHE AT AT STANT Hieh TEATHRYI T T HiFTF
FEEAT o AT T AT eI AT SATAT 81 TOV THIFUT GIT FiFae Afeode & AqF a2 o
T faaeer & AiefenT w3 % 78 ofiT S aHiewao 1 START Fea dahed &l oF HAT, 39
TTE o SATET THTE 3T [ECATHRYUT T % AT ST hT TOET T SATAT 2

fT Y si T A

H ST FoaeT i § T-a78 T UIERHT & UF S{ed [Hede &l T&61d d gl 305
AT g 9% 3f=a HdT qREddl gy RisEd & o qggq AT ST g6dr 81 e g |
Hfew % TR & &7 Fad IET HeAT Hael TROTHT 6 97, F-a13 FHad FHEqar & UF Sfied
(FrdT) faear F =y Fataq fREmr @ g, gt S = 949y BEa g9 FTR SOnT g1 gq 3q
TRUTHT F a ¥ fAeaw ¥ S w7 8, A a1 ggdr § URiw S - gaAr grr g
IATH AAT 8, e TR ST 9w AfeEwan g, St &1  SET 9907 0 A7 feE 8 gw
AT FAFL (AT T AT T ThAT 6 Uk Hae F=AT T&IH T &, ST 3NN 9 T TANT 6 a1
g1 3T H, T UG H ATl 416 & HIEqH F SIS 4 7 U S99 U= 47 73T 8, T &9
T 90T % §7 fF o 1 v R gy Seaied A Auwar I8t A U 2 T Icred
fowaT & 91 "7 WAt gl U 1% T 9T O S Y HEer AT o ouwHar fndtes &
THET AAATERT T T ITH FEA K AT T I AT AT § 37 T80 978 UF 2 g7 [4ars 78 spffer
THH AT T BIAT &l b & F TR U ITA-T=e el e (FL-Tfad Sq1a=T gigd) I |1 ==0
& ST B

H AT HeET 71 dfeam # i =-a1s ERmadt F uF e @Feae &7 waqE #7d 51 T8
ITe-Fer FTE AT &30 T UF ETAad JI9T TREd g1l i esrad) § AR AT ST #e6dT g1 89
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it Hf Seatead T T & § AT geqr BFmm F fow zwe [fgard & o= w79 g
fae=e T 7 € & =-a1e s Serfier v frauoners dey o qreas F S St =32 s
FrgHEAT 0T HOr F AT AT B AEEA qX U, HAAE @1 ¥ WEEr e F o,
FgHEAE WEFT e oiT S T =207 A1 AT HA gl §H FleAr AT AR § AT
farormaT freter 3 oo Hefaa ot ow ==t w5 g1 aiaEe e e F o, &1 fsemT =wor
H F UF O AT UTelE & AT 8, red oA rere Tae dier & TiHAT & [0 SEaaieha TRTHT & aref
AITAST AT g1 SATaT gl g9 HeTeH® &9 [ 9 T8 oliT ANHT TN 6 Heel § 36 0T &
o wfersaarfomt 9w Beae & F10 #7d &1 g9 AT Sfoehdl § Foldd Foad aquTd 98 =1
TrsT T FieeaTiorEt #i ff @27 F7d 8| SatE gds CP # Tiafia mu-tau Sev=s TAHEdT 39
AUTAT o AT T FE e THEAT %l A AT &, 0.5 T o 2T 8, TF FleT [Aaaad 398 TFh Fol¥
FIATE T HILOT T FHdT gl AT § 39 TATe AATAT HT AEgTq@s® qrq 0 fF=or e
FTFEr e

s gfeAT iR AT T2

T AT EFTE ALeAT TISAT (T T0RT 3T TF T leAr) Tl TET S1AT &, gl Tond eAr & i
TamT § U ATAh aie AT STIST SITaT g 31 U TANTCHE gedTel¥ ol SHTET 7 9q7 a7am &
ST ater =qfeAT % fedqed &0 ST Tl FIT AT Al BTN 4-FATE ATA ~GfAT I hl HeAT T ATTH
ST oA AT § SiY 3 STeq Tl o [olT THehT ITART 36T STTaT 21 3(eer g1 Uasti (UHE) =fedT &
T 3g oot sfafs T S|t & g91iad 929 9RE # e § T@d gu UF R e at
fRe#ex S & IceCube T 4-Fa@ Al MA@ ASHT & [0 AT AT AT g &lI¥ =H a8 &
ATHTAT o T T ST 9% 3! AT H| -3 T2 (SHeeat) S g7 6 37 ol @i |itda
BT T AT FHoAT FfeAT A # 3 AforT AT e aiiged 2o Afafi=r uF av gamamr
fF g e T o= oA smmiEae S F ToRd €| T a9 § UF AT UF Jaqead T Uh
ATZeT (AT % {70 a9 BT 81 TRt 7 fA=1% T Ueh 297 gl STisit grer Jeqriad 0 77 g,
ST IF FofT B U G0 9% SOade 13 & o GATId STieded sl STT&TI0T T FH Fileh AT FH Horrall
H = T 9T SORFAA [ & i AU 6 T § a8 THI 9% 59T FOI G The FaT § o
"FATTEFA" gl SATAT gl "I 4-FATE F & § ~qfedAT Hehd| T VAT SMEHFIS & 17 FT AT 8, S
fReeew wferma we A= e €, STaf® T g 3 #at § g2 i am7 w7 2

Te i (AT & q1 9 T8 9Rged & o aaqer ffaia & oo i = it g9rEEr # i a2
AT 9% YA ST &Ry ol YR —fedT a[de 9¢ [a=T Fideh galterd a1 147 gl
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4. At areft ik gadt wifadr aag
CEIECR R IREIR K I

=T F oAt §, St amiReET F F1r over =7 w7 s w2 qeEeehr s ¥ o aga
At F SR gmar & o sl "q9maad AN Fed TR EuE e E e
Frereaare ort w1 faega fFrawr G o 81 Fra-Resa-sfa awmerers aqret frenfaeda =g
TOTAT & aze w7 A Iufeafa & qf F7ar g1 #7 e 1%, J-=we-arted a8t fawm gt
FTAFHAT ST TS Z1 AT ¥ T2 CETAQel Fi U o T &1 g9 927 Rulee 10T 948 o Tgal
T WA A THFE & AqATHA 6 ATeAH H VAI3 § TIfqd & F I-Gog o€ HA4T ol 18 &l gl
STELT TUITICTAT 20T T o FHILIT Z[IIA STl ATHRIAT § AT AgHad TATE I T AT gaH gl 89
U HgHaE Aed-ared semimetalYbCdGe & HICISETIE [T TEA Fd &, ST Faehl T SAea<ar
s faforg 7o 227 & ATeAw | 9| § IA-9219 S{¥ Aoigd agaae THE 3@l AT | TUeeETre,
2 THAE ST Tl SS-FeaaY FAagaad ¥ T4l 9adT g fF YbCdGe U# afUsa Ared-ared
e 8, SeH uF ffore s / asa afides it gaT | 39 9 (8%) F9 gl gl 39

JFFT AT HRAT T ST HEATO FeAT A HFSISEE Ot AT ST AT F1 - qoi-geds
Co2TiGe | ST ZITTeAlSiT HIAT Tolai{Feh dT HAAT FT Aora=l F i wiasgamft £ 78 2
TR TSt 1ot it STfeer Tefa o7 q=1ma 39 8 S ffeed # ot 27 & wriufesd siee & ffuw
FLA gl FH ATIHE 31T IF T ATl THT TFERAT 37 Fweia TFa-¥ faada aaei® & 91
H, B9 GHIBIEAA |, 7% @ISl ®l T2 S[A[AIo0ohe A1ed ATST inZSiS | HIAT Tiaeht 3T HLAATHT
HE=IAT 1 ST H b gl TATEE TROTHT § AT 37 TOTEAT § FA1Ed qIHIAE T HHAT 0l
qfasaaToft T § [Phys. Rev. B98(2018) 081103(R); Phys. Rev. B 99(2019) 241102(R);

Phys. Rev. B99 (2019) 214414; Phys. Rev. B97(2018) 094112; Phys. Rev. B99(2019)
035110].

I &1 H, T et sorrterat e sy & forg dwrfag seiearl & &7 § 3997 81 ga
ZTSSIEelcd QAT & qad STATHE SAAHISITU Fqd FLHuTed de=Tas®h CrI3 & FaahiT 0T hf =
&1 81 FE AT | gl o 919 § Fahed § FHT F 92qT 37T Cr-I-Cr JivS &7 i+ 309 |
ufaad & forg e sgeET T 81 UEe ket EuTil N xNNxO3 # forw wfaresrar &7
faega frEwr (x = 0.10--0) 0.20), TgT FH FLEL TTTA F GTT TS TAAE FUHIE, Tg Tq7dT §
o =& Jurelt ®§ srer Fre Nb ®@7gar o Wia 9cdd deeefier & i %2 whivi =1 9¥ gET 2l
RTHUTET STaedT § gAT UF FHI-AA 8 UF T-HH-a¢d Fage 6 (70 TF FHHT HIeay v
gl 899 GACrTiOs and EuTio.oVo.103 & FahITa0T ¥ SHTHT-AHAT HITT *hl qaehid #dfa &7

e AT § o I8 <@T 8 7 GACrTiO5does ® Cr sublattice ¥ AS/g@ Amerm & F0T &
HHT 9 T8l 8l [Phys. Rev. B 99 (2019) 180407(R); Phys. Rev. B 98 (2018)
134428;Phys. Rev. B 98, (2018)104420, Phys. Rev. Mater 2, (2018)064412].
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F-T9 & (ZTE) & 9T F7 & e, ga= e GAfqas 9 &7 7 F77 F 3297 § IULh
qTicaeh TTAeATa % ATead | AIRehT it R2Fe 17 (R = Tod T2T) J@AT il A 0l gl gAA (@@ g
fF Pr2Fe16Si # forw oHe faedq [oris arad 31 200-340K H agd FH &, T8+ AamEl I8
390K [WITdehT & FaehT FHEE ATTHIT & Hld FIhI 3¢ araer sfiaas eri<h (RCP) T T Fear
gl YA T Phys.21 (2019) 2628]1 TF Hatea Jfie, Ho2Fel16.5Cr0.5, aTIHT 7 13-
200K [ST] # Tgd FASIT THRIHE JHA Geqe (TAers) &l ST Fear gl difaent &1 ||
qIfered 115 (2018) 921 ALY AIY, B Ty SN AAIETr 3 & ARt § Sedie sfiw uars o
T 9T 9, TEf T8 a9 F qATHET JHA fEEar srag fi seafy wrht e off, statq, a=er aiet F
AT THTI TLHTILEAT o AT 9 [HiTdeht| TEA| WA Phys.20 (2018) 14876]1 g9 #T+T
HTehEgFaa Ui {hHRe [Phys] & 3T 219 % &7 § 5 GATXSn2 (T = Zifere Heed) ARt
H Rt 907 S9ag & Al il ATl @l gl @ B98 (2018) 1844191 FHiHlorF
RUu2NbAl H FIHITEH T § G285 THGI ol qIHHT 0l | ST o0l T g 3 AT AT gL THhIT
£ amfit F fig g9 927 auiedHes -atE-afie (ZT) 7™T 21 [Phys. Rev. B98 (2018)
205130]. =R % R2NiSi3 g@ar &=, gd= Pr2Ni0.95S8i2.95 [a=+a RdrE, 8 (2018)
A=s e 14870] H Trawfas srfaaasaefierar £ v+ aga 2t s f3feer smaf Pstwar i
AT & g, Sath Dy2Ni0.87Si2.95.951 [Phys. Chem. Chem. Phys.20 (2018) 13580] 3T
Sm;Nio 87Sizs7 [J. Alloys Comp. 742 (2018) 391] 37 THAMT &Y & FAAEAT TH(A &
FOT GIET IS HATAT T T8 AAAT F7 TG99 Sm2Ni0.87Si2.87 # aid, TASIFAIF fiT

TTALTEHRAT O I AT~ qahid ATTEIZdT 0 qIHFT i G9A 6 fory e & 1= i 1% 2 [J.
Phys: Cond. Matter, 30 (2018) 215601].

A CoxCul 0. x (x = 0.10, 0.32 ¥ 0.76) ATRMIAT H= 9T 59 K 7 & TLA] aahid
a9 (NMR) FT 92909 4 K 9% 797 81 NMR @ #-8fea & Hiae a9 9g-993 hddich

FTEe? F IoT 2IaT gl NMR FUFT & TaqT Il g o AqA18 AT FA+T & fce 3T hep IET =00
o ITAH BT gl greAlteh, Co AT g ATATALI H Faehi T ZISULHIS & AT AT &l o7 ATATEL
S Mefeaa-T= =t (NN) &g T2qT9E0 &0 Cu g7 Sfaearfid fmam Strar 81 38 7 d g & ¥ 3=t
ATATALTT g THGI % HI¥ ST GIA AT T FLd &, Tg 9ol qaehed AT T START FHh SATHTT AT
AT g o T T TN FOT1 o6 AT | gl &, STl T8 98 THG! %l HIAT 6 e 20% TH
Y =T & 37 9 7 IF [J. Magn. Magn.Mater.471 (2019) 355].

NaCl, KCI 3T CsCl F ST =J1e § THRIAT (c) AT A H e T a7 (v) 37T efior fRoria (a)
T Fafarerarett #t TEHfa & S 298 K ¥ 1 MHz ¥ 2 HHz & 9@ &t St 81 V &iv a % 791 |
s TREdT NaCl v KCl % for {38 aamem |igdr 92 361 Srar g afd, CsCl * for, v &
T AT f9aT 1 MHz 3T 2 MHz 391 % o0 @ thnEr 390 & 3@t 72 81 V 3w a § e
FT TF FT AT e YT ITIF AT F TeaAsTd AT ST g1 TTg Sva-S el FHI0 a7

% JeTeTeT AT AQraarelt & "4 SIS o [T & o0 S (e daar g [J. Molecular
Liquids291 (2019) 111302].
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ZAT IS HEIHS HUSILHEET &l eaiad Fa13e NdCo2Si2 # 8 & iy &% § 5K T
120% = 1< | @7 FHT dqg [ST] T2 &7 I B3] FAA 6 GaH H 98 THIA oo i AT 0l T2
gl Magnl Magn.Mater.451 (2018) 625]| AT FAUATHFT o detagd Hider fHeed
La0.7Sr0.3MnO3 A1 § HUSHAT IO 9T T-ATe AAF (G (sigma?) & TATE & 9aT
AT 81 20 kOe FFhIT &7 o aaad 92 80 J / kg & 121 J / kg T Amuer efiqa art<w (RCP)
&1 Fhg ¥ sigma2 TROMH g AT 81 SCPma?2 [ % 872 S § Jig &l a9 % o Ageaqot
feroor o s g1 e e st 742 (2018) 248]1 g9 AX-RITRe =0T o FT SR FHATNT
T T 3TeIAT RITH2T 9201 § (La0.4Y0.6) 0.7Ca0.3MnO3 (LYCYO) TR&ET § 3T 8| =q=a+
Aag faF AfEFa (~ 120nm) § FEe AR e (CMR) # 3fg €T T2 81 eqae § 9ar
Faqr g fF LYCMO #9132 & forg, 120 UAUH A9Miieda §# CMR it iy T=-Riftee =< 7
e ==or [o e grq o™ 745 (2018) 753]1 TEEANGE TAE & Ol hectard
Sm0.5Ca0.5MnO3 I T% FHRT YATRIE FaAEHT T FT H FH qrOHF T ILILHATEF
ek & (A% 9 (<40 K) F 91 wOEteE g&1 % AfEacd w1 ST F#7ar 81 g’ qeqa_ § U
F1ren o Tafser Faehr TSt & A= 3aT FIA & o7 UF ITH o € F AYSHATE THE 6l q7qm
ot yEe ST T ® [ e F#RE 1274 (2018) 36]1 TUidIeedrsd

0.775Sr0.225Mn0O3 #FI$E # a2 Henrfaeed X a2 Refea Fenr qiEaw (Fcredais
defore % ST & fory U qgeaqer feeier) v oft gl BT e &) aredt % a2 ger i
HHITER ST aTaHE (20> &-E1) % 39T A5 HUHU S FACSL o TS & (o0 SFHET ST
TAT 81 AN &Y, THAT 6l Fhg & FEEAT TAT =F207 g F FHA 6 FHIOT T6 gal 8, THUHUH-
TRUHATS FL0 6T fAshedr F FHTE0r Iea= graT & [ Magn| Magn.Mater.460 (2018) 234]|
Tt tfshec o La0.2Gd0.5Ba0.3Mn0O3 (LGBMO) I 1% fa#aqe & Jaahia 917 &7 Tae= har
TAT| ATRI 7 ATIH 9 AU waArid 7979 (MCE) (-Delta S = 9. 1 J = kg-K 12 K %) &
39 o IAET gl LGBMO TAY § MCE # TH 3§ o & @&l =0 [J Magnl

Magn.Mater.460 (2018) 165]| gA« Tid(wheedarsd B HUew La0.83sr0.17MnO3 F(RIF
 TorT FHY F JTIHTT F ITH HTHT a2 HUSEhA T T i @7 gl FLTIAT S00q wear g o Fa F

ATTHTT F ITE Fah T UeeTdT TR S8l o § (AT SHE ATeF) g ST T8l aq1y T 78 JraRat
# foru [Physica B545 (2018) 438]l It A f@fteg amift &2 Fugas sy & oo
sreafer =0 8, S 3 Sg a9 arer e quT Ry, qahT 997, e fag oanfw) s
T fEeds, e aETT F w2 sraet g Sfaaresar a8 Al 8 (~ 104%) ) UF argy qahiT
a7 H, o7 &9 ¥ IO-IAF AFEeS Ul H OgET g, dAq WIS g - U MU
Sm0.5Ca0.25Sr0.25Mn0O3 HHIS FUTST | AceMTSTHSHUCH HHHA 6 qTI-ATT U {F9e
FreTae FUS e (FFAT #T Iga9 o7 Fientaedy) i O #2a €1 10 K 9% 7 fieneg
AT 30 kOe AT AT &5 § 1013% FRra«T =T Ear § 3T 90 kOe ATl Faahid & |
1015% BraT g, ST fohel ot 7 39 0 Jaehcd god & (e TATT 6 s oeq & (NPG ASIA
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MATERIALS 10) 2018) 923] g AT AeqqT H o1 % % H FHI (La0.5YO0.5)
0.7Ca0.3MnO3 F[ % ST HUSHIHEEH [Sf T Flax 6 AT oTfcash ST & FLAT Fl I907qT 2l
Magn| Magn.Mater.469 (2019) 211]I 297 Y § (4T (Lal-xYx) 0.7Ca0.3MnO3 F AT
FLOT ST - % 9207 il a3 (TR | AT T sTeda AT g STie-4oT Uelth e (THe-
TURUH) TS il gfeg S@T T2 g ST SYT & S-S =207 & ®H7qeon & o ’Sreeer 81 'Y ST
& AT TET g5 SR-AFM a[q=1q &l A FASHATNE Teqdq= [§] & JHIo 641 797 €1 Magnl
Magn.Mater.469 (2019) 40]

TT2T- 11 ETES I ST § qIehve F7 T gH aT2q-3s grag ol ST | Uit giareT £t aarer F:77 &
o s #war 21 RIS ST TS TaTg F AT FA F IAA T o6 TAT Fg o6 TS HAA
THFIAT 22 ST 5| TF 0 T o qT T AT qOA AL agd Gle HH 6 UH HIAH[EH [HI=Tge
= G H9F g, TSrehl ST THT o7 T 6l TIasT (99i=aige § 77 gl A1 STeqaT § Uk SAATHT
raferes Jorterdt § 9aH o SAT-9@rd i [T 7 =t w2 & o v ooy qnt yeW G 8, &
T STt Tagd § TTENE M1 AT STgT AT HIeH i IqAsedr ardT il AT Hdl gl gx
AT ATHT | AT HUSTFA e H T a¥g & [Ah & STqele 1 aSTIa T STeriia § FS11 TUFST o hieiT
T T FoRT & ZATT &, ST AT a7 8 6 STEcaid 357 § Ao ShienT Jardis 6l [&ewar g1 g9
AT TareT o fory faferer SRfeRT arreat &1 aTge A1 & oIy ShfeRT qhf T START #:3d gl g9 [AftwT
FINT AT § TG FATNLE Tl H daHh SEaeiis 3 S qTeo THU=E! § qh? Aaieiis
HATHAT | SAfer STfeet ThieRT qa TS YT & Th{cT 0 Fd &, ST ATed Gaehid &= & T a7
AT w2

e 7 T SreH gae g ot FnTe f&AT 8, 3qad & argT Tuterdt it Tfaefiaar &1 99T § 3
FT-gqa fRux oAt (vAuaus) #F gHta w1 i w1 § afadiear agager gfasr [ 21
TATHTE § 2 AHTH Hael THRIHE Sq¥ T haT, aanTT TeamEad, T aqaTd -aqad sdi
STET ST FeATst it ST of T 81 g9 At ware di wiqefierar F adtw fuaw asat #iv ym| #7h
T AT-HqAT AHTSTIATIH J[UN HT FHAT T FHIALT FT| Agea ol TAUHUH FT UF a3 w8 @15
HEATUT (THEET) Tt & AATAT SITAT & S WHS 0 FH FdT & A7 Terersd 81 F Far T
THT T qIEFT gIeae-UHeadl &l Ta9T Fd gl TTHT THAHT il IAAHHAT 9% 989 oA &l ¢
Y g7 =9 A1 e #i fRer § #w1 w3 g 8

dgitas daiaa qared qfaehr § FIT 6 9 T T FIHd Fe-9IT T AR (THAUA) & a3 |
O i agaas & YaeTa e T T8 gl THS U =320 § Heeq - & 3T | & A9
H AR A7 Oy w81 uHAtue =y it AT-uied wHfa o T Jeremersi § ariiied
HAEAT T Ao THT T T %0l AT F AT 2| TH Had |, THAUA (oeed Higare Taqefiaar #7 gz
FIA & ST TS &1 TATA g g o 797 FOA-a19 % aei Jied U Gafdd Fiien Tendo |
THANUA-SATRATSIAINT HHA & [T | gH AT Teq-frrtfes (T8F) Al § THAUA-SA R TS o9
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THAT T TAT AT 5, ST SronT Taa-ame [|ifddr &7 v qfaae |qied g1 @ B97 (2018)
144202]| g9 Fe-aiel ArFaATswae (MBL) T¢ &€l 4 &t ara=iq e s« g1 i hopping F
TS AT AT STeae ohaT) 9@ § UF ATH G0 § o THEIUA dal gLl aradid o saredta |
S T8t T8 ahar g1 gaa T=iea Grar fF uadiue o<t g fF amasia £ oty § a9 g2 g,
EIATTh SeT T &l I JUITeT [|ifdeht] T A= wadr g1 @@ B99 (2019) 224203]1 gA UH
TSI JUITAT [HiTdF @] § TF A ocd T (Heieeeq) AT T Ug-a9 quisheaaiaes
(THUHHT) F Tl i @i il @) B98 (2018) 104206]1 1T - TiSe2 qX FIeAT TIRT, Sal

THEE T09 § UF FFa¥ CDW FH g 3T gueheidetact qid & siadad ¢ @ Il g, g
FLTAT T T FLAT gl GHA 39 TUMTTAT o ITAT o (70 Uk STATIRar 1 fashiea st g fSeen ame
T FT § A5G [FAH AT 5-2 TeaT FT ST F T & inhomogeneousGutzwiller T&T
[Wifaehn @ B97 (2018) 245114]1 TF SR AlC UT, A UH € sqcied H Agaae dared
queaheaetad! it HHTEAT F Tq7 TREAT| TF A GTicas Tt § Asad agaaei w9 T o
L HUTEH THSAET SHe? SE 3¢ A0, IF oidl guiahede, 3] e =90 e # fae=er
TR T 21 &, TR U &2 srqere? § Uoted qegaeel T qIAHT 7 IqT qei 9«7 & S q&T I2urT
1% 9Tl AT 19 [Phys| Y@ B99 (2019) 155127]

s[ao sifaeht s arnft fR{sm s mr

qa it S qredt BFe (T fuRTE) T90T it e Taratet @ifdes ofiv aamaf=s qur
F WTEAH F -emardy g, AT ST wead qawrdt & Fwe £ Far w7t E, 396 arg JieEr
FATLAT THATHT / STHLO F T I 2ATTH AT St g1 ATeA-Ar @e o7 S F
& | ol srerene et § yrE i i @i ot i v s F o s

HeST-TaqeAt I AT AT SIRTIERT aTer AT AR F FOM & ®F § T T a9 IRy &
T T TfeFa R g g an] fRET ST 8, S9, st S ufteres (uuediE), e
AFATET ATOT =0T UfhiRl (THSAETlS), Feet AT Jam , TIET, g v, drgEe-
SATEIE (TAST) TRAThT oh GTH-TTT 7T AT (hTe qebeiien, ST, o sifear sfiw = wramaf=e
TEH| TAFST oI BT TR (S20ATH) 3T FofT FAT AT -1 TFereandl (EDX), 39
RTfega ERfART Al ATShHERT (SH) & AT Uk 300 Fal 37 RSAleqed Siaiuee saaeid
ATESHERT (THANCISUH) ST AT AT q&0 quiq qaadidw| SEM) FI1€ luminescence (H17a)
Aifteer Reger freew, agqel wam-¥ fBade (VXRD) YoITell, Ua-Y Hleredaeid eqaerenrdl
(XPS) foreew & aT-A79 FIT g I TATT 7T, Teel-gTs aFIH LTI ThiedT AT ATShHERT
(TEEUH) F ATT HAtHa T afeaelt ThHAT S ATSRERT (THUY) F#7 3uAET Aataa ' 1 9
HLAATHE, SN, aAiftesnd, Afaarel ¥ 9qg / Techd &g F oo far smar 81 8w
st sty arft s s st e & g Remes % a9 § wrEliswar s firforewrer §
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FATerd Eraeor & 92 g0 E, ST T Had aATAF AT, Fg AQH TTTR  FIOT, Fiodk qigeid arir
= ATT HA ATqH T Rl FHAA o6 o7 fT TH1 ST 2

AT T B § dag-Hafdq e fame (SERS) -AfFT v Sy Atasrzafes s T uw
UEHifaE TRE (AA) - UF TolFalad STHT FTT i Ghd e g Haal gedde g 6T [&afe aqrs g
Torfeaw (F=E) AFROT T SAAT-37T Sref=Terss [Rrfernt= (1) =i SR (S(1E)] 3% T qhdee &
et ot STanT o fomT fed (afee =) Tagt ax ST fhar @ am G 22 @i Je8ge a8
HIS@ ZUT A Fe&q7 9% 497 F7ar g1 999 92T SERS #dad Ua fufae € gefde 1¥ 91 1=t
AT o T AATAT STAT 8l TRHA-3aT THI-STHT IO TARICHT AAAR il UL HAT g 1
o fed Sfi¥ 9T % S AT WIS HeAT F [ o A aET ghg H AR A AT G FIE | THRT
TRUTH (& Pd AFIH T STANT Fd g T8l & JqT0 T qTiged Hil qoaT § TF sga< SERS Il
T § i | gF s gaedes a2 ST ohw 7 Pd A=100 #7 $1| He8ced o IS ST U &7
TAT T % [oIT g oT=a7 Haad 107 @ AA & fow sgaw dagasfiear (18.67 pA mM - 1
THT for 2) 20-40 AT &t s HHT § 60 fHe F forg v 5y genee w57 TSt * forw @t STt
g, AT T & o, Igaw deeaefiear (2.808 pA mM - 1) ¥ ate 2) 1 m40 o+t it T
U H FHIT Fedce & o0 AT I@T STaT gl TU ¥ ST & (70 Fa FF a7 @90 0l SH70, HH9T:
THTT Fodee & [ofg HAM: 2.19 3T 7.19 ASHM gl qaeed ST gaq A fhw § & SERS 3%
TAFSTR U AASTEHIEH AT S aghramefie sprrt F e agg swanf 81 s & oF

gtafafar grsmr et Sem ar d fTa 2 2
—_GelPd FH
|— p-siipd

so0] Electrochemical
Biosensor

— Si/ Pd
— Ge/Pd

Currlent Densi(ly (nA/ cmz)
)
=)

Galvanic 0 500 1000 1500

\ 5 | _ p-siPd
Displacement m 20k Time (Sec)

2
B SERS
§ 10k

My .

Si‘?"‘,‘.m ‘ 600 900 1200 1500
200 nn A Raman Shift cm-1)

U UH-IT6 "I Tetee T UAUH FATT TTRAT F WTeaH & ST Hoaload U F §AATHT [ahTe
T T TS FeAT Uad-3 fa@ee ¥ et T STINET F2eh ST 67 TS | -T2 THRaT % JTeas 3

ST AuNPs o ST FaLsT Aol TgUd, AETY TEATAAT H FIhT STTEAT ITT SATA 5| 3 o0l qlers
T F T FH gl SATAT & ST AT AT AT Hl I0Td gC U Heheed Aers (NUT n 6 TAUH) &

AT TG BT SATAT g1 FTATCR TTLIHF FH FaLst ofiT IThT Teqzar =-arq giewmr § aifeqg 3 -
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AATECIEE o =T 3% To § ST U7 FAT §, AT THI-TAHTE o ATAH F Uk TALEN-Td FT T
bt fafore &, = v e 31 e & 98 wrw g 0F arg-oier Sedhd § gHieEaE ® 9
HATTIT FA@IT FLAAT0 (TIUAUT ) 316 Hefde 7 Hifda & & SR g9 T A9 g1 Sl
gl AT ST (Feh) T Fedde Adg ol (create) H AT TRaqT AuNPs H stfeqear & gfia
THTE TaT FAd &, S Hefee & (o0 UF & MU ad & sufteafa # grar g (fif AuNPs &t
AT TR F ITA) 77 AuNPs 3% / 3T SIS IRl Tetee o ar2) Teh T[T Sate & oIy
TS o HIEAH § Udh JHETIATHE & H STJhA oAlT TUeATha €97 NUT- 9%d a1 il HIerer
FIAT &1 g OF 2IaT g STd AuNPs i §&aT NUT F W< FHIATSIT 6l ST dahe ATl Areaha s Sedm
H T AT I FaY gIdl gl TAIET T GoF & T H FH0T SR1 AT FHO ol he-Holl Farerd 3are-
FEE T A9 FAT gl THE AAMEl, UALE-AT & A ¥ Hoha Hear g & gsmee 7 o
SRS M-I S IR SEael HeAwadT S[E ATFY ddl HHT 8§, TAF BTSSR Ah-gIag Il
ZEEFITT AT TIAFUor 3fi¥ / AT Fl-3ol1 AT IATL-FZTT el {47 2

2T 4T

I1=2mN/m 1 =14 mN/m 11 =2 mN/m 1 =14 mN/m
1.4 — M, ~1.4M,, . - M.~ 1.9M,, . — M_~2.4M,, . .
o AN F E . o . )
1/ N_s7N\ 7 \ \\ ‘\7

ul :':4.1/ i
3 £
\ (=
\ [e]
..\\ E
™\ -
2 \\l‘ MT & MNUT e
'.“ Sy
“ Q

z[nm]
T sitraTEe (STel) ST AT ST e 7 TTHI AFATEE (SATSTAT) F a1 Tiod al-

ATATHT AL ST &7 AT saaedrze i Iufefd § safas adaT & U1 &l T2 Far g
THF AATAT, AT TF-Z-9% TME GO-ERGO ST % A7 T3 wie giforees wifewree § st
FAAE & YFET FT AT q299 AT 7 g1 GO # qAAT H ERGO THAT #il ol dqr #
HEAATHT HOT-ITd Tiade 3@ 747 8, 3T Mott-Schottky farar =& ama &t qf® #war & &
GO T ERGO FH: n- THT T T-TFT FT ATHAT F &, ST AT a7 TS F ZahRTe 19
e MgTRT Fd g Soerarse a1 TH [l 30 T, SAE aaATT fl ST T4 § a6
FTELT ATeesT T SECHA AT URRIAT & oo g1 Hat=a fBFar smar &) zafen, 7 oo
@ ¥ Y JReEEeEd dad Fie ® TL9q F:ar &, g9aq: sasien (47 915E) 97 A
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ST o TAFE IR THER AT HT0T o HIETH & AT S{rell (U H122) TCRT T2 UH + ATIAT o0l AT, ST
TAFEIRTHEA UI-U ST o TS i {18 FLAT gl TS

fafere fasrrer Rafaai & wsft (001) T #¥etret uaelt fohew % forw szaw fewm it Rafa wafog Fir
g 3T TH FH Ioll Todeid faaaq (LEED), Tag-¥ Photoelectron TFERMT (XPS) T UI-
Rtege wreffeam Taaehis % 99 eqaa f &9war 81 (ARPES) daih| fhed F#0¢ &
TTIHETT (ET) 9T ST 1 x 10-6 mbar @i St IS99 2a@ & aror T gt g, Sed s
AYLEAT T BIaT & (2 x 1) JEA-THA ATeZ=T| GFwm ax sfiwis & AqF Tama & TAT F
HETAT 473 K TT HeH e Tl 01 § TG gU A =20 § 1 x 10-7 § 5 x 10-6 mbar T SF{ISTH
TS % IT9 &l 419 | T@d gU 36T 3T g1 AT & Gr-a7 UF gAaeqd ot LEED e
FAT 7 et 7 A Rurf F#7 sttefis sifors gama (1 x 10-7 mbar) #F g o 3= 72 81 473
K Hece qTIH 3fiT 1 x 10-6 mbar SIS ST Zamd § IS % hed & o v st avg
T araer fRAT (1 x 1) LEED, 39-2d aei® Tiarei e SE=T & 97 3@l TAT &1 6 AqRfd (AT
&t feurfa & fAsfEa fhemt & Faes 1 AT ao¥ 9T soFeis 83T FF Fais g8 § BHi Us
(SU) F TTH SeThRIET STl SUTerfd &l ZATAT &

ZrxHf1-x02- g1Ra Hed-siiaarzs-aiiheder (MOS) STFRLUT & Tiawregs Faf=mr ot 1w Zr
ATRIT o TATT AT TETAT 63T AT | A=A AT Sl THH-L RISISolae i TUFS[EhUT TeqaqAT T
AT =FAAT g o fhed ®§ Zr AT 9.11% 29 9% Yiaeregs Faf=nT 7 (o1 9948 2901 FdT gl
TR T F qfY ST | A-STretT sitfisr T Safearta &7 9aq1 F=ar 81 3T ShiAsT HeA11eHT
(ETuae) sregas ~ 145.9 =3t afcqww ww vera fora &1 gorar &, Fad ZrxHf1-x02 fhem &
T [T Zr FEAT 9% TG % T SAret st A REre @ d9d g =9 Y6, Thew § A=t
Aot T SUfRafa o srerar, Seft sitefiow fefs & =7 § @8 e oo i s i fEy A v
JZAT FH Iiaarg T (LRS) ITH Fe & o7 sfaed g T AT & [V F a9 ARG HE =Aie |

gfetera FhaT SITar 8 | I8 AT SIaT § oF T To1 ol ged TTardt SAaedT U Agad i Zr Tt
T ZIAT & ST MOS fRarza it awr w0 gfaras fRafa & s/ ot 21

GaAs 3T gi¥e T T InAs 3T FHIC QD (SMLQD) AfeHha Heel-va o Hqh Sl el 3T

AT 72999, NIR & H Il QD UFHTZe e Icasid il adl fFeradra i1 qid g
(1.496 eV)l Luminescence Z&AT (4 K) 7 InAs Fa<sT § FHI % A1 UF dgdl TgIT 1 T2

o fafer Featay smer & A (F31E ~ 2.3-1.4 TAUH) F A7 Sied A aara-aia gig w1
AT RITAT AT & ST FF ATIHE 92 A UUATE Fasl 92 ggal § [H¥< 970 70 9| FH a4 (4 K)
PL =0T & i g & F0T Tie TAHad & STeNT-SdT R & Gaeor § argdh TREHA, Foa7
AT TTIHRCO AT AAT-3feT U7 9T T g1 AT 2 T HF dg exciton ¥ ET ATgH®
T F Hgad 0l gig UF AT & A1 InAs Fa4ST T FH Fed & g1 ST F6am 13 9|
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AT JTOHE 92 9T wreqaatas 917 &, 78 e @ g & SML-QD ag-83=4T & q1e99 §
TRIET-aTa 6 LA S fTH oo 7 FHEAS Feen Faf=a B s @6ar g

THH-L AFATI TFT (THFAUUH), TSI 6 Jcd (STUH) 3T Fie o 4 ®a JEi 6 @0
THATHSAT 3T TATUHA F TAFSIT T [AqL0T hT TUAT T FIATHF HFd (STTHRET) FT ITAR
T AT T2 gl FAgeres XAS T T C K-edge & foRaTe-famTe Tag-¥ staremraor 2 @v=mr
(NEXAFS) ZeT T AT 8| g0 Yaisa #ed & fF sefr-sren Aers f w69 aqeft fheat %
NEXAFS TI%T &l H 3T Fle ATgrah &7 § I AT F qUhH A faar & fEfesr §ae=t %
Ta H AT ST T gl GHTT 9T F 9aqT FdT g 1o a4 AUE & == Faesl § NEXAFS
TUFST il TAH FH Rl 3911 (a0) FT @7 Fae G2 AN H The AT gl T STl F 7T § o7
Fifeat g fit g2t 71 vE@T F T AT &, TafF g2 vt F for, g f 227 o7 1w T qwE w7
TR F2d &1 HOMO-LUMO 317 % % ZI9 o dT-87 1 ST siifdeed & goraei o 7
AT, {E ST & HTAA H AT gl TAGaer 03 & (70 FF §€ Fqqe F q1as T Ueh ol qoadT1 o
HE 9] % 1T ATARdT | FHHT ol ATSAT FLAT gl TS @IS BIsiT TqAAT [heH-STETT STHRLUI %0l ST
T 3T AT H

ATRTC-AT AT qTET ST ATl F SHE F AAFAL & (Ao H wiqsfierar fferswia 9¢ 100 vauw
(100) FsFe F U AT THT TOT T FLAAT (AT 1T g1 Teh ALH-A TS 9T TTohAT GILT STHT [T
T ATRTC-AA AT TTET A6 o (70, TURTH ST il SATARTLT T STANT Fleh Teee IL Taet (hedt

= e o /ey = 3aT € ST a9 99 F G99y H &1 e SAawqTsl i Tohe At gl e
&1 fhedt & forw U areied SATe [ae T8 929 % w0 /AT 6T § B I ieE a9 qag
FATAT fit ToreT § AFM o g7 3@ T quEt i 9 deAr wr SR Far § o7 a9 e qwg £ afa
T F AT ATeF T&AT § FATL SATSIT I THAT THT 6 AR 6 GqL0T 6 q1 GATAT 14T 2
ey d9aeees S| fT q4fEaq TuwRuH gEEt F I SHAe-5AE agHey a9 (HHCF),
TirefTer =TT T TUET AT AT § ST T TR F SR gq76T 3 0 2| Tgo o9 |, e =rais
g (0.1 = 0.27.070.07) ST & FdiSIe AT AT & Fd g, SAarh gait a1 [ 7, qEaT

T T YIAeT 97T & ST 9 UETe 997 (2 = 0.88() IAT € 0.28)1 T T4 T8 F o,
S T8 GLad "1 BT 9737 JA1a7 & (dep = 0.760.02))

B 3T THH UATART AT o fHeett TAreiiaehaor, ge¥ Sfas &7 F ITHRE 1= wra e vt §
T &, sTHRAET S8 TIEM & JFI0 6 a8 36 Qe 495 A 6 Aqaaed A qrEar & Aoras
T A THAAT Tgd HEAIU gl TH FH H, ZH MHAIA-3meTRa TF-< for@ee &t qaeia, s
HIFTIT AT T roriass Traefiaar feee gy wiehioied i 938 et aagi 9% gfae & sfav
AT &l ST Fd gl FBredt qag 9% IT-TeA AT AU F 3T / AT q@AT ¥ U qad g9 Fl THh
aorga et wag afder - fafos afs & 3@y @ 21 gA-awe siw 3w s 2w F A=
TTETg i aTaaid &l Agedqul g Jixdl & o0 e /M1 a7 &)1 €HT7 a9, UF FHiae gfe
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qTee H9F g 9T T W g T 2 - e devmem gt 2, vt w5 & et § 2fie % s wr
FH FLAT gl SHA-STTEH TThAT o TH GLAATHT IS i (e[ o ¢ T THT AT TRagd &l
qEHAT T T2 Zarel 6 o o e & forw ot qrarfga fam s asar 2

329 -2, AT, SR | waarsuadt SfiArs (0 -13) FT a6 FHIAA

TH THANT & AT 1T T2ET HF AATH | Al 01 i [Eeqd a9 % o7 9 o7 Feerm +
Ioq FHwISIT FEgTell T ST F7 T2 &1 396 AT, =0 THN % F5 9aeq 57 ®9 § RRCAT,
22 # INDUS II fieia # SINP 1% «rea 3 fEm #2a #§ &9 gu ¢ i 2ot v gy fReqe i
ERIEEF

TTHTY ST AT 7 'See fafafer e THET He¥ B USAiEE SFEisl (AEHud), e o
IATAE FAEET & forw g s FwreiT giaemsi & FHe 7 =9rad f7 97 w7 TE wEnd
2T gl T2 -2 TH FEAFAH F dgd 2.5 ANmate 9% 99 aret UF 37 ot wefiA g, S @t
fadroarstt & fafss i 7 T FAT €)1 91eT SRIEE aih a7 RS (SINP), Fiaswar
AT g W TS 6 97 AT 9 AT faterer gieremei & fweiT qated sqaem™ § &« a97 9%
AqAT F A1, e -2 TS H gE w0 qTHA BT § 3T UF 9T gedT UAh-< S i ol
e &1 € AT -13 T 495 dag T &@wd ardr draared| SINP J3T61 & UF 998
BT I SHATEA & S92 &l dHeH &7 § JTIRUT JET7 T47 97 7 g & § Thadras®
FHTE RT3 AT =9 AT § IUsd i qrsev faaad (TiRaer fit fafd a7 s 10K 7%
FH ATTHA TX), TaHd [heed T agaed daad, Taddd, 319 9dg 3T 2edhd 8 e ar gl
FAHE § HIAAH T S0 TANTHE g9 § ML Fofa § Iuared g ofiv gq Fafva = & giear
H JART #7721 SINP ¥ 1a1, RRCAT 3T BARC ¥ % STANTRATaAl ST THAT &l faroar
% ferg gferam &1 ST T 2

THE-L AT T Sl 0 STEIUH ZET 5 Hal | 12 Fdl i ST § q7 Thadrqas® [ Char T3T 97 37

TSI, THUA, % ST SISUA & HiToeh STy ATl g shferee o = o1 S o = 1 8 femmar
AT 2
11

Y Axis Tile
¥ s Tille

S rdma e oo

¥ Axis Tl
¥ Ais Til

T

=7 -1 97 & foru At 9ot % EXAF caiibration ”
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A, gAT dHATeT # T YT AT 4F F A7 81 g9 g1 & $g aiend T 7w

R

10°4
10" 4
104
= = "
= SLS 50pair = I 1074
E  (AIGINAN-20/5nm) = : 10° 10°4
= 3 N -
> =
210°4 2104
AlGaN 40nm 8 10° =
@3 105
AIN 10° 4
100nm . 10°4
10°4
4inch p-Si(111) 525nm 107 r : : 10— — ko
0.1 0.4 05 20 2 2 26 28
q,(A")

02 03
q, (A7)

= 2 (7)) ToAEE 9/ FTARET qILATed J3adT |1 9T @, (31) TE-T aEad s (H)

b ool sl i i

AT % I Hohed e foheae faade

== - 3 TH-genee X Nb205 fFew ¥ 3 UHI-T XTaqehar
e afiRafaat & e s 2
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AT AR ST GATET TART (SIRD)
ALAAT, ALATI A Gfagmd

SINP #T 3=1f9% =T ¥ H91ae 97 (SIRD) & Mo 14 fdae, 2018 &l €eme #i1 2
TRITH, Hﬁﬁ@?ﬁﬁﬂﬁﬁfﬁﬁaﬁwﬁ%aﬂﬁﬁﬁwﬁﬁ?ﬂww@Tﬁwwrréﬁﬂwm
(HBNI), o<, SINP 8= Frawdl § gafed, Fsm gfawr aRaser 7 gafaq a+dt fafatat,
SINP T = {9 =70, YT THUA |17 Ah34, Af| TAH F Afeehier Tafafe=at v DAE ¥ 6
STt 81/ SINP / HRD Wisi#e &l CARE-III FgT SITAT § 3% Fg §edT & G-A ST A asie 71
srater 3 e afatafet it @& = gHtEE g

TEe-UH THETATIT F:E 2018 - 2019

Hgifas At
. TEA T @Sl
. gz e

1
2
3. HaIT grear
4, ST T
5
6

. forer woTE AT
. T qfea®

Page | 45



2018 - 2019 59 Fgifas wifahr
T AR § AHar ATl IS0 (3ETeq - J49< 2018)

1. 39T Fited FITET (. FTHIT TH. AT 3T . T a9 1)

2. I FITETht AT (ST ST I 1)

3. ~qAfEw Torgd Uz UARITER (3. Sarefior a1, . 9997 99uare, 9. udin e,
1. HET HLHT)

4. FieH Hhieg SARI- I (91, FHIT9F T Z1T)

o TAuTe! # Jefcrs areawy (fREex 2018 - 919 2019)

. Few e =T - 11 (. 20w f&g g1)

. FOT AT (7. aw W= g)

. I AT qER (. ST = gTe)

. Torfeenet TeTHAT T Tohfearer STamTier o7 FaTieend feeed (3T, ST 99 31)
. 3T HEAT g1 - I (. FeTd® TeT 5130)

6. TT-Fqa Fiferhr FifEn (. . drEdr gr)

7. ST ST o efefadt (. ¥ g gm)

8. TET UTfewe TR (. SaTefiT AeT 31)

a H ON =

Hfad () T faww (Reax 2018 - A€ 2019)

1. 3t g@stt "7 Hqad gt FitEr § Sega g #2 ang qea” (e 9. 9,
aredl)

2. FEe srerw, "R & S Jigat & I9E" (T3S 9. e <)

3. €= gaX, "HHUTEF GUTATEH & TeThe T2 Faaid aradd #7 Jeqgq=" (T3S I, Foads
TET))
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4, FAAT AT "VISTH FT T FLIIH, FO7 FI{dhl, SR AfaehT ¥ sgqve fFsm §" (e
TR 3ET HJTUT)

5. foraT vt ST, AT AT 950 U ¥ 24 rEHy” (T2 U UH.UH, SATH6)

6. TAETAT Hiead, "TARTH v RFor FEa # IaE” (MEe: 9. gEg FE)

2018 - 2019 I9: YrAA® wWiAHr
TR [AHTRT § SAHars JiAaTar IS0 (3Teq - 9497 2018)

1. I FfeH FIEAT -2; (T TgT=T ST T AT 1)

2. AT FifeThrT ATFEEET; (7.3t T/ gT)

3. o AT (Rt Sarreraratt ®); (S.acasid e 31T, 99=a3F)

4. FEALAAA A FAHFA T (AT I, TLAIAT AGARTE, AT JETITEATT T
IT.HET TLHTY)

5. qEd™ WEEEist; (W Y q9, LA T @A, WA €, ety
FLHTHT)

T TATEHET (TAIRE) Soa arsasw (fegeax 2018 - 919 2019)
1. TEESTIEReT AT 3T HReraTgeh: It Jeqiy ¥ Tg= * fHgid, (. AT 9 Z1e)
2. IF oAl Aifaehr ¥ gatea Resedl & ow 39a Iusor (GEANT4, ROOT fagwr, C ++
TR, arfe af2a), (7. e avhe )
3. I TTHTI] Aifdeht I (TTHTI] HE=T), (1. IUTHT T F1T)
4, A TTHATI] Alfent 11 (TTHTI] TTIRAT), (7 =T a9 gr)
5. 39T HHfAT 2T Gifan (. fawasta wHE g1RT)
6. T Hefaen g / qqmared / ST e aha U Seahad| (S, Teasiid g g1e)
7. &g TRTIAET, (ST, Tohe & 5T)

wifat () afteT R (srdher 12019 - T’ 2019)

1. o\ 9gMEME, "TEhohd Tged & Haad Hig-aed & q99 H7 7" (TS 9T
IUTHT &)

2. g werE, " fhew § fafes Rede" (e 91 SsAte 2E)

3. STae q@sil, "ITH] J9TeqH H qE T (TS AT, Hohd 1)

4. AT FAR 91, "19F H @& a9 18 Tdtear (F, W) @ |itaent 92 Jiafear”
(== u. o )

5. HEY ute, "I Hed stTES-ardTiRg HAT Rarsd” (e AL AT EF Fhadl)
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m IF25
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Diagram: Number of publications as per Impact Factor (IF)
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Diagram: Number of Publications (without Collaboration) as per Impact Factor (IF)

W |F=5

| 4<|F<5
m3=IF<4
W 2<|F<3
B 1<|F<2
m0<IF<1

mB
uC
mD

Diagram: Group wise number of publications (without collaboration)

Group A consists: Crystallography & Molecular Biology (C&MB) Division, Chemical Sciences (CS)
Division, Biophysics and structural Genomics (B&SG) Division and Computational Science Division

Group B consists: Applied Nuclear Physics (ANP) Division, High Energy Nuclear and Particle Physics

(HEN&PP) Division, Nuclear Physics (NP) Division and Plasma Physics (PP) Division.

Group C consists: Theory Division and Astroparticle & Cosmology (APC) Division

Group D consists: Condensed Matter Physics (CMP) Division and Surface Physics & Material Science

(SP&MS) division
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Pie-Diagram of collaborative &
non-collaborative publications

Without Collaboration With Collaboration
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COLLABORATION, ICECUBE #ga M, g8 #9841, R3B #gan, SWIFT NUSTAR,
KAPTEYN, MWL COLLABORATORS, ATLAS IBL #gIT ¥ {3
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1. 9Y AeATe Arar A 125 & st awrig
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TS AFT3ec
FRN 302045E
z-
fafer: -
(3 % <rHT) 3 firdae, 2019
EEEIUI

TqaeqqT 9&4r1 005313

1/ &, s aree AT Tie, FH A4 8, (TIH dd), FIwrdT - 700 001



Page | 73



TIgT §ieeeye A% i< ffawr
31 HTH, 2019 Tt THTH FATH & forg @1 FT AT AT A
AqGHEr: 24 AFAY A@T AT
1. ET IRaE

o= foawor afiia Ufaeress goa IR a7 J@r 1 99 2002 & 9@ & 797 &fer %
LT 9T AT Tt trar 8

2. qEQgHT TEATH
IS, AUSTE, ATATITh ol TAT A=A ATF 1 AT T HeATThd 6T STTAT & TAT GRS a7 99 |
TS I TqTHa 6T S 2.

3. e

Ao AR 9T AT SITaT 8 ST AR § Uldhererd 2, S TTel, €T a9, b THIY, AT
TTHe 8. fRerer O% oI sl AT @ag T ST &,

4. 9o ATfqAt

4.1 =S ARqAr F OEfEHGOE AN WX FATEATHq AT STar g e e '
ATET, TTHRT TF ST G, TG AT o, FL T ST F Safad aeil o sfehensad Ua IoaeT
T ATTHA g, TRATSHT §A4T % Fag |, Afeqadr & ged 9 ¥ gafaq @-a=raq o7 # fSias
[ERIKIEI

4.2 F-oTF R (Y5 T HT ST FT AW) F TS IOH F=A AeqAT Hl, AT IS 7
TATATE 0T o T ATATAT AW T YStiaeg FhaT ST €.

TIgT Sfeceye AT glFTa< fofawr
31 HTH, 2019 T THTH FATH & g G &1 ATHHAT T A4

5. AT

5.1 3T ATEQAT IT TAHAT I, AT FT ATIFwwor, 1961 H Al o swaw w7, forfea amm
At e T T 8

. q : A
. Tae (AT ) : 05%
T. qae (FATAT TF TIETLTAT ) : 10%
. TATE U 9 : 15%



. [EPGIREEIRE] : 10%
EAEN 222 CEvA Eu : 40%
S wEATAT ST : 15%
#q ATRA : 15%
z. - : 10%
z. e : 15%
T AT AT ATTEAAT : 15%

U % F 0 70 TRAT 92 Saedd A U aV # (o gqried Bhgr Srar 8. S sieaat
U o T oF &T ST &, ITIL AT Al TATT Al 64T ST 2.

01.04.2002 ¥ a7 @I< T & foeft ad & foF T iEasi % °rq 4eq &7 o Ud AT @1 F ag
T 1o foo smar €. afe snfEa 01.04.2002 % ager @it 1< 8 ar o £t fasft v At = § ==
ST 2

5,000 0 IT FH AR it AEAAT 92 Q0 ATHAT T2 B6AT AT 2. 38 TG & ATHAT HT THAL
2002-03 ¥ 1T UF =T @I < 3T ST 2|

HIgT 3leceqe A% JlFaa< [Bfawr
31 {19, 2018 N FHTH HATY & T @Tar T ATAT 7 A
6 G A TA geH it

F)  AIHT R AHAT 6 ST T AGG 6T ST 2.

g) T @9 6 (0 START | ATT AT ATSAT U AT i HIO0 & T 6 T H T U 7
IR NG EDIRSIGIEA

)OS e F U STIRT R U AT UF TSR RO 6 ST A S R 6 w7 H o
STt 2.

q) TS U AT g1 STASH AT I (AT AT 6 €T H AT T § T3 o0l AT AT IFqTY
UF YT o A= T=iq fohar Srar 2.

T)  OTHTI FSAT (AN, AT AR Al GIEHT ST HATAAL, TAAWT, ATl & 91 ud ISt 77
 forT ST § A7 T sadT (37-TrsrT), Ue st Trfer v e sht o = § @ .
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7. qREASETEIASETE F e Ay
TATSTATA/ATSTATSA 3 Faferd it ST 7 et F AN I dgag B 9T 2.

TSI /ATSIATS & Gafara a7 ST T =7 Ty 7 qef 0o | =Tl AT o T =1 ¥

g TR ST/ i F A T @ € qur RS/ & o g
EECAC TR C Ul L) 1 Eas o 0 s o G e = B - - A - L T e e B - IR )
TRATSTATA/ATSTATSN R of i 3 siaia g9t 747 2.

8.  facsh yor dowae)
el 957 & §ag R THE i G &l [ &l Y=o [T @ 7 d@ag 6T @0

TgT ey A% giFaa< fefarr
31 HTH, 2019 %I GHTH AT ¥ AT QT FT ATGAT TI7 A

9.  Har-Fgfa ey

T=LET 3 Torw g saarett &7 St sifaw afefas a8 e 1T STashter a1 797 99,
T=LET U AT AT o6 [0 e 1 R sra or a9 B Sav g,

ZHT T T TFLTT FEI Y QAT Ford TS F siavia =1 36ar 3w g S Yo & sy
AT o TR =TT 3 e 92 2|

TH |1 3T T2 7T T Hged U =121 <@ AT FA 116 FTe TETd 98 TEdTa 7 (e A7)

AqAT: 25 GHIPHT FATE 9T AEr 9 feoqeft

1. |HIEQ AT

HEAE % [T §9% T @i M7 2,10,32,001/- F0 (q@adt a9 9,73,27,964/- F0) + 9ITE-
=T F "y §, S o aqaia §F F auise afer sy @ # sae & e w=h g,
eI o faeg urser Ry U sifeq starerdt A9t  fore swefeas <9qm 30 997 S+ I
SEUE

2. TS i, 0T T AR

e T T, ATHT A AT § =1 e, a0l Ud R TA7F dR 9 § 797 A
T § fR@TE T 90 F AR T 8.
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3. YT

TH LTI o e 9¥ o s Afefaas, 1961, F T&d Al Fqe™ T0T AT el 8, ATRT
# forw FoReT STaee T saeTs Jei A4v

qIgT S feceye AT glFaa< bl
31 HATH, 2019 H GHTH AT F g @mQ 7 Agg 07 7™

"R CE R AR EEARY

(Tfer =9 )
T T gt ad
HISTEUE ST T SATT AT T AT
F) A UST ITERT 11,80,98,714.78 12,77,78,377.14
q) ZA-Z(oE AISTT
faf=s ua IUqET I 1,56,91,885.35 80,35,099.22
T) SR 4,23,10,797.94 6,95,55,868.12

5. FATALTF, (U=l a9 & qeAa T Sl &l TTARA/TTHHTITSIT haT 147 8.

6. 1¥16TF =l A AT =AT 31 AT, 2019 TF & AT T AT
SHT AT T HATH AT T 577 G T A9 07T 2.

7. 9 enidaat

A AEAAT 1 31 AT, 2002 T TATRA A (0@ qaaRia B6am 0. o= sieadt goaer
qATIT *l €] 3.

8. AT
AETAT 6 ATHEAT Hl Had (OSel a9 T GTd H AT TAT § S Fea(d SraT Geqret & o0 wehrha
GTAT T9= & , S o ST, A 89 g7 AqAIEd 8. a9 1 379 2002 #F 0 At iih 9% &l
HAHAT T AT ST §. I3 a9 o SaHeTd Hl e Fgied & T g1+ o TETq 3T aTer aui §
war f3Fa ST,
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HIET 3T 5% 17T [HiorFe
31 9T, 2019 F GHTH FATY F frT @ T ATLAT I AT

o. war-FAgfy ATy

U=ET, STAHTL ATT TAT TE6F & AT AT [o7T TG Al [SqiThd ST o S 9T T
[ERIRIE ]

10. T9U (HBA) % forg Rarfea=r fiw ug = siffiwr

e auf § AT S @A9RT 9Ra avER ¥ 9 g At o F o ar et et
(FrT) TAT g R uF s AR 7y =S Rarfeast u=Eiu(HBA) F a9 qath § SeE |
FHATRAT AT g AT, FreT =T, ARG T2, Hie? qrafha/ce Ud 7 96T Gaant & 3297
H A 2o STar 2. 99 % O A TE AT UF ITH AT A ATfeat TEaIU(HBA) AW § S{ET
STAT 2.

11. o ad 2016-17 & s uw s(faes @+ & ofeadl & qo 9= 9% fe@mw @ g = 29
Ffoeer |Ta & qurEE B ) i & afads G @ g =it o oo aEmeerE
IS @TAT graT Fith a4 I qar [gfa aaret & miftEs o7 o7 sEgead F Iaem 9% Tqred
gram

19 25 AqgHT % forg geamer
(.. fmm) (TH.TH. TR (ST Witaw wgEMET)
T AT TATE TEATTF FAFT Aeerw
(TREE-Fraie)
FI F. AT T FFAT
(¥ 3.qmf)
arEfier

FRN 302045E

ggeqar €. 005313

1/4ft, dree e ifhg Wie, T 9. 8, (T4W aw)
FesEar- 700 001.

feei= 3 fadaT, 2019
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2018-2019 % forg i @Ta 9X
AgT gt it feoqefy ux

¥ 7L Fwrars F A

#.9.

gAY Tl Sfteaye A i e & 31 919, 2019 T *
AT TAF-TAT ST IHF T T I AN Foohl THTT G 5 T

TAT T @l &l (= &l g ST AET agdi § 7 91 2. T f&FciT
Toraeor weer ek ITTACT &0 § A §. T &I of T TLrET
STEM 9% = FaeiT foaont U2 o9 9 e FXAT 2.

wae = Aty fEawen & [t F forg sawerht § S 9wg 9§
T T @ Aadl & TET qeAE & AxE fafd ua
o=t w2ele 7 5t Ua 3=a 397 T5qd #3d gl =7 Suiarad §
farettar fereor % fawior v seqfa & sefaq siafie feeo
e, FETFEIT U e aTe € S a8 vd 3t 5o
TEQT FA 8 ST Aifds [T 07 ¥ q<6 & A7 o grargst v
Tt % T BT

CICAERIN

THT T AT o F A4 9¥ 24 fa<h fEaen a fa=m
TEQT HLAT gl EH AT of@T TEEAT I A&l @R TeTT
F FIT ST @Y T A9 % ST 98 Fd gl 39 JEE 6
T 7g &t & T g9 Afas siewa ua TreET &7 9T Hw S
TH AT FT IT ACATET ITH FLA & [0 F@T gaeqor #3 f
ot faewor wifae T Fae & 96 8

T G T § orae fasha faewon & wfer ve yewdieer ®
AT | AT ITH FIAT T AT gl FAAT TRAT 6T I9reqe

Tre BT
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ol & & & s Rawor =2 3 draradt = ey F Freor
g,  AITad (=T FI9 % GaL = GHEAT 98 =9 Fdt gl $9
GALl T FHIAT FF | @7 s G A A ¥ "afed
AT I 9% A= i & |7 &1 @7 TeT &l Afahieud
i o foru ot e & st Ao 92 o B=me #war g s
st g fRata F s 3fa g )

o ferame g T gamr o 9der gan e & oo uw stea
AT V&1 LT 2.

4.5

waer 7 2002-03 & 2018-19 ¥ 3=« feq Towe 7 TELETd
gF ToRAT g1 ST STted TSTeeT & Tl HicrH SE HeqTaa &l
AT, TgA, SE AT &l dal 9T 747 g 3T=q a&=qrasT dgt
TET AT 8| a9 % I T ATTed TTeet FT AT gl
TraT 1T 81 a9 % I 17,40,60,096/- F. 9T A EqAT AT

ST 72T 81 ARG F AU &7 S wdqral T@r ST A1 u|
TgL AT TRATSATS & [T EqAT F ITINT g TEAE Ih
TEAT AUl F= SEadl FT Alfash T Al har 17 8
FIh Tg HAT Tal ¢ FoF 9= omiEadi & Ear a7 7T I
=TT AT ST A9 o G0 9T STTed TIoTee T STarde [heur
CRRERIRIE ]

(1980 F gl TF) AT
ATe ToreeT % Iuesy 7
g F FOT ATSCqT F
FU F I TATED @l
ERISIEENE L R e
F¥ 2002-03 & 2018-19
TH AT SHUFRST 6 AR
arfeq e F1 fAAfT
F form T £1 2016-17

ua 2017-18 ad i

At ST T HF TS 2
Y FT STeal gt FHErS
¥ ferar strowm)

49

AT 1w ag 2017-18 7 10 97 4.22 91@ & Feav
2018-19 # 4.05 =@ g1 74| 389+ 10 a9 | T ARH d¥
AT g1 Tgd T AT &l TR HLA T AT gH=T AT 0]

e T T3 ST e
HTHAT St e AT AL

T ST 72t 2

4.3

AT 0 (&0 7T T0H SEH [&aer & ATl St arHe
g, 44,269 & 3T quTAIira AT ST =T

FauT fa ad & e
I FT FHTATSNT FL T
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FTETE 9 Bl 2

49 | 6 |rZ F o wrferen Frfear «fiw #r qurte frar st =t e
43 | 2014 ¥ famat s frenferen £ @ifas st $ir 7 &) Gramat
s fafstrfeeren 1 91w st fiF 2 & v 9 2t 21 2018- = BT
19 f¥ I= FT A TE 2
4~ | AT afesTTEt & Trfer agEt ST =R S 28 e 3T T qAT I
TR enTfiver 8 S B sftaarSaTe, e, TR, T ﬁ“aﬁﬁjﬁmﬁﬁﬁ
T AT 1.22 FAE E| 3! HATST FIA & AATF FaH T
ISTHT AR
Ay | A Tl TRATSHATSA 6 (0 AT A RATEAT3 a0 H
AT Tl 21 Iva AN T o o0 AT9AF FRATE T | Sy vy w117 9T 87
ELIG B = % SR 5<% A
TN 2 T FTaTS
EEREIE
A |wETAI . 11 Fv 9= w7 § Jgt STet 9 ud =0 F e
T ST | Al (Q@TAT AT & ST =T ThAT & 3T g = B

31.03.2019 T HI<h AT 2,93,34,20,504.89 21 T2 2016-17
THAT | AT g
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e o ST =9 a7 A

o Al e e A, S T, AR R AT 1 ST
FAT FERTHI AT AR
4.9
re TR
4.z | FHdT Heet F wrHer § 2017-18 ae |ifde Sti= &1 T g 3%
2018-19 T ST T&= [T ST T ST 2|
4.5 | AT STETAT o FANT [Haer S STHT U =0T q97 TF o= | Ale AT S afianor
TET g AT 38 oY srate (Aerer & &9 7 fe@mar 3 g s& udt FaaT &g a9 § R
T LT TR, Foeq Ty, farega & forg s, e =it ST
TATIR ST A THT T T2 GO 2 bl AT AT 6 T § f*@rdr
AT 2
re T

AT T | AT & T ga7q9 IR i g8 f{u 7w
TTSTRLT o ST ST @l qAT HAda 97 &F T2
feoaforrt wrea ® y=forg vy w=igd @ g9 F qqE
HET UF T o e AT €

i) aTeT TfReaye i ~fFera fefmem % 31 714, 2019 7%
& , AT T, TAT T AT STHAT 6 FTHA H.
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i) ST & 7 9919 99 | o UF 7T @I 6 AT F HIHA
" .

iii) IHT ARG F T 99 &F qate § Gy 97 7ard
GTAT, AT HAGEIL % HIHA H.

fafer wo AT sraegsart # forg R

HA AT STLT AT T SATEATSA ol HIT S AT 00§ ST re T
AT T ST o qaTiersh gHIY @l TEEAT % F1Y o 1o
STEAT 2

AT T | T % T AF9F @ dat ST o g7 L@l e

& ST o 36 TEART Al ST | 9q1 =747 &
e T

TAT-TAT AT THF AT T AT TAT 5747 @l ¥ S+ T Feqrav CICAERI
g & g 77 R < afeat & 9« @rar 2)
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%. T U9 .

el AGTHRT

qTET Sieese At faaa< fhie
& T H
TG Gl Tl FT Tidaad
LR REIGH
1. =t feewor & e

ZAA ART 3fteale At Ffaay fhfSe 989 ard F 31 #79, 2019 % & Ha9 qa1-031 3T 396
AT 7 IET AN Tl THTT a9 6 T TAT =T AGT %00 ST ol gl

2. fa<i e & forw w1 s

yeey = B fAaeott 3 i F e saeert § o 9w v § yrn Siehd s {1t F aqey
TeTe & fasia Rufa va st yedw &1 9@ vd 3= 397 T Fd 3| =9 Savardd | o
foawor o 10T Ue SEqid & Safed s HasTor &7 ATHHedd, FAaaT U T@aard Hd g St
et U4 3T 397 TEqd Fd & i ST (=T 97 § 4<% & =g 7 drarersT AT Tt o FHT0 gl

3. @ el FT SAElded

AT FEE FHTE @ 6 ST T% 39 (AT [@a<vll 9% A= T&qd FeAT g1 g9 (a1 of@r arer
AT AT AR HEAT o GIT AL A@T T T 6 ST I Fd &1 3T AR 6 [T Tg
ST g T g/ AT ST&ea UF TS &7 169 L 3 TH 91q 1 I ACATET ITH F 6 (o0 J@r
AT Y TR i fEawor Sifae [rear #0 = & 95 21

U @l T | o9 fo<i feaon § i ud T sheor o a1 | |q7eT I FIAT7 S 217 gl
Fafaa gfraT ar o F [Aorr F ara & st a3 3 draraEy 31 Todt F Fwr g, F
AT (=T FoT % @A i GHTAT 9 9T FAT 81 3T G o0l THIEAT T § @7 THqF GEI

1 FaET & et sl e av B #21 F 9 € @ war w sfiewtera #e F o
o<t faewor & 3fea ffeuw o2 ot oem war g s St ol & sqeT 3t g gl

g farame g o g ot ol game o= & fore ua s sram y= e #ar e,
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4. oI

AT T | JAT & TS qalaH I o7 g6 RU 0 s F SE SRk of@r 9T
TATF q¥ & & fEoqfvrEt qaea | Y=o Ud I: TEi6d J@T TAqT % Fqa gel Ud e e
TEQT FAT 2l

3T 37 7 F9H a9 H RqET ST G @rav & GAag & qrH H

Fd %. AT T .
EEARCICIEOEY

FRN 302045E
UDIN190053AAAAAG1842

( 3.3 9THT)
CIEEAES

qEErqr E. 005313

fear® 3 fadew, 2019
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qreT sRear sitw i e
g @ar

31w, 2019 & g°TE 99 * forg sfRaat w& swam am@r

anfeaat 2017-18 2018-19
¥ ¥
AT AT
T 9 F I @I
¥ |7 241,69,747.10 143,32,786.10

qTET Sftes]e At fFaaT iR % ammT ard 7

TTFT T 2446,00,000.00
TITATALOT
FrfErear w1 ve Fnrer | 7 T ar
LEIRIET 51,41,948.00

ATTHT TGAT

170,87,439.00

2028,00,000.00

32,36,351.00

85,96,679.00

k{UGIG]H
Y T

EUECHEERLE

LERLEEIEE

AT AT FELEAT
STAHT AT

% TATT

TAUE( AT

THTY)

Iq AT
T FF A T
A= qoat omar
FETa T

2017-18

2018-19

w.
1680,59,776.00

357,15,842.00

1,25,241.00

33,27,424.00

523,32,012.00

170,87,439.00

649.00

17,965.00

143,32,786.10

w.
1415,38,322.00

333,35,192.00

1,24,092.00

12,18,492.00

239,70,578.00

85,96,679.00

684.40

0.00

201,81,776.70



2909,99,134.10 2289,65,816.10 2909,99,134.10 2289,65,816.10

(Traw wgT=TaT) (TH. T ST (.. =)
EIPEORREELED JATE TTEATTH araT sferETa

. 9T UE FHU«T & forw THRrET FrataT

AT AGTRTT

FRN 302045E

(3 = 9rHT)

EEEILI
qEEaar =41 005313

1/, diree e wtfee v e, Fa
q9Y 8, (IIH dq),
FTAHTAT - 700 001

fafer: - 3 fadae, 2018
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ATET Efeeale At fFa7 e
% T FT
AT AT TR FT Taaed

EECREIG]

#.9.

waT gderei H feeadft

#Y T Fars

ZHA HTET Sfeale i qEaae [hisee 9897 @rd & 31 919,
2019 TF & HAT TAT-TAT ¥ IHEK AT A JHT TG Kl THATT
T o AT TAT =TT @I T ST i gl

CICAERIN

wee =4 faxtir a3 fAmir & forg sl & St aa av |
T T @l JIddl & AT qE W & A Fafta ua
o w2ei e &1 F2t U 3=a 397 TEqd F7d gl =7 Suarad |
ot e & et va gegfa & Sefaa siater s @
ATIFHeTd, FEATEIT Ud TEETT THA g ST 9gl Ud 3t=d 3eF
TEQA FA g AT Wi (T w9 ¥ G ¢ 918 9 drare=r av
AT 3 T BT

e BT

AT 2T gAY 9 e 9 24 fa<ie gt @@=
TEQT HAAT gl EH STIHT oIl TEEAT WA A&l @Y T
F GIRT ST @l T 9F 6 AT T Fd &1 3T AR 6
o 77 St 8 T g9 Afds® s ud ASET A e F7 AT
TH 19 FT IT ACATHA ITH FA & o0 o@r g 3 6
ot AT wifas [T Fae & 95 260

U @T T # v i et § wfr vd wwdEwer
T H AT ITH FIAT STEL gIal gl FAAT ThAT o@T TLe®
ol & = & ot o =2 T et AT et F Fwrr
g,  wlfas =1 F99 F |a< & gHreT 97 =9 F2dt g1 39
Gl il FHIAT FA | @l TEE G619 Al qan | garead
AT I 9% 3= FT % 97T &1 oI@T 9ar &l At miod
T = forg st favor & sfa AT o ff e #ar g
St STr o Rafa & sgEy 3tEE 2 €

o FErame g o gamer oraT wiier gan = & o uw st
AT T T &

Tre BT




AT T | qoT & S gaiaH ST #Y g6 Ry Tm
TIEEO % AN IUUH @l JAT HAUS® U Al 5
feoafort wea § y=fa ua 9 TiFa @ YA & S qE
ET UF T o e A €

F) I o T qHTH 9§ AT U AT G 6 GHAAGN
FOET §

e BT
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%. T U9 .

el AGTHRT

qTET Sieese At faaa< fhie
& THY
= REICEIR I I IS CEC
Ay ffe =

1. fahr A i fae

ZHA AT Ses]e A e fhiorer wiosy Rferara & 31 979, 2019 TF & ¥ ToA=-931 3%
IHF T T IHT AT Tl THTH T 6 ST TAT =T @I 00 A 1 & ST @7 ar41 F 7 G a.
I fadttr foawor yag % a1 o H o §. U ST @ L& & ey 9% 34 & feewot
T AT {T Tohe FIAT 2.

2. fa<i feawor & forw waer &1 s

serey = i fAaeott 3 i F e saeert & o 9w v § v Siehd sEr {1t F aqey
TeTe o fasia Rufa va st yedw &1 @@ vd 3= 397 T Fd 3| =9 Savardd | o
foawor = 10T Ue SEqia & Safed s Ao &7 ATHeHedd, HAaaT U T@aand e g St
et U4 3T 397 TET Fd & i i (=T 97 § q<F & =g 7 drarersT AT Tt o FHT0 gl

3. o@T e FT SALElded

AT FTEE GHTE @ & ST T¢ 39 (AT [@a<vll 9% A= T&qd FeAT g1 g9 (a1l of@r arer
AT AT AR HEATH o GIT AT A@T TEHEAT T 6 ST I Fd &1 3T qTHH! 6 [T Tg
ST ¢ T g/ ATas ST&ea UF TS &1 T &L 3 TH 91q 1 I AT ITH F 6 (o0 J@r
AT Y T i fEawor Sifae [rear #= & 95 21

U @l T ® o7+ fa<i fFaon § i v T sheor o a1 | |q7eT T FIAT7 S0 217 2l
=Tt g T Tiesw % [t % |y & st fBEr =g 3 drEreET ar et F w1 gf, 6
AT (=T FoT % @A i GHTAT 9 9T FAT 81 ST G o0l THIEAT FLeA § @7 THqF G
T FaET & Fafda safer R uw B w3 F e € J@r aheT #i dfasdierd Fe F o
ot faewor & 3fea fAeuw o2 ot oem war g s St aifRufT & sqeT St g gl
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g farame g o g ot ol game o= & fore ua st sram y= e #ar e,
4. gTXUT

AT T | JoAT & S qalaH I o7 gH [RU 0 s F SE SULRh of@r 9T
HAUF q¥ AT & e forEt qaea | Y=o Ud I TEi6d J@T TAT % Fqa gef Ud e e
TEQT FAT 2l

F) 31 HTH, 2019 TF %, TAT T, TAT T 3 THAL % HIHA H.
T) I T 7 THTE a9 § TS1ed G o STererT & ool | .
%. 9T T #.
gj—c?réw

FRN 302045E
UDINI900531AAAAAH2241

( #.%.<THT)
CIEIEARS
gaegqar . 005313

e 3 fodee, 2018
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o oA W N ooy

10
11

N o oA WODN -

qTeT SResE At i< e wisy [y

g AT fasgfaat

FaFT giarsgfa 2023
qEaTT Tiafa 2024
LRI Stasgfa 2026
FAFT giarsgfa 2027
e Tiaegia 2022
FAFT giarsgfa 2020

.87 77 T & (SWBSDL) 2021
.87 Tre7 T 3T (SWBSDL) 2021
9.8 =7 T & (SWBSDL) 2026
eft vEdiEY, vadiuer 2023

AT T39T 32T THSIUA 2028

sy iRfee sive

gfsrw s¥rer i =T (WBFC)

gfsre et fa<tra 9w (WBFC)

q. & Sreesd faee ate (WBIDFC)

q. & e faw afe (WBIDFC)
(WBIDFC)

q. & Sremesd faere afe (WBIDFC)

sreryeer araw A< e (APPFCL)

ERCHIE IR GREEILIEIE]

ATH 2019 T%F Sqgf~a [aer
Raa LR
ardE ardE
16-Dec-09  10-Nov-23
18-Mar-10 15-Sep-24
16-Aug-10  23-Mar-26
22-Dec-10  02-Aug-27
07-Sep-11  21-Sep-22
31-Oct-13 16-Jan-20
23-Nov-15  23-Nov-21
23-Nov-15  14-Sep-21
11-Mar-16 ~ 24-Feb-26
08-Sep-16 02-Jun-23
15-Mar-17  28-Feb-28
30-Nov-09  30-Dec-19
10-May-13 30-Jan-23
22-Apr-10 07-Apr-20
16-Jun-10 07-Apr-20
24-Sep-10 06-Apr-20
21-Sep-15 06-Apr-20
15-Nov-10  15-Nov-22

G <L
8.20%

8.20%
8.00%
8.26%
8.13%
8.19%

9.28%
8.65%
8.88%
8.25%
8.17%

8.60%
9.65%
9.20%
9.20%
9.20%
9.20%
8.74%

B g
.

55,00,000.00
35,00,000.00
50,00,000.00
65,00,000.00
185,00,000.00
287,90,000.00

106,60,000.00

60,00,000.00
100,00,000.00
100,00,000.00
300,00,000.00

40,00,000.00
60,00,000.00
150,00,000.00
100,00,000.00
120,00,000.00
40,00,000.00
70,00,000.00

AL %

677,90,000.00

666,60,000.00
1344,50,000.00



11
12
13
14

11
12

© N o A W N = oAy

TSTEATH 15 G2 qiagd

ST 5T g2 Tagd
EEIEACRIRATEE]

afee wrg araw A<t ua sremeaa fasme = . (TNPFID) 2023
Ffeer Arg Icures ua faawr 3 for. (TANGEDCO) 2024
ST 157 A= Scarad o for.

eft wra o forfeee

rdwtae Ay deurstt & afemfaygfa:
arsuwTaTs ferfiree 2020
arsuHTems forfies 2026
AETHAT Five 2021
ATEUFHT Five 2021
ATEUFHT Five 2021

ad T w22 4 ( Feear) ate 2020
arfer o=t faemer for. 2019

arfew fa=frr faeme for. 2021

erf=r faia = for. 2021

orf=r faia = for. 2024

et fsra Bt fam ate 2020
srenfire e Bt e sife 2026

26-Nov-12
26-Nov-12
24-Jan-13

30-Jul-13
20-Feb-15
21-Sep-15
30-Jan-18

e &t
e

28-Jul-10
05-Dec-12
28-Nov-14
26-May-16
14-Jul-16
11-Feb-10
26-Sep-14
04-Sep-14
11-Oct-18
11-Oct-18
20-Jan-11
20-Apr-11

01-Nov-20
01-Nov-20
16-Nov-22

29-May-23
18-Dec-24
24-Dec-26
20-Jan-26

T
ardrE

28-Jul-20
01-Aug-26
11-Jan-21
03-Nov-21
03-Nov-21
27-Jan-20
07-Jul-19
09-Dec-21
07-Jul-21
29-Dec-24
02-Dec-20
15-Apr-26

9.70%
9.70%
9.80%

9.19%
9.20%
9.00%
9.75%

TS X
9.25%

10.75%
9.90%
8.55%
8.55%
9.05%
9.15%
8.55%
9.20%
8.65%
8.89%
9.28%

100,00,000.00
50,00,000.00
147,00,000.00

190,00,000.00
90,00,000.00
30,00,000.00
150,00,000.00

B g
¥,

120,00,000.00
60,00,000.00
200,00,000.00
150,00,000.00
100,00,000.00
50,00,000.00
100,00,000.00
120,00,000.00
290,00,000.00
150,00,000.00
20,00,000.00
80,00,000.00

1337,00,000.00
2681,50,000.00

AL F
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13
14
15
16
17
18
19
20
21
22

: .01. -Jul- -Jan- 73% ,00,000.
ATESTUHRHT for. TAHTS (e iuaeT 11111/2016) 06.01.2023 20-Jul-15  06-Jan-23 8.73% 150,00,000.00

¥ faereta f°r 2019 (REC 2019) 25-Jul-14 18-Jun-19 9.02% 100,00,000.00
=¥ faereta f"m 2027 (REC 2027) 11-Apr-18  10-Dec-27 7.70% 100,00,000.00
arferfr erfxr fAwmr for. (NPCIL) 2019 09-Jul-12  16-Nov-19  10.77% 70,00,000.00
T8, s e aretaeE &, for 18-May-15 26-Jul-21  10.29% 120,00,000.00
o 5. T e gt . o, 30-Jan-18  26-Jul-21  10.29%  150,00,000.00
T gTaT &, o, 26-Jul-17  11-Jul-22  7.72%  100,00,000.00
PRREECET 11-Sep-17  30-Mar-22 9.10% 100,00,000.00
e ferere i fAe NCD 25-Jul-18 04-Apr-22 8.69% 100,00,000.00
AT ¥ 9% 2028 31-Jan-19 2/112028 8.90% 100,00,000.00
IEERE S

=g AT # [ae arie WX B hiHd
TS e o gt 15-Sep-17 25,00,000.00
THATATS TEdl grafae wu(sT) 26-Jun-18 25,00,000.00
eSS T v e Fw (57 21-Jun-18 50,00,000.00
arfer fave o wrew S arefie (o) 26-Jun-18 50,00,000.00
TASTURHT HTIT ATH AT (SiT) 26-Jun-18 50,00,000.00
Fremier =R 2refae F (o) 26-Jun-18 50,00,000.00
250,00,000.00
T TEHITAT =

2530,00,000.00

5461,50,000.00
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FOREWORD

For me it is a great privilege that I got the responsibility of
generating this brief text as ‘Foreword’ outlining the
research, teaching and various other activities of our
Institute carried out during 2018-19. As a premier research
Institute, Saha Institute of Nuclear Physics is continuing to
serve the Nation in generating trained manpower for doing
basic science research primarily in Physical and Biophysical

sciences.

The Facility for Research in Experimental Nuclear Astrophysics (FRENA),
installed to do science mainly in nuclear astrophysics, is going to be
operational soon. This national facility is expected to be a game-changer in
this domain of science. A lot of impetus is being put in Jaduguda
Underground Science Laboratory as well to uplift its scientific infrastructure
so that one day it can become an important laboratory for dark matter
search. Our scientists are taking great care of the Grazing Incidence X-ray
Scattering beamline of SINP at RRCAT, Indore, that we installed some time
back, and we are looking forward to proposals from users from other
organizations.

We are regularly organizing important conferences, with participants from
within the country and abroad, and at the same time paying substantial
attention to scientific outreach as a part of our social responsibility. Our Post-
M.Sc. program continues to train young minds and helps them get ready to
face the challenges while doing research in basic sciences.

The Hon’ble Vice President of the Republic of India, Shri M. Venkaiah Naidu,
visited the Institute on June 28, 2018. He inaugurated FRENA, visited some
laboratories, and addressed the scientists and students of the Institute and
encouraged them to pursue scientific activities.

The Institute has observed the 69t Foundation Day and 125t Birth
Anniversary of its founder Professor Meghnad Saha together on January 11,
2019. Hon’ble Chairman, Atomic Energy Commission, Shri K.N. Vyas chaired
the function. The Institute has arranged the release of a special postage cover
and a stamp on Professor Meghnad Saha. A Gallery on Professor Saha and
his work was also inaugurated on 11th January, 2019.

We are confident that the vision of Professor Meghnad Saha, our founder,
would continue to guide us achieve greater heights in the years ahead.

September 24, 2019 Prof. Gautam Bhattacharyya
Acting Director
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ACTIVITIES OF THE INSTITUTE
(April 2018 - March 2019)

Saha Institute of Nuclear Physics is engaged in basic scientific research in
areas such as theoretical and experimental high energy, nuclear and
condensed matter physics as well as biophysics.The research work is
distributed over twelve Divisions that collectively form four Groups: (1) Bio
Physics and Chemical Sciences Group, (2) Atomic, High Energy, Nuclear and
Plasma Physics Group, (3) Theory and Cosmology Group, (4) Condensed
Matter and Surface Physics Group. The Institute also has a Scientific
Information and Resource Division (SIRD) that integrates and coordinates
activities of teaching & training, summer and undergraduate programmes,
library, outreach programmes, and Prof. M. N. Saha Archives.

Eighty four (84) faculty members, thirty five (35) Post-M.Sc. students and one
hundred and fifteen (115) research and postdoctoral scholars are actively
engaged in research, teaching and training programmes. Thirteen (13)
Undergraduate Associates and thirty one (31) Summer Students have been
trained in the Institute during this period.

Highlights of research activities carried out in the four groups as well as the
activities of the SIRD Division are described below:-

RESEARCH HIGHLIGHTS OF GROUPS

1. BIOPHYSICS & CHEMICAL SCIENCES GROUP

Research in the Biophysics and Chemical Sciences group is wide-ranging and
interdisciplinary.

One of the prime goals of this group is to further the understanding of the
ability of organisms to respond to perturbations that might lead to disorders
and diseases. Keeping neurodegeneration (AD, HD, Prion disease),
laminopathies (DCM), diabetes and cancer (leukemia, TNBC, HBC) as the
focus, members uniquely aim at elucidating the effect of gene-environment
interaction in order to understand the underlying mechanisms through a
multi-dimensional, cross platform approach.

Another overarching goal of our research projects include, understanding of
the excited state dynamics of complex phenomena using ultra fast
spectroscopy and single molecule imaging, finding new functions for old
drugs (NSAIDs), different areas in Nuclear Chemistry, Radiochemistry, Green

Chemistry and trace analysis, developing nanotechnology and novel advanced
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materials for a myriad of applications, unravelling problems associated with
devising new, alternative sources of energy, neutron spectrometry and
interaction, nano particle dosimetry and radiation safety.

A major thrust area of our research unravels the mechanism of action of
proteins at the molecular level using X-ray Crystallography. Precise DNA
replication in eukaryotic cells and its control by cell cycle dependent licensing
mechanism is studied in depth. Screening, selection and validation of
antileishmanial compounds are undertaken along with computational
redesign and experimental validation of cyclophilin core. We have successfully
developed a “Dual-detergent strategy” to purify membrane proteins,
particularly Mg?* ion channels. The elucidation of the chaperone biology of
spectrin is also completed.

resistance. To decipher the signalling overlap
behind this phenotypic resemblance, the
activity status of RTKs has been probed in post-
mortem AD and T2D tissues. Altered expression
levels of protein-coding genes and microRNAs
have been implicated in the pathogenesis of
Huntington’s disease (HD). Using small RNA sequencing and PCR arrays,
perturbations in the levels of 12 long ncRNAs (IncRNA) in HD mouse brain,

Alzheimer’s disease (AD) and type 2 diabetes
. (T2D) share the common hallmark of insulin
|\

<:4?..;2Jmﬁﬂm \| e

eight of which have human homologs, have been observed.

The ESCRT proteins help in the recognition, sorting and degradation of
ubiquitinated cargoes. The role played by the ESCRT proteins in
neurodegenerative diseases is being studied, showing that extensive neuronal
death eventually culminates in neurodegeneration. In Prion diseases as well,
the lysosomal quality control machinery emerges as one of the primary
targets. Some of the ESCRT pathway proteins have also been shown to be

o] o Eorp [ aT< [EGFP involved in the manifestation of disease phenotype.

alc

1 0

1 e Dilated Cardiomyopathy (DCM), one of the different types of
‘p[:,-ﬁJp‘—»- laminopathies caused by the mutations in A-type lamins,
causes involuntary cyclic stretching of cardiac muscle cells.
As A-type lamins are principal components in nuclear
mechanics, the effects of the DCM causing mutants on
nuclear stretching and deformation by static and dynamic
strain have been investigated. All the mutants exhibited
differential nuclear structural aberrations that could
potentially lead to defects in nuclear anchorage leading to

@
2
it

n
&
i

Fold Change in EGFP Expression
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misshapen and misaligned nucleus.

Cancer poses a daunting challenge to researchers and clinicians alike.
Metabolic reprogramming has been identified as integral to pathogenesis
and progression of the disease. Consequently, analysis of biofluid
metabolome has emerged as a promising approach to further our
understanding of disease biology. A step-by-step protocol for performing
untargeted metabolic profiling of urine and serum (or plasma), using HILIC
or reverse-phase (RP) chromatography coupled with electrospray ionization
mass spectrometry (ESI-MS) and identification of metabolites of interest
have been standardized.

In the cancer epigenetics, it has been demonstrated that low UBR7 expression
is correlated with triple-negative breast cancer and metastatic tumors. The
results established that UBR7 is a histone H2B monoubiquitin ligase that
suppresses tumorigenesis and metastasis. It is also shown that TCF19 PHD
finger has a unique preference for a transcription activation modification.
TCF19 associates with several other transcription regulators of metabolic
genes which have an important role in ER stress and cell survival and has
been widely linked to T2DM progression.

Computational studies on the conformation and dynamics of canonical
basepair in RNA, sequence specific drug-DNA interactions and Ig domains of
disease specific mutants of nuclear lamin have been done using DFT-D and
MD simulation.

In the Synthetic Biology field, members also report that the function of gene
circuits is rescued by a frame-shifted gene, which functions by
translating from a non-natural start codon. This mutation results in a frame-
shifted cl, showing effective functionality among genetic NOT-gates. This is
the first report of synthetic-gene-circuits made from a frame-shifted gene.

Development of Alternative laser Excitation Spectroscopy (ALEX) and Single
Molecule FRET-Anisotropy and set
up for real time monitoring of
complex biological systems taking

Three color SMFRET - Anisotropy Instrumental Set up

:T&?’ b N b o one molecule at a time are
-~ . P,m,- | . underway. The acceptor emission
om - v | Sorvle S e ég fluorescence polarization reflects

* \: ' 1 =3 the positional stability of biological

| 1 macromolecules due to the imposed

~ ﬁl g Polarizer (P) . . b. d. d d
‘— W' ces1peme | Testriction on binding to drugs an

: other external agents. This can be

used in several biological areas

.~ - Microscope ~ Beam

Emission part AL= Achromatic lens
DM = Dichroic mirror
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ranging from biological folding to experiments performed in vivo.

To understand the interaction of serotonin (5-HT) with silver nanoparticles
(AgNPs), steady-state and time-domain fluorescence measurements were
carried out along with binding energy measurements through X-ray
photoelectron spectroscopic (XPS) technique. From the nanotoxicity and
neurotoxicity point of view, interaction studies between serotonin and
nanoparticles are essential to develop an understanding on the effect of
nanoparticles on monoamine neurotransmitters.

We have characterized the complexation of lomoxicam (Lx), a drug belonging
to the oxicam group with different cyclodextrins, replicating the conditions in
stomach for oral administration. 1H NMR and FTIR in the solid state show
that the p-electron rich pyridine ring of Lx penetrates into the host cavities
with deeper penetration in y-CD and HPyCD than their B-counterparts. We

En have achieved
s gl
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magnetic field we can effectively modulate the spin-trajectory of a nano
surface adsorbed prototype anticancer drug; and explore the property of
aggregation induced non-emissive- to-emissive molecular switching of few
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Over the last few decades, carbonic acid (H2COg3) molecule, an elusive species
of atmospheric and environmental significance, has been the subject matter
of various research groups including astrobiology. We note that important
questions about the isomerisation, loss and instability of the H2CO3 molecule
in its source, Earth's atmosphere and outer space including Mars still need to
be answered. Given that the detection of HoCOs molecule in Mars is an
important research topic, we recently highlighted the ‘Carbonic Acid
Isomerization and Decomposition Chemistry of Potential Atmospheric
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Significance’, although we still have to explore whether we can extend the
impact of our research beyond Earth's atmosphere.

For the first-time baseline data of natural radioactivity in Indian Sundarban
has been reported. The radiochemistry of the converter targets, which are
popular in the high-end nuclear facilities worldwide for production of next-
generation Radioactive lon Beams (RIBs), have been explored. The LSC-TDCR
technique provided the first experimental data on quantification of radiotoxic
a-emitting polonium radioisotopes produced from proton irradiated converter
targets. Few studies exploring the cross section of proton induced nuclear
reactions such as 2%9Bi(p,2n) and 299Bi(p,y), "atW(p,xn) reaction were studied.
Study of As-detoxification using the As-tolerant endophytic consortium from
L. camara established the importance of selection of suitable microbes as well
as plants to carry out any metal detoxification. The gas-filled recoil separator
TASCA at GSI Darmstadt was used to study the isotopic distribution of nuclei
produced by the S0Ti + 249Cf reaction. The same facility was also used for
exploring radiochemical properties of the superheavy elements copernicium
(Cn, Z =112), nihonium (Nh, Z =113), and flerovium (Fl, Z =114) by using
their lower homologues of Hg, Tl, Pb respectively. Comparative study of the
interaction strength of 199Hg, 191T]1 and !92Pb with the surface coverage
materials (Au and SiO;) were studied to correlate the same with the
interaction abilities of their heavier homologues Cn, Nh, and Fl. Measured
double differential neutron yield (DDNY) distribution for 12C projectiles
bombarded on thin and thick target of natural carbon has been analysed in
the framework of theoretical models. Application of NAA to determine the
concentration of Al, K, Na, Cl, Rb, Ca, Cu, Co, I, Mg, Se, Fe, Zn, Hg, Ba, Cr,
etc. in biological fields, different geological formation; relative variation of the
elements in breast cancer, skin cancer, colorectal cancer, dysfunction and
malignancy of thyroid gland have been reviewed.

Through the crystal structure of the complex between VcEAL; ‘substrate’ c-di-
GMP - known to play a central role in biofilm formation and dispersal; and
‘product’ S'pGpG, coupled with kinetics and
Y oet28 ncp vaco " pTe 25,m N growth assay with several mutants, we have
y=® . © o y ® 0 o \ demonstrated the hydrolytic mechanism of

1010)

this standalone phospho-di-esterase.
Structure determination of Vibrio cholerae
Polysaccharide Synthesis Regulator (VcPSR)
- an atypical bacterial enhancer binding
protein implicated in biofilm formation, has
shown the role of c-di-GMP in the regulation
of ATP hydrolysis and oligomerisation by
this protein. Structure of a unique
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phosphor-tyrosine phosphatase (PTP) from V. cholerae demonstrates unique
surface charge and grooves around the catalytic site, which could be used to
design novel drugs. Structure of a Rho dependent transcription termination
inhibitor YaeO and detailed studies of its interactions with Rho, both in
solution and in silico, provide the mechanistic insights of its inhibition.

Also, Crystal structure of a Pycnodysostosis (a bone disorder) related mutant
of human Cathepsin K has been solved showing the molecular insights of
functional alteration that lead to the disease condition. In another study, the
design of a Cystatin mutant from human origin has been made to inhibit
falcipain 2, a potential drug target of malaria.

Intriguingly, Ku - a DNA repair protein is involved in the process of
replication in eukaryotic cells and its control by a cell cycle dependent
licensing mechanism. It has been shown that the periodic modulation of cell
cycle related function of Ku is dependent on reversible phosphorylation and
ubiquitination of its Ku70 subunit. The findings establish further insight
regarding the regulatory mechanism of replication initiation involving multi-
functional Ku protein, which is critical for genomic stability.

A series of antileishmanial compounds some of which were identified
previously in the laboratory are screened against leishmanial strains, both
promastigotes and amastigotes. Of these suramin and netilmicin were
identified with promising antileishmanial activity. The antileishmanial efficacy
of suramin was tested on an animal model which validated the activity of the
drug against visceral leishmaniasis. The computation to redesign the
hydrophobic core of cyclophilin has been completed and currently
experiments involving spectroscopic techniques and x-ray crystallography are
being utilized to thermally and structurally characterize the alternative cores.

It is established that spectrin displays chaperone like activity and shows
preference for hemoglobin over other substrates. A competition exists between
phospholipid binding and chaperone function of spectrin. Haemoglobin-
bound spectrin has been found to show increase peroxidase activity in
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presence of reducing substrates, and thus, may help in clearing peroxides
generated during hemoglobin oxidation. The modulatory role of spectrin also
extends to other heme proteins, namely catalase and cytochrome-c.

The studies on characterizing the structural dynamics of membrane proteins
have been initiated more recently. Although ~ 30% of human genome codes
for membrane proteins and ~ 60% of available drugs target membrane
proteins, structural determination of membrane proteins at atomic level, in
spite of recent successes, is quite challenging due to poor expression, low
purification yields and the low success rate of forming well-ordered 3D
crystals. In this context, we have successfully developed a “Dual-detergent
strategy” to purify membrane proteins, particularly Mg2* ion channels, in a
cost-effective manner for studies using site-directed labelling, which is a
powerful approach to provide structural and dynamic information relevant to
the function of membrane proteins. Research is focused on understanding
the activation gating mechanisms of magnesium ion channels, and also,
inward rectifying KirBac potassium channels, and lipid-dependent gating in
voltage-gated potassium channels.

2. ATOMIC, HIGH ENERGY, NUCLEAR & PLASMA PHYSICS
GROUP

The research interests of Group-II span over a wide energy domain: starting
from Laser and Plasma Physics in the keV range to Nuclear Physics in the
MeV range at national and international centres to High Energy Physics in
TeV scale at the Large Hadron Collider. The major research activities of the
group can be categorized in

A. Study of the non-linear phenomena in a variety of plasma

B. Quantum optics and atomic spectroscopy

C. Probing the structural phases, structural defects and their evolution

D. Accelerator based nuclear physics

E. Physics at TeV energy scale

F. Simulation, development and application of Micro Pattern Gas
Detectors
In addition, the group has the responsibility for the commissioning of
two national facilities namely,

G. Facility for Research I Experimental Nuclear Astrophysics (FRENA)

H. Jaduguda Underground Science Laboratory (JUSL)
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The highlights of the activities in last one year in these areas have been
documented below.

A. Study of the non-linear phenomena in a variety of plasmas

Nonlinear phenomena find relevance to the understanding of physical
processes in the context of waves and instabilities in plasmas. Study of
phase mixing processes that have an important bearing on wave breaking
phenomena are studied in electron plasma oscillations in presence of
relativistic and inhomogeneous density effects. The role of relativistic effects is
investigated in the excitation and stability of electron acoustic solitary waves
and Bernstein-Greene-Kruskal modes in current carrying cold plasmas.
Modified Zakharov equation is derived to study the nonlinear interaction of
electron acoustic waves with Langmuir wave. In the low frequency regime,
this equation reduces to a modified nonlinear Schrodinger equation that
exhibits a soliton solution with an oscillating tail.

Various nonlinear dynamical characteristics of regular and chaotic magnetic
fields are studied in the context of diffusion of magnetic field lines. In various
astrophysical and laboratory plasmas, the magnetic fields are modeled by the
solutions of single and higher curl Beltrami equations. The magnetic field
lines of these deterministic fields exhibit chaotic nature like those of
turbulent magnetic fields. Diffusion dynamics revealing normal, super and
sub-diffusive properties exhibited by the field lines are studied and associated
with various nonlinear dynamical characteristics of the field line phase space.
The works highlight the similarity in the diffusive behaviour of field lines
governed by deterministic fields with that of turbulent magnetic fields. In
many contexts, evolutions of magnetic fields are described by the well-known
kdV equation. Certain solutions of such equation are also shown to exhibit
chaotic nature apart from the well-known soliton solutions.

Experimental activities are being carried out in the MaPLE (Magnetized
Plasma Linear Experiment) and double Layer experimental (DLX) devices.
MaPLE device has been designed to study waves and instabilities in a
controlled parameter regime. Propagation of electron acoustic wave was
observed for the first time in this device. Theoretical analysis has predicted
destabilization of this mode in presence of cold drifting electron species
observed in the device. The DLX device was upgraded to include a new
configuration of the RF antenna for better coupling of power. The
characteristics of the high frequency resistive drift modes obtained earlier in
argon and helium plasmas are being verified.
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B. Quantum optics and atomic spectroscopy

Interplay between electromagnetically induced transparency (EIT),
absorption (EIA), and Autler - Townes (AT) splitting in an N-type atomic
system

We have studied both experimentally and theoretically the four level N-type
system with three beams in D. transition of 8Rb in a closed system
configuration. We have observed the EIT, EIA and the AT splitting depending
only on the pump and the coupling Rabi frequencies. The transformation
from EIT to EIA and from EIA to AT was studied.

[Ref: OSA Continuum, 2, 994 - 1010 (2019)]

Polarization rotation with electromagnetically induced transparency in a
V-type configuration of Rb-D; and D: transitions

In order to find out how the coherence effect of the V-type Rb system affects
the rotation of the plane of polarization of the probe beam, we made a
polarization spectroscopy setup. We used two laser sources of 795 and 780
nm wavelengths for the circularly polarized strong pump beam and the
linearly polarized weak probe beam respectively. We studied the phenomenon
of the rotation of the plane of polarization in the EIT region at room
temperature.

[Ref: J. Physics B: At. Mol. Opt. Phys., 51, 175502 (2018)]

C. Probing the structural phases, structural defects and their evolution
Phase transformation in shape memory alloys:

Phase transformation in ZrPd, HfPd and TiNi has been studied by perturbed
angular correlation (PAC) spectroscopy. In TiNi, the phase transformations
from monoclinic to cubic was found near room temperature along with an
intermediate phase and agrees with previous reported results by other
technique while in ZrPd and HfPd, the above transformations have been
found at much lower temperatures (~373 K) compared to those reported
earlier (~800 K).

Search for ferromagnetism in Hf>Co7:

The PAC measurements in HfxCo7z have been performed in the temperature
range 77-973 K to observe ferromagnetism in this intermetallic alloy. From
present measurements, no magnetic interaction is observed at any
temperature in the above temperature range indicating absence of
ferromagnetism in Hf>Co7. Present results contradict with earlier reported
results where room temperature ferromagnetism was found with a Curie
temperature of ~390 K.
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Orthorhombic phases in bulk HfO>:

In pure HfOz, mainly the P2:/c monoclinic phase was observed and there is
no report of orthorhombicphase in pure bulk HfO, at ambient temperature
and pressure. From present studies by PAC spectroscopy, presence of
orthorhombic phases in pure bulk HfO2 and in Gd doped bulk HfO> at room
temperature have been observed for the first time along with the most
commonly observed monoclinic phase. A 5% Gd doped bulk HfO. thus
exhibits a potential application in ferroelectric memory at room temperature.

Positron annihilation studies of inorganic and organic nanophase
materials to probe their structural defects and free volume cavities:

A notable finding during 2018-19 was an observation of improved free volume
properties in cage structured polyhedral oligomericsilsesquioxane modified
poly vinyl alcohol and defect structure transformation during a substitution
in the quadruple perovskite CaCusz.xTis-xFe2xO12 (x = 0.0 — 0.7). Another
interesting work was centred around the investigation of interpenetrating
polymer networks of styrene butadiene rubber and poly(methyl methacrylate)
which confirmed more efficient interpenetration with reduction in free volume
and the accompanying morphological change from dispersed island pattern to
a co-continuous one. The positron annihilation studies were also carried out
on metal oxide glass nanocomposites which underlined the importance of free
volume defects in the glass phase formation and the subsequent
nanocrystallite generation.

D. Accelerator based nuclear physics

The members have been successfully continuing their activities in Accelerator
based Nuclear Physics (In-Beam gamma spectroscopy and Reaction studies)
using National and International Accelerator Facilities and analyzing the data
obtained from earlier experiments at these centers. Some representative
experiments carried out during 2018-19 are highlighted below.

Gamma Spectroscopy with INGA at IUAC: Study of the 14°Eu nucleus

For the sub-picosecond life time measurement of the excited nuclear levels, a
Pb backed 1!12Cd target have been used to populated!49Eu nuclei populated
using 145 MeV 32S beam. The analysis of the data is in progress.

Transfer Reaction Studies at VECC

Alpha transfer and determination of Asymptotic Normalization Constant of
6.92 MeV state of 1°0 using the?9Ne+12C reaction at 150 MeV at VECC room
temperature Cyclotron. The experimental 2d spectrum is shown in the figure
that shows identification of the heavy fragments produced in the reaction.
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Two dimensional particle energy spectrum
Particle Gamma coincidence study at Pelletron LINAC Facility, Mumbai

Particle-y coincidence experiment using 8 CsI(T]l) detectors with 14 Clover
detectors (Fig.1) has been carried out for ¢4Ni(®Be, any) reaction at the
Pelletron Linac Facility (PLF), Mumbai. A 30 MeV 9Be beam was used. The
model cross section data (red solid line) constrained by experimental level
density parameter is shown in Fig.2 in comparison with the measurement.
Very good reproduction of the data is obtained.
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Fig.1 Experimental setup at PLF, Fig.2 68Zn(n,y) capture cross
Mumbai. section.

E. Physics at TeV energy scale
i. ALICE Collaboration

The highlights of the activities of the SAHA-CMS team are given below:

The MANAS chip completed 12 years of successful operation at ALICE from
2007 -18. This chip was the front-end chip for the Muon Spectrometer and
PMD. The total number of readout channels was 1.4 million channels. The
chips were absolutely stable and remained in a power-up condition during
most of the nine months every year. Till date, this has been the only large
scale analog ASIC production in India.
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In-house analysis of Pb-Pb data at 5.02 TeV, p-Pb data at 8.16 TeV and p-p
data at 5.02 TeV led to three analysis notes and the results were presented at
QM-2018. The triple differential nuclear modification factor for Jpsi has been
determined for the first time. The result is shown in Fig. 1.

The SINP team responsible for the High Voltage and readout upgrade during
the LHC shutdown of 2019-20. An indigenously designed and fabricated
readout PCB prototype was tested with secondary muon beam from CERN-
SPS in September, 2018. The readout scheme was validated using the test
beam data. The experimental set-up is shown in Fig. 2
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ii. CMS Experiment

The Large Hadron Collider (LHC) has performed brilliantly during 2016-18
and delivered close to 150 fb-1 of pp collision data to the CMS experiment.
The highlights of the activities of the SAHA-CMS team are given below:

Run II Physics and Detector Performance Studies:

The group has significantly contributed to the study of a number of key
physics questions with long term involvement, namely: (1) search for dark
matter and extra-dimension; (2) SM Higgs boson studies in the yy decay
mode, (3) Higgs boson pair production in a number of final states (bbtr, ttrr,
bbZZ). The team members have also worked on phenomenological studies as
well as application of Machine Learning (ML) to High Energy physics.

The team has made substantial contribution to the calibration of the hadron
calorimeter (HCAL) and validation of the present tracker data, including
tracker data certification, tracker bad channel calibration and tracking
performance studies.
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Phase-2 CMS Upgrade Activities:

The team members have made several important contributions, namely, (a)
Tracker beam test data analysis, (b) study of performance of the proposed L1
track trigger by looking at the improvement in electron rate, (c) study of CMS
capability to trigger rare, low pT, fully hadronic final states like Bs — @p¢p — 4
kaons, (d) development and validation of the digitizer software for the
proposed tracker, (e) the study of the 3-d shower shapes in testbeam data and
simulation of the testbeamdata for the proposed high granularity calorimeter
(HGCAL) (f) involved in the Muon system upgrade of the detector, namely
GE1/1 and GE2/1.

The group has contributed to the Phase-2 Tracker and HGCal Technical
Design Reports (TDR), and the HL/HE-LHC Yellow report. The group
members are also working for the Phase-2 L1 Trigger TDR.

ili. Phenomenology of strongly interacting matter

The primary focus is to study strongly interacting matter in strong magnetic
field. Such a matter may be realized in relativistic heavy ion collisions and
strongly magnetized stellar objects. During 2018-19, we have (a) calculated
the general structure of fermion propagator in an elaborate way and presently
we have implemented it to calculate hard lepton-pair production from quark
matter, (b) demonstrated that the vacuum to nuclear matter transition in a
magnetic field leads to inverse magnetic catalysis (IMC) where the transition
temperature decreases with the increase of the magnetic field, (c) studied the
spectral properties of neutral rho meson in a magnetic field using effective
Lagrangian approach.

F. Simulation, development and application of Micro Pattern Gas
Detectors

Optimization of muon telescope design parameters through numerical
simulation based on Geant4 and CRY.

A muon hodoscope has been built using several gaseous detectors for
tracking and plastic scintillators for triggering.

A Copper chamber has been fabricated for electromagnetic and radiation
shielding.

An FPGA based data acquisition system has been developed for muon
imaging activities. NINO ASIC chips have been used as the front-end while the
back-end has been implemented on two FPGA platforms. Currently, it is
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capable of handling nearly 150 channels with a varying sampling rate of 10-
200 MHz. It is being used for estimating efficiency, strip multiplicity and
position resolution of gas detectors.

A scalable readout system (SRS) has been made operational with the
installation of DATE data acquisition and AMORE visualization software.

Device characterization studies

Numerical simulations on (i) spatial resolution, (ii) charging up, (iii) resistive
dispersion, (iv) discharge probability of commonly used and eco-friendly
alternative gas mixtures, etc. are among the on-going activities.

A micro-mesh based detector has been designed and is being fabricated at
SINP. The mico-mesh has been purchased from the Indian market and is
found to be of reasonably good quality.

The neBEM electrostatic solver has been regularly improved and maintained
at the CERN server. This now has the capability of exporting field maps to the
Garfield++ package.

i i AL
LA i 1)

- it ik
Measurement of source | NINO  boar with | Micromesh procured

position using APV25 + | LVDS-LVTTL from the Indian market
SRS conversion board

G. Facility for Research in Experimental Nuclear Astrophysics (FRENA)

Facility for Research in Nuclear Astrophysics (FRENA) is built around a 3MV
Tandetron Accelerator capable of delivering very high current of projectiles. It
is being developed as a national facility. The machine at FRENA is an
electrostatic accelerator of Cockroft Walton type voltage generator. It consists
of three different ion-sources — two multi-cusp ion sources for hydrogen (H)
and helium (He) ions and a Cesium sputter ion source for heavy ions. The
machine can deliver maximum of 350 epA of H, 50 epA of He beams and 30
epA of C beam among the heavy ions. Pulsed H- and He-beams of 2 ns pulse
width are also available. The terminal voltage can be varied from 200 kV to 3
MV with a resolution of 10-5. Nitrogen gas is used as stripper for anion to
cation exchange at the terminal.
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In its present configuration, the system is equipped with two beam lines. One
for the pulsed light ion beam before the 90 deg. analyzing magnet and
another for the DC beam after the analyzing magnet.

The mechanical installation of the machine has been completed. Vacuum
systems of the whole machine are running continuously to maintain the
proper vacuum level in the system (Fig.1). Accelerator tank is filled with
insulating SF6 gas. Terminal voltage has been raised to2.1 MV to test the
stability. The terminal voltage is found to be very stable at this voltage, which
is about two-third of the rated maximum terminal voltage.

Fig.1 A panoramic view of the accelerator hall.

Hydrogen and helium ion source gases have been mounted in multicusp ion
source station and connected to the gas delivery system. Gas delivery lines for
the light ion source have been developed in collaboration with Variable
Energy Cyclotron Centre, Kolkata.

Final commissioning of the machine and the beam testing will commence in
November, 2019.

H. Jaduguda Underground Science Laboratory (JUSL)

The Underground Science Laboratory is operational at 555m of UCIL
Jaduguda mines. The laboratory has been continuously working round the
clock and scientists and students from SINP and BARC have been visiting the
facility on regular basis. The data of muon flux, gamma-rays, neutrons, radon
etc. is being monitored and recorded. This is giving the scientists important
inputs for conducting experiments at this depth and also planning for facility
at depths of more than 850 meter to study and explore new avenues in
Nuclear and Particle Physics.
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To review the progress of the Underground Science Laboratory, a meeting was
held at Mining Conference Room, Jaduguda with the UCIL management and
BARC, Health Physics Division (Jaduguda) on 4 July 2019. Decisions
regarding maintenance and upgradation of present facility were taken. As a
consequence of this meeting, the work of networking from underground
laboratory to the surface laboratory of BARC has started. Interactions at
regular interval have been planned.

The highlights of activities in the last one year at the underground laboratory
are listed below:

Measurement of gamma-rays flux at JUSL

In underground experimental sites, present natural radioactivity consists of
gamma-rays from the decay of U and Th series and 49K in surrounding
materials. These gamma-rays are less than 3 MeV. The background rates
have been measured at the surface and underground site using a CdTe
detector for 21 hours and 18 hours respectively. Fig. 1 shows that the two
measured background rates (<2.0 MeV) are comparable.
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Measurement of cosmic muon flux:

Study of cosmic-ray flux, is an essential input for any experiment to be
carried out in an underground laboratory. Two setups are operational in the
surface lab at SINP, Kolkata and underground lab at 555 meter at UCIL,
Jadugoda. The experimental setup consists of four plastic scintillators for
measuring cosmic-ray muons. Three of these scintillators are coupled to
photomultiplier tubes and are used to generate trigger conditions for
acquiring the data. The other scintillator has been coupled to Silicon

Photomultiplier. The measured muon spectrum collected for 67 days is shown
in Fig 2.

The reduction factor of cosmic muon at the underground site compared to the
surface is 2x10%. The reduction factor for muon flux is consistent with results
reported by other underground labs.

Measurement of neutron flux:
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Plot of residual neutron flux measurements at JUSL is shown in the above
figure. Measurements are done using pressurized Helium-4 based neutron
detector with pulse shape (Time over threshold) discrimination capability to
distinguish between thermal n, fast n and gamma rays (or electrons). Source
based measurements are also plotted for response comparison.
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3. THEORY & COSMOLOGY GROUP
Theory Division
Particle Physics Phenomenology

It is increasingly becoming difficult, within a broad class ofsupersymmetric
models, to satisfactorily explain the discrepancybetween the measured
anomalous magnetic moment of muon and itsStandard Model prediction. We
have proposed a new solution of gaugemediation of supersymmetry breaking
to explain the above. Our proposedscenario can be tested at the high
luminosity LHC.

We have a proposed a new solution of freezing-in dark matter (scalaror vector
type), where the mediator is an exotic gauge boson whosecouplings to
ordinary matter are very weak. An effective Chern-Simons type coupling is
responsible for this weakness. This coupling arises from the requirement of
gauge anomaly cancellation. Very high temperature dependence in the dark
matter production rate is our key prediction.

We studied the phenomenological implications of including Yukawa-
likeimension-5 operators by augmenting the Standard Model with triplet
scalars in the framework of Georgi-Machacek model.

Non-perturbative studies of Quantum Field Theories

For theories on lattice such as manifestly local chiral gauge theories, the
longitudinal gauge degrees of freedom affect the dynamics of the physical
sector in an undesirable manner. However, to control these redundant
degrees of freedom, the standard Fadeev-Popov gauge-fixing procedure cannot
be employed, since the Becchi-Rouet-Stora-Tyutin (BRST)symmetry of the off-
shell Fadeev-Popov action with compact lattice gauge fields leads to an
indeterminate 0/0 form for expectation value of any gauge-invariant operator.
A modified gauge fixing scheme for the SU(2)lattice gauge theory, essentially
gauge-fixing the coset SU(2)/U(1)leaving the U(1) subgroup gauge-invariant,
having the so-called equivariant BRST (eBRST) symmetry, was investigated
numerically. Codes form massively parallel architecture were written from
scratch, as this was a first-time investigation of its kind. The most interesting
finding was that, the strong dynamics of the longitudinal gauge degrees of
freedom drives a spontaneous symmetry breaking (SSB) of SU(2) to U(1) for
the theory on the trivial gauge orbit, a topological field theory (TFT). This
novel observation of SSB in a TFT raises the interesting possibility of a Higgs
mechanism in the full gauge theory without a fundamental physical scalar
field.
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Gravity and Cosmology

A period of early matter domination (EMD) can give rise to the correct dark
matter abundance for a broad range of dark matter annihilation rate. In this
scenario when the annihilation rate is below the nominal value for thermal
dark matter, it has been shown that obtaining the correct relic abundance
sets a lower bound on the duration of early matter domination era in this
case. On the other hand, provided that the post-inflationary universe has an
equation of state characterised by w < 1/3 the requirement that the scalar
spectral index is within the observationally allowed range limits the duration
of this epoch from above. By combining these considerations, it has been
shown that the current and future cosmic microwave background
experiments can tightly constrain the parameter space for the EMD scenario.
In particular, models of inflation with a tensor-to-scalar ratio below 0.01 may
disfavour non-thermal supersymmetric dark matter from a modulus-driven
early matter domination epoch. In another project, Weyl gravity as an
alternative to General Relativity has been analysed in the galactic and
extragalactic scales using galaxy rotation curves! Another project involves
interpreting low redshift cosmological data in the context of Hubble parameter
tension in dark energy models.

It is shown that a noncommutative massless scalar probe can dress a naked
singularity in AdS3 space time, consistent with the weak cosmic censorship.
The dressing occurs at high energies, which is typical at the Planck scale.
Using a noncommutative duality, it is shown that the dressed singularity has
the geometry of a rotating BTZ black hole which satisfies all the laws of black
hole thermodynamics. The entropy and the quasi-normal modes of the
dressed singularity are calculated and it is shown that the corresponding
spacetime can be quantum mechanically complete. The noncommutative
duality also gives rise to a light scalar, which can be relevant for early
universe cosmology.

Hawking radiation calculations were revisited in the light of the original
calculations of Hawking and Wald and it is found that some additional
insights can be gained. A "derivation of the field theory Hilbert space from the
space of solutions, followed by the calculation of Bogoliubov coefficients in a
collapsed space time from first principles are reviewed. It is argued that these
calculations can be generalized to the case of local Killing horizons and also to
asymptotically non-flat spaces.

Strings

The decoupling limit and the corresponding throat geometry of non-
supersymmetric D3 brane solution of type IIB string theory have been
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obtained. In analogy with the supersymmetric case, it describes the gravity
dual of a non-supersymmetric gauge theory with QCD-like properties such as
running coupling and confinement (or mass gap) in certain range of its
parameters. A “black' version of the non-supersymmetric D3 brane solution
has been considered in the decoupling limit and is used to holographically
compute the expectation value of a time-like Wilson loop which, in turn, is
related to the potential of a heavy quark-antiquark pair. By boosting the
gravity solution along one of the brane directions and placing the pair at an
arbitrary orientation with this direction, the variation of the screening length
and the potential with respect to the velocity, its orientation and other
parameters of the theory have been obtained numerically. Remarkably
enough, the results obtained are in qualitative agreement with those obtained
holographically in supersymmetric gauge theories indicating that these
features are quite robust and universal as they are insensitive to the presence
of any supersymmetry in the theory. Using holographic technique, the
entanglement entropy for subsystem of the QFT defined by the decoupled
geometry of "black' non-susy D3 brane has been computed. The entanglement
thermodynamics for the weakly excited states of this QFT has also been
studied. It is observed that for small subsystem this background indeed
satisfies a first law like relation with a universal (entanglement) temperature
inversely proportional to the size of the subsystem and an (entanglement)
pressure normal to the entangling surface. Finally, it is shown how the
entanglement entropy makes a cross-over to the thermal entropy at high
temperature. Further, in this QFT the entanglement entropy (EE), the
complexity and the Fisher information metric have been computed
holographically for spherical subsystems. The fidelity and the Fisher
information metric have been calculated from the regularized extremal volume
of the codimension one time slice of the bulk geometry using some earlier
prescription in the literature.

The (D2,D8) branes produce Lif4XS1XS5 Lifshitz vacua supported by
‘massive' B-field. We studied some exact deformations of this system where
new massless modes of strings get excited. Due to these massless modes the
deformed solution flows to a conformally Lifshitz vacua (with dynamical
exponent three) in the IR regime. A similar effect is observed on the UV side of
the flow where a relativistic regime reappears. We also presented the
cascading Lifshitz vacua in which dynamical exponent have integral jumps
along the flow.

Based on earlier works, the solution space of a gravitational system with an
Einstein-Hilbert term, a negative cosmological constant with a Dirac-Born-
Infeld matter and a non-vanishing Chern-Simons coefficient was explored.
The non-vanishing Chern-Simons coefficient is particularly interesting, e.g.
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based on the observations made in an earlier publication (JHEP 1711 (2017)
101). An infinite class of scale-invariant infrared physics, characterized by the
so-called Schrodinger symmetry and the warped conformal symmetry, was
obtained. The ubiquity of the above class of solutions provides a natural
setting in which strongly coupled QCD-like theories, subject to certain
external fields that are similar to the situation in RHIC, can be described by
certain scale-invariant systems. This may shed light in understanding the
spontaneous breaking of translational symmetry (due to the ground states
with warped conformal symmetry), which plays a role in e.g. high density
quark-matter phases.

A brief (invited) review was published, consisting of various studies of an
effective thermal physics, primarily in the context of Holography, for certain
degrees of freedom undergoing uniform acceleration, describing a steady state
of energy flow and similar constructions. The review summarizes various
works of Arnab Kundu, as well as many others in this field, with an outlook
towards several future possibilities. This is an invited review article, for a
special issue of Advances in High Energy Physics. This is expected to provide
members of a wider community an access to the basic physics ideas, the
technologies to address them, and the qualitative lessons that may be helpful
in different contexts.

QCD at Finite Temperature and Density

A captivating nature of non-central heavy ion collisions indicates that a very
strong anisotropic magnetic field is generated in the direction perpendicular
to the reaction plane, due to the relative motion of the ions themselves. The
initial magnitude of this magnetic field can be very high at RHIC and LHC
energies at the time of the collision and then it decreases very fast. The
presence of an external anisotropic field in the medium subsequently requires
modification of the present theoretical tools that has been applied
appropriately to investigate QCD various properties of QGP. We have been
involved in developing theoretical tools appropriate for a hot magnetised QCD
medium and applied them to study QCD thermodynamics. We are also
involved in studying the phenomenology of Quark-Gluon Plasma as well as
non-perturbative aspects of hot QCD medium with effective models.

Nuclear Theory

It is established for the first time that the excitation modes of finite nuclei and
the tides formed by two merging compact stars are closely connected. Taking
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cue from a few current nuclear models that are broadly consistent with both
the experimental data on finite nuclei and the observational constraints from
merging compact stars, a new equation of state is proposed that ties the
excitation properties of terrestrial Inuclei and celestial compact objects in the
same theoretical framework.

Constraints imposed on key parameters of the nuclear matter equation of
state by the values of the tidal deformability, inferred from GW170817,are
examined by using a diverse set of relativistic and non-relativistic mean field
models. The dimensionless tidal deformability is found to be strongly
correlated with the neutron star radius. The dimensionless tidal
deformability, obtained within 90% (50%) confidence limit forGW170817, sets
the upper limit of the radius for a canonical 1.4solar-massneutron star to be
approximately 13.5(12.2) km.

The iso-scalar and iso-vector effective nucleon masses encode valuable in
formation on nucleon-nucleon interaction and equation of state for the
neutron star matter. The values of these effective masses, however, obtained
from various microscopic models describing appropriately the properties of
the finite nuclei are at variance. It is demonstrated that the properties of
giant resonances in finite nuclei and the neutron star maximum mass depend
on the nucleon effective masses in a complementary manner which ensures
their unambiguous determination.

Mathematical Physics

We study the spectrum of the one-dimensional su(m) t-J model with long-
range interaction, in the presence of an external magnetic field and a charge
chemical potential. To this end, we first establish the precise equivalence of a
large class of models of this type to a family of su(l|m) supersymmetric spin
chains with a suitable chemical potential term. We exploit this equivalence to
compute in closed form the partition function of the long-range t-J model,
which we then relate to that of an inhomogeneous vertex model with simple
interactions. From the structure of this partition function we are able to
deduce an exact formula for the restricted partition function of the long-range
t-d modeling subspaces with well-defined magnon content in terms of its
analogue for the equivalent vertex model. This yields a complete analytical
description of the spectrum in the latter subspaces, including the precise
degeneracy of each level, by means of the supersymmetric version of
Haldane’s motifs and their related skew Young tableaux. As an application,
we determine the structure of the motifs associated with the ground state of
the spin 2 model in the thermodynamic limit in terms of the magnetic field
strength and the charge chemical potential. This leads to a complete
characterization of the distinct ground state phases, determined by their spin
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content, in terms of the magnetic field strength and the charge chemical
potential.

The quantum dynamics of isolated systems under quench condition exhibits
a variety of interesting features depending on the integrable/chaotic nature of
system. The exact dynamics of trivially integrable system of harmonic chains
under a multiple quench protocol is studied. Out of time ordered correlator of
two Hermitian operators at large time displays scrambling in the
thermodynamic limit. In this limit, the entanglement entropy and the central
component of momentum distribution both saturate to a steady state value. It
is also shown that the reduced density matrix assumes the diagonal form
long after multiple quenches for large system size. These exact results
involving infinite dimensional Hilbert space are indicative of local thermal
behaviour for a trivially integrable harmonic chain.

Astroparticle Physics and Cosmology (APC) Division:

The Astroparticle Physics & Cosmology (APC) Division carries out advanced
research in the interface areas spanning High Energy Astrophysics,
Cosmology, and Particle & Nuclear physics. During the year under review,
members of the Division have carried out research on a variety of topics in
observational, experimental and theoretical astroparticle physics. Some
highlights are given below:

Dark matter direct search experiment:

For the direct search experiment of dark matter, experimental, theoretical
investigations and simulation work has been carried out at the laboratory at
SINP. The detector consisting of the droplets of hydrogen containing
superheated liquids has been fabricated at lab for characterizing the detector
for the WIMP dark matter. To detect the low mass WIMPs, the detector needs
to be operated at lower threshold where the detector becomes sensitive to
gamma rays. The discrimination between the nuclear recoil induced events
and gamma induced events has been carried out using the wide range
frequency acoustic sensor. The stability of the small scale detector developed
at SINP lab has been systematically studied for the background rate, neutron
induced count rate and gamma induced count rate as a function of the curing
time of the superheated droplets. Detectors with different droplet sizes of the
superheated liquid have been fabricated to test the stability of the droplets. It
is found that the smallest size droplets have the longest life time.

Theoretical studies have been carried out to probe the low mass WIMPs
employing the superheated liquid detector containing hydrogen as an element
of the active liquid. The threshold energy for bubble nucleation depends on
the value of the thermodynamic efficiency which is a priori unknown, and can
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only be determined through the experiment. The bubble nucleation threshold
energies of different recoil nuclei in liquid CoH2F4 for different values of
thermodynamic efficiencies have been calculated. How the effective length of
bubble nucleation and the range of the recoils behave for the low mass
WIMPs at low thresholds have been calculated. Calculation shows that
depending on the operating temperature, threshold energies of less than 0.2
keV may be possible, which would allow WIMPs of masses down to sub-GeV
level to be probed.

The muon induced neutrons at the rock/experimental hall boundary of
SNOLab, Sudbury, Canada has been simulated for the detector of PICO
experiment at the 2 km deep underground (norite rock) of SNOLab. It is
observed that the most of neutrons are in the forward direction compared to
incident muons. It is also observed that about 45%, 20% and 8% neutrons
are of energy greater than 1 MeV, 10 MeV and 100 MeV respectively.

High Energy Gamma Ray Astronomy:

The scientists of APC Division are taking lead role in various software and
activities pertaining to physics analyses of the data taken with Major
Atmospheric Gamma Imaging Cerenkov (MAGIC) telescope system and several
multiwavelength ground based and space based detectors.

As regards software, one of the most important areas where the scientists
focus on is the absolute light calibration of the MAGIC telescopes using muon
rings. We perform extensive simulations for understanding the performance of
the telescope using muons generated in the atmosphere. From these
simulations, we estimate the absolute light collection efficiency of the
telescopes and then compare various useful parameters derived from the
data. Our work on MC-data comparisons of several parameters of the MAGIC
telescopes is valuable in following the long term performance of the telescope
system. Using the long-term performance evaluation, we provide significant
feedback to the people involved in the maintenance and upgrades of the
hardware of MAGIC telescopes.

Another very important study that we performed is the effect of the
discriminator thresholds during moonlight observations. This study allows
one to fine tune the discriminator thresholds perfectly during moon
observations of various sources.

We performed a multi wavelength study of the FSRQ CTA 102 using Fermi-
LAT and simultaneous Swift-XRT/UVOT observations. The Fermi-LAT
telescope detected one of the brightest flares from this object during 2016
September to 2017 March. In the 190 days of the observation period, the
source underwent four major flares. A detailed analysis of the temporal and
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spectral properties of these flares in the GeV energies was performed. We then
performed a time dependent leptonic modeling of the preflare, rising state,
flares and decaying state. We used a single zone emission region based on
leptonic scenarios to explain the multiwavelength spectral energy
distributions. One of the major findings was that during flares, the luminosity
in electrons increases nearly seventy times compared to the preflare state.

We have proposed observations on bright High Frequency BL Lac (HBL)
objects like Mrk 421, Mrk 501 with the MAGIC telescope system in order to
study particle acceleration and nature of TeV gamma-rays in these objects.
We have detected Mrk 421 in one of its historical low-states (10% of the Crab
nebula flux) during one of our observational campaigns in 2015 and 2016. We
have collected huge amount of data on the source and further
multiwavelength data analysis (X-rays, radio, optical) using data from other
observatories have been completed. We studied long term correlations in
various wavelengths using discrete correlation functions (DCFs). With the
help of very sensitive measurements, we could see the violation of typical shift
of the synchrotron hump to the higher energy during high flux state (known
as "harder when brighter" behavior). We also have studied the variation of the
synchrotron peak position which we estimated using a log parabola function
on a daily timescale using the optical, UV and X-ray data. We established
significant hard X-ray emission from Swift-BAT telescope which do not seem
to follow the extrapolation of log-parabola function. Currently we are working
on the physics interpretation of the key findings mentioned above which will
provide valuable insights to the particle acceleration mechanisms inside the
jet responsible for multi-wavelength emission from the source.

The High Altitude Water Cerenkov (HAWC) Collaboration has recently
released the 2HWC catalogue of TeV sources, in which 19 show no
association with any known high-energy (HE; E > 10 GeV) or very-high-energy
(VHE; E > 300 GeV) sources. This catalogue motivated follow-up studies by
both the Major Atmospheric Gamma-ray Imaging Cherenkov (MAGIC) and
Fermi-LAT (Large Area Telescope) observatories with the aim of investigating
gamma-ray emission over a broad energy band. We performed extensive
observations on three unassociated HAWC sources: 2HWC J2006+341,2HWC
J1907+084*, and 2HWC J1852+013*. No significant detection was found in
the HE and VHE regimes. These results shows that a minimum of 1degree
extension (at 95 % confidence level) and harder spectrum in the GeV than the
one extrapolated from HAWC results are required in the case of 2HWC
J1852+013*, whilst a simply minimum extension of 0.16 degree (at 95 %
confidence level) can already explain the scenario proposed by HAWC for the
remaining sources. Moreover, the hypothesis that these sources are pulsar
wind nebulae has been also investigated in details.

Page | 31



A population of globular clusters (GCs) has been recently established by the
Fermi-LAT telescope as a new class of GeV gamma-ray sources. Leptons
accelerated to TeV energies, in the inner magnetospheres of millisecond
pulsars (MSP) or in their wind regions, should produce gamma rays through
the inverse Compton scattering in the dense radiation field from the stars. We
have conducted deep observations of the GC M15 with the MAGIC telescopes
and used 165 hrs in order to search for gamma-ray emission. Using these
observations, we constrained the injection rate of relativistic leptons from the
MSP magnetospheres and their surroundings. We conclude that these
constraints are valid for the expected range of magnetic field strengths within
the GC and for the range of likely energies of leptons injected from the inner
magnetospheres, provided that the leptons are not removed from the GC very
efficiently due to advection process. We discuss the consequences of these
constraints for the models of radiation processes around millisecond pulsars.

Neutron Stars, Gravitational Waves:

Properties of neutron stars in GW170817 are investigated using different
equations of state (EoSs) resulting in two solar mass neutron stars. This
calculation is performed using the same EoS for merger components and for
low spin prior case. It is found from the calculations of tidal deformability
parameters that soft to moderately stiff equations of state are allowed by the
50% and 90% credible regions obtained from the gravitational wave
observation of binary neutron star merger GW170817. A correlation among
the tidal deformabilities and masses is found to exist as already predicted.
Moments of inertia and quadrupole moments of merger components of
GW170817 are estimated for the first time.

Pulsars are highly magnetized rotating neutron stars (NSs) with a very stable
rotation speed. Irrespective of their stable rotation rate, many pulsars have
been observed to feature a sudden jump in the spin frequency, known as a
pulsar glitch. The glitch phenomena are considered to be an exhibit of
superfluidity of neutron matter inside the NS’s crustal region. The magnitude
of such a rapid change in rotation rate relative to the stable rotation
frequency can quantify the ratio of the moment of inertia (Mol) of the crustal
region to the total Mol of the star, also called the fractional moment of inertia
(FMI). We have calculated the FMI for different masses of a star using six
different representative unified equations of state constructed under a
relativistic field theory framework. We have performed an event-wise
comparison of the FMI obtained from data with that from theoretically
calculated values with and without considering the entrainment effect. It is
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found that larger glitches cannot be explained by the crustal FMI alone, even
without entrainment.

Axion cooling of neutron star is investigated by considering the process of
nucleon—nucleon axion bremsstrahlung. The escape of these axions adds to
the cooling process of the neutron star. This phenomenon is studied along
with the photon and neutrino cooling of the neutron star.

Theoretical research on Dark Matter and Dark Energy:

Theoretical research activities on dark matter are varied in nature.
Principally, the particle physics models of dark matter were proposed and
their phenomenology explored. In addition, the scattering cross sections,
annihilation cross sections for these proposed dark matter particles were
calculated, computed and then used to predict experimentally achievable
observations such as direct detection of dark matter, the indirect detection
through synchrotron radiation at Square Kilometer Array (SKA). Also
theoretical model of dark energy inspired by theories of extra dimension are
pursued.

The particle physics models of dark matter are proposed and their
phenomenology is explored. With a Higgs portal particle dark matter model
where a fermion is a dark matter candidate, possible signatures of
synchrotron radiation from the annihilations of dark matter in the Galactic
Centre region is calculated when the dark matter annihilates to electron-
positron pair. The detectability of such synchrotron signal by the proposed
Square Kilometer Array (SKA) detector is predicted. The detection capability
for two other detectors namely GMRT, Jodrell Bank are also explored.

In the absence of any dark matter direct detection signal where the dark
matter nucleus (nucleon) elastic scattering is used for the dark matter mass
range of around few tens of GeV an interesting possibility is light DM (LDM),
with masses in the keV to GeV range. Although the signal arising due to
elastic scattering of such DM particles with the nucleus of detector materials
will be far lower than the threshold of the detector, the elastic collisions of
LDM with atomic electrons of the detector can very well produce observable
signal. Such interactions can induce atomic processes such as ionization or
atomic excitation and de-excitation leading to observable scintillation signals.
Theoretical calculations for dark matter-electron scattering are performed and
the results are computed to estimate such direct detection signals for low
mass light dark matter.

Dark Energy:
The dark energy phenomenology is pursued within the framework of modified
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gravity model namely Slotheon model, inspired by the theory of extra
dimensions. To this end the behaviour of dark energy and the perturbations
thereof are analytically explored and matter power spectrum is computed and
compared with observational results. These are then compared with other
known models of dark energy namely lambda CDM model and quintessence
model. This Slotheon model is then tested for the “Swampland” criteria of
string theory to probe the consistency of this theory with quantum theory of
gravity.

Theoretical Research on Gravitational waves:

Recent observations on low-luminosity active galactic nuclei (AGN) seem to
provide strong evidence in favour of the existence of Intermediate Mass Black
Hole (IMBH) of masses around 10000 solar mass. N-body simulation and
dynamical modeling of suggest the existence of one or more central IMBHs in
non core-collapsed clusters. Any binary star system located near the centre of
such clusters and galaxies may be affected by those IMBHs. In this case, in
spite of being too lightweight to radiate gravitational wave with significant
intensity, the binary stars may collide due to the presence of the nearby
IMBHs or SMBHs. The BH binaries, along with a massive neighbor comprise a
three body system as in HD 181068, HD 188753 and Alpha Centauri. The
possibility that the collision time for a binary is reduced due to the influence
of an IMBH is investigated. This is essentially due to the fact that the effective
three body system loses power through a gravitational wave mechanism at
enhanced rate relative to the binary system.

The gravitational waves (GWs) have been a topic of interest for its versatile
capabilities of probing several aspects of cosmology and early Universe.
Gravitational lensing enhances further the extent of this sort of waves and
upgrade our understanding to a next level. Besides several similarities with
optical waves, GWs are capable of passing through optically opaque celestial
objects like stars, exoplanets unlike light waves and manifest a different kind
of lensing effect. The lensing effect of compact objects on gravitational waves
using numerical means is studied. After modelling the internal mass
distribution of the compact objects by TOV equations and tracing wavefronts
using geodesic equations, such lensing effects and the spherical aberrations
of the Gravitational Waves are computed.

Neutrino Physics and Astrophysics:

We propose a complex extension of mu-tau permutation antisymmetry in the
neutrino Majorana matrix. The latter can be realized for the Lagrangian by
appropriate CP transformations on the neutrino fields. The resultant form of
the neutrino mass matrix is shown to be simply related to that with a
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complex (CP) extension of mu-tau permutation symmetry, with identical
phenomenological consequences, though their group theoretic origins are
quite different. We investigate those consequences in detail for the minimal
seesaw induced by two strongly hierarchical right-chiral neutrinos with the
result that the Dirac phase is maximal while the two Majorana phases are
either O or pi. We further provide an uptodate discussion of the neutrinoless
double beta decay process vis-a-vis ongoing and forthcoming experiments.
Finally, a thorough treatment is given of baryogenesis via leptogenesis in this
scenario, primarily with the assumption that the lepton asymmetry produced
by the decays of N1 only matters here with the asymmetry produced by N2
being washed out. Tight upper and lower bounds on the mass of N1 are
obtained from the constraint of obtaining the correct observed range of the
baryon asymmetry parameter and the role played by N2 is elucidated
thereafter. The mildly hierarchical right-chiral neutrino case (including the
quasi-degenerate possibility) is also discussed.

We propose a complex extension of mixed mu-tau antisymmetry in the
neutrino Majorana mass matrix. This can be implemented in the Lagrangian
by a generalized CP transformation on the left-chiral flavor neutrino fields. We
investigate its implications for leptonic CP violation and neutrino
phenomenology in general. Interestingly, the mu-tau mixing parameter gets
correlated with the Dirac CP phase and the atmospheric mixing angle through
an analytical relation. In general, for arbitrary mixing parameter, both
atmospheric mixing angle and the Dirac CP phase are nonmaximal. We
discuss the corresponding results for the CP asymmetry parameter in
neutrino oscillation experiments. For a nonmaximal phase value, one of the
two Majorana phases is different from O or pi, thereby leading to
nonvanishing Majorana CP violation with observable consequences for the
neutrinoless double beta decay process. We numerically work out in detail the
predictions for that process in relation to various ongoing and forthcoming
experiments. We also work out the predictions of our scheme on flavor flux
ratios at neutrino telescopes. While exact CP transformed mu-tau
interchange antisymmetry leads to an exact equality among those ratios,
taking a value 0.5, a tiny deviation can cause a drastic change in them.
Careful measurement of these flux ratios in future will further constrain the
mixing parameter.

Sterile neutrino and Oscillation Phenomenology:

A four flavour neutrino scheme (three active and one sterile neutrino) is
considered where an extra sterile neutrino is added to the three families of
active neutrinos and explore the possibility of an experimental signature that
would or would not indicate the existence of a sterile neutrino. The 4-flavour
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neutrino oscillation phenomenology has been extensively perused and used
for these studies. Keeping this in view the possible detection yields for Ultra
High Energy (UHE) neutrinos from high energy extra galactic sources are
estimated at a kilometer square detector such as IceCube for a 4-
flavourneutrino oscillation scheme and compare them with the case when
such estimations are made with 3 active neutrino oscillation scenario in case
of the ultrahigh energy neutrinos from distant high energy astrophysical
sources such as Gamma-Ray Bursts (GRBs). In addition to this another
possibility is also addressed in which these UHE neutrinos undergo
unparticle decays. In this framework a neutrino decays to an unparticle and a
lighter neutrino. The idea of unparticle is proposed by Georgi almost a decade
back by invoking the concept of the probable existence of a scale invariant
sector at high energies and at low energies this scale invariant sector
manifests itself by non-integral number of massless invisible particles called
“unparticles”. In the 4-flavour framework the neutrino signals are computed
for IceCube like detector considering the neutrinos undergo possible
unparticle decays while they travel to earth from distant sources.

For a four flavour scenario with a sterile neutrino the possibility of probing
the violation of equivalence principle has been addressed by considering both
mass induced and gravity induced neutrino oscillations.

4. CONDENSED MATTER & SURFACE PHYSICS GROUP

Condensed Matter Physics Division

In recent times, topological materials received considerable research interest
and they demonstrated immense possibility for several technological
applications due to very high charge carrier mobility. The detailed analysis of
the magneto transport properties of frustrated antiferromagnetTbPtBi has
been done. The chiral-anomaly-induced negative longitudinal
magnetoresistance confirms the presence of Weyl fermions in this system. At
low temperature, Berry-phase-driven large anomalous Hall conductivity has
been observed. The calculated anomalous Hall angle is the largest reported so
far.Our group, for the first time, has confirmed the topologically non-trivial
band structure in VAlz through the observation of planar Hall Effect.
Realization of strong correlation effect in topological materials is extremely
rare due to lack of ideal systems. We present the magneto transport
properties of a correlated nodal-line semimetalYbCdGe, in which valence
fluctuation and strong correlation effect have been observed through
magnetic susceptibility and specific heat data. Magnetotransport, Hall Effect
and electronic band-structure calculation suggest that YbCdGe is a
topological nodal-line semimetal with higher carrier (hole) density than a
typical Dirac/Weyl semimetal.We have investigated the critical phenomenon
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and magneto transport properties associated with the magnetic phase
transition in the half-metallic full-Heusler Co2TiGe which has been predicted
to host topology protected electronic band structure. The results suggest the
complex nature of exchange couplings that stabilize the long-range
ferromagnetic ordering in the system. In semimetal, by adopting low
temperature and high pressure Raman spectroscopy and synchrotron x-ray
diffraction technique, we have probed the phonon dynamics and structural
symmetries in newly discovered topological nodal line inZrSiS. From the
experimental results we have predicted possible topological phase transition
in this system [Phys. Rev. B98(2018) 081103(R); Phys. Rev. B 99(2019)
241102(R); Phys. Rev. B99 (2019) 214414; Phys. Rev. B97(2018) 094112;
Phys. Rev. B99(2019) 035110].

Recently, layered magnetic systems have emerged as potential candidates for
spintronic application. We have investigated the magnetic properties of highly
anisotropic layered ferromagnetic semiconductor Crl3 under hydrostatic
pressure. The observed increase in Curie temperature and decrease in
magnetization under pressure have been attributed to the change in coupling
between the layers and the Cr-I-Cr bond angle. The detailed analysis of
resistivity for single-crystalline EuTii-xNbxO3 (x=0.10-0.20), an itinerant
ferromagnet with very low Curie temperature, reveals that the charge
conduction in this system is extremely sensitive to Nb concentration and
dominated by several scattering mechanisms. In the paramagnetic state we
have observed an unusual crossover from a Fermi-liquid to a non-Fermi-
liquid behavior. We have studied the magnetic ground state of GdCrTiOsand
EuTiooVo.103via magnetization and heat-capacity measurements and
observed that Cr sub lattice in GdCrTiOsdoes not show long range ordering
due to the strong frustration. [Phys. Rev. B 99 (2019) 180407(R); Phys. Rev. B
98 (2018) 134428;Phys. Rev. B 98, (2018)104420, Phys. Rev. Mater 2,
(2018)064412].

To achieve zero-thermal expansion (ZTE), we have investigated RoFei7 (R =
rare earth) series of compounds through suitable elemental substitution with
an aim to reduce magnetic exchange interaction. We have shown that the
thermal expansion coefficient for ProFei16Si is very low in the temperature
range 200-340K, in addition it exhibits substantially high relative cooling
power (RCP) close to magnetic ordering temperature of 390K [Phys. Chem.
Chem. Phys.21 (2019) 2628]. A related compound, Ho2Fei16.5Cro.5, also found
to exhibit very weak negative thermal expansion (NTE) in the temperature
range 13-200K [J. of Phys. Chem. Solids115 (2018) 92]. On the other hand, we
had also found ZTE and NTE properties in some of the tetragonal RPt3B
compounds, where the origin of such unusual thermal expansion behaviour
was quite different, viz., transverse vibration of light atoms around flexible
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bonds [Phys. Chem. Chem. Phys.20 (2018) 14876]. We have also explained the
observation of Griffiths phase behaviour in some of the GdTxSn: (T =
transition metals) compounds as originating from local microstructural
modification [Phys. Rev. B98 (2018) 184419]. The role of ferromagnetically
correlated clusters in semimetallic RuoNbAl has also been investigated and we
found the compound to have largest thermoelectric figure-of-merit (ZT) among
the known Heusler type of materials [Phys. Rev. B98 (2018) 205130]|. Among
the RoNiSi3 series of compounds, we have reported a very unusual
bidirectional frequency dependence of dynamical susceptibility in
ProNio.osSiz.os [Scientific Reports, 8 (2018) Article number: 14870], while
Dy2Nio.87Si2.95 [Phys. Chem. Chem. Phys.20 (2018) 13580] and Sm2Nio.87Si2.87
[J. Alloys Comp. 742 (2018) 391] exhibit short range driven large refrigerant
capacity, due to their chemically disordered nature. SmoNio.87Siz2.87 has also
been investigated in detail to understand the role of random magnetic
anisotropy on the valence, magnetocaloric and resistivity properties [J. Phys:
Cond. Matter, 30 (2018) 215601].

We have performed 5°Co zero field nuclear magnetic resonance (NMR) at 4 K
on CoxCui-x (x=0.10, 0.32 and 0.76) nanogranular alloys. The NMR signal
arises from Co-rich ferromagnetic clusters formed within the Cu matrix. NMR
spectra show that the resonance peaks arise from both fcc and hcp phases of
Co. However, Co nuclei experience magnetic hyperfine field from Co
environment as well as other environments in which nearest-neighbor (NN) Co
atoms are replaced by Cu. Assuming that these two environments constitute
the core and the shell of the Co clusters, it is estimated using previous
magnetization measurements that the contribution of core dominates in the
ferromagnetism of the particles though it occupies only about 20% of the
volume of Co clusters even for high Co containing alloys [J. Magn.
Magn.Mater.471 (2019) 355].

The nature of variations of ultrasonic wave velocity (v) and attenuation
constant (a) with the concentration (c) in aqueous solutions of NaCl, KCIl and
CsCl are investigated at 298 K for 1 MHz and 2 MHz. Abrupt changes in the
values of v and a are noticed at particular solution concentrations for NaCl
and KCl but, for CsCl, almost smooth variation in v is observed over the
whole concentration range both for 1 MHz and 2 MHz. The nature of variation
in v and a are analyzed in view of other spectroscopic studies. The well-
known Jones-Dole equation offers satisfactory fits to the experimental velocity
variation with parameter values characteristics of the sample [J. Molecular
Liquids291 (2019) 111302].
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We observed large positive magnetoresistance about 120% at 5K in 8 T
magnetic field in intermetallic compound NdCo2Si2. The large MR value is
explained in terms of field induced pseudo-gaps on Fermi surface [J. Magn.
Magn.Mater.451 (2018) 625].We have explored the influence of A-site ionic
disorder (sigmaZ2) on magnetocaloric properties in relatively larger bandwidth
manganite systems Lao.7Sro.sMnO3 compound. The increased sigma? results
in the increase in relative cooling power (RCP) from 80 J/kg to 121 J/kg on
application of 20 kOe magnetic field. Critical analysis has been performed to
explain the enhancement in RCP with sigma? [J. Alloy. Comp. 742 (2018)
248].We have studied the particle size driven modification of the non-Griffiths
phase to Griffiths phase in (Lao.4Yo0.6)0.7Ca0.3MnO3 (LYCMO) compound. An
enhancement of colossal magnetoresistance (CMR) in the minimal surface
disorder nanoparticle (~120nm) has been observed. The study shows that for
LYCMO compound, the enhancement of CMR in 120 nm nanoparticle is due
to the conversion from non-Griffiths phase to Griffiths phase [J. Alloy. Comp.
745 (2018) 753].0ur experimental observation on the polycrystalline the
Smo.5CaosMnO3 compound from magnetocaloric effect clearly indicates the
existence of ferromagnetic droplets along with certain amount of
superparamagnetic component at low temperature (< 40 K). Our study also
highlights the competence of magnetocaloric effect as a tool to distinguish
between different magnetic states of a compound [Solid State Commun.274
(2018) 36]. Large magnetoresistance and, large relative cooling power (RCP an
important parameter for utilization of magnetocaloric materials) has also been
achieved in polycrystalline Pro.775Sr0.22sMnO3 compound. The large value of
RCP has been attributed to the formation of ferromagnetic clusters, formed
above the ferromagnetic ordering temperature (T > T-C). On the other hand,
enhancement of MR is achieved because of the suppression of enhanced
phase fluctuations, arises due to the closeness of FMM-FMI phases [J. Magn.
Magn.Mater.460 (2018) 234].The detail magnetic measurements on the
polycrystalline Lao.2Gdo.sBao3zMnO3 (LGBMO) compound were performed. The
compound shows high value of magnetocaloric effect (MCE) (-Delta S =9. 1 J=
kg-K at 12 K) at low temperature. This high value of MCE in the LGBMO
compound has been addressed by the presence of the glassy phase [J. Magn.
Magn.Mater.460 (2018) 165].We have observed a significantly large
magnetocaloric effect near room temperature for polycrystalline ferromagnetic
Lao.g3sro.17MnO3z compound. The study indicates that the magnetic entropy
change near room temperature is comparable to (or larger than) that for the
suggested refrigerant materials reported earlier [Physica B545 (2018) 438|.
Large magnetoresistive materials are of immense interest for a number of
spintronic applications, such as the development of high-density magnetic
memory devices, magnetic sensors, magnetic switches etc. Colossal
magnetoresistance, in which the resistivity changes by several orders of
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magnitude (~10%%) in an external magnetic field, occurs mainly in phase-
separated oxide materials, namely, manganites. We report a huge colossal
magnetoresistance (world highest value magnetoresistance) along with an
ultra sharp metamagnetic transition in a half-doped Smo.sCao.25Sr0.2sMnO3
manganite compound. The obtained magnetoresistance value at 10 K is as
large as 1013% in a 30 kOe external magnetic field and 1015% in a 90 kOe
external magnetic field which is several orders of magnitude higher than any
other observed magnetoresistance value reported [NPG ASIA MATERIALS 10
(2018) 923]. Our study shows the modification of the insulator state to
metallic state with the reduction of particle size in (Lao.sYo0.5)0.7Cao3MnO3
compound and the enhancement of magnetoresistance [J. Magn.
Magn.Mater.469 (2019) 211]. We have studied Evolution from Griffiths like
phase to non-Griffiths like phase with Y doping in (Lai-xYx)0o.7Cao0.3MnO3s. The
enhancement of short-range antiferromagnetic (SR-AFM) interactions has
been observed that is attributed to the conversions from GP to non-GP phase.
The increased SR-AFM interactions with Y doping have also been
substantiated from the magnetocaloric study [J. Magn. Magn.Mater.469
(2019) 40].

The rotation of polygons in a Type-II hydraulic jump prompts us to look for a
rotational feature in the Type-I hydraulic jump. Coupling the radial and
azimuthal flows breaks the azimuthal symmetry of the shallow-water circular
jump. An unstable rotating wave along the circumference of the jump is
possible with a kinematic viscosity of very small order, whose upper threshold
value is less than the kinematic viscosity of water. Our studies have provided
an explicit route to control the degree of shock fluctuations in one-
dimensional periodic systems, and should be relevant in cell biological
transport where the availability of molecular motors is the rate limiting
constraint. We revisit the scaling properties of the energy spectra in fully
developed incompressible homogeneous turbulence in forced magnetofluids in
three dimensions, which are believed to be characterized by universal scaling
exponents in the inertial range. We use scaling arguments to bring out
various scaling regimes for the energy spectra. We obtain a variety of scaling
in the inertial range, ranging from the well-known Kolmogorov spectra in the
isotropic 3D ordinary MHD to more complex scaling in the anisotropic cases
that depend on the magnitude of the mean magnetic field.

Another direction in which we have contributed significantly is in
understanding dynamics of systems out of equilibrium. Dynamics plays an
important role in determining the nature of non-equilibrium steady states
(NSS). The unusual correlations associated with NSS leads to surprising
phenomena like negative differential response, current reversal, zero current
non-equilibrium states. We will try to understand these non-equilibrium
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thermodynamic properties by obtaining exact steady states of different types
of dynamics. A class of critical NSS is observed in self organized critical (SOC)
systems which are prototype of 'how nature works'. They exhibit hyper-
uniformity by breaking central limit theorem. The universality of generic SOC
is under debate and we are working towards settling this issue.

One of the main focuses of recent research in theoretical condensed matter
physics has been the competing effects of disorder and correlations in context
of many-body localization (MBL). Systems in MBL phase are non-ergodic and
resist thermalization in absence of the bath. The non-ergodic nature of MBL
phase also leads to long time memory of the initial state in local observables.
In this respect, the MBL systems exhibit glassy dynamics and the question of
interest is whether classical models of spin-glasses will undergo MBL-
delocalization transition in their corresponding quantum versions. We explore
MBL-delocalization transition in the Sherrington-Kirkpatrick (SK) model,
which is a paradigmatic model of Ising spin-glass [Phys. Rev. B97 (2018)
144202]. We also studied the effect of long range interactions and long range
hopping on many-body localization (MBL). There is a common belief in the
community that MBL cannot survive in the presence of long range
interactions. We demonstrated that MBL persists in the presence of long-
range interactions though long-range hopping delocalizes the system [Phys.
Rev. B99 (2019) 224203]. We explored the interplay of a charge density wave
(CDW) order and s-wave superconductivity (sSC) in a disordered system
[Phys. Rev. B98 (2018) 104206]. Recent experiments on 1T - TiSe2, where the
pristine sample has a commensurate CDW order and the superconductivity
appears upon copper intercalation, motivated our study. We also developed a
formalism for treating systems which have equally strong disorder and e-e
interactions using inhomogeneous Gutzwiller projection [Phys. Rev. B97
(2018) 245114]. On a different note, we explored the possibility of a
correlation driven superconductivity in a band insulator. Turning on strong
correlations in a normal metallic system results in interesting phases like
anti-ferromagnetic Mott Insulator, high Tc superconductor, pseudo gap phase
etc. But the role of strong correlations in a band insulator has not been
explored much which was the main motivation behind our work [Phys. Rev.
B99 (2019) 155127].

Surface Physics and Material Science Division

Research activities of the Surface Physics & Material Science (SPMS) Division
concern the growth of low-dimensional metallic, semiconducting and organic
materials via physical and chemical routes followed by their extensive
characterizations with state-of-the-art techniques/tools existing in the
division for achieving various physical properties relevant in the forefront
research areas of micro-nano science & technology.
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Synthesis of the condensed and soft materials in the form of ultra-thin layer
and nanometer sized particles with different morphology are implemented by
sophisticated growth techniques, like, molecular beam epitaxy (MBE), metal
oxide vapour phase epitaxy (MOVPE), cluster ion deposition, sputtering, ion
implantation, Langmuir-Blodgett (LB) techniques along with other
conventional growth techniques, like, spin coating and wet chemical methods.
The state-of-the-art characterization techniques, such as a 300 kV high
resolution transmission electron microscope (HRTEM) attached with electron
energy loss spectroscopy (EELS) and energy dispersive x-ray spectroscopy
(EDX), high resolution scanning electron microscope (SEM) augmented with
cathode luminescence (CL) optical detection system, versatile x-ray diffraction
(VXRD) system, X-ray photoelectron spectroscopy (XPS) systems along with
angle resolved detection capability, ultra-high vacuum based scanning
tunnelling microscope (STM) and ambient scanning probe microscopes (SPMs)
are utilized for structural, compositional, optical, tribological and
surface/interface analysis in routine manner. We are also involved in
interdisciplinary research connecting material science and biology having
relevance in the area of drug design and targeted delivery in cells which have
impact not only for scientific inquiry, owing to numerous clinical applications,
but also for understanding cell interaction with exogenous materials.

We have reported quite recently a method to produce surface-enhanced
Raman scattering (SERS)-active and excellent nonenzymatic glucose and an
ascorbic acid (AA)- sensing substrate by an electrodeless deposition
technique. Palladium (Pd) nanoparticles were deposited on different
semiconductor [silicon (Si) and germanium (Ge)] and patterned (pyramidal Si)
surfaces without any use of a surfactant. The growth rate and final
morphology of the Pd nanostructures are observed to be dependent heavily on
the surface energy of the substrate and number of defects present on the
substrate surface. The highest SERS enhancement is observed for Pd
nanoparticles deposited on a pyramidal Si substrate. Finite-difference time-
domain simulation substantiates the experimental observation by showing
that the sharp tip and gap between the shafts are the main factors
contributing to the large enhancement of the incident electric field. Our result
shows a superior SERS enhancement compared to the previously reported
literature using pure Pd nanoparticles and also Pd nanoparticles deposited on
different substrates. The substrates showed very good sensing properties for
glucose and AA detection. The highest sensitivity (18.67 pA mM-1 cm-2) for
AA is observed for Pd deposited on a Ge substrate for 60 min in the linear
range of 20-40 mM, and for glucose, the highest sensitivity (2.658 pA mM-1
cm-—2) is also observed for the same substrate in the linear range of 1-40 mM.
The lowest detection limits for AA and glucose are 2.19 and 7.19 M,
respectively, for the same substrate. Substrates that we prepared are very
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useful for multifunctional applications like SERS and electrochemical
nonenzymatic sensing. A representative scheme of the experiment is shown in

the following graphical abstract.
—Ge/Pd F |:I|
1— P-siipd

Electrochemical

=

Currlent Densigy (nA/ cmz)
(XY -
[=] [=]
=) =)

— Si/Pd Biosensor
: — Ge/Pd r v v
Di(:a:;zgrl:em El — P-Si/Pd 0 500 1000 1500
= S 20k Time (Sec)
=
= SERS
c
‘ g 10k
"% =
oo e B 0 T T T
o Si\?"t“‘ q 600 200 1200 1500
nm

Raman Shift (cm'1)

The structural evolution of multilayers AuNPs on an H-passivated Si
substrate, formed through a LS deposition process, has been investigated
using complementary grazing incidence X-ray scattering techniques. The
fractional coverage multilayers of AulNPs, formed through a multi-transfer
process, are found to be quite unstable under ambient conditions. The
thickness of these decreases with time and tends to saturate toward a near
unique thickness (NUT = 6 nm) as shown the figure below. Although initial
low coverage and their instability create hindrance in the control and
formation of desired 3D-nanostructures in the bottom-up approach, the
formation of a NUT-layer, through time-evolution, is quite distinctive, thus
interesting. It is clear from the evolution that the thermodynamically driven
monolayer structures (of AuNPs) at the air-water interface become unstable
when transferred sequentially onto the solid substrate. The thermal energy
(kT) and the partial change in the substrate surface energy (Ay) create the
instability and induce diffusion in the AuNPs, which in the presence of a net
attractive force towards the substrate (arising from anisotropic interaction of
the top AuNPs with the other AuNPs and/or hydrophobic substrate) tries to
create a thermodynamically favourable and relatively stable NUT-layer
through reorganization for a different duration. This happens if the number of
AuNPs is less than or equal to the maximum number that can be
accommodated within the NUT. The value of the NUT mainly depends on the
particle size and a kT-energy related fluctuation of particles. Furthermore, the
formation of the NUT-layer indicates that the hydrophobic-hydrophobic
interaction mediated net attraction towards the substrate is long range, while
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the hydrophilic-hydrophobic interaction mediated repulsion and/or kT-energy
induced fluctuations are short range.

2T 4T
I1=2mN/m I1=14 mN/m 11=2 mN/m 1 =14 mN/m

t<1day

t~ 1 month

t~1year

Fabrication of a two-dimensional planar junction formed with graphene oxide
(GO) and selective electrochemically reduced graphene oxides (ERGOs)
exhibits rectification of ionic current in the presence of electrolyte. Moreover,
amplification of the ionic current has also been demonstrated in planar
transistor configuration constituted with two back-to-back planar GO-ERGO
junctions. Structural modification-induced change in the electronic property
of ERGO samples compared to GO is observed, and Mott-Schottky analysis
confirms that the GO and ERGO are of n-type and p-type conductivities,
respectively, which determine interfacial charge transfer from either electrode
to electrolyte or vice versa. Thus, the ionic current is controlled by the
modulation of the interfacial charge concentration by external voltage applied
across the junction sample. Hence, this device exhibits bias-dependent
unidirectional ion current, presumably through electrochemical oxidation of
OH- ions on ERGO (p side) and reduction of H+ ions on GO (n side) interface,
which confirms the formation of an electrochemical p—n junction diode.

Optimum growth condition has been established for CoO thin film on Ag(001)
at different growth conditions and has been characterized by the combined
study of Low Energy Electron Diffraction (LEED), X-ray Photoelectron
Spectroscopy (XPS) and Angle-Resolved Photoemission Spectroscopic (ARPES)
techniques. The film grown at room temperature (RT) and with an oxygen
background pressure of 1x10-¢ mbar forms an impurity phase having (2x1)
twin-domain superstructure. The effect of oxygen partial pressure on growth
has been studied by tuning the oxygen background pressure from 1x10-7 to
5%10-¢ mbar in three steps keeping the substrate at 473 K. A well-ordered

sharp LEED pattern along with oxygen defect state in the valence band
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spectra has been observed at lower oxygen partial pressure (1x10-7 mbar)
growth. A well-ordered (1x1) LEED with defect-free valence electronic
structure has been observed for the film grown at 473 K substrate
temperature and 1x10® mbar oxygen partial pressure. The coverage
dependent valence band electronic structure of the films grown at this
optimized growth condition shows the presence of interfacial states near the
Fermi edge (Er) in the low coverage regime.

The effect of Zr content on resistive switching properties of ZryHf1 xO2-based
metal-oxide-semiconductor (MOS) devices has been studied. The electrical
characteristics and x-ray photoelectron spectroscopy studies reveal that the
resistive switching property performs its best when the Zr content in the film
is 9.11%. The XPS data reveals presence of non-lattice oxygen in all the
devices. The differential scanning calorimetry (DSC) study shows an
endotherm peak at ~ 145.9 °C only for the sample at a particular Zr content
in the ZriHfixO> film indicating release of lattice oxygen. Thus, besides
presence of non-lattice oxygen in the film, further generation of hole trap
density in the form of lattice oxygen release is required to achieve a better low
resistance state (LRS) and the same is reflected in the double logarithmic plot
of I-V. It is believed that some sort of microstructural arrangements take
place at a critical Zr content that lead to the lowest resistive state of the MOS
device.

Combined optical and structural study of GaAs-hosted InAs sub monolayer
QD (SMLQD) vertical multi-stacks show all the characteristics of QD excitonic
emission, emitting in the NIR region (1.496 eV). The luminescence efficiency
(4 K) exhibited an increasing trend with the decrease in InAs coverage. Strain-
induced growth of the dots with different vertical size distribution
(height~2.3-1.4 nm) have been explored which were found to depend strongly
on the InAs coverage at low temperature. The varying size distribution of the
dot ensembles lead to different degree of carrier confinement, capture and
localization, as determined from the low temperature (4 K) PL spectra.
Significant enhancement of carrier localization inside almost 2D-like exciton
was achieved by reducing InAs coverage well below one monolayer. From the
relative temperature dependent photoluminescence measurements, it has
been shown that the coupling and relaxation pathways of photo-carriers
through the SML-QD multi-structure can be controlled by adjusting the
InAscoverage.

X-ray absorption spectra (XAS), the density of states (DOS) and the electron
density distribution of the HOMO and LUMO for flat and twisted rubrene
molecules have been calculated using density functional theory (DFT). The
simulated XAS spectra are validated by experimental C K-edge near-edge X-

ray absorption fine structure (NEXAFS) data. We demonstrate that the
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NEXAFS spectra of rubrene thin films of different thicknesses can be
explained in terms of different combinations of spectral intensity from the
twisted and the flat randomly oriented molecules. Our calculation reveals that
the peak at lowest photon energy (a0) of the NEXAFS spectra at the lower
coverage of rubrene molecules appears only from the twisted molecules. Other
peaks in the case of the flat molecules appear either from the backbone or the
wings, whereas, for the twisted molecules, the backbone and the wings
contribute somewhat equally. Lowering of the HOMO-LUMO gap, as well as
redistribution of the electron density of both the frontier orbitals, is found to
take place in the case of the twisted molecule. The redistribution explains the
reduction in conductivity for the twisted molecule compared to the flat one
despite the lower band gap for the former. This finding will further strengthen
the progress of rubrene thin film-based devices.

Growth dynamics of size-selected copper and silver nanoclusters of sizes 3
nm diameter on silicon (100) substrates for different time spans are studied.
For size-selected copper nanoclusters deposited by a soft-landing process
gives the rough idea for the growth of thin films on the substrates using the
information of AFM data. The data reveal two growth regimes with respect to
deposition time. For copper films a bimodal height distribution observed due
to the fact that initial deposition indicates lesser number of clusters observed
by AFM tip than the surface heights and with further increase of deposition
time more number of cluster heights are observed with a size distributions of
Gaussian type. The height-height correlation function (HHCF) obtained from
corresponding AFM images of silver nanocluster deposition, the dynamic
exponents are calculated and two types of growth regimes have been
observed. In the first regime, the growth exponent is (§1=0.2710.07) which is
close to the KPZ growth exponent, while in the second growth regime,
shadowing effect plays dominant role which gives the growth exponent value
(B2=0.8810.28). For the whole deposition time, the average surface roughness
exponent is found to be constant («=0.76%0.02).

The membrane localization of heme and its analog hemin, one of the most
biologically relevant planar organic molecules, is very important to
understand the molecular mechanism of intercalation and adsorption of this
cytotoxic molecule after its dissociation from proteins such as hemoglobin. In
this work, we investigate the differential behavior of hemin on the soft
membrane surfaces of phospholipids by synchrotron-based X-ray scattering
techniques, Langmuir monolayer measurements, and molecular dynamics
simulation. A continuous hemin uptake from the subphase and intercalation
into and/or adsorption on to the membrane surface have been witnessed in a
strong membrane surface packing - specific manner. Competitive interactions
between hemin-membrane and hemin-hemin are proposed to be responsible
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for the critical hemin concentration. Up to the limit, a continuous hemin
uptake is possible and beyond that the hemin — hemin interaction dominates,
effectively reducing the hemin intercalation into the membrane. This
structural model of the hemin-uptake process can be generalized to
understand the localization and transport across membranes and also for the
development and design of new drugs.

Successful commissioning of SINP Beamline (BL-13) at Indus-2, RRCAT,
Indore

Most of the faculty members of this division have also been using advanced
synchrotron facilities in India and abroad for a further detailed understanding
of material properties in low dimension. Additionally, some members of this
division are actively engaged in developing SINP beam line at the INDUS II
synchrotron at RRCAT, Indore and a short report of which is appended below:

Department of Atomic Energy’s Indus’ activity at Raja Ramanna Centre for
Advanced Technology (RRCAT), Indore has been India’s flagship program of
developing and operating world class synchrotron facilities for scientific
research. Indus-2 is a high energy machine operating at 2.5 GeV under this
program, which provides various beam ports of different characteristics. Saha
Institute of Nuclear Physics (SINP), Kolkata with few of its faculty members’
prolonged experience in synchrotron related research in different facilities
around the world, has involved itself in the Indus-2 activity and taken
responsibility to develop a grazing incidence X-ray scattering beamline at BL-
13 bending magnet port. The design of the entire beamline was
conceptualized collectively by a group of SINP scientists and was
commissioned successfully very recently. The available techniques in this
beamline are powder diffraction (at ambient condition and also at low
temperature down to 10K), single crystal and multilayer diffraction,
reflectivity, diffuse scattering from solid surface and interfaces. Currently the
monochromatic beam is available at the goniometer position in the
experimental hutch and we are regularly carrying out experiments in the
facility. Apart from SINP, many users from RRCAT and BARC has used the
facility to characterize their samples.

The energy of the x-ray beam was also successfully tuned in the range of 5
keV to 12 keV by the DCM and was calibrated by elemental absorption edges
of Cr, Mn, Fe and Zn which is shown in Fig. 1.
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Fig. 1 EXAFs of different elements for energy c

Now, we have started conducting regular experiments in the beamline. Some
of our recent results are given below:
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Fig. 2(a) Schematic of AIN/AlGaN superlattice structure grown on Si, (b)
X-ray Reflectivity and (c) High resolution single crystal diffraction of the
structure

Fig. 3 X-ray reflectivity from Nb2Os film on Si
substrate grown at different conditions
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SCIENTIFIC INFORMATION AND RESOURCE DIVISION (SIRD)

STUDY, TEACHING & FACILITIES

The Scientific Information and Resource Division (SIRD) of SINP was formed
on 14th September, 2018 with the motivation of integrating several activities
of the Institute like Library, Summer and Undergraduate Associateship
Programme, Institute Colloquium, Post-MSc training programme, all students’
activities related to the Homi Bhabha National Institute (HBNI), Mumbai,
SINP outreach programmes, all activities related to the Vigyan Pratibha
project, some special events of SINP, Prof. M. N. Saha Archive, etc. Most of
these activities are carried out from a DAE/SINP/HRD project called CARE-III
and some from the non-plan recurring budget of the Institute. The list of

activities during the period is listed below.

Post-M Sc Associateship Course 2018 - 2019

Theoretical Physics

Al

INDRANIL MUKHERJEE
KHURSID ALAM
SANDIP HALDER
SATYABRATA DATTA
SIBA PRASAD ACHARYA
SABYASACHI MAULIK

Experimental Physics

SABYASACHI KARMAKAR
ARNAB BHATTACHARYA
ARNAB BHATTACHARYYA
ASHISH GUPTA

JIBAK MUKHERJEE
LALIT KUMAR SAHOO
MAUDUD AHMED
MOUSRI PAUL
PRIYABRATA DAS

. SAUGATA ROY

. SHINJINI DAS

. SHUBHARAJ MUKHERJEE
. SHUVANKAR GUPTA

SMRUTI MEDHA MISHRA

. SUBHADIP CHOWDHURY

SUBHANKAR MANDAL
SUBHENDU DAS

. SUDIP CHAKRABORTY
. SURAJ ALI
. SUVANKAR PURKAIT

TANMOY GHOSH
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Biophysical Sciences

NG h L=

ANURADHA ROY
ARPITA NANDY
PALAMOU DAS
PRIYANKA SENGUPTA
RUPASREE BRAHMA
SWAGATA ADHIKARI
VIPIN SINGH
SEBABRATA MAITY

2018 - 2019 batch: Theoretical Physics

Compulsory Basic Courses in First Trimester (August - November 2018)

1.

2.
3.

4.

Advanced Quantum Mechanics (by Prof. Kumar S. Gupta & Prof.
Rudranil Basu)

Advanced Statistical Mechanics (by Prof. Arti Garg)

Numerical Methods and Algorithm (by Prof. Debasish Das, Prof.
Nayana Majumdar, Prof. Supratik Mukhopadhyay, Prof. Sandip
Sarkar)

Quantum Field Theory-I (by Prof. Kaushik Dutta)

Optional Courses in Second Trimester (December 2018 — March 2019)

el e

® NG

Quantum Field Theory - II (by Prof. Harvendra Singh)

Particle Physics (by Prof. Gautam Bhattacharyya)

Advanced Mathematical Methods (by Prof. Amit Ghosh)

Critical Phenomena and critical dynamics in classical systems (by
Prof. Abhik Basu)

Advanced Condensed Matter — I (by Prof. Kalpataru Pradhan)
Non-equilibrium Statistical Mechanics. (by Prof. P.K. Mohanty)
General Theory of Relativity (by Prof. Arnab Kundu)

Astro Particle Physics (by Prof. Debasish Majumdar)

Physics (Theory) Review Topics (December 2018 - July 2019)

1.

2.

INDRANIL MUKHERJEE, "Exactly Solvable Models in Non equilibrium
Statistical Mechanics"(Guide:Prof. P.K. Mohanty)

KHURSID ALAM, "Effects of Moduli During Preheating" (Guide: Prof.
Koushik Dutta)

SANDIP HALDER, "Study of magnetic interaction at the interface of
ferromagnetic superlattices" (Guide: Prof. Kalpataru Pradhan)
SATYABRATA DATTA, "A Study of Neutrinos, in Particle Physics,
Astrophysics and Cosmology" (Guide: Prof. Ambar Ghosal)

SIBA PRASAD ACHARYA, "Nonlinear Waves & Chaos in Plasmas"
(Guide: Prof. M.S. Janaki)

SABYASACHI MAULIK, "Holography and the entanglement entropy in
string theory" (Guide: Prof. Harvendra Singh)
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2018 — 2019 batch: Experimental Physics

Compulsory Basic Courses in First Trimester (August - November 2018)

1.

2.
3.

Advanced Quantum Mechanics-2; (by Prof. Satyaki Bhattacharya &
Prof. Subinit Roy)

Advanced Statistical Mechanics; (by Prof. Arti Garg)

Basic Experiments (in different Labs); (by Prof. Satyajit Hazra; Co-
ordinator)

Computational and Numerical Methods; (by Prof. Debasish Das, Prof.
Nayana Majumdar, Prof. Supratik Mukhopadhyay &Prof. Sandip
Sarkar)

Research Methodology; (by Prof. Maitreyee Nandy, Prof.Mrinmay Kr.
Mukhopadhyay, Prof. Sankar De, Prof. Biswajit Karmakar)

Post M.Sc. (Experimental) Advanced Course (December 2018 - March

2019)
1.

2.

oo

Astroparticle Relics and Messengers: Their Origin and Principles of
Detection; (by Prof. Mala Das)

Advanced tools for High Energy Physics and related detectors;
(including GEANT4, ROOT analysis, C++ programming, etc.), (by Prof.
Subir Sarkar)

Advanced Nuclear Physics I (Nuclear Structure); (by Prof. Ushasi
Datta)

Advanced Nuclear Physics II (Nuclear Reactions); (by Prof. Chinmoy
Basu)

Advanced Condensed Matter Physics; (by Prof. Biswajit Karmakar)
Advance Materials Science / Nanoscience / Physics of Surfaces and
Interfaces; (by Prof. Satyajit Hazra)

Quantum Optics; (by Prof. Sankar De)

Physics (Experiments) Review Topics (April 2019 - July 2019)

1.

2.

ARNAB BHATTACHARYA, "Measurement of capture cross-section
relevant to Astrophysical scenario" (Guide: Prof. Ushasi Datta)
ARNAB BHATTACHARYA, "Magnetic Skyrmions in Thin Films" (Guide:
Prof. Indranil Das)

JIBAK MUKHERJEE, “Twisted Light in Atomic Medium” (Guide: Prof.
Sankar De)

LALIT KUMAR SAHOQO, "Direct versus Resonance reaction in 19F(p,a)
reaction at astrophysical energies" (Guide: Prof. Chinmay Basu)
MOUSRI PAUL, "Transition metal oxide-based memory devices"
(Guide: Prof. Supratic Chakraborty)

SURAJ ALI, "Exploring the superheated liquid detector for low mass
dark matter search" (Guide: Prof. Mala Das)

PRIYABRATA DAS, "Exotic decay of Nuclei near and beyond drip line"
(Guide: Prof. Ushasi Datta)
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10.

11.

12.

13.

14.

15.

16.

17.

18.

2018 -

SAUGATA ROY, "Tuning the structural ordering of self organized
nanostructures" (Guide: Prof. Satyajit Hazra)

SHINJINI DAS, "Study of Low Energy Neutron Yield and Detector
Response (Part2)" (Guide: Prof. Maitreyee Nandy)

SHUVANKAR GUPTA, "Spin-gapless semiconductor in quaternary
Heusler alloys" (Guide: Prof. Chandan Mazumdar)

SMRUTI MEDHA MISHRA, "Optical properties of Silicon Nanowires
Fabricated by Ag- assisted Chemical Etching" (Guide: Prof. Biswarup
Satpati)

SUBHADIP CHOWDHURY, "Structural change due to isotopic
substitution in Langmuir- Blodgett film" (Guide: Prof. Mrinmay K
Mukhopadhyay)

SUBHANKAR MANDAL, "Molecular orientation dependent electronic
structure of UHV grown polar organic thin film" (Guide: Prof. Satyajit
Hazra)

SUBHENDU DAS, "Studies on data acquisition system for gaseous
ionization detectors" (Guide: Prof. Nayana Majumdar)

SUDIP CHAKRABORTY, "Heusler intermetallic alloys and their
physical properties" (Guide: Prof. Chandan Mazumdar)

SUVANKAR PURKIT, "Setting up a single crystal thin film growth
system using I2 chemical vapor transport" (Guide: Prof. Biswajit
Karmakar)

TANMOY GHOSH, I) "Beryllium Anomaly" (Dec-March) " Measurement
of vertical Muon flux" (April-July) (Guide: Prof. Manoj Sharan & Bijay
Kumar Agrawal)

SABYASACHI KARMAKAR (16/04/2018) "Growth and Structural
Investigation of Organic Semiconductor Thin-films" (Guide: Prof.
Mrinmay Kumar Mukhopadhyay)

2019 batch: Biophysical Sciences

Compulsory Basic Courses (August - November 2018)

1.

Biochemistry and Cell Biology (BCB) (by Prof. Abhijit Chakrabarti/
Prof. Kaushik Sengupta, Prof. Oishee Chakrabarti/ Prof. Partha Saha,
Prof. Chandrima Das)

Chemical Biology and Biophysics (CBB) (by Prof. Montu Hazra, Prof.
Padmaja Mishra, Prof. Debashis Mukhopadhyay and Prof. Sangram
Bagh).

Spectroscopy and Nanoscience (SPN) (by Prof. Samita Basu and Prof.
Dulal Senapati)

Computer Programming & Bioinformatics (CPB) (by Prof. Gautam
Garai and Prof. Dhananjay Bhattacharyya)

Macromolecular Structure (MMS) (by Prof. Rahul Banerjee, Prof.
Udayaditya Sen/ Prof. Sampa Biswas, Prof. H Raghuraman, Prof.
Kaushik Sengupta)

Radiochemistry & Radiation Physics (RRP) (by Prof. Susanta Lahiri &
8 lectures by Prof. Maitreyee Nandi)
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Compulsory Research Methodology (August 2018 — March 2019)

1.

2.

Biochemical and Molecular Biology Techniques (BMBT) (by Prof.
Debashis Mukhopadhyay, Prof. Partha Saha)

Spectroscopy and Imaging Techniques (SIT) (by Prof. Padmaja
Mishra/ Prof. Kaushik Sengupta, Prof. Montu Hazra and Prof. H
Raghuraman)

Good Laboratory Practices, Radiological safety (Radiation Protection
Standards, Principles of Monitoring and Protection), Ethics of
scientific research, writing of scientific articles and project proposals.
Research colloquium: During the first week of the course work,
presentation on scientific research work carried out in the
laboratories where students have opportunity to join for their doctoral
work will be made by the respective faculty. Purpose of the
colloquiums is to provide an overview of on-going scientific research
related to the subject area in the Institute to the new students.

Advance Courses offered in Second Semester

8.

Topics in Cell Biology - I (by Prof. Oishee Chakrabarti & Prof. Partha
Saha)

Topics in Cell Biology — II (by Prof. Kaushik Sengupta & Prof.
Chandrima Das)

Membrane Biophysics and Structural Dynamics of Membrane
Proteins (by Prof. H Raghuraman)

Chromatography and Mass Spectrometry (by Prof. Soumen K Manna)
Synthetic Biology: 21st Century Biological Engineering (by Prof.
Sangram Bagh)

Macromolecular Crystallography (by Prof. Udayaditya Sen & Prof.
Sampa Biswas)

Advanced biophysical Spectroscopy and imaging (by Prof. Dulal
Senapati & Prof. Padmaja Mishra)

Drug Discovery: Modern Day Approach (by Prof. Munna Sarkar)

Review-Project Topics

1.

2.

ANURADHA ROY, "Unravelling Lamin - chromatin interaction in
laminopathies and cancer" (Guide: Prof. Kaushik Sengupta)

ARPITA NANDY, "Size and shape selective synthesis, characterization
and biomedical applications of super paramagnetic iron oxide and
super lattice plasmonic nanoparticles" (Guide: Prof. Dulal Senapati)
PALAMOU DAS, "Mitochondrial DNA release and consequences on
cellular health" (Guide: Prof. Oishee Chakrabarti)

PRIYANKA SENGUPTA, "Insulin Receptor Family and
Neurodegeneration" (Guide: Prof. Debashis Mukhopadhyay)
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5. RUPASREE BRAHMA, "Alteration in Neuromuscular junction and
signalling during myogenesis in skeletal muscle dystrophy with LMNA
mutations" (Guide: Prof. Kaushik Sengupta)

6. SWAGATA ADHIKARI,"Characterization of the nonhistone targets of
newly discovered E3 ubiquitin ligase UBR7 and its implications in
cancer" (Guide: Prof. Chandrima Das)

7. VIPIN SINGH, "Reprogramming of Host Epigenomic landscape during
viral infection: Role of Plant Homeodomain (PHD) finger proteins"
(Guide: Prof. Chandrima Das)

8. SEBABRATA MAITY, "Mitochondrial quality control during ER stress
and protein import" (Guide: Prof. Oishee Chakrabarti)

Best Performance Awards in Post-M.Sc Course

UPALA MUKHOPADHYAY got the best performance award in Post-M.Sc in
Theoretical Physics for the session 2017-2018.

SHUBHAM DUTTA got the best performance award in Post-M.Sc in
Experimental Physics for the session 2017-2018.

DUHITA SENGUPTA got the best performance award in Post-M.Sc in
Biophysical Sciences for the session 2017-2018.

UPALA MUKHOPADHYAY&SHUBHAM DUTTA also awarded Prof. A. P. Patra
Memorial Prize in PMSc (Physics) for the session 2017- 2018.

Ph.D. Awarded (April 2018- March 2019)

Dr. Naosad Alam. [Prof. Bijay K. Agrawal|. Correlations of neutron star
properties with the parameters of nuclear matter equation of state, Homi
Bhabha National Institute, Mumbai, April 2018.

Dr. Santosh Chakraborty. [Prof. Ushasi Datta]. Study of the ground state
configuration of the neutron-rich Aluminium isotope through electromagnetic
excitation, University of Calcutta, April 2018.

Dr. Sabuj Ghosh. On the paths of transitions among different kinds of
nonlinear oscillations in glow discharge plasma, Homi Bhabha National
Institute, Mumbai, April 2018.

Dr. Abhijit Ghosh. Study of drift wave instability in FR produced magnetized
plasmas, Homi Bhabha National Institute, Mumbai HBNI, April 2018,

Dr. Shyamal Mondal. [Satyaranjan Bhattacharyya]. Formation and deposition
of size-selected metal nanoclusters using a magnetron based source,
University of Calcutta, April 3, 2018
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Dr. Sayanee Jana. Nonlinear coherent Structures in Plasmas, Homi Bhabha
National Institute, Mumbai, April 2018.

Dr. Rukmini Mukherjee. [Prof. Oishee Chakrabarti|]. Mahogunin ring finger 1
mediated regulation of mitochondrial dynamics and quality control,
University of Calcutta, April, 2018.

Dr. Sabyasachi Paul. [Prof. Ajit K. Mohanty. Co-Guide: Prof. Maitreyee
Nandy|]. Study of Neutron Yield from Heavy Ion Reactions using
Preequilibrium Models, Homi Bhabha National Institute, Mumbai, April 2018.

Dr. Sanjukta Paul. [Prof. Sudhakar Yarlagadda]. Novel phenomena in oxide
heterostructures, July 2018.

Dr. Zenia Kaul. [Prof. Oishee Chakrabarti|. Novel role of ESCRT proteins in
regulating balance between cell survival and cell death, University of
Calcutta, August 2018.

Dr. Sourav Ghoshal. [Dr. Montu K. Hazra]. Reaction Mechanisms and
Kinetics for the Conformational Isomerization, Stability and Degradation of
Carbonic Acid: An Elusive Molecule of Atmospheric Significance, University of
Calcutta, August 2018.

Dr. Satyajit Chowdhury. Study of externally excited waves in Magnetized
Plasma, University of Calcutta, August, 2018

Dr. Tapas Paul. [Prof. Padmaja P. Mishra]. Improved Understanding of DNA
Dynamics During Weak Biophysical Interactions By Single- Molecule
Fluorescence Resonance Energy Transfer, University of Calcutta, August 28,
2018.

Dr. Debajyoti Saha. Investigation of complexity dynamics and the study of
nonlinearity in the self and externally excited glow discharge plasma, Homi
Bhabha National Institute, Mumbai, September 2018,

Dr. Mithun Karmakar. [Prof. Nikhil Chakrabarti]. Nonlinear Plasma Wave
Excitation and its Breaking Phenomena, Homi Bhabha National Institute,
Mumbai, September 2018.

Dr. Sudha Bucha. [Prof. Nitai P. Bhattacharyya; Co-guide: Prof. Debashis
Mukhopadhyay|. Gene Regulation in Cell Model of Huntington's Disease,
University of Calcutta, September 2018.

Dr. Subhas Ch Bera. [Prof. Padmaja P. Mishra].Insights Into The Detailed
Mechanism And Conformational Dynamics Of DNA Binding To Nanoparticle
And Protein: Studied By Single Molecule Techniques,University of Calcutta,

October 03, 2018.
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Dr. Amit Kumar Chatterjee. [Prof. Pradeep Kumar Mohanty]|, Exactly solvable
driven interacting particle systems, Oct. 2018.

Dr. Maireyee Bhattacharya. [Prof. Dulal Senapati]. Development of Highly
Anisotropic Nanomaterials for Fabrication, Detection and Theranostic
Applications, Homi Bhabha National Institute, Mumbai, November, 2018.

Dr. Sanghati Roychowdhury. [Prof. Udayaditya Sen|. Structural and
Biophysical Studies on Hsp31, Hspl5 and GrpE from Vibrio Cholera 03935,
University of Calcutta, November 2018.

Dr. Biswarup Das. [Prof. Sukalyan Chattopadhyay|. Nuclear structure studies
at high angular momentum in mass ~100 region, Nov. 2018.

Dr. Mugdha Sarkar. [Prof. Asit Kumar De]. Lattice gauge theory with non-
perturbative gauge-fixing, Nov. 2018.

Dr. Debabrata Das. [Prof. Manabendra Mukherjee] Physico-chemical
characterization of banana nanofibrils and its composites, Jadavpur
University, Dec. 2018.

Dr. Sourav Kumar Dey. [Prof. Chandi Charan Dey and Prof. Satyajit Sahal].
Electromagnetic moments in nuclei: sensitive probes of electromagnetic field
environment in solids, Dec. 2018.

Dr. Santanu Pakhira. [Prof. Chandan Mazumder|. Synthesis And Physical
Properties Of Magnetically Frustrated RoNiSiz (R=Rare-Earth) Intermetallic
Compounds, University of Calcutta, 2018.

Dr. Arnab Kumar Pariari. [Prof. Prabhat Mandal]. Probing topological states,
Fermi surface and scattering mechanism in some three-dimensional Dirac
semimetals, Homi Bhabha National Institute, Mumbai, 2018.

Dr. Debasish Mukherjee. [Prof. Dhananjay Bhattacharyya|. Structure and
dynamics of secondary structural motifs in noncoding RNA, 2018.

Dr. Rohit Mishra. [Prof. Harvendra Singh|. Study of geometrical aspects of
holographic entanglement and first law, Homi Bhabha National Institute,
Mumbai, January 2019.

Dr. Rajendra Prasad Giri. [Prof. Mrinmay Mukhopadhyay|. Investigation of
protein induced structural changes in model bio-membranes, Calcutta
University, Jan. 2019.

Dr. Kuntal Mondal. [Prof. Suchandra Dutta and Prof. Sunanda Banerjee].
Study of the properties of the standard model Higgs Boson decaying to a pair
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of photons in proton-proton collisions using the CMS detector at the LHC
Jan. 2019.

Dr. Sudeshna Das Chakraborty. [Prof. Dulal Senapati].Photophysics of
Prototype Anticancer Drugs Sanguinarine and Chelerythrine on Plasmonic,
Magnetic and Magnetoplasmonic Nano Surface: A transient Absorption Study,
Homi Bhabha National Institute, Mumbai, February, 2019.

Dr. Sukanta Barman. [Prof. Krishnakumar S. R. Menon|. Growth, Electronic
Structure and Surface Magnetism of late Transition Metal and Metal Oxide
ultra-thin films, HBNI, Feb., 2019.

Dr. Sukannya Bhattacharya. [Prof. Koushik Dutta]. Inflation models in light
of cosmic microwave background observations, Feb. 2019.

Dr. Moumita Roy. [Prof. Maitreyee Saha Sarkar|. Study of Light N~Z Nuclei in
the A~40 Region and Evolution of the Single Particle Energies on and away
from the Valley Of Stability, University of Calcutta, April 2019.

Dr. Md. Anisur Rahaman. [Prof. Ushasi Datta]. Study of exotic properties of
neutron-rich nuclei around N~20 using radioactive ion beam, University of
Calcutta, June 2019.

Dr. Sanjib Banik. [Prof.Indranil Das]. Study of magnetic, magneto-transport
and magnetocaloric properties in bulk and nanocrystalline manganites, Homi
Bhabha National Institute, Mumbai, 2019.

Dr. Susmita Roy. [Prof. Prabhat Mandal|. Magnetic, thermal, structural and
electrical properties of undoped and doped EuTii-xMxOz (M=Nb,V), Homi
Bhabha National Institute, Mumbai, 2019.

Dr Ratnadwip Singha. [Prof. Prabhat Mandal]|. Electronic transport, Fermi
surface properties and lattice dynamics of some topological semimetals, Homi
Bhabha National Institute, Mumbai, 2019.

COMPUTER SECTION

Since 2018 SINP’s Internet uplink has been upgraded to 10Gbps. Internet
capacity has thus been extended to allow traffic for grid and other
applications that demand heavy traffic.

The wired network of the Institute which was commissioned in 2007 is
undergoing an upgrade project and is expected to be ready by the end of 2019
or early 2020. The wireless network of the Institute is also planned to be
upgraded soon after.
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The hardware setup for previous e-Gov initiative was lying idle for some time.
Initiative was taken to re-use the same for running the application portals of
the e-Gov modules. In the very near future, all these hardware will be
upgraded to their latest generations.

The hardware Firewall/Unified Threat Management (UTM) system for
perimeter and end points, the system was placed in the network replacing its
software counterpart some time back. With the upgrade to 10Gbps uplink
speed, these are also scheduled for a major upgrade very soon.

The division also takes care of various IT security needs of the above
installations and that of the Institute at large. The recommendations and
guidelines of the CISAG (Computer & Information Security Advisory Group),
DAE are followed and periodic exercises and assessments are carried out.

Not only the network facility Computer Section also caters the need of
number crunching jobs. The section has now two High Performance
Computing (HPC) systems for serving computation of general purpose and
scientific programs. One of them is RISC based architecture having a
theoretical peak performance about 800 GFLPOs running on AIX operating
system. The other one is an HPC cluster based on Intel x86 architecture
having a theoretical peak performance about 700 GFLOPs and running on
Linux operating system. Apart from these a Linux-based workstation was also
installed.

The section also maintains and updates SINP website as and when required.
The website was developed following the Guidelines of Indian Government
Website (GIGW). An initiative was taken to get the required certification of the
website from Standardization Testing and Quality Certification (STQC), GOL.
The STQC has started to audit the security of the website. The Website

Quality Manual (WQM) has been prepared and submitted to STQC to get
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certification. It is an interactive process between the section and STQC before
removing all kinds of vulnerability from the website.

A portal for pensioners was developed for the pensioners and the family
pensioners of the Institute. The pensioners and family pensioners can view
their monthly pension sheet remotely. Apart from viewing the pension, the
portal also shows the pension related notices, forms etc. The development of a
recruitment portal for online submission of application for various technical
and administrative posts is going on.

Swipe entries at the Security Gates are now updated to the Oracle database
in real time via the E-attendance viewing application. Employees can view
their attendance entries without worrying about their browser versions as the
Smart Time application has specific requirements on client browsers.

Various other important modules of e-Gov have been developed by the
Software Development Team (SD Team) namely Leave Management System
(LMS), Salary processing and pay slip generation, online pay-slip viewing,
Medical Bill Processing System, Generation of release letter for No Dues
Clearance of the students, Pension Processing and Online Report Viewing
facility, Provident Fund (PF) management system. Most of these are in
production and being used by the members of the Institute. Changes and new
rules are also getting implemented as required time to time.

Another important project regarding Realtime Fund Management and
Monitoring is being taken up for streamlining and easy management of funds
and speeding up purchase processes with successive approval/process
workflow. The project will play a major role for SINP to work with new fund
allocation timelines post V-yr. plan era. The project is now in
design/understanding phase and the following would be important parts of it
as given under:

1. Online submission of Indent/Requisition

. Indent Approval workflow

. Purchase Process for Tender publishing, Opening, Evaluation.
. Document exchange as needed in various projects

. Financial Approval Workflow

. Purchase order generation

. Fund allocation against object heads and items

. Fund utilization reporting

9. Future scope for Bill Processing and Fund Utilization.

o NO U WNN

During last few years, this section is playing major role in office automation
for all the modules that an institute like ours use to function. On completion
we can share the same for other institutes/organizations under DAE.
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IMPORTANT ACHIEVEMENTS (R&D)

1. Inauguration of FRENA building

The Hon’ble Vice President of India,
Shri M. Venkaiah  Naidu has
inaugurated a new building in which
the  state-of-the-art  “Facility for
Research in Experimental Nuclear
Astrophysics (FRENA)” is housed at
Saha Institute of Nuclear Physics,
Kolkata, on Thursday, 28th June 2018. '
Shri Bratya Basu, Hon’ble Minister of Information & Technology, Govt. of
West Bengal and other dignitaries were E———

present in the inauguration.

L ASTIOPHYSIGS

FRENA is the first dedicated facility for
research in experimental low energy
Nuclear Astrophysics which is centered
around a 3 MV Tandetron accelerator
capable of delivering high intensity ion
beams starting from proton, deuteron,
helium to heavy ions till gold with
variable energy and high precision.

2. Successful Commissioning of SINP Beamline at Indus-II
Synchrotron Facility, RRCAT, Indore

Department of Atomic Energy’s Indus’ activity at Raja Ramanna Centre for
Advanced Technology (RRCAT), Indore has been India’s flagship program of
developing and operating world class synchrotron facilities for scientific
research. The 2rd phase of the Indus activity, i.e. Indus-2 is a high energy
machine operating at 2.5 GeV which provided various beam ports of different
characteristics. Saha Institute of Nuclear Physics (SINP), Kolkata with few of
it’s faculty members’ prolonged experience in synchrotron related research in
different facilities around the world, has involved itself in the Indus-2 activity
and taken responsibility to develop a grazing incidence X-ray scattering
beamline at BL-13 bending magnet port. The design of the entire beamline
was conceptualized collectively by a group of SINP scientists and was
commissioned successfully very recently. The available techniques in this
beamline are powder diffraction (at ambient condition and also at low
temperature), single crystal and multilayer diffraction, reflectivity, diffuse
scattering from solid surface and liquid interfaces.

The beamline was formally inaugurated by Director, SINP and Director,
RRCAT in presence of other scientists and technical personnel of both SINP
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and RRCAT on 12th December, 2018. Currently the monochromatic beam is
available at the goniometer position in the experimental hutch. The energy of
the x-ray beam was also successfully tuned in the range of 5 keV to 12 keV by
the Double Crystal Monochromator and was calibrated by elemental
absorption edges of Cr, Mn, Fe and Zn. The Beamline is a national facility
with SINP acting as a nodal institute for its overall operation, maintenance
and upgradation. It is now ready for carrying out scientific experiments using
different techniques. SINP will also provide technical support and academic
advice in planning scientific experiments by different users of the country.

SINP Beamline at Indus-2, RRCAT was formally inaugurated by Directors
of SINP and RRCAT

2 mm

Figure showing (a) part of experimental hutch (b) Focused 6 keV X-ray
beam spot at the sample position in the Goniometer
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RESEARCH OUTPUT INTERMS OF PUBLICATION OF
SCIENTIFIC ARTICLES

Publications

In this period about 524 scientific Total No. of Scientific Articles Published: 524
articles (without collaboration

265& with collaboration 259)
have been published in 137
different journals having average
Impact Factor: 4.175. Among
these, 49 scientific articles
(without collaboration 17& with
collaboration 32) have appeared
in 17 high impact journals (I.F.2
6) like ACS Applied Materials and Interfaces, Analytical Chemistry,
Astrophysical Journal Letters, Biosensors & Bioelectronics, Carbon, Science,
Chemistry of Materials, Ebiomedicine, Journal of Colloid & Interfaces,
Nanoscale, Nature Communications, NPG Asia Materials, Progress in Particle
and Nuclear Physics, Sensors & Actuators B, Solar Energy Materials & Solar
Cells and Physical Review Letters.

LF.z 6; 49

m IF>5

B 4<|F<5
m 3<IF<4
B 2<IF<3
B 1<IF<2
m O<IF<1

Diagram: Number of publications as per Impact Factor (IF)
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Diagram: Number of Publications (without Collaboration) as per Impact Factor (IF)

Diagram: Group wise number of publications (without collaboration)

Group A consists: Crystallography & Molecular Biology (C&MB) Division, Chemical Sciences (CS)
Division, Biophysics and structural Genomics (B&SG) Division and Computational Science Division

Group B consists: Applied Nuclear Physics (ANP) Division, High Energy Nuclear and Particle Physics

(HEN&PP) Division, Nuclear Physics (NP) Division and Plasma Physics (PP) Division.

Group C consists: Theory Division and Astroparticle & Cosmology (APC) Division

Group D consists: Condensed Matter Physics (CMP) Division and Surface Physics & Material Science

(SP&MS) division

m[Fz5

B 4<|F<5
m 3=2IF<4
m2<|F<3
W 1<IF<2
m0<IF<1

mA
HB
mC
mD
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Pie-Diagram of collaborative &
non-collaborative publications

Without Collaboration With Collaboration

International Collaborations

Besides, the institute is participating in several International Collaboration
programmes like; CMS Collaboration, ALICE Collaboration, MAGIC
Collaboration, FERMI LAT Collaboration, PICO Collaboration, HAWC
Collaboration, ASAS-SN, VERITAS Collaboration, MWL Collaborators, FACT
Collaboration, LIVERPOOL TELESCOPE, ATLAS IBL Collaboration, KANATA
KISO SUBARU OBSERVING TE, TOTEM Collaboration, INTEGRAL, INO
Collaboration, ICECUBE Collaboration, @HESS Collaboration, R3B
Collaboration, SWIFT NUSTAR, KAPTEYN, MWL Collaborators, ATLAS IBL
Collaborationand etc.

Abbreviation Used

Compact Muon Solenoid (CMS)

A Large Ion Collider Experiment (ALICE )

Major Atmospheric Gamma Imaging Cherenkov Telescope
Collaboration(MAGIC)

A toroidal LHC ApparatuS (ATLAS)

India-based Neutrino Observatory (INO)

PICO = PICASSO (Project in Canada to Search for Supersymmetric Objects +
COUP (Chicagoland Observatory for Underground Particle Physics)

High Energy Stereoscopic System (HESS)
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1.

AWARDS & DISTINCTIONS

Excellence in Microscopy Award

Dr. Biswarup Satpati of Surface Physics and Material ene conerence
Science Division has been awarded the “Excellence in °
Microscopy” by Electron Microscope Society of India -
(EMSI) for the year 2018. EMSI has introduced this
award (Age: Below 45 years) to recognize the efforts
put by dedicated academicians and scientists all over
India in Microscopy.

Fellow of National Academy of Sciences (FNASc)

Prof. Munshi Golam Mustafa of Theory Division has been
named a Fellow of National Academy of Sciences (FNASc). This
' is for his pioneering contribution to the quantitative
' understanding of heavy quarks in Quark-Gluon Plasma (QGP)
and also in thermodynamic properties of QGP wusing
perturbative QCD techniques at finite temperature and density.

SwarnaJayanti Fellowship Scheme 2017-18 in Life Sciences
Group

Dr. Chandrima Das of Biophysics and Structural Genomics
Division has been awarded the Swarnadayanti Fellowship
under ‘SwarnaJdayanti Fellowships Scheme’ 2017-18 in Life
Sciences Group by the DST, Gol. The fellowship, constituted
in 1997 to commemorate India’s 50th Independence, provides a scheme
where a selected number of young scientists (under 40 years of age) with a
proven track record are provided special assistance and support to enable
them to pursue basic research in frontier areas of science and technology.
The support will cover all the requirements for performing the research
and will include a fellowship for five years.

National Women Bioscientists Award (Young Category)

Dr. Oishee Chakrabarti of the Biophysics and Structural

Genomics Division has won the National Women Bio-scientists
L Award (Young Category). This is given for outstanding
m _, contributions of women scientists below 45 years of age in basic
& i and applied research in the areas of biosciences and
biotechnology including agricultural, biomedical and environmental
sciences with potential for application/product and technology

development. The Award carries a cash prize with citation and a gold
medal along with a research grant for a period of 5 years.
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5. Fellow of the Indian Academy of Sciences

Physics Division has been elected a “Fellow of the Indian

Prof. Prabhat Mandal of the Experimental Condensed Matter &
Academy of Sciences”. !

!

6. Prof. C.V.K. Baba Award for Best Thesis

Dr. Biswarup Das, a research fellow of High Energy, Nuclear and
Particle Physics division has won Prof. C.V.K. Baba Award for Best
Thesis in “Nuclear Physics” for the year 2018. This award is
given by Indian Physics Association.

SPECIAL EVENTS
1. 125" Birth Anniversary Celebrations of Prof. Meghnad Saha

a. Prof. M. N. Saha’s 125t Birth Anniversary
Celebration has been organised at
Meghnad Saha Auditorium, SINP on 6th
October (Saturday), 2018. A lecture on
Prof. Saha was delivered by Sri Ashish
Lahiri followed by a cultural program
presented by SINP Staff Members: A
tribute to Prof. M. N. Saha, the founder

Director of Saha Institute of Nuclear Garlanding and paying tribute to Prof.
M. N. Saha’s bust by Sri Ashish Lahiri

Physics.

b. The 54th Meghnad Saha Memorial Lecture on the theme
“Fifty Years of Cancer Research: Then and Now”, was
delivered by Prof. Harold Eliot Varmus, Nobel Laureate,
at Meghnad Saha Auditorium on 12t November, 2018.
Harold Varmus, M.D., was the co-recipient of the 1989
Nobel Prize in Physiology or Medicine for studies of the
genetic basis of cancer.

c. “Unfolding Science: A personal Experience”, a
special lecture was given by Prof. Srikumar
Banerjee on 16t November, 2018 in the
Meghnad Saha Auditorium. Prof. Banerjee has
also been awarded “Meghnad Saha Memorial
Lecture Award” by NASI after the lecture.
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2. Teachers Training Workshop on Vigyan Pratibha:

Teachers Training Workshop
on Vigyan Pratibha was
conducted on 4 & 5th October,
2018 in SINP with several
instructors from SINP, HBCSE
and TIFR. Nine teachers
participated from four AECS
(Jaduguda No.1&2, Turamdih - :
and Narwapahar). Fifty teachers part1c1pated from seventeen KV schools
in and around Kolkata.

3. Foundation Day Celebration and Closing Ceremony of Prof.
M. N. Saha’s 125" Birth Anniversary

Our institute celebrated the 69t Foundation
Day and closing ceremony of 125t Birth
Anniversary of Prof. Meghnad Saha on 11tk
January, 2019. Shri K.
N. Vyas, Secretary,
DAE and Chairman,
AEC addressed the
gathering on the occasion. The foundation day
oration lecture was delivered by the Chief Guest

Prof. Somak Raychaudhury, Directr, IUCAA,
Pune. Postage Stamp commemorating the 125th
Birth Anniversa.ry of s

our Founder Director [ &
was released by Shri
Amitav  Singh, Post

Master General,
Kolkata  Region. A
BIAPIAT 700084 KOLKATA gallery featuring

11.01.2019 ; B
important works of Meghnad Saha was

inaugurated by Shri K. N. Vyas, Secretary DAE and Chairman AEC at the
atrium of SINP. Distinguished guests from Prof. Saha’s family graced the
occasion. All the present and past members of the institute joined the
celebrations.
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4. SERB School on Nuclear Astrophysics — 2019
The Science and Engineering Board
School is the first in the seventh cycle of
Nuclear Physics Schools, organized (11th
February 2019 - 2nd March 2019) to
impart key concepts on various topics
related to Nuclear Astrophysics. The
school was aimed to train Ph.D. students
in their early phase of research. The school comprised of lectures on
selected topics supported by tutorials and laboratory sessions as well as
special evening lectures by eminent experts. Participants were also able to
get hands-on experience with detectors, electronic equipment, data
analysis tools, and other experimental techniques. The scope of the school
conducted by the Nuclear Physics Group of SINP was aimed at evolving a
national nodal centre for Nuclear Astrophysics involving experimentalists
and theoreticians working around the Facility for Experimental Nuclear
Astrophysics (FRENA). This is a UNIQUE research accelerator where
specific physics goals have been kept in mind while deciding the machine
parameters. The facility consists of a High-Current Tandetron, which
delivers light ions (H ~350 e micro-amp and He~50 e micro-amp at 3 MV)
as well as heavy ions (~2-10 particle micro-amp at 3MV) and variable
pulsed light ion beams of H, and He. The school was organized by Saha
Institute of Nuclear Physics and sponsored by Science and Engineering
Board, Department of Science and Technology (DST), Government of India,
New Delhi.

5. National Science Day Celebration, 2019
Around 500 students and teachers from
15 'Kendriya Vidyalaya' schools of
Kolkata participated in the National
Science Day Celebration 2019 on 28tk
February, in SINP through the Vigyan
Pratibha Programme coordinated by Prof.
~ Amit Ghosh. Seminar lectures based on
' the subjects “Stem Cell” and “Dark
Matter” were delivered by Prof. Subrata Banerjee and Prof. Pijushpani
Bhattacharjee. Question & Answer Session was conducted wherein a panel
of faculty members attended the queries of the students. Visits to various
SINP laboratories and a Science Quiz competition followed by the prize
distribution were also conducted.
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6. Prof. Ajit Kumar Mohanty Appointed as the Director, BARC
Prof. Ajit Kumar Mohanty, Director of Saha Institute of Nuclear
Physics, Kolkata has been appointed the Director of the Bhabha ﬁ
Atomic Research Centre (BARC), on 12th March, 2019. ,3:7 N

i
e

7. Prof. Gautam Bhattacharyya Appointed as Acting
Director of SINP

Prof. Gautam Bhattacharyya of Theory Division has been
appointed the Acting Director of SINP with effect from 29tk
March, 2019.
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Future Programme of the Institute

The future programmes of the Institute are broadly divided into the
three major projects. In the following, the major research activities to
be undertaken in each of the three programmes together with the scope
under each activity is listed:

1. Basic Research in Nuclear and High Energy Physics

This project encompasses (a) basic research at the frontiers of Nuclear,
Astroparticle, Atomic, Molecular, Plasma and Theoretical physics and
(b) utilization and augmentation of two national research facilities
namely, Facility for Research in Experimental Nuclear Astrophysics
(FRENA) and Jaduguda Underground Science Laboratory (JUSL) for
dark matter search. These facilities will be unique of their kind in India

Scope of the project:

1. Utilization and upgradation of a national accelerator facility for
research in nuclear astrophysics (FRENA) 2. Augmentation of research
facilities for wutilization at national and international accelerator
centres. 3. Development and installation of fast timing photon
spectrometer, magnetic spectrometers for electrons and recoils 4.
Molecular Beam Spectroscopy Laboratory to perform Vibrational
Mediated Photo-dissociation (VMP) of atoms, molecules and clusters.
S. Storage and retrieval of light pulses in cold and hot atomic medium
using coherent manipulation of photons 6. Fabrication of a muon
telescope capable of discriminating materials having different atomic
numbers. 7. Construction and setting up of surface laboratory at
Jaduguda site above ground. 8. Quantitative evaluation of the
radiation background at the wunderground site at Jaduguda
9.Quantitative response of suitable scintillating crystals to electrons,
gamma rays and neutrons. 10. Detector development for Dark Matter
search experiment and observational TeV gamma-ray astronomy.11.
Installation of a facility for compute-clusters and development of
scientific software in advanced areas of theoretical research 12.
Operation, maintenance and Data Collection from 2nd station of muon
spectrometer of ALICE 13. Physics analysis from data collection with
ALICE and CMS detectors at Large Hadron Collider, CERN.
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2. Basic and Applied Research in Biophysical and Material
Sciences

This basic and applied research project has two major research
activities to begin with, namely, (a) integrated cancer research and (b)
synthesis and characterization of novel materials and devices. The first
activity will focus on the alterations in cellular architecture and
metabolic reprogramming, in tandem with tumormicroenvironment
interactions, which might determine the fate of cancer cells. The second
activity aims to develop and study the energy efficient functional
materials and devices (EEFMD) and to understand the structure and
properties of controlled low dimensional (LD) systemswith emphasis on
the nano-structuring, ordering and surfaceinterface tuning (NOSIT) of
energy harvesting materials (EHMs). In future we would like to be in
the forefront of Biophysics and smart materials.

Scope of the project:

1.Cellular and molecular basis of cancer 2. Structural insights on viral
and human proteins 3. Novel cancer biomarkers and therapeutic
strategies 4. Epidemiological correlation of level of radioactivity and
oxidative stress with cancer 5. Installation of UPAINT Imaging, Liquid
Handling system for crystallization, EPR, Quantitative ESI-MS and an
animal house 6. Synthesis and characterization of materials and device
structures having large local/non-local magnetoresistance and
topological properties 7. Demonstration of next-generation coherent
electronics based on topologically protected states 8. Synthesis of
efficient magnetocaloric, spin-caloric and thermoelectric
materials/devices 9. Controlled growth of low dimensional energy
harvesting materials and characterization of the structures using
scattering technique, microscopy and spectroscopy facilities. 10.
Installation of a small and wide angle X-ray scattering and a versatile
scanning electron microscope

3. Infrastructure Developments (ID)

The primary aim of the project is to develop, upgrade and maintain the
central facilities of the Institute that are open to use for all students,
staffs, faculty members and visitors (subject to permissions). The
central facilities consist of several activities of the Institute, such as
training of personnel, outreach programs, research, workshop, fire
fighting & safety, civil & electrical works, repairing and upgrading sites,
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central computing facility, network infrastructures, etc. The full project
will be implemented through various divisions, sections and facilities of
the Institute. The project will provide the only support to the HRD
component of the Institute.

Scope of the project:

1.0utreach programs 2. Re-modeling of Library and M N Saha Archive
3. Campus e-Surveillance (CCTV) 3. Procurement of Safety equipment
(Radiation, Fire, Chemical and others) 4. Renovation & Installation of
Fire fighting pipe line above the ground 4. New construction of campus
in Belgachia 5. Installation and Distribution of transformer system.

Employee Strength including Male-Female (M/F) Ratio

Category No. Of Employees Male-Female (M/F)
Scientific 78 64/14
Technical 123 116/7
Administration 69 53/16
Auxiliary 72 68/4
Total 342 301/41
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K. SHARMA & CO.

CHARTERED ACCOUNTANTS

INDEPENDENT AUDITORS’ REPORT
TO THE MANAGEMENT OF
SAHA INSTITUTE OF NUCLEAR PHYSICS

1. Report of the Financial Statements
We have audited the accompanying financial statements of SAHA INSTITUTE OF NUCLEAR PHYSICS,

which comprises of the Balance Sheet as at March 31, 2019 and the Income & Expenditure Account and
Receipts & Payments Account for the year ended, and a Summary of significant accounting policies and
- other explanatory information.

2. Management's Responsibility for the Financial Statements

Management is responsible for the preparation of these financial statements that give a true and fair view
of the financial position, financial performance of the Institute in accordance with the generally accepted
accounting practices followed 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 misstatements, whether due to fraud or error.

3. Auditor’'s Responsibility
Our responsibility is to express an opinion on these financial statements based on our audit. VWWe conduct

our audit in accordance with the Standard in Auditing issued by the Institute of Chartered Accountants of
India. Those Standards require that we comply with ethical requirements and plan and perform the audit
fo obtain reasonable assurance about whether the financial statements are free from 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 judgement, 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 Institute’s
preparation and fair representation to the financial statements in order to design audit procedures that
are appropriate in the circumstances. An audit also includes evaluating the appropriateness of
accounting policies used and the reasonableness of the accounting estimates made by the management
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 of
our audit opinion.

4. Opinion

a) Management has started maintaining Fixed Assets Register from 2002-03 to 2018-19. All
columns of the Fixed Assets Register has not been filled e.g. date of installation, identification,
location etc. Furthermore there is no column for depreciation. The proper record is not
maintained. There has been addition of Fixed Assets valued at Rs.17,40,60,096/- during the
year. Proper record for Disposal of Assets should be maintained. Memorandum Book should be
maintained for movement of Assets used for outside projects. Physical verification of Fixed
Assets has not been done, In view of the forgoing comments, it is not possible to opine on
correctness or otherwise of the Fixed Assets.

b) Miscellaneous Advance: The balance in Miscellaneous Advance of 4.22 lacs in 2017-18 which
has come down to Rs.4.05 lacs in 2018-19, includes some of the advances which are more

than 10 years old. Efforts should be made to adjust very old balances.

c) Advance to suppliers includes advance of Rs.44,269/- to foreign suppliers which are more than
nine years old should be adjusted.

d) Medical Advance outstanding beyond 6 month should be adjusted at the earliest.

Contd.../2
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K. SHARMA & CO.

CHARTERED ACCOUNTANTS
w2

Books and periodicals were last verified in 2014. Usually physical verification is done once in
every three years. In 2018-19 verification has been carried out.

Substantial amount is recoverable from sponsors of project. Such recoverable includes 28
projects sponsored by CSIR, DST, UGC, DAE. The value of which is 1.22 crores approx.
Efforts should be made to realise the same to make good the outgoing.

Unspent grants under current liabilities for ongoing projects remained static / unadjusted for 3
years or much earlier period. Necessary steps to be taken to adjust the same.

We refer to the Accounting Policy No.11 wherein excess of expenditure over income has been
added to accumulated balance of excess of expenditure over income. The accumulated balance
as on 31.03.2019 is 2,93,34,20,504.89. This is deviation from prevailing practice since 2016-17.

Balance confirmation should be taken from the parties for Security Deposit, Electricity Deposit,
Cylinder Deposit, Service station etc. every year.

In case of precious metal, physical verification has been done upto 2017-18 and verification for
2018-19 expected to be completed soon.

Investments and Deposits under head Current Assets are lying non-moving for a considerable
period of time but they are still disclosed as Short term Investments e.g. A.P. Patra Prize Fund,
Stitchtung Fund and Deposit for Electricity, Customs Duty etc. lying for a long time are treated

as current assets.

Subject to the above observations in our opinion and to the best of our information and according to the
explanations given to us, the financial statements give a true and fair view in conformity with the

accounting principles generally accepted in India.

i) In case of the Balance Sheet of the State of affairs of the SAHA INSTITUTE OF
NUCLEAR PHYSICS as at 31st March, 2019.
i) Inthe case of Income & Expenditure Account, of the deficit for the year ended on that date.

i) In the case of the Receipt & Payments Account, of the transactions during the year ended on that

date.

For K. Sharma & Co.
Chartered Accountants
FRN 302045E
UDIN19005313AAAAAG1842

L/

™ (K. K. Sharma)
Partner
Membership No.005313

Place :Kolkata
Date : 3" September, 2019
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REPORT ON OTHER LEGAL AND REGULATORY REQUIREMENTS

As required on the above matters, we report that:

a) We have sought and obtained all the information and explanation which to the best of our

knowledge and belief were necessary for the purpose of our audit.
b) In our opinion proper books of accounts as required by law have been kept by Institute so far as
~ appears from our examination of those books.
E:) The Balance Sheet and the statements of Income and Expenditure dealt with by this report are in

agreement with the books of account.

For K. Sharma & Co.
Chartered Accountants
FRN 302045E
UDIN19005313AAAAAG1842

A ...

(K. K. Sharma)
Partner
Membership No.005313

Place : Kolkata
Date : 3™ September, 2019
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SAHA INSTITUTE OF NUCLEAR PHYSICS

Balance Sheet as at 31st March, 2019

Schedule 2018-19 2017-18
CAPITAL FUND & LIABILITIES
CORPUS / CAPITAL FUND 1 589705739.79 494507842.23
RESERVE & SURPLUS 2
EARMARKED FUNDS / ENDOWMENT FUNDS 3 5223661.00 5313867.00
SECURED LOANS & BORROWINGS 4
UNSECURED LOANS & BORROWINGS 5
DEFFERED CREDIT LIABILITIES 6
CURRENT LIABILITIES AND PROVISIONS 7 4771354511.13 4462091168.16
TOTAL 5366283911.92 4961912877.39
ASSETS
FIXED ASSETS
Gross Block 8 4524809324.07 4353315463.51
Less : Accumulated Depreciation 8 2858791379.12 2681580108.13
1666017944.95 1671735355.38
INVESTMENTS- FROM EARMARKED/
ENDOWMENT FUNDS 9
INVESTMENTS- OTHERS 10 81456880.00 173064196.00
CURRENT ASSETS, LOANS & ADVANCES 11 685388582.08 817262232.11
EXCESS OF EXPENDITURE OVER INCOME 2933420504.89 2299851093.90
TOTAL 5366283911.92 4961912877.39
SIGNIFICANT ACCOUNTING POLICES 24
CONTINGENT LIABILITIES AND
NOTES ON ACCOUNTS 25
The Schedules referred to above form part of these Accounts
o el - Bl
ﬂ%w S Sareb N Muadio-eoqp

(V. P Mishra ) (M. S. Janaki)

Accounts Offlcer

In terms of our attached Report of even date
For K. Sharma & Co

Chartered Accountants

FRN 302045E

(K. K. Sharma =B

Partner
Membership No. 005313
1/B, Old Post Office Street, Room No.8, (First Floor),
Kolkata - 700 001
Dated :- 03/09/2019

Prof.-In-Charge, Registrar's Office

( Gautam Bhattacharyya )
Acting Director




SAHA INSTITUTE OF NUCLEAR PHYSICS

Income & Expenditure Account for the year ended 31st March, 2019

Schedule 2018-19 2017-18
INCOME : -
Income from Sales/Services 12 397970.00 314745.00
Grants 13 1115567556.45 1240738981.10
Fees / Subscriptions 14
Income from Investments 15
Income from Royalty, Publication 16
Interest Earned 17
Other Income 18 10330789.00 14542727.00
Increase / Decrease in stock of finished goods
and works-in-progress 19
Excess of Expenditure over Income
transferred to Balance Sheet 633569410.99 1674915403.58
1759865726.44 2930511856.68
EXPENDITURE : -
Establishment Expenses 20 1334477365.98 2492103577.16
Other Administrative Expenses 21 246217144.07 258727499.82
Expenditure on Grants, Subsidies 22
Interest 23 6525.40 7963.12
Depreciation 8 179164690.99 179672816.58
1759865726.44 2930511856.68
The Schedules referred to above form part of these Accounts
WJL”“ .5 Tarcke OMER-sho1p
(V. P-Tishra) (M. S. Janaki ) ( Gautam Bhattacharyya )

Accounts Officer

In terms of our attached Report of even date
For K. Sharma & Co

Chartered Accountants

FRN 302045E

[

(K K Sharma) ==

Partner
Membership No. 005313
1/B, Old Post Office Street, Room No.8, (First Floor),
Kolkata - 700 001
Dated :- 03/09/2019

Prof.-In-Charge, Registrar's Office

Acting Director
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Schedule : 1

SAHA INSTITUTE OF NUCLEAR PHYSICS

Corpus / Capital Fund

Opening Balance (DAE) as on 1st April, 2018

Add: Non-Recurring (Plan) Grant utilised

for Capital expenditure

7,18,04,368.34

Recurring (Non-Plan) Grant utilised

for Capital expenditure

2,33,93,529.22

Balance of Capital Fund (DAE) as at year end

Schedule : 2

Schedule : 3

Reserve & Surplus

Earmarked Funds

A A.P.Patra Memorial Prize Fund
New Pension Fund :-
Employees' Subscription
Employer's Contribution
Interest received

B Revolving Fund for HBA & Other Adv

-1,36,84,638.96

Transfer from/ (to) Recurring Grant

for HBA Fund

-13,80,261.00

2018-19

49,45,07,842.23

9,561,97,897.56

5,32,33,505.96

5,34,84,277.71

58,97,05,739.79

58,97,05,739.79

64,075.00

1,61,991.00
1,61,991.00
2,37,946.00

6,26,003.00

Interest received on HBA & Other Advances

Schedule : 4
Schedule : 5
Schedule : 6

Schedule : 7

Total

Secured Loans & Borrowings
Unsecured Loans & Borrowings
Deffered Credit Liabilities

Current Liabilities & Provisions

A. Current Liabilities

1 Unspent Grant from on going Projects

BARC- M. Nandy

BIRAC - Sangram Bagh
CSIR- Consolidated Grant
CSIR- Avik Basu

CSIR- Bijoy Kr. Daga

-1,50,64,899.96

1,96,62,557.96

-1,15,74,872.96

-21,09,766.00

2017-18

38,77,90,058.56

10,67,17,783.67

49,45,07,842.23

49,45,07,842.23

63,287.00

1,61,991.00
1,61,991.00
2,37,946.00

6,25,215.00

45,97,658.00

52,23,661.00

7,33,200.00
8,80,005.18
2,34,822.00

54,221.00

-1,36,84,638.96

1,83,73,290.96

46,88,652.00

53,13,867.00

2017-18

8,80,005.18
2,34,822.00
54,221.00
Contd.




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedule : 7 Current Liabilities & Provisions (Contd.)

CSIR- Debabrata Ghose
CSIR- Arindam Biswas

CSIR- Ayan Kumar Patra
CSIR- K. Chhabita Saha
CSIR- Kalipada Das

CSIR- Kallor Bera

CSIR- Madhumita Choudhury
CSIR- M. C. Kumar

CSIR- Moin Shaikh

CSIR- Mausumi Mondal

CSIR- Nabanita Deb

CSIR- Neha Rai

CSIR- Nupur Biswas

CSIR- Partha Sarthi Guin
CSIR- Piyashi Biswas

CSIR- Polash Banerjee

CSIR- Prithewish Dutta

CSIR- Rabindra Nath Bhowmick
CSIR- Rahul Banerjee

CSIR- Ramanuj Banerjee
CSIR- Rashika Gupta

CSIR- Samanawaya Mukherjee
CSIR- Samsul Islam

CSIR- Samik Dutta Gupta
CSIR- Samir Nath Mallick
CSIR- Sanchayita Mondal
CSIR- Sanghamitra Raha
CSIR- Satyaki Chatterjee
CSIR- Sayantani Ghosh

CSIR- Sebabrata Maity

CSIR- Sibnath Roy

CSIR- Sohan Kr. Jha

CSIR- Sourav Karar

CSIR- Souvik Mondal

CSIR- Sreeja Chakrabarti
CSIR- Sudha Bucha

CSIR- Sukanya Bhattacharya
CSIR- Ujjal Kr. Gayen

CSIR- Upala Mukhopadhyay
DAE- RRF- Naba Kumar Mondal
DAE- Pijushpani Bhattacharjee
DBT- Anindita Das

DBT- Amrita Sengupta

DBT- Debashis Mukhopadhyay
DBT- Dulal Senapati

DBT- H. Raghuraman

DBT- Nitaipada Bhattacharya - 3
DBT- Oishee Chakrabarti
DBT- Semanti Ghosh

DBT- Soma Mondal

DBT- Supriya Khanra

DRDO- Dulal Senapati

DST- Helium (Andaman)

DST- Helium (Brainstorming)
DST- Helium (Isotope)

2018-19

72,910.00
6,202.00
20,000.00
1,01,729.00
74,522.00
54,738.00
38,679.00
1,41,222.00
25,210.00
2,36,250.00
48,243.00
35,245.00
32,105.00
53,489.00

1,98,227.00

77,645.00
1,01,570.00
1,15,299.00
1,53,558.00

7,720.00
62,998.00
22,701.00
31,293.00

4,52,044.22

7,974.00
49,175.00
20,000.00
46,570.00

1,03,132.00
2,01,795.00
66.00
69,608.00

1,33,805.00
61,485.00
2,896.00
2,35,873.00
1,49,665.00
32,507.00
5,74,520.00
677.00

2,42,14,914.00
70,576.00
5,00,000.00
1,41,910.00
1,47,652.00
1,57,571.00
15,90,295.00
7,96,836.36
7,444.50
6,83,526.79

2017-18

72,910.00

1,01,729.00
74,522.00
54,738.00
38,679.00
1,41,222.00
25,210.00
2,36,250.00
48,243.00
35,245.00
32,105.00
53,489.00
1,497.00
1,98,227.00
77,645.00
1,01,570.00
1,15,299.00
1,53,558.00
13,315.00
72.00
7,463.00

. 62,998.00
22,701.00
31,293.00
4,52,044.22
995.00
49,175.00

46,570.00
1,03,132.00
2,01,795.00

66.00

69,608.00

50,981.00
1,35,305.00

61,485.00

9,151.00

13,35,660.00
6,957.00

4,54,626.00
2,64,317.00

70,676.00

1,49,715.00
19,43,200.00
7,96,836.36
7,444 .50
6,83,5626.79
Contd.




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedule : 7 Current Liabilities & Provisions (Contd.)

DST- HENPP (ALICE)

DST- HENPP- CMS

DST- Indranil Das

DST- INSPIRE- Madhurima Pandey
DST- INSPIRE- Sridhar Tripathy
DST- J.C.Bose Fellowship-BKC
DST- J.C.Bose Fellowship-MKS

DST- J.C.Bose Fellow (G. Bhattacharyya)

DST- J.C.Bose (Naba Kumar Mondal)
DST-MAP(PB)

DST- Purushottam Chakraborty
DST- Rudranil Basu

DST- SERB- Arti Garg

DST- SERB-A.N.S. lyenger-2
DST- SERB- Balaram Dey

DST- SERB- Bibekananda Maji
DST- SERB- Chandragiri Venkatesh
DST- SERB-Chandrima Das

DST- SERB- Chandrima Das (2)
DST- SERB-Chandrima Jash
DST- SERB- Dhrubojyoti Roy
DST- SERB- Dipankar Bhattacharya
DST- SERB- Haridas Pai

DST- SERB- H.Raghuraman

DST- SERB- Jadunath De

DST- SERB- Koushik Dutta

DST- SERB- Kaushik Sengupta
DST- SERB- Lakshmi Maganti
DST- SERB-Munmun Bardhan
DST- SERB- Nikhil Chakraborty
DST- SERB- Nuclear Astrophysics
DST- SERB- Qishee Chakrabarti
DST- SERB- Pijushpani Bhattacharya
DST- SERB- Radhey Shyam

DST- SERB- Rakesh Kr. Mishra
DST- SERB- Sangram Bagh

DST- SERB- Sangram Bagh (2)
DST- SERB- Sansa Dutta

DST- SERB- Shamik Gupta

DST- SERB- Shravanti Mukherjee
DST- SERB- S. K. Manna

DST- SERB- Siddhi Chaudhuri
DST- SERB- Srabani Karmakar
DST- SERB- Subrata Mondal
DST- SERB- Udayaditya Sen
DST-Shrabana Chakraborty

DST- Sumana Roy

DST- UNANST (MKS)

EURO- INDIA - GRID

IFCPAR- Gautam Bhattacharya
IFCPAR- SB

IFCPAR- S. Mukhopadhyay
IUSSTF- MKS

INSA- Bilwagopal Ghosh
SINP-BARC

UGC- Abhishek Sau

2018-19

1,59,46,980.95

9,33,765.54
4,64,170.00

47,036.00
8,00,987.31
15,34,406.30
7,85,820.00
4,84,002.00

2,65,151.00
37,18,000.00
6,61,510.00
5,54,061.00
3,35,000.00
1,30,700.00
4,28,351.30
14,89,000.00
26.00

3,35,000.00
8,40,194.36
11,10,516.00
1,03,835.00

3,04,430.00
1,23,371.00

1,65,340.00
50,000.00
15,53,220.00
5,45,000.00
2,12,446.00
1,62,979.00
2,229.00
24,22,640.00
1,10,460.00
3,35,000.00
48,665.00
4,77,833.00
3,71,479.00
3,35,000.00
81,017.00
7,57,117.00

6,66,969.00
68,835.00

19,856.00
51,773.00
1,444.00

201718

1,80,21,356.00
17,25,595.54
1,82,812.00
83.00

4,43,451.31
1,05,844.00
12,06,507.00
9,53,398.00
79,99,119.65
2,50,690.00
2,51,067.00

3,025.00

7,19,378.30

1,41,697.00
1,10,319.00

43,173.36
4,30,074.00
69,844.00
1,25,297.63
9,91,440.00
45,598.00
3,02,461.09
7,74,581.00

5,41,261.00

2,446.00
2,11,197.00
3,88,523.00

5,67,500.00

1,39,261.00
3,68,502.00
3,01,358.00

3,32,974.00
4,93,397.00
1,26,751.00
1,00,210.00
1,63,80,794.47
6,66,969.00
6,75,884.00
2,11,328.00
57,586.00
43,652.00
19,856.00
51,773.00
1,444.00
Contd.




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedule : 7 Current Liabilities & Provisions (Contd.)

UGC- Benazir Alam

UGC- Debdatta Mookherjee

UGC - Joy Chandran

UGC- Swadesh Mondal

W.B.S.T. Congress

Publication Grant for Works of Meghnad Saha
Stitchtung Fund Research Grant

Other Current Liabilities

Deposit Against House Allotment
Deposit for Earnest Money

Deposit for Security Money

Retention Money Deposit

Income Tax deducted at source
Professional Tax

GPF Subscription

VPF Subscription

P.F. Loan Recovery

SINP Co-Operative Dues Recovery
Life Insurance Premium

House Building Loan( Banks)
Recurring Grant (Salary) carried over
Recurring Grant (General) carried over
Non - Recurring Grant carried over
Unclaimed Medical Expenses

GSLIS Premium Recovery

GSLIS Maturity Claim

Salary Payable

Pension Payable

SINPEU- Members' Subscription

PM National Relife Fund

BARC- A/c Director, SINP

BARC- Co-Operative Dues Recovery
Misc. Recovery (Registrar)

Employee's Subs. to New Pension Fund Trust
Employer's Subs. to New Pension Fund Trust
Interest on Margin Money

Interest on STD

Provisions

Provision for Electricity Charges

Provision for Audit Fees

Provision for Accrued Gratuity

Provision for Accrued Leave Encashment
Provision for Accrued Pension

TOTAL

2018-19
13,673.00
14,769.00
15,386.00
96,158.00

3,00,000.00
14,49,599.00

2017-18
13,673.00
14,769.00
15,386.00
96,158.00
54,047.00

3,00,000.00
14,49,599.00

7,57,91,521.81

6,82,85,304.40

5,000.00
50,40,401.00
48,18,657.00

71,457.00
78,703.00
74,255.00
19,20,666.00
30,09,520.00
4,04,198.00
26,36,415.00
3,01,096.10
72,834.00
2,37,677.16
26,72,307.99
18,62,26,356.17

8,143.00

29,340.00
90,290.00
2,79,86,910.90
1,99,04,741.00
53,520.00
4,333.00
24,820.00
1,080.00
3,52,440.00
7,29,210.00
7,29,210.00
11,60,615.00
67,48,096.00

5,000.00
80,80,527.00
64,59,511.00

71,457.00
54,51,203.00
78,355.00
18,11,250.00
28,53,520.00
6,22,861.00
24,64,331.00
3,27,200.30
91,925.00
2,30,25,728.14
3,01,143.85
30,17,03,160.77

8,143.00

38,640.00
8,325.00
5,62,12,009.70
1,41,44,854.00
27,450.00
1,000.00
35,456.00
500.00
3,65,189.00
6,50,162.00
6,50,162.00
15,22,348.00
13,54,856.00

26,53,91,192.32

42,83,66,267.76

57,21,498.00
20,000.00
27,35,62,141.00
19,40,70,411.00
3,95,67,97,747.00

52,79,637.00
15,000.00
25,57,01,701.00
20,72,09,503.00
3,49,72,33,755.00

4,43,01,71,797.00

3,96,54,39,596.00

4,77,13,54,511.13

4,46,20,91,168.16
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SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedule : 9 Investments-from earmarked /
endowment funds

Schedule : 10 Investments- Others

Short Term deposits with Scheduled Banks:-
A.P. Patra Prize Fund Investment
Stitchtung Fund Research Grant
Short Term Deposits

Schedule : 11 Current Assets, Loans & Advances

A. Current Assets
Cash balance in hand
Bank balances on Current Account

with Scheduled Banks

B. Loans, Advances & Other Current Assets

1 Loans Interest bearing Loan to Staff :-
House Building Advances
Motor Car Advance
Motor Cycle/Scooter Advance
Bi-Cycle Advance
Computer Advance

2 Advances & Other Amounts Recoverable
in cash or in kind or for value to be received

a) Deposits
Deposit for Gas Cylinders
Deposit with Bharti Mobile Limited
Deposit with Calcutta Telephones
Deposit with CESC (Belgachia)
Deposit with CESC (KMDA )
Deposit with DAVP, Govt of India
Deposit with Salt Lake Service Station
Deposit for Custom Duty
Deposit for Margin Money against L/C
Deposit with DCSEM
Deposit for Electricity with VECC

2018-19

50,000.00
14,06,880.00
8,00,00,000.00

2017-18

50,000.00
14,06,880.00
17,16,07,316.00

8,14,56,880.00

17,30,64,196.00

0.00

24,51,08,395.19

30.00

31,05,12,088.22

24,51,08,395.19

31,05,12,118.22

38,00,724.00
3,78,905.00
74,722.00
0.00
3,43,307.00

36,55,229.00
4,50,725.00
1,29,028.00
3,216.00
4,50,454.00

45,97,658.00

46,88,652.00

16,86,026.05
0.00

82,000.00
1,37,969.00
6,84,000.00
2,431.80
16,000.00
99,378.58
2,10,32,001.00
38,85,00,000.00
1,00,00,000.00

17,17,626.05
8,000.00
62,000.00
1,37,969.00
6,84,000.00
2,431.80
16,000.00
99,378.58
9,73,27,964.00
37,65,00,000.00
1,00,00,000.00

42,22,39,806.43

48,65,55,369.43




b)

c)

d)

SAHA INSTITUTE OF NUCLEAR PHYSICS

Advance to Staff for Expenses:-
Travelling Advance

Leave Travel Concession Advance
Festival Advance

Medical Advance

Miscellaneous Advance
Contingency Advance

Advances to Others:-
Advance to Suppliers

Expenditure incurred for Projects and
Recoverable from Sponsors:-

CSIR- ANN.S lyenger

CSIR- Banani Mukhopadhyay
CSIR- Buddhadev Mukherjee
CSIR- Dhruba Gupta

CSIR- Kakoli Banerjee

CSIR- Kamalika Roy

CSIR- Malabika Sen

CSIR- Pool(Moumita Maity)
CSIR- Partha Saha(1)

CSIR- Puneet Mishra

CSIR- Rajib Sarkar

CSIR- Sreyasi Dutta

CSIR- Satya Ranjan Halder
CSIR- Suchandra Bandopadhya
CSIR- Tanwi Ghosh

DAE- INO

DAE- Raja Ramanna Fellowship
DAE- RRF- Naba Kumar Mondal
DBT-Sampa Biswas

DST- Debi Choudhuri 3

DST- Helium (J&K)

DST- Helium (ONGC)

DST- ICONSAT-2003(MKS)
DST- Partha Saha

DST- SERB- Debashis Mukhopadhyay
DST- SERB- Dhrubojyoti Roy
INDUS-II (MKS)

SINP-VECC

UGC- Consolidated Grant

UGC - D. Mukhopadhyay

GRAND TOTAL

2018-19

5,39,000.00
11,200.00
4,875.00
14,970.00
4,05,421.86
1,855.00

2017-18

12,07,000.00
9,25,000.00
9,825.00
48,159.00
4,22,139.86
28,117.00

9,77,321.86

26,40,240.86

2,27,169.00

2,27,169.00

2,27,169.00

2,27,169.00

9,997.00
44,082.00
1,830.00
500.00
2,96,743.00
40,528.00
1,74,200.00
2,119.00
59,312.50
1,17,594.00
11,453.00
26,431.00
71,422.00
500.00
11,545.00
1,35,929.80
5,850.00
0.00
12,997.00
17,244.00
5,43,182.29
30,715.03
6,917.00
1,13,242.00
0.00
22,632.00
60,78,181.08
43,06,028.00
53,556.90
43,500.00

9,997.00
44,082.00
1,830.00
500.00
2,96,743.00
40,528.00
1,74,200.00
2,119.00
59,312.50
1,17,594.00
11,453.00
26,431.00
71,422.00
500.00
11,545.00
1,35,929.80
5,850.00
3,90,000.00
12,997.00
17,244.00
5,43,182.29
30,715.03

1,13,242.00
40,000.00

60,78,181.08
43,06,028.00
53,556.90
43,500.00

1,22,38,231.60

1,26,38,682.60

68,53,88,582.08

81,72,62,232.11




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedule : 12 Income from Sales/Services

Processing Charges for Liquid Nitrogen
Accommodation Charges Received

Schedule : 13 Grant/ Subsidies

i) Revenue Expenditure incurred from :-
Non-Recurring Grant
Recurring Grant-Salaries
Recurring Grant-General

8,92,63,837.83
85,44,88,150.98
17,18,15,567.64

2018-1¢8

11,010.00
3,86,960.00

3,97,970.00

Schedule : 14 Fees / Subscriptions

Schedule : 15 Income from Investments

Schedule : 16 Income from Royalty,
Publication

Schedule : 17 Interest Earned

Schedule : 18 Other Income

Hostel Rent

Standard Licence Fees

Contr. Medical Benefit Scheme Premium
Misc Income

Income from Projects

Schedule : 19 Increase / Decrease in
stock of finished goods
and works-in-progress

1,11,55,67,556.45

12,270.00
3,02,475.00

3,14,745.00

7.83,27,840.58
98,07,24,058.16
18,16,87,082.36

1,11,55,67,556.45

34,550.00
6,68,554.00
64,25,732.00
5,24,618.00
26,77,335.00

1,03,30,789.00

1,24,07,38,981.10

1,24,07,38,981.10

32,150.00
10,01,768.00
1,07,78,224.00
3,50,114.00
23,80,471.00

1,45,42,727.00




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedule : 20 Establishment Expenses

Salaries, Allowances, Fellowship, Associateship

and Contribution to CPF & Pension Fund

Gratuity

Leave Encashment

Pension, Family Pension and Ex-gratia
Payment during the year

Add : Closing Provision made

Less : Opening Provision written off
Honorarium to Visiting Professor
Children's Tution Fees
Leave Travel Concession
Medical Expenses
Staff Uniform & Liveries
Student Contingency Expenses
Ph.D. Registration Fees
Telephone Charges Reimbursement

20,78,19,355.00

3,95,67,97,747.00

4,16,46,17,102.00
3,49,72,33,755.00

Schedule ;: 21 Other Administrative Expenses

Consumables, Stores and Spare Parts
Electricity Charges

Repairs & Maintenance

Overtime Allowance

Consolidated Pay

Stipend

Rent, Rates & Taxes

Vehicle Running, Maint., Insurance & Taxes

Transport Charges

Postage, Telephone and Internet Charges

Printing & Stationery

Travelling & Conveyance
Seminar, Conference & Workshop
Subscription & Contribution
Auditor's Remuneration
Hospitality Expenses

Legal Charges

Freight Charges

Insurance Charges
Advertisement & Publicity

Misc. Other Expenses

Software

Journals

Book Binding Charges
Professional Fees
Accommodation Charges Paid
NPS Uploading Charges

Loss on Sale of Lab Equipment
Loss on Sale AC Machine

Schedule : 22 Expenditure on Grants,
Subsidies
Schedule : 23 Interest

Bank Charges

2018-19

57,78,03,518.00
4,30,27,775.00
47,13,151.00

66,73,83,347.00
7,94,114.98
26,14,334.00
60,43,612.00
2,90,48,963.00
17,850.00
16,89,697.00
2,46,500.00
10,94,604.00

25,00,96,674.00

3,49,72,33,755.00
3,74,73,30,429.00
2,08,48,29,650.00

2017-18

64,24,92,544.16
10,39,54,238.00
4,70,09,484.00

1,66,25,00,879.00
3,99,231.00
26,88,686.00
46,23,835.00
2,36,65,824.00
2,10,961.00
29,02,556.00
3,51,500.00
13,03,839.00

1,33,44,77,365.98

2,49,21,03,577.16

4,79,59,141.77
4,75,59,514.00
3,59,86,224.10
35,043.00
16,69,420.00
3,89,257.00
1,81,026.00
4,15,675.00
11,63,430.00
7,15,544.00
42,71,629.87
1,66,17,559.34
3,13,225.00
21,22,392.03
39,000.00
22,44,361.00
2,56,100.00
93,231.00
0.00
11,34,055.00
2,74,25,881.00
1,02,17,777.70
4,57,49,906.26
0.00

38,710.00
2,19,899.00
16,813.00

0.00
3,82,329.00

4,75,91,151.40
4,35,62,541.00
3,67,98,102.96
18,136.00
21,33,222.00
3,40,809.00
3,022.00
4,37,799.00
7,86,000.00
11,15,314.00
35,29,306.43
2,19,77,817.00
21,06,530.00
60,46,592.81
34,000.00
20,65,138.00
6,77,100.00
17,337.00
1,43,203.66
11,63,982.00
2,50,54,020.00
20,38,889.84
5,99,84,303.72
5,700.00
2,47,516.00
67,012.00
17,965.00
3,71,780.00
3,93,209.00

24,62,17,144.07

25,87,27,499.82

6,525.40

7,963.12

6,525.40

7,963.12




Statement of Utilisation of Grant during 2018-19

Opening Balance of Unspent Grant

Add: Grant Received during the year
Less: Unspent Plan Grant refunded

Total Grant

Less: Grant Utilised during the year :-

Capital Expenditure:
Fixed Assets
Margin Money Deposit

Revenue Expenditure:
Expenses
Less: Income

Current Assets, Loans & Advances:

Deposit with Bharti Airtel Ltd.
Deposit with Calcutta Telephones
Deposit with DCSEM
Cylinder Deposit

Misc. Advance

Advance for Contingency

TA Advance

Advance to Suppliers
Festival Advance

LTC Advance

Medical Advance

Prov for Elec Charges

Prov for Audit Fees

Sub-total
Transfer from HBA & Other Fund

Total Utilisation

Closing Balance of Unspent Grant

Grant from Deptt of Atomic Energy

Recurring
Salaries General
2,30,25,728.14 3,01,143.85

83,17,00,000.00 19,62,00,000.00

Total
2,33,26,871.99

1,02,79,00,000.00

Non-Recurring

30,17,03,160.77

11,00,00,000.00
-6,44,08,598.43

85,47,25,728.14 19,65,01,143.85

1,05,12,26,871.99

34,72,94,562.34

6,69,01,200.22
-4,35,07,671.00

86,09,13,882.98 17,36,55,239.64
-64,25,732.00  -43,03,027.00

-8,000.00
20,000.00

4,400.00
-1,04,900.00
-11,967.00
-3,40,000.00
0.00
-4,950.00
-9,13,800.00
-33,189.00
38,40,761.00
15,000.00

85,44,88,150.98 17,18,15,567.64
-13,80,261.00
85,44,88,150.98 19,38,28,835.86

26,72,307.99

2,37,677.16

6,69,01,200.22

-4,35,07,671.00

1,03,45,69,122.62
-1,07,28,759.00

-8,000.00
20,000.00
0.00
4,400.00
-1,04,900.00
-11,967.00
-3,40,000.00
0.00
-4,950.00
-9,13,800.00
-33,189.00
38,40,761.00
15,000.00

1,02,63,03,718.62

-13,80,261.00

1,04,83,16,986.84

29,09,885.15

10,45,92,660.34
-3,27,88,292.00

7,75,43,950.83

1,20,00,000.00
-36,000.00
88,182.00
-4,295.00
-3,28,000.00
0.00

8,92,63,837.83

16,10,68,206.17

18,62,26,356.17




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedules forming part of the accounts for the period ended 31st March, 2019

Schedule : 24 Significant Accounting Policies

L. ACCOUNTING CONVENTION

The financial Statements are prepared on the basis of historical cost convention
unless otherwise stated and on the accrual method of accounting w.e.f. 1** April,
2002. Provision is made for statutory dues and the rest are recorded on payment

basis

2. INVENTORY VALUATION

Consumables, Stores, Spare Parts & Stationery etc. are valued at cost and charged
off to the Revenue in the year of purchase.

3. INVESTMENTS

Investments are carried at cost and cost includes acquisition expenses like
brokerage, transfer stamps, bank charges, etc. Incomes on investments are
accounted on accrual basis.

4. FIXED ASSETS

4.1 Fixed Assets are stated at cost of acquisition inclusive of inward
freight, insurance, packing and forwarding charges, delivery expenses,
duties, taxes and all other incidental and direct expenses related to
acquisition. In respect of projects involving construction, related pre-
operational expenses form part of the value of the assets capitalized.

42  Fixed Assets received by way of non-monetary grants (other than
towards the Capital Fund), were used to capitalize at values stated, by
corresponding credit to capital reserve. However, as per directives given by
administrative ministry all such reserves ar¢ now transferred to Capital

Fund.




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedules forming part of the accounts for the period ended 31st March, 2019

5. DEPRECIATION

Depreciation on Fixed Assets has been provided on Written Down Value
Method as per rates specified in the Income Tax Act, 1961:

A Land . Nil
Building (Housing) : 5%
C Building (Office & Laboratory) : 10%
D Plant & Machinery : 15%
E Electrical Installation e 10%
F Computer / Peripherals : 40%
G Office Equipments ; 15%
H Vehicles ; 15%
I Furniture i 10%
J Books : 15%
K Other Fixed Assets : 15%

Depreciation has been charged for the full year on additions made during the year. No
depreciation is charged on assets which are sold during the year.

Book Value of assets purchased before 01.04.2002 and sold are written off to the
Income & Expenditure Account in the year of sale. Realizations made from sale of scrap
are taken as miscellaneous income in the year of receipt in case of assets purchased before

01.04.2002.

Full depreciation is provided on assets costing Rs. 5,000/= or less. Such provision for
depreciation is charged to Income & Expenditure Account every year since 2002-03 which
has a consequential effect on surplus/deficit of that year.




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedules forming part of the accounts for the period ended 31st March, 2019

6. GOVERNMENT GRANTS & SUBSIDIES

Recurring (Non Plan) and Non Recurring (Plan) grants received from Department
of Atomic Energy (DAE), Government of India are treated as follows:

a) The grants are accounted for on realization basis.

b) That portion of Plan and Non Plan Funds utilised for Revenue Expenditure
is taken to Income & Expenditure Account as Income.

¢) That portion of Plan and Non Plan Funds utilized for Capital Expenditure is
added to as Capital Fund.

d) The balance available under Plan & Non Plan Grants is exhibited as
Unspent Balance carried forward in the Liabilities side of the Balance Sheet
under the head Current Liabilities & Provision.

(e) Amount of Recurring (Non-Plan) and Non-Recurring (Plan) Grant received
from Ministries/Departments/Agencies other than Department of Atomic
Energy, Govt. of India and utilized for Capital and Revenue expenditure
have been treated as expenditure for the specific projects.

7 FUNDS FOR PROJECTS/SCHEMES:
All grants in respect of Projects/Schemes are accounted on realization basis.

The unspent amount of grants received in respect of the Projects/Schemes is shown
under Current Liabilities in the Balance Sheet under the head ‘Receipts against
ongoing sponsored projects/schemes’ and excess of payments made over the grants
received in respect Projects/Schemes are shown under Current Assets in the
Balance Sheet under the head ‘Payments against ongoing sponsored

projects/schemes’.

8. FOREIGN CURRENCY TRANSACTIONS

Transactions denominated in Foreign Currency are accounted at the exchange rate
prevailing on the date of the transactions.




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedules forming part of the accounts for the period ended 31st March, 2019

9. RETIREMENT BENEFITS

Provision for Gratuity and Leave Encashment are made on the basis of actuarial
valuation of accrued liability towards Gratuity, Leave Encashment of existing
employees after deducting opening provision.

Similar provision is also made for Pension of employees covered under Institute’s
old pension scheme on the basis of actuarial valuation of accrued liability towards

pension.

This year it has resulted in significant deficit of expenditure over income as the
closing provision is more than the opening provision. '

Schedule : 25 CONTINGENT LIABILITIES AND NOTE ON ACCOUNTS

1. CONTINGENT LIABILITIES

In respect of Letters of Credit opened by Bank on behalf of the Institute
Rs.2,10,32,001/- (Previous year Rs.9,73,27,964/-) for which similar amount has
been kept under Margin Money Deposit Account with the Scheduled Bank .

Contingent liability for court cases filed against Institute pending for decision is not
ascertainable at the moment.

2. CURRENT ASSETS, LOANS AND ADVANCES

In the opinion of the Management, the Current Assets, Loans and Advances have a
value on realization in the ordinary course of business, equal at least to the
aggregate amount shown in the Balance Sheet.

3. TAXATION

In view of there being no taxable income under the Income Tax Act, 1961, no
provision for Income Tax has been considered necessary.




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedules forming part of the accounts for the period ended 31st March, 2019

4.

FOREIGN CURRENCY TRANSACTIONS

(Amount. in Rs.)
Current year previous year

Value of Imports Calculated on CIF basis
a) Capital Equipments including in-transit 11,80,98,714.78 12,77,78,377.14

b) Stores, Spare and Consumables
Including in-transit 1,56,91,885.35 80,35,099.22

¢) Journals 4,23,10,797.94 6,95,55,868.12

Corresponding figures for the previous year have been regrouped / rearranged,
wherever necessary.

Schedules 1 to 25 are annexed to and form an integral part of the Balance Sheet as
at 31 March, 2019 and the Income and Expenditure Account for the year ended on

that date.

FIXED ASSETS

Fixed Assets have been regrouped on 315 March, 2002 for the purpose of charging
Depreciation. The Fixed Assets are subject to physical verification and updating of
Fixed Assets Register.

DEPRECIATION

Depreciation of Assets has been brought to the Accounts only from 2002-03 as per
the uniform format of accounts in Central Autonomous Bodies recommended by the
Ministry of Finance, Government of India. Depreciation has been provided only
from the additions made during the year from. 1% April 2002. Depreciation for -
carlier years shall be provided in subsequent years after completion of Asset

Inventory.




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedules forming part of the accounts for the period ended 31st March, 2019

9. RETIREMENT BENEFITS

Provision for accrued liability towards Gratuity, Leave Encashment and Pension has
been made on actuarial valuation basis.

10. REVOLVING FUND FOR HBA & OTHER ADVANCES

Recurring Grant (Plan) received in earlier years from Department of Atomic
Energy, Government of India, towards House Building and other interest bearing
advances and Interest received on House Building and Other Advances are the
corpus of Revolving HBA Fund from which advances are made to the employees
for the purpose of House Building, Motor Car, Personal Computer, Motor
Cycle/Scooter, Bi-cycle and Table Fan purchases. Recoveries made and Interest
received during the year are added to the Revolving HBA Fund. Surplus amount, if
any, are transferred to Recurring Grant for that year.

11.  The excess of expenditure over income has been shown in the Balance Sheet on the
Assets side from F.Y 2016-17. Earlier it has been adjusted against Capital Alc.
The change in policy has been done as it would result in negative Capital A/c due to
the charging of provisions on depreciation and actuarial valuation of retirement
liability.
Signatures to Schedules 1 to 25

M@ M. Tereke ~Fe e Oywodomdio g

(V. P. Mishra) (M. S. Janaki) (Prof. Gautam Bhattacharyya)
Accounts Officer Professor-In-Charge Acting Director
(Registrar’s Office)

For K. Sharma & Co.
Chartered Accountants

FRN 302045E

g ot o,
(K. K.'Sharma)

Partner

Membership No.005313
1/B, Old Post Office Street, Room No.8, (First Floor),
Kolkata 700 001

Dated — 3™ September, 2019




Action Taken Report on Auditor’s Report
On Annual Accounts for 2018-19

Name of the Institute: SAHA INSTIUTE OF NUCLEAR PHYSICS

SL Auditors’ Comments Action Taken
No.
1. We have audited the accompanying | Noted

financial statements of SAHA INSTITUTE
OF NUCLEAR PHYSICS, which comprises
of the Balance Sheet as at March 31, 2019
and the Income & Expenditure Account and
Receipts & Payments Account for the year
ended, and a Summary of significant
accounting policies and other explanatory
information.

2. Management is responsible for the | Noted
preparation of these financial statements that
give a true and fair view of the financial
position, financial performance of the
Institute in accordance with the generally
accepted accounting practices followed 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 misstatements, whether due to
fraud or error.

3. Our responsibility is to express an opinion | Noted
on these financial statements based on our
audit. We conduct our audit in accordance
with the Standard in Auditing issued by the
Institute of Chartered Accountants of India.
Those Standards require that we comply
with ethical requirements and plan and
perform the audit to obtain reasonable
assurance about whether the financial
statements are free from 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
judgement, 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 Institute’s preparation and fair
representation to the financial statements in
order to design audit procedures that are
appropriate in the circumstances. An audit




also includes evaluating the appropriateness
of accounting policies used and the
reasonableness of the accounting estimates
made by the management 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 of our audit opinion.

4.(a)

Management has started maintaining Fixed
Assets Register from 2002-03 to 2018-19.
All columns of the Fixed Assets Register
has not been filled e.g. date of installation,
identification, location etc. Furthermore
there is no column for depreciation. The
proper record is not maintained. There has
been addition of Fixed Assets valued at
Rs.17,40,60,096/- during the year. Proper
record for Disposal of Assets should be
maintained. Memorandum Book should be
maintained for movement of Assets used for
outside projects. Physical verification of
Fixed Assets has not been done, In view of
the forgoing comments, it is not possible to
opine on correctness or otherwise of the
Fixed Assets.

Due to non-availability of earlier
records particularly those pertaining
to old period (before 1980),
complete updating could not be
effected during the year. However,
Asset Register as per GFR has
already been prepared for the
financial year 2002-03 to 2018-19.
Physical verification has been
completed for F.Y 2016-17 & 2017-
18. It is proposed to undertake the
balance soon.

(b)

The balance in Miscellaneous Advance of
4.22 lacs in 2017-18 which has come down
to Rs.4.05 lacs in 2018-19, includes some of
the advances which are more than 10 years
old. Efforts should be made to adjust very
old balances.

Noted and action is being taken
to settle older cases.

(©)

Advance to suppliers includes advance of
Rs.44,269/- to foreign suppliers which are
more than nine years old should be adjusted.

Action is being taken to adjust
the same during the current
financial year.

(d)

Medical Advance are outstanding beyond 6
month should be adjusted at the earliest.

Noted

(€

Books and periodicals were last verified in
2014. Usually physical verification is done
once in every three years. In 2018-19
verification has been carried out.

Noted

0

Substantial amount is recoverable from
sponsors of project. Such recoverable
includes 28 projects sponsored by CSIR,
DST, UGC, DAE. The value of which is
1.22 crores approx. Efforts should be made
to realise the same to make good the

outgoing.

Noted and action is being taken
to complete in current financial

year.

(2

Unspent grants under current liabilities for
ongoing projects remained static /
unadjusted for 3 years or more. Necessary
steps to be taken to adjust the same.

Noted and action is being taken
to complete in current financial

year.

(h)

We refer to the Accounting Policy No.11
wherein excess of expenditure over income

Noted




has been added to accumulated balance of
excess of expenditure over income. The
accumulated balance as on 31.03.2019 is
2,93,34,20,504.89. This is deviation from
prevailing practice since 2016-17.

(i)

Balance confirmation should be taken from
the parties for Security Deposit, Electricity
Deposit, Cylinder Deposit, Service station
etc. every year.

Noted and action will be

initiated.

Q)

In case of precious metal, physical
verification has been done upto 2017-18 and
verification for 2018-19 expected to be
completed soon.

Noted

(k)

Investments and Deposits under head
Current Assets are lying non-moving for a
considerable period of time but they are still
disclosed as Short term Investments e.g.
A.P. Patra Prize Fund, Stitchtung Fund and
Deposit for Electricity, Customs Duty etc.
lying for a long time are treated as current
assets.

Noted and classification would
be corrected in current financial
year.

Subject to the above observations in our
opinion and to the best of our information
and according to the explanations given to
us, the financial statements give a true and
fair view in conformity with the accounting
principles generally accepted in India.

i. In the case of Balance Sheet, of
the state of affairs of the Institute
as at 31* March, 2019.

ii. In the case of Income of
Expenditure Account, of the
deficit for the year ended on that
date.

iii. In the case
Payments Account, of
transactions during the
ended on that date.

of Receipt &
the

year

Noted

REPORT ON OTHER LEGAL AND
REGULATORY REQUIREMENTS:-

(@)

We have sought and obtained all the
information and explanation which to the
best of our knowledge and belief were
necessary for the purpose of our audit.

Noted

(b)

In our opinion proper books of accounts as
required by law have been kept by Institute
so far as appears from our examination of
those books.

Noted

(©

The Balance Sheet and the statements of
Income and Expenditure dealt with by this
report are in agreement with the books of

account.

Noted




K. SHARMA & CO.

CHARTERED ACCOUNTANTS

INDEPENDENT AUDITORS’ REPORT
TO THE MANAGEMENT OF
SAHA INSTITUTE OF NUCLEAR PHYSICS
PENSION ACCOUNT

1. Report of the Financial Statements
We have audited the attached Receipts and Payments account of SAHA INSTITUTE OF NUCLEAR

PHYSICS PENSION ACCOUNT as at March 31, 2019.

2. Management’s Responsibility for the Financial Statements

Management is responsible for the preparation of these financial statements that give a true and fair
view, of the financial position, financial performance of the Institute in accordance with the generally
accepted accounting practices followed 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 misstatements,

whether due to fraud or error.

3. Auditor's Responsibility
Our responsibility is to express an opinion on these financial statements based on our audit. We

conduct our audit in accordance with the Standard in Auditing issued by the Institute of Chartered
Accountants of India. Those Standards require that we comply with ethical requirements and plan
and perform the audit to obtain reasonable assurance about whether the financial statements are

free from 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
judgement, 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 Institute’s preparation and fair representation to the financial
statements in order to design audit procedures that are appropriate in the circumstances , An audit
also includes evaluating the appropriateness of accounting policies used and the reasonableness of
the accounting estimates made by the management 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
of our audit opinion.

4. Opinion
In our opinion and to the best of our information and according to the explanations given to us, the
financial statements give a true and fair view in conformity with the accounting principles generally

accepted in India.

In the case of Receipts and Payments Account of the transactions for the year ended on that
date.
For K. Sharma & Co.
Chartered Accountants
FRN 302045E
UDIN19005313AAAAAG1842

ﬁ%
" &K Sharma)

Partner
Membership No.005313

Place : Kolkata
Date : 3™ September, 2019

1/B, Old Post Office Street, Room No. 8, (First Floor), Kolkata — 700001
Phone : 2248-7902, E-mail : kks.ccu@gmail.com
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Action Taken Report on Auditor’s Report
On Pension Account 2018-19

SL

No.

Auditors’ Comments

Action Taken

We have audited the attached Receipts and
Payments account of SAHA INSTITUTE OF
NUCLEAR PHYSICS PENSION
ACCOUNT as at March 31, 2019.

Noted

Management is responsible for the
preparation of these financial statements that
give a true and fair view of the financial
position, financial performance of the
Institute in accordance with the generally
accepted accounting practices followed 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 misstatements, whether due to fraud
Or error.

Noted

Our responsibility is to express an opinion on
these financial statements based on our audit.
We conduct our audit in accordance with the
Standard in Auditing issued by the Institute of
Chartered Accountants of India. Those
Standards require that we comply with ethical
requirements and plan and perform the audit
to obtain reasonable assurance about whether
the financial statements are free from 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
judgement, 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
Institute’s preparation and fair representation
to the financial statements in order to design
audit procedures that are appropriate in the
circumstances. An audit also includes
evaluating the appropriateness of accounting
policies used and the reasonableness of the
accounting  estimates made by the
management as well as evaluating the overall
presentation of the financial statements.

Noted




We believe that the audit evidence we have
obtained is sufficient and appropriate to
provide a basis of our audit opinion.

In our opinion and to the best of our
information and according to the explanations
given to us, the financial statements give a
true and fair view in conformity with the
accounting principles generally accepted in
India.

a) In the case of Receipts and
payments  Account of  the
transactions for the year ended on
that date.

Noted




K. SHARMA & CO.

CHARTERED ACCOUNTANTS

INDEPENDENT AUDITORS’ REPORT
TO THE MANAGEMENT OF
SAHA INSTITUTE OF NUCLEAR PHYSICS
PROVIDENT FUND ACCOUNT

1. Report of the Financial Statements
We have audited the attached Receipts and Payments account of SAHA INSTITUTE OF NUCLEAR

PHYSICS PROVIDENT FUND, which comprise the Balance Sheet as at March 31, 2019, and the
Revenue Account for the year ended, and a summary of significant accounting policies and other

explanatory information.

2. Management’s Responsibility for the Financial Statements

Management is responsible for the preparation of these financial statements that give a true and fair view
of the financial position, financial performance of the Institute in accordance with the generally accepted
accounting practices followed 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 misstatements, whether due to fraud or error.

3. Auditor's Responsibility

Our responsibility is to express an opinion on these financial statements based on our audit. We conduct
our audit in accordance with the Standard in Auditing issued by the Institute of Chartered Accountants of
India. Those Standards require that we comply with ethical requirements and plan and perform the audit
to obtain reasonable assurance about whether the financial statements are free from 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 judgement, 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 Institute's
preparation and fair representation to the financial statements in order to design audit procedures that
are appropriate in the circumstances , An audit also includes evaluating the appropriateness of
accounting policies used and the reasonableness of the accounting estimates made by the management
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 of
our audit opinion.

4. Opinion
In our opinion and to the best of our information and according to the explanations given to us, the
financial statements give a true and fair view in conformity with the accounting principles generally

accepted in India.

a) Inthe case of Balance Sheet, of the state of affairs of the fund as at 31st March, 2019.
b) In the case of Revenue Account, of the surplus for the year ended on that date.

For K. Sharma & Co.
Chartered Accountants
FRN 302045E
UDIN19005313AAAAAH2241

f ...

(K. K=Sharma)
Place : Kolkata Partner
Date : 3" September, 2019 Membership No.005313

1/B, Old Post Office Street, Room No. 8, (First Floor), Kolkata — 700001
Phone : 2248-7902, E-mail : kks.ccu@gmail.com
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SCHEDULE -B

SAHA INSTITUTE OF NUCLEAR PHYSICS PROVIDENT FUND
315" MARCH, 2019

ACCOUNTING POLICIES & NOTES TO ACCOUNTS

1. SIGNIFICANT ACCOUNTING POLICIES :

(a) Accounting Convention :

The accompanying financial statement have been prepared in accordance with the
historical cost convention.

(b) [nvestments :
Investment are valued at cost.

2, Members’ Accounts Balance is Rs. 487,129,160.00

3. Previous year’s figures have been regrouped and / or rearranged wherever necessary.
W&W S Jame by ~ /}%W\L’”
Gautam Bhattacharyya) (Prof. M.S. Janaki) (V.P. Mlshra)
Acting Director Prof.-in-Charge, Registrar’s Office Accounts Officer

K. SHARMA & CO.
CHARTERED ACCOUNTS
FRN 302045E

r

(K.K. SH T
Partner

Membership No. 005313
1/B, Old Post Office Street,
Room No. 8, (First Floor),
Kolkata — 700 001

Dated : 3" September, 2019




Action Taken Report on Auditor’s Report
On Provident Fund Account 2018-19

Auditors’ Comments Action Taken

We have audited the attached Receipts and | Noted
Payments account of SAHA INSTITUTE OF
NUCLEAR PHYSICS PROVIDENT FUND,
which comprise the Balance Sheet as at
March 31, 2019, and the Revenue Account for
the year ended, and a summary of significant
accounting policies and other explanatory
information.

Management is  responsible for  the | Noted
preparation of these financial statements that
give a true and fair view of the financial
position, financial performance of the
Institute in accordance with the generally
accepted accounting practices followed 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 misstatements, whether due to fraud
Or erTor.

Our responsibility is to express an opinion on Noted
these financial statements based on our audit.
We conduct our audit in accordance with the
Standard in Auditing issued by the Institute of
Chartered Accountants of India. Those
Standards require that we comply with ethical
requirements and plan and perform the audit
to obtain reasonable assurance about whether
the financial statements are free from 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
judgement, 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
Institute’s preparation and fair representation
to the financial statements in order to design
audit procedures that are appropriate in the
circumstances. An audit also includes
evaluating the appropriateness of accounting
policies used and the reasonableness of the
accounting  estimates ~made by the
management 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 of our audit opinion.

In our opinion and to the best of our
information and according to the explanations
given to us, the financial statements give a
true and fair view in conformity with the
accounting principles generally accepted in
India.

a) In the case of Balance Sheet, of the
state of affairs of the fund as at 31%
March, 2019.

b) In the case of Revenue Account, of the
surplus for the year ended on that date.

Noted




BRIEF SUMMARY OF ANNUAL REPORT

Saha Institute of Nuclear Physics is engaged in research in areas such as theoretical
and experimental high energy, nuclear and condensed matter physics as well as
biophysical sciences. On an average 80 scientists and 115 PhD students and
postdoctoral fellows are engaged in frontline areas research in the above areas.
During 2018-19, faculty members and Ph.D. students of SINP published a total of
524 scientific articles (265 without collaboration and 259 with international
collaboration) in International journals of which 49 are in high impact (IF > 6)
journals. Around 35 Research Students were awarded Ph.D. degree during this
period. Scientists (2) of the Institute were elected to National/Indian Academy of
Sciences and two of our faculty have won the SwarnalJayanti Fellowship, and
National Woman Bioscientistaward.

Major accomplishments of the Institute in R&D include (i) Completion of
infrastructural support and initiation of final phase of installation of FRENA
(Facility for Research in Experimental Nuclear Astrophysics) that is expected to be
operational by end of 2019 FRENA is the first dedicated National facility in the
country for research in experimental low energy nuclear astrophysics which is
centred around a 3 MV Tandetron accelerator. (ii) Successful commissioning of
SINP Beamline at Indus —II Synchrotron facility at RRCAT, Indore largely used for
characterization of ultrathin, nanostructured films and multilayers (iit) The Jaduguda
underground Science Laboratory (JUSL) has been continuously operational at 555m
at UCIL mines with data of muon flux, radon and gamma-rays being monitored and
recorded by SINP scientists.

125th Birth Anniversary of Prof. Meghnad Saha, Founder Director of SINP was

celebrated during this year through various lectures by eminent scientists and release
of a commemorative postage stamp. '

Page | 111



LIST OF PUBLICATIONS — WITHOUT COLLABORATION
April 2018 - March 2019

1. Adhikary, Santanu; Chakravarti, Deepavali; Terranova, Christopher; et al.
Atypical plant homeodomain of UBR7 functions as an H2BK120Ub ligase and
breast tumor suppressor

NATURE COMMUNICATIONS Volume: 10  Article Number: 1398
Published: MAR 28 2019

2. Agarwalla, Sanjib Kumar; Ghosh, Kirtiman; Kumar, Nilanjana; et al.
Same-sign multilepton signatures of an SU(2)(R) quintuplet at the LHC
JOURNAL OF HIGH ENERGY PHYSICS Issue: 1 Article Number: 080
Published: JAN 9 2019

3. Aich, Pulakesh; Biswas, Sampa

Highly Conserved Arg Residue of ERFNIN Motif of Pro-Domain is Important
for pH-Induced Zymogen Activation Process in Cysteine Cathepsins K and L
CELL BIOCHEMISTRY AND BIOPHYSICS Volume: 76 Issues: 1-2 Special
Issue: SI Pages: 219-229 Published: JUN 2018

4. Akchurin, N.; Apreysan, A.; Banerjee, S.; et al.

First beam tests of prototype silicon modules for the CMS High Granularity
Endcap Calorimeter

JOURNAL OF INSTRUMENTATION Volume: 13  Article Number: P10023
Published: OCT 2018

5. Alam, S. S.; Bhattacharjee, T.; Banerjee, D.; et al.

Lifetimes and transition probabilities for the low-lying states in [-131 and Xe-
132

PHYSICAL REVIEW C Volume: 99 Issues: 1  Article Number: 014306
Published: JAN 8 2019

6. Allahverdi, Rouzbeh; Dutta, Koushik; Maharana, Anshuman
Constraining non-thermal dark matter by CMB

JOURNAL OF COSMOLOGY AND ASTROPARTICLE PHYSICS Issue: 10
Article Number: 038 Published: OCT 2018

7. Ansari, Jamilur R.; Singh, Neelam; Mohapatra, Satyabrata; et al.
Enhanced near infrared luminescence in Ag@wAg2S core-shell nanoparticles
APPLIED SURFACE SCIENCE Volume: 463 Pages: 573-580 Published:
JAN 1 2019



8. Ansoldi, S.; Antonelli, L. A.; Arcaro, C.; et al.

The Blazar TXS 0506+056 Associated with a High-energy Neutrino: Insights
into Extragalactic Jets and Cosmic-Ray Acceleration

ASTROPHYSICAL JOURNAL LETTERS Volume: 863 Issues: 1  Article
Number: L10 Published: AUG 10 2018

9. Bagchi, Arjun; Basu, Rudranil; Detournary, Stephane; et al.

Flatspace chiral supergravity

PHYSICAL REVIEW D Volume: 97 Issues: 10  Article Number: 106020
Published: MAY 25 2018

10. Bandyopadhyay, Triparno; Bhattacharyya, Gautam; Das, Dipankar; et
al.

Reappraisal of constraints on Z' models from unitarity and direct searches at

the LHC

PHYSICAL REVIEW D Volume: 98 Issues: 3  Article Number: 035027

Published: AUG 16 2018

11. Banerjee, Anurag; Garg, Arti; Ghosal, Amit

Emergent superconductivity upon disordering a charge density wave ground
state

PHYSICAL REVIEW B Volume: 98 Issues: 10  Article Number: 104206
Published: SEP 25 2018

12. Banerjee, Avik; Kundu, Arnab; Ray, Augniva

Scale invariance with fundamental matters and anomaly: a holographic
description

JOURNAL OF HIGH ENERGY PHYSICS Issue: 6  Article Number: 144
Published: JUN 26 2018

13. Banerjee, Avik; Ghosh, Subhajit; Ray, Tirtha Sankar

Clockworked VEVs and neutrino mass

JOURNAL OF HIGH ENERGY PHYSICS Issue: 11  Article Number: 075
Published: NOV 12 2018

14. Banerjee, Avik; Bhattacharyya, Gautam; Kumar, Nilanjana
Impact of Yukawa-like dimension-five operators on the Georgi-Machacek
model

PHYSICAL REVIEW D Volume: 99 Issues: 3  Article Number: 035028
Published: FEB 19 2019

15. Banerjee, P.; Ganguly, S.; Pradhan, M. K.; et al.
Spectroscopy of weakly deformed bands in Zr-87: First observation of the
shears mechanism in a Zr isotope



PHYSICAL REVIEW C Volume: 98 Issues: 3 Article Number: 034320
Published: SEP 24 2018

16. Banerjee, P.

A brief review of intruder rotational bands and magnetic rotation in the
A=110 mass region

PHYSICA SCRIPTA Volume: 93 Issues: 5  Article Number: 054001
Published: MAY 2018

17. Banerjee, Pulak; Dhani, Prasanna K.; Kumar, M. C.; et al.

NNLO QCD corrections to production of a spin-2 particle with nonuniversal
couplings in the Drell-Yan process

PHYSICAL REVIEW D Volume: 97 Issues: 9  Article Number: 094028
Published: MAY 29 2018

18. Banerjee, Tirthankar; Basu, Abhik

Perspectives on scaling and multiscaling in passive scalar turbulence
PHYSICAL REVIEW E Volume: 97 Issues: 5  Article Number: 052124
Published: MAY 17 2018

19. Banik, Sanjib; Das, I.

Effect of A-site ionic disorder on magnetocaloric properties in large band
width manganite systems

JOURNAL OF ALLOYS AND COMPOUNDS Volume: 742 Pages: 248-255
Published: APR 25 2018

20. Banik, Sanjib; Banu, Nasrin; Das, I.

Evolution from non-Griffiths phase to Griffiths phase: Giant enhancement of
magnetoresistance in nanocrystalline (La0.4Y0.6)(0.7)Ca0.3MnO3 compound
JOURNAL OF ALLOYS AND COMPOUNDS Volume: 745 Pages: 753-760
Published: MAY 15 2018

21. Banik, Sanjib; Das, I.

Large magnetoresistance and relative cooling power in polycrystalline
Pr0.775Sr0.225Mn0O3 compound

JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS Volume: 460
Pages: 234-238 Published: AUG 15 2018

22. Banik, Sanjib; Das, Kalipada; Paramanik, Tapas; et al.

Huge magnetoresistance and ultrasharp metamagnetic transition in
polycrystalline Sm0.5Ca0.25Sr0.25MnO3

NPG ASIA MATERIALS Volume: 10 Pages: 923-930 Published: SEP 20
2018



23. Banik, Sanjib; Sen, Pintu; Das, I

Instability of insulator state towards nanocrystallinity in
(La0.5Y0.5)(0.7)Ca0.3MnO3 compound: Enhancement of low field
magnetoresistance

JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS Volume: 469
Pages: 211-216 Published: JAN 1 2019

24. Banik, Sanjib; Das, I

Evolution from Griffiths like phase to non-Griffiths like phase with Y doping
in (Lal-xYx)(0.7)Ca0.3MnO3

JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS Volume: 469
Pages: 40-45 Published: JAN 1 2019

25. Banu, Nasrin; Singh, Surendra; Basu, Saibal; et al.

High density nonmagnetic cobalt in thin films

NANOTECHNOLOGY Volume: 29 Issues: 19  Article Number: 195703
Published: MAY 11 2018

26. Banu, Nasrin; Satpati, B.; Srihari, V; et al.

Oscillatory magnetic behavior in an ion-irradiated Si/Ni/Si sandwich system
PHYSICA B-CONDENSED MATTER Volume: 550 Pages: 199-206
Published: DEC 1 2018

27. Barman, Sukanta; Menon, Krishnakumar S. R.

Growth optimization and electronic structure of ultrathin CoO films on
Ag(001): A LEED and photoemission study

JOURNAL OF CRYSTAL GROWTH Volume: 487 Pages: 28-33 Published:
APR 1 2018

28. Barman, Sukanta; Kundu, Asish K.; Menon, Krishnakumar S. R.
Growth and coverage dependent electronic structure of MgO on Ag(001)
SURFACE SCIENCE Volume: 677 Pages: 60-67 Published: NOV 2018

29. Basu, Abhik; Bhattacharjee, Jayanta K.

Varieties of scaling regimes in hydromagnetic turbulence

PHYSICAL REVIEW E Volume: 98 Issues: 6  Article Number: 062143
Published: DEC 27 2018

30. Basu, Abhik; Chakrabarti, Bikas K.

Hydrodynamic descriptions for surface roughness in fracture front
propagation

PHILOSOPHICAL TRANSACTIONS OF THE ROYAL SOCIETY A-
MATHEMATICAL PHYSICAL AND ENGINEERING SCIENCES Volume: 377
Issues: 2136  Article Number: 20170387 Published: JAN 14 2019



31. Basu, Avishek; Char, Prasanta; Nandi, Rana; et al.

Glitch Behavior of Pulsars and Contribution from Neutron Star Crust
ASTROPHYSICAL JOURNAL Volume: 866 Issues: 2  Article Number: 94
Published: OCT 20 2018

32. Basu, Rudranil; Chowdhury, Udit Narayan

Dynamical structure of Carrollian Electrodynamics

JOURNAL OF HIGH ENERGY PHYSICS Issue: 4  Article Number: 111
Published: APR 19 2018

33. Bera, Subhas C.; Paul, Tapas; Iyengar, A. N. Sekar; et al.

Direct observation of the external force mediated conformational dynamics of
an IHF bound Holliday junction

FARADAY DISCUSSIONS Volume: 207 Pages: 251-265 Published: APR 1
2018

34. Bhat, Sajad A.; Bandyopadhyay, Debades

Neutron star equation of state and GW170817

JOURNAL OF PHYSICS G-NUCLEAR AND PARTICLE PHYSICS Volume: 46
Issues: 1  Article Number: 014003 Published: JAN 2019

35. Bhattacharya, Aranya; Roy, Shibaji

Holographic entanglement entropy and entanglement thermodynamics of
'black' non-susy D3 brane

PHYSICS LETTERS B Volume: 781 Pages: 232-237 Published: JUN 10
2018

36. Bhattacharya, G.; Giri, R. P.; Dubey, A.; et al.

Structural changes in cellular membranes induced by ionic liquids: From
model to bacterial membranes

CHEMISTRY AND PHYSICS OF LIPIDS Volume: 215 Pages: 1-10
Published: SEP 2018

37. Bhattacharya, Sukannya; Das, Kumar; Dutta, Koushik

Attractor models in scalar-tensor theories of inflation

INTERNATIONAL JOURNAL OF MODERN PHYSICS D Volume: 27 Issues: 8
Article Number: 1850079 Published: JUN 2018

38. Bhattacharya, Sukannya; Dutta, Koushik; Gangopadhy, Mayukh Raj;
et al.

Confronting kahler moduli inflation with CMB data

PHYSICAL REVIEW D Volume: 97 Issue: 12  Article Number: 123533

Published: JUN 22 2018



39. Bhattacharyya, Gautam; Das, Dipankar; Jay Perez, M.; et al.

Can measurements of 2HDM parameters provide hints for high scale
supersymmetry?

PHYSICAL REVIEW D Volume: 97 Issues: 9  Article Number: 095018
Published: MAY 16 2018

40. Bhattacharyya, Gautam; Dutra, Maira; Mambrini, Yann; et al.
Freezing-in dark matter through a heavy invisible Z'

PHYSICAL REVIEW D Volume: 98 [ssues: 3  Article Number: 035038
Published: AUG 27 2018

41. Bhattacharyya, Gautam; Yanagida, Tsutomu T.; Yokozaki, Norimi
An extended gauge mediation for muon (g-2) explanation

PHYSICS LETTERS B Volume: 784 Pages: 118-121 Published: SEP 10
2018

42. Bisoi, Abhijit; Das, Ananya; Sarkar, M. Saha; et al.

Cluster states at low excitation energy in S-34

PHYSICAL REVIEW C Volume: 97 Issues: 4  Article Number: 044317
Published: APR 24 2018

43. Biswas, Abhijit; Chakraborty, Kasturee; Dutta, Chiranjit; et al.
Engineered Histidine-Enriched Facial Lipopeptides for Enhanced Intracellular
Delivery of Functional siRNA to Triple Negative Breast Cancer Cells

ACS APPLIED MATERIALS & INTERFACES Volume: 11 Issues: 5 Pages:
4719-4736 Published: FEB 6 2019

44. Biswas, Sandip; Jana, Debabrata; Kumar, Gundam Sandeep; et al.
Supramolecular Aggregates of Tetraphenylethene-Cored AlEgen toward
Mechanoluminescent and Electroluminescent Devices

ACS APPLIED MATERIALS & INTERFACES Volume: 10 Issues: 20 Pages:
17409-17418 Published: MAY 23 2018

45. Biswas, Soumyajyoti; Goehring, Lucas; Chakrabarti, Bikas K.
Statistical physics of fracture and earthquakes

PHILOSOPHICAL TRANSACTIONS OF THE ROYAL SOCIETY A-
MATHEMATICAL PHYSICAL AND ENGINEERING SCIENCES Volume: 377
Issues: 2136  Article Number: 20180202 Published: JAN 14 2019

46. Bose, Adity; Sengupta, Priti; Pal, Uttam; et al.
Encapsulation of Thymol in cyclodextrin nano-cavities: A multi spectroscopic
and theoretical study



SPECTROCHIMICA ACTA PART A-MOLECULAR AND BIOMOLECULAR
SPECTROSCOPY Volume: 208 Pages: 339-348 Published: FEB 5 2019

47. Bose, Dipayan; Chakrabarti, Abhijit

Probing the Chaperone Activity of Erythroid Spectrin

BIOPHYSICAL JOURNAL Volume: 116 Issues: 3 Supplements: 1 Page: 191A-
191A Meeting Abstract: 946-Pos Published: FEB 15 2019

48. Bose, Sayak; Kaur, Manjit; Barada, Kshitish K.; et al.

Understanding the working of a B-dot probe

EUROPEAN JOURNAL OF PHYSICS Volume: 40 Issues: 1  Article Number:
015803 Published: JAN 2019

49. Chakraborty, Bijurica; Mondal, Payel; Gajendra, Pragya; et al.
Deciphering genetic regulation of CD14 by SP1 through characterization of
peripheral blood mononuclear transcriptome of P. faiciparum and P. vivax
infected malaria patients

EBIOMEDICINE Volume: 37 Pages: 442-452 Published: NOV 2018

50. Chakraborty, Deblina; Nandi, Upendranath; Dey, Animesh Kumar; et
al.

Effect of Annealing Temperature on the Structural and the Electrical

Transport Properties of La2NiMnO6 Nanoparticles

PHYSICA STATUS SOLIDI B-BASIC SOLID STATE PHYSICS Volume: 255

Issues: 4  Article Number: 1700436 Published: APR 2018

51. Chakraborty, S.; Sharma, H. P.; Tiwary, S. S.; et al.

Rotational band on a three-quasineutron isomer in Xe-127

PHYSICAL REVIEW C Volume: 97 Issues: 5  Article Number: 054311
Published: MAY 10 2018

52. Chakraborty, S.; Sharma, H. P.; Tiwary, S. S.; et al.

Negative parity three-quasiparticle band in I-127

EUROPEAN PHYSICAL JOURNAL A Volume: 54 Issues: 6  Article Number:
112 Published: JUN 28 2018

53. Chakraborty, S.; Sharma, H. P.; Tiwary, S. S.; et al.

Fabrication of Sn-122 target and its application in gamma-ray spectroscopy
PHYSICA SCRIPTA Volume: 93 Issues: 11  Article Number: 115302
Published: NOV 2018

54. Chakraborty, S.; Sharma, H. P.; Tiwary, S. S.; et al.
Search for the 23 /2(+) isomeric state in Te-125
EPL Volume: 125 Issues: 5  Article Number: 52001 Published: MAR 2019



55. Chakraborty, Somdeb; Nayek, Kuntal; Roy, Shibaji
Wilson loop calculation in QGP using non-supersymmetric AdS/CFT
NUCLEAR PHYSICS B Volume: 937 Pages: 196-213 Published: DEC 2018

56. Chakraborty, Suvankar; Menon, Krishnakumar S. R.

Growth, structural evolution and electronic properties of ultrathin films of Sn
on W(110)

SURFACE SCIENCE Volume: 674 Pages: 79-86 Published: AUG 2018

57. Chakraborty, Suvankar; Menon, Krishnakumar S. R.
Growth and surface structural study of tin oxide films on Ag(001)
VACUUM Volume: 160 Pages: 371-377 Published: FEB 2019

58. Chang, Chih-Kai; Chen, Heng-Yu; Jain, Dharmesh; et al.
Connecting localization and wall-crossing via D-branes
NUCLEAR PHYSICS B Volume: 932 Pages: 298-322 Published: JUL 2018
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