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A FARIE FIFIERIT| 36 HEY H, §H AU 59 gfoed &l v s 7 @ & faw iy axad
¢, th 0 gear St AT Y REAT F SR a0e T F g §1 3T 36T & T, AR ol & AT M
3¢aRT ATAT & Y ATAT gollhd ATHS FITT h GER fhaT A FASET §1 T fdewe & G6fda 3e8eT
A, ATET 3TFASS FT 3UAT Fd Tehol HUIIdH FRET S1AT T Ay ufadifta [ &1 39T eswes der
el dTel JFIRT, oA TFHEGRIA T Fe Hdeel & fAT fohar S g

Ig A & T $o W & o, 3o Rellegee vag-Y fhece @Taa 39t g dadl § 3R $o 377 &
T, FIE TEATCHS STAHRT 3Tt g1 81 Hebell ol T oY, 37 Wl AAG A, Aisper &=, i :S &Y,
A haRIT T ATEAT g7 FT Thdl &, oad Tanfas 3 ifs da=r & [ftse saacas o=
AAST §1 30 Heel H, §ANT WHE T6 THSI W HH Xl ¢ [ UASH AHS FET &1 Th ARTd aef, St
affes st &t Az Sta TaEfEE gfaframnt #1 3ORT Hiar §, Fa 1 AT g1 §H 3OR0T (Ffafshar
ceTan3lt A1 dorel) & AT g WdEr #r afafafdt #r ghfa Hi Siw e & fav WA ek e
(NMR) TIFSIERIYT HI 39IET Hd &1 I Fhafafy SeRar twRfTar sl @ ta-telkfPes o &
THIGHIRAT & TAS & T gl §, S J99 & SFHAAT & 3R & AU sEaaA f S arell v
TEFAET FDA-3AIGT &aT g

fErecl e, Ay &7 & 31ge Aeiel, S Agcaqul AR HF o § iR Ageayol gar e §1 39 dfed
H, 7 T WhRAcH ICRIIA I dad R €A Higd I &l 36 a8 & 3R T8I 3T & 999 3R
A (Fecal- 3R fs-AR Afeer d7) & gose & v vF Alsa RBTed & & & Q9s T & 39AET
forar Sar &, 7 Fae T F AIA T I FTARART WA 7 dfedh T & 3R 360 & 3/=d
HIHDIST DI TATT ugdﬁﬁa@ﬂﬁ@%lﬁﬂﬁ%g@mmﬁ-méﬁ?ﬁmﬁmﬁﬁﬁw
ay] fawrerd gerdf & fav @gw g &

Tt faae 3R Aar diefahr

GART Fog fAAW AAihull & HAWOT R 10T U W FHH FAT Bl Hed I H, Ad @-A A
R IR FEgRPT H var oo & v adeer alw & v v g @A & w7 § ales
FAATER (CAuNS) 1 3T F1 vl fhar arar g1 gadr ey aifafafaat & 3mer g8 uefda frar & &
NiFe-3ETRA il {4 &1 & solegiieieh 0N I aof ferdister fasra gfafshar aifasdhr & T cu 3R p#r
AT FXh TMRAT FAT ST ThaT &1 3P 31T, 3P Tdgd & ol Thel Sio2 A & R F5 Mo
AAafcher R A 3YARNAT FT YT FAT AT §1 Th FF H, TP SoAFCIhiHPA UG P dgal Selled
F foT, grsdeie ATNATA (Gd) 3R TfTa (Er) 3mg4 & T MnO2 F 319 A & forw qamafas d@eevor
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Al 3R T@reeg 3R G20 & sa RARTT w 3ifa 33w A & [{Ay FEwa O 31k G20
J@ell # Th QAVT & &0 A AT ar am@r (§9melr #)| 30 S 2023 & ITHREON
FIehIAT H TR fohar Im=m| [Feas fol: https://www.youtube.com/watch?v=6gxITTZEqlk]

U WSS 3% HIATE (IFh), THIRTHA & Bell & § 7 R

HAfew st # e ufafsa afyer, wdiivg @Afesd s GRed FfEwd aaEd) &
HUCHIT TAEHPR dI5 & HETT & FT H FA =T

soifaas JFERAT & 1T WIS F [AT W MY FF W TG W & AT A9 ggar F [ETor
(S9TTelr ) 30 37IEd 2023

Solferas SFARNAT & A Fege AR g & AT W rEdmsradt @ a W Tt e & fov
3ifer 3f3ar WA W WETHR| FRTchR 15 Bad, 2024 (Tgel #ET) 3R 19 WEd, 2024 (GET
) F gEIRa foRam Ir=m 2m|
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aif¥s gfddesT 2023-24

WA ¥ WSHAl g@RT T v AT sarear

afesr g
T FE WA gieRkiy A vieefed Welel zZMYNDS &1 il &1 S, 7 @By ded
faeafacarer, fassh, sfteefer, 27 gy, 2023

UBR7 CaRT Ruer odiftd sk @ & TRemider Aftew JAisfoon w amoifas  siaifee,
sToraalsl fastmeT, siereter IfAafddr 3w fHmg, 1 F7deR, 2023

®E W 30T IfheFe: HART U@ Ruar A9ifed e FX A TRedeR Afgera & 3THR
&d €, JNCASR, SR garT 3afoid TR ®RA BR HAME IR FARA a@rder i sdr
J5F, 4-6 AdsT, 2023

feuer Adifed see FaT & PRC2 FlFcadd & AU fATH UBR7 GaRT Uaegicler Afeerq daisferer
W U IR, A iR, Juar A RER A 3AfGa e wak, sEEe iR
TReAfeFT Hihd (ACCEC) 7-10, 2023

Uy Mfdheded A 9 FAfeT 58 9 AT geUAAE & 3MHR & 8, ISERYY GarT
IMfaa sf3ga taffues oR 3T RET &1 4397 a1 EAaa| 19-22 F=Iay, 2024

feuer AaIfed sve FEX H UBR7 @RI THERIeR ARFH nfheawy & tiieafes fafaase, eger
ACTREC #&g, 3-4 Wal, 2024

. TgUH
dleca-es K+ deter #1 fafis-feR Afder, deetar sEdeyge 3w aAfREwa ShefRsw (MBMG),
FHeIol, AR, 22 3ered, 2023
fafts-fei AT & SR AVvAP dietsl BER & SIRTREE o, el 31t Srildliohel HSHT,
TIFR §e31aTe, 12 els, 2023
Afeer & SN Frel-fARRTFa F MgtE Mg2+3Aaa i FTIATTA M, Fhel 30 arATeliotehel
WEASA, NISER §[aaR, 05 S, 2023

I Jefaredr

AT T &F DCM Fgée F AT agsen HR & W gorma, ATl w447 daisda dom,
#fgs, ¥, 77 HS, 2023

3Seft Tshadt
TSAEs HeX W dede REd Us Uophele g HER, 28 3, 2023

qrel AT
gfdehfa 3cafar & Ay dUa A g WA & Aol Tk W AR efarerer dMesr H g, drd
et Rem 3R JreTeene SEAE, e, 09 R, 2023
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aif¥s gfddesT 2023-24

qar foEar
CAGHIRRTH BedIRA 7 T ¥ Breditld 2 & o AT v T & R_ftrsear sg= & fow
dNITE FT HeJpolel: Th  WEA-IHUIRG  TReaplor, Imdwa2023 - Sfdw e/ vegew
SRATdTehel WEAS, Aol JAGTEEr 3w FarqR, ¥R, 23-29 5=, 2023
AT & TIT TIfAd gaT a8 & FT H TARANSTH BledIRA FB7 Td T Bleddad 2 Hr qifysw
Jdefle, frecalamdr W 5007 T AfAGR  (TATHETS0), HTAALIR-ASHIGTT  Higifadr
FEA, G3R1G, 22-24 AdsK, 2023

HIATH STaT
HARF § ¥ Sfoy HRFBT & AT TOATT FT A0, THNSHCCANETE  FHEATA,
3MTANRTS, IR, i, 14 eIl 2023
SNl SFEARNAT & T FegeX HR TTAT, B A JUTT ARFERdicde G,
UHSTATH 2023, 531, SN, 11 S[elis 2023
TREHgeR AR g & AT & fav Shfaa Sdfar & shfaaRe, @ o oy faARae de=x,
AT ielst, 29 Sfeladl, 2024
SRR R U & AT & fow Shfaa SRt dr sonfaaier doger A wans, e i
srafeeder AT, IRABARTH 2024, foca e, T, I, 18 83T, 2024

Fegfear & fav SofifaRer ad, 46ar 3@ SRAT a0 TGl FFAes TTSHEET 2024,
THERSH, HeS, 10 Sieall, 2024

Sofferafiar s & @y ARAFET T 5 & dranfHer wter, Jea aFdr, ST A 7 s
IS, FSTHAET 2023 e ATITH Flelat Hlelehrall, 12 HFaR, 2023

Shfaa RIfRAET & @y s, dfdaas e, sdsd deafaearera, Hoeran, 23 3eRd,

SRR SFARST F WY SRR WK T F B, e R e (riee),
YeeTs, 20 378, 2023

mﬁﬁmﬁvaﬁmzw?mﬁmw&mﬁamﬁmﬁmm
farae 3R St gae faae, soerar [eafaeare; 11 A8, 2023

AR HgHS

S qau= A wrrh Reyia 3R guaer (SUH-H) Foldeld HISHIERI-, JHGSOT AT
(IRFTAANSHRINE) fadehleic A&TfOeh 3N HTHUT HEUT, Hlelehldl, 4 TR, 2023

3 @ FaARcaRe dR ABCeiegad Bfeodr & muifaw 9w Ry, uifas AR
Aol Soleelel SAAMAI2023 TR ICRISET FFAel, T, 7% feeell, 22 3did, 2023

WS #wfeT @gRE SUSROT-AAETR  IUAEA & fav e, Sifas aeer #
godele AAITHI2023 T gAY HIAATST, T, 75 faedl, 19 3dfer, 2023
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aif¥s gfddesT 2023-24

TAE & Wewdl ganT ford 71§ qrash/erey
HSl T, WHR T, G ., §oAe[ccll T., HARTST T, HAsel O, A6T 3R, Wl TH., aF AL+ 2024,
Avav afa yfafra 1 tReARE itHrees: Rffgms a7 § iaéfe, da 3k s sha
e Y IRTHT FHAET| Uhereh: ’FEiAs | https://doi.org/ 10.1016/bs.ircmb.2024.03.003 |
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aif¥s gfddesT 2023-24

wﬁ|w,a®m3ﬂrmaﬁﬁaﬁﬁ?ﬁr
er &

URATY] FAFEIERI, caleh TR RAT] T, fafeeor f8eerer, Sgar ol Yo o stfaehr, wrele 3k
el & WY T A, s Hex yogat @ie gl giaumd - FRENA 3R JUSL

g 1 MY AT eV & AFT TeV deh A cASH ot AT # thell g5 &1 29T SINP garRmen3it 3R
fafdeet T AR HARTET e dal # v o W@ § WHg F TG AU & B FEegan qeffed
foham ST @eneT &:

> ORATY] TUFEIIUT

s TXDellcHS TXOT 3R gy

> fafereor fBeaedl 3R 3 reguiel 1 sregEereT 3R faw
% TeV Fal YA ) aifaehr

< Wil 3 e & |y @ FHor i

% 3T HeX YcIsT Tl 9T

$H AT, TIg Al TSerT G & Feleret 3R 3w & fov Seer §

% TR ] @ o 7 segEae & faT giaer (FRENA)
% SgIrsT AT faaer SieTemer (JUSL)

aer afafafear

OATI] EergEehIdT

Regadehs ¥9 & Ra IReRiar YT gear & SR TF WA] AeE-uE R (EIED), S vh FAAR
S foT & 9fd 3fefelle FIAT &, qER TR W Iefele o dledl Th 3w Holqd 99 fiFA & HROT 34
0T & T greelf & STar &1 98 T YOTel STET $37MSdY 8l § 98 Ush dleiEdirT Yor-clell 1 $3mser
ar gEId ifteshd & IUBRAT HTEAT H WAVRT & afrarca-at & v e R (du AR s)
HifCearer Gftfer & IROTATIET grar &, Sl TRATY] YUl 6T AT W3S IHAEA3T HT Th SIS & |y
QRIS THA Iefellc H g 8- | Tg HUBRAT HIEAT U35 HGTATIHT T G RANTAAT &1 Teh Hlgd
Seh ORISR 3TN 3cUeed A & [T, 90 3R g &t & g v IRevd woT ggaser gl
JaRTh § AU HTEAT A H SAEEIT & BHel & HRON, Jg GA HA 3Helalie 1 Fufy 7 v Fehrot s
HEOT &l &, 3R 58 7gaaaA aoisa dise e i Pufa & faues &¥ garr fuilRa & ol &1 3w
HH H, §H IRERT fAUTS ThR & GA] Fofell & HY Sid FEROT TUFeH H Ay ST Afedt & -
gl [FIor §1 T QY S RNER U AT S fRoT & T8 R arer ar olFssT yonforat fr
WRER FAT T 30T 810 &1 59 WER 57 & IRUMHATTERT o1 $3msdr R & #7s 7 ofed [fear &
gfar afeRem @ ¥ 9% Asieg gomer # i 99 fIF7 Q1T §, SUT TE FAER UMl WX g g
grelifeh, ST g1 Gonferdl & @A 99 dadr 9ed gidr g, af 9 @& afFd orar & @iy Ay dia-
T FssT gonfardt H aE c¥deR R 2l
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TIATHS oo 3R Ay

yAfcaEed dleliaEiee (), SRddrsildadchiiae TAE 38 dieividiad (Fuea3ms-deear) 3R
ey Femgs (dvw) W MR Sgihariie Jaesa sdlmdiise 1 TS i 3R sEgdfFes o &
Y FleAT T dehelieh H 3TANRT Fah AR fhar am=m g1 3@ & &, da-dvw FAfoe & a
Yeams-vat & faffies gfderdl @ AT fmar mar 3k 3a% Rega 3t sesafFes o & au-ar
qeH eATcHS ATt 1 JA9TcHE §9 @ S T TS| gifoielel Slideierer ST & faeewor & el g
';nvcr'g’tr,a#kzrs'mm%wﬁa’ﬂsﬂwmﬁqﬂﬁmﬁa,mm-DBSAﬁmmw
HAf-GIfAATH (0-Ps) Sasieprel, 3R A & #UT & FA Foled YRIA W o-Ps oliral # gef I PANI-
DBSA, BS 3R PC dlelley A & =0T JUFHIOT GaRT SSIhiade T8 # gefdr 3 PC/BS/PANI-
DBSA &Sl &ulfoie & gexhd W IfdRed RS & od & v SFAeR SeIrr S Fohdl g1 R
TR A 9ef W o-Ps dgal # &I, PANI-DBSA & UHHAIUT & HRUT FelFcid-ditorglal faamer & fau
39St HFA T Bl $iT dear # F#T o1 gROMA g1 Fehell &1 $HS 37eral, PC-BS Huifoic # PANI-
DBSA #if37 & sissaides RoFaee sqagR W YT & HeTTd 40 Hz § 5 MHz oo 1 gt & weh
faeqa J@en « f&ar = gl

39 ®F H BiFeO3 difshtcansed H Bi3+ & TIA W Ce3+-UfaTUTde & IRUMA §dIT 3T §| greleh
Bil-xCexFeO3 (x = 0, 0.025, ..., 0.175) & AT vegY fGada & aer-37eer fhecaanthe AT &
T forar a=r o1, AfFd g9gel §dIT AT Bi3+ ATAT & 3T AUASE T JTaedTdd & A & famwd
S TAACHS IRAAT Fe1 S@T A ATl Jioedasl 1 gefr & N Adifhecase HR 3R el
WrefeT FA &1 0| TEAAT STl ASHITHITUR SAAT o adgFay TS 3T FT AR H FAT Fr oY
GraT T Sl Helldl atel TFHY fa2Wor & BiFeO3 Silell # Ce & EIGaIT HATA &I Gordr |
At a5 95 AT FIAT Ce3+ HIAT CaRT TAHRF TRI & [AAUT & HROT FA g 5| AT §UF Foil T
TFHY BIEIgeFeled FIFl H IHell-3ed AT o ar Jerfienivr Iaean3ii Ce3+ iR Ced+ T 3ufdufy &r
bt feam| aifereler faammer sreageil & gfaeumds # gefr & A1y SIBATd ANt & e & aifad )

16 TAUHA -30 UAUH HAYA dTel HsHIA 3iFaEs Aqishecased & 400 3ot afcaaw & 800 fBaf
AfcTTH TF & HWVUT dUAT W Uh A 3rgamaor Ay & Aregs @ deaffa fear @ g1 weax
facsr favawor & AT ar ewar @O & Fhd & & st e @ aRenfia @feat #ir ggee &
AT I AR Folaclsd AHIERT garT off favar ot 3fifteser raenvor garr A a1 o3 Aq Fafm
2.32 &d1 3R 2.38 & & o Bewt Y, T EA AAfhEcarse IMHRT I I H@ell W FaicHA HRIEE THE
& Heohl THAT 81 PRIV CAHIA-ZIHRS TUFCEhITh AT o AHAT & TUAGhd Tlg CAEAlTIh T
gaeR & Yeded fharl difargie &1 faemer difsele f adier RBugeie &as (25.4 TATA & @A) @ &A
3T aTel Aalfshecdsed al Hdgl W g3 aNt o 5o HsfATH sifewrss Adlhecdged & 3o Ui
& FURT e & U vH@ ffFdT g Fifn QW 3R AT diAe S WY Todr & Hedeed
O

TOT Y faEAy Wrge (Muhs) Aelfhecdised I Hio-oiel fafer garT d@eaf¥a fhar arr ar 600 8ol
AT W FodlAUd & THT H FGolld 1 3TN AdIhIcalsed & JHR H deadd & v Ry &
T H fRar AT §1 tFaY fAade 3R Soiaeie ASHhIERIte eIl ¥ 3T kg § IR 3R 3R
HHREH & UGN AAfRECASeH & AT HT IdT Tol| FAI-2AW AR aciel FIFer o 20 TATH
HATH dlel SUH3N Adlfhecased & T 556 TATA (2.23 &) & A a@eEd W AT HIT0T
R@mamr 5@ €A1 & B AR & dAdlfhEcased & AT, Faca HREE JEl H YA & HROT o5 39
Foll # 3edEald geftr ad 15| o5 A9 IS 7 I3 fhecarse AR A o gefTr @, S e A
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F PRUT SN F ST FT Thd odT gl TITICld Tellgelse TUFSIEHIUT T 3UANeT amsr & Jdwar 3R
R & foT fFar Sar §1 Bi3+-02- B3aFT & 6 o 93 fhtease 3MRI W Uifeield Tsifgerred
fAANAT3T T Fgcaqel &7 & o |

TN MR WA ST 3reaae

TS caleh GIALmt T 3UAET aleh HETTeT

dRAIT faehrE &1 Gfhdr # el ST AARAT Fgeaqol &1 Fo gonferdt & fav AT &y a7 & g
U AR BT ST B S ¥ IR FT e T DTl qA1S S W@ B L08Cd(p,y), LBIn(aLy), #4Sm(p,Y)
3R 162Er(p,y) FAATRIRT F for dAT &GE a9 & ag IfRger AT F ARIH F p AMHS FTOT 9T
gy fFu v §| p AfFe & T rewr iftewha &7dar & gase & fov R@ed 113In(a,0) F T
draer feeRig A9 fRw 9w §1 goger gfaferar 3R ForeRer gomat fr Sta s & fow CNO = aifafsar
19F(p,0t) 3 3T Fsll W AT 34T §| AT TSI caleh FIA3AT, dioreprar # NEAA Fgeraiici AR Has
HA 14 tAD NWRA-EBMETEIR doeld I & fiT F7 39T & Far 1™ ¢ 3987 A9 & v
FfAfHAT 85Rb(p,n) T TEAE fhar T § FiTh Fg fATHAT 84Sr Y yERAT H AUET & fAT Acah
AT H FgeaquT A AT

wfafFmt PF(p,a) 3 PN(p,o) & T sewr siftcra smar 3R 3R ARew e w dcuie
ey fhe aw g

IRTSE cater Gt & 39T aas e v sreaae

HAT 7Ll IAAT3S AAP-Fel arel AR 3rer-115Cs & 0+/EC &71T 1 faEga eags geqd fhar aran
AT ISOLDE, CERN # fram s a1, gl faefod 3mafiad ol 3R amer foRon &1 gar eemar s/ m &l
S Reifad mar BROT PXe @I g ¥ RAE H 715 [Avandt areh e ot @ @gAad §1 IRew
Haelihadl & IR WX, '"°Cs &7 Hfad am3s € Pueree-7/2" ar 9/2° g« &1 goa 7 amr g1 s
e, faefad Weld T AT 34T &7 ATET Ul Ygol ¥ RUIE fhw 910 o7 & 31w §1 58 rfafied,
""Xe & AT G e ard 3R FE G- dieid 3R HeHT ggel Iarss 3afoid sraer-
IR a1 a1 §13.9-7.9 MeV I IS ol W NeTANa13s Haeamsit & quit #r aafaa R_fYy & Areas -
338 AEAT F-8 [Feifad dela TFeH & e P wred Far = &1 57 Wl AT I-GT SHdaadhrer
FCFE F HA F P

fafetor fSeerex

e FIIfAT AT # faggd &7 & 33T f&0 v §is sl si#H7g#7 BEGe) facFey & folv &3ty
17T GEIRX

faegd &9 & 3371 U T BEGe f3eFeX & AT TWE TINT TeT GUR SR I 0T ISArerst
¥ @idl & 39T e gy 3R e SAfAfd @39 W & 9§l IR AT gHE AT
fSeerex &1 T&TaT T HecdquT ®T & GTfAd LT g, fa9W &7 & B¢ AT--f8eFeT gl W BeGe
fSeerey & fow FAer AT GUR FRe! Y AT GAelcHs 3N FARATTeH® Siedl alisht 1 e
Feh HT A A fFeFer F qUi-Fo R 3R Fo c@tamst f A0 WA & v Aie Fwraf
fRegerereT foham aram om| IATY GaTdr AT & fAT A, WY E Y A U AGA-UASICh IMATY
TIaT 1 3gAET AT IRAT AT fEFR AT N IHefhid Ik AlAl-Ueloiied IMAT-Y HidT
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fAFgeies qafdmsit &1 AT galencAs ATy S&Tan3t @ fohar I ar| ad#Ae S & ImAr-faor
& fov qui-sl R 3R For g&Tar ged X & AU FaAe A9est 1 39T fhar @ i
faecivuTess 3R TR JUR FRe Th gl & WY IS Re § TgAd T a¢| FIr ey
GHIE 5 {A ¥ FA AT-8-f3eFT gt & fav Ageayqel arm ar= g

Fg3HIT FAMAT #H FggalT ¥ fav e Bt av et N R

e IaeieRor fSeeeRt T IUANT Ul AT FATRIOT T gaT S & fAT 1ot & fafae &+t 7 cadw
T AT ST &1 3T TR o HUT AT FAFRIOT fSeared] T Joflell H ST 3UHRON T Folod & Hg HROT &
g7 f8eeredl 1 oo BN JMARASAT & IHfaR N g@ A Joioll # §gd FA TT W Bafrsar fvar v
THAT &1 Ig AV & & I A @dT § o9 fafse dafas 3ggedt & ared e & Ov 93 &9 &
fS¢aext &1 3maeTerdr gidr gl 38% 37amar, ¥ f3eaex &or a1 [Afeor & e AR @7 F1 % AT Yer
N Fehl § 59 Ig YT o9l dTel HTEIH § T Al § 3N AT 037 & IR0 T HROT FAcl
¢l feaex diegm A 3uged faega &1F & Iy @RI Ual ofellel AT Hhd 3cUedd Ao & U
AT GFHRATIHT & Teh FFhs & ALIH ¥ 30FFd &9 & Jaftid gl & a1C $§ gl ganl Scdried
STl T Tehd AT ST §1 TE T WY HARET QAU & T R A H oH ¢ ehal ¢ il Gelh
AY Yo 3 & AT Fo egrat # 3wy geldiqor g7 Gendr §1 gafee, Rl faay segsir & fav
T FAA AT INTAR0T fBeFeT @ Boeed aad & v, Bedex & wepe ¥ dafta sifas wfhansit
&1 atforRfierdr 1 g eI fhAT S ARV 38 FAfFId FACHF AGA IR HEACHS AR &
/Y QT FHAT ST FeheT

gfadles tole daX (RPC) T T f3eaex & fOd uard & aiffies @ SifersY 73 & a8 o fawwa
T 3T FIh AT FEGIT AT IR-FAeerrily sATSr & fow ger amm g1 87 & &7 3iaRer 3maer &
3cUeel & HRUT fSeaex dlecsl H gefd & H1Y el & UM, Hgita 3R T & AT g0 A @
AT & o F A F T RPC H AIF WCAHS [QAAA & ded @ -1 g1 gfe |t
mﬁﬁaﬁrmma@mﬁﬁ,wmﬁﬁmﬂmaﬁaﬁmﬁmm%m%
T H Az fRIT 137 §| 59F 37m@Er, AT H TIT & 3T TR A A0 @A & o AEAET ddheren
T FERT foram a1 g Aisel I 3wy ifahr @ & fv CERN @Ry §=1C 910 f3eser el &
AT e # Tk AT g9 & ®7 A anffer fmar o g

FWW%WWEHW%WW%WT@WH@WW?%WWW-
) f8¢FeIMPGD) g1 ST &1 TIF oTol & ool ¥ HaE & v sqeht f3msT glawnsit & 3mae $o i
3R Arst ASH) F FA F FA g 1A gl ¥ T soaeld AcCITaR—R (ATSHI) Hel-THGEM) MPGD
aRER & #eFdl # @ v § S 3= MPGD 1 dofell & 39eTihd 3 fadTor iR sas Asted
3T ot & AU eareT 3nRia frar &1 F=g3ite sAfSer @3 aae & foav, THGEM addTe # 39a 9§k
AT (eI & FHROT eA0h Hegqd & 3N g1 Affee Bamsa AEst arer idiesy v v
3¢ @RI (AR U 310 § AR w1 ol dred dleesT HT 3fefehiad @Ar & e f@Qvar @d §1 THGEM
Rl E3T 9eTd & ATST §1 & I T IHETTT A & forw #1T fopw are ¢
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TeV FoT YA 9¥ sifahr

IRIAT JT9HIA T §6cl # RER [FIT #Xa1 dlet gabIT qaref @ o7 - gReeer Gaefh eqe

IR ATILTATATET T 3T Tohirdl # Teh oST Yoehld &1 3cUod glel &l 351G &1 doehig &7 &7 59
HE & THEl H 3cUeel Tocl F WER fhaT e ardl ward & (Ui 7 HeTTA 3T FHSICNA S &l
v &1 g7 Farsh & AT b 10T AT AMAT I & WY Yaehid & F AT & q{fgeh arelat
&1 eI foRaT gl

al-Edre el NJL HISel &l 3U316T #%eh Ueh a1 3R FoRel &9 & @i Aegsd # ThoR 3R TR
AT & gedA 3R JuihaAy ®T Fr ot aRfAa auae a7 Rguia & aeafds a#@a 3ituarRear &1
3T ek S T IS gl §HA daehrg aldraRor & ggifden yiafshar & scurfed fBoved & 30seR yare
& o e T g1 yAt-AvaRes Aread A e @ & faega arerear AR wawh Rufauge @&
o &Y Fir IS

FIHIST garel a¥ IreqqeT

ﬁwéﬁ%mmm,a@ﬁwaﬂw%ﬁvﬁmﬁﬁmﬁﬁaﬁﬁm
TR H SH e & Ueh A JIIAT FAh-Ie3iiel ClloAT (THFISA) & ¥ & AT, gehgaet arreiel
daRell # Rafefdffes & 3mua FaEst RIS 3R g F DSIMuA F drel g3l Flass
(Terwerd) F oy AT F TR ol UHF YT TRU ST €1 A1 g SoalT 3T PSS (SIS
S #fasT & Flemssy F1 39ANT FE U S arel g FgEE gerd 7 3w wEdt fr @er
FeTH HE1| Toavadr (vform 3er #) # sl Ok S [F SieAf@ar 1 3R e Av [Ty e e
%ﬂmm%ﬁp+p3ﬂwp+A(€ﬁamﬁ)ﬁLHcﬁﬁﬂWqﬁmmgﬁg@,a’rsﬂm
guiferdl & HRT 3T (A + A) H ThAUT & "AEAdT FA & 9@ F "93 FqGTall” FH AHAT T ST,
wﬁﬁwaﬁrm#wﬁwﬁﬁma@mgﬁaﬁmm%mmmﬁ sQGP
mWw@mﬁqﬁmwwa@mm%,WQﬁwmﬁﬁQGpmﬁmﬁ
F BT F gelipal o ooy [fgarat & =7 fear g1

Ueh 3T 3T eSSy TAT [T gRAT]

ofeld g3iar
HECREY

TEITSTAT, Uford f3eaey & F 3 TagIey (TATH) & gav Fg3T ¢fdher weeet & AT, tawaE iR
319 & U OFAGR &1 AToi-83l HIeesy (VAT & JRIUAS SANT & R, S &1 a7 e 37 FHror
ag:ﬁg‘é’%| -t eoherg & 38T R gT 50 kHz g1fY| 389 f3ermel e & ddTes & fov, 3R &
Tsh Tl TARRMTAT F Fg3HiT el &1 3T dlecs! 3R US3M3C S@ell ekl 1 39ds fhar amar a1 3=
IAF ST (TATAHI-TA3 TANT) FT 3q0leed et & foIv, quv efdher weeet & aiv {s3m3e woief &t f3arse,
e, aqurear smearder & | gfetor fRar o, MEHRTT & yrfde FHd WO AlGEr Fg3E wel W
Tifia 3R = fRar 3R FE-ReR SAMPA R9 @ Alsier MANAS 9 @ dee G 3T dtees
(BeFeR) 3R fawt Ateest (Ws3M3e) &1 Y: Fea=T fohar ar|
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Readout Validation
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TTTH-tE3 & fow ufew Fggite Waeiey (TATE) & g ofew R & awr 7 Famit & wror vl dsamse
ST T & =gl A dsasT A

M TFATUT LHC-Run2 3T T ITJIT Sleh [ohaT IR-T:
((2S) TAMFATA 3HTEAT FH Tgell I LHC Foll W LT

: PO Pt:I (5o -SOZIYQV ! ' '
T A A, AR A (2.5 <y < 4) R TUE e zsey_coomn  osYceisomon
o [ o Xy (JHEP 2002 (2020)041) ¢ 3
ofore =it Tweaer (M) &1 3T & HT T 12w ves) d
. o l;_ ................................................................. ;-
gTl y(28) IR J/p ARl & FAERM Seures Hie N LB
AT & IeIATd Y THIET T i ddl AR Iy aTfd 06&3 e
F T BFT & & F RO fFar Srar §, 89 pT< 12 oaﬂs& . ]
) . ) \ or Pb-PB* collisions at
GeV/c H| @(2S) & J/y & I H ~2 & FRF GaRT 0.2Sn —slﬁzmmALICE :
far srar ¥l A oo 3R 9REee 3k wiftada Age % T TR RS
p, (GeVic)

T IOTATST & Ty N JeIeT LHC H WA eahiral 7
TS FaTeh-To3iiel Tolle AT H ATHTTH Faedrait 1 3uieufar 3R ol W weal S it e &

HiFiFe FHTT Aiolgs (HvaTd) w2

SINP-CMS &Hg & 13.6 TeV A Foll &g W 3T Foll WAl Tohid & Qo -2 3¢ & WrI-ArY
-3 3T &l 39AET e fgew AR BSM aifadhy faeawor & Agcaqet Qe Rar 1 @ o $a Harer,
3T helRIHAET 37ellehel, Slaclc-Ielel TgHle, 3eeld o & IeJ@ene 3R fashra, iR sifasg & 3= aw
ae W & AT Sl tsdhu A ygw SEAeRaEr of 3R #gcaqet e Ran g % @
fACUTasRT & T & g daddl FATARt W FH W [ 8

fSeaex vl ey

sifaehr faeeor & e @ & A &7 § (1) fvw & @y 3ifAe sraeumst &1 suder s st HAex f
e, S BWIEIA+TASEr 3 &1 g1 el §; (2) yy &7 A3 7 SM 3R BSM feew de s, (3) goeT Z
1 fRed ST &1, Z/H — J/w (— pp) + y 1 @it

TUT-2 3eaTTeT ITATATAAT:
HHE & U g3 HellHAeY (HCAL) & 3] R dreshifores fSFAed §1 ##g & LHC -3 & faw L1
golFglal 3R WIel IR efehelel HeTTA 3R -2 ST A Wielar T g, G # Hgeaqol Jrer

f&ar &1 ¥9F & HeEd A #$ gudl & 3hersa RAe Rive @fgd $X sa1 g W Seramar &

Phase-2 Upgrade Activities:
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TG (T) Solaglal 3R Wil el # Seo@eid FUR & v sedifdd vel ¢ foR & vede &1 sreaae, (@)
T 1 gois, HH N, @ g @ geiferen AR Iaeumst & AY-ay gfW Bew a1 95 & W R & &
T ATy e7qaT FT 3eqTA, Tl fhar fr AFT F7 Qget, 3R (@) yrafdd T F v Bfeesr
TIFCIIT FoAaH HT AHME, (§) TO-2 HTATH A3 ¢ gu-Rgy Algger (FBMSTATHE 18 f04001) &
o ere e 3er faeavor & anfAe T B

TEIMEUAY HA & HGEdl o AR A Toohdiere Fe oA, e ol &7 smr foar § 3R
faearvor & Ahree AT § (SPMSTATHS, WS 18, HIET 2023)| HRAT 3T HENERT, S3ETHRIR 3R
ASIRUA & WY THISTAN & FYFcl HJHU Td fqohrd Jamdt & SROT a1 HRA shaferat s 2023 &
TISIUTS & fAT &F Hefca dTel Hhe-Us diS della &l QX 31T fAem

Roa a1t av 7

e ————

Fﬁﬂ'mmgﬂ'l

Hexaboard 1100020 Dpedesta VS channel ID, chip0

41 4 Difference between maximum and minimum values of
the pedestal across phase for each channel |

[ 4 The differences are found to be small \
3

Apedestas [ADC counts]

0 10 20 30 40 50 60 70
Channel id

THIETAN & SF DEHNRTT vIHvee & €7 2023 IR AT $e-Us aIF ¥ Tor Tha 9T ISTed
# i Rt v w=a gul 0T HT HAFAH FR|

Wel 3K =RA F WY e Mo

ACOHAGSR wegarieehel it gTeT €1 # Ueh 3(elel Il & §7 & 39RT § S sgAis & oi 3R
gfsranstt # sefad 3R Aedae ARl g aXar g1 ¥ Idifoe @aely dal & aR H wield,
eIV TN, =GR 3R sEAST ol gary &1 5 Qb bR & 3cUea gl 81 gl 1 Ty
3YAfSdl A J&careh¥oT TRl I TgeT Todal Tal ol R ggdl €Y faegd graehrd 3R ecamnyor
AT 3R faegd grashg AR ~gfear He-AdoR didl $T ggure anide g1 afeol ga & Fud mgasgy
el dURATSN # aredfdes FAY HT AdEs JoTell, ﬁ—ﬁ?m@ﬂ’rm%mﬁﬁm%ma@’—
G et eaRT Il & Jiefadll HRaAS T AT S &1 =g gear IC-170922A & T Fodferd
@A |, TXS 0506+056 & WA Ha, Ush 3T Foll gfeal ©CAT & WY 3T Foll AT selloik
(@fra AafFed TfAF F1 v go1, TAFT 33wl 1 FifoRes N gdaeTe 6T e fr d@r v 3R s
FAT §) & AT ggel Tfas 3R aifers Tgdeay &1 FROT g1, O AT-LAT anrT 9garar amm, 3R &3
m%ﬁ%ﬁaﬂ?@ﬁaﬁmma@m&ﬁmﬂﬁmm%mwwﬁwaﬁm
AT FEARII-FHOT 0T & AT T TS 3FAIGAR AT ST g AR JIM/MATHT H HIem$sT ganT ared
Fr ST el arell FoiT T W IARAT FON & caloT T 3ETTT FlA & T 39ged ardarERor yerel Fd gl
grel & H TSHFYS @RT AT AT Teh FAW HAe BH-LAT GaRT aMMATY 5 F Ggdlel 7T T 3T SolloR
& WY TR §T § GAET AT $HA gfdn R A afdeet gl qany 39 aieist # e fawmer 3ifdrame
Y& a1 §AA 3@ YOl & SRIeT 3Tt H3fl ST Tehd TohU 3R 3eTeht TAReINOT foham| 31eg o{er oSt &
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Th @Y fRT AT JeIUN F IYINET Fdh fAfY & gAR AEWUT & gar Tgoar § R Ig soeR 3T9 Far
e @1 HAIfAT Wi g1 bl g1 3HA &H Sisds el & fov SR ifas a3t &1 @wse 3R
SeR & AIY #Gfeall HAdlel H Il o9 & fIv Toh faeqga 3egger 3R Al & & fav aRa
R

3 HeX 3RREC A9 TFHURAC

5Td Hev @ & o/ GWEIcs felfFas facaey (vauers)) @1 dlolsesT

gRERs fafdas fSeeel (THTAE) & HAAT ool wg{Ferdel Sodie Holl AT fAfROT garT & fhar s
Fehdl ¥l FAT FEAROT H IRAWHT T 3aed feed & AuaA AT H@er # 3RTeThar &1 9R=g &t
€| oA HETTA A, 7l IR IA-EROT CarT guEes fafdas §el & oy ~gfdodee & afas
TOel @ UHT AT IRAT ¥ ThiAA TWEl W 3D gHeX YATAAT IR B HRIX grEwieE (FFT) Sl
IR FHT H@en faeavor fftar & a1 §1 syl 3R maAr-fron & 9Rd et & @ 3D ideex 3R
IFhes To1 (R/S) Telle & IUMcA® 3ol WM I-T §| TAAT IeqIe WA GeRgfaal gart GRd g« Fdar
&1 TgH & WY-ATY S/ HeX T GG & fAU geeiA & faw suaeh gl

3T& A & Wi & AT Beaex &t goet & v, 38 ~ggia & a1, JRAEd: A-ueeiics ~ggia & ard
Hfsie T TS ¢ dAfhed ATl =ggia da giawr it ufaseat # 3verstr w1 §, gafaw, 58
FlelhlaT & Aigaadlcie # Li(p,n) 9fafsar ganr scurfed 3rd-All-vateiiesd sggia & A Sfose fmar am=r

AT SLD I JARRTST # IR fRar mar § 3R Frara wuil & aikd gl & 3cUeel Qe el &l 9ar SLD
¥ 33 tafareh YE G@RT SRIAT a7 AT A &l seleh TRIE 3R aA-3ite Fufaat & fow off far o g

Ig WM AT § T %A g I A SLD & (Pvar) 9fafshdm 7Li (p, n) wfafshar & red-Aie-uasifes =ggia
& fav o & 3R 241Am-Be @ drefl-tapoifesr wggial & v egmaes §| Jorqer sgfFeuere (FF Al) & S8
Aifoer mgfa 7Li-987 3R 241Am-Be Id & gl & AU @A &1 =gl AGA & 3qudier & fav 3k
1Y T TATRROT-IRT ool #gfFeuerel T §iardr Gt & 3relar 3/ HeX Tl JAeT & fow o 3wy
T T fAAYdar i TISAT B gl

FRERS 31 ey & fav =ggiar Moz &1 f3omea feaee frar Siar g1 o1 qRagd iFeday Yahsl
FLUKA & &id # dieisfdelid (PE), 3Td eicd Ulelgidelldd (HDPE) 3R =it & weder &1 favawor far
T gl

gfaute - FRENA 3t JUSL

W TRATY] Gater Siifrehr & 3regaereT & fow giaem (FRENA)

FRENA gfatn & He& oI YA & JAWi T Al daa 3R 3¢ fharead o & afde @ &1 3
HETTT HET &7 F giaur & 3 MV E3¢hd AT & agR H FHSA & A0 e aw §| g@et & w7 s
arel Wl §iF 3R e 3R SR S et @ 3uAer fRar s g1 N 3muTRa BF3 3wl @
3UteT fRar R &, @Y & sA-8139 Aefdd RWR-AY Fafa agw @y &1 oY 3uher far am g1 Isi
&I FRENA & YIRRITET & §AT0 T §|

SISt ${fATd fa=ilel Jaerrmer (Siguave)
SYUHTH SAGST T, JHIETT F 555 X M0 R ua &, o Gares wasmsadr ganr
ST &1 IAAT # JYUATST AR H UHATT W@iha AT waererner ¢l Pod ay, tamsead, fed,
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IR & G GaRT Fe FANT HT v §1 AT 3R T gAERner § carited e & s
N FEAST FPIA & HIOMT fAROT HT TEINSTAN & HAG IR AT I g1 7gSIA JSHA & Fofr
TIFeA T SAE & & @Y AT AT B, 3N ASERN 3R NUNREAT & FqHg g@rT HeJHor v g g
AT AR 7 ISTed FR &1 Ugell =0T I8(d Al & A1 SUARH FHg IR AT STl g1 3T
SRRFEC TY GANT T Ygell T UREILS giaoie f3eahet T 3UTNT aXeh THIHSTAN HHg GarT fham amrm g
fSeael 3R wafta gl & TERTAd o § IR fRar mr § 3R ewdei smenRa Sy, @SSR
& WedwT § ARfAd fhar g1 3iest w1 faeAwer fhar am R gRfRe aRome ured g, St 5.87
AT W 2.46 Fan-feaT & varadIoR & MY 3MeMsiase IRuMA gfd §, St fAee sfasy F &7 dor «w 53
TFOYIeR T 3TaRITSAT &Y 5Hd Fld &l

WAE F WGET g@RT 9Ied [WEHhR A7 fafdrseand

HTHRIET Jadotl
THSIRET (379 UTAIRUK) SaRT 2023 # HHA YSafA ihT HifeHs FHT IJEApia e et
T w3 & AT FE3T e e (THHRGN) & FFATd fhar

THE <arT AT FFAeraT / Frberer
7-10 #GeR, 2023 & SRIT THIMSTAU, HIclehlall H HH Foll AT Tl AR (THTASTAT-23)
W Fhel-HE-hARITel
HIAER Tod Ficlsl, HoThldl, AR H 12 30, 2023 I USwere fifaehr o 3msela wksha
[FREMER aTed hiclst & FEder 4]
3T Fal wOT 3R @eler o1 i Ser faeawor el (HEPAP-DAS), TH3TSUA, el 5-9
s, 2023

3T Fal ST 3R @I ST AR W IRTET TFAST (ICHEPAP2023), THTSTYY, HlelehrdT,
11-15 fg&sR, 2023

A F WAl ganT U 7T AT sarearT

STHREY Fofof!
FRENA & ®IY 3IHUE: R 1 Tgell WA] Tatel #ifaeh caen, a0 sitfaehr & rcamyfas
IHUA T IS FREATET: FHAEIAT, TEAT IR Heqon, i femmr, gdisedh faeafaezme,
FITHIAT, 17-18 STAadl, 2024
WA FfAfRATt 7 ARG o AT A TAT T Th, AT FRGH, HIGET Tl Hiols,
12 39TEd, 2023

MG IU-ATET Fo3 A Hordel, WA TR T FHIRIET: Afafhansi 3R G HT AR,
IS, arR ShfaaRer 3R weafadr T, afear, 3-4 adeR, 2023
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e 3R Tl 3u-arer ISt A Horger, waAw] @ifddr A syl sEEue ) v
FRIRMTT: FHETIAT, T 3R 3T, SRt fastmar, Gdiiser favafdearery, wreehrdr, 17-18 Siadl,
2024

RI=7g a9
HATIA SATEATH, IUAC Thel 3ol =gfaerek Ruser=a, 21-27 [0, 2023
AT a1, FgfFeray TEIhford W HARTSET HIsél, MCNS, MAHE, #0197, 30 3/Fger - 3
AAde, 2023
AT ardl, SLENA-23, SINP, &ielshrdr, 7-10 dAdsT, 2023

HICT G
JUSL, #Rd # 3T #AeX sSRaC {Y $T Tgel, YNSH IAafEE, sreferar, 20 f&deT, 2023
JUSL # 3 #AX SRRFC Td YA & U T 9gd, 3Td Fol H0T 3R @ For #Afadhr w
ARG TFAeA, ICHEPAP-23, SINP, &leldhrdr, 11-15 f&HsR, 2023
TIAT HAJHGR
dcal T 3cat, ST T FO9, JTaEdd Aded [dedrerd, Hedrol, Arear, 20 Rde, 2023
gcdld AJHAGR
3T Foll Blel 3R gt & T seAs f Gier, AeTaer @eler Aifadr 7 weIfd (AReA 2023),
AsATdrel, HRd, 2-5 sIdex, 2023

Bl 3R~ T IUAT e HeIHATR TEaIdTiEhal Hifhr, ACSHTSR Friere, TIFR, S,
21-25 AgsX, 2023

I &
FolFIATARC Ol $3YES TEUHT I 3YANT Hleh RSN & AT Heloldel H FargrEeprdr, Ordser
FAoae IR F@eA FerdleT (NTAaguA-2023) & TRET W o, s deX B RAARTEFHT
ASHS (ITSHETH), FaTel%, 10-21 Fe1S, 2023
SAf3Td AT # goera gt w1 @EREa wer, W Rad $Eiege (IRARIE), S A
3T gerer 3R gerd S W ggem W TEAEA, 14-18 39, 2023
Follfehel SRFAIECHh Tl & & H UGHRSTAU &I Tiel, HH Fofl WA Tale e
(THUASTAT-23) W Fhol-Hg-hTARITell, THITSTAUT, Hleshidl, 7-10 Fdey, 2023

TIE AT H gAFCIATACRN $3qEs TR AR FAG ®R 99 ATFET FT 3TN Fh
HIAAAS, FaicH AT IR AQElGN W HIFT HSTHTH - HEHSTHSHT hlolehlal HRIRATET,
339 TAIRATT BR & ®iocders 3% TS (MSTHITH), FicthldT, 4-6 HER, 2023

IA-9RA 3muifas fawsa aifaehierdan, 37aRer #§ @efas uerat & scfa 3k Je 9w ggelr
FINSSY, HRAT afker faama ik dleiferhr Teue (3ms3mguead), Adga, 18-20 J=adr, 2024
SITCIAS FlallFasd & (3sAE) 3R Faesa afafear & for yafe [, rsddr faa:
IS 3R Fared Afafiadr W IRTSET HRIRTAT, 3MSIMSET A, 14-15 HIad, 2024

ar @1 3R 9U-I TFERT T 3UAET F:aG 3M0TaE Afafierdr i S, eermpee hiefasd 3R
FaicH faeel W oal WA FEAGH, ISTHCCA, Hifdh qHUE  GEeRmer  (WHRT),
3EHCEG, 15-17 T™a), 2024
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e Heerard

Fur HifgH 7 @S, FdTauadng JifFH giaer gada sRiEA @ifgdr & 9fa 97, FideEar, 30
{dsT, 2023

TAUTH!, SeeguasUrdr XXVII-2023 & TRUTHA, AS3TSET it 9, 3 Fefay, 2024
werdr 7 S, sifadr faser, [ Ay faeafagarer, Aivsr, 18 Si=adl, 2024

THEW # FifeThy ARl (e Aud), THeNUd-Svey TSET Ao, THTSTAT, el
5-9 fedeR, 2023

TATIE & @l & v gifeadry fafar, e FrRiemer, Ta3Ras, saREE, 7-16 A, 2024
39rET &r

WA ATRE & Afedca i WA Hr AT A, TGS & defae sEet W A,

RS, Slerehrar, 27 3T, 2023

wA] f39-arse &1 3R I, WA aAfieherar o srderem: yiafsansit 3R G 1 e,

YR SECYE 36 SoNfarafer U eataion, afedrer, 3-4 FdeR, 2023

TR Al f @iet: 3% AN & AU v 3FAGAR, 3HEEEE ARl - SiguaTd, SUIE,

Ha$ A gaure arfafafedt o de #@ifdar, 30 @aeR, 2023

30 Smse &1 3R I, W FsfF AFelicle W Na Hfder: galer 3R 3equaeT, SUCCESS -

2023, dSHEY, Prererdr, 21-22 HsR, 2023

THE & Werd anT faf@a qeash/sream:

R WiffTw s foew 282 (2023) 61, wAW] 3R &or #ifadr F ead fafawor fBeeer 3k
SEEHCYS I RIS el (RAPID2021), 25 - 29 37a¢aR, 2021, S5¥, AR [HUEe: IR, T, 9],
gfeRitreh Tl R T H&ACHS Hedihed, oG &, SAGT &dl, #73T HAPeR, 3R gudis H@Hmear,
IETHATHTA  0930-8989 SUHUHTS  1867-4941 (Solaciielh), 3MSUHSTS  978-3-031-19267-8

HETHANTA 978-3-031-19268-5 (§g), MSTHANTAI78-3-031-19270-8 (HIFC Far) [FehTAd: 09 HLadr
2024], https://doi.org/10.1007 /978-3-031-19268-5

B afifdew s Refoew 282 (2023) 47, WA AR For AR A Ieaa fafeor fBewer ik
SEEHCYS I TSI el (RAPID2021), 25 - 29 3aeaR, 2021, S#¥, AR [§UEe: AR, T, 9],
e 3 @Aaon & v gfaes srgeeRor &1 v e, 3R, Hfash, gudie FEUEA, 751
ASAGR, 3N T TFR, IMSTHATHTA 0930-8989 EVHUHTA 1867-4941 (S feldh), HSTHSTS 978-
3-031-19267-8 ITSTHATA 978-3-031-19268-5 (39), NMETHAITA 978-3-031-19270-8 (HIFE He)
[TeRIfAIT: 09 WY 2024], https://doi.org/10.1007/978-3-031-19268-5
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g o | Aquifaw sifadhr

efrer &
wsﬁwﬁﬁmﬁ@m%ﬁﬁﬁg@%ﬂ?ﬁmmﬁﬁm@ﬁmﬂ?mm
IS, 7Ll ar|

aer arfafaferT

THIASTAR & HeHia 90T & Hew deyifad o $r w3 a3t # afka &7 & @1 gU &l T F%
TE & YA & FHax HId §: HoT AT A1 gfaar @ & g, a1 aui &g §7 @ Faica Hles AR
CaRT f&haT ST §, 93 YA W SW 90 SEAlS o, [SEe aoied e §9 @ HATT GeTdr earT R
ST &1 31 3ea Fot deuid, Hufad-gerd ey, qecarehyor 3R soldh gl & AT 3R Fdied dge]
3R dewitasr sifddr & T qaRe geopit & @@l Ay anfde g1 e & faRise &=t @ dfaed
arrer A e I B

3T RATY] TR T Y& F| RS G FT T FA qTel AT & FHIRON HT aRAT, 9-
I TEE # W AT AF qOT W ARIEE SeT HoamfRe e, 9y § Bewn, e el i
IwdR geaAe S Fggid TR O & Galte AT el #t nfAe e arer fRar S gl
gl ¥R IO 1 dd AV & Uh OIC 3U0Hg & A A Fgaaad fhar Siar § S g1 3maen
FHEoT F aRERT S & g5 TReHuT aRfae fReawel #F @EEar aar §, St 3 dk W
FFGLAAS & § AR FA §, 3HA A WA FIH & T T |

FieA Bles LA & & W A Sed §U Aeafaas sl Ao Reyia v dor Reuid & IR-faggsurargor
ffarsr & fov ffRa er 81 @® IFEafas o # &5 war ¢, Gus dsd Rt Ru arv e
gAcciAae & Th 3T IAE A Th T fhar & T A fRar Sdr &, SEd #eqd oA Aedr ar
AT Al Frell AT S fARATONcHS R HeEcgeerslel it HT Il 3Tt gidl g1 depfodes
0 &, FaicH gfAceiaas v ff Uow v gusw # a1fd ured & © €, Y &9 @ F@ien @
F JANTcAS Jorfd & AU-Ary aenie 3R Frcgeesd ael R WSS deuifds e gant
arer fohT 91T Hemraaisit & 9N g1 FaicH FAHARE cehid & fav TR 6T IT Alsdl w1 T diwia a9t
FaicH foieh Aiser &, S Al B3 3076 HsH 1 FdicH FuaT & geof &ar &, 98 ¥ $o Faiesd d&an IR-
quites AT AT Hehell §1 FaicH ol Alsel & T dedl ¥ 9Ra gl 3R gfechas Rt 7 qusya
ﬁ-wﬁﬁwﬁmaﬁgv,mwﬁuammwa;wmﬁwﬁﬁﬂ
veaifad frar @ S gfFafsas e & fiay i gy faeafaas o & fodd, Reuid # v giaad
HTOReT &1 I-quiteh AT St 1 AT ST &1 5§ e & FAUA & IRUMATTET Al & TH 3l o7
HA 3T § ST AT Bl F 781 W o ¢, T @ Fad Sed@ellg § a1 TR0 FHEI
HT TATTR Zeoll HR IROTATET STedl 3R & ofrer AT AT 7 & &z & Fnfard g s 2 g8
AT & fARISe doFge T 37eleT o g1 de dlell 0T $o FaicH o Hisel HT I feerar &, T off
giFafsae-faeafaas I & favar 7 giar 8, 38 YR & RE & @i v gafad wafade dige # aeres
o &l

FIURE & T W A TFAR & 9 §U, I § MY FT TF I FEI 36T 3od-Foft Hifder (4
FalCH HIASRIATAFH, FaTd T3l Collodl, Ol Ui & Uge) & AU-AR Fufad gerd sifadr (o
$fod Gaehea, FdicH Rua kel erd) el # Toar & WER fBhar aa arelr yonfoat & faffes goi
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St e 81 GfS gt qonferdl s e AR W g fewidl & HReA Sgd Hoa g g, safaw Ay
& T Agcaqyl fGear Fde srcgeeea Rt (G aey segedt W Al @ell faftan) & [Awa &
AMAS AT &1 FT FATIBI A AT [T (S aredidsh T FdieA i) 1 3TAT e IJAeg
HIAT ST §, 3R FAicH HEcgeersl & il 1 Alhd T @ 3TER0T fhar ST @1 8l

Ig g douifas dufad-ggryy #ifadr & &7 # afafdfedt & w9 orar g1 o & a9 # ¥ s fafay
Sfeer gonforat #§ #3-2R¥R cldifoeme et # fagel gfafranst & aass | Ffgd &, Tad erar
FaicH WAl # 3odh el & FHouar e W @AY SR fear amr g1 w$-el) vonfodt &
AAifotehel 3GEA3T I SR & AT Av 3nfhear #F 399K R & TAFHe Jd6T & g i
WA FRe AR FRICASFAT ¥ Tl § 3R AWERIS 390l 7 e 9 §, g fawa € ()
euer-3itide giAd @l (S adiditorhe §geley 3R guishsdex 3R Faies sicq) i wfafear &
i et dva safadhe [Jpfadt & foe @rer, (i) 737 g3 afawa gonferat @fed tele-ds Selr #isel
A AT g FiAfhansit @ qasEr, (i) IR RPoaciaed seyEet & v IRamdy dos #
TrATToThel HIdAleT I gXHT AT ((i) 3R (ii)) SINP F gAREeAr & Tgarer )|

qufad-gerd fawg & sficR e & BRIAveeH A1 WIHATACH/TERIATcH Jonfoal & gfawdl & adie
HifrhT 39X B, oot 1fasy & depeiiehy RPueigiioierd 3reqaaien & fou denfad ssedd geieesFR & 4 Th
ATAT ST &1 F§ 3T AR O AT S § & I8 $e3hd § S Rl 3R @7 ot & ot oar=T &1 el
T &

g5 3R AFe FMs @ Jobd §eUECFR THEeol-a=dH (EB) ¥od 3R 3¢ REREAW ou (IHL) & &R
aﬂﬁa?ﬁvag?rzﬁr@ﬁ’s“l AR &1l & &1 H gH TANNcHS &9 & @ T EB, IHL 31X LSMO/SRO
(La0.7Sr0.3Mn03/SrRu03) WATRH (SLs) & HRNETA U-Feld eqagR H FAS & fou idffea
AT HT IONHF TER TET A 8, S - CERATes JeAa T gAe W AR d §l 54
ey avAE W AR gesher 3R gRager Uit #iT ST el & faT g7 LSMO/SRO S SL fwes &
T v AT gfAeclaya &1 @A =a § 3R #@e-waf dhde F 7 3T o g g9 fma € &
RERAT o 1 w3 o JFld H THR A & AT Th FAolqd JeR-Td CERAIaATeH FIHa
HETH §: HH AYAW G ASA o (Teh TWOT el gishar: LSMOT SROT & LSMO|SRO1) 3R IHL
@ wRorT Fafder gfshar: LSMOT SROT & LSMO| SROT & LSMO| SRO|) & EB 3iR 3Td ddA W
by BERAT @ F1 HRREE Gger-fFeg (LSMOT SROT & LSMO?T SRO| & LSMO| SROT &
LSMO|SRO|) sgagR| ST W TEURIATACH SeFUT Mn 3R Ru 3T & g ags-gaifod 3R
dies-Farfod ge¥aes alel @ dlhd g8 Xl g1 dfhel, LSMO-SRO SLs # & 91T ey 3R qRage
U & dF TH-B-Uh TAEAR H AT & [T ehd W agh-Halidd TEhIATEAHh Selarle Iavds
gl

T §H BUHTARRS Wl § JI TS Wl A WATACSH ® IRT I Fhd g g Hewer-
T U @ HF FHIAT FAT §? SR §, TR F gar wedr § fh BRFAIAReS La0.7Sr0.3MnO3
(LSMO) wdl & S5 W 3Hh-gIh-31°8 Pr2/3Cal/3MnO3 (PCMO) S TaHARs: f@rea #
WiFAfeH A H IRT FT 3T glar & 3R T8 RBeea & Fvacr-ufeRrer &t Jerar &1 g7 37erer-3re9T
hfoiar oY Heige IMRa TaOHTRRS Wl # IR Yashed &I cJIEYUTA HI THSHAA & ToIT Toh FHA
faeRor gereT atd § St SRATATeh/IdRIATA R guraifed A Ielier TROT Hg-31ieded @l S+A &d § 3R
HeAer-giaaie uit &1 Sira X g1 feereed 910 ¥§ § fF PCMO wd # 9Rd gashcd iR Fel guveifew
@FecH & ATerhdl JAET & T TEORIATERE PCMO WRd &I =iss # defr & @y IR-Asefas
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R fe@rer &1 4 LSMO/PCMO Fwafed & HAeaeigadie uil & faeavor #xel # PCMO WRd &
HAHATATEH &70T T YH@ SfART I YHRT 3T &

faeuriidd & J ISR FUE—ISHA (THATA) TOT H HHAVT HT GHd H GASAT Th Hgeaqol
AT FACET &1 THATA HHAUT AT GFHfA $iT g Fet & AU, g regareya sia:framha Faes
3AH-RR YUl & HcdTOF 3AfAd Ah-RR ABodeeed H 3T Uhdl-huT 3AolAT3 & arasifas
ot &1 S #T| gAR IR Hhd &d & fh vAdve FhACT ghfa & TReR g1 dhAor g ) dgEey
olars fore Agcaqul ©Tdieh & A1 faTeled Fcl §, 96 Iefeod IFeqaedT aa @A & fav aiy-ara-
RreR-FIR (HRvwes) @A F1 Tdse S § Sate -3 &TAaT Sl 3T-3Tafie aTear ater AT
fa¥ea v 3rcrer IEHifATwar a7 & @efT g

§H TeT 76l Bld IR FeHdc W FEH Sifdd deal $H R [Hsheligel, TROT-HIAT HTEAW 7 gidl| 3eTexor
& forw, AR $wst # gorsAT 38 R 9ard 7 3w Je arer Rfear ganr ger fGar arar &1 5§ gk
& T3, QosAT AR Bhsl &I I 9N, [Ed §ART A e Sven| Ig guieelel & & aRadeng gonferat
ﬁaﬁ-mﬁ;ﬁgéwﬁﬁw-ﬁamwﬁﬁ&aw%ﬁwaﬁmsﬂ-ﬁaﬁ34‘113?—1%31
Harferd gonferdt # Alfded TR R ST Fa1ar ¢ SINP A g1l & # 60 10 &3 & Jgel, Ig HH g3 I§
T EET U1, Fhifh IN-Aeet difadh & wAd aRomd 75 o1 % qed ®7 @ RFemw v qed H ar-man
ofie &r fondly oft f3oft o W@ gT fFar o @t B

g fe@mrr =r o1 & @eage # <ared te fAfRad e arely held arell Yaifd & @Y SEd gerde A
H WA Fel # Aceg ) Tl o Rbewuid Jg o sfgsgamoh wwar & 6 aRomedr fax sgeemit #, hoa
arell gefifadt 3R A A 3dR-Teld WRER F3 81d & 3R 9 ¥ ddelel & gl dled 3dR-¥erd & & I
ST g1 Hehel g1

ST 3T SEd a9 YA T A R T FY| AACT AIETAT F 3ellehel HEl e B feRm A 9
T §1 $78 ¥ FS & 3ed-LIGO, 3eeid-Virgo 3R KAGRA SR JRcaleh¥ur-ciaT f3eeredi & &y &t
IS FlFdFe TEAT oI T3 T Th I3 TEAT F AT FAr AT & USRS FfFaed gear ¥ a
deh @1 THS gl (DL) T WY AT STl g1 FACAR &, 37 Al & AT sEAST BRITE (2) g8 F1 31 T
T & T & 3refar-3releT WfETRT el &1 o] fRaT 9T ATl §o7 ar 37oEr-3e@T gRAT & 3T
SEAST ERITE & Th B & §7 H gao WA H (z) H A9 & AT Far Swar g1 a8 Jecareyor
AT Jaelichail & AT HeTATA T JoIaAT H FERAT 7 T 17% § 42% FUR ST &

TEATHYT el Aofel 7 TAT /| yohe-wwaiiod &7 dahdl @ fSA-3mgfa d5 # q@ v 3% weraneT
Tahdl & IHTET F$ oof (3AT [ATBRE (FRBs) & fU W& 03a & aelidad & U6l ANT & SN Jeeic-
LIGO, 3ea1d-Virgo 3R KAGRA f3e¢aext & @i I/ &1 greiier, W $I$ HIWT GW Hohd o181 & T gl
$H e UEHld $T 3UANT FRB "3 & v wearaa e dquifas aAfsdl w gfaey oeme & fou
T Sar €1

37Td-LIGO 3R 3eeia-aelf f8eeFey acad @Rl q@R 3Hadiehel & 02 & Id dh a@ a0 Ff Hiedae
S0 [ geai3 w1 AEs-3MeRA fSeae’t # gEgHed AR & AU AR S I & Y Yo
fIRAVUT fFaT a7 B SHY FHAR U Hgcd dla 36 0 GW-HeAT3 FT 9aT IeT § o Igol amag o
g1 A HEAI3N A SW AT SN Seleh il (BBH) GedA fAeRor & A it &l Ageaqol &9 & seel
gl I8 wdietas gRone g fewrd € f BBH 9onfordl # el IRcdlhyuT goddle iR GedHA T -3edd gt
YHeT T & A9 REY A Fav aa ¢l
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3eAd-LIGO, Jeeic-aalt 3 KAGRA fSe¢arex dcash @Rl dIieR 3rdeliehe & O3 (IrEH, O3a 3R 03b HF)
& aRrel e 1T gl diedere Sl Ao Teast #T favewor fhar I 1 Fe 90 wiFdee siissiae faerg
G &1 Tl ofTRT AT B, AR 3Tk AT Ui H RANE & M §1 F§ MUTT F$ gueht F IS THT @
feed 7 T =gl FeR-seid g (NSBH) fAfd el feest & & Agcaqol uar oemet & &
ol Y gt St 1 RAE ot &ar §, dfdher 306l oo 71¢T 3@r a/1 §1 BBH Heat # Ao geahl & @
AT GeFAT TIROT T AR Aweadt sEAis # soleh glel GeddT Healed H HAgcaqul ARt & @y rdr
ME q AT ST IAT B

URATY] qerd ATYEST (NMPs), Qi 3TSHERR 3R IMEEIF, 3N U ~ggid TR & GegaAe IR saliy
Iwqur & T T AT AR e ST I AT 9T §1 30 UcheT HAF0T dF NMPs H @ &a
sguel & QU e A faRevucAs it & @Y Giem T S ARAT EAAcHS IO F ThH B
Aleotdhesd # AT T 1 31 [ALITUTcHT Alowdhesd! HT 3UAET TaAT GaTol § TRAT] aEFHR 3R
MgEdFeY AUCST & TRARAG WA AR o & v fhar S FeveTr E

TSANEIA-3FHATAT A 1 F FATIAT Fot Hr AoRar Fr 7 fr 71§ &1 R &7 4, ffde =g-
RHAX o ggaedl & farar @ 3eags fhar a=m §1 98 9= a3 & @aAfafa a1 &7 gae 3R
dohdl 2l & #gglel dR & 9erd & FoT aaid & TY FecaqUl &9 ¥ HgHGeY | FHKh 37elaT, #ggiel ar
EOS & fau fedw eafer aifaq A &1 yeara dgelet IR-goied dr & HfRdH gedadle & W Hes! e
¥ HgHIeYy 9T AT g

Tecarh¥or & Hegifad AR AHaaRe deepsd & o woifa g$1 Seeor & v, wfAced S qeufa @
WWE@%@WﬁﬁﬁWW‘W%W%WWHHC&Hfrsoiqo?ﬁr?l
gifher fAfEOT T ST HXar g1 (AT & F, Ig @oiiges-3r {ex (SdS), JER-ATAH-T [eX
(RNdS), 3R gofe BTZ (RBTZ) soi gl TIHCBH T EATH Higd AT ¢ gifcher fAfF0T Ueh FafeA ity
AT § STl sl @il Sde fafasl & U adicd gHmEl & HRUT /Ao 3cafed aa &1 &g f&fas arer
WHersH H, gitther AR &1 gord aroane el fafast ¥ doee & wsifaa glar €1 3regasT gifsher
dIAT $T AT e & T gfAeea-Strel geufd &1 39T adr gl 39 Ygufad a1 udg fhar Sirar &
Fif Tg 3T U H 3ceat gl arel fafgd aRacegdr & Fefta el & swar 1 gffcca-sierer
geHfd soler gl faifdsr & #eg® @ us &or gler i frar v aomer s B, Sew gifher draee &
fAefiRoT grar &1 el axfiar & o yormdt Haer Iecarnyon, St gifdeT amae # fAuiRa e §, sg-fafas
THesH # 3% f@fas & e & wanfad gar &1 3eeor & v, aeitdes-3r @y Taesa #,
gifeher dA soleh g R sEAEw Afas qer & dnee ¥ AuRa glar &1 aeiiRdes-dr e
(TEvw) TIgersH: fAfROT FT d9ART 3Fo B0 seARy Afdsd ¥ T9fa 9rRuRe gifeher daad=T &
A G FWIAT §; Ig soih gl 3R sEaEy @fas aar & aeee @ FulRa gar §1 IeR-arsegi«aa-ar
fAex (RuASTH) TWHeEA: sod g fafas, s f@fas 3k seridiy @afas o wenfag gendr aa= &
Y AW AROMH 9T ST §l AR F ey § 6 ag-Rfas wwesA A gt doee @elt g
faifersil & @gFd IRIeT T IROTA &1 Tg FEA FHI solsh gl & FSAYARIR AR Sfeor wwesA #
gifehar fafeor 1 yspfar & o 7 T8 AR TereT FC Bl

THesH H sl glT & BlhdT drgAT T off o i 715, F9d o R & Ig ST Far & &
vl RISt @He gifeher AUAT # Y Arere & ¢, [y &9 & aR-3mamh THesA # g g 3R
HARIT seleh glel 3N A aTel BTZ seleh glel T EATT higd Il gl Soish glel 30a faifcist & 94
FaicH FHET & HRUT [AFROT 3cafoid ad &1 RREd &9 ¥, 389 [AfFor & soer e & @fas &
IR W A F &, Afhd I TR w5 AfasT arer aReedt i @ Far &1 T W g § Sl sl
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g & Th ¥ 30w @fas ga § (3, sde f@faw, seaiEdy f@fas)| soe gl &1 yHE davAe 3 gsdt
fafasit @ genfad giar g1 31eagsr wull & FagR & FAA & U gATGER TIHesH H 3 qatanor
I STANT HIAT | ST HTaiRercdt & fafdst & ATdm & Foi & GIIT Tl T FATAAT T IT0TAT HTeAT
A &, S BIfehdT AAT & Tfd g1 w3 fafas g TWaersd & fOv, vk dRaw auae g
ST T@haT &, S el f&fast & Ihee & €T & T@dr §1 Tl gifeheT drgdATd Shdel soldh glel & el
R AR aar § 3R s@d 3may AR Sy afd & Tada gar &1 I8 d9Ae @eiiedes soleh gidl (Th
goiereler, 3R soteh gleT) & gifeher dTaaATl & A Wil g1 IR-31A#H A & faadid, guieeiier BTZ
s gl & faw g argde soleh @i & gegde 3R Folg aifa af R R ar §1 gk fafdeor
& fov RPufadr ared axa & fAv ows gaHer T9HesH & 3w GHoT I ol HI &1 §lehdT AT
&1 AT FA & fAT eAfeler gfepor @1 3uET fRar Sren , Gwd @ifas & Aregs @ gl sde e
FUT 1 TRl &1 Hediehe AT ATTAS Bl mwwﬁw&%ﬁ#ag—fﬂﬁﬁwaasﬁﬁcé*méiﬁﬁ
et gifehar At @l fAfaSt & dged vemdl & wenfad glar ¥ gg AR auEw afRw Sfew
H oold g & FSAYAFRT 1 T FHS Ta AT gl g fAfer & aR 7 3w gEe el
I, Ig MUTT soich gl HfAHr & R & gAR AT F derar g 3R WY 3iasfee v aar § it Fdaiea
ToeaTHEUT AR EHCSH B TP F FHAS T IR @ wr )

3T 7, aF & TEcaryur AR Rdwr Rguia & Faicd ugept & a7 #§ afafafdt & e F samr € 5@
3afer & aNe, Breleamhy & e U (YA - AT gy F Fersa veerdy i gl 3R
g8 aTfcrRliel fashra & FAgE AR ws TARS Tge3l T T T AT g1 Ay &6 & s A
?Wﬁﬁmﬁﬁ@mﬁﬁ%ﬁﬁﬁwmﬁﬁﬂﬁ@aﬁaﬁ%w%
- sl gl HU-TART Als & gEai H3 afAd §, ¥ F6fd §1 38 I3, Faifod 3T &
Rigerit 3R 3% Qeiontd g # 3R AR ot WO A W A R g€ &, S g aeehe T
AT & foU Uw goerelier Aise yare X g

3 WIfd & YR W, RBeyid 900 & deey @efd AR a5 3 Gemst & @ Il @a § S
YA M F AT s gEfaS gl

THE & T @RI Wi [WEHR AT TFATT
2024-2029 F aRreT IMSHEDT Taf@wefRg (2023 & FeEAad)

2024-2026 & ERTeT 3TcleFoist dlel gFaloc W3S, STHA SaRT el Aehcli3i & fAv goalee
T walfa wriswa, 2023

ot anr fedfioe sRedifeser walffuefiy, Hef garT aFAfad, 2023
JRY FAAt
Iegerdl M3t & T 3relesist aled gFaloe HhelllAY, Fday 2023

TRE Thol g7 fFelA US Fo-wgfFora’ hiierd (2024) & aAmAifeha AR 3T gfcsrmef, am
2024
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THE aRT AT FFAT/FRRTETe
10-16 e, 2023 @ MSINSE air & MANIT HRAT et AfEar 2023 & T ITHT 3MASTT
afafa & dee|

IR a3t

18-19 3m%ie, 2024 FI [ISER-HIFHAT H HgHacY FaicH Uiy W HRTSET HFAeT & At
¥ TH (IS FEAT (TIFR), 3607 WASITG (ERer farafdezrer), 3fAa arvrer (IISER-Fehrar &
) 1)

MY Fe7odf

areT $Rcege Hh ~gfFara ioed A AT g5 Tefsll aiiéehe Us Teglurieen fhfotera Ser
TAIff&e el (HEPAP-DAS) & &, fafdar: 05-09 fedsw, 2023

wrer $Reeyge 3w gfForr iowd # mfoa gs-vaslt iowa is vrauftaa ffoew w
IRTSET AT F T, fafdat 11-15 fEsR, 2023

THE & WeEAl @RI U 71w ImAfa sarears
HEF TG

Shaet 1 sitfarehr: @fshar 3R Siifad gersd o 3HATIT SaTeare, 33N, $aneay, Hall 2024
e FeAof

AT IMAEAT A FE-HEES-fAEAR 9RA g (1) S AT [euia, FaieA HedAr w1 39N e
TedT ¥ Hgdacy YUNferdl & 3edd«, BITS-Uam, e foger aiar a@x 3-5 3mred, 2023 &

mﬁ T
fSrraier & sl glew & FdicH Ugel, FAicH SETAFH AR FIT FeAe=, s feafaeae, 9-
17 AT, 2024
fSrerdler & soleh glod & FaicH Uge], SSPQT GFATA, B/TSANET 3-5 Sidall, 2024 & aRIe

s gled & fow foehalel 3R Teage ®iA hae, BEH 3rées 20 GFaeH, SIS FAR, 78-
22 RdsR, 2023

Ferferd UGS 3N greliamhy, IR-Aeld FeaaTd Jonferdl 9 ==l doh, TANRIE, SoEEe, 24-
26 S, 2023

Horsier 3 Y57 AfHw, &1 A, Raeerdls, 23 53, 2023

Fanferd WHEr I gYeemdy, aet Rreafiemren, Racoradls, 20 7, 2023

Herferd HURET 3R glelamdhy, sshiel Aleer AR, IRH, 9 5=, 2023

woraiel IR 57 ARAw, e, woata IR soiF gl AsHRee, dFd, IRA, 4-9 5, 2023

H-hlFCAFEEr T T AT, Sieddn: $les Ll 3R Jecarhyor & @, MgTREN, #Afgs, 22-24
"S, 2023
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IR araf
TSR FUEAFROT & TR A F47 feraeq & 2faame fage Ay carear, S.3mg uh iR, #9528
S, 2023

3Aeh-AR TUTAFRIOT HHHT T Tepfcl: &1 HIGHITART G917, ST HRA-FoNTT Joeh, dreralel
SEEICYE 3% A1SH, YEiale, soisd A @fSd, 9-13 Sts, 2023

3F-RR TATAIGHIUT HHAUT: Aeeos 3R JU-3Maf&F &THaT aTel SeifFed [Eed F Tahd-dhor
Ietorett, faffiest d9E X Feret & 37X 3R e FaieH gard i RRRAT W IERISER geAe,
HEHETH, qaTee, 75-26 SA, 2024

3AH-NT TATHAIOT: gAY, FaicH vereif & gafia gufaa gered wifadr & g & s
(RTCMPQM2024), IACS, FIIRIAT, 15-76 WA, 2024 2024
FH1AT ary

gifehar fafeReor 3 arforeflier aifast, e AR Tt |@alsdl, IACS 3R IISER @lerehrar, 11-12
3ETET 2023

AT aTell, IRcarehyor, FEATs fae 3R TZaiedy HT FHAEon, AR dX, 13-14 AR, 2024,
Sfeaq favafaererd, lefenrd

WWW
FAT FgIA AR Uk fIeuTel w1 g2, He-AUSR o1 A wAw] oy, fea-Remh ar aRer
26 Wad-1 A/, 2024

=gl AR & IO H FEHAd faRATor, ATy iR W Avs G, Ime3nedr gek, 9-13
feaer, 2023

gl dR & AUT W FAEYAT Foil AUGST & GHEl HT afEyd fawewor, NuSym23, AT
FATIAT Foll W IINGAT TS FINST SATHIATS, el 18-22 3acer, 2023

#ggiel aR & ON & N FATIAT Foil &1 S, Hisesn faeafdedrer, qeand, 3 3rresr, 2023|

WA AHR AR Fgeid aR: FAAC AR AfIUA], fSeq-fere, fetee oRkaw, 10 3R,
2023

aRffT arfdies & aifadr & AAT ST, =ggia ar 3R s A, =gl ar & ol H A
gerd Agest § Sisar, NITR, 3 - 7 Sers, 2023

GITNT ot
el et fAgeial 3R Faien e # Faica e, =0 o fifadh # Faen segfear fafmr,
MIAPP, ¥gfai@, 3T9e 2023
wafos Sl A9 Reuidl A wAeR wifsfad afher, () Aeg-cdd ¥y BR FaiealTes,
miEder # AR @SS, () geelec-geatice 9 o $EIcge 3w RRRtwa e,
gfFafiee Safaer & Srel wihr AfFaR, 75 2023

ol ¥ TER R aa g e f @ & v 3uegw gfoAE,  osfar-AtFatateae
gfaafdee, =gfam # sifadr @arsdr, #5 2023
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& foT @ged Sel AfAER, 7 2023

FHGR wfogs dfew e W@l & wilfsfad afher, dfd W Rdege, acords A sitfadhr
VAR, ETH sgR@ & silfaedr AR, ST 2023

Afew Aot A 3R R Rver & FAaR FaslffAewar, s Qeafdgares, st & affaw, s
2023

HATT 3R AT Fies F T NRA FoIreX TANMRGH, FaieH He¥s X W al¥s TFAd, NVISER
AR, AdR 2023

FaicH Hegfeer & AU FaicH Hles LA W AR, Faica ealdlisisl & Ay Hifadr w gaers
GINSE, B/TS IMdT, ¥R, A 2024

AT ¥ ¥ WER fRar e arelr yonferat & Faien el o1 sreags, adiarsh, saieH
ferfeshfardt 3R Fog wgasy, //T (ISM) Usiele, 9Rd, Seeal 2024

TeH seerardt
feaa il @1 dféred 9g# sidere

F) TIFS Frelidadd, BARC, #ds, 318 2023
&) AEAIE AeT AARIS oFer, CCSP, SGT FHAfES, e, oo -NCR, fewaw 2023

&vda g
T Ueerdt 3R Saafes smsdlsa, MSe, dea1s, 23 3ured, 2023

wafieen tdareie 3R oaARRE mgelsH, AL, dA¥W wie $Edeyge, dew (SAe) # Rfafer
FJFist-dld-gFalee Boll & &7 H, 75 s, 2023, 2023

AR faairer RIeT 3R e Feure-adre # A sarear T, 20241

AT gerdr, et JAE W dJeld & 37X 3R a1 FdicH gerd Hi FURAr-2024 [Fwriemer],
ICTS dere%, #1Rd, 15-26 Sietadl, 2024

AT gercll, FaleH Fefad Terd W JaT 3=aves Joah fewia (YIMQCMT 2023) [wrieme],
AR =TT RGT v JTHUe HE U - A9, R, 14-17 fe@aw, 2023
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g 9| wufaa gerd aifadh, wag sifadh sk vard R

emer &y
* %A AT yonferdt T geftr, dTwer, wA AR Ior
* g AR ShE T Waar R afaefear
-mﬁmmwm, 2D grsfes TT=T 3R S 3]
* HHAUT U1 JfeFarss & Hifewhe, aRaga AR daes o
* GcET ST SUA FIAAIA & VAT F AT Adiegaas golagincioee
* Fdgr 3R ecifAeT fheAl W goaciodn X 3R daehea
* AT FHfclaT dehelteh & TIT HaoicthellNeh ATHIAT
o Faar SR # dah AR ey & fv Fdie amwEa
o FaicH AT AR TR F g
* AT YA T yonforat A fPue IRagAEATACRoT <l
Wﬂﬁ?ﬁﬂ'gﬁﬂﬁ

o UHd fohted efT & fav ofg sed

o TOfed wok fAgIgoT Yorel

o 3T 3MH oY

o 3Megl-gre dFgA fAetqor gomelr

o Aeogia TR S uTg AR U1 JiiFErss g RheA! A ARRAT e & fov

o YA ATUHIT Tehelleh: hidfoleh TOLHT/3reaTereh 1 TRefaaaer gdell fheat &1 famfdd

£ e

o leliForeX AT sF1S: IRAT IMHR F aAdlFeiel & STAT o & fow

o fEua-wlex: uifoX 3R AffdEssEs gaeh freal & Iefad &= & v

o WIS 1A AT (Te), Slareg-sase (Torel) IR AHST-AWY (Terww) Ao HR
Aoy & FhfAd =t & T

o Folld T: TBaey AT (ASHRIT, AH-TABAR) & v

o TP TFH- f3thercidAeR

o 3T Rollege Tara-Y Thelier e3ra: &d R (Ters)) gonferdt i 3m3e-3iih-cae
TIAAT3AT 3R 3o a7 g#Fs & o 3EReEr a1 e Jaa R &1 gdr Jem=r
(Rrea-Tsace a3y W AV SR &of & ITY)

e 33T-2,3AR H THISUAN s

o FTfcrRlier TeRTer TheReT JeT: FAY H Feof IHR ARG = & forw

$ara

o EDX & HRI EHAN/TAIAAT Felarcled ASHIERIT: HT IR AR mhfd, e =xor
IR Taafae a3mer ged e & fow

o ARAY EHAT ST ATSHIERIT: TTHId AR HAE drelehll [T 9o it & fow

o SE FHIUT AGHIERT: HAlIIT TOT, A, 3T TeT, AIATIIR-HeIol I HhHAUT Jred
A & fav

o A FA/PRICAAT FoFeld ASHIEHIT: Tas! AEeH A Taafa AR Fdg arfcrelierar
N gASA & fav
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o BTl FFIERA (TFANTE, INTH 3R THRASTH) gomell: s W e qarafas|
LT, JFGH, Tl H/RAT T UIod i & v

o FA/AS/TANTEIHR TAFSIBICIHAICT: NI Tl T H0T IR, S99, n-HAY7H=T Feeay
Fr FARKT Ied Fa & forv

] o  BIRICIANTH FIFCIFHIAT UHT: Jcel-geacieie gl # dsiq 3k vfFaeifas
faQranst, e Rufadt #r gage & fov

o THA TIFSIERIAT HTHY: IeTmersh, Uifae’ iR A Raer afgd amafat v foe, goft ik
I HA I AR 0TS T N FEAT HT HEITA Fe & v

o Thid cafolsr TFIERD glaun: TR geca H Fufd (TaEiziTg) & qa@ge & foav

 SQUID-VSM Yeehi AT {3

e 3T dIYATT VSM YUTTell

o SIfae IOT AT GOl

fAe-dfeas &7 & A9

P-E o0 ¢ faweA

9 o THFEFer R fATF: TSl 3ol $H f[FAvar sa= & v S
foF Fe-dlecst (1-v), FAAEH-dTecst (C-V), UfeRkitshar 3R 3iifCewma ufafemar #r
AT

o ST T 3R A M AT (SMU): OTFT T3 & v arfaeferdr, s
3HTA/30T 3T AR eMes aleest T A & T

90T AT
[ ] [ ]

eier arfafafear

fafdee 3ot F@fIRt & v faEga g@er & #ifaw o 1 faw, F&Tor aui iR eI g6 FHE
giardr sreqEere afafaftat &1 odr afafafedl & Avae-SeaiRe iR sowa-Seile gwme, fere ik e
H7-gfeoRIY 3R AT GahT e H GHSAT AT §; eigiioln qTRaget, TUcpich &9 & TfarT
LAY, AT FHeadt H g 1 g3 A FATA VAT X W A # FuR; wefas godel fheat
& oIfad F@Aee W R ifcciseaci@e 0T, OTd-Ffad Schd 1 dTol oiaee Wd HALAId Fofl
TR IGUT; Fgeleh HAQW & AA1-HHR & Mt 6 Gt wet & v v adier efSeaor & & 7 7
Sl Solaclel HISHIERA (LEEM); AlGaAs URRIFEIS W & oJfA«Ad oI W g dfeq 3iERer &
JHTT; e Tafer & AT MOS 3uaol & 3Ta dMdAA-AEIEYT Aol 9Y; el SAaid ST HIfRIe3T &
AT & AT scafte e gaFgnefoee; Aha-3mRda icafe ddeaeher Ho#aT; WaAT] &1
W A EAT A I A & T SolFel-AgIIeT| FqoT e aifafafedl & aifesd o7 9red #Ra &
fow foheeel iR FAE-3mAET yonfoal & A, Fogl IR SABE HI AR H FATH AR A Fel &
O wh anffes FF & T F QAT fhaT S Geher Bl i@ Ramd # g8 § Fo et H
$o Aol & |y FHEsmr I gl

dashea 3N Fufad derd #ifadh 7 Agcaqol sgagr AR Raa-Reaer sia:framst & gafa & awse
& HHAGAT & HROT Agcaqol ¢l WREIA & &, Agcaqul TagR W IR IJeTqT Jaehid ISHIIH-
3MTRA Fhfoler faRawor & 39T axa v U &) g, I§ IRINEG AACHL dFelid AdHIE
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Yaehrg 3RO H IAAT (Fooh & Tdell fhedAl dh) HT HF aA ¥ 53 HecdqUl gagR & Srd 3R/am
TPuer-ToueT 37 Fhamsit 1wl a1 FoAs & fAU aAca §1 g AT §leT THIE & 3UANT Fh Teh
Heaereradie gfiearor der fhar § 3R amr aa el WIATAT Co3.6Fe4.4Zn8Mn4 T HSIET el dler
T FRSHTA & Hgcdqul HAMUGST & Hedihad fHar g1 §AR garm fe@mm sr—r Avaet-gradie gfteshror
arasifAe & 3R suer 3uAer Rua-feusr 3ia:fRamst & Geesr & TFse I "doh” ¥ oaR AGIEHIaS
YIhIT 3YRIUN Tdeh FRRMEIA Yo TRUN I 3ARATT &1 Il ol & v fohar S @bl &1 goet
dichfsheeege 3R aAsifsheceiga Gd0.5Sr0.5MnO3 sl & erlfaeh §IUT ATeld TF T Fhid &r
TS fFAT §1 gH @ § F aaifhrcasa Aifaier & Arsr &, v ifacardYy argesT d@var gidr & Siet
IN-ufzaefes o NeRiT g aF 3R @ HAT g Alsd el Th 1T AT gid g, 3R TF AdT dATeleT
aT - BIC GreRisl T =X WAT g7 37 ANl f X avAT AT F AT FAlvorels & & AT g1 ToE
TR AfAF (Dy0.6Gd0.4)5Pd2 W Jaehrd, faeggd gfatiuesrar 3R deshry gfady ot i vk cgafeyd
St Y a1$ | deshrg AT 3T 3d@ Al T ST T WRAUT Upia AT 3ufEAfa i gite war g
Ca2Fe205 Al & fA-ayal ahg c¥dgR W A Wi AR B WIS I FfAeUrdst & sjfAehr &r
e fRar amm|

FfdF WIFRSE SrFe0.5C00.503-6 (6 = 0.37) & fermer R_AfA#T qatae w 3o 1 wdl & garma dr
ST HT IS g T FT Rickaeed H b Hr RiFaat 3R gt & Agcad T IFRI Sadr g1 g7 Gd
3R MnPt & faHT qalag @1 G 1 §: T GgFd TacAs AR b S| 58 3eqael # gAa Gd
gael el & Al W AR 3fAEe dehrr a7 3R g SieeEt # A ) AR Rfawy gate
&Gl el 319 fhU U dielfshecege Pr1-xCaxMnO3 (x ~ 0.85, 0.90, 0.95) TfFi & fav dahrg
IR FAeFaRed g (MCE) & s & 18 g1 3@ faudid, Pr0.10Ca0.90MnO3 3R
Pr0.05Ca0.95Mn0O3 Jlffll & far AT wpfd 9 g1 MCE 3eqdel § Hbha fAoar ¢ &
TERIATATER Pr0.15Ca0.85Mn03 i a3 =g MCE &I Yefld &iar g1 gadl 3R, WRidTafeh
Pr0.10Ca0.90Mn0O3 3R  Pr0.05Ca0.95MnO3

DNTT/HOPG S-DNTT-C10/HOPG | | DNTT/CIGaPc/HOPG ]
A% 9R9Re MCE @ §1 x~0.90 Aqiffs & v |~ = e
. Mono | Muiti Mono | Multi 55 | Mono | Multi
MCE & &7 § 3R 379 RiE v aw gy H layer | layer layer | layer ‘ S | laver |laver
. . IPy,=5.8eV 5.4eV § _%-
Wrate #@fF@T & @y geeig g g\ = | & L&
> . . dg,~1.3 eV } I1A1 eV [1_49\/
Aellfsheeeligel Sm0.5Ca0.15S8r0.35Mn0O3 At & o | f— T j— —
MCE &7 87 3egael fmar § 3R 0T 3R A el b F%Efﬁ“ E o ??‘Ei%ﬂ
N WL I = ]
& @y arvel fder afdd # gefer g&r 718 &1 g L g o R ol

AAIfsheeassl Nd0.5Ca0.5MnO3 Il & Sfea
Yaehrg TOT HHAU AR ATASTHAIRSE vera &7 aal ofamdr g1 R5Pd2 (R=Ho, Dy, Dy0.6Gd0.4) Fifdrs
A YA &7 3R YahT 7o H HhAUT A T3 ATAThiRe e afdd weRkid &= & fow s
ST &1 greiiten, 3o AfArept & Hise YahT =T HHAVT & HA HT ol fadig ATl Ho5Pd2, Dy5Pd2, 3R
(Dy0.6Gd0.4)5Pd2 Tt # Feehig =ROT HHAVT & HA W §AR &R HI IS faE&gd Sia & 9gel A &
YhT TXOT HHAUT T HIREATT HT el Tl § IR daohrg =TT HheAoT T q@d A Ghfad & giee
gl g EgFeR ARl Co2-xCrl+xAl & daehrd, ATaerheler 3R fhfeehel caagr &1 off sreager faam|
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UIg-FefAh gXhE W 3T Foll TR WGOT, ST Frdfeleh eTarelen-3Meaa 3ueol # arsi aRaga &
R T & fAv @ Aol # @ va g, 1 TgT $0hE W T HoTfas Sfaydy o & afia ad
1 e 3] A GSAGRIT e HMSd fhar arr g1 $e3hd W Th MOTide gfayda X @
AR X (SHaT fF AT 7 Fuse §), U Aegadl Aol SRl TR &I 6 93 DG Sorarele aTel &l gl
e H WG &, Safeh UIg-alefeieh $TIBA G IUMTAd FHavsl AT Jefdr AR 37& a1, 3orfass SohfaaRer
& aregwn ¥ (R & off Tuse §), O o &1 # goi & fav 39l §, oY et Barsa & ugdie @i
ER T A cADF AgeaqQr &

HIGT IHR-3M0TAH HID-IRA THAROT alel GTel-Fliohedl HESgerch HATEAD HI Joiodl H Hgl HfaD
aifereiierar welRia & ¥&d § 3R, 39 IR, 3cisaagiee 390l & fou afha wmdr & ¥ 7 gdg fee
S §1 grefh, W Ul @ aRdfe gede

Heagers GATIA! Hr g BT g B FHTCAT IR/ Bhaasod
IR/ PR W A W Toar & @R &ar § 3R, e oy

Low ¢: low n

" Less entangled aggregates 2
3eTehr
31; W, W 3.ﬁT ﬁw m W g-’ Low o: High o: 3 Low o: High o:
ﬁ%— zl%T ma. m.r AT %.l Zlg 9T =T ﬁ; (ﬁ—;r low Eand high?ndn o_:f low Eand n high Eand n
¢ — —
&) sfaerd R seEr gr wEHemw, S 3w =BEEES
. . . G G '; Y s L s
Rfee & Soq Fiedr A B F @A § aed o | — X
.. 58 é Improvement of EB and CL =] Improvement of EB and CL &\ 38
m ?Iﬁ- @- mﬁ gl h el a; kYT alHId a; %: K\ Improvement of EO ordering E DeterinranonorEoordering@)‘ §§
ouw . =] 1/ 3

SR fheda & 3oz o &1 393 Audd, 3= «E
ﬁw%mmmﬁyw,ﬁmﬁuﬁm%wmmmﬁmﬁﬁmﬁﬁ
TSI O & ool arSdIhuT & HRUT hed & 3osT SId &l

Reegifaiera 31 Ferel R ATFRMCN AFeiiard goild & U qaue &1 Th IJRMeleh &F gl
SN 3652 fASTell &1 U 1 HA HAT IR AARY IR DA &TAA3T B qor ¥l FER B g
g & IR A IFER 100% Fue ¢dienior Jeld olel ard Jid-tnfeae RATARE (HMF) aRT &t
YefRid &el @1 3T &THAT dTell AT STl §1 §HA0 36 Hecdqul @9 & gl & &t & dv diffe,
CoMnCrGa 3R FeMnVGa &I RAlE &1 8| a1g arerm Iife @laelicAs R @ Hafd g1 & srasig HMF
fIAYAT T IATT IW@AT §1 §HS Th 31T Jifdw, CoFeMnSn &1 off RAIE & &, o ua-duew aeFsiFear
fawarst @r 3R o Hfow I faRwdr femmar & ST awhellhr AT & AIY-Ary HefOd o Hr
WWWE@WWW%IWWW,NiRuMnSn,WHMFWﬁﬁWWT%,
Teh Yol FAT FYel aTell TUe TolE HGEUT Ggell IR FAIRT §€oR Y arg yomer # RAE #ir 713
Yathed & &9 A, §HA WS & § AT oohdl EQFeR AT Fe2RuGe # gaehrg el &
3T TATATROT YR TST Jefer 1 Faar &1 &1 ooy ol & geiel a7 gefer Hrhr geofer ¢

gAfgeFeh ITRION HT IUAET Fah il Seurest AR gelidel 3 GATEROUT-36]hel dehelleh & HRI-HTY
ErdepTioleh TERWTA-HFc HoToled o HROT dRFeh TR W MHcli3i o1 37Tk & 3fh €=t AT W T
g1 BFe Ru2TiGe & RAIC &1 § ST Hidw (0N & TF I3 7ed F Y&id Al § a8 T T
gray haeX (~ 0.54 mW/mK2 300 K W) 9red gidr g1 Ru2VAl & #AHer H fGoaeg ad a8 ¢ & &7
TS Gararse gt 3T 3fegaedr & #RoT 10 K ¥ &1 81 gt & hidafes selaer 1 s ard
g, grelifr @ gk dea afFderd &9 F R-gahg gid §1 3im-rgaad & 3ufdufa off srd-egeer
YOTTell, RuMnGa # Yaehid % & Hacliehel & fav fGFAer g

gfa-3marHAT (2D) FHET & 3gHT F TEAS-Eeas gelReaa’ 3R 3eeAd 3YSUN & fAHE H AR
€| T, 3T TRl I TAAROT IfhaT # HA dR W difodk Fda aiffe giar &, St Fefas g &
foermer olsar & S 30 W 3meRa 3uaol @ Reawsaar #1 genfdd #T Ferar g1 difodR @St ganr
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g HeuuT f3arsd waERor 3N AT # Tah o wHT @ Tl 3 W AR wEear @ ¢ o e
THET SR YATEl & Sracle 39 dh QU e & gl gl (hal 141 ¥ AR JAERIT &, §HAa TR
gFAmNeTe SR A15e188 (hBN) Jeai W HlS[E iR HaQs & Aal-3T6hR & A $i ggare a2 3R
GHTT 3eHelel 0TI #T Tl ool & fAU Ueh AU TREHIT & & F FH Foll Foldeld HBHIERY
(LEEM) & 391 fhar| gaAR aRomA aruaRe aliel @ 99T 6T gl dlel B¢ 37199l & foemar & qar
TH & fT LEEM &1 Tageilaldl & Yeiid d &l §H Tsdee W UifodR 37adW &l heee SIET
AT S gU @ €, fSed el drd-herre Beaaae g &1 suh

37eTaT, 84 LEEM 3R H TSR GaRT Aled TATO Sl JTed kel

& T v Ioa A e efeRior T ged R E T'“;a'mgm“m
i 4

URIRF GaAs(100) W W AlGaAs TR & wgfteww oot & T Il B i ;:»'J

d9A W AR BRI (PL) TR & ATEIH ¥ 3R faRar o

T ¥ TEfae guefew 3SR fr suftufy & FRor vEwdEe S A& Silicon (100)

~33.3 meV &I FAT HI FIr & 7§ Bl & FaAT AlSell P 3YART Fh
vfFaeae o fr auEe [eRar fr s fir 31%' %,m T gr-3iffaex frequency = 100 kHz I
Algel A IFTRIET dIAT & (4-150 K) F 9w 3e1 & fov a«ed 3T
e urr I ¥ Irewae A et gwdfew JERer & @y @l #y
SYIAAGE hT dgR AIAT FEURAT 7 gorrar |

[ ——300K
—2—363K
—v—373K

gfoRigs {sA-tead A0 (RRAM) Rasd 3Mohel Jshsdex 3eger & [k
3T A STl WU, gk ORAT, BT 3R, A ATRET decst 3R o
dst fsATSE TS & HROT ST 8 a0 &1 Hel & &, RRAM T df AT- 4
ATA-Zrgolcl-Ace (MIM) IT AT-3Farss-AHihsdel (MOS) el # TH  10°
Uiy §, 56l Afdes gegafdsr Aca sifewss afvg wa & & & &7 10
A 1 org 3ifeass & €9, FHAU U7 FAES (TMO) 3 8 368 &
T e 3T # Fergg R §1 TMOs 3efd TiO2, Ta205, HfO2,
ZrO2, CeO2 3¢ &1 MOS 3R MIM 3uaxoll # T ’Fass wal &
T H IUe T F IYANT FAT IR § gIAT IS @ § F s = = Voltage (V)
Hierarss & gfcRius REaftier (RS) 3R 3cOR® IO &1 3@ 3T 3ol sROT 3R Refis et &
HROT SHHA HEIT LT3N I AMAT Feh dgck FaArdm I g1 fAfdest oAt ¥ MOS 3yaolt « -V &
3Td AYAA R THYDT AR gfaydy o & ddasa
e gRade e § AN Qe v wwt # gEecdied g
ga &1 8% 37dTdT, diNfhecds heAl & Siely AMgest & 2
»
Qnm

Capacitance (pF)

Inl(A)
S

IRade TEHAG R AR doRia I & arg gfoRias
fEafer aoit & off dpreE dar & Aeeds wEifdEr AR
fAcad wl @gel F dT AR F FEd FOFT A
e RfFq eles st 3Tg dUAT )W GHAT Hir
Yad AT gl ofar f dquifas Asa 7 sifdsgarft & %
T TTHE §9 ¥ GeAE fhar T ¥ f sew ame Loed pshift
W FATIT I-GT ATl traag?rmaﬂqmﬁ?rﬁﬁﬁﬁ? &* e
Wmﬁmﬁwwwiﬁm%' o Mass Activity

Energy —

WWW%WWWW;@WWWWHW%WWE@%
AT & T TGRS §, dfhed galfaar sl g5 €1 T81, 67 §gd 300 Adg-Q-3Macdl 3e(ard arel
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Yaf3gd AAARR Acas I TWINT I & AU Th-Uc FATHA-ROT AT Foafaa &<a &, T 5
3R 31T HIATT gieh §, a6 3eer-37e9T A T Euesi &7 3cdieed ael & T =idy 3R die & aRaATog3i
F U I I Soifoy JafsTsm Sl gy & S aetra 3R fodis wemal & &Ror swaen dofsas Sids
Fg @ W IR MY FUAART FA §1 NS AAARR Aead sl Hferdrnvor gfafear & ufar dgcaqer
T A 9ér g3 geTcrhefatesd afafafy wEiRia wa g

SIS Idares HUET A Ao HifAE, T AR gedri@s Ui & HROT Sgd WS eA ISR
R &, St Affiea oder 3ifceisoaciiaes 39aol S fF Wlesad gaaciiaad iR B3rca & & fow
39gFd g1 @efds BIC Joifasd eres ey Adhe # godeld Pua-fAsR aRage &1 gar s &
#Y & T H 3N §, TEH 1 TRl 3arsd, gahd ddeAeierar &l ¥ op e —
arer Rueeiiors Rama 3R #§ g Fenfad equae & v egd —o
ST ¥ o FEfE ot F gae feewr aveer 3R wfaE T
& #fifaes Uil S 6 el dw URdgT & WY FgEeY 0
gyt & U Sgd Agcaqul &1 O Frfes 3reharersh O] wel I
herar # Rffea ea@l & socs gad g, s aRumeasy 107 Fa)
aﬁwsmm UIU'n' ﬁ ua; ﬁmﬁa ﬁﬁuﬁr ma’ g}m’ %—l Cu’ CO ().l() O.Il ()TZ (l.l3 ().I~l ().IS ().I(i ().l7
3R Ni SR 1 3Tt arel BATAATS (e (Pc) 313t 1 acfell fheat a:(A1)

T AT T AT TFE-Y FheReT deeer MR gEw ofaar &0 M
AT T 3UATT e T 75 &1 T IRUMAT & 9ar Iorar g & 0
] Si HAG W FeIaeyd AT & e S AT & 5hed gld +~ |
g1 & AT el ITerET-3reler U1 3T & fAT Jrefer-3reer ol & igu.(,--
% U S § 3R Cu-3meRa o3 & FTOHeR R & gid & -
Srafd Ni-3meRa 3oph & fwedr e Su orh 81 oRagar a4 G
Wwa;mmma;mﬁ dietehdl Aenc nd - (ll -'ll() 8‘() l'Zl() l(li(l 2(‘)() '2!:()
€l 3 3delhd H AAdT F oHafeud WOT H BH T A z(A)
aEr3i & &7 3R el & AT Beqol & & AGH F gt & IRag & Hedl A FHSAT IAT AT

t.

10° |

Reflectivity
9

H2 37 3rrel 91t &1 gRa sua & 3R I8 R_veaar & A F 3 NH3 ¥ 9gaR &1 ggaeier H2 3R
arg Ao & FTereT T GRam & v 3cafds Fre H2 A9 W Afld e & fow sy gara e o
€1 H2 39 3R arg @01 6% H2 3 Figdl & I Fad: Jodfad 8 Sd &1 §Rd $ueaT & 39T v AT
H Qe & AT, gA gl Yool are AR CVD Ihiel W HATT a0 AHAT G Pd T acfell fhea
W ITTRA T 3fa-3od Hagarfiar H2 3 W &1 vedie forar §1 dR gar & 9dem Ho 3 & 0.7% & ~
4537% HT IWTURCT 3Td Fagarfiarar G@mar g1 daR & swaAw: 15 3R 20 Iz & 3fa gfafear iR
gedied @AY ¢l SEiaY, el AR fafasor & aRvey &, 95 wa §orel, faeawshy 3k @& CvD ok
IR ecr-gr-dfafcd H2 3 &R &1 e A9r sfaser § S aRar & Rufa & &3 &=ar gl
ITISHR T GEC AT I-T §| AR 9T el HEAT 202331040958, 15 ST 20231 daidAle [Fufey:
AT | 3T §H AT F AT AW &1 Wy [Jafd & © £
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FalcH AHATIAT & Fafad uegrd gonfodt & &9 & aRefa faxweo Zn, Cu,0 300 K
ReaT ST W &, ST 45 WA ¥ WA AR F@wenw | ) Y T W
TifyE s UreAfy ¥ WU-EY ] YW WO I i e
Soagiaeh dddT HAT AT WER R Jefaay AR 3Rd
SYIER & IR o Sl &, St 9f9ST & o1g-39EyT FaicH
39RO & faew & foT 3mees g1 a3 (2D)
FICA TTHAT RAGR ST YOl § STl Hesd Wl Hr
3T ST ared (vdW) SU ol garT ¥ fohdT SITaT g1 I8
AT I RATV] FF F qdell Wl doh AT fa@seT

XRD Intensity (Arb. Unit)
T T T >

A A A A ' ' A A '
24 28 32 36 40 44 48 52 56

M AT &1 FANT FAF FACH FHAEPET IR FeAdwgEFR 0-20()

SOl & R O G e AT §, ST Oeifeh, | 05 15 25 05 35 25 05 15 28
geehed 3R FaeA GRS F RER BT W IemEA (8| o ¥ v | R
FaicH ATAST F IYRIOT INTUROMIAT &7 fah gar gl = % B

d g N
TELAR & gewEE & BT Rega w9 @ Bafa (E| [ o

ciatmicash Sierelel 9RATO] TR O FHIAT TTAAT & g -

A & [T sAFASIUT F IUAET T IaT o[Nd g m
A AR W, SAFAGINA H I=d "elcd dTel [degd Jamg & HROT AT IT 3=A1 Hv a1fey enfdyer grelr
€l grellfeh, Jg IEAAT el & [ WRAYAW & FUD H goloel AGINT & AEIH § IR &
TSI fRar S wedr §, et seiacrs 7 U1 & TR faflse ARt & S ar gee @ iR
g1 IF WEF WEAcHS AT A IFATT & §, Tad e q-tege e wAm] Eenstt iR 3ma-
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At geelr O A 9T Heerarsit A g F. ey

EiRILY .37l A aRIAAT drel

A 3AE 9g A Gohol Jeord A qeiteh AFHER

TUHT T T -l A 9 AR FHseT

A Qo . g8 A Sfae ara A 9T g A

A 3feeT arr gt Sa\ ey A i A

A 3T AR faeard A aMarer S gl @ A

A 3T AR T At aitgw 9w A IR FAR d&T

AT 3T TSt A aaar Hser A Tl . Azl

£ 3T geeR At Siea fAeda el AT Arcrerear 1

A A amer AN FArr favara AN draeha FAeR

S 3rfAYsw arer At AT oTehgT A garsha faeara

oY fSswiesra seamreaTT AN Afr e A oy avrer

gl faweer %, Burdr A e R ails A gog e

A iy v AA FeTAT gear A IR Aew
AA guoi g
A R Seareary
A g geprer fAs

it wfAa ek AAN S WF (ARE) #r @ g

A1 31801 FAR AT A el agder i W g

A ek Afdw A A A TE gFA

A 3wy I At FHae ARG A FAY gR

A ot s TEd. AR A fg 3iRa

A INATer Hg AR A g I A g FeTgy AT

A T & I A FAAY
A ST HAR FHIT A AT 3T AT gelrer T
AT HoleT goleX A Gy FAR FeTT
+01.01.2021 & yfafagfed w #18.04.2023 & 2 ¥ & fow FEUNfARR T 31.03.2024 %
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TP IhT, TN 3fiR Herasd wHamT
ARTA

Gl ST | YHY  HAfga
GRIIEES 57 | 45 | 12
EZICA 85 79 | 06
PRIRIEES 47 38 | 09
BT TR 43 40 | 03
G 06 | 06 -
el 238 | 208 | 30
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THIATSTAN F 3 g ghawmd

BTs-INBIHE e (HPC) &TAATHT T gifeearn:

FEGLAAS HEAT HY TGl AT T FAST el & AU, FYX HFAET & TS FIS-WHRAH Hegfear
(HPC) SWrEcFR HI Aae & gl I8 AFeH AHea-368ed 3R dafeier Al alel & fHecgeeree
HETHABN A W A & v Basa fmar mr g1 ag e Affes tRedrs divea, o

MATHEMATICA 3R MATLAB d& trg*ir Yeled LT SIRT TWAT §, 5 AR O W dieds Fallfed asdd &
ATETH T 3UAERait & v 3udsy gl

i
]
i
1
7
i
v
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B e s v e g
i
k
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-
i
=
.
-3
=
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= )

TRTT HeaT ) e B T AR AcadiseiAe farHl @ gee e &

3ufeyfa AeRET gorrely 3eader

58 ay, Hiser 3uReYfd [F9RET Jomel 7 Sooid e T Tihar Y& A1 IS g1 AT AW AR Hefed
HFea Alsge Tle a0 §, 3 3ol ufhar adds & g W g1 5§ Ugd H 36aeT HEUH A
3ufeafar e 3R gedt gaes T gatar 3R FERaT HT FereT Bl

WA e e
a@fgég?ﬁﬁaa‘cﬁdwd%Hqgﬁw,ﬁﬁ#m%ﬁﬁﬁé?(mm),ﬁ?mﬁmés'@%ﬁﬁa

irea) wigd Afdes MAdd-gafa susor @liie a1t § 3R adA # woEey s @ Fileadd &
3efe €

TIU FATel ATHT & Ieaddel

FAR IS SRR A 3R T & AT, AlsEr & 3R (Tav) FoeX YT H HIIS W &
fT &Y, TR gfaie, ¥ 3R Hdva Faa afgd a0 gsaaR @lic 71w g1 56 AU greaay & wumer i @
T 8, R e ada= & 3ol ol darct & gger giefor TRoT # g

TRRAT ATah Falsl FT 3ea1da IR RATAR

67| THIMSTAT



aif¥s gfddesT 2023-24

dAcad THFARARTAE FI g o & FAR I W T H, HlSET TRNAE Acds SHRgHF & AT
T & 3663 H AT IR THAH Use AR FEfOd FgId 3UR0T TG AT §| S TR dige @l
TUAT STee € YE B arel 8, St QR §8YE H 3uerehaiisi & fIv aRRed Hatsl AR swafFefadr
FEcaYT & ¥ Forue

getAe W3 AR BRRATT FT 3e1ged

FARY A GRaT AT AT HId el & T, gAR wAcash I GRS AT el arel Aisfer e
I fAEAR I §U Toh AT GISII BrRaiel TeT 3R oAl fhar arm &1 58 3ifaRerd gete S
T3 & AT 3 TR S T §
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FTEUA THIRATEH R gauT S f g

31.03.2024 d&

TE T g & T @ g 3 TqE 3
G- TH. TATHH

3T, 3T 7wl st arer i Ao st 3feeT aetet 3T, Rgger terdy s
st fafew A 3T 3T H@elt feverr asht
st AT B st e e . T =g
A sfades dier A 3mefie apear THE TS Infee A A IHER 3T A 3T T
A anfeca fer T g St At A AT e A AT HREAT A 3ot ey
L IRECIIEACHE SEIREE IR Eicieoicic) g 3T S A 3T 5
A 3iferer AR gt &rarelr ST THET SAUS & 4T 3R TrET AT 37T gaA
AT 3T o g 3gHAG A A ST g A 3T AT A e Hse
A 3T Heead A FIET 3 A gfear Burdr g A wieda arer A fesdg Al
A 30T TS AT HeArT HHT A Jeodl 3 A Al dfer A Q9 FHe=l
A sifdar ey A Algg 3EHT A fdqHw Fer A Fegarl FHPR A TR R
A e Fsel A e feaer A wéT Al A gieer &l A iR wetait
g e Fgsit AT FATRERT Gelalr A FET goleT A gharer T A ST
A gamefy gy A T FAR A wister gar AT T et A ST BIfcTAT
AT BT EH A Basd ds A AR arer A R e A PRw Az
A geatel Hieh A Yohel sTeerary A géra Aol g wgfar Aur e A dfrere sl
AT AYHA goeT A et \Y A gHE e A A Tesit A A Tg TWHR
g Aerelr 9 AT QeTsi & A diwr dis A forfdg anagelr
AT FARAT STl AT QevH e A i S gAY et e
A Tolre ar AT YIRTST TGS A gerda ey EIRE LI
AT Jeerdr Teolt A ffar vae 3 A IR FHse A Raer @R
A 97 T A goig e A g dier A wicasr ag
B IREREI e A guiq @ A gET =hact At §EOT g
A T #Arer A A S Ier AN gAT 3 A wefta AR
T AT sEAH g giesAdn aa A gAA FAR B A o TA—IE
g w9 SEAr gAY & sRfsar A ool | g et axfces
A w4 e A TeA/T IR A gEau=T HES g R e
A Hehd WG A qeo oy AT GHRT GTeheT A A ag
A giftre e A fawer FAR Ar gars e A diaeT ol
A emRad Tshadr A s A A gerda e
oy At e A garoha A
A ey [wgr AT aelrer X
A Al 3 AR A TeHT |
AT Al qe3 AT gt
gAT TAgT aan
A AHATT AT
A A Fser
A Fiver Az
A gerdra ary
g gesiel dshadt
Al TR JTTeRT
A aRT JHR
A fafer RE
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HRTeT
(3r8er 2023 - AR 2024)
1949 & ‘wrATY] R FEUE & T A U, THISTAU T HAN IAAA AH Hh HEAAH fAgereh
o, AGATG TET & U & ag e, S v IRicy @ Hifaw TaeT O, St goia smaeietor gaEeor
& @iet & AU e ST g HEI FYE BT M H$ daATAs IRASABT & 37ear, 1953 F 3@ HEAA H
Tsh YRC-UATHH! Togshd Y& ThAT a7 AT ST T A 39 @ HT Tgell Il gIaT &1 3T IISThaA I
3eeRg ol ® WA e # sgEue & fav gfferT wem an a9 & ant # 36 areushA @1 arRRT
Hifadhr IR Sanifadr e & 3= 837 Fr faa & & v fGrala fear = &1 1993-94 & giee-
THTHH TS THIHTSUAN H Sloee HJHUT Hrdshel HT Teh el 37T TET B

IFEU F &7 H THISTA afifaw 3R Sasifod e & #5 sweoh et F g defae segeue
H O EIT B A A IIEUE QA O weg A aRa & o & (0) Seslfadr G (@)
AN, ARG AR 3T Fo i, (@) dquifas sifadr i () wefa ger, was sifadr ik gerd
el T & & afafafet @ g et 7 fenfora fRam mar § - TEIamSamE, dead R Egf,
FIIRITT, Haed YEvaE Rfde AR gafdede| tasnssmeEr (Gafes gaar 3w dams germen) fasy o,
dieesiard, ATl AR FiIde OEl, Teasherd, T T |1l JfFcanr iR (e smscla siwar &
gRIEToT T AR & THeaT a1 §1 TIAT F TEAT H 5T (67) IAe T, Th Tl 34X
(169) ey fagare 3R diee-gideta el &1 39 3@fY & e d (30) T & qvadr & enfae fFar

I
a@m@ﬁwﬁ@mﬁwm&ﬁﬁﬁam%

F) ARFIT WA FAesa#r # HaqaenT & fov giAer (FRENA)

FRENA & T BIT YA & A9 &7 Jelem a0 3R 30¢ halfead a¥el & e I I
ST HET 9 @ giaur A 3MV 3¢l Al & ¥agR @l HHESA & AU fRT aw A yen A
FH Foll arel el §7 3R s 3R aRia S agai & 399 Far = g1 3 smaRa
BF3 f3eael &7 39T 3830 Adhfad TEW-AY g aeg dfedi & ary Far =ar gl
Tt of&T FRENA o1& IRl H §e1T T |

&) AT gear vag-t gl AT

33g-2, IBIRAITS, $ER # tEmsuady AfSer sHsd tdaY TheRar diFdsd  (fvd-13)
HhAdYas I @ gl a¥ 2023-2024 F e w$ favafac@rerdt iR asér wameremeni &
TEAHT 18 3UARTHAT Fogl o A H yAlT Ul 3uaRrRdT e Yo #e AR -
gfafesd & wREE IR guresT i SuHTT T & v fFasa & ve g ggAeh dara R
AT B| TEINSUAN I HEET il AHAGA & 3 €, cToholiehl HRIAT o 3eaidel iR Foliem &
RET & &9 & qoit 1 T & v @ge W HAI@d &7 & o §1 A F A9 B 10K
TR A F H HETH Teh Sl YA dlell FAT fAS # AT fFar amr g1 Jg giaer
& adel fhesll & AT 9g-TXell doh WRrace Hs # wed- faacde s e i aAfa g

) WW@WWM(H@W

SIGUHTS STGI[sT Welel, JESTA H 555 HeX AT 1 aers W Bu &1 AR T Fellelal
THASTANT EaRT fRAT ST §1 aATT &, & 0T H THAT FrdicAs AT Senimer &1 e
a¥ & e, TEIESTAd, ASH 3 AR o w2 wAer ke oaw A gfAea AR wdg
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SRATRITT ' Cellides fAfeder &1 3uder &t SEAsy #FP3i & HIofg TR0 1 Tasnsvadr
denferehl G@RT AT AT §| FhlT YSSHA & Foll TAFCH Pl i@ &1F1 & FIY AT AT §, iR
AR 3R NUIREAT & FHET @RI IHFRIoT ThT T B AT TR & STl ER HT Tgoll
TOT 1A Alfex & AT SUHRHT FHE G@RT AT A7 AT| 516 A SRRFE TG TART & Tgall oF
3Tehgt 1 faReIwor foham arm 3R IR aRomA ged go, St 5.87 H.3.d. AT W 2.46 fham-eaT &
TFAUISR & 1T 3RSl IRUMA g § of Foe sifosy & &7 @ W a8 veauieR &1
3TATRAT & 3T W £

) O FS 93 YA & HRISET Feden 7 o Heleor &, S divAvy, vfaw, dAfe i

3 AT & GRIA THASUAY & MUHART o YRS 9Bt & 361 (3 womE &R& (38UH) 4.35)
dafas o ywifd e &, S @ 171 3RTSET Hgaier (3 & 1T g1 361 H ¥ 125 oF 3SUh >
5 (e & 81 3msdr & @y §) arelr afRaEt &7 3R 36 3STE > 6 (G & 20 ST & Try §) arelr
qﬁa:rsﬁﬁwfeﬁ?r'gfmsvaaﬁ*é:aha%eﬁua@m&ﬁﬁnﬂnﬁaﬁr%ﬁrm@r?@

FIhA oET 3R FATRAT A @R JRNERT F TTY AATT 7|
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THHTSTAUY FT AT FIAHA

THIMSTAYT o &7l Hdshd HIE dR W IR Y@ AT & faanfod §1 die denfas aRaisemsit &
qEY 3¢5ed, T el ordl aREsT= 3R 93 & fov wriel o geieey &

Stasiifarehr faeie & Goardr 3R Igaged egaers

IRASTAT T GRRT

HIRBT AR 0TI T3 B FASHAT AR Tg AT @A & AT IR AT HBY EA 3H FEA A
5 FEfaa g

3Radl Affa-r BIde i JiT FEm T AR ST AfAE-T F arageT GERT SIRET gfeast @ o
FeTiId X & 3R Aefert alst & Ferere d g

Tehel-310] AT 3o Jia:framsit &1 sreaae s 3R Qo1 Rl fAee & saffRa smofas & @&
TSE e & AT Soeic Tehel-310] fafer|

Rfs-wde 3ia:fra: St Bfeeal & ik s 3k WO FJ 3T =g § 3R T iafrad o=
T3 T FA Teerdr g

AT H NEA A AR FT DA A AT Fo FIR A JURET HT EAT IR GER F kA genAa
Fr 2

3D AT HEHIHAT & TIUIT: 3o FHGS A FATRE Iod el & faw die-3mandt ardrerer # R{afda
HIRRIT Hr TaITy AT F7 FETTA|

RTAT FATErA: FIRNAHAT & MR IRTAT H IRadar 3R FIfAepr waf W 336 g6t H ST FET)
3RTAT FATEA: PRI &F MR IRTAT F IRad 3R PSP HaT 9 39 Jemar T S HeT|

T 3R IRTAT IRadAT & &g Jae: g99ag F qRadsT 3RTAT TR T H gfad & &, s
@l T

Jnorfaes e TFEREpIdT gieremem: ST ar s At sedifad Jraenst i FAr arer o3 ar FHgt
R HUA-HeqeY Bler-fueed (@vad)) Seeenmd sl

Sl 3 AT Flr: AR Fofl HT 3cleat 3R HSROT A aTol 3UHON T g&Tar § FuR
FET F AU A5 G IAT

gar faavor & fou coneAfas o coeAlfas odaA-3maia gar [aaver gomelr Bemse aar St 9ivg
aRadat 3R et w gfafear s &)

deeer @l iR 3ad suAen Ry &7 g F v Affes soRe iR dW e e & fow e
Theee gt & WY AArhe AT FT HATT FET|

et 3t IR o9 et W gfAA T

58 IR A (%) AfFRT, Gonerror, qxA] 3R Aguifas aifadr & & # AT sepEue, @) #Hifas awam]
Taltel HMfehT ITEUT & foIT yrafieh TRATY] Goter st 3edTe giaer (FRENA) A ISE 3efaer= giar
39T AR Hater qur (@1) s A Wil & v SrgIrst HfAd e gHerenen (JUSL) T 39T AfAe &1 FRENA
3R JUSL GRAUT 9Ra & 30e e &1 318 2

RASAT FT E=RT

Setting up FRENA & &8 & &7 # 3931 $I Sl dTell Idell fhedAl & 3TI-TAIT TI&T0T-gulel el H T&TH
IIA-ATH IO FaT I TATAT|

FRENA # 3afId &0 3R fdegd grashia fafehor T qar oema 1 3T #ieh 9] sifaer 3R @emer
R & gfafhar sra-aFa #1 3reTae|
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TS AT & HedleT @ faffes fSeaey WIURT 3R srcaryfeeh Ser siftrereor yonforat @ 3t s
3iiAerssT 3R 3iTharssT TAET FTATI

FRENA H HRe-cI3iHeT TN & TATY-T1Y 3TT-TaT FPGA 3T JfAIg0T YuTTell T 397Ter|

frafaf@a et # deuifas sifadr & gy segeure (v) Faica & Beura, ecarmdor, f&éer fewid, (3
FoT AT R FaeH P sSRTATE, (@) TEarHIor T, a‘g’-ai?r‘q*w 3k ag-HeUd WIS HfIH, ()
FarcH ToaeA AR FaieH Faar fguid, (§) Fafd gard gomel 3 wifeashra sifad|

3o St iy, AT sifady, sg-deses aiter sifahr 3R Faica gwiRIR 7 e W@ AR sfasy & i
IR IRTET IRASTAIT F ured st w1 Jeuifas AT Fe AR I3 31 F1 fGewer W F fow
fafRrse 3ustor fawfaa &)

faffies aReetar Fecenfts Al & fau Aeae-siftedra 0 3R PRAET-AET Ao &1 39T & a3 3R
38 RS WA H FEI JHCcehel STFAA HT IJETTA FLAT|

TH AT NATEIT haAash & TU-TTYT HF oFETd dTell Teersy AT AT FT 3cdied el i diasy &
Hres I & AU Giéder FgINahr T & fah & T 3Tl g g &l

93 GegA alel guieres fafdas Beaedi &1 PR wer 3R &\ @ 9 F# | sh-Ae v & faw
TSSHA T HA e F fv AffeT g & aRTETor &1 gar o

Tafd qert Hifahr ik wae sifaedr 7 gy ik ey segEuTe
IRANSTAT FT SRRT

1.

Fdics FHAT IR ITRON H Uh AT Y@l H AdleT IR et H @l F Hifern aitfaehr w1 wHer A
giaer g, e afasy i Faicn deafafedl @ wifta & v v #@a &1 RFwm gem g9 aRae=r (i)
oAdel FaieH AATIEA (G, IR-Gohra, TUeTHice, M), FeegFR IR 3uawon & faswra 3R AT, (ii)
FaicH @ffhe &1 Wit & faT AT dAT W FaieH gl WeTTa, TUThiad dashed, saaeld X Rdsr aRage
& di5 Ao Mo H @i W SR & &1 gRomAT F IRARSE 3R IHRREE FHegfear anfheaR & fow
AfasT & Faied 3ol & [ & fov wica AR g fr swlq & e

affes e aediel gaRT 7 FRTcA® TAIAT & [AFH| 3oad Tdg HR FXHa FohfaaRker & fow
AT O & Fedatl T GAS & AU Fepf@a aaAfdar @ fadwar i s ¥ sitfewd dfsa qmfan
S 2D Wicehged a1 Busf-ggae W e arg-3iferarss 3R a@Afidl & 3w 3mensies ot & aershe
HRIETE AT S T SMCN| @ AT 0T Fedael T el TFE-Y MR Aehotiohl, TIFLRERITIDR 3R
ATSHIEHIUS HETAAT T 3IANT e fhar Sireen| Hisper gRaust & seas afga 7 gearfaa gauw 56
i@ 1 qfdt & v maems & (9), @) &7 staf@a au gt odw F@es Fae ik s
390N T Ugel & fAU U aneAfsit wu & [ & fGen 7 Agcaqot #eA 3ordr B

aTeT $eege 3 giFaray Thised # giAadr o & e
RS & g

JIRETRITEN3T, Fam3it 3R 1A Fweit F v SenRar oRE & v si+5 \AfSer sART F1 @AM7)
argT e 3R IFRAWER T Yeele, Adiehavor 3R BiSeior Tafd #ar|

faremmer drordy @1 fawar 3R smeferehreRtor T ifSARIA # eafer yomel A FeeE|

sEaTRITen3i, Aty g AR srETarEt # e ggEe AR TR gomelr v TUgEr 3R 3eg|
fafder 3R faega deads 3R adehetor Hri|

AET IRE A Ieeldd T A FHegfear AR 3e7 deX & fow giaarer srr o)

AT hedl, FET3M, TEAT hadl F1 TG Adehor AR ITYFARIROT| TH Tef HIGT IR T AdleAThIor
IR FeATT|

FERT FHIRRMTA F Awerr 3R IRIRE 7T o HT wlig ik Famem|

T $ASR Wl Fiaer &1 Ao

R FaeT AR Faeodl & fau &8 giaur &1 3eeaer 3R 3mefdhenior|
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QAT HIARATET SARA 3R AT & AT AT

AT, BT $deT AR I §3H H SITTH Al h0T|

R et &1 gfaeds 3R @lie|

R TH HMeAT 7 FioeATsT AR @l

IRUNE FTSel & TAT T TS olSe ollel 3R 75 Tossy asel 6 &)

TSH!, HsH-AISA-Hoorl, eftarer, fafder 3R fagga a1 amsat &1 savs Adefeor F |
T THT geheTT HT AT

e &1 sfasfor 3R e

THIETAN derarse R $-3iifha giaer &1 3oz
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I 2023 F AN 2024 F R g H TR

e sffeiee e afafear aifddr & T cu 3R P & 9R=™ §FR NiFe-3mumRd oot 14 a1 & seagies Ior
AR, T, AT, Y, Torg; TR, Ia; seerard, fosde; Famafd, goftel, 30 Sfafall, 2024, ACS UTHTSS sl HeRTed,
7 (3) I56 1109-1119

BT BG-3GEAT og-aftid W Yhole 3R 30Re Gded & AT Tohd Si02 A & MR F$ AN & AeAlhor $R, 3,
o=, e, wfa wa; g, AfEsla; A, s Aamafa, gere; daufd, fEsy, sEd 17, 2023, THTE UCEs Aar
AT, 6 (17) dIdT. 15606-15619

AN faforaer-sags wrifsewed, ue, guoi & v daegsas e Ra ferw & v & ofdfes & &7 &
GUATAT; S, GHAd; FFRY, Tolld; AT, g, g, g7, Fare, Re; AW, IRAAT; Sofsff, ., SFefady 31, 2024,
wHitd Tearss AT ARIed, 7 (3) 9. 3339-3351
wmﬁmumﬂ;ﬂﬁmasﬁwwwm?r@aMnozﬁmmm,a,mﬁmwﬁrmwmaﬁ
ST, TR, Goira; &, Fifaeh; Jarafd, gefrer; Hedl, dUd FAR; &, GO, 15 Fal, 2024, THUE Teass a1 HRIew,
7 (5) 9d. 4913-4926

Cu-3I8 CsPbI3 Aelifsitced # goeclad Gua-IRd =ROT 3rques 3R Fot aifaehr 1 raraRor, S, a3, Agdr, SHamT;
A, Jegary; e, qars; Mareda, @sid FAR; Y, IR &, 5 A, 2024, THITH Toalss a4a1 #eRFew, 7 (6) o, 6020-
6028

AAIfEshe AT ¥ ITATed Gifoe aden oAl HT Jger Frecenadr R FwfFefady, dged, whd, e, sl
T, HieTd; Fsel, GHIFRT; FToNT, Tedolid, 10 31d, 2023, THTH Teass dielel HRTeH, 5 (5) 7. 3359-3369

T FATES-cgcTes ATellgisatatel eneAfaar wonfaal & S 7eg it IR aar §, e, Jid; e, afae,
I, GAT; S, TG 2T, ST, 22 31TE, 2023, THTH HehroAs 9T, 9 (9) §. 1676-1684

TFH-Y ATSHITHA FT 3TAT Fh Thol-Bleld AT & T 7 Th TA-3hed FdicH Sic P 3TN F&T, 3, 3T [9H12T; T=aTd,
Ao &.; g, Ui, TR, Rfcadt; For, 9 a vr.; vy, 535, R, 3f9s v; ¢\, wifae; siw, piRaae si; O,
MfeaR T, 31 Ferrs, 2023, THTH oA, 17 (16) Y. 16080-16088

wdsitedise 3k Wsnfafts afafaftat & favawer & v ForiEsA digeas & odl @ JEEIAES & IeCMISs-FErI
vree faserdor, @is, gediafen; a3, ey @, o ufaw; 5, 399 FAR; S, Teeed, 31 ®S, 2023, THTE AT, 8
(23) 9. 20360-20369

- U A AT Ueled AT G@ART HAfold AlATe a3 dlelioll & Tal ST, Teid, IR, e, TEeT; I, YeHHT;
e, Testedia; urer, geered; uter, R #ser, wenrer; #egweas, fam; arer, 3rcfie are, 3rerger 25, 2023, 3eaid FHiicAs A, 33
(44)33 (44)

fPnihfos AfFEdfae @ F-Eaifd 2D ofie 3 Jaem # g gdiga Aar Sced Yeiia & §, Asd, 9ffan R,
KIGIECE Eﬁ.; HoodT, Wﬂ;?a@é, ?Tﬁﬁw; F—ﬁﬂ',t’?ﬂé(’.; ﬁ_tl'éﬁ', R ST.; H’fI'JTT, EFIE}E%‘GFT; ?IT'HB?‘T, vﬁa%; W,WW;
3T, AT, 2024 14 AR, 2024, 3eAd 3iifCeael e,

I-raguads WE/ATES # RER-IER AL Icues, DR, 3fed aRmen, 29 3w, 2023, 399 Far difadr F g,
2023

FRIEH & g 3od ga1d Ag2Si205 3N IN-FATHARE Ag0.3A10.7 A% &g &1 uRAer 1=, YA, Fod; FEUTEdTT,
quay FAR; faEard, Rua $AR; 6y, fode; o, 3reiead, 1 sieadl, 2024, T3SH vsdid, 14 (1)

Cu-3Is ZnO & RiFd e # ¥aw 7 & IoAd Wafesd Cu-3ma=t 1 3cafa 3R 3% Rwei-3maid sl
TIGAY, $AR, T; O, &; &G, 385 19, oF; a1, dr. &5 9, ©; g, . F,; RPs, IR; i, v dd#1, g, &
aﬁﬁm* FermE, T; R, & 3R, 1 wRad, 2024, TS vsad, 14 (2)

THE e colledT # AR FaiRa IREF T & 3AT, GEod B T3t & fawe gefieon w1, A9, §4; s,
Af@e, 3, 2023, T R WS, 535 (8)

IRATTF & F ITAT, GEIT B¢ WA faehrg FHAteon @ feeuol 1 Siare, St caE T CoeAT # AR e
g [ua. Rrer. (@feleT) 2023, 2300102], AFe, &; Thadt, ATFer, AT, 2024, T X BSH, 536 (3)

U THz 3cUlead & T 3UAET & S arell TeO2 el fhedl & TAeAlca, Tucas AR RIS iifCeher qoi W
TAHT ATIHET T TG, e, TH.; FOON, AR, Tef. aea; e, ToF., 1 3%id, 2023, Teags Jiftea, 62 (10)

JER SAFIRIAGS Fofl HSROT Yot T foem # Hhwor orq ifrdss Hgraem yed Tqeiaqes Aeanfhesafaey smenRa
T, B, ATl ASFER, A, SeTsll, Har, A1S, 2023, Tearss Mhivew T-HRaew w5w s dafdT, 129 (5)

Follsl SO AT 7 TS fSeaey F v @Er FAer Aer GUR, qear, 3l ekiw, vA; foae, el seerarstt, ded;
@S, INTel; AT, Hed FHARE; o, FHCAS; SHICAT, TH.; &, IN.; Heerd, TH.; HTSH, T, 3FgeR, 2023, TCarss 3w
Ug 3mEdered, 200

gfafrarle smufas 3mae 3mier, gaEsl, sia garr ffawa @ 3fa gddt wa &1 aRad ik godars; @i, gdu;
FATHT, TegAr; HifAS, S, Taula, NEawT; gToRT, TTod; FHATHT, YAd, AdR 15, 2023, TCASs TWHA TSH, 637
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3= YT are Adrses Reiftes tHaY & v ASs 3ifFwEss wWd, gUR, §9; FHed, ®9H; TR, [&dw; geer, .
Faufd, foeasa; 91, Tosd; o, 79, 1 e, 2023, ToaTss T A1SH, 639

LHAASO J0341+5258 ¥ 3cfold &l Gcode: AT & FAedldaeld Haeial & fow [AfRar, &1 e, s, Asper,
udish, 5 ST, 2024, @Ier faaa 3R @aner #ifad, 681

Faifded dargle 3FAIGaR LHAASO J2108+5157 & Accladaid AT, AsFaR, @ TT 3., 10 A3, 2023, @l faae
3R @ #ifAd, 673

AT HAIAE WA AT oF 130F 2344+514  §15-85 3cHai 1 -a¥ o107 quie, ASHER, 9. TT 37d., 9 Had, 2024,
@I e 3 @eer sifad, 682

TgFT TATaer-1 AR ATF FT gedeT e AGer ST F WY Hedihel fHT AT IHdelihed, FASHGR, W, TS, TC 37T, 8 AR,
2023, TN e 3R @aer #ifad, 680

ARSI argAsey NeAwla TN & disfésr FuRer & v wr fFr, Aeper, o v 3@, 16 a@ds, 2023, @ld
e 3R @eer Hifad, 679

&1 FagRNerdT NPT TenT W F R3ifoies darelal & Faeel fHaerer &7 dolfesd FoRalar HaQel o 5T, AR,
9. Te 31e., 39, 2023, TEEIAIEHe fhfored, 150

GWTC-3 & sedAsy fear & sfagr W s, 3rumst JEsi Teue 31, 1 53, 2023, Wfhiome Seid, 949 (2)
NPT TAERT W & T8 HHR & CATHT WNETST & A 3 Agell 3 Yot 1 3delidhed, AHGR, W TC e, 1
IR, 2023 , TEITBTothel Seiel, 956 (2)

LIGO-gqlf 3/daliehel T O3a & ERIeT CHIME/FRB GaRT Tl SEMT 7T e AT RAEHel & J3T ecarayor aian & @i,
FEOME AT TC 376, 1 3N, 2023, TEAhTorehel Sfeiel, 955 ( 2)

e ¥ ¥ A e 3R yY Al & e AR 501 1 AERRIGR @eTeT avle, AepeR, €. e 3, 1 S5,
2023, TEIRISde Seiel Teildie TR, 266 (2)

AT cIAP1 mRNA & 5-UTR # R RNA G-FAIgeaad U& IRES-FIT alih & HeJarg 1 agrar aar §, I, 3nfeea e
FSFER, GHA; ATeT, T, 9 Had, 2024, TRAHHAEE, 63 (4) T 475-486

IS A AC-A-5AE BEd: S3IRTAT, AARNTAT Ths, WK TwRed iR mReeaAd & ar dBRear thgafhes,
HTET, GATIT; FGST, Frame; Sefsit, Sa; &, ST, Sefrs, 2024, ariiehaf, 222 9. 45-62

AfFT T KO7E thell g8 wiEaamEdel # o gfafhansi & NF-xB-Aeaey Rf¥edr 1 3R o Srar &, deeqed, gfear;
aAaeaT, HIfAF, A, 2024, AT A SHAfI=eA, 116 (3)

-gohr 3t Jehr I sifeass & @ HTANET RAftve TR w1 3TAer #e oAl SShIFIRAA F IdT ST
IR 38T o, ear, Ricer; g, Rrarer; awesh, @fean #), Refia; @), ey; B, @awr; %R, fewm; mae, s,
8, gegeT Or; R, Afad &., 15 3w, 2023, SRR 3R SRigdagi@ed, 234

AT §9 F FIR oA-3iaa1ss Awoll #1 av-ALTET Fa-Halfeld WIS BIRIFSSHRI, ARSTRY, 3R.; T, dlell; ey,
TH.; Fadfd, FEasT; 997, TH,; a1, 39AY, fedey, 2023, srehferas seiar 3w i, 53 (6)

& FRFET fr cRewes AT FwR sFgaERd F fov qv T @, &g, [, 74, g, o, i sifted,
QIicie]; ST, ATach; I, Feens; ara, dfeam, 2024 18 Sall, 2024, HFEX 3R Acrwefw wlar,

AHRAL & HECHAFAT ABCIHesdel fA@sT H ALAEIA F AT 3T acer FAea! & aiir § dgfoa #dr g,
&I, 9ol Tshadt, 3Mselt, 2 A, 2024, FIRE Feg 3R AT, 15 (3)

AAifhecasd Nd0.5Ca0.5MnO3 Jiffis & Sfear gadhm wor FFA0 3R FocFaiRe wE & @, Az, e
H[FCER, &rueh; T, AT, &, HIvel; FHR, TH.; 4, 375, 1 Hadl, 2024, AR S, 50 (3) N, 5594-5603
FEWEROT fARelvuT & WY 58Ni (n, p)58Co Fiifhar wig-Geee & i, ey, 3meer; AEsi, wa.; armery, fagur; e,
30sT; aneh, ©; 3ureAry, wfgaAr; Sl Ager; s, giad; &g, FwEan e &l 8, geearn; g, @iva; g, afeeT; qeder, o
FTHR, 37S1T; UIHE, 3R, S.; 3Erarel, €. &.; FECER, &.; FAR, T, 1 ®El, 2024, Al sfifqdr €@, 48 (2)

IRAET F AT GHTE FIIHOT A F AT THPes ToH ol 3R ANH T FACCRIAOT JEITEAT, Gocie;
HASHER, AT, Ao, 3TAYH; Ty, Giad, Seradl, 2024, HegeX #ifahr dar, 294

oI A # 99 |, g1, A, 25 37ageR, 2023, AR faa, 125 (8) 9. 820-821

AT AT & AT O TROT &F AT Alse: ARRSF IEA-UGT F Wl 3o7ehr WA F T&AHE LT,
Y, 3rEfe; Stot, GrafeAdr; e, Fer; ffET, Aforqsaes; wswad, f&Ha &., Sers, 2023, T, 25 (7)

AT AT 7 dsusa arasfifasan fe 3R o 39, seer, gRaitadr; vaw, st awadf, e &
o, 3refa; T, AftTgses, 28 3, 2023, Teer, 25 (5)

AEFEddt fhemdie N Tehls F& ard S # goler AN FERT & FROT ScaRadea 1 Frfcas @aior aofd, &,
ATHAT; FGSI, TaTY; Aeraredr, Hifer; 3w, Alelenry, 11 7S, 2023, AT ot 36 egFT Sfead, 31 I56 504-505

gAt-Heaifes Areaw # A da &1 faega arermar 3N s Rufage, Sfoewie, geedr; d@i, Ry, S, daiseT,; 9,
TEIT; WER, HRE, 24 AT, 2024, AT foewa S=ia T, 60 (3)
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. TH 3R gehrg FRAE AeTH § Boved Sculed Y USRI, Hisd, TAFAR; ey, Aieiete; Y, e @R, d@vE;
T, 98I, 9 fGHeR, 2023, FARTT fawa F=ier T, 59 (12)

AR 3T Torgel Tfafhansit & v e S to-thaey W TATTAT Foll T Galcd RIRAT &1 weI1d, B, &.; Gaflar, oi;
FHRAAT, SfT.; 3r9raret, . &.; g, 3, AR 14, 2023, JART ffawd S+a T, 59 (11)

Ryl s4vaAws fFeaq 7 75 TEEs & gaw, 9, UH.; Jde, o 74, U6, J%, .0, 6T, T
secTary, Tiffw; 3R, UsdR; ST, TET; ST, U9, FAR, 3; qid, 3.; ST, &.; T, YJI9; Heall, TH; g, TAI, O, A3,
1S, 3N; T, TH.; T3d, IN.; G, TH.UH,; FHd, TH.; afeies, HR; FHAE, T.; TCIEA™, TH.; Iodl, TH. &I, Toord, 01
T, T 3T, T, TS, UL, 16 3N, 2023, JUtae fRfoe St T, 59 (10)

HHACIERIYT Tehetleh T 3UIRT Feh U-d-h+ 3R dr-dr-h- aifaeiierar &1 3reags, v, gecMred, UA. . S, & faeer
e, 18 R, 2023, TR fBforrer s+ T, 59 (12)

-t 3k DA F BT aalle da-elR Tudh fr gFer & 3R, T, g, . Y6, UA. TH. 3EA, or. I, &
=g 3nfel we 3@, 3 Jars, 2023, FWRET Wi F=ie T, 59 (7)

Vs=13TeV W Held-Weldd ehid & SI-UelT Farh Sy AT Jaed ST arell gean3i & 3722 Foif & v Reg g &
&7 B TS, TH R, O A, T Heerad, & A, o &, v e, € des), v A, & arferd, St @, & @, o
HR, TC| TT 3., 16 IR, 2023, JUTHAT fhforsel sierel T, 83 (10)

HivATy Bewex 3R dvavgcen RfeT deld Tadler & T JddT gedH T ddhellh &l 3UAET e g 30
3cued # A% #ifadr fr @, va. )BT, v 9, . Ao, A §if@w, va. g, ve. e, Y. e, AL A, o
aiferd, S, @rer, . &g, . TWHR Ve, Te 3el., 20 FAdey, 2023, FF e siefer @, 83 (9)

Vs=13TeV W WITIA-HElT THIT 7 318 Tofd oic O3l 7 3eiegyd Heaey, UH. R, 3N, $eeM, TH. #eed, 3.
A, vg. <ar, T, oo, . MR, TA. A, O wieq, O F. w349, S, T, & g, TH. WIHN, TA. RO TS, TC 3, 11
FTEd, 2023, TR feforer Ster 41, 83 (8)

VsNN=5.02 TeV T pp 3R p-Pb Taral # 3maRd HUll & A1 AN-FdTE aTel §311 &1 Solaglell &l 3Tofaael Fedey, TH.
TSI, UA. TH. s 3R & Reer, 22 309, 2023, T o atar &Y, 83 (8)

FAfARa-geaT 3T & MR 9 CMS PYTHIA 8 37 Uof: HAolel e, TA. AR, R, $ieerdrd, TH. e, 3. s, wa.
e, TE. e, . e, vA. A, @ arferd, 9 &, 734, S @, A Ag, T, WER, TA. ROT gA1fel T 3, 10 FelS,
2023, U forwe sieier T, 83 (7)

TATEHT X HERUS Hgaaul HT 3UTET e (&) -TRUA AT Aefer AMNeldl I ST a2, TH. ey,
T, GRS, TH.TH. FEeA, 0 T, & Rwgr Te 3, 28 31, 2023, FUA ffoewa Seter &Y, 83 (4)

VsNN=5.02 TeV @ pp 3R p-Pb caral & 3mradi YRS ww gamasht wieie 3curest, th. aeeiaedry, UH. T, STonH, o
faegr Te. 31, 25 Fes, 2023, FARNTT faswer Seter A, 83 (7)

VYsNN=5.02 TeV R pp 3R FHERT Pb-Pb Tamal & KSO 3R A ((A)NER-SR) & F9Y H Sic o Tgaey, TH. ICeIIrean,
TH. TH. 3EH, & ReET e U 3, 12 S, 2023, U o Seter €, 83 (6)

HvATH g9 F AT Sl 3cUC FH YA Feh IHG AUROT, TH. RASTT, vH. T4, TH. Heead, I Hifdw, . &,
Tq. g, &, aER, 9. arferd, S Arer, . Ag, T, WHR TE IHel., 10 SHeall, 2024, AT foher steter W, 84 (1)
YsNN=5.02 TeV R Pb-Pb Taid & IR-eNg DO-FTT 3USThR Udlg H AN, TH. ICCIITEI, TH. TH. 3T, & &egr
TT. TT e, 11 fGE, 2023, s ffawe s=iar &, 83 (12)

I GEIA F TH G & § A HR/ & (&) NRER 3cUGT HrE qaRied H AT AR S T FaF & pgieid & &
eI FATh GeIAT HT AsHvor, T, 13T, T, 964, . seera, 2 oifde, va. an, vl g, Y. aiesR, TaL A, o
arferd, Sit. |, . 6Ig, TH. WWHR Te. T 37, 3 Felrs, 2023, JUT0eT foierer Sieter 4, 83 (7)

Vs=13TeV W HIA-SIcied THIG H SA-A 3cUGad 7 el Als & ued afd T Geaael HeRar & A, TH. AR,
IR, HEeTH, TH. weerHrd, 2. siffis, Th. g, v, &, d. IR, v, A, O aifed, 9 &, u3d, S @, @ @, w.
TIHR, TH. eROT, . g, T8, TR Ve, T e, 17 oS, 2023, g forwer s 4, 83 (7)

Vs=13TeV W NelA-NelT Taid & oIteled Tl sied 3ifad aeumsit & Oy Wihsd HaeT $iSehior & 3uIHET ae Ny
FITH GEAART N AN, TH. sRIBTT, T, 99, TH. iceray, 3. 5ifdw, va. &, va. &, &, e, vA. #d, 9. ofed, s
e, &t Alg, TH. TR TE. TC 37el,, 25 gy, 2023, T hfoieher Sfetel &, 83 (10)

Vs=13 TeV W Heid-Heid eaid & t doee I T A & 1T & A9 F Reg A 3cUieeT &l A9, TH. HRd, 3R,
seerard, v, seerard, 2. #ifAE, v &, vE e, @ M, T A, O aifed, 9 &, sd, S e, o @, T
TR, TH. IWROT TE. TC 3., 4 Se1s, 2023, U fforwer ster €, 83 (7)

Vs=13 TeV W Weld-Neld cavid & HAedlae geansit § e gl IR ST IyET AT F A, TH. ARG, AR, e,
TE. Heerdd, 9. A, TE. e, v, e, €. e, AL A, 9. aifed, @ &, 34, S e, . A, T, SR, U
eroT, &t g, TE. SR TS e, 22 39T, 2023, JUTIT Wforsher Sieter €, 83 (8)
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Vs=13TeV W PIA-MelA T # Seog SNGl S9N &1 dael & Rew Gl Seureet g el 3R oA &1 A9, TE.
RIS, T, 997, TH. Heerard, 3. fifAs, vg. aar, vd. &dr, & MER, vA. A, O wied, & F. w34a, S @, &) e,
TH. TIHR TC 3. TC 37T, 26 e, 2023, U fforwer st €, 83 (7)

VsNN=5.02 TeV W p-Pb e # K*(892)0 IR ¢(1020) 3cureet 1 sgerem iR ol o e, wa. weetqrear, .
§eG, TH.TH. gred, O U, soo, A, & e 1M, 27 S, 2023, T bfSeher Stoter 4, 83 (6)

TN Tl & e & 73 S-2 3R Seeg-ceude: T Tavedl IRved, T, daee; dshadi, gamf; @iy, el Far;
|mer, 7k, 27 RdeR, 2023, TURET fSfowa st €@, 83 (9)

Vs=13TeV W pp @@ 7 GIGACH HEhs &7T & Gooh [6od Al 1 Tiof, TH. ARG, 3R, I, TH. e, 31
A, T, &, v, &, . aEs, v, A, O, wiferd, 9 &, U39, S A, . A, T, SR, TH. RO S, 6 oS,
2023, TR Wiorwa seier &Y, 83 (7)

VsNN=2.76 TeV W Pb-Pb Taral & HAMAT HHAA Hedae, T8, Tedredrd, &. fwgr ve 3. e 31e., 7 e, 2023,
e frforwe seier 4, 83 (7)

VsNN=5.02 TeV & Pb-Pb THiId # £(1385)+ 3G 3cdTGe, TH. TCIIMEAT, T, g6, TH.TH. e, M. A7, & Regr
Mg, 2 S, 2023, TWATT Reforwar Seter 3, 83 (5)

ToTE Fi3i W HAEEE Farh-roaii oA # sl & AGla w1 IRA] HAE FRF, AW, d0T; Hol, Heods; U,
SEIT; TSI, GRS, 9 FelTs, 2023, AT frfoewa seier v, 138 (7)

gie Fros feuia &1 9R=g 3R 586 Fo gy, geawn, H2ir o, ®#E, 2023, FWEA fohe sea-fady vy, 232
(9) I55 1369-1457

HICHRT: TIACHE TNy gardl & ded AIAIoR-3s yonferdr & fowma & ufe sid:fawer efeion, sree, gof; awad,
e &.; TR, arergehT; @rar, R, 11 Fomg, 2023, Hiead g Moy, 11

aifaer fafeeT & Areas & gefors afaeiean defvaes Alsq, S, divasafa; acsl, s, 8, Wi gast, g8,
Tehadt, [dT F., 19 A, 2023, HieTT =1 o, 11

I o R AW W ARE Tool & hfor-eEiios 3R Aaree aRome-Aer-faeewer iR came deaies oAy
cafeua waler (@ fomr o @l @s 11, 2023 ), FRRAfEER, #15; R, sifdey; 3R, gol,; disarfles, aReT; G,
Ehet; FAECIgIothe, Feis; FHifcl Hooll, HIAT; YR, VA, Fopel, Nerdt; Wfrada, ifgamw, 5 ke, 2023, Hhiad g ufees
gy, 11

w5 Rfds oo % g & gifear aAe, Ren, REhs; Ja, diqs; fBardn, afemn, seeer, 2023, aw e amsrar 3R
T&caTHYT, 55 (10)

Flerhral N WTRT THET H DS a1 AHWT & AT g qag & 3hadm 39T ured T, ST, sifsey; R,
3ifqeT; Tshadt, A &, 2024 WAl 15, 2024, 33T Seier 30w o,

FHY-R eed &7 i suftufa A aRerea-fndifes Rua sora & Faica whfdler, Ter, ©; wshadt, &t &., 2024 wEl
20, 2024, 3T Seier 3w i,

FARPIATH HATAEAT (GaClPc) 3R WIzafdgsd TlelF & 91T ScThd: Th HICIgaacl TIFEITRI (NETH) e,
ST, TL; T, 3.5 {E, UA.; SEAH, THTA. Age, 8, 2024, 7300 Seter 3t o, 98 (4) go5 1323-1333

eifcaen 3R 37eFaiYd Ru2VAL 3R Ru2VGa # e 3R aRagsl 90T, Hisel, TURICT; €Y, FEUL, WY, HR; Tk,
e, ASHER, des, 3aeay, 2023, seveiasd, 161

AR & AT HH-3TA AATIE & T AACHS 3T & fav efR-ard-3menid oTiae-3mae Sfacdhae 3 geAnE
FAFIAL, Thaclt, TEUITH, 2024 TREY 9, 2024, AU Sleiel 3 HAset fforera o,

TAAIE TG Co6.5Ru1.5Zn8Mn4 & Ageaqol faRIYOT. HHATT AGHNT & A ST iR &l g & 3ic:foranait
N U Afed WER AT, IEAG, JHE; HCCEN, Ied; Gae[edT, |iad; &, 37Ms., 30 31d, 2024, Seiel 3i® g U5
HUT334d, 982

AT Fd W @AM ST AT FREHA-EIeed AT Co3.6Fe4.4Zn8Mn4 & Hgeaqul T¥@eR 3R =TT 3N,
AT, 311d; 3gHT, HET; Gamedl, AiH; o, 315, 15 3aca, 2023, Sid 36 gl Us HUSsH, 960

Bl Sl tdiRETT Dy2IrSi3 7 F37 vfsanfes A aRads 3R geehrr gaTem, Twadr, A, e, Yaa; T,
Iicie]; &<, et faeara, 31, Ao, IRIEAT; ASPHER, Test, 25 e, 2024, Seiel 3Hh 3eilds U3 Hu3sd, 981

Reuarer Wge Aedegaey # 3Pl faema W AR Foricas ssdfdcs wARRREE, wer, dia; @, B, &g, &,
kA, AT, HSe, FHEAOT, 25 A, 2024, Feiel IH(h ATl U HUBH, 978

Sielfecemse AR Adifecass Gd0.55r0.5MnO3 A # derifee g aree a7 1 Sgia, Tcsit, @9 a9, 1, 15
3TTE, 2023, STeiel 3T 3TeliFsT U $HUT3sH, 952

3T FPY YA F WY ggER FY 4 Rh2FeAl # ReR-ORa kY wRor 3t gof: gaRid Roer-soma /e &1 gost
TE-3HTecled, Thadt, Fad; A[Ccll, Y HPFIEN, Taat, 5 AT, 2024, STt B el U5 HUS3H, 976
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90. Wierwge HiFamss 7 fera AT @ W e 1 F# & 99T SrFe0.5C00.503-5 (5=0.37), 9T, HIedd; &4,
S, 15 3TN, 2023, Sheiel 3% IdliasT U5 HU3sH, 960

91. Ru2TiGe EJFeR U1 & YAfGATFH 0T, Aisel, AT, BV, F0; TR, IN.; Tolall, TReE; APHCR, e, 25 3,
2023, SieTel 3T IigeT U HUEsd, 961

92. §F SIS WP IRad-TNeldr VAT WaATcHs TERAT FI JfAd e & 3R STeried Faudfaehr 3R aifaeierar &
T A B, O, FAdlol; A, TEoid; e, Yeiord; Jaded, siaierr, 7 fidet, 2023, S 3% HfAwa i,
159 (9

93. EFQTH( ;T?JTﬁ?r FF-garford a9 ¥, T-Hafd See[ua2 TISaIsaiaed selleleiiey, T, diell W 3mid; AR, R,
amSiaT, AelY; Feadfa, foreawy; arae, #eT; e, 3UAeg, Sieradl, 2024, Seid 36 soeciveg AeRTed, 53 (1) . 238-249

94. \sNN=5.02 TeV T Pb-Pb gawmal & Ugdlel 1T 36T & A0S yag 3R yag # 3dR-geM, UTH. Iceldiedry, ud.
TG, TA. TH. E, 9 AT, &, @egr Te 31e1, 31 FS, 2023, Slelel 3HH g8 T Rbfoierd, (5)

95. VsNN=5.02 TeV X PbPb caral # fEoie geamsit 1 sehguer sfaaad, wo. sifsar, va. adfa, va. sceer, o). ofifas,
TH. &, TE. oell, . M, A, A, . arferd, S @, oY, g, v, WER T 3, 17 SIS, 2023, Sfefel 3T §T$ TaAet
o, (7)

96. RfeFr MéSIs # fyeraler: vk BUNT-TSR e, S, GA; g, 311, 8 Badl, 2024, Sedl 3ih &5 UaAsll Wi, (2)

97. TavHdr & G, f-iel 3R Nt caRrEr F Fet Iy fAfafy FOfAtRR F v G & &9 F A6l 3cure,
TH. TCCIUTEIT, UH, TF. 5Fa, & R@sgr ve. Ue 31, 11 Siadl, 2024, St 3 &% Teteil fpforerd, (1)

98. Vs=13 TeV W pp cohdl H HAL-Jol & THYUT 3cuiesT 3R [Q@saT 37, TH. Iceuredry, UH. TH. ST, & f@egr 3nfe,
TR, 2023, SToiel 31T g5 Tatsil Rhioierd, (12)

99. Vs=7 3R 8 TeV W Teod iR HwHATH 3T F YT ek AN TII-FaTh NS 3clee Hig-Garld AT AT HIToTT, TH.
R, IR, ey, vd. e, A, oifdw, v, &, wa. e, i MEs), A A, . oifaa, & & w3a, S are, &
g, TH. TN, TA. 2RO, . g, W s 3fe| e, 27 TS, 2023, ool b g1 Tefolt hirerd, (7)

100.VsNN=5.02 TeV R 9Refr 3t 3rf-aRefr Pb-Pb cotrdl # & 3y aifd R AR W swseacia 3cues, T
IeAITETTY, T, TG, TA. TH. FEoA, . 7, S5 AW, 8. @@ S, TC., 5 ST, 2023, Fefel 3HF g5 TeAalt Rrforarq,
6

101.(\/S)NN=5.02 TeV W 3eg-ARNS Pb-Pb Tl & J/y AW & FHId P Fedl e H For e, .
T, UA. TH. $EaAT, &, fAegT Seanfg| Ue 31eT, 20 39CaR, 2023, Shoidl 316 &5 Ueiel fhfoterd, (10)

102.Vs=13.6 TeV W Nel-WcieT chird F T Farh SIEr 3cUlesT $hid AFAA &l Ugell AT, TF. sRI3T, T, §397, TH. Ay,
3. #iffh, v, a@, TE. &, o e, oA, A, @ oiferd, S @, . @1, T SR UL T e, 30 39, 2023,
ool 3T g8 TS o, (8)

103.VsNN=5.02 TeV 9T PbPb &g & 3fUSHR Yalg fAcRoT & 3TU-he &T0T, TH. sRI3T, TH. 98+, TF. e, 2. #iffes,
TH. &, TH. oell, . IMFeR, AL A, . arferd, S Arer, . @, T, WER T 3., 15 Wad, 2024, STl 3T &S Teloll
o, (2)

1044¢r¢r3ﬁrlfr-th—q"rm|a’rﬁHﬁ-ﬁﬁmﬁ%ﬁﬂmﬁsﬁaﬁﬁmwﬁ?ﬁﬁwwﬁmm,wmm,m
T 3T, & fAegT Te 31, 2 3P, 2023, St 3T g8 Teoll fhfaerd, (8)

105. 380w AT s a3 RN Atsar 3k sudr R-wria Fwdd, sg-afew, @t; e, &adv, 13 A1, 2024, S+ 36
RERGEIREIEC: M)

106. qrEHA ST 7 &1 Aol & @ s IRAd 93 ARG Atsw, sg-afos, & ik, w,; aiersr-ode, ©; @, 3,
2 4R, 2023, STl 3Th g8 TeAsi fhfored, (11)

107.VsNN=8.16 TeV T p-Pb Ta@ # AstRfEd ® J/y 3, oo, acermeam, tA.ud. sead, & Reer e 3., 17 s,
2023, SToTel 3T gT$ TeTsit Reforerd, (7)

108. aHSNT ~Yfealt & aolell 1 AT Fh FR-Acel HAT HT Gl AT, IUAN, IHefsl FAR; FAR, 3ifalet; Hayare, Ha
FAR; &, 3T, 17 3100, 2023, Seiel 3HTh §15 sl fforerd, (4)

109.TATTET 9T Uferd & AT Vs=13 TeV W pp THUT 3R VsNN=8.16 TeV W p-Pb caigd H IMAfAT-w0T Sea IR aoca
F TH Bl & T H (2S) 3cUGT &l AU, TH. ICCIATEI, T, §C, UA.TH. SEA, 9. 17, seeg, A, & Rwwr we
TT e, 23 [, 2023, Sieiel 3% §le Tetoll fhfoted, (6)

110.Vs=13TeV R SEIA-SIcie ToHa # 3ecg Sl & HI Thdl <Y Faih 3c06 & v gaaedt 3R Aoes wa Gt &
A, TF. SRI3T1, T, S, U9, Sicery, 3. #ifAs, v, g, v, &, o aeeR, A, A, O wfea, S @, o g, TE.
TWHR TC. TC 37el., 6 TS, 2023, Setel 36 &T8 Tefalt fiored, (7)

111.NsNN=5.02 TeV W pp 3R Pb-Pb Tl # AN AR 3ol Asole fa@s &1 A, TH. Teciaredr, Ud. §eeg, TH.
T, $FAE, 91 A, seeg, AW, & &A@ ' e, 31 FS, 2023, FeAdl HE § wAAT o, (5)

112.Vs=5.02 TeV W pp THMEN H Sic A&l & &g & FIUT FH AG, TH. ICIIEA, TA. TH. ST, & [@egr ve 37eT, 26
SIS, 2023, STeiel 3T g1$ TeAstt BT, (7),
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113.Vs=13 TeV W WEHA-ACA ToG H Soo Sl & WY AT Fash-Udaard el 3cdGel & HIF HFAT & AT, TH.
e, vH. S, TH. seerad, 3. s, TH. &, T, o, i 9], v, A, O aiferd, St @, @ 6, T WER
gl UE 37T, 28 TS, 2023, St 3HIE gl Tetatt i, (7)

114.114. Vs=13 TeV W pp A & @ Bl & Ia o Rew e el ik Ades Mgfae scoes sta awe &
A, TF. ]34T, T, S, U9, ey, 3. #ifAs, v, gan, vw. gar, o aeeR, A, A, O wifea, S @, o g, TE.
WHR TC. Te., 12 Jas, 2023, Seiel 3w g18 whslt i, (7)

115.115. Vs=13 TeV R HeId-HIele Taia # daeX ST Rl & ATCIH & Ged die 3cdieeT 3R 50 dicA ams 7 &
FT A, T, BT, TH. I3, UF. A, o). i@, v, oon, vg. oo, & esR, €. wifed, st @, & g, T
THR TS, 30 STTaRY, 2024, SToiel 3T &8 Teloll fhfoerd, (1)

116.116. Vs=13 TeV W Weld-Neld carg & g ol F TH BT h &I & 2N -ATF 31Aq HT ATGA, TH. TSI, TA.
. s¥aE, & Rieer safidl U 39, 16 3ECeR, 2023, il Hh g5 TeAsl! fihforerd, (10)

117.117. Vs=5.02 3i¥ 13 TeV W pp TG H DO AT F TATY 3T fFT 31T 3THY0T T F 3cUeA T AT, TH. TSI,
T, §7G, TH. TH. S, . 37, seey, AW, & fBeGT Te. UT HA, 22 T, 2023, ATl 3G §g Tedoll [hioiard, (6)

118.Ns=13 TeV W WTA-9IeieT eora & fBoives 3ifad raedr & ¢(t)3Nea-aR+3ie aesill & 3udler & i Farh ¢a gegame
T A, TH. SRIT, T, 3, T, Heerdrd, 2. ifAw, va. g, uE. &, @, e, oA, A, 9@ arferd, s arer, . 4@,
TH. HR TC. TS 376, 10 Ja1s, 2023, Feiel 3 &5 Telol! fforaq, (7)

119.Vs=13 TeV W Wela-ield cohrd # Z srlel &7 # 1 ooeld Yo I H1A, TH. X331, TH. 93, TH. e, 31
A, T, g, vE. &, A, e, 9. qifed, S arer, . 6@, ' WER e Te, 19 SAa, 2024, STl 3iTh g TSl
frfaed, (1)

120.Vs=13 TeV W Hela-Hield eaiad & {ed A 3cuie 3R aR-ace # &7 & fav gamsh 3R [ wia awua &t
AIG, TH. STSAT, TH. 3, TH. icerard, ). siffe, va. &, v g, @ e, 9 oifad, St @, . A, v aeR
e, 9 3TTEd, 2023, Shidl 3iTh g% Teioll fhforad, (8)

121.VsNN=5.02 TeV W p-Pb Thiid H Teh Ta&qcd TERTEE o7 # ofd gt & &1-hoT Fedeel HT AU, TF. UCIITEdr, TH.
g, g, &, egr ScA1ig| U 3iel., 31 SieTad), 2024, Seiel 3i1% &S TeAail fpfarerd, (1)

122.VsNN=5.02 TeV W PbPb Tad # Hirce 3R &l dirce wm@ifaar & ofomyrer sfraieid 1 Ame, wo. sXf3an, wa. a9,
TE. Heer s, 8. A, v, g, vE. g, @ e, T A O aifed, St @, . 9, T @R TE. T 3, 19
FHECER, 2023, FeTel HE g5 Aot i, (10)

123.Vs=5.02 TeV WX pp Ta@l # Aiwe 310 iR smaiffe fffie wooied & @0 s oe Bewr 3k afa femeer s &
HIYA, TH. T, T, §RoE, UA. TH. SEH, 9. 19, S, AW, &, Rewr A1y, 31 A, 2023, Sfeiel Hh TS TSt
rfaed, (5)

124.Vs=13 TeV W pp Tarari & AR VsNN=5.02 TeV W p-Pb Tamar agerar 3R gear-tEe w PR vag 3R o Rgs,
TH. ICSIUTEAT, UA. TH. ST, &, RAegr a1l ve 37er, 15 A/, 2024, Soidl A6 g5 Taoll b, (3)

125.TaTadr # -9t caEt 37 Ge-RR TaE AT & A TR g ol @ S, T, IeeTedd, UA. TH. SE, O
Reer ve 37e1., 12 REsR, 2023, Sietel 3% g Tl Rbfoierd, (12)

126.9¢ & 3R didt 3R et comal & afiiRa gear & FuH0, A (A)NRER), Et, IR Q FT 3cdIeT, TH. TCIITEATT, TH.
. 3FaH, & e Te 3. T, 17 S, 2023, Seiel 3§18 wielt i, (7)

127.Vs=13 TeV W pp THal # AET gy fafafr Feonflewrr & v vae & &9 & e, #1Eie 3R deld #1 3came,
TH. TCCIITEAN, UA. TH. $Fa, O et 3. 3, 6 S, 2023, St 3HiE g5 Ueelt fefor, (6)

128.VsNN=5.02 TeV W Pb-Pb gawmal # AR w Mg 3k i-hw J/y 3oues, vg. I, A, v, 5EaH, o
Reer 3fe. e 31er., 9 WA, 2024, Sid 3% g8 TeIsit Refeierd, (2)

129.Vs=13 TeV W Weld-Aela ca # T 7 deey Rew S 3 v seeg aila & faufed g arer 3maRia few e
# @iel, T, REIT, T8, 75, TH. Hee, 3. fifAs, vg. <o, ug. car, O, ey, v, &, O oifea, S @, o g,
TH. WHR TC 3., 6 AR, 2023, STl 3% g5 TAsi frforad, (9)

130.Ns=13 TeV TR & Fa Sic & WALl § 3cUeel Iod GedA BFP3HiT 3efelic i Wiel, TH. EM, vH. sf3ar, w6, a9,
TE. seerad, 1. sifAe, TE. &, T &, o e, O oiferd, Sft. @er, . 6ig, T, ERPR gediie| Ue e, 6 3,
2023, SiaTel 3T g5 TS fhfoterd, (10)

131.Vs=13 TeV W Weld-Weld gaid # RIa AT & Bkl &7 Az & Aegd ¥ Uh JFek-o Fah T'— tH &1 @, Ta.
RN, wF. 99, v, Heerad, 3. HifAF, va. &, v, &, & MR, vA. &, O ofed, S arer, & g, TH. TN .
Te 31, 11 fAdsR, 2023, STeiel 3176 &5 Tl Mhioed, (9)

132.Vs=13 TeV W pp THdl H CP &l 3ocitel &lel dlel 9 Falh FIA I e, TH. AR, IR, Heerad, TF. e, 31
i, va. car, v, 9, &, MER, A, Jd, v, Fce, o). uiferd, 9. F. T34, St @, &Y. [T, TH. AIHN, TA. R, 1.
8, T, SR e T 37l 4 S, 2023, Seiel H S TeAsdt fHfor, (7)
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133.Vs=13 TeV W Weld-Wcid THId H Hedloces daTall H t(t)over-bar H 3R tH 3cdlesT & CP Joaigel T @iel, TH. X3,
. 99, T, Heea, 3. fifA, vH. oon, vy, &dr, . MR, v, A, o). urfea, S, @, & Mg, TH. THR TS 3.,
12 SelTs, 2023, Siotel 31 g1$ Terolt oo, (7)

134.Vs=13 TeV W pp THTET H ol o oI ddel & & (&) NG-IR G131 &1 3TAT axh A SooidsT T @isl, TH.
R, 3R, Heea, Ty, Heerad, &Y. Hiffw, . &, va. o, . e, AL &, & wfed, 9 &, w3, s g, &
Mg, TH. TN, TA. RUT TE. TE 3el., 14 5[, 2023, Sfiel I §78 Tetolt BiSrra, (6)

135.135. Vs=13 TeV W Neld-Aelad eaiid #H ey, et, 3 pr 317 rmeamsit # ol sl 3R aaicn sde g & @, .
R, 3R, Heea, Ty, Heerad, &Y. #Hiffw, . &, va. o, . e, AL &, & wfed, 9 &, w3, s g, &
Mg, TH. THN, TA. RUT Te. TE 3el., 30 HS, 2023, Selel 3 §1$ Tefoil o1, (5)

136. Vs=13 TeV W Weld-Hield el & Z sl 3R v Weld § ey ST & a7 f @e, tA. 9Rd), 3R, Heead, .
seerard, 1. sifAe, T, e, T, e, €. e, A AR, o wifad, O & 34, S @en, @ |, . SR, TH, R
Te. TT 37, 30 HS, 2023, STl 36 g8 UsTail fhforad, (5)

137.Ns=13 TeV T NelA-Aeld caiid F WW*WW*, WW+r, 3R et & &7 @1 gt Rew aidir g 1 @i, 3R, $gerad, u.
sreerard, 8. iR, TE. g, T, &, . IR, O, A, O arfed, O &, 73, S @, @ 9, W ER TE. W I,
12 JeTS, 2023, Feiel A §18 Tetslt feforer, (7)

138.Vs=13 TeV W Wela-Uield Tald H 3Td geddA arad 3= yy —» WW 3R yy — ZZ 3curea $r @, vh. i3, wF. 969,
. Heer, 3. #ifAe, v, e, vy, &r, . MR, A, A, O wiea, & &, a3, S, T, & T, TH. TSR TC. T
e, 31 ells, 2023, Siotel 3T §TE TAel Rbforard, (7)

139.Vs=13 TeV W WelA-Acid cairg & =PI & td A # ufd g« oo ddwfos o i @9, ta. #aRd, 3R
seerard, v, sieerard, 2. i, v, &, v e, @ M, T A, O aifed, 9 &, sd, S e, o @, T
TIHR, TH. eROT TC. TE 37el.,, 30 A, 2023, Soiel 3 g5 Tetoll hfoierd, (5)

140. Vs=13 TeV W Weld-Weid child & IN3C-3HTH-cBH Shold S S 3T Fh o AT doh g1 dlel Sl I T, TH.
I, TH. I3, TH. Heem, . §iiffw, vg. o, vd. car, & ey, v, A, O wifera, S aer, @ g, TH. TR T
TE 37T, 27 S, 2023, Seier 3§78 Tetslt fforerg, (7)

141.13 TeV | Held-Held ead # &7 ¥ HF Ta Hicid AR T8 addr ey a1fd & Y Acdlole gea3it # v sifadr &
e, v, 31, . S, T, Heerard, 2. i, v g, v, g, @ e, @ oifed, St e, @ 6, v weR
TT. T 3., 6 IFCN, 2023, Feil 3HTh g5 Uit Rpforad, (10)

142.Ns=13 TeV W HeA-Sciel Tad #H 1 owe o e 3equey aifa sifas fafa & v aifoeh & @, va. «fzan, o
S, TE. Heerard, 8. sifaE, TE. e, v e, . e, v, A, O aiferd, St @, d A, T, @SR TE U 3, 8
RAdeR, 2023, Sieiel 3% g5 vaAsit Reforer, (9)

143.Vs=13 TeV W Wela-eld eaa # IR deeld Tod ¢ & Sie 3faa saedr # IR-3ieqere Rew i gt 3curea i @,
TH. ARG, 3R, Heerad, . dgerard, 1. #iffw, va. &, ud. &, &Y. Mesy, TH. #dr, O uifea, @ &, a3q, i amer, &
g, TH. TN, TA. ROT T, T 3el., 22 [, 2023, Sfiel I §78 Tetsi B, (6)

144 \s=13 TeV W Weld-deld caia # dveifie 3ifas et # dF-oy #a& & e 3cdiead 1 @iel, T8, i3, wa
S, TE. Hieerard, 8. sifad, TE. e, vE. an, & e, v, A, O iferd, S @, § A, T, WER TE. T 3, 3
SIS, 2023, STeiel 3T g1 TeToll B, (7)

145.9377dT &7 fAewid & st 7 faRked v & Ty T FaIh U & Aldd Asad I W AfFH & @, va. R/, v
S, TE. sieerard, &1, #ifA, v, &, v g, A ey, 9 arferd, S @, . Ag, T, WER TE. TE He, 12 fRE,
2023, STl 3T g5 TS fhfoe, (12)

146.V5=13 TeV W WRIA-HEl @ & ®iele 3R e 3ifaw s@emsit arelr geamstt & jamer &1 e, va. s, . 999,
TE. weerdrd, 3. #iffs, v g, vE. e, @ e, v A, 9. aifed, St @ren, @ 61, TH. @R e UE 3, 28
SR, 2023, STeiel 31T g5 TaAsi Rhfoierd, (12)

147.s=13 TeV W Wel-9eia card & f8ole Jieqaral & s & e 3R IR-3are Scureat i @, vq. R, v, a9,
TE. weer s, 3. A, v g, v o, @ MR, AL A, O aifed, St @, @ |, T &R TE UE 3, 21
SeS, 2023, St 36 8T8 Tetatt fhfored, (7)

148.Vs=13 TeV W Ai-Aeld ToHd # Hivliy ggaatl 3R dR-3ifcaiae qgare & 3URT FXd Uahd ol a1 =3 & a
FfaeT sraeamsit F gRRAAE @1 @er, T, 33, T, 9976, TH. A, 3. #ifAs, v g, v g, . dieeR, T 3,
dr. oiferd, St @er, . @, T, WHER TE e, 22 RS, 2023, Sfetel i g1 Testt i, (9)

149.Vs5=13 TeV W Aid-HIcieT THUT H TH IGEAT I IR BRI & AT & Gooh O6H ThoRl # eeq aiaT & fafaT & &r
@IST, TH. ARG, 3R, Heerad, ud. dcerard, 1. #ifds, va. &, wa. &, . Mes], A, #d, @ wifaa, @ & 34, S
e, &t WIg, TH. TR, TA. ROT 3c1Me| Te 3Hel., 19 Fells, 2023, Sfeiel 3T g1$ Tefoit i, (7)
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150.Vs=13 TeV W NElA-Weld ¢l &H FF T FH Th gl & F §TFN <3 ol & Y 3ifas 3aeyar & <o Tarh
S F IcdlesT I Wi, T, sRIST, TH. S8, T, e, 3. #ifdw, va. g, va. o, . 9w, vA. #d, O oife T, S
e, 1. AIE, TH. THR TS, TC 37, 13 S[els, 2023, Seier 316 g8 Teisil fhforerd, (7)

151.Vs=13 TeV W Weld-Weld cavid H Thd el 3ifad aeamst & @ ar-eiR &7 Ay F o Tared &1 @, T,
R, IR, e, vd. e, A, oifAw, . &, wE. e, i MEsk, A A, . oifaa, & & w3a, S are, &
Tg, TH. TN, TA. ROT T, T 3el., 12 [, 2023, Sfiel I §78 Tetsi BiSa, (6)

152.Vs=13 TeV W WRIA-HCid cara 7 R AR =gfear & s & Fufea g« arar 2z Sl & @i, va. i3, . a9,
. Heer, 3. #ifAw, v, e, vy, ar, . MR, A, A, O wiea, & &, a3, S, T, & g, TH. TSR T, T
3761, 24 #GSR, 2023, Soiel 3T g8 Teloll fhforerd, (11)

153.Vs=13 TeV W NelA-Held gaid & w 3ifae saeumit & 3faRed R s 3R dwx dwisas f @, wa. w3,
TE. S, T, sieerard, 9. sifAe, v, o, wd. g, d. e, v, A, O oiferd, S @ren, . A, T @R e 3,
10 JeTS, 2023, Seiel 3§18 Tetslt i, (7)

154.2d B & Hraeld Sfeeldr H awdr HeRdr, F3, e Atand, fAag; Reer, da#, 4 RAdew, 2023, Fa 3w g
sl fRfSieR, (9)

155. 911t 3R diediet catat 7 3T BT Ae(fesdT, TH. RGN, AR, HCeEN, TH. Aeaar, 3. #iffe, Ta. , ve. &, &
TMFR, TA. AN, A, iferd, O &, 73, S arer, . A@E, W WER, . Ron, @ g 3w s, 2 A, 2023, S
37w g8 uestt e, (5)

156.VsNN=5.02 TeV W didr AR dr-diet esheral & JafdfRd-geam o7, va. Teearear, va. geae, TA. vd. geem, @ 19,
se0q, AW, &1 RweT U 3. e, 5 I, 2023, Feiel 3 §1S ol fhiorard, (6)

157.VsNN=8.16 TeV W p-Pb Taral # Wi-dM@T 3cdlgad 3R VsNN=5.02 TeV W Pb-Pb TawId, TH. TCcIIEdd, Ud. FUTT,
TH.TE. $EaH, €. U7, seeg, 9w, & Rwer 3nfe, 5 7S, 2023, ATl HE S Tl o, (5)

158. 798 W & {0 &7 §2, &, GA; 71, AT F.; FU, Ade; $3, 319, 26 SFoIall, 2024, Seier 3 gT§ Tarsit fhiowr,
1

159Ag%haﬂaﬁzaﬁrg\mﬁmwﬁ?maﬁaﬁ¢§vﬁwﬁmraswﬁﬁm@ﬁﬂwm: IEAY Howiss AR,

TASN, Toready; o, sool; AESl, YRS, 3eHe, Hige; Afawa, 9. vA. S, &/, 2024, Sed 36 FA3EIAR T3
JifaAER e difoeR Us #eRaed, 34 (3) T 1232-1255

160.VsNN=5.02 TeV W Pb-Pb Taid & T tfod aHe RUROT, TH. IeUTed, UH. TH. ST, &. Rl Te 3. Te,
TRERT, 2024, STeiol 3T STEEHCUA, 19 (2)

161.Tfo & Tl Seic &1 Se-Haifad Ide HAYURUT, TH. Jccuredy, UH. Td. ST, & f@egl Te. 37, ads], 2023, Sieiel
3T ST, 18 (11)

162. HTATH FoR ¢al & WO-2 3995 & AT IRE53T fs3mse AT & Ay caer RAfoea Reda da0 & e, T
ST, Tg. &, 9. uifad, Sft. 18T, T, @R$R Te. 37d., AdsR, 2023, Seiel 36 ST, 18 (11)

163. HiwaATd SMS1/1 SSuA fSeay e T FRaT W g &1 &7 994, TH. J@Ieds, TS, UC 3., JdeR, 2023, Seiel
3% FTEHCY, 18 (11)

164.Vs=13 TeV W WIA-HIcia caa 7 HuATH FaeT # AcCaRUC dastlenl 1 3UAET e 731 & Igare, TH. 3ar, TH.
ST, TH. THA, T, e, 2. ifAE, va. e, vw. g, d. ey, &, iferd, S, @, €. @, v, @R, 3, wRad,
2024, STe¥el 3Th STEHCU, 19 (2)

165.7f0F gogeidivafte Sellieier &1 wedle, g, =eduear, vA. ud. stamH, &, R@egr 3nfe, 3mred, 2023, Sed 3%
T, 18 (8)

166.20-300 GeV/c % aTos T 97 & faw CMS &18 IR FARHR WeersT & Jeeie, TH. deer, TH. T U 37a.,
3FTE, 2023, SeTol 3T STZHCAA, 18 (8)

167.3 2 3T & T CMS 85l FaiHier & T TR Gl veeliRed 1 vedi, 8. s, va. @i, td. #eemr, 3
A, Ta. e, o, g, o AES, vA. A, O aiferd, S @er, & @7, TH. AR TE. UE e, AdeN, 2023, Sfrel 36
T, 18 (11)

168. divrrg-ereA BfAsH diela Teadier & a1y Wefd gafaor, g, sifsar, v, a3, g, seerrd, 31, #fiffs, v, &, wE.
e, &t IR, A, A, O iferd, . T34, S AT, . AT, T, WER T 37, FdeR, 2023, See i Fegae, 18
9

169;1)@”3ﬁﬁwwz‘rq3ﬁ3ﬁrmﬁw-2mwmaaw%%mmms-mﬁ?ﬁ-ﬂﬁu@rwmmmmw.
3T, wg. g, @ aiferd, Sit. ameT, T, @SR, U 37, TS 3., 31, 2023, Seid 3 STEH, 18 (4)

170. dlefifShEeesal Pr1-XCaXMnO3 (x ~ 0.85, 0.90, 0.95) JfIl & duhrg R HewiHeiRer o a3 Fopar 3R IRURSH
TSRS ToTat T 33T, HRAT, AT, 3EHT, HHE; AN, PIeTaT; &, 1S, 1 RFHR, 2023, Feiel 36 e
Tz #HAfes HeRaew, 587
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171.8gFeR AT Co2-xCri+xAl # i, ATacihelRe 3R Agcaqol sqagR ITTA, &all, IHcT; HASPHER, 19eh; Fetoli, HaTe;
ag, 37TS., 1 Bad, 2024, Soid 316 Heafeew U3 dafes deRuew, 591

172.Ca2Fe205 & [Fa-aMaAe b sgagR W A ¥isc 3R B W5 I gfoedrs 1 iffer, gaieam, 3=, dofd,
Alady; sreeard, 39e; e, 3Ts., 15 REsR, 2023, Shiar 3iTw Aafen U3 dwfes HeRIew, 588

173.CoMnCrGa: F & aAe Ruegiaed & fau 3=a Rua-gdiator & 9 v 30 WdTas ae, aedr, Jaem;
Tghact, GarT; sTdieT, frem; arfeR, aniae; &, eitaeT; ey, afee; frdel, Sa-Femss; o, w. ue; 3adia, Afeas,; scemm, 9
die-aleeR, dY.; ASPFER, Teet, 16 dAday, 2023, St 3w HeRaeq HAED @, 11 (44) 9. 15489-15499

174 FIeToN §¥e) f4 91 CoFeMnSn #7 feder-dtuere st faRivard ik defaa ds Sraralsh, aqear, yaay; &t safass;
FAR, FAR I, HSHEN, Teat, 4 SeTal, 2024, St 3T ARTew FAET @, 12 (2) . 706-716

175.90gafaed ZnSnsS3 gden fhed: wreaifoes ol i1 geftr ik A, AfAe, waAs); sfaa, o a1, T, FdeR, 2023, Sl
3T HRRTew TET-HRTT 5o o=, 34 (33)

176.Bi2-xMnxTe3 Tidowe Segeicd H Mn & HfAS: WAcHS, TG0, gEad AR FAOR  TE-aidmdigeree IoT
faeaiwor, sex, afenf AR, fowarq, @i, Jedd, gas, [on, q; aF, T &, 73, 2023, S 3% HReRIew a@5a-
NI 57 solei=iad, 34 (15)

177.91fogie femer 3R 3 weae alel G@RT BiFeO3 # Ced+-faedmds aRd Al Jmeiod & 3eade, Joll, YR,
IgHe, Hige; e, Ty Aem; 3, goret; AforaeT, MuASh, 5 3, 2024, Sietel 3 AfFRER TFR, 1301

178.%sh1#% DENV & F&H A5 3R pl 3Ae & fow E-9ide dieiaee eseea-uRd fra-uifiisa Hfasma o s,
ST, HANAT; I8, aifcal; steerard, A2, seerard, oe; Faufd, el d=mafa, gefier, 21 A, 2024, Sevel 36 forwer
HATT &Y, 128 (13) Y53. 3133-3144

179.3Foaass GM1 wiohfais Bfcaal & g 3R MfhRe A & IR Far & e TEscHs 3eadd, AR, ey
dr; dterdl, godT; AT, AUHT F; Ghddt, AR, G, e &, 6 AT, 2024, Sovd 36 o AT o,
128 (11) . 2745-2754

180.80aT RPN & N sarpend (BABq-H & RecD2 & afadfiear 3 gfodsr afdfafr F 3aife & wwe-a
ARYET, SEH, BT, Johel, SIATeT; AT, TeFem yame, 10 #S, 2023, Seier 36 Reforher HAET o, 127 (20) . 4351-
4363

181. ABANHGS-HYFAT fSUCesgd & T@-IAOE 3R Sloee R 3orias R & siw, Feor, d@ide; [g, 3ol 61,
Arareda, e 3, Feia; [ar, gs; T, fowr; aaufa, e #ar, 56d, 17 #8, 2023, Sia 36 fefomer SAwr o,
127 (21) 9rdr. 4808-4819

182. T Aewel NN Mes AATSER @ 287 3T TFrael CaeAlald Yoo 1 3R o e §, H<l, deg; aarer, e &
AN, TGS DA, e ge; ASH, FoieT; Hdfe, AFa®d; g@rear, Juara &.; e, WA, 20 e, 2023, Seiel T
forrer HAT @, 127 (15) Y56 7335-7343

183.370Tieh Efaydr W 3R ehisel Ags-da IR AN RAIARET geell et & Fofl TR T 3R Meme 7 gur,
Hsol, GHH; ST, Haeh; T, Gharer; AP, THET; §IoRT, Hedolld, 2023 31 e, 2023, Sfiel 31t forwer S o,

184 . T Jraaraur R(ftr & Aveaw & weafa Fsfas siFags dAdfntcaser & A VA, sewe, Hlgg; FEs, Yo,
e, gars; wifoaer, dum.sh, g, 2023, S 3t fowra ¢ HAEd 3ite d@ifsd, 181

185.4iforele Teifgerent 3R weraw faftal & sras & ey Wise ddifaecersed 1 A Qv S, F@si, YRt 36es,
Algg; e, wfa 7, Ao, SAe; wad!, B, dAfawe, doash, fdw, 2023, S 3w ffoad U5 Haed
3T Fifersd, 180

186.F0as deeofag 3R e A secws, @S, 3war; wis, e, 1 o8, 2023, see 3 oea sh-wgfFaay i
qifiéser RS, 50 (7)

187.127Xe # del-aaifieggial y-ds, Thad, TH.; A, Ta.d; SRR, wa; faard), wo.ww,; AR, ; e, Ua; #1e, e ;
AW, A.0; WW, Ta,; defoll, d; M, TH.; T, TH,; w91fdt, od; TR, ud,; T8, 3 sreermsll, va.ud.; $AR, .
aifard, 3., 1 Jel1s, 2023, Seiel 36 foew Sgfaamy ¢ wféawa faew, 50 (7)

188. TNRIATARE GdAgSb2 F e FRIW & HAEIRE giade qur 3k 3o afasherdr, W, yaE; f&en, Tted; Heas,
ThIFeT; HSol, T, 23 3R, 2023, Sfotel 30 forerd-ades Aex, 35 (42)

189.8r2Cr04 # foua-3iifde goaar 3R gaehca, g, qerafa; e, ORer FaR; e, Hfaamr, 30 3R, 2023, S 3iH
rfoFa-Hses #ex, 35 (43)

190.R5Pd2 (R = Ho, Dy, Dy0.6Gd0.4) AT & ey =0T GhaAvT, OV, Ydg; WA, aras; e, 318, Siefal, 2024, Seiel
Hh gReHsTFefads s Alde Aaifess, 37 (1) T56 231-235

191.9Tpfde TERaT W TATHANR-3MRG fAuge R cant to-teRfSes 11 &1 Ueiga aifafafer & siesier, =,
afar; siel, gite; Wi, seer R, Asper, gosd, 8 #S, 2023, Sid 3% ¢ 3T FfAwa awsd, 145 (19) 1.
10826-10838
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192.87Rb & A Taelad # geifacd aR-EHIT RIS Hi-WHINAT TaT S15eT e seragiieaicd &9 § URd IRGRIAr @r
IR F S g, Vo, Ngsd; sicerar, digR; Ao, FdTeT TOW; 3, AT, 1 AN, 2024, Soidl 3% g 3fifteha QA 3%
AR A-3HifCewer fowd, 41 (3) 7. 665-673

193. w&-teaifer aifafafer siv Sefesfacer smils Sfseere & fow Ni(ln), zn(1), 3R Cd(ll) & FaRE wfis-3meia gueiaa e
ATTASTH, AT, INTeS; HSFCR, Hicle]; UTel, AT, HgHG, Floll dEh; UTdl, Saoid; Haufd, feawy; eam, Fager & ; ¥,
oy gfas; 3, REaelia, 16 7§, 2023, Jagsy, 39 (21) 9. 7469-7483

194 T-Fhcll wreleR e fheww, Aar, HWlendr & Jger vases dsfasy 3t wositer 3Mies 3ifERer; dgeder, wdh; Fsa,
YIHH; TATTAI, SIER 3; BToRT, HFllel, 22 31TEd, 2023, HFIAFLEH, 56 (17) A, 7065-7077

195. R AARER-Fa FacH el FCAECFR & Ioaid Hifeeamer 0T R 516 1-V RAvare, s, wfa A, 3, gorer; [,
THTS; Fsel, YoohT; SET, RN & e, Ak wd.; Feaufel, ey, 39T, 2023, HeRFew Rad gaifest, 164

196.faaX Fav FRFBET F AcwHifda & E-Nfamiea yama & 3 seo-aaT 3R afdadt weraar #elft i ggem, seam,
TS THST, HeeT, A Hifd, 27 WaE, 2024, AEEF, 20 (2) (2)

197.CMT2A-fof#8 MFN2 3cafade, T206] ABCIH-edd FENTIS HI do@r &ar & iR AR # Aghal f 3R yga
FAT &, T, TET; AT, VEeIc; 1, TAH; FA, Sollal ANeI; Thadt, Hohl; Tepad, 3Meel, TTaly, 2024, ABHI5TT, 74

19&%@@?@%q—c@ﬁrwWaﬂﬁ?ag-%ﬁamﬁﬁﬁmﬁﬁww,ﬁmﬁmmm,m;ﬁm@r,m,zo
Setedl, 2023, 3y sifadr o T, 38 (2)

199.7feAr &1 @it 7 y-XY s’ PKS 0735+178 & Fis-ds 3choet &1 [aedes AspeR, wolis; I, g, 27 deR, 2023,
el TEATAR HIETSE & A AfH, 527 (3) §5& 8746-8754

200.z=1.1 X GRB 201216C & #f5% f3eae, . AEeR, 9. T. Alsd UC 37d., Sea3), 2024, JId TECEHSe TSl &
iffe AfeH, 527 (3) Y56 5856-5867

2013, TFA-Y 3R 3iifCeamer 3raelisstl HT 3TANT I TeV selloR 1ES 1218+304 FI Fedlddad 3ead+, diar, Ran; O,
TST; 33rarer, 3ifefdy; s, o, HSPIER, Yolieh; JSTEIAS, 3TATe; al, Felrel, Ticled, Thar; T, T, 24 S[elrs, 2023, IFel
TR ANEE & AR Afed, 524 (3) T 4333-4345

202.#f5% aREFT daar s F vedw HR gger A, €. ASHER, ™. U AlsA TS 36, 23 AN, 2024, Ao
TR ANSE & AR AfeH, 529 (4) T 4387-4404

203.98 #HfAF FaEs ¥ ASA el 3che & AT NAFE T Gl T dagAeledrn, @ AseR, T 3., 22 I,
2023, I TEAIHSS TAIE & AR Afed, 523 (4) fidY. 5353-5387

204.93 &9 PtSe2/Ni80Fe20 FEEFR, Hedrdl, Fal H Yahig-fashear-aRa Ferd arel-g-Puel FTeROT; SIS, 3HelehT; e,
aglt; Fred, A THE; fSwarer, g9, 918, Yolih; 973, AR FAR, IHRr; dedl, JAE; ddquid, Eaww; FAR a1, SR Sid;
Teudh, oy, ar, waer; Agel, worer fRel, fRFeR 13, 2023, At @y, 23 (24) 9. 11925-11931

205.BiFe03/Ag Aaiheaifoe # wrol-gram-Hdfod 3eedd FER-aMa SIATAfesH, desit, arfaar, B, s, qasl, e,
qTel, T Ta9ta, foeasT; sicema, 3w, 3 iR, 2023, aaiea=rdien, 34 (49)

206.773GST A W A+ I RO GIRT §Y & TG ATl Scfoieh Hielel 31c &1 [AAT, Ta-AHs dar-erdare, Hiffs, gaw,;
@i, Sirg; BSTel, HARHAT; A1, FHAT; Fadld, eaw; gafon, as; Fafa, Jeid, A 18, 2024, AereFraist, 35 (12)

207.LaTe3, BIFR, YaH & ASN Uefea @1 IR wAsel dlgar; sreernd, Siafscel; aram, qar; S, 3fas; e, wsha; &g, @fte
FAR; o=, AR, IREH), 3@y, T, QgSi’ch_{; HSd, YHId; 9, d=AY; gihde, [hforT; Tshadl, 37quiT; e+, géred 19, T 19,
2023, A FHYARAE, 14 (1)

208.feqet-¢FHas diemta-dareld Ted 3R 3o gior Aoaerfieds gfafkar, s, fadwmeie; awadi, gord; Jadiesy, e,
g, AR, 1 wad, 2024, = e 315 fefaed, 26 (2)

209.A=222 HSHER & AT ReAw] @0aem 3R &2 sar, [, Jovrey; g, . vE,; 9, ofT; RfAfEs, @ 3e, & . e
g, wH,; o, TH; Ay, ©; SAE, T; aeie, T S dedls, TE. 3R AR, TH. TH.; S@dcie, dY; T8, T; uad, o
o Afger, &; deie, o, femeey, 2023, FfFar 3T ofew, 192 gv6. 315-421

210.39 goagia U (Sh$ww) & Rufa Refegae & Aer & v e dfda aeeie, $AR, fere; o, gog; T, s
AT, YUET; AT, ocis; ASPFER, 73T, BN, HAIT, STa, 2024, T segaens 3 Ay 3us=or ik faftar
AT T-cakeh TIFIACY f8eehex 3R Heiftra 3ueheor, 1058

211.3R-YE faveor garr A T RS Fa@l F FART FfFAA FOGAETOT qUA, e, FIoT; G, Al 3R, T T A
dfer, ofdar FAR, feder, 2023, sifadr sep@uE & wamw) suor ik ARl e v SEgHer B 3k deey
3YST, 1057

212.9Ra # RAffa A I soela qurnt &1 fBomear 3R srega, A9, NACT; sreerrd, e FAR, e gedmear, gyds;
FASHC, TeT; TIHR, HEM, ey, 2023, SR sgaenss # o] 3usor 3R Rftat segsmer v wegdey Bea
3R Haey 3uT, 1055
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213 HTATH U2 3oofdel & oI Todieh Tof Cofd-d Collelk Oeiel S8 T Hodishe!, SRITSAT, TH., &, UH., iferd, ., HEr,
S, BN, TH., TC 3., 39T, 2023, AR sregaena F o] s9eor iR faftar e veaie Ty w3k
Hefid 39e0T, 1053

214. HwATE FPRTT TR F W2 3799 & v Medfiis ¥ @ seufd 9% MR F SMSvHA WA # 3cues AR
A, Uel. ASHGR, TH. HEAEI, @, T3d Te. U 3e., s, 2023, Hifddr segau #d qwAmw] 3usvr va fafdar
3THT T-cakeh TIFIACY f8eaFex 3R Heiftra 3uahor, 1057

215.gY0T AT & AT Fsar & ATH § WAV FATIAT Sl & Golled I AT, i, T, I, 3eTer; Srfeien, TS,
Jrare, Y. %., A, 2024, WA A T, 1043

216.127Xe # YRS wiafda fawwar, wshach, va.; o, . dr; g, v, vh,; #Aepier, @; aIedr, U &; defelt, O,; ariagel, e
[, wE,; WA, T, #3%, U $AR, T AR, T; 9ifdd, HR.; seerrst, wa. uE,; &g, 3R @ qeeiR, v, fdes,
2023, =gfFerr Wisrd ©, 1037

217.24Mg(p, Y)25A1 3fae Sfafshar & ATead & 25A1 % Ex=2485.3 keV T &l Siaeiehtel AT, o, 3ehsicl; AAT, TI; a4,
Faftar; TRy, 3ifere; Alsd, Jrgera; e, YA W SeTfSa, dee; BEd), dder; e, der; e, HfEeia; R,
HIET; TN, TH., BT, 2024, 7fFeril TS T, 1042

218. ®fde FaTh YR IUMH H AGHA R AR, gevoit, Sarl; g, Haler; IS, T dl.; AR, G, 3iaga, 2023,
qfFerR o T, 1038

219.MOVPE f3%fa@ AlGaAs/GaAs (100) §egaFal & gfAAAH O W Fgol guratew Ner &1 worma, wuret, ©; A, &
G, T, A, TH.; AR, T; g9, T, 38, 2024, Hiftera AdRTew, 150

220.RReT g3 3R For 3eEroT fAeRor @ whiehr R aifosr fafaes Star cgagr: wRE-ageERR S faveyor, B, e,
Toradt, A &., 15 Rde, 2023, o v-wtfeResra Hefaea U scd Toiihl=d, 626

221.3AT3TH STEATRISASIH VX2 (X=Se & Te) # IS THIT HT Jolallcdh NI, X, SOM; BNV, FAT; [, Yah; Tshad,
ar; Readar, td., 1 wad, 2024, e d-ase A, 674

222 ARIAT-IMIRT 3TN H qelT dF R dA9AT R R Aerifeew derere, did, Aad); HAe, JeaardT; adquafd, SeawT;
ehacll, goTiesh, 1 3rarcer, 2023, fhfornr dr-shdes #AeT, 666

223.9ifolele Wiifgeres 3R & Rt garr Se-afaeafa Ssfae sifeass dqifrecases &1 av favewor 3k gaa
TTAATCHE ST&T0T duTed, 376He, Higg; HEsi, RIS e, gors; e, o7 Afdws, duuash, 1 RdeR, 2023, e &,
98 (12

224.3ﬂé’l('-?f)75' TIUE3N2 AR SRS AU F 3eRIFeE wRor RUdeRer f1 3cuf W SANeE MEIIS, Sefal, 31 3, Wl
FAR, IF; Heh, JeTae; gIonT, igAIS; &, Favol; =Y, sa¥erely; S/, TH.AL; 3, TH.O.; Heerdmd, 31, 16 306, 2023,
Hifdrer warer Tarafae i, 25 (32) gv6 21479-21491

225.4d dcad YR EETcHS R # GUR 3R NiRuMnSn # $HR §7 § :9ae0 [E9e1-76@ cqagR 1 faehmd, e, Yaeng;
Hohaclt, JET; o, faem; aif@mr, erice]; fawar, 3ehe; fqfee, IRIvdm; $AR, AT, Re, dfde; fhadl, she-ass; a9,
FHTAATH, Heerar, 2. Sareht, faerfes .; v, TR, ASpiaR, dee, 4 3, 2023, fFforwa Reg &, 108 (5)

226.5AMAAT & § AT gFameierer Wiekdse & FHAHR-Gfad Foeel T e, Thadt, A, HoredmT, et Folares,
HCTTEITE, 3190T; &R, o, AR, gelter, 12 38T, 2023, fefoerar Reg &, 107 (13)

227.37c0f0% sregaftyd # R Tomw e 7 GRAfAE rdeliehe, o, YA Thadt, Fard; T, e, e, e,
gfew, IREAE; FAR, HAT; FEST, dele; N, TAER TH.; S, ATAAT; Tarehf, fFefas .; Asper, e, 4 #3,
2023, frforsrer Reg &, 107 (18)

228.31eafd Aqefiqe e AT FeMnVGa & 3oa fue (diehor, e, Yao; =shac, Ja; o die, faem; arfew, efide;
g, eiaeT; X, afesT; fhddl, Sfie-#emss; o, wa. Ua,; 3adE, AfFa; I99, Siie-Arh; Heedd, 31 Taal, TR&; ASPiR,
e, 25 Jers, 2023, Fhfowa Reg &, 108 (4)

229. FHATARE FRARH # STTHRATT TEIATARE: Fufeiar Falford ATISICATIC 0T, Foe, TAY; &, god &.; T,
Fouds, 4 feueR, 2023, #ifaw gaew &, 108 (23)

230.a feuer yonfoat & fav Raa-wiias A # sroreliar Fdeafesn, awadf, dta; goey, §4W; T, Houas, 9 3ace,
2023, silfas geem &, 108 (16) (16)

23177 & TG FARe R FARR-TCE AT 3R T i R, e, @ amsde, o ; aheH, T
AR, ©.; ¥iAE, TH. o, 29 J=ad), 2024, foea Reg &Y, 109 (2)

232.Gd2MnFe0O6 # FAcERIga 3T 3R a3 b geficdel amar: dedhrr gamem 3R Siear-coR Fawuor &1 #ged, &, T;
g, T; Hisd, Ua; #iffiw, v8,; #o=, S; AsEer, vd,; AR, wa, 25 3/ger, 2023, Wi Reg o, 108 (14)

233. WITAICHS &I W Hegdiedd ohd gEor Y U1 Fe2RuGe H Iohiy &0 & o3 Facusl ¥ URd @Iol RO &l
HaollehaT, ?al'sh_dT-ﬁ, '{!ﬁl’q; T, QFW; o=, faur, CI'@TF, Ql'i?l?__[; éﬁz’r, ﬁﬁﬂ; ﬁﬁ?‘ﬁ, S-Fel133; o, QTS{ o1, W, ﬁ?ﬁg;
Jadra, AfFaw; dia-Siasie, Jol; A, Slid-ATh; Tolal, TRe; ASeR, e, 21 fadey, 2023, fowa Reg &, 108 (24)
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234.314-gEeR RuMnGa # eI %A &1 3cafa o, IRIEeTa; ey, 307, $AR, 3Aw; o/, 3ffany; Aoper, de, 22 39,
2023, frforsrer Reg &, 108 (5)

235.T% FC A0 REOR Alsd # y@ Faicd FS-a8 @Y, SHed, Shef-gad; g‘s’msr TAT; Seoit, careliy; ¥, 37=ie; 9T,
FAICH!; geldE, 915 &1, 5 7S, 2023, fawe feg &, 107 (20)

236.74-3TaF Yol & TANTROT 3R FS-a1E TAGIIUT THAUT F Tehel-hUT Iolell, TG, TRIRET; a1, 3R, 12 A,
2024, fWfSterer Reg &1, 109 (9)

237. GH AR & TFfAer 3 Mn1-xCdxCr204 # U&F Aeolcigaalel HHAVT H 35819, o, Ae; wila, €k orer, sar;
arel, Ry, #iferw, qad; g, AT, divare, &even #@sd, Fo1d; 9, s o g, F.; 9l a9, 22 3P0, 2023,
hfSterer Reg &, 108 (6)

238.RGIR Al H FHAGR WIRRAE sfFer, sulew, Na-a39; s, e, ggm?«r, AT, I, Sollea; A, 39, golHg, 95
., 5 7S, 2023, Mpforwa Reg, &, 107 (20)

239. HIRETFA- 3R GoF-1-9Ra Fafares 3 fBhat 3R ] 9erd 3R ~gela Rart & 9 qoi & fov 3q6 @Afkard,
THAR, HEHol; FAR, Follel; SFR, dNe; FHAR, IT; 3Hayare, d. &,; e, afdy ., 4 &S, 2023, fower Reg @, 107 (5)

240. 3MgAEERR 3R AR WA Y AES & fav salm R{pfa & den awfeEer, sam, we e snfee; gast,
3TEUTE; 3RIETe, & %.; JeTolf, AN, 16 Ha3T, 2024, foewa Reg @, 109 (2)

241.115 Hvg &1 3l e, e, o.; aar, 39, TehadT, TH.; @A, T.; Sleals, 3. 3[ETd, aLa.; SARd, T; d@istaid, o; 3,
S diead, T; SAW, TH.E. UHS e HdTew, A, FfAES, o; o, A HSd, U6, A, UH,; Ao, U
Hﬁﬁ?’lﬂ, 3 ﬁ@é, '\‘ﬁ.; Wﬂ, 3-]1%.; o‘-ﬂﬂT, s".; ﬁ?)'c'.', T, QWS, TH,; ﬁﬁ'&T, LY ‘tﬁm@‘r, ?3.; Q)IE'RT, TH.; T, GT.; ?m‘r, ‘ﬁ.; I-ﬁTr,
&r; |l @ afeEn, & 9, e asaad, 3R, 5 REeR, 2023, fhforwa Reg, €, 108 (6)

242.Vs=13 TeV W pp @l H FAW ARG A IR F3a & FACHINS FgaeY gedl-3hR 93« & a1, TF.
TSI, UA. TH. 3Fel#, &. Rwgl e 3l 23 Waq, 2024, fhfowa Reg 4, 109 (2)

243.VsNN=5.02 TeV 9 Pb-Pb Tawmai H ar warg 3@ & faffed &oif & &g 3<u-wA dgaey, TH. dceidedr, TH. T4.
sEe#, 8. fAwgr T 3. TT 3., 14 Ade, 2023, fhforewer Reg 4, 108 (5)

244 . TaT TS §31T PSSt A VsNN=2.76 TeV W Pb-Pb Tohild H hHTHU & ARIH F K Tod K- SV & S, TF.
TSI, UH. TH. $Eae, &. e we 31, 3 #1%, 2023, o Reg 4, 107 (5)

245.77As # T 3R AvIH U TR W@ 7 F9, Asd, T &.; THadi, T; #ASd, F.; 99, I, w4, 3, Aleey; fow@mE,
dlegsha; A, f; T, T, TH.; gF, TH. &.; WA, TF; T3d, IR; PR, TE. TH.; UL, UF,; Tel, TH;
I, HR; Heerrd, UH.; #dY, TH.; dshadl, UH.; e, Ud,; #@sH, Si; 3reh, va,; e, v,; @shad, 3N.; FAR, T;
aMEarHY, AR, 30 ST, 2023, Whformer Reg 4, 107 (6)

246.VsNN=5.02 TeV WX pp 3R Pb-Pb T #H SHEI-43T 41T ¥ Solaciddl &1 AU, TH. LI, UA. TH. &, & fawgr
TE 3fel. U 37T, 15 Fadey, 2023, fforer Reg €, 108 (3)

247.Ns=13 TeV W pp TTa & FARN J/y NS 3cUesT HF JRIA H AA, TH. ICITEI, TH. TF. 3T, 1. Begr ve
31el., 23 3/¢eR, 2023, fhfotwe Reg 4, 108 (4)

248.73gIeT gt AT 3R 308i+182,184,186W wfafamsit # e ey 3R Aer gemat & S, R, TH.; TG, $.; B,
T; G, Te.; UTel, Hicle]; faellepAR, TUA,; dlesl, H.UH.; FAR, Hed; A, T; FdeT, o.dr; o, v, g,
TA.UA; g, T &, O, dgam; A, Siee; dered, v gestt, ©; gamee, O, 30 #3, 2023, fSieer Reg €, 107 (5)

249.Fs1 ool §31 HIeSs F VsNN=5.02 TeV TR Pb-Pb Taid & waig 0T 3R varg aRAWT & 3dR-Ied FT 3idelieheT, TF.
T, UA. TH. $Fare, . 317, & Reer ve 3rer, 24 7S, 2023, fefowa Reg &, 107 (5)

250. TMETATAEY 3iaReT & gt Uerd 7 e & FH0T W Jad AR Tok NTAIR H0952-0607 A 3aclichel Taell amem
Ay &7 Alsd, FAR, TS, FAR, {pel; 3G, dg; FAR, GeAlel; AR, TehoT; AT, 3T 3T, . F; iAW, afr &, 30
7S, 2023, #Hifaw FeT W, 107 (5)

251.T ~ 130 &7 & 9Ny 1fa & 3cafy fr @ & 131TFAS HT AT, Tehddr, TH.; HCa, TH.; diaw, 3R.; e,
Hifden; Fq@st, Sh; srcermd, &; e, . goel, T SR, edR; A, T 3l Feote; Teel, TH.; S, TH.; & e,
TE; g, TH.UE MEIHT, T,; JHAEA, T.; HSoA, arefiy; ﬂETQT?RIPI, Tg.; Jdi, T ¥, T T, i qf3d, ues; Td, 3K
¥, qeAifSIT; To1Hs, UH.; WTHGT, T, 27 S, 2023, Wishe Reg 4T, 107 (6)

252.79¢i ar & O W FAMATT Foll AMIEsT & womal &7 cqafeud favawor, am, Uet. .; 3o, 36T SHIA, THE TS Jfee;
AW, 3e0TT; 3EETe, & &, 17 A, 2023, fefower Reg &, 107 (5)

253.Te1 ool B3l PoNes H 3T Foi3 W g3ifeieh ITheRar womg & RArca-3meR ReRar, o, geduredy, vh. ua.
gFaH, &, fAweT Te. Te 3el., 29 SeTadl, 2024, faeer Reg &, 109 (1)

254.VsNN=5.02 TeV TR PbPb Tohild & al-H0T ST-3MSTT Tgaey 3R 3o1eh oy Reex, v, Rkf3am, v, 960+, . siceray
, 8. #ifAe, v, &, vE. e, @ 9, AL A, O oifed, St e, . d, tE @R e e, 23 Wad, 2024,
efoterer Reg 4, 109 (2)
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255.9e1 ATeT B3l Plemssy H 3Ty Fonslt W Gy ik -t conaral # ar-apor ey fy ggday, TH. e, .
wH. ¥, & Reer ve 3. Te 31d., 30 AS, 2023, ffawa Reg &, 107 (5)

256.%0d (1) Yeur AT Reyiad # & FATIA IR 3R+ Fow Béaq, soai, T; aefsft, 1 Fa, ofr; ARIE, T; Refowdm,
&; a9, g9, 17 Serady, 2024, fawer Reg &1, 109 (1)

257.8& 3fa| ey w1 3R FF RIE G F 3cued § dFR A AR BN F v Ave Rew 9T geEa w
IIUTY, TH. HRAY, 3R A, TF. Hiceard, &Y. 6iffw, vg. &, vd. &ar, Y. R, wH. &, & @ifea, 9. & w3, s
TTET, &Y. Mg, TH. TR, TH. ROT 3fe . 3T, 16 30T%d, 2023, fforwe Reg &1, 108 (3)

258,519 SEHeoTedl ARV & ACTH § wgle aR & IOi HR RA] G AGEst & S HE FAMAS HEAT, G, T F;
GRAT, Thool; 3TaTel, &Y. o, 3, & &, 11 48y, 2023, fhfoeher Reg 2, 108 (12)

259.VsNN=8.16 TeV T p-Pb Ta@ # waaaeaa iR FBafufia J/y wemswe, ik wwawe SRy sswe, .
TSI, UA. TH. SEH |, & e Te 3rel., 13 fqday, 2023, e Reg 1, 108 (11)

260. HTERIA Jecarrdor aal R NET 32T W GeV YA & W g1y F PR & R, &, Fegwd; FEHdn, A, 30 e
, 2023, #ifas Feftem 3, 108 (9)

261.VsNN=8.16 TeV W pPb cawral & wRas NRE du FGRor &1 gger A9, vhA. AR, 3R, Hcead, wd. deeard, &
iR, TE. &, TE. O, §. R, A A, . e, O oifed, T @ifgd, O &, T34, S 9T, TH. §EN, TH. QR
3fE, 20 FaeR, 2023, Ffowa Reg 21, 108 (9)

262.3oifded ey dadie soish giol SaTfAfd, T ik gifhar avae, e, Rl e, oifds, 25 Soadl, 2024, fowa
Reg 31, 109 (2)

263.3eifFes adigien. SATfAfa, ReRar ik wfaeafe, feary, elifaes; [, RdGls; wwadt, gad, 14 A4, 2024, fowe Reg 3,
109 (6

264.3!13%&‘)@?&-2.1:;11@%343%1?3;%?m%%wmm%ﬁmwmmmmﬁm
e &, 3reura q@si ve 3re., 5 Sad), 2024, ffawa Reg &1, 109 (2)

265.21-F1G dTel Aol Alsel & 39ANT & Th a9 iR R &9 @ wgfoa ars & @en iR wgEeser. A &
geaAe 3R oA F, B, R =il saiee; R, d@a; 19, 96, 18 SieTed, 2024, fhfowa Reg, 31, 109 (1)

266.Vs=13 TeV W Weld-Aeld cid H Sic & AT Z S8 & 3cUed & o0 [Aficsd Hig ARF T AT, TH. 7R, 3R,
Heerdrd, TH. seerard, 2. sifAd, Th. g, & e, . A, v, dea, O aifed, O &, 3d, S @, § |, w.
THR, TA. RO, & {8, 3fE, 6 fAdsy, 2023, Fferewer Reg 31, 108 (5)

267.A TR SaTHIel F AT, TH. TCSIEAT, TH. TH. $Ea#, . Regr 3nfg| ve 31er, 11 3904, 2023, fowa ey &,
108 (3

268.1No-(lc)ALsfr AYHSAT [l el BT [T Fh GLA F eI 3 AeX H S, IURAN, ISl FAR; FAR, 3farer;
3raraTer, Hofte FAR; R, 31, 27 51, 2023, ffower Reg 21, 107 (11)

269.Vs=5.02 3R 13 TeV W pp THal # ey aifa AT arel 3mfAa ol o SRR gwc, o, g, . .
sEen#, & fAwgr e 3., 11 3regeR, 2023, foerar Reg, 1, 108 (7)

270. 5T FuRE & & AeT Fles 3N w@d & AU Faica Al @rel, devel, Sarely; ghale, TiAel, 27 Wadl, 2024, Thiorre
Reg 31, 109 (3)

271. AeATH BTt # ST PRRAT & WY Us-g-Us 39 Afeter & 39T o e fhu a0 Bl & ar &l JafiAm, 3.
Heerdd, td. sicerad, 1. sifdd, va. e, e, g, A e, AL A, @ arferd, O &, 34, St e, o 9, o
R, TA. 2RI, M| e, 5 fAdw, 2023, fFfowa Reg &1, 108 (5)

272.s=13 TeV W WEiA-Aeld chid # aF 23ifdieh &7 & &/ 1 W@ 1 vee 3N e 3equey aifd & aryr 3ifas e # «
A & FRAARE WEERt & Togar SIS 3cues B ST, TH. AR, 3R, Heewd, TE. HecrEr, 3. #ife, e &,
TE. e, A S, v, A, O giferd, @ . 34, St @, Ay, T @R, TA. RO, M, 19 SelTs, 2023, fforener
Reg 31, 108 (1)

273.PICO-60 CF3I 3R C3F8 el Idq¥ & Y 3elder 3% AX-wgfFerad v H @ier ve 3., 5 fdey, 2023, iawa
Reg 3, 108 (6)

274. Js=13 TeV W Weld-Sieia et # fi-2ar fhw a1 B9e gogde Taeh # F@hol e & @i, 3R, scead, T
weerard, 2. s, Th. e, T, &, . ey, AL A, 9 arfed, O . 13d, S @, €. @1, TE. @R, TH. RO, &
&, T, 3R e, Te 3, 13 Felrs, 2023, fSrer Reg 21, 108 (1)

275.13 TeV pp THIG H GeA3T #F JHET 877 Aguia &1 3939 & v A 7 @ Fad o fi Fas JEr ik &
qEes Z a1 feew dae enfae €, vE. R, va. o9, . Aceer, 9. sifde, v g, v g, . e, T 3 o
qiferd, ST, @@, & T, TH. WHN TC. T, 10 I, 2023, Wfsterer Reg 31, 108 (3)

276.Vs=13 TeV W WelA-Neld el F ep 3ifas @ear & Reg o= 3 3ifalea g e & oee-targ & Seowe
T aTS &7 F TS, TH. 9T, TH. Fcera, 3. A, va. &, vy, o, & aesR, 9. uifod, S areT, o g, .
TR, 371, T, 10 3Hegsi, 2023, Whisiener Reg 31, 108 (7)
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277.Ns=13 TeV W Peld-HIeled <old # SIRIA-H-ATT 36U & T@Ie W HRAT &1 31200, TH. ICIIed, UH. TH. ST,
&r. Rwer e, ve 3, 8 RHeR, 2023, fFforwar Reg, &1, 108 (11)

278.FeHee W AT XY FAlsel: Ueled H 3aR-Ued iR =ROT HA, §ItR, IMREdS; THR, HqET; T, FTaolslia; a9, 3, 18
fadR, 2023, fFfowa Reg 3, 108 (3)

279.70 370 & ARTAT IHHER FHclT & I9AET e Aol g 3R FgHIY oS =T e, o, HFaniaey; foear,
Hrasaite; asadt, sifaets; Twadt, e #., 20 wEd, 2024, o Reg §, 109 (2)

28036 & Hisead # RATEAA & AR A IFGAA, &t F3, GH; Tehad, fahd &.; e, diegsaifd, 5 s, 2023,
siifaes @aheT €, 108 (1)

281 diaRef@® ar foie: v dfng FRER-INA-FT Tdg 1 GIEUd, e, aTmT; §icT, HMieds; oy, 3Hs, A 7, 2024,
#ifae Tehe §, 109 (3)

282.T% HeHC, oy, TRk W Afpa XY Ruet # aifaelierar-aRa &, TR, 3rqe; wesl, Taofelia; a9, 31, fae 18,
2023, siifas TeeT €, 108 (3)

283, gla-Rae- @R faa-gaaaeEa Asd § 4He H§ YREASS cqoid & HITCTHrg 07, g, H@AA FAR; YeFell, HoT; Yool
faRaery; a3, 3ifdeh; dfSd, Tger, 9 ey, 2023, fhforeher e €, 108 (4)

284. U & o # AAHIHE Fhiclel qaed, 99, 3fH; sTcerrsl, S ., 22 31, 2023, fowma Reg, ¥93s9, 8 (6)

285. JifcrARTaes WG H AvA TAfeE AfRiedr, 37 T e, SER; YHRIwT, FAIRTS; Tsstehl, Ras; gotr, 3nfees;
g, 31e; %, Wi, 23 3ered, 2023, fower Reg oed, 131 (8)

286.7Gfdc ORI 1 TN Fleh BIEA-cG(a1 & foelT SRTGEhI-hIEetioie- A3 Hhavl # Jffwciiesd Tadadr, #d,
HET; FeTalt, ST, Tgerass, Qerer; ARTHIa®, A &., 22 Sadr, 2024, Fiowa Neg oy, 132 (4)

287.WElA-os TG # 3 A GEACKOT & WY Ffed Bolcd & Mew Iohgye Feday, TH. R, 3R, #eed, o
Heerard, 3. #ifA, v, o, v, O, & MER, oA, A<, T deet, o arferd, . &, T34, Sh. @, . 9, T SRR,
TH. eRoT, . g, T, 39N , 1 3, 2023, o Reg ded, 131 (5)

288.5lc #H v §é YU FloT FHGAT, TH. TSI, TH. TH. 3, & f&gr T 3. T e, 26 o5, 2023,
eformar Reg, oed, 131 (4)

289.TATTH! W TH o5 a1 AN UF Bl F U few S &7 F ey, TH 3, TH SRISA1, TH 9996, TH Sicerard, 3
$iif3reh, TH T, T g, 9 aifed, S A1g, TH WER UE 36, 11 SeAall, 2024, o Reg oed, 132 (2)

290.93 B3I HIAGST 7 3T Foll TR TSI AT H 3dR-GGId HT Igell AT, TH T, T TG, UA. TH. EAA,
dr. 37, 50y A, &. Rwer ve. e 3., 25 Fers, 2023, former Reg oed, 131 (4)

291.TATEl R Re-dI T H gIE Coldl & TG H /P YA F A, TH. UL, T §¥E, TA. T ST, 1.
7, 550, @, &. fwer 3nfe. 30, 25 o, 2023, Wforwer Reg aed, 131 (4)

292. 3AH & Siiasael 3R A a0 Fal & A, TH. Feciredny, U, g%, WA, wH. sEaH, 9 T, & RAeer nfe. e
3., 5 Raw, 2023, fowa Reg @, 131 (10)

293.Vs=13 TeV W HIci-HIcis THIG & DO HAT GaRT &1 T 9T I SicH & YFS-oic ORgFaR & AT, TH. TCCIIIedn,
T, §RE, TH. TH. g, 9 I, A, R@egT Te. 3., A4 7, 2023, §ifaw F@eew 97, 131 (19)

294.V s=13 TeV W RelA-WElT caid & J=pJ=y A TFeH §H A% T, TF. IRIEAT, vF. F951, TF. seerany, 3. oifdew,
T, e, T, e, @) R, . aifed St aren, €. A, W @R, e U e, 15 A, 2024, Mo Reg ded, 132

11

295.(\/s=)13 TeV W IIEIA-GCI THIT F 39 Uiee 9E@IT & FAWA-[Ied WW 3c9TeeT T 3iqellehe], TH. SRI3AT, TH. 9, TH.
sieerard, 3. sifAe, T, g, wE. &, A MR, wAL AL O aifed, 9 &, 3d, S A, . 6@, t. WER e I,
RAdsR 1, 2023, #ifaw @aew g7, 131 (9)

296.n AFA § BR 78 & GoIH &7 HT Idcllehed, TH. IRISAT, TH. 97, TF. ficerard, 3. 4, wa. &, v, &, . e,
Y. arferd, S, @er, . 61g, T, WK, M| e 3, 1 RdeR, 2023, WS Reyg ded, 131 (9)

297.V s=13 TeV TR NeTA-Weld chiid H WWy 3cdiee] &l 3ideliehel 3R Hy 3cUlea & @leT, TH. 3, UF. sRISAT, TH. g9,
TE. seerard, 2. sifAw, TE. e, v, g, d e, 9. oiferd, St @rer, €. 9, T, @R, e UE 3., 19 A, 2024,
frformar Reg, oed, 132 (12)

298.Vs=13 TeV W WElA-AIci Taid # daey ariel Hordel T3l & ATeas § AR FoRem ogfear 3R aoaer 3mexr
ST, T, S]IST, T, §39%T, T, deerard, . sifAw, ve. aar, va. &an, . e, vA. A, & wfed, &t & u3a, S are,
. ¥, W, WHR TC. € 37, 6 Fers, 2023, MfSewer Rey ded, 131 (1)

299.VsNN=5.02 TeV W 37eglRTS Pb-Pb Toal # I J/y PRMSHRE & AEIA ¥ BT Aldhed-x WA Teifas
T T S, T, ST, TH. 99, UH. e, Y. $ilfAe, vg. o, v, g, &, e, v, A, O wifed, S @, o
|IE, TH. THN Te. Te 37el., 28 fadsR, 2023, forher Reg ded, 131 (26)
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300.f678 S &1 @ AR Vs=13 TeV W AiA-Hcle catid H 3¢S Adidlol # a9 Farh-Udedrd ofier # 3e% & &
ACTA A Z S B 3Geliehel, TH. s]ISAT, TH. 981, UH. eera, 3. iff e, va. o, wg. &, Y. R, ue. Jd, O
arferd, . AT, &, |IE, TH. THR TE 37el., 26 Sfelrs, 2023, hioiher Reg oed, 131 (4)

301.Vs=%3 TeV W Weld-Yeld e F T Fabh-Udears el & fav ey & &7 & @, ty. siisan, vy, 98, 371,
seerard, v, sieerard, 2. A, v, &, e e, @ M, T A, O aifed, 9 &, sd, S e, o @, T
TR, 3| TT 31T, 7 31Ted, 2023, feforwar Reg oed, 131 (6)

302.Vs=13 TeV W Wele-eia eanra # o faeufia w=gait 3R onoar oy aifa arel geansi # sreR s/ #ex # @,
T, ST, T, S, . Heerdrd, &Y. A, v, e, v g, o die), 9. aiferd, S, e, €. @1, T, W, e @
3., 23 ST, 2024, Ffowa Reg aed, 132 (4)

303.dicH Fard # RFufa s Foae Rew S & IR-36fe S 3cues H @i, TE. R, TH. T, T, ST,
g1, 8ilfa, Ta. g, v, g, €Y. e, v, A, O aiferd, . . 734, S @, €. @7, T, @R, e U e, 25 FellS,
2023, fFfoeer Reg oed, 131 (4)

304.ffiffi s p=13 TeV W pp THIET & 1-occA-Fdlh QGG & ACTH § Icdlied Thek otciFarh & @lel, TF. 39, T4.
ST, T, T, v, scerard, 2. s, vE. &, v g, d e, 9 aiferd, St @, & a5, @ @R, A, 8
wET, 2024, fhforea Reg oed, 132 (6)

305.vereTdy & Al eHtEl H y(oUH) G, TH. TCCIIeA, Ud. gE, UA. UH. sEee, 8. e afe. ve 3, 24
SIeTaT, 2024, frfowa Reg @, 132 (4)

306. 4] BUTAETS AT Tefell fheaAm & Taa-aRage Fedatr T S, HIAHR, FIH; HEUEA, HUAT &.; GTel, fel &,
8 wad, 2024, frfowa ey #eRwew, 8 (2)

307.3M5scg i T-3: Y 3machiaet T & GEX ANT & SR Todmsans 3k el qar ¢ av wirtae aeer Flerid, e
qESH U 3o, 4 &, 2023, Wrforher Reg v, 13 (4)

308.Wﬂ¢ﬁﬁﬂmﬁﬁ#¢raﬁ$$mAaﬁ'm3ﬁTmﬁmmamﬁﬂ$Eﬁirm@g—rair-r:ﬁ?maasqgam,w. TSI,
TH. TH. 35, 3. el Te. U 3., 10 IHEgey, 2023, Hifahr 9, 845

SOQ.WMWW@%-WW-W*WW: G- T A W FA aF & Fgeoe, T
TeSITE, TT. §E, TA.TH. T, . U7, &, RBeer 3nfE, 10 AR, 2023, sifaH g7 &, 844

310. 3METAIN-3MSATCA H FR-IfHT aGFASAT Ffeall FT 39T I dikeedl Seodd AR IR-ATw SR & G Aeema
AT, g, FETRAT; FHAR, 3ferer; rararel, Folle FAR; &7, 3@, 10 S, 2023, HifdHr o &Y, 841

311.Pb-Pb HR Xe-Xe THIdl # g2ich el & HIYET HLA-Ml W HARIT FUN F HUSAR TelTe, TH. TCAIEAM, TI. §G,
TH. TH. 3&A, 0. AT, & Reer sc41fe, 10 AdeR, 2023, siifadr g7 &1, 846

312.Vs=13 TeV R WelA-Ueld coild H IR Fah 3cdlesT Sl AT8Y, T, sRI39T, U, S, UF. ficerary, 2. &iff e, vd. &,
TH. &ar, & MFR, T, HY, 91 arford, S 9TeT, o g, TH. TWHR, 3G TT 3., 10 AR, 2023, Hifadr g7 o, 844

313.5=5.02 TeV W HAYARY pp Tl # 0(980) IcUTee, TH. TCIAEA, T, §R7[e, TA. TH. e, 0. 19, &, Reer .
TT 37el., 10 FAGeR, 2023, Hifahr 97 &, 846

314.Vs=13 Tev W pp @l H g 3R R-eMgr D*+ Joey FAT 9 @1 FT 9galr A9, TH. ICIITed, UTH. TH. ST,
. Rwer 3fe. e 31, 10 AR, 2023, i o &, 846

315.TATTHY H NelT-Weld g F T-§ ST HT Ugell AT, TH ICIITEIT, T, Y6, TA. TH. gF, 9. 397, 5509, A4,
&r. faegr 3nfg. ue 3@, 10 RasR, 2023, #ifadr 97 &, 844

316.s=13 TeV W pp Th1d # QOc IcUlGe HI Tgell HIY, TH TCIIIEA, T, ga, TA. TH. e, d. 19, 8. Riwer 3.
T 37eT., 10 7TgsR, 2023, #if3dhr o= &, 846

317.3R-giFe Sua+ AT & ACTA F VsNN=5.02 TeV T Pb-Pb Ta@ H SFEI-EoT FHl 3cUIGeT H AGA, TH. TSI,
T, §7G, TH.TH. FEe, . 17, 5507, A, & Rwgr ve. 3, 10 4R, 2023, i a7 oY, 846

318.Bs0 = ptp- & 0N & AT HR Vs=13 TeV W eia-vielad eam@l # BO — pp- &7 T @iel, 8. IRIfEar, w6, 999,
TE. seerard, 2. A, T, e, v, g, & W, wA. A, 9. aiferd, S @, §t @1, . WER, T e, 10 e,
2023, siifadr g7 &Y, 842

319.FH-FAT TERReA SAoiEeh HIT YO HT A, TH. TCCIUEAT, TH.UH. ST, &, f&@eeT Ue| Te 37d., Siaad), 2024,
Hifahr o7 o1, 848

320.VsNN=8.16 TeV W p-Pb Taid # (VEN)TY[Fe3NS & 3G T AU, TH. TCCIITEA, T, UG, TA. TH. ST, . 3,
secy, AW, &. =gl Ue 3rel., 10 AdeR, 2023, #ifddr o o, 846

321.VsNN=5.02 TeV W Pb-Pb Tawmar # FLI-Aradl AR 3ERm#AT digdt W AL J/y 396 & A, T, Iecarear, TH.
. $FaE, &1 fawer saaife, wadl, 2024, #ifadr o7 &Y, 849

322.Vs=13 TeV T To@EI 7 3cATF ANeca-q¥es ettt 7§ A(EN3NR-ER arer 3mAfAfa & A, ve. sufsar, @, a9+,
TE. weerdrd, 9. siffs, T e, v ad, . e, v #odh, O oifad, St e, €. @, T WER, Te. TE 3, 10
AT, 2023, HifdHr a7 o, 846
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323.VsNN=5.02 TeV T PbPb gararl & R-efer DO Adiat € feeneda ifaaierd & &oer, va. ki, vg. o35, va. eean,

a1, ilfaeh, TE. g, vE. g, A e, T, A, o aiferd, S AT, . A, . WAR g, A, 2024, sifadr o 6,
850
324.VsNN=5.02 TeV 9 Pb-Pb zawmal & #eg-digar 3R 3rradt faar w gamawlt J/y 3cue #T AT, T, Tcelaredns, Ua.

TH. 5, &1, egl 51| U 37el., BadT, 2024, Hifdsr a7 &, 849

325.TeTeRl # iy, e, verEs-vans 3R AR et F IRARIT-FUT Ieqre A Sgerar AR, TH. geuTedr, T,
. gFa, & fegr 3nfe, 10 gy, 2023, #ifadhr o o, 845

326.Vs=13 TeV W WIA-Ncil caral 7 al I & TTT SoiFeidih W+W- SIS 3cUlesT &l 3dellehe], 3R, $TCerany, TH. Heean,
2. il Ta. g, v, g, €Y. e, v, A, O, oiferd, 9. 34, S @, . A, . AR, T, R, 3fel v, 10
ST, 2023, #ifad g7 @Y, 841

327.Ns=13 TeV W Weld-Uci caiad § IR €19 Fah 3cdiee] o dcliche], TH. 3TA, TH. 3T, 4. 937, U9, Heeard, 3.
A, wa. aef, o, e, o IR, O, oiferd, S @, . A, T, W, e 3, 10 fRdey, 2023, sifddr o &, 847

328.5.02 TeV R IR & FA Pb-Pb el ¥ &A-pT J/y FT PSR, TH. T, TH. g6, TA. TH. gFar, oL,
7, s5q, @, &, Regr . ve 3rer, 10 AR, 2023, #ifasdr a7 Y, 846

329.pp TEMET FH Z ST e S FT TS AT Vs=13 TeV, TH. HARAI, 3R, ¥ecrar, vd. ficera, 2. iffw, wa. &,
T, &, &Y. MR, vA. HA, @ wfeq, dvF. w3a, S g, o |, TH. TR, TH. ROT, o). &g, . a9y, 10 ECICH
2023, siifadr g7 &1, 842

3304Pb—Pb3T\TXe—XeWﬁﬁ@*Wmﬂmmmmﬁm@amwm
A, TH. TCSITEII, UH. TH. ST, &1, =gl Ue. Uc 37, AN, 2024, sifady g3 &Y, 850

331.5gchH AT & ATASATEH Ry TOF H =, F@H, el HIET, AT FAR, BLadl, 2024, Afdr o7 &Y, 849

332.3g01 N & AceIFAH F AEIH F AU GY F YAl NS T I, HER, 3RTIG; dRFAT, I, SH, Fodd; Hs,
AegAE; TR, GHIE; q@Sl, 3=, 10 309, 2023, Hifehr o= &, 843

333.Vs=13 W WRIF-HIcled THIT ¥ 3ceel fSeivce] EEARRI dTel Hea3i # Th AR AT AoRer =gfear 1 @ a9, v,
TS, T, 9o, T, sreerard, 2. S, v, o, v, g, . e, v, A, O arferd, Sf. @, . |, . SRR,
TT. U 3., 10 3P, 2023, Hifadr a7 &Y, 843

334.9¥C3 TSl & W AR & F@ A 3EET #§ TF g Fhor 3R ww Rew de i RERka @ gt faena
THo] 3ATe T Wiel, 3N, Heerd, T, Heerd, 3. HifRE, H. oo, va. &, & MR, v A, O aifed, das. a3,
ST, e, &1, 6Ig, TH. TN, TA. RO, 3| TE 37el., 10 Sfers, 2023, sy o o, 842

335.WW, WZ, a1 WH & tgide &0 3R oo 3oy aifd arel 3ifds sraeamsit & Vs=13 Tev W arfa 3R =yefear &
Rega-FAeiN 3cdest 1 @IS, TH. ARG, 3R, $ecrany, TH. Heerad, 31 siffe, o, &, v, &, . s, . A, O
arfer, @3, I3, S, @TeT, Y. §g, TH. AHR, TH. WL, 31| T 3e, 10 Sfelrs, 2023, s o o, 842

336.Vs=13 TeV W pp Tl # Z 3R J/p & feq a1 & &7 3R J/yp a1 Y ZeAl & jew 3N 2 9 & &7 & @i, 3R.
seerard, v, seerard, 2. s, T, &, v, g, @), e, AL A, o wiferd, drd. sd, S @, . 6@, T @R,
TH. RO, | TE 31, 10 SIS, 2023, S a7 &, 842

337.VsNN=5.02 TeV W PbPb Tald & SicH Faih & Sic HT YT FXh AEIHA FoTal 7 @lef, T, ROSIT, T, I8, TH.
weerard, 3. siffs, va. o, v, g, d. IR, v, A, O arferd, S @, & A, T, WK, e TE 36, 10 A,
2023, siifadr g7 1, 844

338.Vs=13 TeV W Weld-Weld eaia & 3ifal-oic 3ifad 3aear & Ww, WZ, ZZ, WH, a1 ZH 56T g & [Fufed g« arer av
A ST Y WheT, v, 3T, . 9o, w. seerdrd, 3. iR, vE. o, v, e, o ey, v, Al 9 oifaa, 9
T3, ST AT, Y. Ag, T, TSR, 3fe| T 37, 10 R, 2023, #ifahr o oY, 844

339.Vs=13 TeV W NA-Ueld coid & Sic & AT FAH-Red drel d Fah SEY 3cdiesT & Aegd § AT e S| &
@S, T, S]I3T, T, S, TF. Ao, UE. &1, UE. &1, @1 wiferd, TH. @R, 3. UT 37dl., AN, 2024, Sifadr a7 &,
850UATHHT Ffi3ll o ad ey a1 & 3AR-werd F favoe 3R Fffdw, vg. acurar, A, vd. gEaH, 8. e
3. 3rel., AR, 2024, #ifAdr 97 &, 850

340.Vs=13 TeV W Hiela-viele Taa 7 & dic Fark AR &7 a5 ovee & Ay 3ifaw e 7 IR-3egae few s g &
ScdTesT &1 @ieT, . sRI3T, v, 597, U, ey, 3. #ifdw, va. &, vd. g, f. Mok, vA. A, O oo, L. 3a,
ST, @TeT, Y. Ag, T, WER, el Te 3., 10 oS, 2023, s o o, 842

341.Ns=13 TeV W Weld-Ueld caid & Sl 9l & aeereT 3R &7 & &7 3 & Fa6 ol & @Y 3ifaF Eeer § $hg-
AT JF-SY e A @, T, BT, TH. 65, TF. e, 3. $if e, v, gan, v, |, Y. ey, v A, o
arferd, i, |, &, AIE, TH. TWHR, Te. Te., 10 AdeR, 2023, ifash a7 &, 846

342.s=13 TeV W NelA-HIcieT coild F Soaghkl & Tk S & e A &9 i @i, va. k3w, v, 9694, vF. seean, &
#iffieh, Tq. o, v, g, €. MR, A, A, @ oifed, 9. T3d, Sft. @, & 6, T, SRR, 3., 10 ddeR, 2023,
Hifahr o7 1, 846
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343. TATeHl Falialt W 3T ey i # 3aR-Terd w1 favene 3R W, . T, . wE. sEaw, & e
e, 311, AT, 2024, ST a7 &, 850

344.VSNN=8.16 TeV W pPb Taral # y(1S) AHTT &I refeerer Hfaicrdy &1 3regde, va. sif3am, vq. 9+, d. e, ot
A, Ta. o, T, g, . e, AL A, O arferd, Sfr @, . @1, . WK, T T 37, AR, 2024, fifadr a7
T, 850

345.v YNN=5.02TeV W pp, p-Pand Pb-Pb awmal & g raleliol $T 39ANT #¥eh 3o pT W ARG HUT 3cUTesT &l T,

TH. ICIEA, T §C, TA. TH. S, 9. U7, se. @, & fBegr safe, T 3, 10 3w, 2023, Hifddr a7 &,
843

346.pp, p-Pb, 3R Pb-Pb Tam@l & T VSNN=5.02 TeV W IARG-F0T e IV geca H Jomell-376R W FeRT, T4,
TEITEAE, TH. §eE, UH. TH. SEard, 9. U7, 5o, 9@, & et seafel ve, 10 3@y, 2023, Hifadr a7 o, 845

347.VsNN=8.16 TeV W pPb TaH{dl & 39ANT & yp SR H S-H0T AU HgHaY, UH. AN, 3R, Hc=d, TH.
Heerard, 2. i, va. e, v, Oy, @Y. e, v, AW, . e, @ aiferd, @, T34, S @, o A, . SRR, T,
eroT, & e, T, o, e, 10 fadeR, 2023, sifadr o7 &, 844

348.#%f0® & @y IRfiEw Aol FoRX F @Y URETS S & W S, €. ASeR, U9, U Alsd G| T 3., 7S,
2024, fefore 3w g st gfead, 44

349.7@T Sfedf@TEAT Hel el 1 ANoT Tl 3R 3w Al wrEdsffed 3R Aer TSRS Wwsider 7
FHerefSe, JEaTaH, Aefarer; @A, wd gfow; @i, geuisie; o, 399 FAR; S, Tereed, e, 2023, A 9wor & fav
9IET WIE e, 78 (3) I55 520-525

350.%HF T aTell ook SIS 3MERd Jomell & AT BllvHiecdd & AETH ¥ gAfaf@T & 3arll Wetar &1 radieT,
FeTolt, FFIET; TIHR, FET; 16T, AaTel; ERT, AT .; HEATHT, GHTSNA, 28 31, 2023, dafard RAE, 13 (1)

351.Faferd HUHSY & Ifcrefer TOT FHAVT & SeT 3R, &, FAeA; e, sie; &g, 3eler; IR, FAAT; I3, SRATeh; FeraeeTr,
Feoig, AR, 2023, AsURe o, 15 (5)

352.FR-A Solagiheiored H dwd Sell drd 3R SJsar Al & TYFa GEl & AIH ¥ Sgel Hoplgd Jitareianor, [,
TTS; AR, Aol wshactt, GarT; r, Yaa; Faufd, feasy, 2024 A1 8, 2024, ¥,

353.aAAIRECAg Sm0.5Ca0.155r0.35MnO3T R # dadhra-heller gsmma: Amder el afdd & gefts, HR, Ao
&, FHIeNIET; &I, 37TS., SeTay 1, 2024, 3 3a€AT TOR, 377

354.Gd 3R MnPt % fafa#y qaoe & @l Th TFFd WAcHs IR Y9 S, 9T, Fieda; &, 3S., Wall 15, 2024,
qdelr o fhed, 790

355.(Dy0.6Gd0.4)5Pd2 Ak # geehra 3R faegd gRags qoit i e, 61, Ydg; &, IS, 2023 3FCER 20, 2023, HRAT
aTq FEA & e,

356.Ffd WoR AT @RI TR Hf(1-x)Yx02 Ucell fhedl & =T, TRNg 0= 3R ®RGFady qoi w0 sifede &
3ifAF gaTa T G, e, HIA; ASTYd, IRGATn sy, Riewr; $AR, Ade; FAR, A see, Rar; g, vl
Aaread, RAR]; Hse, TAT &.; FS, ToA; Fa9d, TF.; e, HHel; o1, W, T, A, 2024, 3FgH, 221

357.%H G W T A Folla =ggiad & fAT CoH2F4 WERs sHew H gfafsar, fHe FaAR, Aer oW, w@ 3,
Areieer o, 3. Ra. & aofott, @ deea, AR 78, 28 R 2023, W Bewe SFde U5 #AYsH, 8(2) T.
1202-1207

358. 9Tt SA-Afmadr 3T gor ardy, AuTem F 9 AW arel AT & TR F gaSiE F 3, Ster & N, o v o,
Y A, el WA, WS 2023, WBWE e SIAL, 199 (7) T. 623-630

359. 46Ar(3He, d)47K Scgal SfAfsar 46Ar Wl a9 BaRiT 1 ST & &7 #, 3 §FERI, T M=, g & e 3e., 2023, Seiel
e i Fiha B, y-es Weld Tae § 72Ga 3R 71Ga & WA &R Oelcd H HHfeH gefd, TTFaAR e,
o 3, ghafad I, 3R, wifdd, gsore 3reh, dshad sreerdrsti, fa JES, Ho1F 9 TS, T 3dl., S 2023, hfSrher
Reg 4T, 107 (6) . 064611-1-5

360.y-3Is Wiela T @ 72Ga 3R 71Ga & WH] TR dcd # Tfed Fefd, TIFAR W, o”A 3, RfAd T, 3R
aiferd, Hoalie 3relt, Yehel HeeTTST, 3HSifel HESHT, I UTel TS 37el., ST 2023, Wformar Reg €, 107 (6) . 064611-1-5

361.50% giel T TARNT Ygell f4g#, afesr Bordy, dasr sar 3R 3fAd 8y, 2023, ST AeTdr 3R TecarhyT, 56 (54)
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|TeT 3f¥ecye e gRFraaw Mefaww
& YaeUd A
Fada o@r gt fr Rule

R Raot & R

§He HET SEICTL 3% ~gfFerR fhiorrg & fafiar faaRor &1 oi@r gdiefor fhar g, forast
31 A, 2024 T F Soid e 3R FACT av & o 37 3R g7 @rar 3k afeaar iR
AT TIeAT 3R HGcaqoT AGiehel AlTcIdl AR e ARATcHSE STAhRT hl AR MTA B

e fAaet & v yeua i S

&t 3o AT fAaRol @ IR A & v SFaeR § St IR & 37918 S arelt 39
dR WX Ehd AWl TAT & AR HEAE HT o (Bl fad gedier a1 @gr 3R
fsuer e ¢ g1 3@ fowdelr & fafy fawol & Gady 3R yegfa & fov gl
AR T &1 Borsd, afeaaa 31k WRae afad § & v g ik fAsaer e 2
¢ 3R arEE ar 3 & FROT HfAF Td T F JFA 8

aar wdeTs f Fagd

AR TFAgRT § T &7 319 o@r TeToT & 3R W 3 o JAaRon W 39edr I
gad | §H AR FIdl @R G¥I ¢l S U a0 o@r odiem & #Ad &
AR 39T oGl TIET0T & &1 3T AlGTehl o 3JHR §H oAfcieh JaRASI3N I HeIdTele
AT TRT AR ol oot & aifde Ted AaRor @ gFd gl & IR & 3T 3meard=
gred X & faT o@r 9daT & A S aifee AR 3T fAsuee s arfeul

or@r qdetor A fadi faavoit & uft 3R gendeaon & IR F @ e aad gred ale
& fow gfhard fAsifiea e enfAer g1 go a8 ufhad o@r qiefs & o @k
AT &, orad fada faaxon & #ifae ad faavor & QAT &7 el A §, 98 a8
HIETErST A1 M & FHROT 8T, 3o SITEH HTeholell I A HHY, oI@T TeTeh FEAH Hl R
& fav graf@e 3aRes fAdFor 3R o o & fov 3Ra vfafafes o e #&ar &
drfeh Q&Y oI@m g6 Ufhart daR @ o dh St aRIEAfat & 3uged ghl of@r gdefor &
39T T ST dTell o G@iehel ATAl d IUFAdr AR Yot SaRT fhU 3T oI@iehed MefATHl
I ST &1 Hodhed e & TY-AY fafy Ao & da@aT ge&dfd F1 Fediched i
o e &

EANT AT & o AR @RI 9Ied J@ra{aT H16d §ANT JIWOeT T HT 3TN Y&l el
& fow gaicd 3R 3uged |



T

T a¥ 2002-03 ¥ T T deh U 30 gREYT W 39 §9fa Joed ST I@r aam
gl

gAR AR # 3WIed 3raelieet & el 3R GART FaldA SHHRT & IHgaR iR g v
AT TSRO & AR, oy fqaror RT & 3H dR W E&ihd ol@ihel [@eaidt &
3TET T HEl AR forsuer gfSeepior & g

)31 AT 2024 TF AR $Recge 3w ey foww & Awen & fafa &
Soie efie & #AF #|

i) 39 fafdr & garca a¥ & fow g & 31 3R 99 @a & A J|

i) 39 faf I FaATed a¥ & R defeeT & Wit 3R ST @id & HFer #|

I Frefent 3N Rframrs sraerwant w RO

ST & 3TITd AFET WIS & 8H ROE W & F
T) A I T8 STl 3R TASEOT AR 3R gred fhar § St gAR @aasd A 3R
faeard & IFAR AR WIET & 3eckT & fov 3mavgs ¥

&) AR T A T GART HleleT GaRT AT 3 ofer qedeh W@ 9§ S R 3o
e T AR Sid ¥ Il Foldm ¢

@ 38 ROIE garr Avev v ok o 3R 3mT 3R e37 & faaRoT oI @r qEaei & 317ed
gl
TeT. . Sl U8 Suel & fav,

Tl W@

FRN 302081E

T TH. EY. FHISrelr
TATA: ieThrdl R IEL CARY
fsTeh: 29/06/2024 FETIAT I&IT- 056514

UDIN: 24056514BKAUHHS8044



qTeT $Reare it g Ml

31 7T, 2024 7% & awg fiz

it e sfx agamd ErGals 2023-24 2022-23

Fide/ goft fAfer 1 99,59,96,126.17 83,50,08,900.85
efereT ST st 2 - -
fefRa fAfer / aaiaedt f[Afear 3 46,17,568.85 28,34,652.00
GIerT T ST FETT 4 - -
STRIErT T ST FITT 5 - -
I T AT 6 . -
FAHTT FFATT T TTTETT 7 6,60,41,20,005.92 5,96,59,74,193.46

Fq 7,60,47,33,700.94 6,80,38,17,746.31

TRarafEt
=T qIAT
e e 8 5,29,98,11,216.12 5,15,16,77,936.80
2T S qeag™ 8 3,64,73,37,052.62 3,48,15,90,446.56
1,65,24,74,163.50 1,67,00,87,490.24

fA3ar- [RefRay et [Afer & 9 - .
fAgar- s 10 1,60,50,293.00 2,21,50,293.00
FAHTT TRATET FIT T S0 11 10,14,52,742.49 7,47,00,119.18
T T AfaF =TT 5,83,47,56,501.95 5,03,68,79,843.89

Fq 7,60,47,33,700.94 6,80,38,17,746.31
AE@O @i it 24
ATRTEAF IATT 3T
QTaT 9T s 25

FR St gt = arat w1 e §
(rrd 1) (3 ST U ATRRAR) (T srgT=TaT)
I @ R RAE LA IREUED

AT werw w9 faats & R % sqaw
.Y, F9e(1 U Fuet 5 g,
AT AGTHRT
FRN 302081E
(T . FreTET)
RET
HeeadT gedr 056514

FIAE FISH, TIH T, FHL . 9,
2, Stt.#. waeg, FewEr - 700013
& :29/06/2024

UDIN: 24056514BKAUHH8044




TET SHIS[E AE A

S

31 |, 2024 ST 9T T * T oy i} =y S

qT ;- AT 2023-24 2022-23
fash/aastt & s 12 3,57,350.00 3,33,610.00
EREE 13 1,26,37,82,480.90 1,26,43,99,909.48
S[e A=ETaT 14 - -
IRELKIEIR] 15 - -
TS, THTAT | AT 16 - -
ISR 17 - -
I AT 18 96,38,531.39 1,26,22,785.84
FATE AT A SIRTIAR 1T & Teieh § Frag/HHT 19 - -
AT UL =TT T ATAFRAT
T ofte & wrmata 79,78,76,658.07 32,83,71,386.66
T 2,07,16,55,020.36 1,60,57,27,691.98
;-
TITOAT =7 20 1,65,41,84,071.76 1,21,36,98,409.96
I TATHE =TT 21 24,96,71,372.22 22,88,14,236.08
AT, Tieast uT =7 22 - -
AT/ [ 23 3,217.31 11,993.37
TeIg™ 8 16,77,96,359.07 16,32,03,052.57
T 2,07,16,55,020.36 1,60,57,27,691.98
I I AT & @Il 7 (SeT &

(st ) (3T STATET T ATRIT) (e =)

39 @@ [EEs EEEALS IRECIED
FATL Terr a9 faeiw 6 e 3 sEm
.t Teft O et F R,
T AGTHRT
FRN 302081E
(Ta . FreTe)
e
T 9eq1 056514

FHITE ZTSH, TIH T, FALT . 9,
2, StT.#Y. wa=y, Frerswrar - 700013
feT :29/06/2024

UDIN: 24056514BKAUHH8044




HET EReaye st i s

31 9T, 2024 F 9918 ¥ * forg AT i< spee

T 2022-23 2023-24 SRTAT 2022-23 2023-24
T QT T o /TE:- TTIAT AT 1,04,30,42,478.96 1,02,63,96,410.76
T AT o AE = 22,86,05,024.60 24,95,21,152.22
T @TAT AT 6,60,61,363.72 4,78,87,340.87 EERKILY 11,993.37 3,217.31
qafr 15,34,02,411.40 15,03,39,653.32
TEHTY ST AT & ITH AT S IEEE 61,19,987.00
et 1,21,39,00,000.00 | 1,26,02,00,000.00 rowdt, T, Humardane, ot sy fi = aiarsEet 2,83,92,038.89 1,80,50,693.32
ATt 22,61,70,000.00 26,42,00,000.00 | % fT T foram w =
THATT Y o= TR e - 2,00,000.00
7 T arTSTe % oy AT AT ST 79,67,269.00 2,72,56,580.00
Sruwdy, T, Huaerane, et afz) T 9 aqEe 1,25,32,506.00 2,17,47,889.00 qeT STHT - -
T ST o TR e 12,04,180.00 15,68,161.00 RucicRERIR EIEDr 1,17,68,580.00 1,02,46,964.00
e 61,00,000.00 Frger a1 TagT G 21,40,891.00 99,991.00
AT w4t ST 77 et 3,56,00,587.00 1,66,09,008.00 Frger e it =reg TARAT 1 A 75,07,048.80
o ST & AT 7,500.00 - THTTE AT 2,42,993.00
e ST T aegett 81,97,597.00 1,24,14,373.00
TR 4T 1,07,623.00 3,175.00 U AT AT AT AT S -
EleRntel 1,32,54,991.17 1,00,95,215.39 Elenil 1,74,92,827.00 8,89,24,370.00
eTRET (SHT) 56,68,054.00 Te-arart 2,29,06,900.00 1,02,71,455.00
o Tt 2,08,443.00 15,70,290.85 THTIT 9T H/TF -
T H Tehal - -
T @TAT AT 4,78,87,340.87 6,65,10,027.18
1,57,72,44,790.89]  1,64,80,63,507.11 1,57,72,44,790.89]  1,64,80,63,507.11
(3 ) (3R ST T ATFRAR) (= wgT=Tar)
ELECCIEDEED NSRS IREGED
AT Horwr v faei f fare F sam
. HY. Tt de et ¥ R,
LY TR
FRN 302081E
(TH.ET. FIETAT)
CIRIEIES

gEear aeqr 056514

FIAE FISH, TIH T, FAL . 9,
2, Sft . wa=g, Fierrar - 700013
=T :29/06/2024

UDIN: 24056514BKAUHH8044




wTET $fteede i AfeTer fhkea

T ;1 e / gt Aty 2023-24 2022-23
1 3797, 2023 T VT 9 (F0E) 83,50,08,900.85 70,92,39,807.45
S UStTe = % e s e T
RS ECINRIEEWEREE 15,89,17,130.32 12,20,32,436.40
gStTa = % forw soae foe
At (F-ATST) Aqe™ 20,70,095.00 37,36,657.00
16,09,87,225.32 12,57,69,093.40
99,59,96,126.17 83,50,08,900.85
T ¥ 3T | gSiT A (ITF) FT AT 99,59,96,126.17 83,50,08,900.85
ESEPE SRS
FqgAT : 3 Rytha @i
T 1. T AT aHiEe e [t 64,571.00 64,571.00
2. T T Ay
FHATL FrTT 8,20,473.00 1,61,991.00
TReT=RT T SferaT 7,21,668.00 1,61,991.00
BIEEIE 10,39,750.85 1,27,942.00
26,46,462.85 5,16,495.00
& ueETT s s s F oo afeendt e -2,12,57,978.96 -2,00,53,798.96
=T e F form
AT AaTT &/(F) T -13,68,161.00 -2,26,26,139.96 -12,04,180.00 -2,12,57,978.96
THET TS 3777 ATUHT 9T ATH AT 2,45,97,245.96 2,35,76,135.96
19,71,106.00 23,18,157.00
T 46,17,568.85 28,34,652.00
o=t - 4 IR 0T UF IUTT
[srg=t : 5 FERfarT = 3} SaR
[t - 6 A RIT 0T AT
AT ¢ 7 FAATT TAATC S TTaETT 2023-24 2022-23
A =9 G TRASHEATS F ATIF AT 2,61,97,342.70 2,25,00,147.02




wTeT Reege sitw i el

B I I AT RAT 2023-24 2022-23
ATATE AT o (A5 STHT 19T

AT Tfer % forw ST 54,64,679.00 32,61,486.00
T fer 3 o ST 60,19,962.00 41,78,685.00
T T ATTH HTET TIT 59,15,373.00 64,10,391.00
Einkas 47,427.00 52,277.00
Hsfiuady, masfroedt, smésfuadt 6,45,726.00 2,59,532.00
Sfrfros Hewrar 11,46,350.00 12,37,278.00
ffrus TeeTar 17,62,537.00 16,88,137.00
ft T ST AT 3,98,219.00 3,45,831.00

oy AT e § T 7,373.00 8,671.00
THATSUAST TEHTLT ThTAT AT 21,14,750.00 20,57,206.00

THALUAN ST qEeqt T aaeaar 90,540.00
BIEECIEIRNIERE] 2,33,863.70 2,30,830.70

VEAREIL AN GED) 35,268.00 39,448.00
AT AT AT LTI 2T 2,50,28,596.73 2,44,88,133.93
- AR ST F@TAT T 2,08,87,607.89 1,96,25,440.91
a7 7 fFw o e = 8,143.00 8,143.00
ST ue Wifeaw fead 18,540.00 20,140.00
Sfroeue fvgar gmar 3,04,195.00 2,47,609.00
EcnED] 2,69,85,272.90 2,72,33,289.90
TorT 3T 2,48,99,503.00 2,34,73,100.00
fafay. Tt 12,31,274.00 9,31,274.00
U Yo HE TFE H FHAT T FEETdr 10,64,018.00 11,69,998.00
et &t AU Yo %E oee § geeadr 14,67,606.00 16,04,619.00
TSI T I 37T 3,18,042.00 7,35,168.00
THEET 9T =TS 5,17,696.00 4,56,780.00
12,65,22,022.22 11,98,54,008.44

ot JrEE 2023-24 2022-23

TerSTert S[ea & fofT STaeT= 15,01,809.00 15,08,867.00
SAGTIAT [ o T ST 30,000.00 30,000.00
IUTST T 39T  forg smaerm 21,89,99,829.00 23,04,70,854.00
SUTIST T SRS TS TRIT T STIET 21,43,39,680.00 22,43,72,659.00
ITHRI Fore T ITaem 6,01,65,29,323.00 5,36,72,37,658.00
6,45,14,00,641.00 5,82,36,20,038.00
T 6,60,41,20,005.92 5,96,59,74,193.46




e $TEeeye 3t =g hforera

FTAT: 8 o afeeat
T AF qAHAT A2 sl
a9 3 FE ELER T F oy A F ELEE R

=T I F g 7 fie-4 Ean T TE Erkd e F e El e

Bl AT iz frf FoaH # "t e THTAST # "t T

# 7T e AT b SRk ESREIk ESREIk gl

% = g, . . . . . . . . = g, = . = . LS
ik | K

1 wgzfra@ T 24,98,280.27 - - 24,98,280.27 - - - - 24,98,280.27
2 O 10% 53,24,63,842.59 - - 53,24,63,842.59 22,56,57,937.89 2,77,60,498.14 - 25,34,18,436.03 27,90,45,406.56
3 9EH- AT 5% 8,87,50,926.00 - - 8,87,50,926.00 4,94,31,104.95 19,42,934.78 - 5,13,74,039.73 3,73,76,886.27
4 - GrAE 5% 24,67,171.00 - - 24,67,171.00 16,00,480.00 43,334.51 - 16,43,814.52 8,23,356.48
5 faeE Rl 10% 15,47,93,339.65 69,23,158.00 5,32,880.00 16,11,83,617.65 5,52,95,663.85 90,69,444.84 4,38,000.00 6,39,27,108.70 9,72,56,508.95
6 g, Hefiedt o 3w 15% 3,74,12,08,987.10 10,98,10,751.32 13,42,889.00 3,84,96,76,849.42 2,66,65,34,781.66 10,35,71,364.23 13,02,366.00 2,76,88,03,779.90 1,08,08,73,069.52
7 WX AT 15% 33,09,091.51 - - 33,09,091.51 14,47,498.96 50,164.59 - 14,97,663.55 18,11,427.96
8 HTEY 3T A 10% 4,19,74,197.91 6,94,552.00 - 4,26,68,749.91 2,27,59,075.11 12,99,454.10 - 2,40,58,529.20 1,86,10,220.71
9  FHTATT ITFL 15% 4,07,92,743.90 72,55,239.00 1,03,108.00 4,79,44,874.90 2,34,74,921.12 27,01,925.63 95,452.00 2,60,81,394.75 2,18,63,480.15
10  FET HEMF ITHRCT 40% 46,01,42,814.85 2,54,40,812.00 2,27,497.00 48,53,56,129.85 40,98,06,053.67 1,43,56,071.96 2,13,935.00 42,39,48,190.63 6,14,07,939.22
11 EashTeT e 15% 8,31,51,419.54 2,15,141.00 - 8,33,66,560.54 2,55,73,973.63 70,01,107.05 - 3,25,75,080.68 5,07,91,479.86
12 3T o=l SOt 15% 1,25,122.48 - - 1,25,122.48 8,955.70 59.24 - 9,014.94 1,16,107.54
5,15,16,77,936.80 15,03,39,653.32 22,06,374.00 5,29,98,11,216.12 3,48,15,90,446.56 16,77,96,359.07 20,49,753.00 3,64,73,37,052.62 1,65,24,74,163.50
et and 4,99,30,07,512.61 16,51,02,137.12 64,31,712.93 5,15,16,77,936.80 3,32,44,07,963.51 16,32,03,052.57 60,20,569.52 3,48,15,90,446.56 1,67,00,87,490.24




areT $Reeege 3T wgfFeray Rhforera

2023-24 2022-23
AT 9
FRaifa / ddawt Aty & A
FagET: 10 Faw-s=
FQEIAT ST § o A ST
1,60,50,293.00 2,21,50,293.00
1,60,50,293.00 2,21,50,293.00
FAGAT: 11 FQAT QIR BT AL AR
. T sieaat
T H ohE AT
F =T Fi F QT =TT @I U S A, 6,65,10,027.18 4,78,87,340.87
O ST (FTATRT THTST) 41,143.00 44,318.00
6,65,51,170.18 4,79,31,658.87
. =, o e s =t wREa iRt
1 =T FHATIAT il AT ATgd ] -
g At srfom 13,50,127.00 17,54,358.00
HIeT AT et /Fhe ¥ /HFTE Teai 74,085.00 83,745.00
FET AT 4,36,227.00 3,69,387.00
18,60,439.00 22,07,490.00
2 W T& FEEt I =
g ¥ AT €7 % €T | IT ITH 1 a1 T & forg
T) ST
iy e & forg s 16,22,526.05 16,22,526.05
FAFTT o B[ 3 TTH STHT FL 82,000.00 82,000.00
et (SeT=ET) F T =T 1,37,969.00 1,37,969.00
HrEuaHT (FUEST) F I 4,7 6,84,000.00 6,84,000.00
ST, AT HLHRTE F I STHT F3 2,431.80 2,431.80
T o qia| T29 § ST Y 16,000.00 16,000.00
Feed = & forw ST 99,378.58 99,378.58
TA/HT F TS H ATTT AT STHT e 1,67,30,980.00 60,83,408.00
ATEHRN o feerelt 3 o ST T e 1,00,00,000.00 1,00,00,000.00
2,93,75,285.43 1,87,27,713.43
Ei) g % (T FHATRET F7 FAA7:-
RIEIEITE] 9,32,688.00 25,61,589.00
STeeRTer AT R 85,000.00 2,29,700.00
BRI ERCIDE ) 2,625.00 2,625.00
e T=ai® 16,110.00 16,174.00
EIEEEIDES 6,70,566.86 3,94,613.86
AR ETHRAT A" - 67,000.00
17,06,989.86 32,71,701.86
=) =7 Y A~
srqfdeatett i Rm 44,269.00 6,46,966.00
44,269.00 6,46,966.00
TTATSTTHT & [o1 [T AT 47 A<
Ei) IS & TRt - 19,14,589.02 19,14,589.02
FT AT 10,14,52,742.49 7,47,00,119.18




HeT $Teege 3w FgfFerr el

2023-24 2022-23
aqgAT ;12 Fosht/EETst §
TIA ATTEISI o [o7T THERTT [ 7,500.00 1,560.00
ATETH [ TTH gl 3,49,850.00 3,32,050.00
3,57,350.00 3,33,610.00
I ;13 SIgEm/AfeasT
i) T T G A -
7 ST ST 9,37,49,247.70 9,01,60,345.96
AT =TT 1,00,52,15,003.76 1,02,86,34,701.96
AT AT 16,48,18,229.44 14,56,04,861.56
1,26,37,82,480.90 1,26,43,99,909.48
1,26,37,82,480.90 1,26,43,99,909.48
[oagfi: 14 e [ [ |
[t 15 Famrdsmr [ [ |
[orat - 16 <raeel, st & a4 [ [ |
[orgfi: 17 aa=w [ [ |
qqg: 18 S
FTATAT T R 32,550.00 40,970.00
AT ATSHT 5,65,110.00 5,75,780.00
T, e s Ferr e 67,36,608.00 66,34,199.00
[EIECEIR] 11,32,251.39 35,43,091.67
TRETSTHTSH  Srr 11,72,012.00 18,28,745.17
96,38,531.39 1,26,22,785.84
A 19 AT AT S Saq w4l @ eerw q
gt
FgEAt ;20 w7 AT
A, AT, AT, TRt
T H o i Yord w2 § aeTEE 56,88,73,093.00 60,57,99,066.00
I 2,30,02,366.00 1,48,05,139.00
EEREE R 2,40,41,755.00 3,08,83,514.00
o, qrfiaTiv Tere ST squg ey #r
T F T AT 32,84,66,473.00 30,90,42,758.00
SIS : FATI ST T 4w 6,01,65,29,323.00 5,36,72,37,658.00
6,34,49,95,796.00 5,67,62,80,416.00
TSI T T 9 @0 § T {527 17 5,36,72,37,658.00 97,77,58,138.00( 5,16,15,05,603.00 51,47,74,813.00
fafRrfesT TriFa & ae 13,28,797.76 9,48,787.96
gt FT =g FE 33,51,700.00 31,18,500.00
STerhTer ATAT T 85,30,112.00 27,03,761.00
Sfrar s 4,14,85,192.00 3,57,05,512.00
T T Tl ST g 0.00 21,420.00
T ATHEAE =TT 40,98,889.00 30,77,916.00
fro= . defiwor g 7,53,540.00 8,06,201.00
AR S[e T 9,60,489.00 10,53,780.00
1,65,41,84,071.76 1,21,36,98,409.96




HeT $Teege 3w FgfFerr el

2023-24 2022-23
I 21 I VA AE AT
ITHRT e, T AT TAT IMed 5,58,43,380.76 5,61,83,258.92
Tt e 3,13,87,978.00 2,83,71,443.00
AT A @@ 3,28,08,570.44 3,02,07,873.38
AT waT 18,682.00 19,800.00
aufha a9 18,83,000.00 26,57,114.00
EEiEa) 1,99,681.00 3,33,190.00
o, gt s 89,742.00 1,84,503.00
FTEA FATHT, TELETE, STHT AT FT 3,19,213.00 4,84,062.00
afaET oF 16,48,900.00 13,75,400.00
TTH, TATHIA 3T TevAe Lok 4,90,352.00 4,50,605.00
foife s oy 24,24,316.76 29,73,339.66
ATAT 3% qfagT 1,23,36,671.00 66,81,378.00
AT, FHHT ST FrAeer 4,30,082.00 99,000.00
TEEIAT Y TRETT 20,78,461.08 2,43,865.00
<@ Trersh T arieetiE 35,400.00 35,400.00
arfaeT = 20,61,370.00 32,99,652.00
FILAT Lo 3,12,615.00 1,18,875.00
IEEIREIE IR 18 6,00,624.00 2,41,753.00
SrET =T 6,74,24,291.00 5,04,12,194.00
[EIECER] 18,31,877.00 19,05,475.80
qieaaT 40,64,554.46 13,98,749.00
EIEED L 3,11,04,935.72 4,08,01,686.84
T9AT [ 1,79,590.00 30,680.00
SATETH 9[eh T ST 39,798.00 1,88,350.00
T AR o 0.00 7,368.00
IR EARREEIR B E I 57,287.00 1,09,220.48
24,96,71,372.22 22,88,14,236.08
31':1@:22 S, GiedsT 9 =
JqEAT 123 = / I TAR
& T9TC 3,217.31 11,993.37
3,217.31 11,993.37




TqTeT IReayeE Aiw g e
2023-24 F ATA AqEH & START Fl 9L

TTHTY ST AT, G & 9T STEE

et T A AT
Aq= qET=

FATIT AR HT T A9 -18,66,357.90  2,63,54,491.83 2,44,88,133.93 1,96,25,440.91
SITE: 9 o I 9T A 1,02,51,00,000.00( 23,51,00,000.00 1,26,02,00,000.00|  26,42,00,000.00
FeTd: NURTATH T AT S a9 3 THES -1,84,49,334.00|  -7,04,75,036.00 -8,89,24,370.00  -1,02,71,455.00

T TqE 1,00,47,84,308.10(  19,09,79,455.83 1,19,57,63,763.93| 27,35,53,985.91
U F9 % FE START AT 147 SqaT:-

gstiTa s

ol i 20,70,095.00 20,70,095.00| 14,82,69,558.32

i ol s 0.00 1,06,47,572.00

LUS LS RCU D

= 1,01,19,51,611.76| 16,82,45,147.83 1,18,01,96,759.59|  9,57,24,020.70

U T -67,36,608.00 -32,59,273.39 -99,95,881.39

AR FOfET, T i< TR

EIECEIPL -70,872.00 -70,872.00 3,46,825.00

s e F oo oy -52,000.00 -52,000.00 -15,000.00

TS A -1,44,700.00 -1,44,700.00

IElEEIDE -64.00 -64.00

e gre= % forg smarem 69,991.00 69,991.00

ST T e F for ST 30,000.00 30,000.00

Y- 1,00,52,15,003.76| 16,48,18,229.44 1,17,00,33,233.20|  9,37,49,247.70

T A e At & s -13,68,161.00 -13,68,161.00

T ISTART 1,00,38,46,842.76  16,68,88,324.44 1,17,07,35,167.20(  25,26,66,378.02
AT AT FT AT AT 9,37,465.34|  2,40,91,131.39 2,50,28,596.73|  2,08,87,607.89




|1eT $icege 3Hh ~giFerR hised

31 AT, 2024 F FATCT ¥ F AT @At F1 REAw goar arel gyt
A 24 AgeAQOT AWwar Aot
L @i G

9 de IeIAT d &gl A, o [Javor efagii@e aned WU & 3MUR W
AR 1 3he, 2002 ¥ g @i T YieHad deufd W dOR fRr S £
durferes g & fU graere fRar Siar & 3R ST e % 3MUR W g
e ard

1L a5 A Hearhe

3, TR, TR IIEH 3R T 1S 1 Hed ARTd W of@mmdr Sidr § 3R
g & a¥ H Tared A Trer fHar smar g

I11. faer

forder omrd W fRT ST § 3R derd & siends], gEnT 1, S eh e o
HTEIEUT I A g 81 e W 3 Wiesa 3MUR I &o T STl &

IV. 39 g9m

4.1 37Tl YT &l TUAGOT FI IRTT W d=T 1T g, [FTH 3aeh IS, &,
4fehar 3R 3ENOT o, Bellall &g, Yo, X IR HRIETr § G d@ol 307
IMeRiEA® R Gcuel =g WiAd § A0 & SEr RISt & dey A
et qa-HuTolel 0T Yolihd IREAUTTEA & Hed & GEAT do1d &

4.2 A 3efereT (Gof A & 3raman) & Aead & gred 3rael Fafdr
3YANT Yoll ARFEIT H FEOd $hise c@RT JdU AT Hedl W YalloT & fow
foram I 41| ETelfh, JeHiae: HIoT g@RT QU AT fACR & R I d
il Rod e Afr F wueaRa & R v )



|1eT $icege 3Hh ~giFerR hised

31 AT, 2024 B FATCT ¥ F AT @At F1 REAr g arel gyt
V. Heger

gy fafTe, 1961 # @Afése X & @R @ #eg geguid W 3w
qafadl W Heded el fohar I §:

T {fA i)
&1, 73T (3MaTE) : 5%
&, AT (ST 3R JI9TRITE) : 10%
&, 999 3R AN : 15%
$. faega wamoar : 10%
U, HTPe | SEd 3R] . 40%
S, AT 3Ya] : 15%
v, A : 15%
3MS. FelraX : 10%
3. T : 15%
&. 3T 3T HARIAT : 15%

a¥ & N fu o oRaded W @ a¥ & v A oemar = g v &
alret et 918 Fufadl W FIS Hederd A6 SRl ST g1 01.04.2002 ¥ g
@he 1§ 3 e T FoRE & g dog R F a¥ ¥ I AR cww W
for@r Smar 81 01.04.2002 & ugel WAL a5 HURIAT & HATHST H Ty & foh &
qred 3T & wifed & ay & R[{fey 33 & &7 & o ar Srar g1

5,000/- ¥9F AT 3HH A HAT dTell FIAT W QT AeTed Fe&leT fhar Srar Bl
Acded & folT UAT 9raemed 2002-03 € &1 Ao 3 3R 4T T # o9
ST & f9ger 39 av & yfdw/are 9w gRumer g8 gsar




|1eT $icege 3Hh ~giFerR hised
31 AT, 2024 Y GATCA ¥ F fAv @rat #1 Rewr e arelt seggEat

VI SR 31t 3R wfews

TATI] St Femer (S1Us), R TSR § 9o 3adt (IR-TIeten) 3R IR-3irarit

(TTST=AT) 3Heferell @l HAFATER AT ST g

T) 37eIeTel T IET-SiEr Wit & 3R W R S g

) ToTEd T & folv 39T Fr ST arell Jietelr 3R IR-Ter A &
gg fewar 39 3R ooy @ # 3T & & F o3 F1ar gl

) golerd =7 & faw 3udier 7 Se arell Al 3R AR-AIer Afer a6
a5 e Eied Afr & & 7 Sher S g

&) Aol AR IR-ANSTAT 36eTeT & To 3Tt AW AR Y dold e &
&IdT 9&T H drel dIat AR graure i & dgd IaRa AW & w9 A
yeia fhar Srar

S) #Rd WHR & WAC Foll Qe & HeE@r  ieg
HAT/fAHEN/TeifAat & e 3Madt (IR-Tieter) 3R IR-3madr (Fisen)
3feferel T AR, TSeer 39T Gt 3R i <@g & fav fhar o= g,
I fafdrse aREsaRt & fav eag aAEr = gl

VIL 9RAS=3i /At & Qv A

IRASTAN/ASAIT & T H Gl el T Iied & JUR R A &
forar Smar &1

IREAA/AS & T Ao et # ImgE AR 6 e F g
ST F e T @ wrRieE aRESE AT & ey st
M & eeTa fe@rg el & 3R IRASAI/ASAN & FaEr & 9o fgert
W AT T spErarEt i At doiw ofie F are aRwuREt & e Tw @
SRS IREASETHASHTH & Rreay ST M ¥ st RS s ¥

VIIL faeelt #qer deeaT

faeel #er & fhv v AFET F AW e Hr ¥ W yafad [Ffaar @ w
forar ST g1



|1eT $icege 3Hh ~giFerR hised

31 AT, 2024 F FATCA a¥ F AT @at w1 Rewr o arelt seggeat

IX. Qarfagha arsr

TG AR Bl AREIAOT & AT wratneT Hisper wAURAT BT ATFE, Ted
ARGl & AT oI qaar & f#AifFe Aedidad & IMUR W IRHE Faere
A el & a1g fHar Sar g

W & AT HGT TAT & AARE HoAhd & YR W FEAH HT &l
T ISl o dgd 37e dlel hAdIRAl $I 92T & forw Y s g FT ey
e amar g1

39 9¥ 38% INUTATGET T R I HT HAgcaqol @IeT g3 & Flfh FATIT
JTaTe YRIAE Jrawr ¥ 31w g

I 25 ITHTFAS A IR @mEt W A
L 3T TEAF SFart

TEATT ST IR F S garT Tlel 3T @ T31 & 6 H 3. 1,67,30,980/- (el
a¥ 60,83.408/- ¥9) S U Iqqgiaa 9 & @y AfGA #A AT @i F
ded AT i W& 918 B

LA & @A SRR 37eraddl AT AT & fAU 3mfEdAs ¢uar, st Avr & faw
dfed g, helgTel Iar oeTer A9 8T gl

1. 9Te], IRE9faET, %ot 3R 3w

Yetel T [T H, Gl TREUTTAT, KT 3R J0A 1 @A Faa@T & SR
TN W Hed 8,5 FA T FH Solg Me A @g 18 For A & a1

I11. STl

IR ATRATATA, 1961 & dgd Pl I AT AT gl glad o HegeloR, I
foT RIS graene 3aIF TG ATAT IAT B



|1eT $icege 3Hh ~giFerR hised
31 AT, 2024 Y GATCA ¥ F fAv @rat #1 Rewr e arelt seggEat

1. fageft #ar deresT
CURIERR>)!

gl Y Oser ay
AT T Hod HISTH IMUR IR IR
) URITH Higd ol STHOT 2,20,72,187.64  3,75,58,469.20
) TR, T 3R 39T a&qU URTAA Figd  11,24,058.56  39,58,003.84
) Setel 2,41,33,821.72 3,06,30,759.84

V. 3o 9T

Hedeld a¥elsl & 3¢6T ¥ 3ol UMl @ 31 AW, 2002 H AdHfed fhar
AT gl 3T FURAT FT HifdE FAGA qUT IS HURT IAER HI 3T

HLa T TS gl

VI. HederH

fad 1o, IRd TR @R RIAT S Farae Al & @rdl & vhaAre
9T & HTHN 2002-03 & & HAfrAT 7 Hederd @idl # &A1 147 §| Hederd
hael 1 38T 2002 & A & SN U v aRads @ gareT fmar mar 81 o
ast & foIv Heged HUfd Gl & QU 8l W &G & sl d Yare fohar S|

VIL Qarfagia amer

YFE, IAHI FARAIHOT AT T & AT 3urfold Saar &1 wraue vagRaer
Hediehel & 3MYUR 9T fohdT 917§

VIIL vadie 3 3 AT & fow oRwET A

HRA THR & WA ot AT & PWod ast & 8 @#or 3R 37 s
arel AT & fAT gred el e (Asn) AR I @A 3R e sfaEt
W YT SIS IRepEHT THT A & R g, Ted sauiat wr g f@#ior,
Al &R, ThAd HYX, Al ATsfohol/FheT, Aigfhel 3 Coel el Tliea &
fore 313w f & I 81 av & et &1 oS agEr IR ueT sare @ i
TaaT A #F SEr aar § 3y iR, It S @, 39 a¥ & v 3adt
3eTaT H TR HX & AT E




|1eT $icege 3Hh ~giFerR hised

31 AT, 2024 F FATCT ¥ F AT @At F1 REAw goar arel gyt

IX. o a¥ 2016-17 & Tl ga7 W Sl e & 3T | g7 i AR
@ 78 & 9w 3 G T & ey ARST fhar amm g At A
aRader safav fFar mr § #2638 Hedgd W yEuEl & JHROT 3R
Qarfagfa ¢Iar & diAfeheh Hediehel & FHRUT FAhRIcHS Yol WIAT g1 S|

X. od a¥ & dHard ihst I, ST S AT g, Yol WHEIhd/gcideyd
forar arar g

XL 3Tl 1 & 25 Hefool § 3R 31 &, 2024 de ol e 3R 3@ Ay
AT ¥ & AU 3 3R 7T @i & Teh 3ot 3097 &

FTERAT 1 & 25 W gEanRR

@A T9) (IR FHAT T AfAT) (Ftae sceEm)
37 aar g+ NE LI [Cticg

~

.. g6t vd Fuer F T

TS WK
FRN 302081E

(TH.HY. FrsTe)

DI [ADY
TEEIAT TEAT 056514
PIAYT g3, TUH del, hoRT . 9,
2, STEY. Ty, Slctehldl - 700013
et 29/06/2024




& gaUd &Y
TadT o @T gl i RAE
sfasy At @rar
i Raont $r R
g WE SEITHT AP SRR R WS 65 & Goee e Rawen &1 e aler
forar &, o 31 AR, 2024 T doiw e 3R AT a¥ & fov Tored @, 3R Ageayor
G AT 3R 3T SATEATCHS SATABRI &l ARIA AASA gl

e faawont & v geue i S

gl 31 fadig faawoit fr 3Oy & fov AR § S #ARd # 39as S« alell 3 dil W
FIhd AW GUBH & AR FEU 1 oy ufd, fad gedie #r #@gr ik faewe
TiSeahior ¢ g1 38 oFAel & fadiy faaRoi & darr 3R wegfd & fov gt snaie
IFor F1 38, FRTadsT 3R W@E afAd § o v T 3R fAsger e 2a § 3R
HETEST a1 e & FHROT Hifdd el TAqE F Hord &

a@T wligs f1 SFAgd

FAR TFAeRY AR 3HifSe & 3MYUR W 3o AT fGaoil &) T T IaFd HeT gl g7 dRAT
UES Ieh3EcH HEAH SaRT ST fhU a0 JifSfear & AT & 36ER 9= ST i &1 3o
A & TN §H sifcieh MERARATIN HT He]dleled ST gram qur fadig faazoi & frdr o
YhR &I ITddadledl gl g, 30 R & 3T 3madd 9ed & & v o@madem fir dierer
AT g JUT 3qT fAsaIGe LT gIam|

AEIeT # o favont A TR qur gRdeul & aR A JErodiET d@eg ued #a & fav
yfsare fsmfed wXeT e g1 o a1 ufkare ammdee & ol w R we €, e
o faavont & srerdere & SIT@AT $T Mehel=l AMA &, Tg g L@rerEr I IS & FHROT g,
3o SNQHA 3Meholell T N FAY, AEOETH AW H AR & AT qrEfas iR Ha=or
ayr fadg Aot & fav 3faa gfafaftcs o TR #ar &, arfe ot d@radier gfshare e
@I ST b S gRTEATHAr & 3ugerd g1 oI@rolieT # Uged olichel SAlicdl i SUFercdr our
UStel GaRT fhU T AWiehed 3TTATAT Sl ST HT Hodiched el o HY-ATY oy faavoi &r
THI T 1 Hodichel A o anfdAeT g

EHART AT § foF AR SaRT UTed SI@TIRIET 18T AR @IS I Hl TUR Yeld el &
T gatea aur 3RT €

T



AN T A qUT §AR Faldd SRy & IR Ul g4 U 9w Fuedieoi & 3efaR, fadig
faaRor IR & 31 IR W Tlhd e Aeyidl & 38T Th T JoUr 3fAq gfSeshior <d gl

T) 31 AR, 2024 T AV AT IS & soid fic & AF H|
&) 38 @ A ACT a¥ & fow 3w & Ioea @ra & AF H|

T, . Fefll U3 &uell & forg,

Tl W@
FRN 302081E

v uH. 1. HisTer
TATA: HIcThIAT AN

feetier: 30.07.2024

TETIdT J&IAT- 056514
UDIN: 24056514BKAUIS5135



TRT SReae s YA fhived wiasy f[Afer

31 |, 2024 %7 9917 99 % o Toreg |@rar

2022-23 =T 2023-24 2022-23 & D) 2023-24
S T, LS LS - LS -
=gl F GTd § ST BT T s
IBEEIREIES
2,99,21,912.00 2,72,84,568.00 3,90,83,396.78 2,97,86,654.30
2,53,000.00]== t gde 9% fifeaw 1,40,000.00
2,233.50 (<% THTT 3,669.95
89,06,251.28 |=rfarare =1 amr szraT T4 23,58,416.35
3,90,83,396.78 2,97,86,654.30 3,90,83,396.78 2,97,86,654.30
(=ft st =) T FwTeT A ST T ATRI (RaTR) (Y. vt wgr=TaTf)
39 JET FE T WEr IREtiED
. Y. =1t U Fuet & A,
IIES HPT3ee
TH3TRUA 3020815
(ww.HY. |31
ESIESICARS
T §&AT 056514

FIAY §T3H, Tgell AfoTel, HAT e 9,2, SfY. Y. Ty, HlehrdT - 700013,

& 30/06/2023
UDIN: 24056514BKAUIS5135




1Y)

31 |1, 2024 9% FT a9 Sfie
2022-23 garg 2023-24 2022-23 iy 2023-24
S SR SR SR
EEy gTav ; IREE(®
45,93,36,706.00 | 577 @7 & STgar< 7 42,82,95,872.00 52,53,46,749.00 |STIH=T T o AT 48,74,46,749.00
e -
1,53,00,759.00 | 7% # @777 a=eai #1 FrrerT 1,43,29,275.00
2,53,28,310.00 | 7% # F7<77 &= THr=TT 1,99,42,735.00
3,02,57,382.00 | 7=t & @ra & 747 97T 2,72,84,568.00
7,08,86,451.00 6,15,56,578.00
aq:
1,95,33,000.00 |7 &7z 717 (A7 3,23,53,600.00
8,23,94,285.00 | % & zier7 sffaw fAverT 8,43,20,989.00 66,17,327.00 [F===t %7 =0 1,08,02,216.00
10,19,27,285.00 11,66,74,589.00 -5,51,18,011.00
42,82,95,872.00 37,31,77,861.00
e @1l
ST St ger arfeh fAerer wx
FRATRT 9 : 2,57,84,158.21 |3 7=t 69,29,081.84
T o
12,59,57,074.11 |u=: a9 F S afaery 13,48,63,325.39 CIEILE R ) 36,062.00
89,06,251.28 23,58,416.35|  13,72,21,741.74
T T §, TS AThe 9T, %
13,48,63,325.39 54,10,963.18 [ATr =T =T # & Ty 51,85,493.90
56,31,59,197.39 51,03,99,602.74 56,31,59,197.39 51,03,99,602.74
(=1 s =7 9) T iR oK ST T ATRR (AarRge) (ST, Traw wgr=TEr)
Iq a@T FAETH R
. Y. gt U3 Hue & AT,
IS HAT3eT
TH3TRTT 3020815
(vF.T. FisTel)
e
HeTTdT HEAT 056514

FHIAY B3, Tgell HfoTel, FaT e 9,2, S, &Y. ey, Hlerehrall - 700013,
31: 30/06/2023
UDIN: 24056514BKAUIS5135




"aTET SRELE wf =yfRera e sy faf

1 o 2022 & 31 7T 2023 TF Fasw F FqgA” HTLA-F
£ Fx TR TGRS R = /aeT AT g Ry izt # ari TS 3T st T=7
4. kIS T
(FH TERET T 50%) =
1 T wfegfaet 2024 18-Mar-10 15-Sep-24 8.20%) 35,00,000.00
2 T wfegfaat 2026 16-Aug-10 23-Mar-26 8.00%) 50,00,000.00
3 vl wiaafaat 2027 22-Dec-10 2-Aug-27 8.26%) 65,00,000.00
4 TR T iE 22-Jan-20 17-Dec-29 7.22% 1,48,62,180.00
5 T wiafaat 2028 16-Jul-21 4-Jun-28 6.13%) 1,00,00,000.00
6 vl wiagfaat 2027 16-Jul-21 2-Aug-27 8.26%) 3,00,00,000.00
7 T wiafaat 2035 10-Mar-22 15-Dec-35 6.67%) 1,00,00,000.00
8 AT =T e w2027 (Gﬁ's?ra‘ré) 10-May-21 12-Feb-27 8.23% 50,50,000.00
9 Sfrsirsms 2032 29-Mar-23 17-Jan-32 6.54% 1,00,00,000.00
10 Sfrsirams 2032 26-Jun-23 22-Aug-32 7.26% 1,50,00,000.00
11 6.90 T TSI FT< 2026 (SHaTas) 11-Jan-24 4-Feb-26 6.90%) 50,00,000.00
12 =TT wfagfaat 2027 (DMAT) * 8-Apr-21 2-Aug-27 8.26%) 1,00,00,000.00
13 AT qRTE 2026 (DMAT ﬁ) * 8-Apr-21 9-Jul-26 8.33% 70,00,000.00
14 AT =T (99 2029 (DMAT #) * 8-Apr-21 1-Mar-29 8.95%) 30,00,000.00
15 AT @ fATw 2029 (DMAT #) * 6-May-21 12-Dec-29 7.64% 1,00,00,000.00
14,49,12,180.00
15 T3 ST T AT T (SWBSDL) 2026 11-Mar-16 24-Feb-26 8.88% 1,00,00,000.00
16 TRHT WROT 33T THEU 2028 13-Mar-17 28-Feb-28 8.17% 3,00,00,000.00
17 e TEdTe 2027 5-Sep-19 15-Mar-27 7.85% 60,00,000.00
18 T AU 2028 17-Oct-19 11-Apr-28 8.00% 50,00,000.00
19 T TSI 2026 7-May-21 9-Aug-26 7.63% 1,00,00,000.00
20 i vediuer 17/03/2031 21-Dec-21 17-Mar-31 7.14% 50,00,000.00
6,60,00,000.00
TqoF ANA i (F1 TEDIT 51 10%) 21,09,12,180.00
2 AftrerTg St U Reftegem wite e 20-Feb-15 18/12/24 (40%) 9.20% 36,00,000.00
(TANGEDCO frfire) 2024
3 TTSTET T fea geqre A e 21-Sep-15 24-Dec-26 9.00% 30,00,000.00
4 Tﬁ qTaY FIE forfiee 30-Jan-18 20/01/26 (25%) 9.75% 1,50,00,000.00
20/04/26 (25%)|
20/07/26 (25%),
20/10/26 (25%)|
e Y T § PR w wefa 50% Foft & dax 10% = 2,16,00,000.00
23,25,12,180.00
AW TA 1T GeaTan % A/t (3 Fordrer 7 R EICEN s g
TERITRET FT 45%) wfagar # arda
1 sreuhEtars ferfies 2026 5-Dec-12 1-Aug-26 10.75% 60,00,000.00
3 TTEY FTEAH HIAT9 divs 2024 11-Oct-18 28-Dec-24 8.65% 1,50,00,000.00
4 TTEY FTEAH HIAT9 qivs 2024 19-Jun-19 25-Sep-24 9.25% 1,80,00,000.00
5 froweT 2028 6-May-21 25-Mar-28 8.94% 60,00,000.00
6 ot 2031 16-Jul-21 22-Jan-31 7.00% 5,00,00,000.00
7 ot 2031 20-Dec-21 22-Jan-31 7.00% 5,00,00,000.00
8 grefior fere AR 2027 (T 2027) 11-Apr-18 10-Dec-27 7.70% 1,00,00,000.00
9 grefior fere e 2027 (T 2025) 17-Oct-19 12-Jul-25 8.75% 1,20,00,000.00
10 AT 2029 6-May-21 28-Mar-29 8.97% 50,00,000.00
11 AEHT2030 5-Aug-21 15-Jun-30 7.96% 2,00,00,000.00
12 |7.06% amset 15/06/2030 22-Sep-22 15-Jun-30 796%| 1000000000
13 AT T2T 2025 6-May-21 10-Mar-25 8.83% 50,00,000.00
14 8.93% T % 2029 (feaw 1) 14-Jul-22 8-Nov-29 8.93% 1,00,00,000.00
15 AT S o T U 29-Nov-23 28-Nov-24 6.85% 1,00,00,000.00
fluag ais 45% 91 7 (739 = 22,70,00,000.00
1 THATATS, TS HIhE | qTa180 STHT
10-Dec-20
(GUREIEER] 6.80% 4,34,569.00
®. | A9 5% A A (3 TR RN T A e | g Y [y sifa e
. 5%) w.
1 TS TR gTeAT W e I 15-Sep-17 25,00,000.00
2 TS TR gTeiAT we e I 26-Jun-18 25,00,000.00
3 AT HTSTS Y e 3T o7 3T e W 21-Jun-18 50,00,000.00
4 HATacd (A= a9 AT (el graiae 95
HE WA AT AT 26-Jun-18 50,00,000.00
5 TASTUERAT doee Udies he
AT AT AT AT 26-Jun-18 50,00,000.00
6 RATaH T3l greiae we qTT T -
AT e e 133 26-Jun-18 50,00,000.00
7 TS TR gTEfAT e W e 3 23-Oct-19 25,00,000.00
2,75,00,000.00
el faawr = 48,74,46,749.00




|TET SEIYE 3% gfFaaw foww afdsy f@afer
31 AT, 2024

o Aifaar 3k @mat w Reafert
1. Hgcaqol d@iwe e

(T) o@r WU
g # U av fadfiar faavor UfagTfée aeld Wl & 3ER IR 6
T gl

@ A

Qe &1 HedThet dAETd T fHAT ST §
2. LIt T @idr AV 37,31,77,861.00 TIT §

3. TUod a¥ & 3rest & gl o Taeded g, qEeied R/AT qeedaieyd
T arar g1

@A 99) (3T AT T ATRAT) (M sreeam)
39. oar fAaEs R IGCAED

~

T, SoToil US U,

ToIdY J@hR
FRN 302081E

(TH.TY. FIsTel)

EIIE)TARY

HETIAT HEAT 056514

AT 83, TUH Jel, HFT AT 9,
2, LY. TAeY, Hlefshrdr - 700013
PITHRIAT - 700013

fearer: 30/07/2024




HEATT T ATH:

a¥ 2023-24 & 9I¥F @ET W
o et A e v i 1 FiEaEs fr e

%. 4.

o@r gt fr feogoft

&I IS HRATS

1.

gA dTgl §f¥ceyge 3t ~giFamy hiverd &
Torsl fodfir faaRon &1 or@r gdigror fRar §,
SEd 31 &AM, 2024 d& H# dom de HR
gATd a¥ & fav 3w 3R sy @ar 3R
wIfcea 3R SETal @i 3R Hgeaqur ordishel
AT F1 AR 3R 3T ATEITCHS ATARRT
afAer g

Are fFar

gt 31 fadig faawol & IR && & fov
HFACR § ST IRA & 3UATS S dlell 313
AR W E&hd o@r Uil & HTER HEATH
@1 fodr fufa, o gedte & @ 3R
fasger woF gedd wXd g1 39 SEAelr A
fof ol & iy 3R wegfa & fav
grafae 3dRe F=or & fBesd, sRifeaasT
3R TErEE affe § St v '@ 3R fosaer
T YEd #d g AR wr@ed @ I &
FHROT Agcaqol aTeld S & HFT g1 8

Are fFar ar

AR SFAer § fF g7 39a orEmadiem &
MR W 54 AT Aol @ & T gad
F| EH ARAY TG TR HEAT GaRT
ST WO A OAS AR 3T
AT A gl 3 HTH & HJAR §H
AR MARTRAIIN HT IHeITeAad  HIAT AT
3R facdir faavolt & fifass Tedeae=n & god
g & IR # 3T 3mearad gred #e & fow
AQOET Fr ASAT A AT W IFHT
fasures e anfgu|

daadler A o fgavo & it 3R
JHEIAUN o IR H AQ@OIET d1&T 9red kel
& faT ufshard fasuried aem enfer &1 &
5 iR erEmdieTeRdr & v W AR
WA g TEd i foen # osifas
IAdSTTAT & SANEHAT FT kel ATMAS g, e
gg ur@esr g7 JfC & wROT g 3 SifEH
3Mholell T e H, JWENEThdT €A Hr
=l 3R o fawon & fasger gfafafca

Are fFar




& T yEfaeh 3aRer = W faar sdr
¢ arfeh U I@IIET TihdTe R AT ST Heh
st oRfeufaat A 3ugsd gl o@reder A
39T A S ATl ke At
A HT ST BT Hodlehal HA & HTY-
@y faedhy faarol & goa gEgfa 1 Fedishe
& o QA

EANT AT & & gAR garT gred Sr@rodiam
TIET GARY STETAUETT T HT ATUR TSl el
& fov waied 3R s9ged ¢

el a¥ 2002-03 & o 3T b T TS afdr
W3 FURT ASER FATC @M I R

Ae Har =

AR T A 3WiFd fewforat & srefa 3R
gANT Faldw Sl & HJER dur g4 fu
AT TN & AR, A faavor siRa &
A AR W Elipd of@ihel fAewidal & ey
Teh FET 3R fAsueT eivehior wEdd R &

i) @gr $cege I iy forra &
Jom ofic & A #H 31 AN, 2024 d& &
At Fr afa)

i) 387 A & AT av & fow g & 3
IR ==y @ & A FS H

iii) 38T AT A AT ¥ F SRF HTeT F
it 3R $ETceT Wi & AHr A

Are fFar

3T Fheent AR S 3maegehdnt w
Rare:-

(a)

gHe gg 9 ST AR TasERor A 3R
g fFar § S gAR @afad A 3R faramw
& AR AR JAWIET & 3eged & fav
39S A

Ae Har =

(b)

AR T H HEA GENT &lefel GarT 3afard
3T @ gEash @ a1g g, ST o 3 qEahi
T gAY ST & aT Tl B

Ae Far =

(©)

38 ROIE garr fegew v doiw e 3R 3ma
3R 7T & FAGROT AW GEAR & HTET |

Are fFar ar




sfasy AT @mEr 2023-24 W
oG gfietd H NE W H 7 FaE H R

oar qdeTsd H feogoi

N TE FA

§AS 31 A, 2024 T Heleel doi e AR @mwr
gifcege 3w Ty o & gaAcd a¥ &
for Toed @id 3R Agcaqul ol AiforEt
AR 3T ATEATcHS G & TR H gl
adefor faam gl

A fFar

gt 31 fadr Aol & IR & F v
fSFAER & St #ARA # 39aTs A arelr A aR
W Ehd oE Yeufadl & AN FEAE A
fodrar feufa, fad weeler &1 @@ 3R forsaer
W TEd #d gl 3@ Sl # fad
ferot &1 R R yegfa & fav gl
ke fFor & fBosd, sfeads 3R
e afAd § S uh war AR fAsusr wew
FEd A g IR er@Er ar I F SR
HEcaYUT el 941 & HFA 8l &

A fFar

gAY el § & &7 33U oamadlaT &
MR W 34 ol Aol | e 19 oaed
F| §H AR FAGT AWHR FEAT GaRT AT
AWIET A AS & AR AT AQIOIET
A Bl 3 AR F AR A afdw
AT T JHe[dTeled T AfET IR faeh
ot & sifas aedeae @ AFT g F SR
A 3fRd 3marEd gred #e & v d@redien
T ASTAT F6AT AT 3N 3qHT fASIIGT e
Bl

aadler A i fJarol & a3k
RO & aR H I@TIIET A& 9ed Hled
& fau gfshard &eer enfAe &1 g a1s gfshard
a@aileTs & AU W AR ey § S
ol faaront & s#ifas sredeaeT & SHfEAr # v
Heholel AMfAS &, Ul¢ d¢ er@mersr ar e &
FRUT gl 3 SNEH 3Teholadl PN AT H,
JEleTd GEUE H I & v gl
3aRe Ao 3k fad gt & fav 3fa
gfafaficd W R &ar § arfe o Samade
gihat R T ST T o oRfeufadt A&
3UYFA gl SEOieT A IUEET S arelr

A fFar




@i Afadt T Iugedar AR geud g@Err
v a0 @ik AT b 3fRTar & wmy-ary
e faaRott & daar seqia @1 Hediched &
Y oA B

AN AT § T §AR GaRT 9Iod  or@radiat
[TET §ARY SWAUET TF Bl YR Yld hled
& fow wafeg 3R 3w £

gAl W # IR gAR HafoH SEeRl &
FFER AT gH U I TSSOl & IR,
o fqaRor 9Rd # WHAEId: Fihd d@ihe
foeurdl & 3T @ 3R fAsuer  fSeeor
T A &

F) doim effe & AHS H, 31 AN, 2024 d& A
#r feafa

g) ST T & AFS A, 380 fAfy «r gaAcg
ay & fow 3ifaey)

A fFar =




Yo @TaT 2022-23 T
@ et i e W i 1 FEas f R

o qders i feoqoft

*T IE FRaT$

gA9 31 AW, 2023 d HET $¥eege H®
giFrR ST Ut @id & Heleo TSI
3R $ETAT W 1 @1 ghefor R gl

Ae Far =

geue 3 fadig fAaRol & IR e & v
HFACR § o 9IRA & 379aATs ST dTell 3T d
W THd @ Jeufadl & HgaR FEAE H
o feufa, g weder &1 @dr 3k fasger
WY Y&d d gl 3@ Gl # fod
faeront &1 R R yegfa & fav gl
R faggor & Bomes, sRffeagsr 3R
[WREE AT § S T T@ar AR fsuer g
WEId R § IR uEredr ar e & FRoT
FEAYUT AT FA ¥ AFA 31 8

e fFar /=T

Al SFelr § & g\ 39a o@mader &
MR W 34 ol Aol | e 19 oued
F| FH AR Foldl @R FEATT SarT S
AL A Al & AR U T@IET
A Bl 3 AR F AR A afde
AT ATHT T JHeJdTeleT AT =T AR e
ot 7 i TedeaE @ qFT g & SR
# 3R 3marEs gt w & AT Sr@redieT
H AT ot aifew 3R 3 fasargs e
EURY

Jaer # i oot & o ik
JRERIUN & IR H @IS A& YIod el
& fav gfshard &eer enfde g1 e a1s gfshard
J@OaTRdr & fAvEr W AR & € Sae
o faarot & sifas sedeaet & @At # v
Iehelel QMAS &, U g wr@ersr a1 e &
FROT gl 3 SN@A 3holdl P A H,
AGOTETTRdT TEATA T oAy 3R fad faawor
& fasger gfafafce & for g snaRs
fAgaor W IR axXar § arfe 0dr d@rader
gfhdit IR HT ST T of aRfeufadt A&

Ae Far =




3UYFA gl SEoieT # IUIET S arelr
@i Afadt T Iugedar AR geud g@rr
T av A@ieReT AT B STRAAT FT Hedichet
X & wrg-ary e faaet fr @ s
& Hedichel i o AMA F

AN AT § T §AR GaRT 9Icd  or@radiat
[TET §ARY WU TF Bl YR Yld hled
¥ fow wafeg 3R 3w £

AN T H IR AR waA e &
AR U1 §H QU T TUSEUT F AR,
o fqaRor 9Rd # WHAEId: Fihd d@ihe
foeurdl & 3T @ 3R fAsuer  feeeor
TEJT A &

3 Ay & garca a¥ & o wifaar 3k
AT TTell & ATHT H -S|

Ae Har =
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PREFACE

Right now we are a group of 57 Professors, 151 students and postdocs,
181 Auxiliary, Administrative and Technical category people and about
150 ‘outsourced’ staff. We have 4 Scientific Groups: (A) Biophysical
Sciences, (B) Atomic, Nuclear and High Energy Physics, (C) Theoretical
Physics and (D) Condensed Matter, Surface Physics and Material
Science. We are in the process of recruiting 10 more Professors.

During last year, we have published 361 papers, out of which 125 (36)
articles have been published in journals having impact factor (IF) >5 (6) while the average
IF is 4.4. During the last one year 25 students were awarded PhD degrees.

Homi Bhabha National Institute (HBNI) “Outstanding Doctoral Student Award in Physical
Sciences” was awarded to Dr. Ritesh Ghosh (Thesis Supervisor: Prof. Munshi G Mustafa).
Dr. Ghosh has worked on hot and dense QCD matter.

J B Joshi Endowment Innovation Award by HBNI was awarded to Dr. Kathakali Sarkar for
her PhD research work in cellular computer technology and synthetic biology. (Thesis
supervisor: Prof. Sangram Bagh). This is the first time this award has come to SINP.

Parliamentary Committee on Official Language conducted inspection on SINP performance
in April 2023. Ongoing activities of Official Language implementation in the Institute,
Institutional achievements, etc. were displayed pictorially. The Committee appreciated our
endeavour for effective implementation of Official Language policies of the Government.

As a research facility that is designed to investigate the origin of various elements in our
Universe, the FRENA accelerator is all set to start operating with full glory at its design
capacity from January 2025, which coincides with the 75th anniversary year of SINP.
With FRENA being widely used by scientists from across the nation, it aims to carry
forward the legacy of nuclear science at SINP, which was established by Meghnad Saha's
cyclotron initiative in the 1940's.

As a Grant-in-Aid Institute of DAE, Govt. of India and a Constituent Unit of HBNI,
Mumbai, SINP remains steadfastly engaged in Nation building through training human
resources in cutting-edge areas of modern science.

oz Collndop

March 31, 2024 Prof. Gautam Bhattacharyya

Director
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Researchv Output i terMs.of Publicationy of Scientific Articles

(1st April 2023 — 31st March 2024)

In this period 361 scientific articles (of which 171 are with international collaborations)
have been published in 100 science journals whose average Impact Factor is 4.35.
Among these, 125 scientific articles (of which 81 are with international collaborations)
have appeared in journals with impact factor> 5 and 36 articles (of which 20 are with
international collaborations) appeared in journals with impact factor> 6.

Research output of SINP
in terms of publication of scientific articles
April 2023 - March 2024

250

190

200

150 17

100

50

Papers Published With International Collaboration Without International Collaboration

oNumber of Publications mwith Impact Factor = 5 mwith Impact Factor > 6

Publication in Last 5 Years:

With Number | Average IF > 5 IF > 6
Year Total International of Impact

Collaboration (IC) Journals | pactor (IF) Total IC @ Total | IC
2022-23 320 93 121 4.662 134 56 36 13
2021-22 383 129 122 4.735 165 86 111 | 61
2020-21 368 133 121 4.794 143 66 50 15
2019-20 421 153 143 4.255 110 66 75 38
2018-19 524 256 137 4.175 152 | 113 49 32
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Growp A | Biophysical Sciences

Research Areas

The prime goal of the diverse and interdisciplinary research activities of Group-A is to
further elucidate the fundamentals of biological processes and their perturbations that
might lead to disorders and diseases. The members of the group are actively involved to
explore the underlying mechanism of various disorders including infectious diseases,
neurodegeneration, laminopathies, diabetes and cancers, in order to identify novel
therapeutic targets and avenues through multidimensional and cross-platform approaches.
Moreover, synthetic biology approach is used to study the correlation between electronic
and gene regulatory networks and its application in space bioengineering, designing novel
biological function, biocomputation and programmed therapeutics. The research activity is
also directed towards understanding the origin of enzyme catalysis and computational
enzyme design using multiscale Quantum Mechanics/Molecular Mechanics simulations. In
addition, novel nano-materials are developed for a range of therapeutics and diagnostics
applications.

Major Research Facilities

Protein expression, Incubators, Stackable Shakers, centrifuges (including high speed
purification, detection, ultracentrifuge), Fast protein liquid chromatography, Typhoon Trio,
characterization and Zetasizer Dynamic Light Scattering system, Isothermal Titration
interaction studies Calorimetry, BiaCore Surface Plasmon Resonance

UV-visible spectrophotometer, Steady-state and Time-resolved Flourimeter,

Spectroscopy Single molecule fluorescence set-up, Circular Dichroism Spectrometer

Zeiss Confocal microscope 710 with fluorescence correlation spectroscopy
Imaging Facilities attachment, Nikon Super resolution Microscope, Zeiss Axio-observer, Laser
Capture Microdissection System, Atomic Force Microscope

Biosafety level 2 cell culture facility, inverted microscopes, Rotary Cell
Culture System (microgravity), Multi Detection Microplate Reader

Cell Culture

Cell sorting Flow Cytometers (BD FACS Calibur and FACS ARIA II)

MALDI TOF/TOF, Waters Xevo G2 Electro Spray Ionization QTOP with

Mass Spectrometry Acquity UPLC, Agilent Head-space GC coupled with EIMS. Chromatography

Structural Biology Cryostream Cooler, X-ray Diffraction System (Incoatec)

High Throughput

. NextGen Ion Proton Sequencer
Sequencing

Nanion Port-a-Patch set-up with internal perfusion system, amplifier,

Electrophysiology Vesicle Prep-Pro for Giant Uni-lamellar Vesicles

Research Activities

Disease Biology

At a global level, the largest disease burden comes from cardiovascular diseases, till the
entire world population was shaken by the COVID-19 pandemic. This is followed
by respiratory infections, cancers, neonatal disorders, musculoskeletal disorders, diabetes
and mental disorders. In low and mid-income countries, communicable and neonatal
diseases tend to rank much higher. In contrast, in high-income countries, cardiovascular
diseases and cancers tend to be the largest burden. However, slowly and surreptitiously,
the burden of neurodegenerative diseases is gradually gaining impetus; a primary reason
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for that being an aging population with increasing longevity. But, our understanding of the
most of these diseases remains premature.

Towards this, we focus on studying how changes or mutations in the gene that produces
Lamin proteins (LMNA) can lead to various diseases, including Dilated Cardiomyopathy
(DCM), a heart condition that can cause serious problems like irregular heartbeats and
heart attacks. Some mutations in Lamins are also implicated in ovarian cancers. It has
been demonstrated how a specific mutation in LMNA affects gene expression in muscle cells
from mice. This finding contributes to our understanding of the development of DCM.

Our research has demonstrated that unacceptable alterations in the basic mechanism that
regulates mitochondria - the power house of the cell, can have adverse effects in
development of multiple diseases, like Alzheimer’s disease (AD) - a neurodegenerative
disease on one hand, while also leading to catastrophic immune response in an infectious
disease, SARS-CoV-2. Changes in mitochondrial dynamics, particularly where they form
very long thread-like structures through hyperfusion, signify a stressed situation for cells.
This is also characteristic of a peripheral neuropathy - Charcot-Marie-Tooth (CMT2A)
disease. In all these cases, proteins which should be stably present in cells to help
mitochondrial dynamics are degraded resulting in various disease outcomes.

To understand another neurodegenerative disorder - Huntington's disease (HD), we have
developed a way to measure and potentially control the formation of harmful protein
aggregates in HD. Our ongoing studies focus on a group of proteins known as receptor
tyrosine kinases, which are widely known to affect cancers but their role is poorly
understood in neurodegenerative diseases. The work done so far has demonstrated that
modulating receptor tyrosine kinases can stabilize neurons under AD-like conditions,
potentially offering a new target for therapies. Our researchers has also made contributions
towards understanding how long noncoding RNAs (IncRNAs), initially considered as junk
material in the genome, play roles in various biological processes and diseases, including
cancer.

To elucidate how solid tumors develop, we explore the epigenetic changes and modifications
that alter or impact gene activity without altering the DNA sequence or the genetic code.
Significant contributions have been made towards demonstrating how epigenetic changes
impart chemo-resistance to cancer cells. We propose the mechanisms of modulation of the
changes to re-sensitize breast cancer cells to chemotherapy. This line of research also
strives to investigate potential ways to boost the effectiveness of immunotherapy by
overcoming drug resistance.

Further, our research focuses on a special structure in RNA, called RNA G-quadraplexes
(rG4) that can affect the process of gene translation for production of proteins in cells.
Normally, these structures can block or promote the protein production. Towards this, we
have identified a specific 1G4 structure, which can help cells avoid death (by inhibiting
apoptosis, a special type of programmed cell death) by enhancing the production of an
apoptosis inhibitor protein. It has also been demonstrated that the blocking of these
structures significantly reduces the production of the inhibitor protein by a novel
mechanism that can be a potential therapeutic target.

We have developed biocompatible hydrogels using natural nucleosides and nucleotides,
which have a unique 3D structure and can be customized for various biomedical uses. For
the first time, these hydrogels show effectiveness against Leishmania parasites (the
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causative agent for leishmaniasis), without harming human cells. Interestingly, the
hydrogels damage the parasite's membrane and DNA, potentially offering a topical
treatment for cutaneous leishmaniasis, a very debilitating disease endemic to multiple
states of India.

Structure and function of biological macromolecules

Water is a small molecule that is critical for sustaining life. Just like water, living cells
contain large molecules or macromolecules namely proteins and DNA. These molecules
have definite structures, resembling simple objects like a tree for example. Just like a tree,
these molecules are generally rigid and stout, but in order to do their job, they need to
move, much like how a tree sways in the wind. This phenomenon of the biological
macromolecules is called structural dynamics.

Being very small in size, these macromolecules are invisible to the naked eye and hence one
needs to use different spectroscopic techniques to visualize them. One such method is
single molecule fluorescence spectroscopy. In this regard, we do research to understand the
unwinding of DNA double helix to a single strand, a phenomenon that happens transiently
during DNA repair. To this end, our ongoing research is aimed to understand the
interactions of a protein called DNA helicase with DNA. In a closely related objective, a
specialized fluorescence method like single molecular FRET, using graphene oxide is used
for efficient sensing of typhoid causing bacteria, Salmonella typhimurium.

It is known that for some of the proteins, high resolution X-ray crystal structures may be
available and for some others, no structural information may be available. Regardless, in all
these cases, existing structure, if any, cannot explain the function, which includes specific
conformational flexibility in spatial and temporal scales. In this context, our group works
on understanding how a certain class of protein called enzymes, which catalyze biochemical
reactions, by flexing different parts. We use nuclear magnetic resonance (NMR)
spectroscopy to probe the nature of the movements of these proteins to perform catalysis
(enhance reaction efficiencies). This mode of action is relevant for understanding the
efficacy of L-asparaginase II from the bacteria Escherichia coli, an anticancer FDA-approved
drug used for the treatment of childhood leukemia.

Membrane proteins, particularly ion channels, perform variety of crucial physiological
functions and are important drug targets. In this line, we focus on a prokaryotic potassium
ion channel. It is widely used as a model system to understand entry and exit of ions into
and out of a cell (voltage- and lipid-dependent gating mechanisms), very crucial in not only
transferring information through neurons but also in maintaining proper functioning of
most of the organs of the body. Some of the components of these channels participates in
protein-protein interactions and are targets for animal toxins.

Chemical Sciences and Nanotechnology

Our group works on synthesis and characterization of specialized nanoparticles. In a
related work, the utility of gold nanostar (CAuNS) has been demonstrated for detection of
serotonin and Kynurenine in human serum, as an orthogonal method to existing ones. Our
research activities have further demonstrated that the electronic properties NiFe-based
Nano alloy can be modulated by introducing Cu and P for Faster Oxygen Evolution Reaction
Kinetics. Furthermore, the utility of multiple Gold Nanoparticle Cores within a single SiO;
shell for catalytic sensing has been demonstrated. In one of the works, chemical synthesis
methodology has been demonstrated to dope MnO, with trivalent gadolinium (Gd) and
erbium (Er) ions, to improve its electrochemical performance. This may indicate its utility as
an electrode in all-solid-state supercapacitor devices. Beyond the realm of material
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chemistry, our work has also demonstrated the use of Atomic force microscopy to
characterize the differently ionized states of a protein relevant for detection of dengue virus.

Awards or distinctions received by group members

Sangram Bagh

Elected as the Honorary Secretary, Royal Society of Chemistry (UK) Eastern India Section at
Annual General Meeting at IICB, August 2023

World famous science and technology magazine, New Scientist featured and commented on
our work on solving maze problems with bacteria and the paragraphs starts as “A group at
the Saha Institute of Nuclear Physics in India took things a step further...”; Full story can be
found at :  https://www.newscientist.com/ article/ mg25834422-100-the-unique-promise-of-biological-
computers-made-from-living-things/

Invited as an expert in All India Radio special program ‘Science and G20 Series’ on Al and
Health and its implication in G20 (in Bengali).Aired on 30 July 2023 in Akashbani Kolkata.
[YouTube link: https:// www.youtube.com/watch?v=6qxITTZEqlk]

Continuing as a Fellow of the Royal Society of Chemistry (UK), FRSC

Serving as a member of the Editorial Advisory Board of the journal ACS Synthetic Biology
(American Chemical Society), a prestigious journal in synthetic biology.

Invitation from DD Bangla to discuss on the research work on building Al with engineered
bacteria (in Bengali) 30 August 2023

Interviewed at All India Radio to discuss the research from SINP on building computer and Al
with engineered bacteria.The interview was aired on February 15, 2024 (1st part) and
February 19, 2024 (2nd part).

Invited talks given by group members

Chandrima Das

Investigating the role of epigenetic regulator ZMYNDS in breast cancer therapy resistance, The
University of New South Wales, Sydney, Australia, October 27, 2023

Molecular Insights on the Extracellular Matrix Remodelling in Triple Negative Breast Cancer by
UBR?7, Department of Physiology, National University of Singapore, November 1, 2023

Molecular Architects at Work: Chromatin 'Readers’ Shape Extracellular Matrix in Triple Negative
Breast Cancer, 8th meeting of the Asian Forum for Chromosome and Chromatin Biology
hosted by JNCASR, Bangalore, November 4-6, 2023

Molecular Insights on the Extracellular Matrix Remodelling by UBR7 in concert with PRC2
complex in Triple Negative Breast Cancer, Asilomar Chromatin, Chromosomes & Epigenetics
Conference (ACCEC) hosted at San Francisco, USA, December 7-10, 2023

Molecular Architects at Work: Chromatin Readers Shape Breast Tumor Heterogeneity, 43rd
Annual Conference of The Indian Association for Cancer Research hosted by IISER-Pune. Jan
19-22, 2024

Epigenetic regulation of Extracellular Matrix Architecture by UBR7 in Triple Negative Breast
Cancer, Current Trend in tumor microenvironment and therapeutics - 3rd International Global
Cancer Consortium Conference, ACTREC Mumbai, February 3-4, 2024
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H. Raghuraman

Lipid-dependent gating of a voltage-gated K+ channel, National Institute of Biomedical
Genomics (NIBMG), Kalyani, India, August 22, 2023

Dynamics transitions of the KvAP voltage sensor during lipid-dependent gating, School of
Biological Sciences, TIFR Hyderabad, July 12, 2023

Conformational dynamics of MgtE Mg2+-channel in membrane-mimetics during gating, School
of Biological Sciences, NISER Bhubaneswar, June 05, 2023

Kaushik Sengupta

Effects of DCM mutants of lamin A on nuclear architecture and function, 4th
International Meeting on Laminopathies, Madrid, Spain, May 11, 2023

Oishee Chakrabarti

Endoplamic reticulum-mitochondria crosstalk maintains cellular homeostasis, Tata Memorial
Centre Advanced Centre for Treatment Research & Education in Cancer, April 28, 2023

Partha Saha
Role of Cell Cycle dependent post-translational modifications of Ku protein in its binding with
Replication Origin, Indian Institute of Science Education and Research, Kolkata, September
09, 2023

Sampa Biswas
Optimization of PPIto enhance specificity of human stefin-A against falcipain-2 from the
Plasmodium falciparum 3D7 Strain: A structure-based approach, IPS2023 —Biological Sciences
| NUS Biological Sciences, National University of Singapore, Singapore, June 23-29, 2023

Mechanistic insight of falcipain 2 from Plasmodium falciparum 3D7 strain as a potential drug
target for malaria, 5S0th National Seminar on Crystallography (NSC50), CSIR -Institute of
Microbial Technology, Chandigarh, November 22-24,2023

Sangram Bagh

Building ANN with genetically engineered cells, MICALIS Institute, INRAE, Paris, France, July
14 2023

Computers and ANN with engineered bacteria, Federation of European Microbiological
Societies, FEMS 2023, Hamburg, Germany, July 11 2023

Engineering of Living Bacteria for Building Biocomputers and AI, P. N. Ghosh Memorial
Lecture, Midnapore College, January 29, 2024

Engineering living cells for building computers and Al, Regional Yonge Investigator Meet, RYIM
2024, BITS Pilani, Pilani, Rajasthan, January 18, 2024

Engineering Cells for Computing, 46th All India Cell Biology Conference AICBC 2024,
ACTREC, Mumbai, January 10, 2024

Reprogramming cells with an engineering language, Keynote Speaker, International
Symposium in Biotechnology, ISBT 2023 at St. Xavier’s College Kolkata, October 12, 2023

Al with living cells, Colloquium Lecture, Presidency University, Kolkata, August 23, 2023
Building Computers and ANN with engineered bacteria, Institute of Mathematical Science
(IMSc), Chennai, April 20, 2023

Subhendu Roy
Understanding Protein Catalysis: How to Design an Efficient Enzyme?, Department of
Biophysics, Molecular Biology and Bioinformatics, University of Calcutta; May 11, 2023
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Tofayel Ahmed

Principle and applications of -cryo-electronmicroscopy (cryo-EM) in biological research,
Ramakrishna Mission Vivekananda Educationaland Research Institute (RKMVERI), Kolkata,
Nov 4, 2023.

Molecular landscape of chloroplast and mitochondrial membranes by cryo-ET, International
conference on Molecular and Cellular Electron Tomography 2023, AIIMS, New Delhi, April 22,
2023.

Grid-freezing machine accessories for cryo-tomography users, 2nd workshop on Electron
Tomography of Biological Specimens 2023,AIIMS, New Delhi, April 19, 2023.

Books / Chapters written by group members

Mondal A., Sarkar A., Das D., Sengupta A., Kabiraj A., Mondal P., Nag R., Mukherjee S., Das C." 2024,
Epigenetic orchestration of the DNA damage response: Insights into the regulatory
mechanisms, International Review of Cell and Molecular Biology. Publisher: Academic Press.
https://doi.org/10.1016/bs.ircmb.2024.03.003.
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Growp B | Atomic, Nucleor and Highh Energy Physics

ResearchAreas

Atomic Spectroscopy, Accelerator based Nuclear Physics, Radiation Detectors, Physics at
TeV energy scale, Astroparticle Physics with photons and neutrinos, Dark Matter direct
search experiments; Facilities - FRENA and JUSL

The research activities of the group are spreading over a wide energy range of eV to TeV.
The experiments are being carried out in SINP laboratories and at various national and
international accelerator centres. The major research areas of the group can be categorized
as follows:
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Atomic spectroscopy

Structural phases and defects

Accelerator based nuclear physics studies

Research and development of radiation detectors and their applications
Physics at TeV energy scale

Astroparticle Physics with photons and neutrinos

Dark matter direct search experiment
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In addition, the group is responsible for commissioning and utilization of two national
facilities

+* Facility for Research in Experimental Nuclear Astrophysics (FRENA)
+* Jaduguda Underground Science Laboratory (JUSL)

Research Activities

Atomic Spectroscopy

Electromagnetically induced transparency (EIT) is a non-linear phenomenon in which an
atomic medium, resonant to a weak probe beam, becomes transparent to that same beam
due to another stronger pump beam, resonant to another level. The most straightforward
system where EIT occurs is a three-level system. EIT results from the optical pumping of
atoms into a non-interacting dark state for two coherent optical (pump and probe) fields,
which are in two-photon Raman resonance with a pair of metastable ground states of the
atomic system. This dark state is the coherent superposition of ground states. To generate a
robust dark superposition state, it is essential to have a defined phase correlation between
the pump and the probe fields, called phase-coherent laser sources. They can be generated
from a single laser source using an acousto-optic modulator or an electro-optic modulator.
Because of this population trapping in the dark state, it always gives a narrow probe
transmission at Raman resonance condition, and its minimum spectral width is set by the
ground state decoherence rate. In this work, we have observed double EIT peaks in the
probe transmission spectrum with a four-level tripod type atomic scheme. These dual EIT
peaks originate from the interaction of two Lambda systems sharing a common probe
beam. This interaction results in immunity to power broadening in case of smaller EIT
peak. As the stronger system has an intense pump beam, it dominates over the weaker
system. However, when these systems receive equal pump intensity, they behave like a
normal three-level Lambda systems with linear power broadening. We have established a
critical point to distinguish between two regions: one where they exhibit normal behaviour
and in another, the smaller one initiates its abnormal behaviour. Analytical calculations are
performed to understand this unusual effect.
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Structural phases and defects

Multifunctional conductive nanocomposites based on thermoplastic polycarbonate (PC),
dodecylbenzenesulphonic acid doped polyaniline (PANI-DBSA) and bismuth sulfide (BS)
with good thermal and dielectric properties have been fabricated using solution casting
technique. In this work, different percentages of PANI-DBSA were blended with PC-BS
composite and their electrical and dielectric properties as well as microstructural features
were experimentally investigated. Analysis of positron lifetime data yielded three
components, and it was observed that the increase in positron lifetime parameter viz.,
ortho-positronium (o-Ps) lifetime at the higher concentration of PANI-DBSA, and also
increase in the o-Ps intensity at lower weight percentages of the filler may be ascribed to the
increase in the interfacial space by phase separation of PANI-DBSA, BS and PC polymer
matrix, and the formation of additional cavities at the interfaces of PC/BS/PANI-DBSA
conducting composite, respectively. A decrease in the o-Ps intensity on the increase in filler
level may be the consequence of decrease in the number of free volume holes that are
available for electron-positron annihilation, due to the aggregation of PANI-DBSA. Further,
the effect of PANI-DBSA loading in PC-BS composite on the dielectric relaxation behaviour
has been studied over a wide range of frequencies, from 40 Hz up to 5 MHz.

The results of Ce3+-substitution in place of Bi3+ in BiFeO3 nanocrystallites are reported in
this work. Although Bil-xCexFeO3 (x = 0, 0.025, ..., 0.175) was formed with distinct
crystallographic planes of X-ray diffraction, no structural transformation was observed
unlike in the case of other lanthanide ion substitution of Bi3+ ions as reported earlier. The
nanocrystallite sizes and the lattice parameters decreased during the increase of
substitution. Transmission electron microscopic images also revealed the nanostructure
formation and the decrease of the particle sizes. Energy dispersive X-ray analysis revealed
appreciable incorporation of Ce into the BiFeO3 lattice. The measured band gap energies
decreased owing to the creation of acceptor levels by Ce3+ ions. Distinct peaks in the X-ray
photoelectron spectra at the expected binding energies indicated the presence of the two
oxidation states Ce3+ and Ce4+. Positron annihilation studies proved the formation of
interfacial defects with increase in substitution.

Cadmium oxide nanocrystallites measuring 16 nm-30 nm have been synthesized via a
chemical precipitation method at synthesis temperatures ranging from 400 degrees C to
800 degrees C. X-ray diffraction analysis identified well-defined peaks with no indication of
mixed or impurity phases. The samples were also characterized by transmission electron
microscopy. The band gap energies measured by optical absorption varied between 2.32 eV
and 2.38 eV, thereby indicating quantum confinement effects over the entire range of
nanocrystallite sizes. Fourier transform-infrared spectroscopic measurements demonstrated
the localized surface plasmonic resonance behaviour of the samples. Positron annihilation
studies were conducted to identify and quantify the vacancy type defects, sizes, and
concentrations. Increased annihilation of positrons occurred on the surfaces of
nanocrystallites with dimensions less than the thermal diffusion length of positrons (similar
to 25.4 nm). Defects played a major role in determining the favourable properties of these
cadmium oxide nanocrystallites because defects and parameters such as the synthesis
temperature were strongly correlated.

Phase pure bismuth ferrite (BFO) nanocrystallites were synthesized by sol-gel method. The
variation in the time of calcination at 600 degrees C is used as the parameter to vary the
sizes of the nanocrystallites. X-ray diffraction and electron microscopic studies revealed the
formation of BFO nanocrystallites of well-defined sizes and morphology. The elemental
stoichiometric compositions of the samples were verified using energy dispersive analysis of
X-rays and further by X-ray photoelectron spectroscopy. The UV-visible diffuse reflectance
spectra showed strong absorption at the wavelength similar to 556 nm (2.23 eV) for BFO
nanocrystallites of dimensions 20 nm. For nanocrystallites of sizes smaller than this limit,
the band gap energies showed remarkable increase due to the onset of quantum
confinement effects. The band gap energies showed increase at larger crystallites sizes as
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well, indicating defects formation due to oxygen deficiencies. Positron annihilation
spectroscopy is used to characterize and monitor the defects. The formation of Bi3+-O2-
divacancies significantly altered the positron annihilation characteristics at larger crystallite
sizes.

Accelerator based Nuclear Physics studies

Studies using National accelerator facilities

Proton capture reactions are important in the process of stellar evolution. Investigation of
such reactions near the Gamow window region has been done for some systems and few
others are being planned. Studies on p nuclei synthesis through activation measurements
near the Gamow window region have been carried out for the reactions, 108Cd(p,y), !*3In(a.,y),
144Sm(p,y) and !62Er(p,y). Elastic scattering measurements have been carried out for the
system 113In(a,0) to understand the alpha optical potentials for the p nucleus. The CNO
cycle reaction 19F(p,a) has been measured at higher energies to investigate the direct
reaction and clustering effects. The measurements have been done using p beams from the
national accelerator facilities, VECC cyclotron at Kolkata and 14 MV BARC-TIFR pelletron
at Mumbai. The reaction 85Rb(p,n) has been proposed for in-beam measurements as this
reaction plays a crucial role in the network calculations for calculation of abundance of
84Sr.

Theoretical studies on alpha optical potentials and R matrix calculations for the reactions *F(p,o) and
15N(p,oc) have been carried out.

Studies using International accelerator facilities

The detailed study of theBf+/EC decay of the very neutron-deficient and alpha-unbound
nucleus 115Cs is presented. The measurement was performed at the ISOLDE, CERN where
delayed charged particles and gamma rays were detected. The observed delayed gamma
rays agree with the previously reported characteristics gamma rays of 115Xe. Based on the
experimental observations, the tentative ground-state spin of 115Cs is suggested to be 7/2+
or 9/2+. Furthermore, the measured decay branching ratio of delayed protons exceeds the
previously reported value. Additionally, new delayed alpha-branching ratio and several
reconstructed proton and alpha-unbound excited states of 115Xe have been found for the
first time. The properties of proton-unbound states at excitation energies from 3.9-7.9 MeV
have been obtained by fitting the delayed proton spectrum via the Bayesian method. The
measured lifetimes of these proton-unbound states are in the order of zeptoseconds.

Radiation Detectors

Coincidence summing correction for an electrically cooled Broad Energy Germanium
(BEGe) detector in close geometry measurements

The true coincidence summing correction factor for an electrically cooled BEGe detector has
been calculated at far and close geometry set-up using radioactive gamma-ray sources. The
coincidence summing effect significantly influences the efficiency of a gamma-ray detector,
especially at small source-to-detector distances. The coincidence summing correction
factors for the BeGe detector were calculated using both experimental and analytical
methods. Monte Carlo simulation was done to calculate the full-energy peak and total
efficiencies of the detector. Standard, as well as fabricated mono-energetic gamma-ray
sources, were used for the gamma-ray efficiency measurements. The simulated efficiencies
of mono-energetic gamma-ray sources were matched to the experimental gamma-ray
efficiencies by optimizing the detector parameters. The same parameters were used to
obtain the full-energy peak and total efficiencies for gamma-rays of current interest.
Analytical and experimental correction factors were found to agree well with each other. The
coincidence summing effect is found to be significant for source-to-detector distances less
than 5 cm.
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R&D on Gaseous Detectors for Application in Muon Imaging

Gaseous ionization detectors are widely used in diverse field of applications for detecting
particles or radiations. There are several reasons for opting these devices over other types of
particle or radiation detectors. These detectors can be designed as per the requirement of
the application and at much less expense in comparison to others. It matters especially
when detectors of large area are needed to achieve specific scientific objectives. Moreover,
these detectors can offer precise measurement of location and timing of a particle or
radiation when it interacts with the detection medium and causes ionization of the gaseous
molecules. The electrons produced by this phenomenon are collected after suitably
amplified through a cascade of ionization processes for producing detectable signal by
application of appropriate electric field in the detector volume. This can simultaneously give
rise to a serious issue of space charge which may be often quite challenging in a few
configurations for achieving the precise measurements. Therefore, in order to design an
efficient gaseous ionization detector for a particular application, the dynamics of the
physical processes relevant to the working of the detector should be studied thoroughly. It
can be accomplished with concerted experimental measurements and numerical
simulations.

The Resistive Plate Chamber (RPC) is one such detector which has been opted for non-
destructive imaging of unknown objects by utilizing the multiple Coulomb scattering of
cosmic-ray muons from the nuclei of a matter. The RPC has been put under extensive
numerical simulation for understanding the formation of avalanche of electrons from their
multiplication, its evolution to saturation and streamers with the increase in the detector
voltage due to production of large amount of space charge. As the numerical computation of
the entire dynamics is enormously expensive, the space charge concentration has been
modelled as a collection of large number of line charges. In addition, multithreading
technique has been resorted to maintain a reasonable level of time consumption. The model
has been included as a new class in an existing framework of detector simulation,
maintained by the CERN, for the detector physics community.

A new generation of gaseous detectors has evolved to address the issue of space charge
which is called as Micro-Pattern Gaseous Detector (MPGD). The dimension of its design
features is reduced to the order of few tens and hundreds of micro-meter (micron) for fast
collection of the space charge. Thick Gaseous Electron Multiplier (THGEM) is one of the
members of the MPGD family which has attracted attention for relatively easy fabrication in
comparison to other MPGDs and its robust design, high gain. For building a muon imaging
setup, THGEM is currently under extensive study because of its better position resolution.
Prototypes with different design parameters have been produced by a local industry and
characterized for optimized range of working voltage. Measurements have been carried out
for studying the effect of charging up of the dielectric material of the THGEM on its gain.

Physics at TeV energy scale

Properties of strongly interacting magnetized matter at finite temperature -
Phenomenological study

A large magnetic field is expected to be produced in non-central relativistic heavy ion
collisions. Study of the properties of strongly interacting matter produced in such collisions
in a magnetic field is of high contemporary interest. We have studied the collective
oscillations of fermion in a magnetic field with the inclusion of anomalous magnetic
moment of the quarks.

Mass and spectral function of scalar and pseudoscalar mesons in a hot and chirally
imbalanced medium using the two-flavor NJL model have also been investigated using real-
time formalism of finite temperature field theory. We have also studied the elliptic flow of
the dilepton produced in hadronic reaction in a magnetic environment. Calculations of
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electrical conductivity and shear viscosity of a pion gas in a thermo-magnetic medium have
also been performed.

Studies on QCD matter

The early universe after the Big Bang, was in a state of high temperature and high density,
for a very brief period. To create such a strongly coupled Quark-Gluon Plasma (sQGP) in the
laboratory, mini bangs are produced by colliding heavy ions at the Relativistic Heavy Ion
Collider (RHIC) at the Brookhaven National Laboratory and subsequently at the Large
Hadron Collider (LHC) at CERN. Also the studies using future colliders like Electron Ion
Collider (EIC) will enable further exploration of more avenues in QCD matter. New
implications have emerged in the LHC (in ALICE data), using heavy quarks like for e.g
bottomonia. When the interesting results started pouring in from the LHC in high-energy p
+ p and p + A (small systems), the efforts to characterize the transition from these small
systems to heavy ions (A + A) faced “big questions”, since the small system results have
notable similarities to heavy ions in the higher multiplicity domains. sQGP is a very good
liquid with astonishingly low viscosity, and the recent observations of QGP-like phenomena
in small collision systems have led to interesting implications.

A Large Ion Collider Experiment [International Project]

ALICE Experiment
Hardware

SINP is responsible for the fabrication, maintenance, and upgradation of the 2nd Muon
Tracking station of ‘Muon Spectrometer (MS)’ of ALICE detector. During the RUNS3
experiment of Large-Hadron Collider (LHC), the luminosity of the beams has been increased
substantially. The expected trigger rate in Pb-Pb collision will be 50 kHz. In order to handle
this huge rate, both the High Voltage and the Readout chains of the Muon chambers had
been upgraded on a surface laboratory at CERN. To comply with high luminosity data
(LHC-Run3 experiment), the new Readout plane of second tracking station was designed,
fabricated, tested with ‘Quality Assurance’, installed and commissioned on the existing
Muon chambers at the experimental cite of CERN and the self-triggered SAMPA chip
replaced the existing MANAS chip. The re-validation of High Voltage (detectors) and Low
Voltage (Readout) were done.

Readout Validation
Bending Plane Non Bending Plane
45 Patch cables EAEERARER HEABREER H 46 Patch cables
EEHEEEEEE HBGEERREEEA  EEGEEBEGEE E EE RLRLY
e g EEH”HE“ EEEEEEEHE b
f8 § EEREEE g :n BREE B BE.
[ Eﬂﬂﬂﬂﬂﬂﬁ BEEBBBRERR B B8
BE AE HEEEEE EHHHEEHEBEEHBEHF A
BEHARH 88 Fam SRR W RAE D
B AR RABEEEH DEEEEE RE B
RERABEEEE B HEEE E RE BN LY
R REREEH EARARRRAAR BEREEEEREAE R EEEEE B
B A HAEEEE AAMRAARAARE HEEHREEGEAR BA R DBER B

Readout Scheme of the quadrants of Second Tracking
Station of ALICE Muon Spectrometer (MS) for LHC-Run3

The installed Readout with services in the cavern of ALICE pit
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The physics analysis was carried out using LHC-Run2 data:
Y(2S) charmonium state was measured for the

first time at LHC energies down to zero 51“ PO-PO, [ 502 TOV W;y ”:0 —
transverse momentum, at forward rapidity (2.5 ALICE.25<y  <4.0-90%  (£p)C78(2018)509)

1.2} © Yy (JHEP 2002 (2020) 041) o Wy p
<y < 4) using ALICE Muon Spectrometer (MS). o v(25) v(2s)
The ratio of the inclusive production cross Y TS r.\ﬁ- o
sections of the y(2S) and J/y resonances are oaﬁa vzs) 1
reported as a function of the centrality of the 08F “am : _ )

-

collisions and of transverse momentum, in the 04#{& @BH B —— .
region pr< 12 GeV/c. y(2S) is suppressed by a 0.2} # e B

factor of ~2 with respect to the J/y. These Esys [ﬁpressi T PP colilstonsais "%
results and the corresponding comparisons VSxy =5.02 TeV in ALICE. P, (Gevic)
with calculations of transport and statistical

models address questions on the presence and properties of charmonium states in the
quark-gluon plasma formed in nuclear collisions at the LHC.

Compact Muon Solenoid (CMS) Experiment

The SINP-CMS group has made important contributions in Higgs and BSM physics
analyses using the full Run-2 data as well as Run-3 data from high energy proton-proton
collisions at 13.6 TeV center of mass energy. The group took major responsibilities and
made significant contributions in tracker operations, hadron calorimeter calibration,
electron-photon identification, research and development of the upgraded tracker, and
calorimeter end-cap for future high luminosity runs. The group members are also working
on phenomenological problems in collaboration with theoreticians.

Physics Analysis:

Key areas of involvement in physics analysis have been (1) search for dark matter using
final states with a Higgs decaying to diphoton+MET; (2) SM and BSM Higgs boson studies
in the yy decay mode, (3) search for the rare Z or Higgs boson decays, Z/H = J/U (= pp) +y.

Detector Performance studies:

The group has a long term responsibility on the calibration of the hadron calorimeter
(HCAL). The group has made significant contributions to the L1 Electron and photon trigger
optimization studies for LHC Run-3 and reconstruction, identification of photons in Run-2
data. The group members took responsibilities on tracker data certification including
several weeks of offline remote shift.

Phase-2 Upgrade Activities:

The group has been involved in (a) study of performance of the proposed L1 track trigger to
improve electron and photon rates significantly, (b) study of CMS capability to trigger at L1
rare, low pr, fully hadronic final states as well as rare Higgs or Z decays, exploiting the
power of L1 tracking, and (d) development of the digitizer software framework for the
proposed tracker, (e) Test beam data analysis for the Phase-2 CMS Outer Tracker strip-strip
modules (JINST 18 P04001).

SINP group members have participated in HGCAL test beam, systems tests at CERN and
contributed to analysis (JINST, Volume 18, August 2023). Joint R&D efforts of SINP with
Indian industry partners, TIFR and CERN led to two Indian Companies getting the full
order for manufacturing low density front-end boards for HGCAL in 2023.
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Three students graduated during the last academic year.
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Astroparticle Physics with photons and neutrinos

Multimessenger astroparticle physics has recently emerged as a distinct discipline
providing unique and valuable insights into the properties and processes of the Universe.
These insights arise from the complementary information carried by photons, gravitational
waves, neutrinos, and cosmic rays about astrophysical sources. Key recent achievements
include the first direct detections of gravitational waves and the identification of the first
joint electromagnetic and gravitational wave and electromagnetic and neutrino multi-
messenger sources. The real-time alert system at the IceCube neutrino Observatory,
located in the South Pole, allows rapid follow-up by multi-wavelength detectors to search
for the source of a high-energy neutrino event. The association of the neutrino event IC-
170922A with a flaring astrophysical source, TXS 0506+056, led to the first spatial and
temporal correlation of a high-energy neutrino event with a high energy gamma-ray blazar
(a class of active galactic nuclei with their collimated beam of outflow pointing toward the
observer’s line of sight), detected by Fermi-LAT, and followed up by several other detectors
and telescopes in an intensive multi-wavelength campaign. These blazars are supposed to
be the best candidates for high energy cosmic-ray acceleration and provide suitable
environment to study the acceleration of charged particles to energies beyond what colliders
can achieve in the laboratories. Recently a similar alert sent by IceCube was spatially
coincident with another blazar detected by Fermi-LAT in the gamma-ray band. This
triggered a huge campaign in other wavebands by different telescopes across the globe. We
collected all the data available during this episode and analysed them. Our analysis of the
date using the simultaneous observations in other wavebands suggests that this blazar
could be a possible source of the high energy neutrinos. This motivated us to do a detailed
study and modelling to understand the physical mechanisms responsible for the broadband
emission and explore the neutrino connection with the blazar.

Dark Matter Direct Search Experiment

Calibration of superheated liquid detector (SLD) for dark matter search

The homogeneous bubble nucleation in superheated liquid detector (SLD) can be initiated
by the energetic particles or radiation. The nonlinearity in the heat transfer introduces
chaos in the temperature time series of a boiling system. In the present study, the
acoustical pulses from the homogeneous nucleation of superheated liquid droplets by
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neutrons and gamma-rays have been collected. Nonlinear time series analysis methods like
3D attractor reconstruction and Fast Fourier transformation (FFT) have been performed on
the collected pulses. A qualitative difference has been observed in the 3D attractor and
Rescaled Range (R/S) plots between the neutron and gamma-ray-induced pulses. The
present study is useful for the identification of these pulses induced by the nuclear recoils
as well as for the backgrounds for the dark matter search experiment.

To run the detector for the dark matter search, it is required to calibrate it with neutrons,
preferably with mono-energetic neutrons. But mono-energetic neutron source facility is not
available at all establishments, hence, it was calibrated with quasi-mono-energetic
neutrons produced by Li(p,n) reaction at the cyclotron, Kolkata. The SLDs have been
fabricated at the laboratory and the shock waves generated by the passage of the energetic
particles were detected by the acoustic sensors coupled to the SLD. The measurement has
also been carried out for the blank target and beam-off conditions. It is observed that the
(Pvar) response of the SLD in the low-frequency range is sharper for the quasi-mono-
energetic neutrons from 7Li (p, n) reaction and wider for the poly-energetic neutrons from
241Am-Be. The fundamental frequency associated with bubble nucleation (FF values) is
similar for the neutrons from 7Li-target and 241Am-Be source. The precise characterization
of such detector is required for the application in neutron measurement as well as for the
dark matter search experiment apart from the basic understanding of the radiation-induced
bubble nucleation

Design simulation of the neutron shield for the Superheated Drop Detector is carried out.
Performance of polyethylene (PE), high density polyethylene (HDPE) and water has been
analysed in the framework of the particle transport software package FLUKA.

Facilities - FRENA and JUSL

Facility for Research in Experimental Nuclear Astrophysics (FRENA)

The members at the FRENA facility have been involved in planning and executing small-
scale experiments. These studies have been conducted primarily to understand the
behaviour of the 3 MV tandetron machine at the facility. The experiments have been using
low-energy proton beam and targets like Lithium and Boron. Gas-based BF3 detectors have
been used, along with in-house developed stepper-motor controlled target ladders. All the
targets have been fabricated in the FRENA target laboratory.

Jaduguda Underground Science Laboratory (JUSL)

JUSL is situated at 555 m deep underground at Jaduguda mine, UCIL which is operated by
SINP. Presently JUSL is the only active underground laboratory in India. In the last year,
several experiments have been conducted by the members from SINP, VECC, BARC. The
angular distribution of the cosmic muons using plastic scintillator at the underground and
at the surface lab has been measured by the group of SINP. The energy spectrum of
neutron background has been measured with Bonners spheres, and simulated by the group
of VECC and BARC. The first phase of the radon level at the underground lab is measured
by the BARC group with the radon monitor. The first run of the dark matter direct search
experiment has been carried out by the SINP group using superheated droplet detectors.
The detectors and associated components have been fabricated at SINP lab and the FPGA
based DAQ have been developed in collaboration with VECC. The data was analysed and
the preliminary results is obtained which shows promising results with 2.46 kg-days of
exposure at 5.87 keV threshold indicating the necessity of a larger exposure at lower
threshold in near future.
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Awards or distinctions received by group members

Akashrup Banerjee

Awarded Startup Research Grant (SRG) by SERB (now ANRF) in 2023 to develop a low-background
active cosmic muon rejection target chamber.

Conference / workshop organized by the group

School-cum-workshop on Low Energy Nuclear Astrophysics (SLENA-23), SINP, Kolkata during
November 7-10, 2023

Outreach program on Radiation Physics, Muralidhar Girls’ College, Kolkata, India, August 12, 2023
[in collaboration with Muralidhar Girls’ College]

High Energy Particle and Astroparticle Physics : Data Analysis School (HEPAP-DAS), SINP, Kolkata,
December 5-9, 2023

International Conference on High Energy Particle & Astroparticle Physics (ICHEPAP2023), SINP,
Kolkata, December 11-15, 2023

Invited talks given by group members

Akashrup Banerjee
Research with FRENA: India’s first nuclear astrophysics accelerator, the Thematic Workshop
on Cutting-edge Research in Nuclear Physics: Symmetry, Structure and Applications,
Department of Physics, Presidency University, Kolkata, January 17-18, 2024

Anjali Mukherjee

Charged Particles in Nuclear Reactions: Creation to Detection, outreach programme,
Muralidhar Girls’ College, August 12, 2023

Fusion at Deep Sub-barrier Energies, Workshop on Nuclear Dynamics: Unveiling reactions and
structure, held, Thapar Institute of Engineering and Technology, Patiala, November 3-4, 2023

Fusion at Near and Deep Sub-barrier Energies, Thematic Workshop on Cutting-edge Research
in Nuclear Physics: Symmetry, Structure and Applications, Department of Physics,
Presidency University, Kolkata, January 17-18, 2024

Chinmay Basu
Invited lectures, IUAC School on Nuclear Reactions, September 21-27, 2023

Invited talk, International Symposium on Nuclear Astrophysics, MCNS, MAHE, Manipal,
October 30 — November 3, 2023

Invited talk, SLENA-23, SINP, Kolkata, November 7-10, 2023

Mala Das
The initiative of dark matter direct search at JUSL, India, Presidency University, Kolkata,
September 20, 2023

An initiative for the dark matter direct search experiment at JUSL, International conference on
High Energy Particle & Astroparticle Physics, ICHEPAP-23, SINP, Kolkata,December 11-15,
2023
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Nayana Majumdar

Origin of Elements, Regional Science Congress, Jawaharlal Navodaya Vidyalaya,
Kalyani, Nadia, September 20, 2023

Pratik Majumdar

Exploring the Universe with High Energy Photons and Neutrinos, Advances in Relativistic
Astrophysics (AReA 2023), Nainital, India, November 2-5, 2023

Multimessenger Astroparticle Physics using photons and neutrinos, Multimessenger Workshop,
TIFR, Mumbai, November 21-25, 2023

Sankar De

Spectroscopy in the Zeeman sublevels of Rb using electromagnetically induced transparency,
the school on Introduction to Precision Measurements and Quantum Metrology (PMQM-
2023), International Centre for Theoretical Sciences (ICTS), Bengaluru, July 10-21, 2023

Controlling the coherent phenomena in Rubidium atoms, 1st Raman Conference on Light and
Matter Physics held at Raman Research Institute (RRI), Bengaluru,August 14-18, 2023

Exploring FRENA as a Clinical Diagnostic Tool, School-cum-workshop on Low Energy Nuclear
Astrophysics (SLENA-23), SINP, Kolkata, November 7-10, 2023

Magnetometry using electromagnetically induced transparency and Efficient Four Wave Mixing
in pulsed regime, Joint IACS — IISER Kolkata Workshop on Quantum Sensing and Metrology,
Indian Association for the Cultivation of Science (IACS), Kolkata, December 4-6, 2023

Ion-induced Molecular Fragmentation Dynamics, 1st symposium on Genesis and Evolution of
Organics in Space, Indian Institute of Space Science and Technology (IIST), Trivandrum,
January 18-20, 2024

Experimental methods for Interatomic Coulombic Decay (ICD) and quantum dynamics, 1ICD
Days: International Workshop on ICD and Quantum Dynamics, IIT Madras, February 14-15,
2024

Probing molecular dynamics using two colour and pump — probe spectroscopy, 9th Topical
Conference on Ultrafast Photonics and Quantum Science, ISAMP, Physical Research
Laboratory (PRL), Ahmedabad, February 15-17, 2024

Satyaki Bhattacharya

Discoveries in Particle Physics, JBNSTS Physics Talent Enrichment Program ‘Love for
Physics’, Kolkata, September 30, 2023

Results from LHC, WHEPP XXVII-2023, IIT Gandhi Nagar, January 3, 2024
Physics at LHC, Department of Physics, Shiv Nadar University, Noida, January 18, 2024

Statistical Methods in HEP (Lecture Series), HEPAP-DAS National School, SINP, Kolkata,
December 5-9, 2023

Statistical Methods for Discoveries at the LHC, Sangam Workshop, HRI, Allahabad, March 7-
16, 2024

Ushasi Datta

Journey towards limits of existence of atomic nuclei Theme Meeting on Scientific
Opportunities of ANURIB, VECC, Kolkata, April 27, 2023

Journey towards nuclear drip-line, Workshop on Nuclear Dynamics: Unveiling reactions and
structure, Thapar Institute of Engineering and Technology, Patiala, November 3-4, 2023
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Searchfor sterile neutrino: a candidate for dark matter, Theme meeting on research activities at
Undergroundlaboratory — JUSL, BARC, Mumbai, November 30, 2023

Journey towards drip line, theme meeting on Super Conducting Cyclotron: Experiments &
Applications, SUCCESS -2023, VECC, Kolkata, December 21-22, 2023

Books / chapters written by a group member:

Springer Proceedings in Physics 282 (2023) 61, International Workshop on Advanced Radiation
Detector and Instrumentation in Nuclear and Particle Physics (RAPID2021), 25 — 29 October, 2021,
Jammu, India [Ed: R. N. Patra], Numerical Evaluation of Resistive Plate Chamber, Subhendu Das,
Jaydeep Datta, Nayana Majumdar, and Supratik Mukhopadhyay, ISSN 0930-8989 ISSN 1867-4941
(electronic), ISBN 978-3-031-19267-8 ISBN 978-3-031-19268-5 (eBook), ISBN978-3-031-19270-8
(soft cover) [Published: 09 February 2024], https://doi.org/10.1007/978-3-031-19268-5

Springer Proceedings in Physics 282 (2023) 47, International Workshop on Advanced Radiation
Detector and Instrumentation in Nuclear and Particle Physics (RAPID2021), 25 — 29 October, 2021,
Jammu, India [Ed: R. N. Patra], A Simulation of Primary Ionization for Different Gas Mixtures, R.
Kanishka, Supratik Mukhopadhyay, Nayana Majumdar, and Sandip Sarkar, ISSN 0930-8989 ISSN
1867-4941 (electronic), ISBN 978-3-031-19267-8 ISBN 978-3-031-19268-5 (eBook), ISBN978-3-031-
19270-8 (soft cover) [Published: 09 February 2024], https://doi.org/10.1007/978-3-031-19268-5
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Growp C | Theoretical Physics

Research Areas

The research activities of the group spread over a wide range of areas: Non-commutative
geometry, Neutrino oscillation, non-pertubative Gauge Field Theories, Quantum aspects of
gravity and String theory, Dark matter models, Cooperative phenomena and long-range
orders, Neutron stars.

Research Activities

The members of the Theory Division, SINP have been actively engaged in several branches
of theoretical physics. These cover a wide range of scales: beginning from the world of
particle physics, described primarily by Quantum Field Theory, to the observed Universe at
large, described primarily by General Relativity. These encompass topical research in high
energy theory, condensed-matter theory, classical and quantum aspects of gravity and
black holes and related formal aspects of theoretical physics. An abridged summary of the
specific areas of research is provided below.

Let us begin with nuclear physics. Equations of state describing baryonic matter are
constrained by incorporating experimental data on the bulk properties observed in finite,
heavy-ion collisions, as well as astrophysical observations of neutron star properties like
radius, tidal deformability, and maximum mass. Neutron star properties are then directly
correlated with a small subset of parameters that define these equations of state. This
approach aids in Bayesian analyses, which are typically computationally demanding, by
simplifying the parameter space involved.

Moving on to the framework of Quantum Field Theory: Wilsonian lattice gauge theory is the
canonical framework for regularization of a gauge theory non-perturbatively. It works in the
Euclidean framework, whereby a given quantum Hamiltonian is mapped to a classical
action in one higher dimension, whereby a plethora of analytical and computational
methods such as strong coupling expansions or classical Monte Carlo simulations are
available at hand. Alternatively, quantum Hamiltonian formulations have also been gaining
traction in the last decade or so, driven in particular by prospects promised by
experimental advances in quantum simulations as well as promising theoretical
developments at both formal and computational levels. One popular class ofmodels tailored
for quantum simulation platforMs. is that of quantum link models, which replace the gauge
degrees of freedoms with quantum spins certain quantum numbers of whose may assume
non-integer values. Inspired by such elements of quantum link models and taking cue from
the so-called self-adjoint extensions in Hamiltonian methods, we have proposed an
extension of the usual Wilsonian framework of Abelian lattice gauge theories which allows,
within the Euclidean picture and unlike the usual Wilsonian framework, a basic operator in
the theory to take non-integer values. Such a modification results in curious properties of
the model not seen in the usual formulations, most notable of which is the spontaneous
breaking of a two-fold translational symmetry and consequently a fractionalization of
confining strings between external charges into two strands separating the distinct vacuum
of the broken symmetry. The latter property is reminiscent of certain quantum link models,
yet occurs in an extension of the Euclidean-Wilsonian picture, thus contributing to a
plausible connecting point between the two pictures.

Further elaborating on the framework of QFT, one other main aim of the ongoing research
is to investigate the different properties of strongly interacting systems in both high-energy
physics (such as aspects of quantum chromodynamics, quark gluon plasma, dense matter)
as well as condensed matter physics (such as frustrated magnetism, quantum spin liquids).
Since these systemsare typically very hard to study from first-principles, a significant part
of the research involves the development of novel computational methods (such as Monte
Carlo methods on classical computers). Some probleMs.are known to be intractable using
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classical methods (such as real-time quantum dynamics), and methods of quantum
computation are being actively pursued.

This brings us closer to the activities in the area of theoretical condensed-matter physics.
One of the research areas centers on understanding exotic responses in many-body
topological states across diverse complex systems with a particular emphasis on
envisioning their applications in emergent quantum technologies. With a primary goal of
uncovering novel architectures for engineering topological states in many-body systems that
are endowed with programmable functionalities and find application in mesoscopic devices,
key themes are on (i) exploring the response of spin-orbit coupled materials (such as
topological insulators and superconductors and quantum dots) to controllable geometric
deformations, (ii) deciphering anomalous magnetic responses in flat-band lattice models,
including twisted bilayer systems, (iijj and manipulating topological magnons in
noncollinear magnets for spintronics applications ((ij and (iii) in collaboration
withexperimentalists at SINP).

Staying within the condensed-matter theme: Novel physics emerges from bilayers of two
ferromagnets or ferromagnets/antiferromagntes systemswhich are believed to be among the
potential optimal heterostructures for future technological spintronics applications. It is
generally agreed upon that it is the interface that decides the coupling between the layers
and the overall properties.

Heterostructures comprised of hard and soft FMs. are of great interest for realizing the
exchange-bias (EB) effect and inverted hysteresis loop (IHL). In our recent work we present
a qualitative picture of the underlying mechanism to understand the experimentally
observed EB, IHL and the wunconventional triple-flip behaviour of LSMO/SRO
(Lag 7Srg 3MnO3/SrRuOg) superlattices (SLs) emphasizing the role of inter-layer

antiferromagnetic couplings. In order to investigate these interesting temperatures
dependent magnetic along with transport properties we construct a model Hamiltonian for
the LSMO/SRO like SL systems and employ the Monte-Carlo technique. We show that a
stronger inter-layer antiferromagnetic coupling is necessary to realize the multiple flips
nature of the hysteresis curve: EB of minor loop (one step flipping process: LSMO1T SROT to
LSMO|SRO1) and IHL (two steps flipping process: LSMOT SRO? to LSMO| SRO? to LSMO|
SRO|) at low temperatures and the unconventional triple-flip (LSMO?T SROt to LSMO?T SRO|
to LSMO| SRO?7 to LSMO|SRO|) behaviour of magnetic hysteresis loop at high
temperatures. The antiferromagnetic interactions at the interface gains strength both from
carrier-driven and bond-driven interactions between Mn and Ru ions. But, the carrier-
driven antiferromagnetic interaction at the interface is necessary to understand the one-to-
one correspondence between magnetic and transport properties observed in LSMO-SRO
SLs.

Can we induce ferromagnetism in antiferromagnetic layers joined with ferromagnetic
layers? How does it affect the magneto-transport properties? Apparently, experiments show
that it is easier to induce ferromagnetic moments in off-half-doped Pry /3Ca1 /3Mn03

(PCMO) like antiferromagnetic systems when joined with ferromagnetic Lag 7Srg 3MnOg

(LSMO) layers and it enhances the magneto-resistance of the system. We provide a
microscopic description to understand the systematic of induced magnetism in manganite
based antiferromagnetic layers at different filling that give rise to intriguing phase
coexistence in ferromagnetic/antiferromagnetic superlattices and investigate the magneto-
transport properties. Interestingly, the induced magnetization in PCMO layer and the
conductivity of the total superlattice systeMsshow non-monotonic behaviour with increase
of width of antiferromagnetic PCMO layer in agreement with experiments. We highlight the
key role of induced ferromagnetic moment in PCMO layer in analyzing the
magnetotransport properties of the LSMO/PCMO superlattices.

Understanding the nature of the transition from the delocalized to the many-body localized
(MBL) phase is an important unresolved issue. To probe the nature of the MBL transition,
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we investigated the universal properties of single-particle excitations produced in highly
excited many-body eigenstates of a disordered interacting quantum many-body system. Our
results indicate that the MBL transition is continuous in nature. The critical exponent with
which the correlation length diverges at the transition point satisfies the Chayes-Chayes-
Fisher-Spencer (CCFS) bound for systems with random disorder while MBL systems with
quasiperiodic potentials like Aubry-Andre potential, belong to a different universality class.

We would not be here if it were not for stable synchronised, phase-ordered states of
microscopic living elements on substrates. For example, mucous in our lungs is removed by
cilia propelling that sticky substance. Without this process, the mucous would fill our
lungs, suffocating us. This makes the subject of stability in two-dimensional broken
symmetry phase-ordered states in rotationally invariant systes central in wide-ranging in-
vivo and in-vitro driven systems at a fundamental level. Prior to the recent work in SINP,
how this happened was a mystery, because of a known result from non-equlibrium physics
that a two-dimensional sheet of externally stirred rotors cannot be aligned to any degree.

It was shown that external stirring together with a diffusing species having a fixed
population pervading the substrate can help the rotors to align. The theory also predicts
that in the resulting the steady states, the fluctuations in the diffusing species and rotors
are mutually connected and can be more or less than what they would be in thermal
equilibrium.

Let us now discuss physics at very large scales. Several advances were made towards
observational aspects of General Relativity. Some of these are: a larger number of compact
binary merger events observed with the gravitational-wave detectors, namely advanced-
LIGO, advanced-Virgo and KAGRA, have been analysed. From each of the individual events
luminosity distance (D) to the source are directly measured. In parallel, two different

statistical methods were applied to get an estimate of cosmological redshift (z) distance to
these sources. These two different distances are then utilised to measure the Hubble
parameter H(z) as a function of cosmological redshift. This shows an about 17% to 42%
improvement in precision over previous estimates from gravitational wave observations.

Coincident/near-simultaneous transient signals in the gravitational wave channel has been
searched in the advanced-LIGO, advanced-Virgo and KAGRA detectors during the first part
of observing run O3a for a number of fast radio bursts (FRBs) corresponding to their
counterpart signals observed in radio-frequency bands. However, no such coincident GW
signals are observed. This null detection is used to put constraints on various theoretical
models proposed for FRB events.

All the compact binary merger events that were observed till the end of second observing
run O2 by the advanced-LIGO and advanced-Virgo detector networks have been reanalysed
with new and better calibration of instrumental noises in the ground-based detectors. This
has led to detection of eight new GW-events with weak detection significance which was
missing earlier. These new events have significantly changed the source properties of the
observed binary black hole (BBH) mass distributions. This latest results show us that both
total gravitational masses and mass-ratios in the BBH systems cover a wider part of the
parameter space.

All the compact binary merger events that were observed during third observing run O3
(i.e., O3a and O3b combined) by the advanced-LIGO, advanced-Virgo and KAGRA detector
networks have been analysed. A total of 90 compact object merger events have been
detected, and their source properties were reported. This paper also reports the through
investigation of the source properties of two significant detections of neutron star-black
hole (NSBH) mixed binary system speculated in the literature for more than several decades
ago, but have not been observed so far. The observed mass distributions of the merging
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components in BBH events have been well estimated with important implications in the
black hole mass function in our nearby universe.

A direct mapping between the nuclear matter parameters (NMPs), both isoscalar and
isovector ones, and a neutron star’s mass and tidal deformation has been attempted. This
direct mapping has been explored with fully analytical functions of lower order polynomials
in NMPs that can represent the stellar structural properties to a close approximation. These
analytical approximations can be used to perform Bayesian parameter estimation of the
nuclear isoscalar and isovector parameters from astronomical observations.

The dependence of symmetry energy in isospin-asymmetric nuclear matter has been
investigated. Specifically, various multi-parameter Pearson correlations have been studied
in details. It was found that both slope and curvature of symmetry energy are significantly
correlated with the total pressure of neutron star matter. In addition, the effect of maximum
sound speed values for the neutron star EOS has been found to be well correlated with
maximum mass of the equilibrium non rotating star.

Advances were made in theoretical and formal aspects of Gravity as well. For example, the
paper “Hawking radiation in multi-horizon spacetimes using Hamilton Jacobi method”
investigates the Hawking radiation from black holes in spacetimes with multiple horizons.
Specifically, it focuseson the Schwarzschild-de Sitter (SdS), Reissner-NordstrANom-de Sitter
(RNdS), and rotating BTZ (RBTZ) black hole spacetimes. Hawking radiation is a quantum
mechanical phenomenon where black holes emit radiation due to quantum effects near the
event horizon. In spacetimes with multiple horizons, the effective temperature of Hawking
radiation is influenced by the contributions from all the horizons. The study employs the
Hamilton-Jacobi method to compute the Hawking temperature. This method is favored
because it avoids issues related to canonical invariance that arise in other approaches. The
Hamilton-Jacobi method calculates the action of a particle tunneling through the black hole
horizon, leading to the determination of the Hawking temperature. The paper shows that
the effective surface gravity, which determines the Hawking temperature, is influenced by
the contributions from each horizon in the multi-horizon spacetime. For instance, in the
Schwarzschild-de Sitter spacetime, the Hawking temperature is determined by
contributions from both the black hole and the cosmological horizons. Schwarzschild-de
Sitter (SdS) Spacetime: The temperature of radiation does not match the conventional
Hawking temperature related to the outer cosmological horizon alone; it is determined by
the contributions from both the black hole and cosmological horizons. Reissner-
NordstrANom-de Sitter (RNdS) Spacetime: Similar results are found, with the effective
temperature influenced by the black hole horizon, Cauchy horizon, and cosmological
horizon. Rotating BTZ (RBTZ) Black Hole Spacetime: The study extends the findings to a
rotating black hole in 2+1 dimensions, showing the consistency of the Hamilton-Jacobi
method across different types of spacetimes. The paper concludes that the Hawking
temperature in multi-horizon spacetimes is a result of combined contributions from all
relevant horizons. This nuanced understanding provides deeper insight into the
thermodynamics of black holes and the nature of Hawking radiation in complex spacetimes.

The Hawking temperature of black holes in spacetimes that possess multiple horizons were
also investigated. It examines how each horizon contributes to the overall Hawking
temperature, particularly focusing on rotating and charged black holes in four-dimensional
spacetime and rotating BTZ black holes. Black holes emit radiation due to quantum effects
near their horizons. Traditionally, this radiation is calculated based on a single horizon, but
this paper explores scenarios with multiple horizons. These are spacetimes where black
holes have more than one horizon (e.g., event horizon, cosmological horizon). The effective
temperature of the black hole is influenced by all these horizons. The study uses the Dirac
equation in curved spacetime to understand the behavior of particles. Tunneling formalism
involves calculating the probability of particles tunneling through the horizon, which relates
to the Hawking temperature. For spacetimes with multiple horizons, a global temperature
can be defined, which takes into account the contributions from all horizons. The effective
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Hawking temperature depends only on the mass of the black hole and is independent of its
charge and angular momentum. This temperature matches the Hawking temperature of a
Schwarzschild black hole (a non-rotating, uncharged black hole). In contrast to the four-
dimensional case, the effective temperature for rotating BTZ black holes depends on both
the mass and the angular momentum of the black hole. The authors solve the Dirac
equation in curved spacetime to derive the conditions for Hawking radiation. The tunneling
approach is used to calculate the Hawking temperature, which involves evaluating the
action of a particle tunnelling through the horizons. The study concludes that the effective
Hawking temperature for black holes in multi-horizon spacetimes is influenced by the
combined effects of all the horizons. This global temperature provides a deeper
understanding of the thermodynamics of black holes in more complex spacetimes. By
presenting a more nuanced view of Hawking radiation, the paper extends our knowledge of
black hole physics and offers insights that could be relevant for understanding quantum
gravity and the nature of spacetime.

Finally, this brings us to the activities in the field of quantum aspects of gravity and string
theory. During this period, several topical aspects have been explored, including
understanding the nature of entanglement entropy and its dynamical evolution in a
(Euclidean) semi-classical gravitational framework, within Holography. Especially related to
the recent advances in reference to the Island rule and exploring further the black hole
mimicker states and how these contain signatures of quantum chaos as well as black hole
quasi-normal modes. Associated to these, advances have been made in understanding
chaotic and thermal phases in driven conformal field theories and their holographic duals,
which provide us with a soluble model for dynamical phase transitions.

Based on these advances, the members of the Theory Division continue exploring in related
and new emerging directions that are highly relevant for modern research.

Awards or distinctions received by a group member

Arnab Kundu
ICTP Associateship during 2024-2029 (Awarded in 2023)

Humboldt Research Fellowship Programme for Experienced Researchers, by Alexander von
Humboldt Foundation, Germany, 2023, during 2024-2026.

CERN Theory Division Corresponding Associateship, awarded by CERN, 2023.

Debasish Banerjee

Alexander von Humboldt Fellowship for Experienced Researchers, November 2023

Nominated and Invited Participant at the Erice School in Nuclear and Sub-nuclear physics
(2024), March 2024.

Conferences / workshops organizedby the group

Arnab Kundu

Member of National Organizing Committee for Indian String Meeting 2023 held at IIT
Bombay, December 10-16, 2023.
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Arti Garg

One of the organizers of the International conference on Correlated Quantum Matter, April
18-19, 2024 at IISER-Kolkata (along with Rajdeep Sensarma(TIFR), Arun Paramekanti (Univ
Of Toronto), Amit Ghosal (IISER-Kolkata).

Debasish Banerjee:

Convener, High Energy Particle and Astroparticle Physics Data Analysis School (HEPAP-DAS)
Hosted at Saha Institute of Nuclear Physics, Dates: December 05-09, 2023.

Convener, International Conference on High-Energy Physics and Astroparticle Physics Hosted
at Saha Institute of Nuclear Physics, Dates: December 11-15, 2023.

Invited talks given by group members

Abhik Basu

Invited talk at Physics of life: Active and living matter, IoP Bhubaneswar, February 2024

Aditya Banerjee

Self-adjoint-extension inspired U(1) lattice gauge theory in three dimensions, Studying strongly
correlated systems using quantum technology, BITS-Pilani, KK Birla Goa campus during
August 3-5, 2023

Arnab Kundu

Quantum Aspects of Black Holes from Brickwalls, Quantum Dynamics & Chaos conference,
Ashoka University, March 9-11, 2024

Quantum Aspects of Black Holes from Brickwalls, SSPQT conference, BITS-Goa during
January 3-5, 2024

Brickwall and Spectral Form Factors for Black Holes, Strings Attached 2.0 conference, IIT
Kanpur, September 18-22, 2023

Driven CFT & Holography, Discussion meeting on Non-equilibrium Correlated Systems, HRI,
Allahabad, July 24-26, 2023

Fuzzball and Random Matrices, CERN Theory, Switzerland, June 23, 2023
Driven CFT & Holography, University of Bern, Switzerland, June 20, 2023
Driven CFT & Holography, Ecole Normale Superieure, Paris, June 9, 2023

Fuzzball and Random Matrices, conference, Fuzzball & Black Hole Microstate, Saclay, Paris,
June 4-9, 2023

State Dependence of K-Complexity, Complexity: Between Field Theory and Gravity, IFT,
Madrid, May 22-24, 2023

Arti Garg

What is interesting about Many-body Localization?,Vigyan Vidushi Special Lecture, T.I.F.R.,
Mumbai June 28, 2023

Nature of many-body localization transition: Two universality classes, 8th Indo-Israeli Meeting
held at Weizmann Institute of Science, Rehovot, Israel, July 9-13, 2023

Many-body localization transition: Single-particle excitations in interacting systems with
random and quasiperiodic potentials, International conference on “Stability of Quantum
Matter in and out of Equilibrium at Various Scales”, ICTS, Bengaluru, January 15-26, 2024
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Many-body Localization : Current status, Recent Trends in Condensed Matter Physics related
to Quantum Materials (RTCMPQM2024), IACS, Kolkata, February 15-16, 2024

Amit Ghosh

Hawking radiation and dynamical horizon, Amal Kumar Raychaudhuri Symposium, IACS and
IISER Kolkata, 11-12 August 2023

Invited talk, Gravity, Cosmology and Raychaudhuri's Equation, AKR Center, March 13-14,
2024, Jadavpur University, Kolkata.

Bijay Kumar Agrawal

Is Neutron Star A Giant Nucleus?, Nuclear Physics in Multi-messenger era, BITS-Pilani Goa
campus February 26-March 1st, 2024

Multivariate analysis of neutron star properties, DAE Symposium on Nuclear Physics, IIT
Indore, December 9-13, 2023

Systematic analysis of the impacts of symmetry energy parameters on neutron star properties,
NuSym23, XIth International Symposium on Nuclear Symmetry Energy GSI, Germany,
October 18-22, 2023

Probing the Symmetry Energy within Neutron Stars properties, University of Coimbra, Portugal,
October 3, 2023.

Atomic nuclei & Neutron stars: similarities & diversities, BITS-Pilani, Hyderabad Campus,
August 10, 2023

Constraining the Physics of Finite Nuclei, Neutron stars and Dark matter, Connecting neutron
star properties with nuclear matter parameters, NITR, July 3 - 7, 2023

Debasish Banerjee

Quantum Scars in Lattice Gauge Theories and Quantum Simulation, Quantum Computing
Methods in High-Energy Physics, MiAPP, Munich, April 2023

Wealk Ergodicity Breaking in Abelian Lattice Gauge Theories, (i) Physics Seminar at the Max-
Planck Institute for Quantenoptik, Garching, (iij) Lattice Coffee Seminars at Humboldt-
Universitat zu Berlin Institure of Theoretical Physis, Universitat Leipzig, May 2023

Novel paradigms for exploring strongly interacting matter, Physics Seminar at Ludwig-
Maximilians Universitat, Munich, May 2023

Weak Universality in Lattice Gauge Theories and Spin Systems, Joint Lattice Seminars for
Humboldt University Berlin and DESY Zeuthen, May 2023

Weak ergodicity breaking in Abelian Lattice Gauge Theories, Physics Seminars at Paul
Scherrer Institute, Switzerland, Physics Seminar at ETH Zurich, June 2023

Wealk Universality in Lattice Gauge Theories and Spin Systems, Seminar at the University of
Bern, Germany, June 2023

Meron cluster algorithms for fermions and gauge fields, Annual Conference on Quantum
Condensed Matter, NISER Bhubaneswar, November 2023

Rethinking Quantum Field Theories for Quantum Computing, Susegad Symposium on Physics
with Quantum Technologies, BITS Goa, India, January 2024

Studying Quantum Criticality in Strongly Interacting Systems, Topology, quantum criticality,
and strong correlations, IIT (ISM) Dhanbad, India, January 2024

Gautam Bhattacharyya

A brief ancestral history of the Higgs boson
1) Trombay Colloquium, BARC, Mumbai, April 2023
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2) Meghnad Saha Memorial Lecture, CCSP, SGT University, Gurugram,Delhi-NCR,
December 2023

Harvendra Singh

Entanglement Entropy and Geometric Islands, IMSc, Chennai, August 23, 2023

Subsystem Entanglement and Geometric Islands, AEI, Max Planck Institute, Golm (Germany)
as visiting Alexander-von-Humboldt fellow, December 15, 2023

Krishanu Roychowdhury

Invited lectures at Indian Institute of Science Education and Research-Bhopal, 2024.

Invited speaker, Stability of Quantum Matter in and out of Equilibrium at Various Scales-
2024 [Workshop], ICTS Bengaluru, India, January 15-26, 2024

Invited speaker, Young Investigator Meet on Quantum Condensed Matter Theory (YIMQCMT
2023) [Workshop], Indian Institute of Science Education and Research - Bhopal, India,
December 14-17, 2023
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Growp Dl Condensed Motter Physics, Surface Physics and
Moarterial Sciences

Research Areas

Crystal structure-physical property relation

Growth, structure, ordering and properties of low dimensional systems
Structure and dynamics of surface and interfaces

Organic or polymeric semiconductors, 2D hybrid structures, and biomolecules
Optical, transport and sensing properties of transition metal oxides
Nanostructured electrocatalysts for direct ethanol fuel cells application
Electronic structure and magnetism at surfaces and ultrathin films
Magnetocaloric materials for green cooling technology

Novel materials for magnetic memory application in information technology
Magnetotransport in quantum materials and devices

Spin transport/transfer torque in atomic scale systems

Major Research Facilities

e Image furnace for single crystal growth
e Pulsed Laser deposition system
e Argon arc furnace

e Ultra-high vacuum deposition system

o e Magnetron sputtering unit: To grow metal and metal oxide thin films
Ed
2 e Thermal evaporation technique: To grow epitaxial thin films of organic
o molecules/semiconductors
C e Nanocluster deposition unit: To deposit nanoclusters of finite size
e Spin-coater: To grow polymer and composite/hydride thin films
e Langmuir trough: To grow Langmuir (L), Langmuir-Blodgett (LB) and Langmuir-Schaefer
(LS) monolayers and multilayers
e Clean Room: For device fabrication (microscope, mask-aligner)
a0 e Powder X-ray diffractometer
g e High resolution X-ray scattering setup: To understand the out-of-plane structures of the
by low dimensional (LD) systems and their evolution to find out the ordering or layering
e information (with special emphasis on the film-substrate interface)
[}
8 e SINP beamline at INDUS-2, Indore
e Dynamic light scattering setup: To determine aggregate size in solution
e Scanning/Transmission electron microscope with EDX: To obtain particle size and
> shape, crystalline phase, and chemical composition
g" e Ambient scanning probe microscope: To obtain topography and surface conductivity
= contrast
e e Brewster angle microscope: To obtain monolayer phases, domains, order phenomena,
9 monolayer-multilayer transition
= e Low energy/photoemission electron microscope: To understand the topography

and surface dynamics of the LD systems
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e Photoelectron spectroscopy (XPS, UPS and ARPES) system: To obtain depth dependence
chemical composition, vacuum, valance/HOMO levels
> e UV/Vis/NIR spectrophotometer: To obtain information of particle size, bandgap, m-
8‘ conjugation aggregates from absorption spectra
2 e Photoluminescence spectroscopy setup: To understand bandgap and excitonic
o features, defect states in opto-electronic materials
° ¢ Raman spectroscopy setup: To study vibrational, rotational, and other low-frequency
& and molecular composition and structure of materials, including semiconductors,
7] polymers, and nanomaterials.
¢ Scanning tunnelling spectroscopy facility: To understand the local density of states
(LDOS)
¢ SQUID-VSM magnetic measurement setup
e High temperature VSM system
o) e Physical properties measurement systems
>, g e Magneto-transport measurement facilities
v g ¢ Measurement in milli-Kelvin range
& o e P-E loop tracer system
° a e Semiconductor parameter analyzer: To characterize optoelectronic devices such as to
& 8 measure current-voltage (I-V), capacitance-voltage (C-V), resistivity and optical response
E e Probe station and Source Meter Unit (SMU): for measuring mobility, current on/off ratio
and threshold voltage for OTFT structures

Research Activities

Growth, characterization, and study of physical properties of a wide range of different
advanced materials are the basic research activities of this group. Such activities include
understanding magneto-caloric and electro-caloric effect, colossal and giant magneto-
resistance, and novel magnetic phenomena; spintronic transport, topologically protected
structures, improvement of the backbone planarity and/or edge-on ordering of the
copolymer aggregates; molecular assembly dependent optoelectronic properties of organic
thin films; charge injection layer intermediate energy level alignment of the metal-organic
interface; low-energy electron microscopy (LEEM) as a novel approach to identify nano-sized
traces of polymer residues; effect of super lattice ordering on the luminescence properties of
AlGaAs epitaxial layer; elevated temperature-mediated conduction path in MOS devices for
current switching; highly efficient electrocatalysts for the commercialization of direct
ethanol fuel cells; graphene-based highly-sensitive Hssensor; electro-migration to
manipulate material composition at the atomic level. The whole research activities can be
summarised as a collective work to understand and tune the structures of bulk, surfaces
and interfaces of crystal and low-dimensional systems to achieve desired properties. In the
following paragraphs some of these activities are explained with some details.

Critical behaviour in magnetism and condensed matter physics is important owing to its
possibility for understanding the nature of underlying spin-spin interactions.
Conventionally, most of the studies on critical behavior were carried out using a magnetic
isotherm-based scaling analysis. However, this conventional magnetometry technique is
insufficient for investigation of critical behavior and/or understanding the nature of spin-
spin interactions associated with lowering of dimensions (from bulk to thin films), in
mesoscopic magnetic devices. We have introduced a magnetotransport approach using
anomalous Hall effect and evaluate the critical parameters of a skyrmion hosting itinerant
ferromagnet CosesFessZnsMn4. The magneto-transport approach shown by us is universal
and might be used to understand the modifications of spin-spin interactions or to detect
the presence of unconventional magnetic phases all the way from “bulk” to mesoscopic
magnetic devices. We have studied the nature of polaronic hopping conduction mechanism
in polycrystalline and nanocrystalline Gdo.sSrosMnOs compounds. We have shown that in
the case of nanocrystalline compounds, there is an overlapping temperature range where
both non-adiabatic small polaron hopping mechanism and the variable range hopping
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models are valid simultaneously, and a new conduction mechanism - variable range
hopping of small polaron is satisfactorily valid for the whole temperature range of these
compounds. A systematic investigation of the magnetic, electrical resistivity and
magnetoresistance properties has been performed on glassy compound (Dyo.6Gdo.4)sPd2. The
magnetic measurement data confirm the presence of double glass transition nature of this
compound. The role of A site and B site ion substitutions on the low-temperature magnetic
behaviour of CasFe>Os compound was studied.

The effect of oxygen deficiency on the Giant Exchange Bias of a cubic perovskite
SrFeo.5C00.503-5 (6 = 0.37) is investigated. This work sheds light on the importance of oxygen
vacancies and defects in perovskites. We have explorer the Exchange Bias of Gd and MnPt:
A combined structural and magnetic investigation. In this study we observed thickness-
dependent anisotropic magnetic fields in Gd thin films and thickness-dependent exchange
bias in the hetero junctions.Magnetic and magnetocaloric effect (MCE) have been
investigated for the electron doped polycrystalline Pr;xCaxMnOsz (x ~ 0.85, 0.90, 0.95)
compounds. The study indicates that the nature of the ground state is very sensitive with
the doping concentration. Pro.15Cao.ssMnOz compound exhibits antiferromagnetic ground
state. In contrast, ferromagnetic nature was found for the Pro.10CaoooMnOs and
Pro.05Ca0.9sMnO3 compounds. MCE study indicates that antiferromagnetic Pro.15Cao.ssMnOs3
compound exhibits large inverse MCE. On the other hand, ferromagnetic Pro.10Ca0.00MnO3
and Pro.05Cao.9sMnO3 compounds show conventional MCE. The MCE for x~0.90 compound
is significantly large and comparable with the other reported magnetic refrigerant materials.
We have also studied MCE in nanocrystalline SmosCag.15510.35MnO3; Compounds and
enhancement of relative cooling power with the reduction of particle size was observed. We
have explored complex magnetic phase transitions and magnetocaloric effect in the
nanocrystalline Ndo.5CapsMnOs compound. RsPd, (R=Ho, Dy, Dyo.6Gdo. 4) compounds are

known to exhibit large Magnetocaloric DNTT/IHOPG S-DNTT-C10/HOPG DNTT/CIGaPc/HOPG ]
B En Eu,
cooling power in the cryogenic temperature i 3 =
: + Se
region and magnetic glass transition. e BE ’ sl e ‘ 13 | BB BB
. 5 @
However, there was a controversy regarding 2 1P ‘-f5-88" = 5-“"' . 25
the order of magnetic phase transition bon =130V ] [11ev [1_49\;
 o—
present in these compounds. A detailed — — i P —
. . . . B [ . | it gl
investigation by us on the order of magnetic - Eg;fz# A le [ m ,%%
phase transition in HosPd., DysPd,, and =B e % ig LJE e
" | B sy
(Dyo.6Gdo.4)sPd2  compounds revels the [y % = | .

absence of first-order magnetic phase transitions and confirm the second order nature of
magnetic phase transitions. We also studied Magnetic, magnetocaloric and critical behavior
of Heusler compounds Coz-xCri+xAl.

Proper energy level alignment at the metal-organic interface, which is one of the key
challenges to improve the charge transport in organic semiconductor-based devices, has
been addressed here either by incorporating a molecular dipole layer at the interface or by
engineering the organic molecule itself. Formation of an intermediate charge injection level,
through incorporation of a molecular dipole layer at the interface (as evident in the figure),
is helpful to overcome the large hole injection barrier, while the enhancement of molecular
coverage at the metal-organic interface and thereafter, through molecular engineering (also
evident in the figure), is useful to increase the hole injection area, both of which are of
immense importance in improving the device performances.

41|SINP



Awnal Report 202.3-2.4

Donor—acceptor copolymers having strong intermolecular interaction-induced aggregation
can exhibit far higher mobilities compared to the homopolymers and, thus, are preferred as
active layers for optoelectronic devices. However, the actual performances of such devices
strongly depend on the backbone planarity ——
and/or edge-on ordering of the copolymer e
aggregates and, thus, their understanding el

and improvement are of paramount i o
importance, which have been addressed here. Cow:
It was found that (see the figure) the %™
overlapped and entangled aggregates, which

form in the high concentration solution of s e
high viscosity, get disentangled in the film &g

during deposition due to the increasing
spinning speed-related centrifugal force. On
the contrary, the well separated less entangled aggregates, which formed in the low
concentration solution of low viscosity, get entangled in the film due to the spinning speed-
related fast evaporation of the solution.
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Spintronics is a promising area of research for creating more efficient and powerful
nanoelectronics. It aims to reduce power consumption and enhance memory and
processing capabilities. Heusler alloy group of compounds are often considered to have high
potential to exhibit Half-metallic ferromagnetic (HMF) character offering 100% spin
polarization. We have reported two new compounds, CoMnCrGa and FeMnVGa, belonging
to this important class of material. The later compound maintains the HMF feature despite
having associated structural disorder. We have also reported another compound,
CoFeMnSn, which shows even more exotic feature of spin-gapless semiconducting
characteristics which have an enormous impact towards technological application as well
as fundamental understanding of associated properties. Another compound, NiRuMnSn,
although fail to show HMF, a re-entrant spin glass state is reported first time in quaternary
Heusler alloy system. In the field of magnetism, we have reported charge transfer induced
large enhancement of magnetic moment in the structurally disordered inverse Heusler alloy
Fe2RuGe. Such large enhancement of magnetic moment is quite rare.

Power generation and refrigeration using thermoelectric devices are attracting more and
more attention from researchers on a global scale due to their environment-friendly
technology as well as long-term maintenance-free operation. We have reported Ru.TiGe
exhibiting a large value of Seebeck coefficient leading to an appreciable power factor (~0.54
mW/mK? at 300 K). Interesting in case of Ruz2VAIl, we find the development of short-range
ferromagnetic interaction below 10 K due to structural antisite defects and disorder,
although all the constituent elements are individually non-magnetic. The presence of off-
stoichiometry is also responsible for observation of magnetic order in half-Heusler system,
RuMnGa.

The emergence of two-dimensional (2D) materials has catalysed the development of
designer-stacked heterostructures and advanced devices. However, the transfer process of
these layers generally involves polymer support, leaving traces of organic residues that can
affect the reliability of devices based on them. This surface contamination by polymer
residues has been a long-standing critical problem in device processing and fabrication that
has not been fully resolved so far despite attempts by various groups. In our laboratory, we
employed low-energy electron microscopy (LEEM) as a novel approach to identify nano-sized
traces of polymer residues present on the transferred hexagonal boron nitride (hBN) flakes
and explore effective elimination strategies. Our results demonstrate the sensitivity of LEEM
to detect minute residue traces that are not feasible with the conventional methods. We
show the polymer residues on the substrate form fractal-like structures, leading to local
work-function variations. Further, we propose a high-temperature annealing approach to
achieve clean interfaces validated by LEEM and Raman spectroscopy.

A2)1SINP



Amual Report 202.3-2.4

Luminescence properties of AlGaAs epilayer on conventional GaAs(100) substrates have
been unravelled through temperature dependent photoluminescence (PL) spectroscopy.
Shrinkage of ~33.3 meV in the excitonic energy due to the presence of the natural
superlattice ordering has been reported. The temperature dependence of the excitonic
energy has been investigated using two independent models,

among which the two-oscillator model is found to give the best

fit to the experimental data throughout the operating Ti metal top contact
temperature range (4-150 K). The study revealed a better %
temperature stability of the luminescence of the material with y
periodic superlattice ordering. . . . p

CCOZ
Silicon (100)

Resistive random-access memory (RRAM) devices have been
popular in semiconductor industry now-a-days because of their
lower power consumption, better stability, smaller size, lower o
operating voltage, and faster read/write speed. Basically, RRAM frequency = 100 kHz |
is a capacitor either in metal-insulator-metal (MIM) or metal-
oxide-semiconductor (MOS) structure where different insulating
metal oxides act as the active layer. Among the metal oxides,
transition metal oxides (TMO) have consolidated their use for
this purpose. TMOs namely, TiO,, Ta>Os, HfO2, ZrO,, CeO, etc.
have been widely used as active oxide layers in MOS and MIM :
devices. Current trends show resistive switching (RS) and -6 -3
catalytic properties of these oxides are improved by introducing
noble metals into it due to its higher oxygen storage and release 1y
capacities. -V measurements on MOS devices at different 10°
temperatures show a three-order current change in unipolar 10
and bipolar switching at elevated temperatures and are <
reproducible in repeat cycles. Further, the change in lattice =
parameters of polycrystalline films also contributes to the
resistive switching properties along with stoichiometry
dependent polaron contribution. Oxygen vacancy movements in -
the form of hopping of polarons between the nearest neighbours Yoltge (¥

and next to nearest neighbour sites as well facilitates the transitions at elevated
temperatures. As predicted in the theoretical model, it is exper1mentally ver1f1ed that the
conduction path created at elevated temperature
vanishes at relatively higher temperatures due to
too frequent polaron hopping. Moreover, the density
of polarons also increases with temperature that in
turn hinders the switching behaviour of the devices
at elevated temperatures.

T

Ny
=]
T

Capacitance (pF)

The development of highly efficient electrocatalysts
for the ethanol oxidation reaction is essential for
the commercialization of direct ethanol fuel cells

) 2 | o
but challenges remain. Here, we develop a one-pot -band i-band x13.6
2 o - 8

solution-phase method to synthesize palladium ~ doynshit® = fpshift 2, x7.2 5

. 3 A CuPd Pd AgPd < <
nanowire networks with very high surface-to- P e e M=

2} £ <IN
volume ratio having numerous twin and grain S — olimm __© I
. . . . Compressive oy Temsile Mass Activity

boundaries further engineered palladium lattice by stnio i

introducing silver and copper atoms to produce two different alloy structure which
significantly shifts the palladium d-band center upward and downward, respectively due to
strain and ligand effects. Pd nanowire networks demonstrate significantly enhanced
electrocatalytic activity towards ethanol oxidation reaction, approximately 7.2 times greater
than that of commercial Pd/C. Remarkably, compared to palladium, silver-palladium and
copper-palladium alloy structures display enlarged and reduced electrocatalytic activity,
respectively.
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Organic semiconductor molecules have received enormous attention due to their physical,
optical, and electronic properties suitable for various flexible optoelectronic devices like
foldable electronics and display screens. Organic small molecular semiconductor materials
have emerged as the platform to explore electron spin-dependent transport in the nanoscale

& — A
20 = 6.8 5
— C

with a wide range of potential applications starting
from data storage devices, spintronic devices with 10°
magnetic sensitivity, and many others. The -
correlation of thin film structure and orientation of Lo! 2 s
small organic molecules with physical properties like
charge carrier transport is very important for such
applications. Small organic semiconductor molecules
assemble in different configurations in thin films 107
resulting in exhibiting a wide variety of
optoelectronic properties. The structures of thin 000102 (:f( A(f'f) oo 00 0T
films of phthalocyanine (Pc) molecules containing -
metal ions as Cu, Co, and Ni have been investigated
using a combination of x-ray scattering techniques and
microscopic images. The x-ray results reveal that the
molecules assemble in sticklike nanograins of well- %
Q

Intensity

— D

Reflectivity
<

ordered structure on the Si surface. These 0.6 -

nanograins are packed differently for three different -

metal ions and more of a columnar type in Cu-based 0.2 |

molecules whereas smoother films are observed in .(dl) N Ni-
based molecules. The transport measurements 0 40 80 120 160 200 240
reveal higher conductivity for the thinner films z(A)

contrary to the normal convention. This observation was explained in terms of the transport
of carriers through the region of trapped charge states in the ordered phase of the
nanograins and the porous region between the grains.

H, gas is a next generation green fuel and it is better than ammonia NHz in terms of
toxicity. There have been enormous efforts to develop highly efficient H, gas sensors for
safety of operation of combustible H, and Air mixture. H, gas and Air mixture self-ignites
above H: gas concentration 6%. To meet the demand of green fuel usage, we have
demonstrated an ultra-high sensitive H, gas sensor based on thin film of thermally
evaporated Pd decorated on Hall patterned monolayer CVD Graphene. The sensor shows
exceptionally high sensitivity ~4537% at 0.7% of H, gas diluted in air. The sensors have
reasonable response and recovery time of 15 and 20 sec respectively. With this response
time, ppm level leak of H; gas can be detected in a fraction of second. Main advantage of the
sensor is room temperature operation that helps in fast detection of leak without ignition
(no supply of heat). Also, low cost of manufacturing and reliable operation are the other
advantages. Therefore, in the perspective of performance and manufacturing, this is a new
invention of low power, reliable and cheap CVD graphene based ultra-high-sensitive Ho gas
sensor operating at ambient condition. The invention is patented. Indian Patent Application
no. 202331040958, 15 June 2023. Present status: under review. Now we are developing
prototype of the sensor for commercialization.

Quantum materials can be defined as condensed matter systems where the interaction of
electronic wave functions at the atomic scale along with the presence of relativistic and
quantum mechanical effects in the band structure leads to unique and emergent behaviors,
promising for the development of future solid-state quantum devices. Two-dimensional (2D)
quantum materials are layered materials systems where the adjacent layers are stacked by
van der Waals (vdW) binding forces. This gives these materials advantage of easy
cleavability down to atomically thin layers. Our group focusses on the development of
quantum materials and heterostructure devices, and studies on interplay of topology,
magnetism, and quantum interactions, leading to the development of functional spintronic,
topological and quantum future device concepts.

44|SINP



Amual Report 202.3-2.4

Electrically controlled bimetallic junctions for o5 [@XRD [ Zn, Cu0 300 K
atomic-scale electronics explore the use of [ 7
electromigration to  manipulate material
composition at the atomic level. Typically,
electromigration involves the movement of
atoms or ions due to high-density electric
current. However, this study demonstrates that
atomic-scale contacts can be finely adjusted
through electro migration, with the metal types
in the electrodes determining the addition or
removal of specific atoms. This allows for precise . ) )
structural control, enabling the creation of bimetallic A S

structures like platinum-aluminum atomic chains

and iron-nickel single-atom contacts that function as spin-valves. The ability to control
atomic contact structure via electro migration could expand the structural and property
range of atomic and molecular junctions.

|
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Edge of the nanoplatelet
The energy levels of ultra-thin nanosheets (justa (@
few nanometers thick), affected by the

asymmetric curvature between their edges and T .
center, were investigated to explore the impact of -
strain-induced curvature in the quantum
properties of materials at the nanoscale. Using a
scanning tunnelling microscopy (STM) tip, the
surface geometry was mapped, while scanning
tunnelling spectroscopy (STS) was wused to

identify the energy levels, including conduction | - 1 '
and valence band edges. A large volume of ) o
experimental data with statistical models was

STM tip

dl/dV (arb. units)

Au

g

Centre of the nanoplatelet

38 nm

dI/dV (arb. units)

analyzed to extract consistent scientific insights. D - |
The results revealed fascinating connections Voltage (V)
between geometry and electronic properties at the nanoscale.

2

SINP grazing incidence X-ray scattering beamline (BL-13) at INDUS-2, RRCAT, Indore is
running successfully. About 18 user groups from universities and national laboratories
performed experiments in the beamline during the year 2023-2024. A research associate is
posted in the beamline to provide user support and day to day maintenance and operation.
The faculty members associated with the beamline also make regular visit to the site for the
installation of new facilities as part of the upgrade and review the technical support. A low-
temperature cryostat capable of reaching the sample temperature down to 10K has been
installed in the beamline. This facility will allow us to perform XRD experiments in
reflection mode from thin films and multilayers. In one of the studies, Cu-doped ZnO (ZCO)
was focused to understand the microscopic origin of room temperature ferromagnet (RTFM)
and the role of different oxidation states of Cu in RTFM. Complementary measurements
carried out help in founding a clear enhancement in magnetization upon an increase in
carriers of Cu in ZCO indicating carrier-induced ferromagnetism.
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Awards or distinctions received by group members

Biswarup Satpati
EMSI Fellow, Electron Microscopy Society of India

Subhankar Mandal
MRSI Young Scientist Award 2023 from MRSI-Kolkata Chapter

Invited talks given by group members

Chandan Mazumdar

Ancient Indian Astronomy", Ancient Indian Knowledge System and National Education Policy
(NEP) 2020, Maulana Abul Kalam Azad Institute of Asian Studies, Kolkata, July 28, 2023

Coexisting structural disorder and robust spin-polarization in half-metallic FeMnVZ (Z = Al, Ga)”
at Scottish Church College, Kolkata, August 19, 2023

Coexisting structural disorder and robust spin-polarization in half-metallic FeMnVZ (Z =Al, Ga)"
in International Conference on Magnetic Materials and Applications (ICMAGMA-2023),
December 4-6, 2023, Hyderabad

Unveiling the rare spin-glass state in novel quaternary Heusler alloy" in Exploring Quantum
and Thermal Fluctuations in Frustrated Magnets at Low Temperature, S. N. Bose National
Centre for Basic Sciences, Kolkata, December 26-27, 2023

Mrinmay K Mukhopadhyay
At India@DESY Users’ workshop, 12-14 March 2024, JNCASR, Bengaluru

Samik DuttaGupta

Unconventional emergent Hall effect phenomena in a van der Waals ferromagnet FesGeTez,
2dMAT: A Discussion Meeting on 2D Materials, S N Bose National Center for Basic Sciences,
Kolkata, January 18-19, 2024

Patent awarded

A method of independent control over size and density of nanoparticles for fabricating metal
nanoparticle embedded MOS capacitor and a metal nanoparticle embedded MOS capacitor thereof
for non-volatile memory applications; Patent No.: 438391; Application No.: 201831001324; Date of
Filing: 11.01.2018; Date of Grant: 12.07.2023. Patentee: SINP; Applicant: Prof. Supratic
Chakraborty
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Growp E l SIRD, Computing & Network, Worksihhop, Building

Maintenance (Civil & Electrical)

Scientific Information and Resource Division (SIRD) : Study, Teaching &

Outreach

Teaching and Training at SINP - Post MSc / PhD
Joined the PhD programme of the institute | Post MSc 2023 (Batch of August 2023)

Aziz Hasan
Nemai Chandra Sarkar

Tanuja

Ayan Hatui
Ekramul Hoque
Kaynat Fatima

Sunil Kumar
Tanish Kaur

Arunima Choudhury
Bipasa Mandal

§ Nirabindu G.anguly g Koushik Ghosh § Rajarshi Roy

3 Soumen Pari = Laltu Gazi 51 Sanjoy Nayek

= Soun.'ly a Bera s Mohd Faizee g Simran Nisha

E Sumit Kumar Jana g Mo.uprlya Aru =Y Souhadri Das

e A Puja Das 1 Sreya Basu

o E Sandip Das o Y

$ o) Shilpi Mallick gy Svubhadeep Das

2 '}| Sudip Ghosh = Subhodip Chakraborty

Tanmoy Das

Details of the Courses:
Theoretical Physics Courses

Quantum Field Theory 1 Arnab Kundu
§ Statistical Mechanics Augustine Kshetrimayum and Krishanu Roychowdhury
@ Computational and Numerical Methods Debasish Das and Kalpataru Pradhan
_ Quantum Field Theory 2 Arnab Kundu
= | Theory and Phenomenology of Gauge Theories | Debasish Banerjee and Gautam Bhattacharyya
g | Quantum Many-Body Physics Arti Garg
¢ | Relativistic Astrophysics Arunava Mukherjee
General Relativity Arnab Kundu
Ml Project Student (Guide) \
=. State Dependence of Krylov Complexity in Higher Dimensions. | Nemai Chandra Sarkar (Arnab Kundu)
g | Topological magnons in kagome magnets Aziz Hasan (Krishanu Roychowdhury)
3 Holographic aspects of quantum entanglement Soumen Pari (Harvendra Singh)
BCS-BEC crossover in an insulator Nirabindu Ganguli (Arti Garg)

Biophysical Sciences Courses
Subject

Principles of Biochemistry

Soumen K. Manna, Oishee Chakrabarti, Chandrima Das, Partha
Saha, Kaushik Sengupta

‘ Instructor [Teaching Assistant] ‘

Principles of Physical Chemistry

Sangram Bagh, Dulal Senapati, Padmaja P Mishra, Debashis
Mukhopadhyay, Subhendu Roy

Advanced Laboratory Practices

Semester - I

Biochemical and Molecular Biology Techniques

Kaushik Sengupta, Debashis Mukhopadhyay

Spectroscopy

Padmaja Mishra
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‘ Instructor [Teaching Assistant]

Basic Principles of Molecular Spectroscopy Dulal Senapati
Biostatistics Soumen K. Manna
Advanced Level Optional Courses
A. Advanced Biophysical techniques
Macromolecular crystallography Udayaditya Sen / Sampa Biswas
Chromatography and Mass Spectrometry Soumen K. Manna
Spectroscopic techniques H. Raghuraman and Subhabrata Majumder
Imaging techniques Padmaja Mishra
Macromolecular structure determination Tofayel Ahmed
_ using cryo-electron microscopy (cryo-EM)
= B. Topics in Cell Biology
§ Cell cycle Partha Saha
2 Mechanobiology Kaushik Sengupta
§ Chromatin and epigenetics Chandrima Das
/)]
Intracellular trafficking Oishee Chakrabarti
Neuroscience Debashis Mukhopadhyay
C. Topics in Interdisciplinary Biology
Membrane Biophysics and Structural Dynamics H. Raghuraman
of Membrane Proteins
Introduction to Synthetic Biology Sangram Bagh
Drug Discovery: Modern Day Approach Subhabrata Majumder
Nanobiomaterials Dulal Senapati
Project Student(Guide) ‘
Role of Lamin A in mitosis and telomere homeostasis Rajarshi Roy (Kaushik Sengupta)
Computation with engineered living cells: An overview and its Ritwika Basu(Sangram Bagh)
advancements in addressing abstract computational challenges
Structural studies on ribosome using cryo-electron microscopy | Antara Saha(Tofayel Ahmed)
and single-particle analysis
Dynamic interplay of hairpin and G-quadruplex in the WNT'1 Ritesh Sonar(Padmaja Mishra)
E promoter region: Insightsfrom sm-FRET and thermodynamics
+ | analysis
& | Controlling the strand displacement in DNA: pH and ion Tanmoy Das(Padmaja Mishra)
% | modulation on the toeless mediated mechanism
g Understanding the conformational dynamics of enzyme Simran Nisha(Subhendu Roy)
o | adenylate kinase: Implications for rational enzyme design
@ | methods
Deciphering the origin of high catalytic efficiency of an artificial | Arunima Choudhury (Subhendu Roy)
metalloenzyme
Biocatalytically and plasmonicallysuperactivebioconjugated Sanjoy Nayek (Dulal Senapati)
nanoparticles for colorimetric bacteria detection
Role of epigenetic regulators in ECM remodeling: Functional Bipasa Mandal (Chandrima Das)
insights into LOX and LOX-like proteins
Envz — An introduction and its purification Subhadeep Das(Subhabrata Majumder)
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‘ Instructor [Teaching Assistant] ‘
Satyaki Bhattacharya

Statistical Mechanics

Augustine Kshetrimayum
Krishanu Roychowdhury

Computational & Numerical Methods

Kalpataru Pradhan and Prof. Debasish Das

Semester - I

ET Course Coordinator

Sudipto Chakrabarti

Advanced Experimental Techniques

Sankar De, Pratik Majumdar, Mala Das,
Akashrup Banerjee, Satyaban Bhunia,
Sudipto Chakbarti and Samik Duttagupta

Semester - I1I
Advanced Courses

Experimental techniques in Astrophysics

Mala Das and Maitreyee Nandy

Multielectron atomic spectroscopy, Light-matter
interactions & Quantum Optics

Sankar de

Nuclear Physics Advanced Course

Chinmay Basu

Special topics in Condensed Matter Physics & Surface
Physics

Sudipto Chakrabarti, Samik Duttagupta,
Biswaruo Satpati, Satyaban Bhunia,
Mrinmay Mukhopadhyay and Biswajit
Karmakar

Physics, Signature and Astrophysics of Quark Gluon
Plasma (QGP)

Debasish Das

Statistical methods and data analysis in particle physics

Satyaki Bhattacharya

Semester - II
Project review/experimental course (Project-I)

Growth and characterization of metal nano-clusters

Supratic Chakraborty

Spin-transport and magnetism of intercalated transition metal

dichalcogenide quantum material systems

Samik Duttagupta

Sulphide Kesterite synthesis and growth for photovoltaic applications

Satyaban Bhunia

Deposition and characterization of metal and metal oxide thin-films

Supratic Chakraborty

Growth and characterization of 2D monolayers using surface microscopy

methods

Krishnakumar Menon

Study of electromagnetic object reconstruction and identification with

the CMS detector at the LHC

Satyaki Bhattacharya

Layered transition-metal dichalcogenide (TMDC) thin films: Growth and

characterizations

Krishnakumar Menon

Atomic structure and chemical composition using Transmission

Electron Microscopy and associated techniques

Biswarup Satpati

Atomic spectroscopy beyond dipole approximation Sankar De
Spectroscopy of Rydberg atoms using three-photon transitions Sankar De
Review on dark matter (DM) direct search Mala Das

The 15N(p,alpha) reaction in the CNO cycle

Chinmay Basu

Photodisintegration reactions in Supernova

Chinmay Basu

Angle-resolved Photoemission spectroscopy (ARPES) studies of exotc

materials

Krishnakumar Menon

(Project-II)

Semester - II1

Project ‘ Student (Guide)

Study the response of SLD to a major background at low threshold

Kaynat Fatima

Endoepitaxial growth of oxide interface for thermoelectric and photovoltaic Jay Sharma
applications
Deposition and characterization of TiO2 thin-films on silicon substrate Dip Manna

Deposition and characterization of metal and metal oxide thin-films

Koushik Mondal

Study of electrocatalytic activity of Au@Pd core-shell pentatwinned nanoparticles Tanuja
towards ethanol oxidation reaction
Layered transition-metal dichalcogenide (TMDC) thin films: Growth and Ayan Hatui

characterizations

Growth and characterization of 2D monolayers using surface microscopy methods

Subhajit Mallik

Study of electromagnetic object reconstruction and identification with the CMS

detector at the LHC

Laltu Gazi
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Project ‘ Student (Guide)
Atomic spectroscopy beyond dipole approximation Tanish Kaur
Spectroscopy of Rydberg atoms using three-photon transitions Ekramul Hoque
Spin-transport and magnetism of intercalated transition metal dichalcogenide Dibyendu Majee
quantum material systems

The 15N (p, alpha) reaction in the CNO cycle Puja Das
Photodisintegration reactions in Supernova Sandip Das

Summer Programme

Twentyfive (25) post graduate students were inducted in summer programme this year.

Institution Students

Amrita Vishwa Vidyapeetham 1
Homi Bhabha National Institute

T, Kanpur

IIT, Madras

IIT, Bombay

IIT, Delhi

IIT, Guwahati

IIT, Kharagpur

Jadavpur University

State University of New York (SUNY) Stony Brook
University of Calcutta

Q== =W == =

Students’ Awards
Best Performing Students Post MSc 2023

Subject Student |
Theoretical Physics Jayashish Das
Experimental Physics Writabrata Sengupta
Biophysical Sciences Shakya Sinha

Best Thesis Selection in 2023

Subject Student Guide

Theoretical Physics Satyabrata Datta Ambar Ghosal
Subhankar Mandal Satyajit Hazra

Experimental Physics
Shuvankar Gupta Chandan Mazumdar
Rajkamal Srivastava Sangram Bagh

Biophysical Sciences
Subhoja Chakraborty Sampa Biswas
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PhD Awarded (April 2023 to March 2024)

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Gourab Saha (PHYS05201604016) [Prof. Suchandra Dutta] Search for non-resonant Higgs
boson pair production in the HH—-bbW+W-decay channel in p - p collisions using CMS. data
at Vs = 13 TeV at the LHC, 18-Apr-23

Debabrata Bhowmik (PHYS05201504009) [Prof. Satyaki Bhattacharya] Searching for dark
matter with the CMS. detector in proton-proton collisions containing large transverse
momentum imbalance in association with a Higgs boson decaying to two photons, 26-Apr-23

Arunava Kar (PHYS05201704005)[Prof. Krishnakumar S. R. Menon| Geometric and electronic
structures of ultra-thin filMs. on metal/semiconductor surfaces: a combined experimental
and theoretical study, 15-May-23

Rajkamal Srivastava (LIFE05201604008)[Prof. Sangram Bagh] Synthetic genetic reversible
logic gates in E.COLI and its application in logical information transfer to mammalian cell,
23-May-23

Subhoja Chakraborty (LIFE05201604009)[Prof. Sampa Biswas] To design and generate
specific protein inhibitors against falcipain 2 from plasmodium falciparum, a drug target for
the malarial parasite, 01-Jun-23

Debayan Purkait (LIFE05201704007) [Prof. Padmaja Prasad Mishra] Investigation of nucleo-
protein interactions in prokaryotic DNA repair and genome architecture using single-molecule
spectroscopy, 15-Jun-23

Promita Roy (PHYS05201704012) [Prof. Supratik Mukhopadhyay] Studies of optimization of
gaseous ionization detectors for muon imaging, 27-Jun-23

Sabyasachi Maulik (PHYS05201804002) [Prof. Harvendra Singh] Explorations in
entanglement and holography, 27-Jun-23

Arunima Bhattacharya (PHYS05201704009) [Prof. Prakash Mathews] Radiative corrections
and threshold resummed predictions to pseudoscalar Higgs boson production in QCD, 04-
Jul-23

Saikat Bhattacharjee (PHYS05201704014) [Prof. Anjali Mukherjee] Systematic study of
reaction mechanisMs. with strongly and weakly bound projectiles on rare-earth target nuclei,
24-Jul-23

Smruti Ranjan Mohanty (PHYS05201604015) [Prof. Krishnakumar S. R. Menon]
Spectromicroscopy studies of surfaces and ultrathin filMs. using leem-peem methods, 03-
Aug-23

Pritam Palit (PHYS05201704004) [Prof. Subir Sarkar] Search for Higgs boson pair production
in HH—bbZZ—bb4l final state using CMS. data at Vs = 13 TeV at the LHC, 03-Aug-23

Satyabrata Datta (PHYS05201804001) [Prof. Ambar Ghosal] Exploring leptogenesis and pre-
BBN universe with primordial gravitational waves and their spectral features, 04-Aug-23

Duhita Sengupta (LIFE05201704005) [Prof. Kaushik Sengupta] Lamins and DNA damage in
context of gynaecological cancers, 23-Aug-23

Chandrayee Mukherjee (LIFE05201704004) [Prof. Kaushik Sengupta] Role of lamin a
mutations in myogenesis, 04-Sep-23

Amrita Datta (PHYS05201604014) [Prof. Indranil Das] Magnetic properties of Co-Cr-Al based
heusler compounds, 20-Sep-23

Astik Haldar (PHYS05201704007) [Prof. Abhik Basu| Statistical physics perspectives on
driven systems, 17-Oct-23

Shuvankar Gupta (PHYS05201804000) [Prof. Chandan Mazumdar] Exploring half-metallic
ferromagnetism and magnetic frustration in some structurally disordered novel quaternary
heusler allow, 31-Oct-23

Sudip Chakraborty (PHYS05201804024) [Prof. Chandan Mazumdar] Novel magnetic ground-
states of ternary intermetallic R2IrSi3-series (R=Gd-Ho) and heusler alloys, 12-Dec-23

Subhankar Mandal (PHYS05201804013) [Prof. Satyajit Hazra] Morphology and electronic
structures of organic semiconducting thin films, 26-Dec-23
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21. Suchanda Mondal (PHYS05201704017) [Dr. Biswarup Satpati Studying Magnetic Properties
of layered van Der Waals single crystals, 11-Jan-24

22. Smruti Medha Mishra (PHYS05201804014) [Prof. Biswarup Satpati Fabrication of different
Nanostructures for Photovoltaic Applications and their correlation with structural properties,
22-Jan-24

23. Tanmoy Ghosh (PHYS05201804004) [Prof. Manoj Sharan] Investigation of Cosmic-Ray Muon
Flux Variation with Overburden and Study of Nuclear Physics Inputs to Astrophysics, 13-
Feb-24

24. Pooja Agarwal (PHYS05201704022) [Prof. Biswajit Karmakar| Correlations effects in Two
Dimensional systems, 12-Mar-24

25. Saugata Roy (PHYS05201804020) [Prof. Satyajit Hazral] Tuning structural ordering of m-
conjugated homopolymer and donor-acceptor copolymer thin films, 13-Mar-24

Awards and Distinctions

The Academic Council of HBNI has conferred the Outstanding Doctoral Student
Award-2022 in Physical Sciences to Dr. Ritesh Ghosh of Saha Institute of Nuclear
Physics. Dr. Ghosh completed his Ph.D work under the guidance of Prof. Munshi G
Mustafa. He submitted his thesis on “A study on some aspects of hot and dense QCD
matter”.

Dr. Kathakali Sarkar is awarded with J B Joshi Endowment Innovation Award-2023
by Homi Bhabha National Institute, Department of Atomic Energy for her PhD
research work in cellular computer technology and synthetic biology. Dr. Sarkar has
completed her PhD under the guidance of Prof. Sangram Bagh.
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Outreach Programme
5 April 2023

A team of 52 PG and UG students from Don Bosco
University, Assam visited FRENA. The students
were introduced to the concept of accelerators and
given a detailed tour of the facility.

17 May 2023

Students of Satish Chandra Memorial
School, Chakdaha, Nadia visited us. The
students had an opportunity to interact with
researchers and visit laboratories across the
field of Nuclear Physics, Condensed Matter
Physics and Biophysical Sciences.

11 December 2023

Students of Saraswati Shishu Mandir,
Keshiary, Pashchim Medinipur visited us.
Our research scholars showed them various
labs and research facilities including a
glimpse of FRENA.

28 February 2024

National Science Day was observed at SINP
with 500 students and teachers from schools.
The students had Interaction with research
scholars followed by a Science Quiz
competition. Dr Debi Prasad Duari delivered
his lecture on “Cosmos - the final frontier”.
The program ended with distribution of prize
to all the winners in Quiz Competition.
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Participation in Other Outreach Activities

August 2023

26th National Science Exhibition, Central Park, Salt Lake, Kolkata

December 2023

Sundarban Kristi Mela O Lokosanskriti Utsab, Kultali, Basanti, South 24 Parganas, WB

January 2024

Sundarban Utsab, Sonakhani Bazaar, Basanti, South 24 Parganas, WB

Meghnad Saha Smarak Vigyan Mela, Tringular Park, Rashbehari Avenue, Kolkata, WB
Acharya Satyendranath Basu Smarak Bijnan 'o’' Prajukti Mela, Hedua Park, Kolkata-
700006

Gramin Krishi O Shilpo Mela, Jelerhat Ghola, South 24 Parganas, WB

At 26th National Science Exhibition, Central Park,
Salt Lake, Kolkata, August 24-27, 2023
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Day,

74t F

11 Janunary, 2024

Council, SINP and Secretary, DAE visited us on the this Foundation Day
Foundation Day this year

Dr. j,t Kumar Mohanty, Chairman, Goverhing Dr. jit Kumar Mohanty visited the FRENA facility on

Swachiota Pakhwada

activities inside and outside of the Institute campus and Megnad Saha Abasan Campus and (d) plantation drive.

February 16-29, 2024 - (a) awareness and training programmes, (b) poster competition on “Swachhata Hi Seva”, “Say no to
plastics”, “Save water” and “Green Earth” for the members of Institute to spread Swachhata awareness, (c¢) Shramdaan

Women's Day 2024

Inter

Mentorship and

Sponsorship

Buiding Networks to Support Women's Career Development

Smt. Sambiti Chakrabarty, ACP South, Bldhanagar PC, Kolkata.

International Women’s Day was observed on 14 March, 2024. Following an introductory remarks by
Director, SINP, Ms. Paulami Niyogi, Entrepreneur and Motivational Trainer delivered a lecture on
Mentorship and Sponsorship: Building Networks to Support Women’s Career Development on the theme
Inspire Inclusion. A lecture and demonstration on self-defence strategies were conducted by a team led by
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Technical, Administrotive and Auxidiory Stoff List

Sri Abhijit Bhattacharya
Sri Arijit Pal

Sri Avijit Shome

Sri Bablu Ram

Dr. Bikram Nath

Sri Deepak Kr. Ram

Sri Jitendra Nath Roy
Sri M. Mahendar

Sri Saikat Mukherjee
Dr. Sushanta Debnath

Sri Raghunath Naskar

Sri Madhu Sudan Samal”
Sri Sakal Dev Ram

Sri Sanjay Shaw

Sri Shyamal Ch. Digar

Engineer
Sri Rajkumar Sengupta
Sri Siddhartha Saha

Technical

Sri Gobinda Pal

Sri Nil Kanta Sinha
Sri Sujoy Halder

Sri Sunil Murmu

Sri Tarak Nath Sardar

Administrative
Sri Pinaki Saha

Engineer
Sri Deeptish Dey

Technical

Sri Abhijit Betal

Sri Nandalal Sanpui
Sri Raju Dutta

Sri Soumya Majumdar
Sri Subhendu Biswas
Sri Sumit Basu

Work Assistant

Sri Siladitya Chakraborty

* Canteen Staff

Sri Arindam Das

Sri Chandra Nath Marik
Sri Dipankar Das (HENPP)
Sri Dipankar Das (PPD)
Sri Dwijendra Das

Smt. Lipy Das Bose

Sri Manik Kujur

Sri Nilanjan Biswas

Smt. Soma Roy

Sri Soumya Sankar Basu
Sri Umesh Kumar Gond

Mr. Rizwan Ahmed

Sri Prabir Das

Sri Rakesh Kr. Ram
Sri Sudam Bagdi
Smt. Suro Mahato

Smt. Sangita Pande

Smt Mahuya Dutta

Sri Ashok Kr. Ram

Group E
Engineer
Sri Soumendra Pal
Technical Technical

Sri Dilip Kr. Chakraborty
Sri Jagannath Mandal

Sri Jai Prakash Tiwari

Sri Kalluri Venugopala Rao
Sri Mahendra M. Khapekar
Sri Pintu Sahoo

Sri Shourab Karmakar

Sri Sujit Maity

Work Assistant
Sri Bijay Ram
Sri Sankar Adhikari

Sri Kausik Das

Sri Mahesh Hembram
Dr. Manlunching

Sri Manoj Karmakar
Sri Pradip Das

Sri Samit De

Work Assistant
Sri Kartick Ch. Panigrahi
Sri Sanjib Kr. Roy

Technical

Sri Dharmendra Prasad
Sri Surai Mandi

Sri Trinath Maharana

Work Assistant
Sri Gopal Ch. Ghosh
Sri Kala Chand Hela
Sri Kartick Ch. Pal
Sri Prabir Biswas
Sri Prabir Kr. Mistri
Sri Uttam Kr. Roy

As on 31.03.2024

Sri Arindam Chakraborti

Sri Avijit Das

Sri Debraj Dey

Sri Dhrubajyoti Seth

Sri Goutam Sarkar

Sri Jayant Kr. Mukherjee
Dr. Nilkamal Barai

Smt. Papia Mondal

Dr. Ramkrishna Dev Das

Sri Souvik Banerjee

Sri Biswajit Dutta

Sri Gobardhan Jana
Sri Jhantu Mallick
Sri Rajeshwar Dubey

Engineer
Dr. Jisnu Basu

Technical

Sri Adhir Sarkar

Sri Bhairab Ch. Nath

Sri Biplab Kr. Dey

Sri C. Palanivel

Sri Debasish Sen

Sri Durlav Tudu

Sri Narayan Chandra Dey
Sri Partha Sarathi Karmakar
Sri Sadip Patra

Sri Subrata Baidya

Sri Sudipta Barman

Sri Sunil Das

Sri Supriya Mondal

Sri Tarun Tapan Biswas

Work Assistant
Sri Gopal Das
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Wg Cdr R Jamal Abdul Nasir (Retd), Registrar

Sri Ashoke Kr. Roy
Sri Balli Rana

Md. Manayar Hasan Mondal
Smt. Pampa Bhattacharjee

Sri Sanat Kumar Kotal
Sri Subrata Kr. Chowdhury

DCA
Sri Amartya Basu
AAO
Sri Dipak Kr. Das

AO-III
Sri Pankaj Pallav
AAO-II

Sri Jeevan Shaw

Sri Aditya Dhara

Sri Ajoy Kumar Biswas

Sri Akash Kumar Singh#

Ms. Amrita Acharjee

Sri Asim Haldar

Sri Avijit Saha

Sri Avishek Pal

Sri Bibekbijay Bandyopadhyay
Dr. Bimlesh Kr. Tripathi

Sri Birender Prasad

Ms. Daivam Sridevi

Sri Gopal Banik

Sri Goutam Ghosh

Sri Goutam Mandal

Sri James Wilson Kerketta
Sri Manoj Biswas

Sri Manoj Lakra

Smt. Monika Bhattacharya
Sri Nand Kishor Gond

Sm. Nirupama Halder

Smt. Paramita Pal

Sri Pourjok Majumder
Sri Prabir Kumar Mondal
Sri Pradip Dutta Sharma
Sri Ranjit Roy

Ms. Rekha Ram

Sri Sagar Kumar Behera
Sri Sanjib Kr. Mondal
Smt. Seethalakshmi Rath
Sri Soumyajit Karmakar
Sri Subhajit Biswas

Sri Subhasish Ghoshal
Sri Subhendu Naskar

Sri Subir Modak

Smt. Suparna Das

Sri Subir Bandyopadhygy
Sri Ved Prakash Mishra

Sri Amit Hari

Sri Arun Kumar Dutta
Sri Ashok Mallick

Sri Asish Ram

Sri Bipin Bose

Sri Gopal Chandra Saren

Smt. Jhuma Rajak (Ghorai)
Sri Kuntal Sarkhel

Sri Madhusudan Bhakta

Sri Mangal Oraon

Sk. Mostakin

Sri Pintu Ram

Smt. Radha Debi Ram

Sri Ramesh Hari

Sri Ramesh Singh

Sri Sandip Hembrom

Sri Santosh Hari

Sri Sibu Oraon

Sri Singh Bahadur Thapa
Sri Somenath Das

Sri Barun Kumar Barua

Sri Sailen Halder

Sri Shankar Andia

Sri Subodh Kumar Pradhan
Sri Sunil Ram

“on deputation w.e.f 01.01.2021

#on lien w.e.f 18.04.2023 for 2 years

Summary

Category ____Strength Male Female
Scientific 57 45 12
Technical 85 79 06
Administrative 47 38 09
Work Assistant 43 40 03
Canteen 06 06 -
Total 238 208 30
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Othher Major Faclities un SINP

Computing and Networking Facility
Hosting of High-Performance Computing (HPC) Capabilities:

To support the increasing demand for computational resources, the Computer Section has hosted a
High-Performance Computing (HPC) infrastructure. This system is designed to meet the
computational requirements of both general-purpose and scientific programs. The section continues
to provide access to various application software, such as MATHEMATICA and MATLAB, which are
available to users through network floating licenses on our servers.

S T
The hardware setup that hosts the HPC and Network/ Internet services of the Institute

Attendance Monitoring System Upgradation

This year, the process of upgrading the existing attendance monitoring system has been initiated.
New hardware and associated software modules have been procured, and the upgrade process is
currently underway. This initiative aims to enhance the efficiency and accuracy of attendance
tracking and leave management in the Institute.

CCTV Infrastructure Development

In light of the growing need for enhanced security, various CCTV-related equipments, including
Network Video Recorders (NVR), surveillance hard drives and associated software have been
procured and is currently under implementation in a phased manner.

Upgradation of HA Cluster Setup

To further enhance our IT infrastructure, new hardware, including servers, storage units, racks, and
KVM switches have been procured to upgrade the existing High Availability (HA) Cluster setup. The
installation of this new hardware has been completed, and the system is currently in the testing
phase before its full deployment.

Upgradation and Expansion of Wireless Network Coverage

In our ongoing efforts to improve network accessibility, new wireless access points and related
accessories aimed at upgrading the existing wireless network infrastructure have been procured. The
installation of these access points is scheduled to commence shortly, which will significantly
enhance wireless coverage and connectivity for users across the Institute.

Upgradation of Internet Router and Firewall

In a bid to strengthen our cybersecurity posture, a new hardware firewall, extending the existing
system that secures the perimeter of our network have been procured and deployed. Additionally
internet facing router is also being upgraded.
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Lt of Researchv Associates and Researciv Fellows

Ason 31.03.2024

Group A

Group B

Group C

Group D

Group E
Post MSc

Dr. Anagh Mukherjee
Dr. Mihir Manna

Dr. Shrestha Ghosh
Dr. Tamalika Paul

Dr. Nawaz Sarif Mallick

Dr. Aditya Banerjee
Dr. Ananya Mukherjee
Dr. Debodirna Ghosh
Dr. Misha Afrin

Dr. Rijul Roychowdhury
Dr. Nilay Maji

Dr. Raktima Basu

Dr. Suvayan Saha

Mr. Abhishek Paul

Mr. Aditya Singha Roy
Ms. Aindrila Kabiraj
Ms. Ankita Karmakar
Ms. Anuradha Roy

Mr. Arnab Bhattacharya
Mr. Arpan Bysack

Ms. Arpita Nandy

Mr. Atanu Mondal

Ms. Biyas Mukherjee
Mr. Debasish Prusty
Ms. Farhana Islam

Mr. Indranil Modak
Ms. Madhumanti Halder
Ms. Manali Basu

Ms. Manorama Ghosal
Ms. Palamou Das

Ms. Pallavi Chatterjee
Mr. Prem Das

Ms. Priyanka Sengupta
Ms. Rachayita Nag

Sk Ramiz Islam

Ms. Rupasree Brahma
Ms. Russa Das

Mr. Saikat Sadhukhan
Mr. Sandhik Nandi

Mr. Saswata Chakraborty
Mr. Sebabrata Maity
Mr. Shakya Sinha

Ms. Shreyasi Dey Sarkar
Ms. Shubhashri Parua
Ms. Sneha Dutta

Mr. Somenath Sen

Mr. Soumen Mondal
Mr. Sourav  Mondal
Mr. Subhradip Nath

Ms. Sudarshana Chakraborty

Ms. Swagata Adhikari
Mr. Tarit Sarkar
Mr. Vipin Singh

Mr. Ashish Gupta

Ms. Anindita Karmakar
Ms. Chitranshi Bakshi
Ms. Dipali Basak

Mr. Habib Ahammad Mondal
Mr. Joydip Dey

Ms. Manisha Samal

Mr. Maudud Ahmed

Ms. Munmun Twisha

Ms. Nadira Sultana

Mr. Pralay Kumar Das
Mr. Priyabrata Seth

Mr. Saikat Bhattacharjee
Mr. Saikat Ghosh

Mr. Shubhabrata Dutta
Mr. Shubham Dutta

Mr. Shubharaj Mukherjee
Mr. Siba Prasad Acharya
Mr. Subhendu Das

Mr. Sukhendu Saha

Mr. Suman Das Gupta
Ms. Susmita Das

Ms. Sweta Baradia

Mr. Tanmoy Bar

Mr. Tanmoy Ghosh

Mr. Vimal Kumar

Mr. Writabrata Sengupta

Sk Md Adil Imam
Mr. Aman Gupta
Mr. Debayan Jana
Md Emanuel Hoque
Mr. Jayashish Das
Mr. Pabitra Tripathy
Ms. Pallabi Dey

Mr. Pritam Nanda
Mr. Sandip Maiti
Mr. Sandip Halder
Mr. Soujanya Datta
Mr. Sourav Pal

Mr. Sudip Mandal

Mr. Suman Das

Mr. Afsar Ahmed

Mr. Amanulla Karikar
Ms. Amrita Datta

Mr. Arka Patra

Mr. Arnab Bhattacharya
Mr. Koustav Pal

Ms. Mousri Paul

Mr. Sabyasachi Karmakar
Mr. Sachin Majee

Mr. Saugata Roy

Mr. Shuvankar Gupta
Mr. Shuvankar Das

Ms. Smruti Medha Mishra
Ms. Soma Chatterjee

Mr. Soumya Bhowmik
Mr. Souvik Jana

Mr. Subhadip Chowdhury
Mr. Subhankar Mandal
Mr. Subrata Paul

Mr. Sudip Chakraborty
Mr. Suman Dey

Mr. Suman Kumar Ghosh
Ms. Suparna Sahoo

Ms. Suswapna Mukherjee
Mr. Suvankar Purkait
Mr. Tukai Singha

Ms. Antara Saha

Ms. Arunima Choudhury
Mr. Ayan Hatui

Mr. Aziz Hasan

Ms. Bipasa Mandal
Mr. Dibyendu Majee
Mr. Dip Manna

Mr. Ekramul Hoque
Mr. Gourab Banerjee
Mr. Jay Sharma

Ms. Kaynat Fatima
Mr. Koushik Mondal
Mr. Laltu Gazi

Mr. Nemai Chandra Sarkar
Mr. Nirabindu Ganguly
Ms. Puja Das

Mr. Rajarshi Roy

Mr. Ritesh Sonar

Ms. Ritwika Basu

Mr. Sandip Das

Mr. Sanjeev Maurya
Mr. Sanjoy Nayek
Ms. Shilpi Mallick

Ms. Simran Nisha

Ms. Sreya Basu

Mr. Soumen Pari

Mr. Subhadeep Das
Mr. Subhaijit Mallik
Ms. Tanish Kaur

Mr. Tanmoy Das

Ms. Tanuja

61| SIN P



Amual Report 202.%-2.4

62|SINFP



Awnal Report 202.3-2.4

Suwmmary
(April 2023 - March 2024)

Founded as the ‘Institute for Nuclear Physics’ in 1949, SINP got its present name after the
demise of its founder Director, Prof. Meghnad Saha, a famous astrophysicist, well-known
for his discovery of Thermal Ionization Equation. Apart from many scientific projects which
were initiated in the Institute, a Post-M.Sc. course, seemingly the first of its kind in the
country, was launched in this Institute in 1953. The purpose of this course was to train
students for research in Nuclear Science. In subsequent years, the scope of this course has
been expanded to embrace other areas of Physics and Biophysical Sciences. Since 1993-94,
the Post-M.Sc. course has been an integral part of doctoral research program in SINP.

In research, SINP is engaged in basic scientific research in several frontier areas of Physical
and Biophysical sciences. At present, the research activities are distributed over four
groups: (A) Biophysical Sciences, (B) Atomic, Nuclear and High Energy Physics, (C)
Theoretical Physics and (D) Condensed Matter, Surface Physics and Material Science.
Activities of Group E are divided in five areas — SIRD, Network and Computing, Workshop,
Building Maintenance Civil and Electrical. SIRD (Scientific Information and Resource
Division) coordinates activities of training of PhD students, Postdocs, summer &
undergraduate students, library, M. N. Saha Archive and various outreach programs. At
present, the Institute has sixty seven (67) scientific members, one hundred and sixty nine
(169) research scholars and post-doctoral fellows. Thirty (30) students were inducted in
PhD during this period.

Major accomplishments of the Institute in R&D include
a) Facility for Research in Experimental Nuclear Astrophysics (FRENA)

The members of FRENA were involved in planning and executing small-scale
experiments. These experiments were conducted primarily to understand the
behaviour of the 3MV tandetron machine at the facility. The experiments have been
using low-energy proton beam and targets like Lithium and Boron. Gas-based BF3
detectors have been used along with in-house developed stepper-motor controlled
target ladders. All the targets were fabricated at the FRENA target laboratory.

b) Grazing incidence X-ray scattering beamline

SINP grazing incidence X-ray scattering beamline (BL-13) at INDUS-2, RRCAT, Indore
is running successfully. About 18 user groups from several universities and national
laboratories performed experiments in the beamline during the year 2023-2024. A
research associate is posted in the beamline to provide user support and look after
the day-to-day maintenance and operation. SINP faculty members who are
associated with the beamline make regular visits to the site for installation of spares
as part of upgradation and review of technical support. A low-temperature cryostat
capable of reaching the sample temperature down to 10K has been installed in the
beamline. This facility will allow us to perform X-ray Diffraction experiments in
reflection mode from thin films to multi-layers.

c) Jaduguda Underground Science Laboratory (JUSL)

JUSL is situated at a depth of 555 m underground in the Jaduguda mine, UCIL. The
Laboratory is operated by SINP. At present, this is the only functional underground
laboratory in India. During the last year, several experiments were conducted by
SINP, VECC, and BARC. The angular distribution of the cosmic muons using plastic
scintillator at the underground and at the surface lab has been measured by SINP
scientists. Energy spectrum of the neutron background has been measured with
Bonners spheres, and simulated by the groups of VECC and BARC. The first phase
of the radon level at the underground lab was measured by the BARC group with the
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radon monitor. The first run of the dark matter direct search experiment was carried
out by SINP using superheated droplet detectors. The detectors and associated
components were fabricated in SINP. The data was analyzed and the preliminary
results are obtained which shows promising results with 2.46 kg-days of exposure at
5.87 keV thresholds indicating the necessity of larger exposures at lower threshold in
the near future.

d) The institute is also engaged in several large scale international collaborations, like
CMS, ALICE, MAGIC, etc.

During this period researchers of SINP have published 361 (average impact factor (IF) of
4.35) scientific articles in refereed journals of which 171 are with international
collaborations (IC). 125 articles out of 361 were published in journals with IF > 5 (of which
81 are with IC) and 36 in journals of IF > 6 (of which 20 are with IC). 25 Research Fellows
were awarded PhD degrees during this period.

Several National level programmes such as Swatchata Pakhwada, International Yoga Day,

Hindi Diwas, Women’s Day, Science Day, etc. were observed with enthusiastic
participations from students and staffs.
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Futwre Prograwmume of SINP

The future programmes of SINP are broadly distributed in four major projects. Main objectives of
three scientific projects along with an infrastructural project and scope for each are listed below:

Basic and Applied Research in Biophysical Sciences

Scope of the project

e Understanding the cellular and molecular structures and exploring how the structures of
cells and molecules relate to their functions.

e Investigating mutant Lamin-A proteins: How faulty versions of a specific protein Lamin-A
affect cell processes and contribute to cellular defects.

e Single-molecule biophysics: Advanced single-molecule methods to study molecular
interactions and elucidate molecular mechanisms underlying disease pathology.

e Lipid-protein interactions: How lipids and proteins interact within cell membranes and how
these interactions change protein structures.

e Role of proteins in cancer: How variations in certain proteins affect the structure and
behavior of chromosomes in some cancers.

e Metabolism in 3D cell cultures: Study metabolic activities of cells grown in three-dimensional
environments to gain insights into their functioning.

e RNA modifications: Investigating changes to RNA within cells and their effects on cell
functions.

e Link between metabolism and RNA changes: Exploring how changes in metabolism influence
RNA modifications.

e Molecular beam spectroscopy laboratory: Performing vibrationally mediated photo-
dissociation (VMP) spectroscopy on molecules or clusters lacking fluorescence or bound
excited electronic states.

e Developing energy-efficient catalysts: Creating new materials to improve the efficiency of
devices that produce and store renewable energy.

e Plasmonic liposomes for drug delivery: Designing plasmonic liposomes-based drug delivery
systems that respond to pH changes and heat.

e Nanoscale materials and their uses: Fabricating nanoscale materials with specific crystal
defects to create various catalysts and sensors for diverse field applications.

Basic Research Across all Energy and Length Scales

This project encompasses (a) basic research at the frontiers of Nuclear, Astroparticle, Atomic, and
Theoretical physics, (b) utilization and augmentation of a national research facility namely, Facility
for Research in Experimental Nuclear Astrophysics (FRENA) for fundamental nuclear astrophysics
research and (c) utilization of Jaduguda Underground Science Laboratory (JUSL) for dark matter
search. FRENA and JUSL facilities are unique of their kind in India.

Scope of the project

e Setting up of an ion-beam analysis chamber capable of performing high-end characterization
of thin films to be used as targets at FRENA.

e Study of reaction cross-sections of nuclear physics and astrophysics using charged particle
and electromagnetic radiation detection at FRENA.

e Perform online and offline experiments using various detector arrays and state-of-the-art data
acquisition systems, in collaboration with the national community.

e Utilization of the high-end FPGA data acquisition system at FRENA along with the fast-timing
array.

e Basic research in theoretical physics in the following fields: (a) Quantum Field Theory,
Gravity, String theory, (b) Particle physics and Quantum Chromo Dynamics, (c) Gravitational
waves, Multi-wavelength and multi-messenger astroparticle physics, (d) Quantum algorithms
and quantum information theory, (e) Condensed matter systems and and Statistical physics.

e Develop specific tools to analyze big data and perform theoretical modeling of the data
obtained from on-going and future national and international projects in High Energy
Physics, Nuclear Physics, Multi-messenger Astroparticle Physics and Quantum Optics.

e Studying coherent optical interactions in hot and cold Rb atoms using magneto-optical trap
and continuous-wave lasers for various precision spectroscopic measurements.
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To produce a low-cost prototype imaging setup along with an image processing framework
which may be useful for development of portable muography setup in future for field
applications.

Fabricate large mass superheated liquid detectors and operate at low threshold. To explore
different types of shielding to reduce the backgrounds for the dark-matter experiment.

Basic and Applied Research in Condensed Matter Physics and Surface Physics
Scope of the project

1.

Exploration of novel emergent phenomena in a wide range of quantum material and devices
would facilitate the understanding of the fundamental physics leading to the development of
a platform for the realization of futuristic quantum technologies. This project emphasizes on
(i) development and fabrication of novel quantum materials (magnetic, non-magnetic,
topological, etc.), heterostructures and devices, (ii) exploration of fundamental physics behind
quantum Hall effect, topological magnetism, electron, and spin transport down to the atomic
scale for the realization of quantum circuits. The results would be expected to bear
substantial implications for the development of future quantum devices for conventional and
unconventional computing architectures.

2. Development of new functional materials by various growth techniques. Characterize and

investigate the grown materials to understand structure properties correlations for advanced
surface and interface engineering. Nanoscale confinement in optically active materials like 2D
perovskites or spin-transport dependent metal-oxides and other promising classes of
materials will be investigated. Structure and property correlations will be studied using X-ray
based techniques, spectroscopic and microscopic studies. The newly proposed facilities
including upgradation of the existing facilities are essential for the fulfillment of this project.
The aforementioned research activities in (a), (b) fosters significant step towards development
of a self-sustainable platform for national quantum science and energy devices initiatives.

Infrastructure Developments at Saha Institute of Nuclear Physics
Scope of the project

Construction of a G+5 storey building at Belgachia campus for Labs, classrooms and guest
rooms.

Installation of displays, renovation and digitization of Saha Gallery and Archive.

Extension and modernization of science gallery and replacement of sound system in
Auditorium.

Installation and upgrading the fire detection and firefighting system in Labs, guest house and
hostels.

Civil and electrical installations and renovation work.
Infrastructure building for advanced level computing and data center in the Main campus.

Major renovations and modernization of lecture halls, classrooms, conference rooms.
Renovation and upgrading the M N Saha observatory.

Procuring and installing CNC and conventional machine tools in central workshop.
Construction of an indoor sports facility.

Upgrading and modernizing the Canteen facility for better health and hygiene.

Major renovation of old Workshop building and shed.

Major renovations of Labs, Hostel Building and Guest House.

Replacement and procurement of old lifts.

Replacement and procurement of old AC machines.

Replacement of conventional lights by LED lights and procurement of new LED lights.
Major renovation work of roads, road-furnishing, toilets, civil and electrical service lines.
Construction of an AC workshop.

Campus landscaping and beautification.

Upgrading the SINP website and e-office facility.
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Electronic Properties Modulation of NiFe-based Nanoalloy by Introducing Cu and P for Faster Oxygen Evolution Reaction
Kinetics, Nandy, Arpita; Ghosh, Tanmay; Kumar, Ravi; Bhattacharyya, Dibyendu; Senapati, Dulal, Jan 30, 2024,
ACS APPLIED ENERGY MATERIALS, 7 (3) pp. 1109-1119

Multiple Gold Nanoparticle Cores within a Single SiO2 Shell for Preservable Solid-State Surface-Enhanced Raman
Scattering and Catalytic Sensing, Dey, Suman; Mishra, Smruti M.; Roy, Abhijit; Roy, Anuradha; Senapati, Dulal;
Satpati, Biswarup, Aug 17, 2023, ACS APPLIED NANO MATERIALS, 6 (17) pp. 15606-15619

PMMA as an Additive for Nanostructured TiO2 Thin Films for Heterojunction Visible-Blind Photodetectors, Pal, Suparna;
Jana, Subhajit; Kamparath, Rajiv; Bhunia, Satyaban; Sharma, Neha; Karwal, Sharad; Shaikh, Aasiya; Benerji, N.,
Jan 31, 2024, ACS APPLIED NANO MATERIALS, 7 (3) pp. 3339-3351

Rare Earth Ion-Doped a-MnO2Nanorods for an Asymmetric Supercapacitor, Mondal, Dheeraj; Kundu, Manisha; Paul,
Biplab Kumar; Bhattacharya, Debopriya; Sarkar, Sujata; Sau, Souvik; Senapati, Dulal; Mandal, Tapas Kumar; Das,
Sukhen, Feb 15, 2024, ACS APPLIED NANO MATERIALS, 7 (5) pp. 4913-4926

Unveiling Electron Dose-Induced Phase Decomposition and Energy Kinetics in Cu-Doped CsPbI3 Nanocrystals, Bose,
Shaona; Mahato, Somnath; Roy, Baidyanath; Singha, Tukai; Srivastava, Sanjeev Kumar; Ray, Samit K., Mar 5, 2024,
ACS APPLIED NANO MATERIALS, 7 (6) pp. 6020-6028

Nanoparticle Mediated Improved Crystallinity and Connectivity of Semiconducting Polymer Thin Films, Saifuddin, Md;
Biswas, Arindam; Roy, Saugata; Mandal, Subhankar; Hazra, Satyajit, Apr 10, 2023, ACS APPLIED POLYMER
MATERIALS, 5 (5) pp. 3359-3369

Nucleoside-Derived Metallohydrogel Induces Cell Death in Leishmania Parasites, Bhattacharya, Semantee;
Bhattacharyya, Tanima; Khanra, Supriya; Banerjee, Rahul; Dash, Jyotirmayee, Aug 22, 2023, ACS INFECTIOUS
DISEASES, 9 (9) pp. 1676-1684

Culling a Self-Assembled Quantum Dot as a Single-Photon Source Using X-ray Microscopy, Dey, Arka Bikash; Sanyal,
Milan K.; Schropp, Andreas; Achilles, Silvio; Keller, Thomas F.; Farrer, Ian; Ritchie, David A.; Bertram, Florian;
Schroer, Christian G.; Seeck, Oliver H., Jul 31, 2023, ACS NANO, 17 (16) pp. 16080-16088

Ultrasound-Assisted Extraction of Verbascoside from Clerodendrum glandulosum Leaves for Analysis of Antioxidant
and Antidiabetic Activities, Khound, Puspanjali; Sarma, Himangshu; Sarma, Partha Pratim; Jana, Uttam Kumar;
Devi, Rajlakshmi, May 31, 2023, ACS OMEGA, 8 (23) pp. 20360-20369

Detection of Nontrivial Topology Driven by Charge Density Wave in a Semi-Dirac Metal, Alam, Rafiqul; Boyal, Prasun;
Roy, Shubhankar; Singha, Ratnadwip; Pal, Buddhadeb; Pal, Riju; Mandal, Prabhat; Mahadevan, Priya; Pal, Atindra
Nath, Oct 25, 2023, ADVANCED FUNCTIONAL MATERIALS, 33 (44)

Self-Assembled 2D Sheets of an Amphiphilic Sexiphenyl Exhibit Intense Polarized Blue Emission in the Solid State,
Mondal, Pramita; Hill, Jonathan P.; Manna, Gouranga; De Dalui, Sharmistha; Neal, Edward A.; Richards, Gary. J.;
Ariga, Katsuhiko; Yamauchi, Yusuke; Shrestha, Lok Kumar; Acharya, Somobrata, 2024 Mar 14, 2024, ADVANCED
OPTICAL MATERIALS,

Schwinger-Type Pair Production in Non-SUSY AdS/CFT, Chowdhury, Udit Narayan, Apr 29, 2023, ADVANCES IN
HIGH ENERGY PHYSICS, 2023

Ambient formation of high pressure Ag2Si205 and non-stoichiometric Ag0.3A10.7 alloy under confinement, Pramanik,
Subrata; Mukhopadhyay, Mrinmay Kumar; Biswas, Ripan Kumar; Ghosh, Jiten; Datta, Alokmay, Jan 1, 2024, AIP
ADVANCES, 14 (1)

Origin of microscopically coupled ferromagnetic Cu-ions in a distorted system of Cu-doped ZnO and their synchrotron-
based electronic structures, Kumar, A.; Ghosh, T.; Aabdin, Z.; Roy, J.; Verma, V. K.; Ghosh, A.; Sahoo, S. K.; Urkude,
R.; Bhunia, S.; Goutam, U. K.; Amemiya, K.; Kandasami, A.; Singh, V. R., Feb 1, 2024, AIP ADVANCES, 14 (2)

On the Evolution Equations of Nonlinearly Permissible, Coherent Hole Structures Propagating Persistently in
Collisionless Plasmas, Schamel, Hans; Chakrabarti, Nikhil, Aug, 2023, ANNALEN DER PHYSIK, 535 (8)

Response to Comment on On the Evolution Equations of Nonlinearly Permissible, Coherent Hole Structures Propagating
Persistently in Collisionless Plasmas [Ann. Phys. (Berlin) 2023, 2300102], Schamel, Hans; Chakrabarti, Nikhil, Mar,
2024, ANNALEN DER PHYSIK, 536 (3)

Effect of the annealing temperature on structural, morphological, and nonlinear optical properties of TeO2 thin films
used for efficient THz generation, Mahendar, M.; Krishna, R. N. Vamsi; Chaudhary, A. K., Apr 1, 2023, APPLIED
OPTICS, 62 (10)

Transition metal oxide assisted quaternary nanoarchitectonics based composite towards enhanced electrochemical
energy storage performance, Ghosh, Srijayee; Majumder, Sumit; Banerjee, Sangam, May, 2023, APPLIED PHYSICS
A-MATERIALS SCIENCE & PROCESSING, 129 (5)

True coincidence summing correction for a BEGe detector in close geometry measurements, Gupta, Ashish; Shareef, M.;
Twisha, Munmun; Bhattacharjee, Saikat; Mukherjee, Gopal; Nayak, Satya Samiran; Basu, Sansaptak; Dasgupta, S.;
Datta, J.; Bhattacharyya, S.; Mukherjee, A., Oct, 2023, APPLIED RADIATION AND ISOTOPES, 200

Alteration and interrogation of ultra-thin layer of silicon by reactive molecular ion implantation, Mukherjee, Joy;
Bhowmick, Sudip; Karmakar, Sabyasachi; Bhowmik, Dipak; Satpati, Biswarup; Hazra, Satyajit; Karmakar, Prasanta,
Nov 15, 2023, APPLIED SURFACE SCIENCE, 637
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Graded oxide layer for high-performing nanosized synaptic emulator, Sudheer, Rupam; Mandal, Rupam; Pachchigar,
Vivek; Sooraj, K. P.; Satpati, Biswarup; Som, Tapobrata; Ranjan, Mukesh, Dec 1, 2023, APPLIED SURFACE
SCIENCE, 639

Dissecting the emission from LHAASO J0341+5258: Implications for future multiwavelength observations, De Sarkar,
Agnibha; Majumdar, Pratik, Jan 5, 2024, ASTRONOMY & ASTROPHYSICS, 681

Multiwavelength study of the galactic PeVatron candidate LHAASO J2108+5157, Majumdar, P. et. al., May 10, 2023,
ASTRONOMY & ASTROPHYSICS, 673

Multi-year characterisation of the broad-band emission from the intermittent extreme BL Lac 1ES 2344+514, Majumdar,
P. et. al., Feb 9, 2024, ASTRONOMY & ASTROPHYSICS, 682

Performance of the joint LST-1 and MAGIC observations evaluated with Crab Nebula data, Majumdar, P. et. al., Dec 8,
2023, ASTRONOMY & ASTROPHYSICS, 680

Star tracking for pointing determination of Imaging Atmospheric Cherenkov Telescopes, Majumdar, P. et. al., Nov 16,
2023, ASTRONOMY & ASTROPHYSICS, 679

Sensitivity of the Cherenkov Telescope Array to spectral signatures of hadronic PeVatrons with application to Galactic
Supernova Remnants, Majumdar, P. et. al., Aug, 2023, ASTROPARTICLE PHYSICS, 150

Constraints on the Cosmic Expansion History from GWTC-3, Arunava Mukherjee et. al., Jun 1, 2023,
ASTROPHYSICAL JOURNAL, 949 (2)

Observations of the Crab Nebula and Pulsar with the Large-sized Telescope Prototype of the Cherenkov Telescope
Array, Majumdar, P. et. al., Oct 1, 2023, ASTROPHYSICAL JOURNAL, 956 (2)

Search for Gravitational Waves Associated with Fast Radio Bursts Detected by CHIME/FRB during the LIGO-Virgo
Observing Run O3a, Arunava Mukherjee et. al., Oct 1, 2023, ASTROPHYSICAL JOURNAL, 955 (2)

Multimessenger Characterization of Markarian 501 during Historically Low X-Ray and y-Ray Activity, Majumdar, P. et.
al., Jun 1, 2023, ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES, 266 (2)

Stable RNA G-Quadruplex in the 5-UTR of Human cI[AP1 mRNA Promotes Translation in an IRES-Independent Manner,
Roy, Aditya Singha; Majumder, Subhabrata; Saha, Partha, Feb 9, 2024, BIOCHEMISTRY, 63 (4) pp. 475-486

The 'Not-So-Famous Five' in tumorigenesis: tRNAs, tRNA fragments, and tRNA epitranscriptome in concert with AARSs
and AIMPs, Saha, Sutapa; Mukherjee, Biyas; Banerjee, Proma; Das, Debadrita, Jul, 2024, BIOCHIMIE, 222 pp. 45-
62

Lamin A K97E leads to NF-kB-mediated dysfunction of inflammatory responses in dilated cardiomyopathy, Sengupta,
Duhita; Sengupta, Kaushik, Mar, 2024, BIOLOGY OF THE CELL, 116 (3)

Salmonella typhimuriumdetection and ablation using OmpD specific aptamer with non-magnetic and magnetic graphene
oxide, Gupta, Ritika; Singh, Vishal; Sarawagi, Nikita; Kaur, Gurmeet; Kaur, Raminder; Priyadarshi, Nitesh; Rishi,
Vikas; Goyal, Bhupesh; Mishra, Padmaja P.; Singhal, Nitin K., Aug 15, 2023, BIOSENSORS & BIOELECTRONICS, 234

Defect-Mediated Self-Powered Ultraviolet Photodetection of Chemically Tailored Tin-Oxide Nanoparticles, Narzary, R.;
Chekke, Tani; Ngadong, S.; Satpati, Biswarup; Bayan, S.; Das, Upamanyu, Dec, 2023, BRAZILIAN JOURNAL OF
PHYSICS, 53 (6)

Epigenetic reprogramming of T cells: unlocking new avenues for cancer immunotherapy, Singh, Vipin; Nandi, Sandhik;
Ghosh, Aritra; Adhikary, Santanu; Mukherjee, Shravanti; Roy, Siddhartha; Das, Chandrima, 2024 Jan 18, 2024,
CANCER AND METASTASIS REVIEWS,

ISGylation of DRPI1 closely balances other post-translational modifications to mediate mitochondrial fission, Das,
Palamou; Chakrabarti, Oishee, Mar 2, 2024, CELL DEATH & DISEASE, 15 (3)

Exploring complex magnetic phase transitions and magnetocaloric effect in the nanocrystalline Nd0.5Ca0.5MnO3
compound, Mondal, Nirmal; Mazumdar, Dipak; Chatterjee, Soma; Das, Kalipada; Kumar, S.; Das, I., Feb 1, 2024,
CERAMICS INTERNATIONAL, 50 (3) pp. 5594-5603

Investigation of 58Ni (n, p)58Co reaction cross-section with covariance analysis, Hingu, Akash; Mukherjee, S.;
Parashari, Siddharth; Sangeeta, Arora; Gandhi, A.; Upadhyay, Mahima; Choudhary, Mahesh; Bamal, Sumit; Singh,
Namrata; Mishra, G.; De, Sukanya; Sood, Saurav; Prasad, Sajin; Saxena, G.; Kumar, Ajay; Thomas, R. G.; Agrawal,
B. K.; Katovsky, K.; Kumar, A., Feb 1, 2024, CHINESE PHYSICS C, 48 (2)

Parallelization of Garfield plus plus and neBEM to simulate space-charge effects in RPCs, Dey, Tanay; Bhattacharya,
Purba; Mukhopadhyay, Supratik; Majumdar, Nayana; Seal, Abhishek; Chattopadhyay, Subhasis, Jan, 2024,
COMPUTER PHYSICS COMMUNICATIONS, 294

The big questions in small systems, Das, Debasish, Oct 25, 2023, CURRENT SCIENCE, 125 (8) pp. 820-821

Kinetic Models of Wealth Distribution with Extreme Inequality: Numerical Study of Their Stability against Random
Exchanges, Ghosh, Asim; Banerjee, Suchismita; Goswami, Sanchari; Mitra, Manipushpak; Chakrabarti, Bikas K.,
Jul, 2023, ENTROPY, 25 (7)

Sandpile Universality in Social Inequality: Gini and Kolkata Measures, Banerjee, Suchismita; Biswas, Soumyajyoti;
Chakrabarti, Bikas K.; Ghosh, Asim; Mitra, Manipushpak, Apr 28, 2023, ENTROPY, 25 (5)

Functional characterization of mutations causal to rare muscle disorders in genes encoding intermediate filament
proteins, Sanga, Shamita; Mukherjee, Chandrayee; Sengupta, Kaushik; Acharya, Moulinath, May 11, 2023,
EUROPEAN JOURNAL OF HUMAN GENETICS, 31 pp. 504-505
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Electrical conductivity and shear viscosity of a pion gas in a thermo-magnetic medium, Kalikotay, Pallavi; Ghosh,
Snigdha; Chaudhuri, Nilanjan; Roy, Pradip; Sarkar, Sourav, Mar 24, 2024, EUROPEAN PHYSICAL JOURNAL A, 60 (3)

Ellipticity of dilepton production from a hot and magnetized hadronic medium, Mondal, Rajkumar; Chaudhuri,
Nilanjan; Ghosh, Snigdha; Sarkar, Sourav; Roy, Pradip, Dec 9, 2023, EUROPEAN PHYSICAL JOURNAL A, 59 (12)

Impact of density dependence of symmetry energy on astrophysical S-factor for heavy-ion fusion reactions, Ghosh, T.;
Sangeeta, G.; Saxena, G.; Agrawal, B. K.; Datta, Ushasi, Nov 14, 2023, EUROPEAN PHYSICAL JOURNAL A, 59 (11)

Revealing new structures in odd-odd 54Mn nucleus, Basu, S.; Mukherjee, G.; Nandi, S.; Nayak, S. S.; Bhattacharyya,
S.; Bhattacharya, Soumik; Dar, Shabir; Das, Sneha; Basak, S.; Kumar, D.; Paul, D.; Banerjee, K.; Roy, Pratap;
Manna, S.; Kundu, Samir; Rana, T. K.; Pandey, R.; Chatterjee, S.; Raut, R.; Ghugre, S. S.; Samanta, S.; Banik, R.;
Karmakar, A.; Chattopadhyay, S.; Gupta, S. Das; Pallav, P.; Rajbanshi, S.; Ali, S.; Pai, H., Oct 16, 2023, EUROPEAN
PHYSICAL JOURNAL A, 59 (10)

Study of the p-p-K+ and p-p-K- dynamics using the femtoscopy technique, S. Chattopadhyay, M. S. Islam, T. Sinha et.
al., Dec 18, 2023, EUROPEAN PHYSICAL JOURNAL A, 59 (12)

Towards the understanding of the genuine three-body interaction for p-p-p and p-p-A, S. Chattopadhyay, H.
Hushnud, M. S. Islam, P. Roy, T. Sinha et. al., Jul 3, 2023, EUROPEAN PHYSICAL JOURNAL A, 59 (7)

A search for decays of the Higgs boson to invisible particles in events with a top-antitop quark pair or a vector boson in
proton-proton  collisions at \s=13TeV, S Baradia, S Barman, S Bhattacharya, D Bhowmik, S Dutta, S Dutta, B
Gomber, M Maity, P Palit, G Saha, B Sahu, S Sarkar, et. al., Oct 16, 2023, EUROPEAN PHYSICAL JOURNAL C, 83
(10)

A search for new physics in central exclusive production using the missing mass technique with the CMS detector and
the CMS-TOTEM precision proton spectrometer, S. Baradia, S. Barman, S. Bhattacharya, D. Bhowmik, S. Dutta, S.
Dutta, B. Gomber, M. Maity, P. Palit, G. Saha, B. Sahu, S. Sarkar et. al., Sep 20, 2023, EUROPEAN PHYSICAL
JOURNAL C, 83 (9)

Azimuthal correlations in Z plus jets events in proton-proton collisions at Ys=13TeV, M. Bharti, R. Bhattacharya, S.
Bhattacharya, D. Bhowmik, S. Dutta, S. Dutta, B. Gomber, M. Maity, P. Palit, P. K. Rout, G. Saha, B. Sahu, S.
Sarkar, M. Sharan et. al., Aug 11, 2023, EUROPEAN PHYSICAL JOURNAL C, 83 (8)

Azimuthal correlations of heavy-flavor hadron decay electrons with charged particles in pp and p-Pb collisions at
VsNN=5.02 TeV, S. Chattopadhyay, M. S. Islam & T. Sinha, Aug 22, 2023, EUROPEAN PHYSICAL JOURNAL C, 83
(8)

CMS PYTHIA 8 colour reconnection tunes based on underlying-event data, M. Bharti, R. Bhattacharya, S.
Bhattacharya, D. Bhowmik, S. Dutta, S. Dutta, B. Gomber, M. Maity, P. Palit, P. K. Rout, G. Saha, B. Sahu, S.
Sarkar, M. Sharan et. al., Jul 10, 2023, EUROPEAN PHYSICAL JOURNAL C, 83 (7)

Constraining the (K)over-barN coupled channel dynamics using femtoscopic -correlations at the LHC, S.
Chattopadhyay, H. Hushnud, M. S. Islam, P. Roy, T. Sinha et.al., Apr 28, 2023, EUROPEAN PHYSICAL JOURNAL
C, 83 (4)

Inclusive photon production at forward rapidities in pp and p-Pb collisions at VsNN=5.02 TeV, S. Chattopadhyay, M. S.
Islam, T. Sinha et. al., Jul 25, 2023, EUROPEAN PHYSICAL JOURNAL C, 83 (7)

Jet-like correlations with respect to KSO and A ((A)over-bar) in pp and central Pb-Pb collisions at VsNN=5.02 TeV, S.
Chattopadhyay, M. S. Islam, T. Sinha et. al., Jun 12, 2023, EUROPEAN PHYSICAL JOURNAL C, 83 (6)

Luminosity determination using Z boson production at the CMS experiment, S. Baradia, S. Barman, S.
Bhattacharya, D. Bhowmik, S. Dutta, S. Dutta, B. Gomber, P. Palit, G. Saha, B. Sahu, S. Sarkar et. al., Jan 10,
2024, EUROPEAN PHYSICAL JOURNAL C, 84 (1)

Measurement of non-prompt DO-meson elliptic flow in Pb-Pb collisions at VsNN=5.02 TeV, S. Chattopadhyay, M. S.
Islam, T. Sinha et. al., Dec 11, 2023, EUROPEAN PHYSICAL JOURNAL C, 83 (12)

Measurement of the differential t(tjover-bar production cross section as a function of the jet mass and extraction of the
top quark mass in hadronic decays of boosted top quarks, S. Baradia, S. Barman, S. Bhattacharya, D. Bhowmik, S.
Dutta, S. Dutta, B. Gomber, M. Maity, P. Palit, G. Saha, B. Sahu, S. Sarkar et. al., Jul 3, 2023, EUROPEAN
PHYSICAL JOURNAL C, 83 (7)

Measurement of the mass dependence of the transverse momentum of lepton pairs in Drell-Yan production in proton-
proton collisions at Vs=13TeV, M. Bharti, R. Bhattacharya, S. Bhattacharya, D. Bhowmik, S. Dutta, S. Dutta, B.
Gomber, M. Maity, P. Palit, P. K. Rout, G. Saha, B. Sahu, S. Sarkar, M. Sharan, B. Singh, S. Thakur et. al., Jul 17,
2023, EUROPEAN PHYSICAL JOURNAL C, 83 (7)

Measurement of the top quark mass using a profile likelihood approach with the lepton plus jets final states in proton-
proton collisions at Vs=13TeV, S. Baradia, S. Barman, S. Bhattacharya, D. Bhowmik, S. Dutta, S. Dutta, B.
Gomber, M. Maity, P. Palit, G. Saha, B. Sahu, S. Sarkar et. al., Oct 25, 2023, EUROPEAN PHYSICAL JOURNAL C,
83 (10)
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“COMMERCE HOUSE”

2, Ganesh Chandra Avenue
1st Floor, Room No. 9
Kolkata - 700 013

Date 2%!06/202"/

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, 2024 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. 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 judgment, including the
assessment of the risks of material misstatement of the financial statements, whether due to fraud or
error, in making those risk assessments, the auditor considers internal control relevant to the 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
Fixed Assets Register has been maintained on additions made on and from the financial year 2002-03 to
the till date.

Subject to the above observation 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.

Phone : (033) 2213 2200, Mobile : 85850 68838 / 62915 21509, E-mail : ncbanerjee02@grail 46 ncb.co@hotmail. com
Branch Office : 54A, Kunj Bihar, Bokaro - 827 013, Jharkhand, Phone : 94357 35758
Branch Office : 502-B, Techno Park-I, Thakur Village, Kandivali East, Mumbai - 400 101, Phone : 98692 79367




i)
ii)

iii)

In case of the Balance Sheet of the State of affairs of the SAHA INSTITUTE OF NUCLEAR
PHYSICS as at 31* March 2024.

In the case of Income & Expenditure Account, of the deficit for the year ended on that date.

In the case of the Receipt & Payments Account, of the transactions during the year ended on that
date.

REPORT ON OTHER LEGAL AND REGULATORY REQUIREMENTS

As required on the above matters, we report that

a)
b)

<)

Place :

Date :

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.

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.

The Balance Sheet and the statements of Income and Expenditure dealt with by this report are in
agreement with the books of account.

For N. C. Banerjee & Co.,

Chartered Accountants
N J FRN 302081E
P 1
[ ) Rt
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Kolkata “0\\ ‘ﬁ?AM C. KODALI
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SAHA INSTITUTE OF NUCLEAR PHYSICS
BALANCE SHEET AS ON 31ST MARCH, 2024

CAPITAL FUND & LIABILITIES Schedule 2023-24 2022-23
CORPUS /CAPITAL FUND 1 99,59,96,126.17 83,50,08,900.85
RESERVE & SURPLUS 2 - -
EARMARKED FUNDS /ENDOWMENT FUNDS 3 46,17,568.85 28,34,652.00
SECURED LOANS & BORROWINGS 4 - -
UNSECURED LOANS & BORROWINGS 5 - -
DEFFERED CREDIT LIABILITIES 6 - -
CURRENT LIABILITIES AND PROVISIONS 7 6,60,41,20,005.92 5,96,59,74,193.46
TOTAL 7,60,47,33,700.94 6,80,38,17,746.31
ASSETS
FIXED ASSETS
Gross Block 8 5,29,98,11,216.12 5,15,16,77,936.80
Less : Accumulated Depreciation 8 3,64,73,37,052.62 3,48,15,90,446.56
1,65,24,74,163.50 1,67,00,87,490.24
INVESTMENTS- FROM EARMARKED/ ENDOWMENT
FUNDS 9 - -
INVESTMENTS- OTHERS 10 1,60,50,293.00 2,21,50,293.00
CURRENT ASSETS, LOANS & ADVANCES 11 10,14,52,742.49 7,47,00,119.18
EXCESS OF EXPENDITURE OVER INCOME 5,83,47,56,501.95 5,03,68,79,843.89
TOTAL 7,60,47,33,700.94 6,80,38,17,746.31
SIGNIFICANT ACCOUNTING POLICIES 24
CONTINGENT LIABILITIES AND
NOTES ON ACCOUNTS 25

The Schedules referred to abovﬂfogm part of these Accounts
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(Amartya Basu) (R Jam
Deputy Controller of Accounts

In terms of our attached Report of even date
For N.C. Banerjee & Co.,
Chartered Accountants
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(M.C. Kodali )
Partner o

Commerce House, 1st Floor, Room No 9,
2, G. C. Avenue, Kolkata - 700013

Dated :29/06/2024
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SAHA INSTITUTE OF NUCLEAR PHYSICS
INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR END 31ST MARCH, 2024

INCOME: - Schedule 2023-24 2022-23
Income from Sales/Services 12 3,57,350.00 3,33,610.00
Grants 13 1,26,37,82,480.90 1,26,43,99,909.48
Fees / Subscriptions 14 - -
Income from Investments 15 - -
Income from Royalty, Publication 16 - -
Interest Earned 17 - -
Other Income 18 96,38,531.39 1,26,22,785.84
Increase / Decrease in stock of finished goods
and works-in-progress 19 - -
Excess of Expenditure over Income
transferred to Balance Sheet 79,78,76,658.07 32,83,71,386.66
TOTAL 2,07,16,55,020.36 1,60,57,27,691.98
EXPENDITURE: -
Establishment Expenses ‘ 20 1,65,41,84,071.76 1,21,36,98,409.96
Other Administrative Expenses 21 24,96,71,372.22 22,88,14,236.08
Expenditure on Grants, Subsidies 22 - -
Interest/ Bank Charges 23 3,217.31 11,993.37
Depreciation 8 16,77,96,359.07 | 16,32,03,052.57
TOTAL 2,07,16,55,020.36 1,60,57,27,691.98
The Schedules referred to above form part of these Accounts
B = g o 5
l} (O e Crpueniedier~

(Amartya Basu) (Gautam Bhattacharyya)

Deputy Controller of Accounts Director

In terms of our attached Report of even date
For N.C. Banerjee & Co.,

Chartered Accountants

FRN 302081E

(M.C. Kodali)
Partner

Membership No. 056514

Commerce House, 1st Floor, Room No 9,

2, G. C. Avenue, Kolkata - 700013

Dated : 29/06/2024
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SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedule:1 CORPUS/CAPITAL FUND 2023-24 2022-23
Opening Balance (DAE) as on 1st April, 2023 83,50,08,900.85 70,92,39,807.45
Add: Non-Recurring (Plan) Grant utilised
for Capital expenditure 15,89,17,130.32 12,20,32,436.40
Recurring (Non-Plan) Grant utilised
for Capital expenditure 20,70,095.00 37,36,657.00
16,09,87,225.32 12,57,69,093.40
99,59,96,126.17 83,50,08,900.85
Balance of Capital Fund (DAE) as at year end 99,59,96,126.17 83,50,08,900.85
Schedule:2 RESERVE AND SURPLUS ]
Schedule:3 EARMARKED FUNDS
A 1. A.P.Patra Memorial Prize Fund 64,571.00 64,571.00
2. New Pension Fund :-
Employees' Subscription . 8,20,473.00 1,61,991.00
Employer's Contribution 7,21,668.00 1,61,991.00
Interest received 10,39,750.85 1,27,942.00
26,46,462.85 5,16,495.00
B Revolving Fund for HBA & Other Adv -2,12,57,978.96 -2,00,53,798.96
Transfer from/ (to) Recurring Grant
for HBA Fund ‘ ' -13,68,161.00 -2,26,26,139.96 -12,04,180.00 -2,12,57,978.96
Interest received on HBA & Other Advances 2,45,97,245.96 2,35,76,135.96
19,71,106.00 23,18,157.00
Total 46,17,568.85 28,34,652.00
|Schedu1e :4 SECURED LOANS & BORROWINGS |
LSchedu]e :5 UNSECURED LOANS AND BORROWINGS l
|Schedule: 6 DEFERRED CREDIT LIABILITIES |
Schedule:7 CURRENT LIABILITIES & PROVISIONS 2023-24 2022-23
A UNSPENT GRANT FROM ON GOING PROJECTS 2,61,97,342.70 2,25,00,147.02




SAHA INSTITUTE OF NUCLEAR PHYSICS

B OTHER CURRENT LIABILITIES 2023-24 2022-23
Deposit Against House Allotment
Deposit for Earnest Money 54,64,679.00 32,61,486.00
Deposit for Security Money 60,19,962.00 41,78,685.00
Income Tax deducted at source 59,15,373.00 64,10,391.00
Professional Tax 47,427.00 52,277.00
CGST, SGST, IGST 6,45,726.00 2,59,532.00
GPF Subscription 11,46,350.00 12,37,278.00
VPF Subscription 17,62,537.00 16,88,137.00
P.F. Loan Recovery 3,98,219.00 3,45,831.00
Donation to PM CARE FUND 7,373.00 8,671.00
SINP Co-Operative Dues Recovery 21,14,750.00 20,57,206.00
SINPEU Members' Subscription 90,540.00
Life Insurance Premium 2,33,863.70 2,30,830.70
House Building Loan( Banks) 35,268.00 39,448.00
Recurring Grant carried over 2,50,28,596.73 2,44,88,133.93
Non - Recurring Grant carried over 2,08,87,607.89 1,96,25,440.91
Unclaimed Medical Expenses 8,143.00 8,143.00
GSLIS Premium Recovery 18,540.00 20,140.00
GSLIS Maturity Claim 3,04,195.00 2,47,609.00
Salary Payable 2,69,85,272.90 2,72,33,289.90
Pension Payable 2,48,99,503.00 2,34,73,100.00
Misc. Recovery 12,31,274.00 9,31,274.00
Employee's Subs. to New Pension Fund Trust 10,64,018.00 11,69,998.00
Employer's Subs. to New Pension Fund Trust 14,67,606.00 16,04,619.00
Interest on Margin Money 3,18,042.00 7,35,168.00
Interest on STD 5,17,696.00 4,56,780.00
12,65,22,022.22 11,98,54,008.44
C PROVISIONS 2023-24 2022-23
Provision for Electricity Charges 15,01,809.00 15,08,867.00
Provision for Audit Fees 30,000.00 30,000.00
Provision for Accrued Gratuity 21,89,99,829.00 23,04,70,854.00
Provision for Accrued Leave Encashment 21,43,39,680.00 22,43,72,659.00
Provision for Accrued Pension 6,01,65,29,323.00 5,36,72,37,658.00
6,45,14,00,641.00 5,82,36,20,038.00
TOTAL 6,60,41,20,005.92 5,96,59,74,193.46
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SAHA INSTITUTE OF NUCLEAR PHYSICS

2023-24 2022-23
Schedule:9  Investments-from earmarked / endowment
funds
Schedule:10 Investments- Others
Short Term deposits with Scheduled Banks:-
Short Term Deposits 1,60,50,293.00 2,21,50,293.00
1,60,50,293.00 2,21,50,293.00
Schedule:11 Current Assets, Loans & Advances
A. Current Assets
Cash balance in hand -
Bank balances on Current Account
with Scheduled Banks 6,65,10,027.18 4,78,87,340.87
Interest Receivable (Sponsored Project) 41,143.00 44,318.00
6,65,51,170.18 4,79,31,658.87
B. Loans, Advances & Other Current Assets
1 Loans Interest bearing Loan to Staff :-
House Building Advances 13,50,127.00 17,54,358.00
Motor Cycle/Scooter/Car Advance 74,085.00 83,745.00
Computer Advance 4,36,227.00 3,69,387.00
18,60,439.00 22,07,490.00
2 Advances & Other Amounts Recoverable
in cash or in kind or for value to be received
a) Deposits
Deposit for Gas Cylinders 16,22,526.05 16,22,526.05
Deposit with Calcutta Telephones 82,000.00 82,000.00
Deposit with CESC (Belgachia) 1,37,969.00 1,37,969.00
Deposit with CESC (KMDA ) 6,84,000.00 6,84,000.00
Deposit with DAVP, Govt of India 2,431.80 2,431.80
Deposit with Salt Lake Service Station 16,000.00 16,000.00
Deposit for Custom Duty 99,378.58 99,378.58
Deposit for Margin Money against L/C 1,67,30,980.00 60,83,408.00
Deposit for Electricity with VECC 1,00,00,000.00 1,00,00,000.00
2,93,75,285.43 1,87,27,713.43
b) Advance to Staff for Expenses:-
Travelling Advance 9,32,688.00 25,61,589.00
Leave Travel Concession Advance 85,000.00 2,29,700.00
Festival Advance 2,625.00 2,625.00
Medical Advance 16,110.00 16,174.00
Miscellaneous Advance 6,70,566.86 3,94,613.86
Contingency Advance - 67,000.00
17,06,989.86 32,71,701.86
<) Advances to Others:-
Advance to Suppliers 44,269.00 6,46,966.00
44,269.00 6,46,966.00
Expenditure incurred for Projects and
d) Recoverable from Sponsors:- 19,14,589.02 19,14,589.02
/1:!.-4 RU/&EN
GRAND TOTAL Lo~ | &\ 10,14,52,742.49 7,47,00,119.18




SAHA INSTITUTE OF NUCLEAR PHYSICS

2023-24 2022-23
Schedule:12 Income from Sales/Services
Processing Charges for Liquid Nitrogen 7,500.00 1,560.00
Accommodation Charges Received 3,49,850.00 3,32,050.00
3,57,350.00 3,33,610.00
Schedule:13 Grant/ Subsidies
i) Revenue Expenditure incurred from :-
Non-Recurring Grant 9,37,49,247.70 9,01,60,345.96
Recurring Grant-Salaries 1,00,52,15,003.76 1,02,86,34,701.96
Recurring Grant-General 16,48,18,229.44 14,56,04,861.56
1,26,37,82,480.90 1,26,43,99,909.48
1,26,37,82,480.90 1,26,43,99,909.48
|Schedule 114 Fees/ Subscriptions [ I
|Schedule :15 Income from Investments | I
lSchedule :16 Income from Royalty, Publication - I I
ISchedule :17 Interest Earned | |
Schedule:18 Other Income
Hostel Rent 32,550.00 40,970.00
Standard Licence Fees 5,65,110.00 5,75,780.00
Contr. Medical Benefit Scheme Premium 67,36,608.00 66,34,199.00
Misc Income 11,32,251.39 35,43,091.67
Income from Projects 11,72,012.00 18,28,745.17
96,38,531.39 1,26,22,785.84
Schedule:19
Increase / Decrease in stock of finished
goods and works-in-progress
Schedule:20 Establishment Expenses
Salaries, Allowances, Fellowship, Associateship
and Contribution to CPF & Pension Fund 56,88,73,093.00 60,57,99,066.00
Gratuity 2,30,02,366.00 1,48,05,139.00
Leave Encashment 2,40,41,755.00 3,08,83,514.00
Pension, Family Pension and Ex-gratia
Payment during the year 32,84,66,473.00 30,90,42,758.00
Add : Closing Provision made 6,01,65,29,323.00 5,36,72,37,658.00
6,34,49,95,796.00 5,67,62,80,416.00
Less : Opening Provision written off 5,36,72,37,658.00 97,77,58,138.00| 5,16,15,05,603.00 51,47,74,813.00
Honorarium to Visiting Professor 13,28,797.76 9,48,787.96
Children's Tution Fees 33,51,700.00 31,18,500.00
Leave Travel Concession 85,30,112.00 27,03,761.00
Medical Expenses 4,14,85,192.00 3,57,05,512.00
Staff Uniform & Liveries 0.00 21,420.00
Student Contingency Expenses 40,98,889.00 30,77,916.00
Ph.D. Registration Fees 7,53,540.00 8,06,201.00
Telephone Charges Reimbursement 9,60,489.00 10,53,780.00
1,65,41,84,071.76 1,21,36,98,409.96
- 4
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SAHA INSTITUTE OF NUCLEAR PHYSICS

2023-24 2022-23
Schedule:21 Other Administrative Expenses
Consumables, Stores and Spare Parts 5,58,43,380.76 5,61,83,258.92
Electricity Charges 3,13,87,978.00 2,83,71,443.00
Repairs & Maintenance 3,28,08,570.44 3,02,07,873.38
Overtime Allowance 18,682.00 19,800.00
Consolidated Pay 18,83,000.00 26,57,114.00
Stipend 1,99,681.00 3,33,190.00
Rent, Rates & Taxes 89,742.00 1,84,503.00
Vehicle Running, Maint., Insurance & Taxes 3,19,213.00 4,84,062.00
Transport Charges 16,48,900.00 13,75,400.00
Postage, Telephone and Internet Charges 4,90,352.00 4,50,605.00
Printing & Stationery 24,24,316.76 29,73,339.66
Travelling & Conveyance 1,23,36,671.00 66,81,378.00
Seminar, Conference & Workshop 4,30,082.00 99,000.00
Subscription & Contribution 20,78,461.08 2,43,865.00
Auditor's Remuneration 35,400.00 35,400.00
Hospitality Expenses 20,61,370.00 32,99,652.00
Legal Charges 3,12,615.00 1,18,875.00
Advertisement & Publicity 6,00,624.00 2,41,753.00
Agency Expenses 6,74,24,291.00 5,04,12,194.00
Misc Expenses 18,31,877.00 19,05,475.80
Software 40,64,554.46 13,98,749.00
Journals 3,11,04,935.72 4,08,01,686.84
Professional Fees 1,79,590.00 30,680.00
Accommodation Charges Paid 39,798.00 1,88,350.00
NPS Uploading Charges 0.00 - 7,368.00
Loss on Sale by Buy-Back 57,287.00 1,09,220.48
24,96,71,372.22 22,88,14,236.08
Schedule: 22 Expenditure on Grants, Subsidies
Schedule : 23 Interest/Bank Charges
Bank Charges 3,217.31 11,993.37
3,217.31 11,993.37




SAHA INSTITUTE OF NUCLEAR PHYSICS

STATEMENT OF UTILISATION OF GRANT DURING 2023-24

Grant Received from Department of Atomic Energy, Mumbai.

Recurring Total Non-Recurring
Salaries General

Opening Balance of Unspent Grant. -18,66,357.90|  2,63,54,491.83 2,44,88,133.93 1,96,25,440.91
Add: Grant received during the year. 1,02,51,00,000.00| 23,51,00,000.00 1,26,02,00,000.00| 26,42,00,000.00
Less: Unspent Grant of PFMS refunded & adjusted. -1,84,49,334.00 -7,04,75,036.00 -8,89,24,370.00| -1,02,71,455.00

Total Grant 1,00,47,84,308.10| 19,09,79,455.83 1,19,57,63,763.93| 27,35,53,985.91
Less: Grant Utilised during the year :-

Capital Expenditure:

Fixed Assets 20,70,095.00 20,70,095.00 14,82,69,558.32

Margin Money Deposit 0.00 1,06,47,572.00

Revenue Expenditure:

Expenses 1,01,19,51,611.76| 16,82,45,147.83 1,18,01,96,759.59 9,57,24,020.70

Less: Income -67,36,608.00 -32,59,273.39 -99,95,881.39

Current Assets, Loans & Advances:

Misc. Advance -70,872.00 -70,872.00 3,46,825.00

Advance for Contingency -52,000.00 -52,000.00 -15,000.00

LTC Advance -1,44,700.00 -1,44,700.00

Medical Advance -64.00 -64.00

Prov for Elec Charges 69,991.00 69,991.00

Prov for Audit Fees 30,000.00 30,000.00

Sub-total 1,00,52,15,003.76 | 16,48,18,229.44 1,17,00,33,233.20 9,37,49,247.70

Transfer from HBA & Other Fund -13,68,161.00 -13,68,161.00

Total Utilisation 1,00,38,46,842.76| 16,68,88,324.44 1,17,07,35,167.20|  25,26,66,378.02
Closing Balance of Unspent Grant 9,37,465.34 2,40,91,131.39 2,50,28,596.73|  2,08,87,607.89




II.

III.

IV.

SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedules forming part of the accounts for the year ended 31st March, 2024

Schedule : 24 Significant Accounting Policies

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

INVENTORY VALUATION

Consumables, Stores, Spare Parts & Stationery etc. are valued at cost and charged
off to the Revenue in the year of purchase.

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.

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.

4.2 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 are now transferred to Capital
Fund.




SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedules forming part of the accounts for the year ended 31st March, 2024

V. 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 : 10%
F Computer / Peripherals : 40%
G Office Equipments ; 15%
H Vehicles : 15%
I Furniture : 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.




VI
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SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedules forming part of the accounts for the year ended 31st March, 2024

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.

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’.

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 year ended 31st March, 2024

IX. 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

I CONTINGENT LIABILITIES

In respect of Letters of Credit opened by Bank on behalf of the Institute
Rs. 1,67,30,980/- (Previous year Rs.60,83,408/-) 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.

IL 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.

1. 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 year ended 31st March, 2024

Iv. FOREIGN CURRENCY TRANSACTIONS
(Amount. in Rs.)
Current year previous year
Value of Imports Calculated on CIF basis

a) Capital Equipments including in-transit 2,20,72,187.64 3,75,58,469.20
b) Stores, Spare and Consumables

Including in-transit 11,24,058.56 39,58,003.84
¢) Journals 2,41,33,821.72 3,06,30,759.84

V. FIXED ASSETS

Fixed Assets have been regrouped on 31% March, 2002 for the purpose of charging
Depreciation. The Fixed Assets are subject to physical verification and updating of
Fixed Assets Register.

VL 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
earlier years shall be provided in subsequent years after completion of Asset
Inventory.

VII. RETIREMENT BENEFITS

Provision for accrued liability towards Gratuity, Leave Encashment and Pension has
been made on actuarial valuation basis.

VIII. 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.



IX.

XI.

SAHA INSTITUTE OF NUCLEAR PHYSICS

Schedules forming part of the accounts for the year ended 31st March, 2024

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 A/c.
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.

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, 2024 and the Income and Expenditure Account for the year ended on
that date.

Signatures to Schedules 1 to 25

|
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-4 i Qliodie~dis—g
(Gautam Bhattacharyya)
Director

(Amartya Basu)
Dy. Controller of Accounts

For N.C. Banerjee & Co.,
Chartered Accountants
FRN 302081E

Jodotl S

( |“
(M.C. Kodali) ( \
Partner \.:h s
Membership No.056514—
Commerce House, 1% Floor, Room No 9,
2, G.C. Avenue, Kolkata - 700013
Dated: 29/06/2024



“COMMERCE HOUSE”

2, Ganesh Chandra Avenue
1st Floor, Room No. 9
Kolkata - 700 013

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 Financial Statements of SAHA INSTITUTE OF NUCLEAR PHYSICS
PROVIDENT FUND,which comprise the Balance Sheet as at March 31, 2024 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 judgment, including the assessment of
the risks of material misstatement of the financial statements, whether due to fraud or error, in making those
risk assessments, the auditor considers internal control relevant to the 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) In the case of Balance Sheet, of the state of affairs of the fund as at 31* March, 2024.
b) In the case of Revenue account, of the surplus for the year ended on that date.

For N. C. Banerjee & Co.,
artered Accountants
FRN 302081E

Rt

M. C. KODALI
Partner

Membership No.- 056514
UDIN: 24056514BKAUIS5135

Place : Kolkata

Date : 30/07/2024

Phone : (033) 2213 2200, Mobile : 85850 68838 / 62915 21509, E-mail : nchanerjee02@gmail.com / nch.co@hotmail.com
Branch Office : 54A, Kunj Bihar, Bokaro - 827 013, Jharkhand, Phone : 94357 35758
Branch Office : 502-B, Techno Park-l, Thakur Village, Kandivali East, Mumbai - 400 101, Phone : 98692 79367
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SAHA INSTITUTE OF NUCLEAR PHYSICS PROVIDENT FUND

Schedule-A
SL Central Government Securities/State Development Date of| Date of]| Rate of| Face Value
No. Loan/State Guranted Bonds Investment| Maturity Interest Rs.
(50% of total Portfolio) Rs.
1 Government Securities 2024 18-Mar-10 15-Sep-24 8.20% 35,00,000.00
2 Government Securities 2026 16-Aug-10 23-Mar-26 8.00% 50,00,000.00
3 Government Securities 2027 22-Dec-10 2-Aug-27 8.26% 65,00,000.00
4 Government Stock 22-Jan-20 17-Dec-29 7.22% 1,48,62,180.00
5 Government Securities 2028 16-Jul-21 4-Jun-28 6.13% 1,00,00,000.00
[ Government Securities 2027 16-Jul-21 2-Aug-27 8.26% 3,00,00,000.00
7 Government Securities 2035 10-Mar-22 15-Dec-35 6.67% 1,00,00,000.00
8 Food Corporation of India LOAN2027 (GOI) 10-May-21 12-Feb-27 8.23% 50,50,000.00
9 GO1 2032 29-Mar-23 17-Jan-32 6.54% 1,00,00,000.00
10 |GOI 2032 26-Tun-23 22-Aug-32 7.26% 1,50,00,000.00
11 6.90 OIL MKT BONDS 2026 (GOI) 11-Jan-24 4-Feb-26 6.90% 50,00,000.00
i2 Government Securities 2027 (DMAT) * 8-Apr-21 2-Aug-27 8.26% 1,00,00,000.00
13 Government in India2026 (In DMAT) * 8-Apr-21 9-Jul-26 8.33% 70,00,000.00
14 Food Corporation of India 2029 (In DMAT) * 8-Apr-21 1-Mar-29 8.95% 30,00,000.00
15 Food Corporation of India 2029 (In DMAT) * 6-May-21 12-Dec-29 7.64% 1,00,00,000.00
14,49,12,180.00
15 West Bengal State Development Loan (SWBSDL) 2026 11-Mar-16 24-Feb-26 8.88% 1,00,00,000.00
16 Himachal Pradesh UDAY SDL 2028 13-Mar-17 28-Feb-28 8.17% 3,00,00,000.00
17 TN SDL 2027 5-Sep-19 15-Mar-27 7.85% 60,00,000.00
18 |Kerala SDL 2028 17-Oct-19 11-Apr-28 8.00% 50,00,000,00
19 WB SDL 2026 7-May-21 9-Aug-26 7.63% 1,00,00,000.00
20 Haryana SDL 17/03/2031 21-Dec-21 17-Mar-31 7.14% 50,00,000.00
6,60,00,000.00
State Guranted Bonds (10% of total Portfolio) 21,09,12,180.00
2 Tamil Nadu Generation and Distribution 20-Feb-15 18/12/24 (40%) 9.20% 36,00,000.00
Corporation Ltd. {TANGEDCO Ltd.) 2024
3 Rajasthan Rajya Vidyut Utpadan Nigam Limited 21-Sep-15 24-Dec-26 9.00% 30,00,000.00
4 UP Power Corporation Limited 30-Jan-18 U Ry 9.75% 1,50,00,000.00
20/04/26 (25%)
20/07/26 (25%)
20/10/26 (25%)
Invest in State Granted bonds i.e. 10% within 50% catagory = 2,16,00,000.00
23,25,12,180.00
Bond 7 Securities of 'ublic Financial Tnstifutions Date of| Date of Rate of| Face Value
(45% of total Portfolio) Investment Maturity Interest
1 IFCI Limited 2026 5-Dec-12 1-Aug-26 10.75% 60,00,000.00
3 Power Finance Corporation Bonds 2024 11-Oct-18 28-Dec-24 8.65% 1,50,00,000.00
4 Power Finance Corporation Bonds 2024 19-Jun-19 25-Sep-24 9.25% 1,80,00,000.00
5 PFC 2028 6-May-21 25-Mar-28 8.94% 60.00,000.00
6 PFC 2031 16-Jul-21 22-Jan-31 7.00% 5,00,00,000.00
7 PFC 2031 20-Dec-21 22-Yan-31 7.00% 5,00,00,000.00
8 Rural Electricity Corporation 2027 (REC 2027) 11-Apr-18 10-Dec-27 7.70% 1,00.00,000.00
9 Rural Electricity Corporation 2027 (REC 2025) 17-Oct-19 12-Jul-25 8.75% 1.20,00,000.00
10 REC 2029 6-May-21 28-Mar-29 8.97% 50,00,000.00
11 REC2030 5-Aug-21 15-Jun-30 7.96% 2,00,00,000.00
12 7.96% REC 15/06/2030 22-Sep-22 15-Jun-30 7.96% 1,00,00,000.00
13 ONGC PETRA2025 6-May-21 10-Mar-25 8.83% 50.00.000.00
14 8.93% Union Bank 2029 (TIRE II) 14-Jul-22 8-Nov-29 8.93% 1,00.00,000.00
15 FD with Canara Bank 29-Nov-23 28-Nov-24 6.85% 1,00,00.000.00
Invest in PSU Bonds 45% catagory = 22,70,00,000.00
7 Fixed deposit on SBI, AT Market
(Late. Badal Hari) 10-Dec-2( 6.80% 4,34,569.00
SI. INVESTNERTINMUTUAL TURD Date of] Face Value
No. (minimum 5% of total Portfolio) Investment Rs.
1 SBI Equity Hybrid Fund Direct Growth 15-Sep-17 25,00,000.00
2 SBI Equity Hybrid Fund Direct Growth 26-Jun-18 25,00,000.00
3 ICICI Prudential Equity & Debt Fund Growth 21-Jun-18 50,00,000.00
4 Aditya Birfa Sun Thfe Tquity Hybrid 75
Fund Regular Plan Growth 26-Jun-18 50,00,000.00
5 HDFC Talanced Advantage Tund
Regular Plan Growth Option 26-Jun-18 50,00,000.00
6 Reliance Equity Mybrid Tund Growth Flan -
Growth Option Open Ended 26-Jun-18 50,00,000.00
7 SBI Equity Hybrid Fund Regulr Plan Growth 23-Oct-19 25,00,000.00
2,75,00,000.00
/ \& Total Investment = 48,74,46,749.00
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SCHEDULE -B

SAHA INSTITUTE OF NUCLEAR PHYSICS PROVIDENT FUND
31T MARCH, 2024

ACCOUNTING POLICIES & NOTES TO ACCOUNTS

1. SIGNIFICANT ACCOUNTING POLICIES:
(a) Accounting Convention:

The accompanying financial statements have been prepared in accordance
with the historical cost convention.

(b) Investments:
Investment are valued at cost.

2. Members’ Accounts Balance is Rs. 37,31,77,861.00

3. Previous year’s figures have been regrouped and / or rearranged wherever
necessary.
 STLSSN el Q?\&Mw@
(Amartyl Basu) (R JamgPA/Nasir) (Gautam Bhattacharyya)
Dy. Controller of Accounts Registiar Director

N.C. BANERJEE & CO.,
CHARTERED ACCOUNTANTS
FRN 302081E

(M.C. KODALI)
Partner
Membership No. 056514

Commerce House, 1% Floor, Room No 9,
2, G.C. Avenue, Kolkata - 700013
Kolkata — 700013

Dated: 30/07/2024




Name of the Institute:

Action Taken Report on Auditor’s Report
On Annual Accounts for 2023-24

SAHA INSTIUTE OF NUCLEAR PHYSICS

SI.

No.

Auditors’ Comments

Action Taken

1.

We have audited the accompanying
financial statements of SAHA INSTITUTE
OF NUCLEAR PHYSICS, which comprises
of the Balance Sheet as at March 31, 2024
and the Income & Expenditure Account and
Receipts & Payments Account for the year
ended and a Summary of significant
accounting policies and other explanatory
information

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

Noted




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.

Fixed Asset Register has been maintained on
additions made on and from the financial
year 2002-03 to the till date

Noted

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.

1) In case of the Balance Sheet of the State
of affairs of the SAHA INSTITUTE OF
NUCLEAR PHYSICS as at 31st March,
2024.

1) In the case of Income & Expenditure
Account, of the deficit for the year ended on
that date.

ii1) In the case of the Receipt & Payments
Account, of the transactions during the year
ended on that date.

Noted

REPORT ON OTHER LEGAL AND
REGULATORY REQUIREMENTS:-

(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.

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




Action Taken Report on Auditor’s Report
On Provident Fund Account 2023-24

Sl Auditors’ Comments Action Taken
No.

1. | We have audited the attached Balance Sheet | Noted
as at March 31, 2024, and the Revenue
Account for the year ended of SAHA
INSTITUTE OF NUCLEAR PHYSICS
PROVIDENT FUND, 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 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 31st March, 2024.

b) In the case of Revenue Account, of the
surplus for the year ended on that date.

Noted




Action Taken Report on Auditor’s Report
On Pension Account 2022-23

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, 2023.

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
judgments, 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

Noted




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.

In the case of Receipts and Payments
Account of the transactions for the year ended
on that date.

Noted







