ISSUE NO. 300 | JANUARY 2009

IN THIS ISSUE

MESSAGE FROM
DR. SRIKUMAR BANERJEE, DIRE

STUDY OF QUARK GLUON
JOURNEY FROM RHIC TO

V




In the Next Issue

Mobile-based Tele-ECG for Rural
Health Care

Telemedicine is a boon to patients in
rural areas, who can have access to
medical care, without the need to

visit hospitals in far-flung areas.

Cardiology merits special attention as
routine monitoring is essential to
control the growing incidence of heart
disease. The Electronics Division, BARC,
has developed a hand-held battery-
operated Tele-ECG unit with mobile
connectivity to an expert. The details of
this development are described in this
article.




ST RUE IR

BARDG

NEWELETTER

CONTENTS

ST, W1.9.37. 5, I G0 2
Message from

Dr. Srikumar Banerjee, Director, BARC 13
Study of Quark Gluon Plasma : journey

from RHIC to LHC 24
First SERC School on Micro Machining : a report 37
Sixteenth National Symposium on Environment :

Conference Report 39
67% and 68" BRNS-IANCAS

National Workshops on Radiochemistry and

Applications of Radioisotopes : a report 41
.9.37. 5 & AR o G

BARC Scientists Honoured 46

URL:http: //www.barc.gov.in

1 ISSUE NO. 300 | JANUARY 2009



2. PR S

FrRoTeR, MTT3T g T WRA & 60 § TR f&a9 T
T 99 % ATE T HIW

TR 10 I8 3Teicl eIl o 3TaRR & foh § 370 391 3 60 o TToTei fqarey TRiE
T 37T |t T B @A R T | ST TS S o Ui Ao €9
3MEX The T ol GRS | Ufaa 7 Y WA TR 0T f5a sl 7 o folg
T UHEIT eid & | 79 3R W H, 319 § I Uedeh i qeT 3T IRaRSHI o
Foed Tt YRS T & |

ToTe fEE o STERR T AR el ¢ foh 8 370 T Jell o 3 Wei o Ui
T SIS TR Y ST SN 397 ol GREAT H el & | 26 TFaR 2008
Tae IR U QX 397 Rl ST A O ST 39 I o FJ 9N W STcih!
THCT fohaT T | TR T el o ShATerST ERT URIT eIl & 3ok Ui §ART
foreame 3TR OSTad g3 & | 81 30 3Ta¥R W 37k Vfd 3101 SIGTSier S10a it § fSei- STeifehal sl HTaRargot
FHIRATE T TTHAT XA §U 7T STa T e 13T |

IR T ST €, 99 1950 | 39T 5 R sk Qi MM & 9§ SR § 7 | 1950 § T8 veenash
&0T &1 RIS 3 3T T Hea o 9 & & | TH 371 S 38 26 SRt 1930 @R | A
FD ot el o T H forar o

Saifeh ToTeE feae g9R Site | Uk Uiqeiaes oo &, T8 sAR fou frenfavatyo) e & i g &

737 ohg, 9el o e oS SFE Ul ool skl H § Ueh & ST&l Ueh &1 9 % =irel A11ehe fea Uei Heiifivent ol
faferer nifafafert Scpredmes derferd i T @ &

YRl FoTT U SEiRTen! 3 &7 H TR U ferehraTersh WoTt e o Seute, i, ey TReT0T, T STl
TS T GRETT o [T 3ok ST ot gt § fUsell 9 §AR felt Ueh 3R Tl a8 @18 | 30 Tag | o7+ ge
2 H faepiad ot e fafie wonfert wel it § & Fo i fgeror § S3eions 76 3 wIE |

e ey

3TCERT, HRRE AT g, it A1 RUeeR 3o Wi TRET 71 STEHied Scuied, STHY, TaTe Rieor ud ara
Gare TR ¥ SUCTedT Afed Tarsie ©Y § Yeiferd [T 7T |

3TRT RUFR Tt U1ER 02 HIETE T Fg qAT 6.5 13 T STesha™ =2 YT U i & folu 38 STe foa
T E | NugeR i St gord fewire uef fafvm Rugex vonferat 1 o @ o fermn T g | sTovre foe gu
Ruser §RT =g o ST , eat SRS SeUEH, =2 SR T TR Tel URIeT0T, TRTe qRieqvT Ue sosh
TSt SR o fer fered W ot ST |

2 | ISSUE NO. 300 | JANUARY 2009



7 37T 2008 T T TRl AT TRY I RUsRt % 7T shifcies Gferm 1 Siaeniies Sgame 30 TR 2008
o AT T GRT fRa1 TT7 | HrefHe S1eers WOt aTiaeh [aed Ud =2 Jare a1 o Rufaefee!
ST 7 it TR SRt QR feRa T |

TS 30 VAR ATt STHH RUSeR sht Hehod-TeTeh festre o1 s I fohat 7o | I8 Ruaex 3o faferse afsaran
AT AT TSI Bl ST STATAHATS T T X o TeAT Afehicad fhar T g | ek §RT fom o STron et
T Yot STEUM Ue AT g iR Rudex Qi o foshr ue udietor & fardiiRe Giaem Suciss e s |
7 e 1 Shie | Ueh S1el 2 A I THIEE A F Gelfere HeTeTddl 3Ted 9 T € dlich RUFeT i Th
R dTfeld SUshifdeh KU Ol & & H Y=Tierd 3T ST 9 |

TTUEET AR HTAHH

TS 3R T8 3 ST FId a-317 38 GWD/t T 3R T o 7T FoiehR! Fole? [esTTe T IR
Toram e | Tafvrs S Ue qrRiRTe STrevaehdTal sl QR A o foTd TRIVER $o AAifeT & g fashedt IR oI 7
Tei=roT wfafert e ATt IR STRisd el | fars ot fomge feamt W s 6 @ |

TTIEg3TR o [ESed § 379+ TehR i Tgctt as TReT Torersd & Foieieh Tfer qodih oh STaeehad € |
UTge e STEHICIRT er o e FSTeH o 3Tega o foTt SR feht U | &7 S7sAT o TTSshTeT & JeeioT
TR o S ToITeH o ot o T Sfetrel 3% o (3TE2Iue) | o ST 3Tiehet ot gor fohal T | o
IIeer3 U Ao il TheTaTesh URIeToT foRaT TR |

HRUTEE! TeX, ARG H TR TRIE0T Gfore  (TESTHRST) Sl TG 1 ST @l & | 0 3 329 &~ 0
TEoRaT TSI ol TATYAT T UUESso 3T S8 HIMH ohT URIRTOT |

T HIEHH

Hed 3=a 17 U (FUFE3TR) 941 5 Aere (th) aret Aeha UieR Ueh o 31fehed= Ud faveisor sl
WITWRE | 100 kW (th) TU=EISTR i TR G =07 Alshaar Gert STevehdT i forga favetor aer o=
H ST ST U 3hiS IS o TRAHHIUT T S qRT T foTaT 7T |

ere-forme gfaeeh T ¥iidersh o €9 H JART Y g0 Ueh 5ol €1 o7 ol TTOHT T HHRFA o T e | 39
I T 32V AH FAGIoTR Ue S el U T € |

Ruaer geiifast # Ha™ ud o

220 HMETE 316l TUaSg3TR & HaTHel HRIeTor & foqw “ 2ot fefotart faen” & ifviehea o1 i 1T &l 1T
T | 39 oo o 9 FRIeq0r o §Hg, H9-10 | HHT I a9T 36d fohdl STETEaTE U o fou orEient e
ST e & |

540 T NUTSTISTR o ToTT Tiideteh el o YaTehleii FRIeI0T & Ush USaie Ted e (TEIUH) sht ST
TFAETE T | 3T T ol o=l | FRIRT0T 2o ol feferart 3 ToTT §R | Fraiferd fefa ST oo S Ush ficte o

3 | ISSUE NO. 300 | JANUARY 2009



THTAT 1 ATTTIHAT BN T TR &8 ! W] SIIHI o THFHT SEHIE TSt H T@Ea (e | g
feoR fafir el Ueh Septe. STHI TXET SIS T STANT ek 700 BETE Fet NS 3TR o FHIER T2 el
St eerar o1 farvetsoT fekan T |

T eI T o ST TASIT & SRET Hge TR 79 <X@e R G Ueh SIS Hu= "51+eht JoTelt
SHHTST [T 7T | RIFHT H Ueh ST STeT 315 JUTIHT ol LTI 2 SHHISH e {5 7 aifeh Jerd o IR
ST T ffeer WEAT ¥ et STfeRar Hefelt faaror e foham 5wk |

ST GFETHIT, SHeTATSRRH 3 Ueh T1TeTd SJaR Se ST JioTelT, Tk (et o feTt Jorsh T8 Thur Ud farsrsirenor

T TS 3T 39 foRISaat o RT YAHSSId fhaT T € dlfch W ol Yo ©0 F JEer gHfead fomam s
T | QR AT R ST S o foTT 9 i SRt I ohaT T E |

HOTITHRRH T Teeg3TE-3T T A0 STl URT &1 77 & e foifyar Jomfora o URieTo Uel shHer ST shrd Tty IR
T | U AT T SATReTT STeT It R Hoe’ o FANT §RT 9Iee W Scilied Uaueiessy & hreiehivr Ud fafgs
59 3TN FRTST Sl HEIAT o 70 ferar T & |

1975 ot o Tkl T B fofes Suwardi 9 SfsTs Uel foetierst ol [aweta o ares(g werer QR &9 ¥ SR @l |

TS IR § S8 Sl b 771 ST o feTq STeId SJor S8 =T0R T FoheTdTgaeh (oo okl T 1% qRIgR § T
TEAT ShTE HHTTTA & |

3L o TR 3 Tt 8 | WeI-aw W=, 2 § TFRT 3t ST aTeft Hiareet [T JHe 3t R i 78
T T 3H TRTR WIEe TR FTARA A1 T 8 | foo gR1 s 7 fgewfad Rafamier wreeree srede I
T TN FeaT ST € | 37T St ARG ek aRIR | 50 5 HieX | 31T ST T Fare o T e |

eTeiioTehel JANTRENaT & U M ST WMo Totie STeril i TR WehR | TR Sgfed foha Tmam € e
3% HiceTs A% Zioie Hiafere], STRTHUATE, Zie § IR 61 T | 36 IROTHGRT SISt § a0
AR T U g E |

T YT & ToTT =i Taeitd 2 8 fohell Ueile enfkaT aret sMigpeies Bieier &l U Wieiered e &
GheTATgaeh eI fohaT T4 |

TUESY ¥ Y 3R '“Ru i Repert o foTu uishanaii st faerrg fema mmam oo uret Tredierat sht STrafd SuanT &q
et AT TN B BN TEE | R WRIIHE ThU F TR A 2 Am i el R ST E |

g Ruwedi & forg om0

qT937 g, FHTaTeRRT | A0 ThelereR Ue TUhslsiR Aled g Rusex FHEwT & folu A $u i
YfA & STRIME & | ThelieraTR T Fieiee 2o o ke & forw el a9 sTRuAet § e =i 78 72t
AT 37 IX oRE W TR &l 7T € 37R 37 o8 § GheTaTyash IS hiass 6 o 37 ol 1 Ghetargash
e o T | et s s 5 e | fAfid MK | shetes $6E T o STt ohy o e R |

4 | ISSUE NO. 300 | JANUARY 2009



T e feRer e, AR | Hiorhad fuhetsTR TEimedeh Hiskd $u Ut ol TheIeIeTR o ohg § IR fohan
T AR 31 TE 80000 MWA/T & off 31fieh s-317 e Tga TE ¥ |

g, FeTer wd dea ¥ 52 wRi-a Wit/ ST & U TRITRel TRIT ST ST
SYAR G i STRUHES! | FHITH [T T4 e gqehT TR 9iid TRietor TRy & | aRiqR e gant gfewr &
TIUHETSTR Wor Shig & Wi So foT ot fafmoT fefam <11 %81 & U Teiehrd TorarT $6 oht Soa Tift & Hieke
el i geaHiRd oA T | Nd - Yag ©ER S W& #Rd §¢ D-9 ot Aferal & U @i dfeet
TRETATYere R T o a7 Ud FelieR e o HLeT0T o Ueh WRTEAT-eh qehrieh [aehiad st T |

93T 65, I AT ST dTet T et STTeh Ruaei & Hfeaeh 26 W STRUTSS § W S[e1e | enfearsh
T o IR & TR IR FIH, o1 SToRT o 31aX AEATOHTEA & T SHifoe Ue T forafr wei ot
T TR0 9 @I E

Tl et ST NUFeRt (The3TR) B eifcsreh $e= ol 2-D a1 - Fifsyeh fogeioot fFar ST & | stfereromees
3o SSHE STUT T FIe T UG arel S8 | S Tl Ua Felfer UaTe qen HHl-Teger I & o
giferem 719 o &= Zr R gfed T91 fasreng 9 15% Pu Feifed U-Pu areeRt s g & |

T, Y& Ud qgreor

T3 5 WY ASe (TTIRANTH), ST 540 FETE TGS SR H T 1:4 STHR H WIS Hehie TR
AN ¢ T FTHTOT HIT3T g, TRIGR IR TeT R {1 7T T1feh THeh! TR R 7o Ud fafyre faherar Aret
T Geih {ohaT ST ek | 69 TS HER T W HIgeT bl STThAT T TN STHIRIT fesie 3R Ue 7R
AT IR & TRIE faveisuT Hegex i Sl Smmeh o 5T e |

TTEESY3TR & UUFe] AUMel o o Ud deg 9ot & 3e 450°C W 1300 52 Ud 400°C W 8000 =i Tk ardr
TP UE 300°C W 100 FST T SFHROT I o T @I TSP Ud WeIRoT 27ega g fohu S g6 € | oo
T T TN € 1o HAIRT Rt W1 e JH 5% o qoi T | Sgd HH |

ML, Teh! H TNUTSHYHR § T Sich iiehl i TR EeAT ol Raafd o IR 1 Fedt sIef1 otefor
STTERIRUT, TcT &le-3T0 STHERTH 31 20, 40 TS 60 bar & faferer el W R 7o | J19 Foft o STa-H- TarT ot
off faferst s <17 R fofaT TR | TR STeT ST SUAIT STe Sl $hiT (TEBhIT) Shig JatgaT & fohar 7 |

TRETSTATST H T o T | SHeRT ST FTHTthehe Sae RUtel § Wepid Shudiud | Te 2 Heei sawed X
feFmmne |

TRIEANT P Xe i 3URATT T &35 HiFIe & [CRTEH HiHeX il foehr foran T [Sesht s Tdiemeee 9§
fafere TRy W Sudiua#4 | forar T | 39 TOTett o SR 3 oaiehe i & TR diF et deh Rusex
T TX &35 IRIE0T foRam T |

SRR FoldRH T TR SR W9 | & foshiad e AiiHeRT fawery & qRasie fera gt fem
T o ST T IR T fofa 71T Ua sheot Heah o HTEAH § Heaeh [T 73T Ak TS AR TR Ueh hatd
A W IS WiET fewet o 5T 6 |

5 1 ISSUE NO. 300 | JANUARY 2009



CaF =01 SARel ST T eRoiia Hi-1t & Fe a1 Sl ATAiHi dehmileh i Tk @reierd CaSO,:Dy
SN Tt | Uity fohar 2T, STk hRoT ST Qo o9 % ToTieh ook A &l 71T § ST vateron
T i SIgelT g8 T 3T I 5T ST ek |

Teh 1 =R Ufetre aret AL O :C Seiet wehrer URet Heificreiier (STHTeT) HRER < 1 feoTre fofaft 7711 & Ul
TR TIeT 20 KeV ¥ 3 MeV 31 § T Sheit o fafeheor FRRoTgsii uef 300 KeV & 3 MeV & &t St | afer
Tafereor & forem 7T | 39 T3 STUUET WA ST i SUCTS! HiHeh Wit FUletl ST em § W
CaSO :Dy & T T T THIERI oshed o & 5 FEieT 61 51 @8 |

23l AigeIee IeareRdl (TEUHTREY) Hie T el foehre Y Uie! fEg st STeqdTel § STer! ST et feha
T | VT 9RO STk STEURSTRET ™ o WERT 9 U URoTet 3 2% o 3R & |

T HE & IUAR & A9 5 FRT faehiaa P-32 U= sishteRdt Hidi TR Ahshifieh et T 1 T Hid §u
AT STeae foRam AT | ARshiTeR fRemt T AT SEiteiier ATt S ENT R gU RN
FeTGeRY Ugiaal TR SN T ATEE o SR SI5T HhTeet Te SISt f6riuT & A9 & Ueh S G9ded 8 TS
o e o fesTre foma T |

TR G 4 - AT 1 - e (4-NQO) FRT IR STHieIRge T Fees gt
T (U=t W URiAeTsh o UoTE & 3Tega e & W fohe 7u |

SMELIRUHSTA & ST MR (J&K), SHAR, ST, AT, GIATE, JTREATE, ST Td SR o 9Rd &
ST UfeT & § TR SHoTd W12k Shal ol T {ohaT T | S0 S91 SR | 45 T o1 Fieaferd hid §U Lid
T 7T ShET I el G 80 TR & TE T |

TATA-207 Heet 1 TFHT FH §U T et (Lt [SehLoneTsh Sard Joaie varmener (M-RIAL) 3 &
TSI o T | I8 aTeet AT T[OTer HIO TS HiGH ¥ Wt T Teteer GrSire- [ & T, ST U
T TOHT Rl HieR A i TR HiHIeX Homet! ¥ o & |

et faws

TSIUHTH UH 3fea U (STEE3TR) o skl # 9 Tel # § U ¢ 3=d Jale &X W {eet gy ore-foee
U ore-fotfr gefdes i BFT | Hiee gefdedhi ¥ e faehiad ot Gaehi W Teia BTSSR T
TeT Sie IR & ST Set TR T @ WA Felsh R S @ E |

20, 200 WS 700 ppb TieTd RIS TR W Rugex seiRa aRkfedfaal & DCPD deieh 51T ok SS
304L 2 T: UREer st gieer 5 SCC 5 g & 31 AT [ T | S0 Qe T W Wi Rused <19 6
TSR & YA H 1T ST et qaTet ue S/ qRfeiaat § RAed et o w55 g5 330 3l STHe
T o forw ot fefar smoem |

qIq37 5 FRT STEAISAR | Tora STHuH ] STavash Sdareish gahi o [ares e o ot shaet 3
P HeFeX I [T Td Fioka YR fohar 7/ | 38 gy H, 50 Hiex &6t 30 KA @wfos CICC, 0.8 et
=1 @1 504 Nb-Ti Sc Jo aRI aTet Tk 60 HeX Shafet ST Wi fFar T |

6 | ISSUE NO. 300 | JANUARY 2009



USSR hi T AT & Ueh TAHIRd UsTe & Taehrd & Wi Ueh I STeetemiat 5T 1300 ppm RIS
fed Zr-2.5Nb &q Tad e IRa ot T 56U M0 | 39 el fost & TR IR ard Fitren ST qraet
i JifeH &9 feam S |

8.5 EFPY Wemeie o U9ed ShudIud-2, TE-73deish aeehl d U 2182 fhe Zr-2.5Nb 3 0.5 cu TR &
TRYe0T TSR AT | TRieAoT | fE o St e eI 6 it g8 s Rueedi # 30 ast & foiw 3R i
T GAfeEd & T |

T T | 3T FHed HIeT | SIU-H FIRI%S 3 dqTdid B U FoT o WICTNUT & Ueh Ufshal faehiad ol T | U
DC T AT U T =T 3 §U F0T ol AT Ue Jmai-eh FERaT o 3Tea WioHT TRIESIESIeM TaiT
BRI SRl TT | ST Tiet Wiedl 31 qeregel 9 LaPO, 3T Teeht gl 1o HTe fohaft T foreent et pererat
HIRN 3T @Y |

STet TRt 3 JaTTAT & 31 TROT aTet HUHE! Te FHIS ol HEal o GheTdTgedh e o e ¥ e ehdr
1 U TRy TR feren (HuHuHeH) 1 Teste foha a1 Ua Tqehs! JerderReh o 12 T &q 9RI T S ot
TR % S T[T S W 50 m? Ufe Fe f5-29eR qu-THeRy e s festre fam |

STFING TTTE3TR 3o TRIF T o TT-J1e TUFISTR 3o TWRIF STURTE H1e-R Ufdergel & ey
£ TR feeReh Teimet Toherd e fohT U |

FeFRebl Ta BT
5, = e, T 1feit ot TP TSTors ATgsh! TRiohel (TaIUHET) forspiad Tt T8 Ue 59 T=ast # & 3000
T TN SRR T ThaTe= STEUAsT (MR e =i SLRMer) & Helerey fedaesi | fohan |

2o T % [3- 37T STAR I FACAHE A & ZXIH 67 D H 3 ST TIRTforT o fofd iRreaf-eh Jomett &1
forehTet wal T foha T |

U Te2t Tl TATESR § THANE (Tee! Tl ThioTT) S i TRl ol daiaRor Bad =faerdi-eod,
FIETS, T TehalT T |

HRA ST W Aea® (AEESTATA-32)

IRYE AESITATA-32 (32 HieX WReE ST W Te faeed) &1 94T o)t &% =5 A ame
TSAH- | % T GR & To70 fohan S e | arwet 3 51T 15 1. Teaht & 37eR ueh fewm i uRersar afed i
Te U Ui | 380 27 T oht HeTferd i o foTU UfreT shelet et Faer (THITEuy) o1 fesire foha man
TS SeR & e TIeTTe] § TheTaTgaish hHISH fohdT T | STESuguA-32 fAish 22 7aRpa] 2008 i 1330 =t
gl § THSAE W TR TSAM- | i T ek oht ITT ST AheAdTesh 2% il @I E |

AT ! UTZUeATS o Tgoet] THITa T § 14" Tel qrgdels o ARIeT07 2e SgaidiueT & arg
FHAT A9 % 3T 99T s gRT Tewie fhar 7 ShictR Uvg gehs Uratesi o1 Ugell afuTeseh URieTor
foram T | ROt Ffedt T I o STATE fSoot I & H TR AT ST ot Wl fedae s e et
| fer Aee 9 5RT 9! gfte i |

7 | ISSUE NO. 300 | JANUARY 2009



TESNT hl T&e! TS i AT 12" TS oo aq Hrenfiment i Saméuct, §eTs i eedidie fehar ST Tt
T ST SMESTIAITE | W ST 1 H I R W@ & |

FHeAFe AHHE foera uRaeT (FH-radidt) fem 220kV 7 Afta goret Raeare 6t 3= aieean
S1e)

737 5 FRT {Rrae TS FaRer o WA TRl §U Fe-sherd § THURISTEUE & WedhT 9 ¥ FrHa 220kV
et s (SHemEua) st nteh Scdst e S dieddr qiero o T | Y-5ha o 219 feomi 4 9 ue
7 Ffe 3t T8 18 g Rt T o

FAAH | HERUT e T o I T T31 Sl WV Uel SH¥TeT hIHehT RT Helerd Sieet UishaT §RT I-: Fares
T H gATAR R ST &1 | 39 Jelet | el 0R g STt thot o ST He-39 @O &Il a1 | 91937 5 5T

ISTeA G4 o HTEH F TIHTROT F=Ter e o fol 3o fovad=ig Ue Gax a&d-ia Saerer Jomelt i fesie
o 7T STE =TT ShTeah o &% © T T Weh | FERT o TSt & Ueh Aokl Hiee o1 i faehre fefa T |

TohT U RUaet (Toregsgair) ¥ UiHierT SFeR®

937 5 FRT TSTe TohaT T TeTeseg 3TR & WITeToT ST eheh, ST RUeX WaTeiehl shi UTTeToT S Ud A S
o ToTT <, ST JITetent ERT et Ueh a1 o ST foRed &0 © WA fohall 7T | 3T]ehRaR ohl WeTardl & 0T wfshan
TEATASTERROT | e TGt sl Te==T 7 | 07 Wik SRArersiiehor § Rad & q9erd Tae) 2008 |
Hieatt &1 ifay T & GER foram T4 |

Hifae famm

3o ViR R (eI HTAIshH o ST SRR <l Ueh T8 HiScT ohl foehr fohaT 71T We 9Tq3Y oy o Tesire
g ot 35 § fatd sifor uishar o Siard 2 & =RoT | Henfd ud fHad sist ferar Tar | 2971 | 350 MHz
TesTTes 9 %t TS 211G (3TRUE) | GERT AT | <91 H & A 3TRUE JrHeh Sl TN STRUEF] i faga
U7 o foTu foRalm 77T |

=1 S 3= efterelt Wie =Rek (LEHIPA) o fafirst sreehi (S {6 RFQ, DIL foerg 311fs) 3 vitde &q =t
AT STt TG o fafva Wg wonfera st fesmest q ferar T |

INO T & T TdeT 5 Td SeTEUhaIR 5N o €9 ¥ feoired fohd T8 va 0t § ue fquores g1
Gl 20 AT AT ATeX FHog T el died U 35 27 [CAL Hieiersd gaeh s VECC ¥ gzt o
T |

93T g UF SISTREUESTR FRT I T I T Yeig @R Graem 7 Tieiet J€= ST & 912 3t 9
HETATgd &N TSer - R ol € |

Tt FUT A § STE rEuel W-a (GDR) ATiyeht wfifdent &1 28 Si we +132 Sn & S[el TIyena Sirfshan
T S Sl T W o Hefg forieh giaren & aroe fohal ST ¥ GDR <ierg sht fe fAsiar o i 718 | vanmierss
RS W T FOT AR H FoRaR i T o qHeH 8q YR AT Hieet 3h foherdT e g8 |

8 | ISSUE NO. 300 | JANUARY 2009



1937 %% 1 GANIL & 12 et T Tea & iaid GANIL fRerd Tmger @Xeh &l 6 He & |19 U9 91937 hg-
TSTETHSR YeigH @Reh Ha | 6 Td 7 Li & gR1 7anT fhe T8 | GANIL 5 65 Cu 2Fe W 6 He foRRomdst st
TR Y g AT93T 5 ok AehT 5T 816t &1 § A 7T SfeRon aiffshan ¥ 6He R 2R & 7 &1 gT vaet
fg-~12™ % ®9 | yehe g3 574 STeRIS TR gRT 3Teded TR 7T |

T H CMS FedhT o 37T, Se1 19 3afed wie 9w (RPC) T e U RIeToT Tiehid sfifdent o &
RPL W&TeTet # foha 711 | S[eire 2008 | Huauy, T ol g8 56 U Te2oel i 3ot HRIFRIerd o fo1d T
% ISR T | BISRahid | ShifeHeh 3T o foTd Hodich foham T |

frrogs venfiret e
T TR & AT SHISTEUS TotTeh i FHfehet fohan T e | 200 Hz 3 IRaRaT 3% W 30mA, 7|US T4

R TF 10 MeV Toae fAomgsT o 3ca1e Ud ST o STHAsIUM &g 2 mm TERI-X 2AE TR FReargash
hIehH TR T |

Tl %9 vl SF_ ¥meh 79 el Hioed e 1 SRR e gy FHeil-5000 Tod WreR Re2H i 39t for
T | FE ghaer 12.5 GW i 9fed TR W TEIe 8 FHRET o WX W E |

T RO YRTe TTE, o foectuuT Uel 37 TRehidl STyaT & Ueetl 9 Ush e vIfd S -
Utg 31 TTeh ST i (DPSSL) Utg TR o1 Wie et T foham 7/ | 2 3 6 KHz &t 31maia W gqeht Stie
1 T TS emres 6G I5Teh o 2 35T o FOTaR W 4% FRTTal R ~ 3GHz e fager sl et 3seqe
oo TR T |

fretarvtieeor nifafafuat

FHEAITFT | IR THATONRROT TRASTT & Hoel-wesT Feiel (MSF) arsT T4 &1 i 30 3TeRfsR 2008
HAE WA ST STETS Rl T | = i 3 &1 Y07 TR Scaa H A SO | HT93T 365 5N de Sat
& IR oo IR (IRS) & Fomt ud fafami & SFER T ot q13ee Hetaviienor o & fese ud
THTOT fefall TIT 311 SEehT i STENE I WETH= 5T S 17 foha T | = 5T Wat <Te § 50000 e i
a7 GRfeter Uarster ot SeaTe fohall ST |ehell € |

festre grer S e A & ol 1ot & B Solagl-Srefaia™ ST (SS13TE) e (5000 oiiex ufd fe & )
T AT TS TaTer o 7T | fafes sTarearehanali ohl 7 3 &g 9%k 5N WI-¥[F 511 (Fretehal < 0.1
HTESh! -HiHg vfd Q.41 S fpar S g |

|EA fam=

2.8 -6 HEHHA IsH H e 400 nm - 7 - IR Wi W% g9 17 3T TFRT et g3 200 fs 2T2q T@ieger
e U weHe (fs) TfRaee  SYaveor SUichAATdT ol SHHISTHA fhaT T | Tewid Thidadt SRe Jomet
(DFG) & |1 oig T § faehiaa sifeshor IR UEetweR (OPA) ¥ Ui 3MEsTR fehiordsT S feham
SATE |

9 | ISSUE NO. 300 | JANUARY 2009



TS e 1 TR o FesTre W qReheTTee ST e TR I T 3T foh gTegiet o vfd shie == ugreft
T P A-THG T it a5k I 59 ST ST Fehell § qAT §TR ¢Tq IRET[S o ST &% qreem § off U
AT U3 & FHT0T gRT off 3 foham ST WehelT €| SUgERT &TR 1 Sifyd ek T[T | 10 wt% geget
STENOT AT T T |

TS T - TR TYATOT GFereT T st Tt & 7w Sifod ot SRR o AT =T USTet bl HYeAwoT foham S
TR | BTeT & H 3 YA AT ol JRATT WehTTeTeh! U1 3MeNRe 3o foRel-gaT1 S | fhar T ¥ |

fafevor Sfiafy e smEET

Thicted BRI & HRUT &gl & 35 § Uad ATt o ford ada™ ° uga 'PSm-EDTMP & dehfeush Teie
L % TR, 7€ Koot & WediT & Yodish fRaT S @I E | 3TN § o 6 g W STl i et
frafaa smfd fsre & Areay & fquuE gRY =6 S |

2RI WUEIsh R % 3TER 2q "Lu-DOTATATE Ueh fave Usie & SaM | 38T TERT IHd IR W) U,
T ool o TedlT Q fhar ST @18 | 39 USic oht SUTRICH S (28 nos) 37e a0 14 AT 1 St T gt & qen
T YR RO SRS © e |

T e AT USTe & w0 H 39k Jodish &q (mTc-HSA) SArshieige o1 Fafor frar mar e | 3q fmior &
Tefohea g HodiehT 2Tel BHINE et STRdTet o FediT 9 fhu ST € | 37 Aeardost afarq grT fafwada vant
¥ 39 IS 1 STHIST o feam mar & |

P T T & Ueh FolA Tehe1eh oh fIehT HIee sishladl | 3UFRT & fhal T & | 9 UhR o 36 FeH
MR ATt oy (et Tt shl ~37MBg/cm? aTet) i 3TTUT, TIEETHUE, T2 ol 3 3 178 d1feh St
T SR o AT o STER &q SO [Aiohedid &T9aT T odish fohaT ST ek | 38k WRIWeh TRumT 31t
SAETHE ¥E 3R TS I T e IR & T |

SAfaeet

TSI 1 HHT Rl oIS e ATCA o SATAHIT e ATl Fogork RN HOTe! h oaiish ATgeot ThioT
TEASTRINET TATEAT | TR T |

HrcA BTHIEEHR FRT W1 Aqeast 3Tfvash SRITdrat o TehRIcHh HaH-IRIoT 31 TATHT | 8 foam T |

TRl TS o S FRT TS STel § X2 ot T T hl WIEAIhIohd Tenied ol WA A el iget
I |

TP &R =T & HIEhe o T H 90% & 31fereh 2RI ol dliel T T S STeIq07 i TeAT Ueh ST €0
Y TSR €. hict T 3@ 74T |
URSAATHS e

qTI3T 65 & TS Rl REAIST S o1 9 - Sy YR X ST - 37517 FRT 80% ST W <Rl 7t
| 47 BT TUeRIeT I Afed U 6X6 2Teecs Teuet gvd MOTell, 19 TE-U-g WaRi o I aet SeheTd o

10 | ISSUE NO. 300 | JANUARY 2009



Torehra fefam T aieh SITTeh TR o1 ¥ Yl eh &l | TASTEH-Eoet!, MTast g Ud shuquad-faea- e
Herrg o AT 9 3D At aq Uk 3D CADCAM HRea=R “Collab CAD” o faehd fhar T |

FTIHY Uel TQTE THTHIAT YO (TROTT) 3T A & W1 & 3R 3 g ohi {afa nfafafera i sie &q

T ®F ¥ HRT & |

T 2007-2008 T ToTT 57 5 & SATRIREAT FRT MU RISt o FRATRIOT & e’ TIRT FRT AT T
OIS (ARASTR) ToTTedt bt 3tfiehea fema 7T STt eheTdTgeeh Wt U I E | 30 o8 o SR SUHiere §
T RIS o STER 8 YOTell § 37 TR U SR |

THHE HN T T e

F o & T 31 73 2 A v Se1-39 (Z-sIhR HrThett) Teh fHarg SIoft st Hrrohed hi ToTe = | el 3
forar st fomar T wet 2isfi-51 Ueh Siver sig=t aett Tkt fohed ol Ufeere Siret, ST, foeR ue 3ot gd
Tt o fora Aferglad fomem Tam | 39k W1 PN HAe, YR TR FRT avieesh St o ford siegiea g
T fHET B el T 37 RTE |

T 2008 F 19 3 FETR0T STEIRT WA Rl T SR T [ 3 WS R el WA 37§l T E

renfTeht TR

T el fafrer Qe virenfiienat 1 ediekor 26 Tt st fea 7T SR 17 FHein F1o g&deid fhy T | A=

STRTET T2 TSe! o 0 & 31T Uoh T2 o2 e T & | HerTeg & i 7ot amrpferant i 1 € £, =4

TE qRA T e 7S R HERA € |

o TERISZ o Q! Al (TR0 G SH TS § HheidTges 9ol W E | & Ahiadl § sranry e fastett
T TR &7 SHAr § feran ST et & |

WEAHFEMEE |
o T OHIA A ok AR 3R 100 § e &7 H TR IR TS h5 hl T2 S5 b 3t T € |

T |qRaT

Tg 31T Tl 1 7=t AE Ao & o TUSTRE, 7 ot 3TF A GRET IRASTISA o Tererd § Tor € |
TSI TReT W Tt it | Tor gAN agd & QIEt st GATTd YalT % ZRT1 81 &9 I & A1 iU 710 o1 o1
R A HIAT EUE |

T & g9 370 fotw e erafyr 3R oty stafy aret Guiid @ieat s fumor ik & | T8 #An forw e
TARteToT T THT ¥, T &9 9 I I 70 T S, BT 1T h ST I I F ET A AR & | Tt
ITATSRT o STRIE, i STAT o SR GHR % FRT 97 I AT HENfTeh! o &35 H Teh SR 397 M 3R gART
ST & T T hl IR X o FoTT HTiiTeht ShT Ueh HTal STTER ST 71T € | STk 319 Feiehi HTeTH
2, U S, ISR, Tehieht Ud TeTTiTeh T 5T 39 35 o S § €41 T BT | SieT A g9R

1 ISSUE NO. 300 | JANUARY 2009



T A Tl IR A hi S9M H ST 77T Ueh ShaH BT | AR foTt 370 Te-uidife 3 st | 3 o2 i 318 3@
T TECAYUT € | ok SHRT U I SO H S[ST g3 &, 3T: §ARI 30 HeH T 31 i e 3Tavash ® 9
o g 3R] &t o st & s @ oot SO T W R g |

379 TR feTU e Ao 371 T € o 310 e 3Tafy aret SRvAl hl WA T gU ofg STATY STl ofedl i Uk
FEIEF TR T ST o W1 R FY | FH IRGed | gAR foTd I Ret o1 Heed o gt e ot fama
T SR T U el W W Tg ST AT ¢ TR o ST DE-BIE MU HANRT 3R AT HROT hl oIt g¥
Y FY A T ST TEIT F AT T ek T F U A & FOTaed! o T S[S | T gRT &1 &7 37T
T 3R T T o Ui TR 919 S H Th |

3T 5 Te T [T TS 31 ifcTeh HR&T0T BAN o0 S7eeid Hecaqul & | Tt forva & fof B weft @meft
A H GRETT o Ul TG g Farsti ol Tl | TR HEA 1 A6 FRET SSrad a1 T o foTd Suaiat
TIFE! SR WATECHUS % HifHeh! FRT VO 1 o ST Tl & | B SuayREt i IR Qe o e
T off BITEh TRTT SRl § ST &R 35 bt [T TOTS Sl ORI <ieheil o i H o g € | § 30 e &
Tt ARl 3R I S oft U1 3T & ST Soel GReT T S Ta H GReT Uil sl 310 el o
e A e R W E | 3ida: T 50 g B 370 T ot | SR Tt foh o ar aRkfeafd & g adeh
3R STTesh T |

TH T & GEAHIOT H AR ¥ US el STRE0T ST o e g1 fSU 0 IRIE-T AFTeT i 3ietsh
@RI e |

frepe

Thel 0 § 5 3 ST Rl Eifehd ST T foh 9 WA 3T AT & | et faeamd & o w1 3 | &9 310
Tl AR, TR-ITIAT TR TR oh Ueh STE W1 © TSR 3t TRORT o ST&T STat I bt TET it
o A% BT |

i, ofd 0 39 919 o W 37U, W I8 g Wehod i [oh TUA! ST o hodTol o [olu g1 e fasm ua
TIRIRTER! o STOT &35 H Scghtedll i ST T & Yo7 THIT 3t a1 § i & |

St 1

12 ISSUE NO. 300 | JANUARY 2009



Message on the occassions of the
60t Republic Day of India and the New Year from

Dr. Srikumar Banerjee
Director, BARC

'
Dear colleagues,

Itisindeed a matter of great pleasure for me to extend a warm welcome to you all to celebrate the 60™ Republic
Day of our country. As a mark of our collective salutation to our national flag, every year we assemble on this
auspicious morning to celebrate the Republic day. Let me also take this opportunity to extend my greetings and
best wishes for the New Year to each one of you and your family.

On the occasion of Republic Day, it is our duty to salute the members of Armed Forces who have been providing
the security of this country. On November 26, 2008, the city of Mumbai and the country were shocked by the
terrorist attacks on some parts of the city. The gallantry shown by the commandos of our Armed Forces has
reinforced our confidence in them. We also take the opportunity of paying our homage to those who sacrificed
their lives for tackling the cowardly act of the terrorists.

As you are aware, on this date in the year 1950, the Sovereign Democratic Republic of India came into being. On
this historic moment in 1950, the dream of having nothing less than ‘Swaraj’ that was resolved on 26" January,
1930 by we Indians was realized.

While the Republic Day is a historic day in our life, it is also the day for some introspection on our part.

BARC is one of the world’s largest R&D centres, where we pursue excellence in nuclear science and technology,
covering a very wide spectrum of activities under a common umbrella. The last year has been yet another
successful year in our developmental efforts in nuclear science and technology and its applications in power
generation, agriculture, food preservation, health care and national security. Among the various systems and
technologies developed recently, | would make a mention of only a few as illustrative examples.

Research Reactors

All the three research reactors APSARA, CIRUS and DHRUVA were operated satisfactorily with high level of safety
and availability for the purpose of isotope production, research, material testing and human resource development.

The APSARA reactor is being upgraded to raise its power to 2 MW and achieve a maximum neutron flux of
6.5 E13. The basic designs of the reactor core and various reactor systems havebeen completed. The upgraded
reactor will provide facilities to carry out neutron beam research,radioisotope production, calibration and
testing of neutron detectors, material testing and bulk shielding experiments.

13 | ISSUE NO. 300 | JANUARY 2009



The Critical Facility for Heavy Water Reactors, which attained its first criticality on April 7, 2008, was formally
inaugurated on October 30, 2008 by the Honourable Prime Minister. Physics experiments for reactivity worth
checking of primary shutdown system, actual power and neutron flux estimations have been completed.

The conceptual design of a high flux Research Reactor has been completed. This reactor is designed to meet the
large requirements of high specific activity radioisotopes. It will also provide enhanced facilities for basic research
in frontier areas of Science and for development and testing of nuclear fuel and reactor materials. Feasibility
study for incorporation of an external neutron source in the core of this reactor is underway, so as to operate the
reactor as an Accelerator Driven Sub-critical reactor system.

AHWR Programme

In order to further increase the average exit burn-up of AHWR fuel up to 38 GWD/t, the equilibrium cluster
design was modified. Two options of initial fuel loadings have been followed for nearly 7 Full Power Years to
obtain various fueling and reprocessing requirements. The core characteristics such as reactivity coefficients,
shut-down requirements and reactivity worth of safety and control devices have been worked out at different
full power days for the above cases.

The AHWR design contains several first-of-a-kind passive safety features, which needs to be evaluated properly.
Experiments was conducted to study the performance of Passive Containment Isolation System. Performance
data was generated in an Integral Test Loop (ITL) for validation of Isolation Condenser’s performance for decay
heat removal. Hot shut down passive valve has also been tested successfully.

The Integral Test Facility at Tarapur (ITFT) is being set up at the R&D Centre, Tarapur with the dual objectives of
establishing thermal and stability margins and testing of the AHWR fueling machine.

HTR programme

Design and analytical work on Compact High Temperature Reactor (CHTR) as well as on 5 MW/(th) Nuclear
Power Pack are in progress. A detailed analysis of the safety and control reactivity requirement of the
100 kW(th) CHTR, along with optimisation of burnable absorber in the fuel and core life has been completed.

A liquid metal loop employing lead-bismuth eutectic as coolant has been installed and commissioned. The
facility is aimed at generating thermal hydraulic and corrosion data.

R&D in Reactor Engineering

Design of “Tool Delivery System” required for In-Service Inspection for 220MWe PHWR has been completed.
This development would lead to reduction in inspection time, man-rem consumption and will also facilitate
flexible inspection schedule for any ISl campaign.

For the 540 MWe PHWRs, an Advanced Drive Machine (ADM) has been conceptualized for In-Service Inspection
(ISI) of coolant channels. This machine, to be remotely operated for delivery of inspection tools into the
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channel, requires a split plug assembly, which enables the passage of inspection head with a diameter close to
channel diameter. This innovative plug has been designed successfully.

Stability of parallel boiling channels of 700 MWe PHWR was analyzed using linear stability method and a best
estimate safety code.

An online vibration diagnostics system installed on Gas Turbine at NTPC’s Auriaya site under an MoU was
commissioned. An online data acquisition system has been installed and commissioned in Koyna to acquire
seismic response from equipment and civil structure during earthquakes.

Fuel Reprocessing & Waste Management Activities

KARP facility at Kalpakkam has been successfully refurbished with a provision of automated spent fuel charging
facility, separate co-extraction and partitioning for recycle feed and several other improved features to ensure
smooth operation of the plant. The plant has been restarted to augment supply of strategic material.

The erection of WIP-3A plant at Kalpakkam has been completed and testing and commissioning of various
systems is in progress. The plant is designed to vitrify the HLW generated at site using joule heated ceramic
melter and for conditioning of various liquid waste streams.

The PREFRE plant, of 1975 origin, continued to operate safely despite failure of several equipment like evaporator
and dissolver.

State-of-the-art spent fuel chopper for gang chopping of fuel bundles in one stroke has been successfully
developed and the first unit installed at Tarapur is under commissioning.

The mobile TRIX unit used earlier at Plutonium Plant, Trombay for treatment of ILW has been re-conditioned and
shifted to Tarapur site. TRIX uses indigenously developed resorcinol formaldehyde condensate resin. As on date,
more than 50 M3 of waste at Tarapur has been processed.

Three numbers of alpha contaminated glove boxes from radiological laboratories have been in-situ encapsulated
safely and shifted to Alpha Solid Waste Transit Facility at RSMS, Trombay. This has resulted in release of precious
floor space at RLG.

A prototype unit of Articulated Manipulator with 8 Kg payload capacity for small enclosures for remote operations
has been successfully developed.

Processes have been developed for the recovery of Y and '%Ru from HLW and the isotopes have been supplied
for use in Radio Pharmaceuticals Division. Strategic material 2'Am is being recovered from old plutonium
scrap.

Fuel for Fast Reactors

BARC has the responsibility of supplying nuclear fuels for the Fast Reactor Programme including FBTR and PFBR
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(under construction) at Kalpakkam. The new line for fabricating FBTR Mixed carbide fuel commissioned at
RMD last year is now fully operational and several batches of mixed carbide fuel have been processed successfully
in this line. Last week, we have dispatched MK | Carbide fuel pins to IGCAR manufactured in this line.

The PFBR experimental MOX Fuel pins fabricated at Advanced Fuel Fabrication Facility, Tarapur loaded in the
centre of FBTR core has now reached a burn up exceeding 80,000 MWd/T.

A lab scale alpha waste treatment facility for Plutonium contaminated PVC/Neoprene waste involving shredding,
leaching and compaction has been commissioned in RMD and is undergoing initial cold trials.

The manufacture of MOX fuel pins for PFBR first core is continuing at our facility in Tarapur and the fabrication
parameters have been optimized to get a high yield of acceptable quality fuel. End plug welding of D-9 clad
tubes using Nd — Yag laser has been successfully demonstrated and an ultrasonic technique has been developed
forinspection of the closure weld.

BARC s also involved in R&D on metallic fuel for the advanced fast breeder reactors with high breeding ratio.
Theinjection casting system for casting of metallic fuel is under installation inside a glove box and a demoulding
and slug shearing machine is undergoing trial operations.

2-D thermo-mechanical analysis of metallic fuel for future Fast Breeder Reactors (FBRs) has been carried out. The
fuel, with characteristic high breeding ratio and efficient power production, consists of U-Pu binary alloy
containing 15 % Pu cladded in T91 alloy with Zr layer between the fuel slug and cladding material and helium
gas in semicircular groove region.

Health, Safety & Environment

The BARC Containment Model (BARCOM), which is a 1:4 size pre-stressed concrete inner containment of
540 MWe PHWR has been built at BARC Tarapur project site to assess its ultimate load capacity and various
failure modes. The model response at 69 specified sensor locations will be used, to benchmark the containment
analysis computer codes for the postulated design basis and severe accidents scenarios.

Accelerated ageing and corrosion studies have been completed for base and weld material of the PHT system of
AHWR after thermally aging them for 1300 hours at 450°C and for 8000 hours at 400°C, simulating 100 years
at 300°C. The results indicated that the degree of sensitization is very small as compared to the acceptable value
of 5%.

Channel heat up experiments, simulating pressure tube ballooning phenomena during severe accident phase of
Small Break LOCA in a PHWR were conducted at different pressures of 20, 40 and 60 bar at IIT Roorkee. Pressure
tube sagging experiments were also carried out at different heating rates. The experimental data was used for
validating the Pressure Tube Creep (PTCREEP) code predictions.

A Risk Monitor Software Tool developed in BARC, is deployed at various nuclear power project sites for pilot use
with their respective PSA models. It has been used in analyzing KAPS 1 & 2 operational events, collected from
Significant Event Reports.
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Tritium monitor for area monitoring in the presence of interfering **Xe was developed for use in TAPS#4 on a
specific request from NPCIL. This system was field tested at reactor site continuously for three months, to
evaluate its performance.

Indigenously developed Radon Monitoring systems, based on the electrostatic collection principle, have been
installed in various locations of the underground Uranium mines at Turamdih and networked through a cable
network so as to display the radon concentrations at a central over ground location.

The existing CaF, powder based thermo-luminescent dosimetry technique used for environmental monitoring,
has been replaced by an automated CaSO,:Dy based system, thereby reducing the processing time by a factor
of 3, to meet the increasing demand of environmental monitoring.

Anew four element AlLO,:C based Optically Stimulated Luminescence (OSL) phosphor badge has been designed
for testing in radiation beams of photon energies, in the range of 20 keV to 3 MeV and beta radiation in the
energy range 300 keV to 3 MeV. This new OSL dosimeter badge is being planned as a potential replacement for
the present CaSO,:Dy based TLD personnel monitoring system.

Intensity Modulated Radio Therapy (IMRT) phantom has been indigenously developed and the dose verification
was carried out at the P.D.Hinduja Hospital. The results obtained were within 2% of those obtained using
commercial IMRT phantom.

Dosimetry studies, using Gafchromic film stack were carried out on P-32 patch brachytherapy sources developed
by BARC for the treatment of skin cancer. A tissue equivalent head and neck phantom was designed for the
measurement of dose profile and dose distribution during Gamma Knife based stereotactic radiosurgery
procedures, using gafchromic films and thermo-luminescent dosimeters.

Experiments were carried out to study the effect of food preservative Butylated Hydroxy Toluene (BHT) on
genotoxicity induced by the chemical carcinogen 4-Nitroquinoline 1-oxide (4-NQO).

Under IERMON, solar powered monitoring stations were established across the north-western sector of India at
Srinagar (J&K), Udhampur, Jammu, Nal, Suratgarh, Uttarlai, Jaisalmer and Jodhpur. This brings the total number
of stations installed to 80, covering 45 locations across the country.

A Mobile Radiological Impact Assessment Laboratory (M-RIAL) vehicle using TATA-207 model has been designed.
The vehicle is equipped with radiation monitoring systems to monitor gamma, alpha and beta counting for air
quality measurements and a meteorological as well as Global Positioning System.

Materials Development

One of the key issues in the ADSS and Indian TBM (for ITER) programmes is the circulation of molten lead-
bismuth and lead-lithium eutectic at high flow rates. The Electro Magnetic Induction Pump on rotating magnets
developed in-house for the molten eutectics are being tested by constantly running them for the last four
months under test conditions. These units are compact in size, have an efficiency better than those based on
MHD pumps.
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The SCC crack growth rate has been measured in the recirculation test facility for sensitized SS 304L by DCPD
technique in the reactor simulated conditions at 20, 200 and 700 ppb dissolved oxygen levels. This facility will
also be used for generating crack growth rates for the materials that would be used for advanced reactors e.qg.,
AHWR and for stainless steels in cold/warm worked conditions.BARC has initiated development and fabrication
of cable in conduit conductor for various configurations for superconducting magnets required for fusion
research at IPR. In this connection, 50 m long 30 KA hybrid CICC, a 60 Mtr cable containing 504 Nb—Ti Sc
wires of 0.8 mm dia have been fabricated.

Towards the development of an optimized material for pressure tubes of AHWR, continuous cooling transformation
diagrams were established for Zr-2.5Nb with 1300 ppm of oxygen by quenching dilatometry. The thermo-
mechanical processing parameters will be finalized based on this CCT diagram.

Tight fit Zr-2.5Nb — 0.5cu garter springs received from KAPS-2, S-7 coolant channel after 8.5 EFPY of operation
were examined. The examination confirmed the excellent performance of the springs ensuring their safe operation
for 30 years in a reactor.

Aprocess for synthesis of thermal spray grade powder of lanthanum phosphate has been developed from
locally available raw material. Thermal and chemical stability of the powder was studied by plasma spheroidization
experiments using a DC thermal plasma reactor. Adherent coatings of LaPO, on various substrates including
stainless steel could be obtained with reasonably good deposition efficiency.

Large capacity Pump Mix Mixer Settler (PMMS) has been designed by successful development of two phase
CFD and population balance models for predicting the hydrodynamics and the quality of the dispersed phase
and a design of 50 m3 per hour dual impeller pump-mix mixer has been given to Heavy Water Board for
coupling with the centrifugal separator.

Mixer settler runs were successfully carried out on simulated PHWR high level waste as well as PFBR high level
waste for the partitioning of minor actinides.

Electronics & Instrumentation

Fast, low noise, low power, preamplifier Hybrid Micro Circuits (HMCs) were developed and 3000 of these
HMCs were used, in the prototype detector for INO (India based Neutrino Observatory) being developed at
TIFR.

Ultrasonic system for sound velocity profiling in uranium fuel rods was developed and installed to qualify b-heat
treatment of fuel rods.

The technology of MCS (Multi-Channel Scaling) function in USB Multi Channel Analyser has been transferred to
M/s. Nucleonicx, Hyderabad.

Indian Deep Space Network (IDSN-32)

The precision IDSN-32 (32 meter Indian Deep Space Antenna System) is used for communication with ISRO’s
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Moon mission vehicle “Chandrayaan-1". The Antenna Control Servo System (ACSS) to steer the 380 ton antenna
in azimuth and elevation axes with a directional pointing accuracy within 15 milli-degrees was designed by
BARC and successfully commissioned at Bayalalu near Bengaluru. The IDSN-32 has been successfully tracking
the Chandrayaan-I's journey to the moon following its take off from earth at 13: 30hrs on 22" October, 2008.
The Caliper & Instrumented PIG designed by BARC under an MoU with IOCL, for inspection of 14" oil pipeline
has taken its first commercial trial in Delhi— Panipath section of IOCL pipeline. Besides revealing the corrosion
defects, it has helped to precisely detect an illegal tapping in the Delhi-Panipath section. The diagnosis was
confirmed by dig site verification.

The technology for manufacturing 12" PIG delivered earlier to IOCL is being transferred to ECIL, Hyderabad who
are executing an order from 10CL.

High Voltage Testing of 220kV Gas Insulated System switchyard at Kudankulam Nuclear Power Project
(KK-NPP), was done.

Acoustic Emission based high voltage tests of Russian make 220 KV Gas Insulated Switchyard (GIS) were carried
out at Kudankulam site jointly with NPCIL, using AE system developed by BARC. A fault was detected in one
of the earth switches in the Y-Phase, which was subsequently rectified.

Automated Direct Fuel Transfer System for Nuclear Reprocessing Plants

Presently, spent fuel bundles from storage pool are transferred to the reprocessing plant through complex
manual operations performed by trained and skilled personnel. The operation also results in spillage of contaminated
water on the floor contributing to man-rem consumption. BARC has designed a highly reliable and remotely
maintainable automation system to carry out the transfer operation through an underwater tunnel, eliminating
handling of charging cask. For demonstration purpose, a working model has also been developed.

Training Simulator for Light Water Reactor (LWR)

Training simulator for LWR designed by BARC for imparting training and qualifying the reactor operators was
extensively used by the operators during the last one year. The simulator helped in uncovering several anomalies
in the control system documentation. The final corrections of the models were carried out in November, 2008
after the changes in the control system documentation.

Physical Science

As part of the high power accelerator development programme, a copper model of RFQ was machined and
vacuum brazed in two-steps of vacuum brazing procedure at the Centre for Design & Manufacture, BARC.
The Resonant Frequency (RF) could be corrected to design value of 350 MHz with tuners. The RF coupler
developed indigenously was used to feed the power to the RFQ.

Design of various sub systems of low conductivity water system for cooling the various components (such as
RFQ, DTL, Klystrons etc.) of Low Energy High Intensity Proton Accelerator (LEHIPA) has been completed.
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As part of the INO collaboration, a 35 ton ICAL prototype magnet along with the 20 turns of water-cooled
copper coils designed jointly by BARC and TIFR and fabricated by a vendor in Pune has been assembled in VECC.

The Pelletron Accelerator facility set up jointly by BARC and TIFR has completed two decades of successful
accelerator operation with progressively increased efficiency.

A current issue in nuclear physics is the study of Giant Dipole Resonance (GDR) in hot rotating nuclei.
A measurement from the Mumbai Linac facility of high energy gamma spectra in a nuclear reaction involving
28 Siand + 132 Sn has yielded the spin dependence of the GDR width. The experimental findings revealed the
failure of a well-established thermal model for understanding the width evolution in hot rotating nuclei.

Under the ongoing collaboration of BARC with GANIL, experiments have been performed with 6He using the
SPIRAL Accelerator at GANIL and with 6 & 7 Li using the BARC-TIFR Pelletron Accelerator in Mumbai. Recent
measurement by BARC scientists, of transfer reactions using 6He beam on 65Cu target at GANIL, revealed
dominant di-neutron rather than the cigar shape of 6He were highly lauded by the international community.

As part of CMS collaboration at CERN, double gap Resistive Plate Chambers (RPC) were assembled and tested in
RPC Lab at the Nuclear Physics Division. Ten such detectors delivered to CMS at CERN in July, 2008 were further
evaluated for their efficiency with cosmic muons in the hodoscope in the ISR Lab at CERN.

Beam Technology Development

The BARC-ECIL Linac for cargo scanning has been integrated. A 10 MeV, electron beam at 30mA, 7us pulse at
a repetition rate of 200Hz, has been produced, transported and successfully focused on the 2mm X-ray target
for characterisation.

The KALI-5000 pulse power system has been upgraded by incorporating a new high power SF_ spark-gap and a
prepulse switch. This facility is in commissioning stages for operation at a power level of 12.5 GW.

For isotope selective material processing, trace analysis and other spectroscopic applications, a low-power
Diode-Pumped Solid-State Laser (DPSSL) pumped dye laser has been developed for the first time indigenously. It
was tested over a frequency of 2 to 6 kHz, producing a tunable output with a line width of ~3 GHz at 4%
efficiency at the peak of the tuning range of Rhodamine 6G dye.

Desalination Activities

The Multi-Stage Flash (MSF) Evaporation plant of Nuclear Desalination Project at Kalpakkam was inaugurated by
the Hon'ble Prime Minister on October 30, 2008. The plant will be brought up to full scale production shortly.
Abarge mounted Desalination Plant designed and built by BARC in accordance with the rules and regulations of
Indian Registrar of Shipping (IRS) for coastal service was also inaugurated by the Hon’ble Prime Minister on the

same day. The plant can produce 50,000 litres/day of safe drinking water from seawater.

The Electro-Dialysis lonization (EDI) unit (5000 litres/day capacity) was recently commissioned and operated
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to generate design data. It produces ultra-pure water (<0.1 micro-siemens/cm conductivity) to meet various
requirements.

Chemical Science

Afemtosecond transient absorption Spectrometer with 200 fs time resolution utilizing visible pump at 400 nm
- mid-IR probe tunable in 2.8 — 6 micron region has been successfully commissioned. The probe IR beam is
generated from an indigenously developed Optical Parametric Amplifier (OPA) combined with Difference Frequency
Generation system (DFG).

Computational investigations on the design of novel carbon nanomaterials, demonstrated that, the affinity of
the carbon nanomaterials towards hydrogen can be enhanced significantly by introducing desired curvature
into the carbon nano-surface as well as by creating a charged surface through doping of alkali metal atoms.
Suitable alkali metal doped organic molecules are shown to have a hydrogen adsorption capacity of 10 wt %.

A sono-chemical synthesis facility has been set up, which facilitates synthesis of nanomaterials with desired
particle size. Recently this synthesis route has been used to prepare a number of rare-earth based optical
materials.

Radiation Medicine & Isotope Applications

'77Lu which would be an alternative agent of the currently used >Sm-EDTMP for the treatment of patients
suffering from bone pain due to skeletal metastasis, is undergoing clinical evaluation in collaboration with
AIIMS, New Delhi. The radiopharmaceutical is expected to be marketed through BRIT for regular supply to
hospitals within a short time.

77Lu-DOTATATE, a potential agent for treatment of neuro-endocrine cancers is currently undergoing clinical
trials in human patients, in collaboration with AlIMS, New Delhi. Therapeutic doses (28 nos) of this agent have
been administered in 14 patients till date and the preliminary results are encouraging.

9mTc-Human Serum Albumin (**™Tc-HSA) nanocolloid was prepared for its evaluation as a sentinel node imaging
agent. Pre-clinical evaluation of the preparation was carried out in collaboration with Tata Memorial Hospital,
Mumbai. The product has now been approved for clinical trials by the Radiopharmaceuticals Committee.

A new technique for the preparation of 3P radioactive patches was developed for use in mould brachytherapy.
Ten numbers of such custom-shaped patches (containing ~37 MBg/cm? of radioactivity) were supplied to
AIIMS, New Delhi for evaluating their clinical efficacy for treatment of superficial skin cancers in patients. The
initial results are very promising and the first few patients were found to be completely free of disease.

Biology

The cellular signaling system which senses and responds to potassium deficiency was elucidated in the nitrogen-
fixing cyanobacterium Anabaena.
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Negative regulation of heat-shock responsive molecular chaperones by the HrcA homodimer was demonstrated
in Anabaena.

A marine cyanobacterial strain of Synechococcus elongates was shown to sequester significant amounts of
uranium from sea water, by binding to surface ligands.

A genetically engineered E.coli strain was shown to rapidly bioprecipitate >90% uranium, as phosphate, from
dilute alkaline solutions.

Computing Facility

The 9-TeraFLOP Supercomputer ANUPAM-AJEYA, released to BARC users attained 80% of its utilization. To
facilitate visualization of results, a 6 x 6 tiled display visualization system with 47 mega pixel resolution, backed-
up by a power of 19 high-end servers has been developed. The 3D CAD/CAM software “CollabCAD" has been
developed for 3D modeling work, through a consortium of NIC-Delhi, BARC and VSSC-Thiruvananthapuram.

The Program And Resource Integration System (PARINAY) is becoming popular and is being extensively used for
linking various activities of this Centre.

The Online Confidential Report (OCR) system designed by the Computer Division, has been successfully putin
service for submission of CRs, by the officers of this centre for the year 2007-08. Based on the user feedback
received during the year, the system will be further improved.

Nuclear Agriculture & Food Irradiation

In the field of agriculture, two new Trombay crop varieties, TG-39 (Trombay-Bikaner groundnut) a confectionary
grade groundnut was notified for cultivation in Rajasthan and TG-51 an early maturing groundnut variety was
notified for West Bengal, Orissa, Bihar and north-eastern States. With this, the total number of Trombay crop
varieties released and notified by the Ministry of Agriculture, Government of India for commercial cultivation
has reached 37.

19 new Nisargruna Biogas plants were established in 2008, taking the total number of plants to 37.

Technology Transfer

Seven different technologies have been transferred to 26 parties and 17 MoUs have been signed this year.

Three international patents have been filed and one national patent was granted. Three new AKRUTIs have been

set up in Maharashtra, making a total of eight AKRUTIs functional in India.

= All the three NISARGRUNA plants in AKRUTI nodes of Maharashtra are running successfully. Electricity
generated using biogas has been utilized in these AKRUTIs.

= Demonstration experiments with Foldable Solar Dryer, Domestic Water Purifier and Soil Organic Carbon
Testing Kit are carried out in different villages and fields.
. New seed varieties of BARC have been sown for the second time in more than 100 locations around

22 | ISSUE NO. 300 | JANUARY 2009



these AKRUTI nodes through KRUTIKs amongst the villagers and farmers in the surrounding villages.

National Security

You are all aware that BARC is involved in a number of strategic projects of our country. Many of our colleagues
are engaged in activities related to national security. It is through their dedicated service we are in a position to
keep our promises to the nation. In these strategic areas, we have some well defined goals — both short term
and long term. Many of you may not be even aware how the individual contributions every one of you are
making, are helping us in fulfilling our goal in the strategic area. It is important for us to remember that our day-
to-day work and our individual contributions are all linked and the overall performance of this great institution
is essentially a product of the synergy between the activities of individuals, different Divisions and Groups.

The time has come for us to make faster strides attending the short-term goals in a time bound manner, keeping
our long-term visions alive. The importance of national security in the present scenario is of the greatest
concern and | urge all my colleagues to forget minor differences and small issues and forge together to
collectively achieve our institutional goals in the shortest possible time. By this, we can make our institution
and our country proud of us. It is through our work we can prove our courage and commitment to our country.

Physical protection of our Centre and its various installations is of paramount importance. | am sure, all my
colleagues will understand that the concern of security has further increased in the present time. BARC security
and CISF personnel have been performing a commendable task of providing the physical protection to our
establishment. | would like to appreciate the BARC Fire Service personnel for maintaining a constant vigil on the
various establishments of our Centre. | also compliment all officers and staff of our Centre for extending their
cooperation with the security personnel in discharging their duties effectively for implementing the higher level
of security procedures. Finally, I urge all my colleagues in our Centre to remain vigilant and alert in the present
environment.

Landscape & Cosmetic maintenance

The contribution made by the personnel of our Landscape & Cosmetics Maintenance Section is aptly demonstrated
by the beautiful ambience of this venue.

Conclusion

While concluding my address, | would like to emphasize that we have plenty of challenges ahead. With the
synergistic effort of all of us in BARC — scientists, technicians and administrators, | am sure we will be able to
rise to the occasion to meet the future challenges in a manner consistent with the traditions of BARC.

Friends, finally on this very special day, let us firmly resolve and rededicate ourselves to continue our pursuit of
excellence, in the frontier areas of nuclear science and technology, for the betterment of the lives of our people.

* Jai Hind *"'
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STUDY OF QUARK GLUON PLASMA:
JOURNEY FROM RHIC TO LHC

R. K. Choudhury and A. K. Mohanty
Nuclear Physics Division, BARC

Introduction

Since the discovery of quarks in the 1960s, the core
questions in Nuclear and Particle Physics have
undergone dramatic changes. The nucleus had long
been viewed as a densely packed assembly of neutrons
and protons, bound together by a strong force,
mediated by pions and other mesons. It is now well
understood that the fundamental constituents are the
point-like quarks (and anti-quarks) bound together
through interactions mediated by gluons (See Box A
for more details). Quantum Chromodynamics (QCD),
the current theory of strong interactions, is a field
theory of quarks and gluons. It forbids the appearance
of free quarks or gluons, but their existence proves
their fundamental role in the nature of matter. At
extremely high energy densities, QCD predicts a new
form of matter, consisting of an extended volume of
interacting quarks, anti-quarks and gluons, what is
known as quark gluon plasma (QGP). It is in this
context, that in the hot Big Bang scenario, the early
Universe in a few micro seconds after its formation
existed, in the form of quark gluon plasma. Physicists
from around the world have now demonstrated that
by colliding two ultra-relativistic heavy ions (like Au
or Pb atoms), it is possible to compress and heat the
nuclei to such an extent that their individual protons
and neutrons will overlap, creating a region of
enormously high energy density, where a relatively
large number of free quarks and gluons can exist for a
brief time.

Each collision acts like a microscopic pressure cooker,
producing temperatures and pressures more extreme
than those that exist even now in the cores of the
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hottest stars. As anillustrative example, the red, green
and blue circles (See Fig. 1) are quarks, connected by
black lines representing gluons. In the beginning,
quarks and gluons are held tightly inside the protons
and neutrons in the nucleus of an atom. As the
pressure and temperature rise, new particles called
mesons (made of a quark and anti-quark) are produced.
Finally, the conditions are just right for the phase
transition to take place (from a hadron phase to QGP)
and the quark gluon plasma is produced.

Once the QGP is produced in a collision, it will quickly
cool, expand and collapse into hadrons. The QGP
cannot can be detected directly, as its life time is too
brief, but by the distinct characteristics of the particles
that shower out from the collision.

heat

quark-gluon
plasma

pressure

y .
.

Early Big Bang Scenario

The quark gluon plasma is thought to have existed in
the first micro seconds of the formation of the universe.
Fig. 2 shows the timeline of how the Universe is
thought to have evolved as it cooled, following the
Big Bang. Starting from the bottom left, one can track
the Universe as it evolved from 0.000000001 second
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Box A: Matter is built from two types of fundamental fermions called quarks and leptons.
Quarks come in six flavors: up (u), down (d), charm®©, bottom(b) and top (t) carrying fractional
electric charge of 2/3 or —1/3. The proton contains two up and one down quarks (uud)
where as a neutron is made up of one up and two down quarks (udd). Similarly, there are
six leptons, electron (e), muon (W), tau (t) and their corresponding neutrinos (v). They all fall
into three families or generations. Protons and neutrons are classified as baryons which
contain three quarks where as mesons like pion () contain a quark and anti-quark pair. Both
baryons and mesons are known as hadrons that participate in strong interactions through

gluon exchange.

till today. The purple band in the top panel is the realm
where QGP can exist at very high temperatures above
102 deg Kelvin. As the Universe expanded and cooled,
the QGP coalesced into protons and neutrons
(hadronization), then nuclei (nucleosynthesis) and then
into atoms. Finally, the atoms came together to form
molecules and bulk matter.

10°

-

Temperature (degrees kelvin)

now

1 1 1 1 i 1 1 I [
107 0% 107 1 10 10° 10° 10% 0™ 10 10?
Time after Big Bang (seconds)

Fig. 2: Timeline of the formation of the Universe
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Relativistic heavy ion collisions, recreate on a small
scale, a mini-universe in the laboratory. Physicists
expect to gain a new understanding of the relationship
between the most fundamental constituents of matter
and the complex array of particles and nuclei that make
up the world around us.

The RHIC era begins

Interest in the study of relativistic heavy ion collisions
began with several fixed target experiments, prior to
the period when heavy ion colliders became available.
Several pioneering fixed target experiments were carried
out with CERN Super Proton Synchrotron (SPS), which
provided 160 GeV per nucleon beam of sulphur and
lead nuclei. In particular, the measurements of J /¥
meson — the bound state of charmed quark and its
anti-quark (cc) indicated that, the nucleus-nucleus
collisions at high energy are very different from a simple
superposition of nucleon-nucleon interactions.
The suppression of J /¥ production was a strong
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Box B: The diagram on the left shows, in pressure-temperature space, the lines of equilibrium
or phase boundaries between the three phases of solid, liquid and gas for a simple system like
water. The phase boundary between liquid and gas does not continue indefinitely. Instead, it
terminates at a point on the phase diagram called the critical end point. This reflects the fact
that, at extremely high temperatures and pressures, the liquid and gaseous phases become
indistinguishable in what is known as a supercritical fluid. In water, the critical point occurs at
around T =647 K, p. =22 MPa, and h =356 kg/m>. Below this critical point, the transition from
liquid to gas phase is of first order in nature where as it becomes second order beyond T . The
well known phenomena of critical opalescence in case of liquid gas phase transition is a result
of fluctuations at all length scales due to a second order phase transition.

The diagram on the right shows a similar phase diagram for QCD matter in temperature and
baryon density space showing the transition from the normal hadronic matter to a new state of
matter comprising of quarks and gluons. The black dot around unity baryon density and low
temeparature corresponds to the normal world of hadronic matter where quarks and gluons
are confined to the size of the hadrons. When temperature or density becomes very high,
strongly interacting quarks and gluons become free and transform themselves into a new
deconfined phase of matter. Here baryon density refers to the excess of quark density over the
anti-quarks. The quark gluon plasma state of early Universe corresponds to a plasma at high
temperature and zero baryon density meaning the plasma has equal number of quarks and
anti-quarks. On the otherhand, the quark matter that exists at the core of the neutron star is a
plasma at low temperature and very high density comprising of more quarks and gluons. In
between these two extreme limits, quark gluon plasma at different baryon density can be
created in the laboratory by colliding two heavy ions at different bombarding energies. The
plasma which is expected to be formed at the Large Hadron Collider (LHC) will mimic the plasma
of very early universe having high temperature and low baryon density. The programs of SPS at
CERN, RHIC at BNL and Facility for Anti-proton lon Research (FAIR) at GSI, Darmstadt probe the
QGP region at finite baryon density and temperature. For the baryon rich matter, the transition
from the hadron phase to QGP phase is expected to be of first order, whereas, for zero density
scenario (like in early universe), the transition is of second order (or a smooth cross over for
finite quark mass). Therefore, as in liquid gas scenario, there exists a QCD critical endpoint
where the first order line ends.
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indicator, that the heavy ion collisions might be leading
to the formation of a QGP, although the produced
energy density was not enough for a detailed study of
this new state of matter. It was believed that definitive
observation of the elusive QGP would be found at higher
collision energies with the Relativistic Heavy lon Collider
(RHIC) at the Brookhaven National Laboratory, USA
and Large Hadron Collider (LHC) at CERN, Switzerland.

With RHIC and LHC, it is possible to achieve
temperatures and baryon densities similar to those
existing at the beginning of the early universe (For details
see Box B).

The RHIC, the first heavy ion collider of the world
(located and operated by the Brookhaven National
Laboratory, (USA), became operational in the year
2000, provides protons and

Gold Ion Collisions in RHIC

heavy ion beams for the
international community of more

PHOBOS 12:00 o’clock

10:00 o’clock

BRAHMS

RHIC

8:00 o’clock STAR
6:00 o’clock

2:00 o’clock

than 1000 scientists, who are
participating in four of the major
detector experiments: PHENIX,
STAR, PHOBOS and BRAHMS.
RHIC is an Intersecting Storage
Ring (ISR) particle accelerator.

Design Parameters:
Beam Energy = 100 GeViu

Two independent rings (arbitrarily

9 GeViu No. Bunches = 57 denoted as “blue” and “yellow”
High Int. Proton Source  BAF (NASV) Q=479 No. lons /Bunch = 1 x 10° . . .
T,..= 10 hours rings allow a virtually free choice

L,., =2 % 10 cm?sec”!

of colliding projectiles (see Fig.

HEPNP

1 MeViu
Q=+

TANDEMS

NATIONAL LABORATORY

3). The maximum energy of beam
particle ranges from 250 GeV for
protons to 100 GeV / u for Au
ions.

Fig. 3: The RHIC double storage ring is itself hexagonally shaped and 3834 m long in circumference,
in which stored particles are deflected by superconducting niobium-titanium magnets. The six
interaction points are at the middle of the six straight sections, where the two rings cross, allowing
the particles to collide. The interaction points are enumerated by clock positions, with the injection
point at 6 ‘0’ clock. The machine can accelerate gold nuclei up to momenta of 100 GeV/c per
nucleon in each beam, protons up to 250 GeV/c, and smaller mass nuclei up to intermediate momenta
depnding on their mass-to-charge ratio. The centre of mass energy in these collisions is more than
an order of magnitude higher than the previous highest energy heavy ion reactions at the CERN-
SPS fixed target facility. The nominal design luminosity of 2.96 x 10 cm?2s' for gold at full energy
was already achieved during first two physics running periods. A unique characteristic of RHIC is its
capability to produce polarized protons. RHIC holds the record of highest energy polarized protons.
Polarized protons are injected into RHIC and their spin directions are preserved through the energy
ramp with the aid of Siberian Snakes (a chain of solenoids and quadrupoles).
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PHENIX (Pioneering High Energy Nuclear Interaction
Experiment) is one of the largest detectors among
the four experiments, which has been collecting data
since 2000. The PHENIX collaboration is made up of
over 430 scientists and engineers from all over the
globe including India (BARC and BHU ). PHENIX (see
Fig. 4) consists of a collection of detectors , each of
which performs a specific task, in the measurement
of particles produced in the heavy ion collisions. The
detectors are grouped into two central arms, which
are capable of measuring hadrons (pions, protons,
kaons, deuterons etc), photons and electrons and two
muon arms which focus on the measurement of
muon particles. There are also additional event
characterization detectors, that provide additional
information about a collision and a set of three huge
magnets that bend the trajectories of the charged
particles. The Nuclear Physics Division of BARC had
contributed to the fabrication of PHENIX muon arm
detectors along with LANL, USA as well as in the
PHENIX software development (PISA and PISORP) for

MUON-SOUTH

MAGNET .

Electromagnetic
Calorimeter

Physics simulations.

STAR is another big detector system which is based
on a Time Projection Chamber (TPC) inside a solenoidal
magnet, that provides exceptional charged particle
tracking and particle identification. The BRAHMS
experiment has two movable, small acceptance
spectrometer arms, which can measure pions, kaons
and protons up to very large rapidity. The PHOBOS
experiment covers nearly full solid angle and has
excellent global event characterization capability. The
later two experiments have completed their data
accumulation and have been discontinued since 2006.

Each RHIC collision produces several thousands of
particles which are detected by various detectors. Fig.
5 shows the particle trajectories reconstructed by STAR
(left) and PHENIX (right) detectors. The centrality of
collisions can be measured in terms of number of
particles (mostly pions), emitted into a given interval
of solid angle.

Muaon Tracking
Chambers

MUON-NORTH
MAGNET

Muon ID Steel
A

| CENTRAL MAGNET]|

hkay Betottor

~—
PHENIX

Fig. 4 : Various components of the PHENIX detector system
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RHIC Discoveries
(a) Global Characteristics

A key question for the RHIC experiments is whether
the energy density created in the collisions is sufficient
to initiate a QGP phase transition. Experimental
measurements suggest an initial energy density more
than 15 GeV/fm3attimet=0.2 fm/c decreasing to
5.4 GeV/fm? by timet=1fm/c (1 fm = 10" cm
and time in second is estimated by dividing by the
velocity of light ¢). The rest energy density of a lone
proton is of the order of 1 GeV /fm3. Theoretical
QCD calculations predict the critical energy density in
the range of 1-2 GeV / fm? corresponding to a
temperature in the range of 170 to 180 MeV for T,
(T_about 10'*K). Such temperatures are sustained for
only a few times 102%s. Due to rapid expansion, the
QGP cools down and undergoes phase transition

(hadronization). The temperature at the freeze out
point has been inferred, by measuring the relative
abundances of the different meson and baryon species,
produced as the QGP condenses into the final state
hadrons. The measurements at RHIC are consistent
with a temperature of about 176 MeV at the chemical
freeze out.

The experiments have also measured the charged
particle multiplicity as a function of collision energy
and centrality (impact parameter). The growth of
multiplicity with increasing collision energy, is less than
what is expected from a simple picture of soft coherent
production combined with hard mini jet production,
that increases quickly with increasing energy. This
observation has given rise to a new model known as
Color Glass Condensate (CGC). The CGC which
incorporates gluon saturation gives an alternative
description of the multiplicity dependence on



collision energy and has been quite successful in
describing the data. As described by QCD, this
condensate is present in all strongly interacting
particles, but it shows itself only in very high energy
collisions. The CGC is a very dense superposition of
gluons similar to Bose condensate. It has properties
similar to glasses—that exhibits slow evolution as
compared to the natural time scales of constituent
interactions. The CGC is a relatively new idea
describing the initial conditions for the QGP produced
in high energy collisions.

(b) Flow observables

One of the most dramatic discoveries at RHIC is that,
the medium displays a high degree of collectivity often
referred to as flow. Since nuclear matter reaches a
high degree of compression at the beginning, large
interactions between the constituents of the medium
can translate this density gradient into outward pressure,
which causes the medium to explode at relativistic
speeds. Experiments can probe this outward pressure
with great precision by characterizing noncentral (non
zero impact parameter) nuclear collisions. In these
reactions, the nuclear overlap region is not circular in
the transverse plane, instead it is elliptically shaped.
Experimentally the azimuthal angular distribution ( @)
of particles is measured relative to the reaction plane
angle ¥, for each nucleus-nucleus collision and then
a Fourier decomposition is performed. The second
component v, of the Fourier decomposition is referred
to as elliptic flow. Evidence that the medium is
composed of deconfined, thermalized and collectively
flowing quarks, comes from detailed measurement of
v, coefficients, fora wide variety of hadrons. Baryons
which contain three valence quarks show yields that
are strongly enhanced relative to those of mesons
containing a valence quark and anti quark. This
observation warrants a new scaling law, based on both
hydrodynamics and quark recombination which
suggests that, the elliptic flow parameters of mesons
and baryons are related to the elliptic flow parameter
of quarks assuming quarks and anti quarks exhibit the
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same collective flow. Fig. 6 shows the plotofv, asa
function of transverse kinetic energy which are scaled
by the number of valence quarks. It shows that the
relatively complicated dependence of v, on centrality,
transverse momentum, particle type and quark number
can be scaled to a single function, indicating that, the
flow pattern is originally developed in the quark level.
The observation of flow indicates that the RHIC
collisions produce matter that interacts strongly with
itself. There might be some disagreement about the
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specific mechanism that produces such strong
anisotropic flow, but there is a general agreement that
the effect is largely due to very strong interactions
between the system constituents and that the flow
must occur relatively early in the collision, when the
relevant constituents are quarks and gluons. Since the
flow data can be explained on the basis of ideal
hydrodynamics, which refers to a medium that behaves
like a strongly interacting ideal fluid, with nearly zero
viscosity and perfect heat conductivity.

(c) Jet quenching
Another striking early observation at RHIC is a
phenomena called jet quenching (see Box C) which is

considered a powerful probe of the hot and dense
matter, created in the collisions. In a hard scattering,
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Box C: During the collision of two energetic protons (diagram on the left) , a quark and anti-quark
pair is created at the point marked by a star. The quark and anti-quark fly off in opposite directions
(shows by the arrows). Since quarks cannot move too far, it hadronizes into a bunch of light mesons
(mostly pions). The group of energetic hadrons are emitted in a narrow angle which are known as
jets. In case of p+p collisions, two back-to-back jets are seen experimentally. However, the Au+Au
collisions lead to the formation of a dense medium, comprising of strongly interacting quarks and
gluons (see the diagram on the right). As contrast to p+p collision, while the near side jet can
escape, then far side jet gets quenched (loses energy) while moving through this dense medium.
Thus, the jet suppression in case of heavy ion collisions indicates the formation of new state of dense
matter which is not found in case of p+p collision.

the partons fly off in opposite direction giving rise to
narrowly collimated sprays of hadrons called jets. The
STAR and PHENIX experiments have been analyzed
using the highest P_hadron as the trigger particle, to
define azimuthal angle f=0 and by plotting Df of other
hadrons (associated particles) in the same event. In
proton-proton interactions, this analysis resultsin a
sharp peak centered at Df=0, owing to other hadrons
fragmenting from the same parton as the trigger
particle and a wider peak near Df=p owing to hadrons

fragmenting from the opposite parton as seen from
Fig. 7. On the other hand, the result from Au+Au
collision shows complete disappearance of the
opposite side peak. This disappearance can be
explained if the energetic parton loses energy while
propagating through the dense medium. The
demonstration that suppression effects were absent
in d+Au collisions, provided crucial evidence that the
guenching observed in Au+Au collisions was due to
parton propagation in a dense thermal environment,
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which is opaque to the high P, partons. PHENIX and
STAR have also measured the yield of D and B mesons,
by measuring non-photonic electrons. The D and B
mesons come from the fragmentation of charm and
beauty quarks. The yields from the Au+Au collisions
as compared to p+p data show significant suppression.
This suppression of heavy partons (like charm and
beauty) came as a surprise, as it was expected that
light quarks and gluons fragmenting into pions and
other light mesons would suffer significant energy loss,
due to gluon radiation as compared to heavy quarks.
The more massive charm quark should suffer a dead
cone effect suppressing a forward emission of gluons.
The strong suppression of heavy meson production
has led to a reassessment of alternative scenarios of
parton energy loss.

(d) Anomalous J/ysuppression

The study of charmonium production —a bound state
of charm quark and anti-quark has drawn special
attention to QGP research. In 1986, Satz and Matsui
proposed, that the formation of a quark gluon plasma
would destroy the charmonium bound state, by a
process analogous to Debye screening of the electro-
magnetic field, due to electric charges. Measurements
at SPS energy showed the suppression of charmonium
production as compared to their production in the
absence of quark gluon plasma. However, this
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observation could not be taken as strong evidence of
formation of quark gluon plasma, as alternate
explanations like absorption of charmonium in the
nuclear medium could explain the above suppression.
Thus, the SPS data remained inconclusive. This study
took an interesting turn again with RHIC
measurements, where charmonium suppression is
found similar to SPS measurements in spite of a
temperature difference of a factor of two. This
observation has now led to new interpretation, to
produce charmonium either through statistical
production at the phase boundary or through
coalescence of the charm quarks in the plasma. The
additional re-generation can compensate the
suppression. Since, Pb+-Pb collision at LHC will lead
to a very high initial temperature as compared to
RHIC, charmonium enhancement seems to be more
probable rather than suppression. If observed, this
will be a stronger fingerprint of a high energy quark
gluon plasma in which charm quarks are effectively
de-confined. The data from LHC will be decisive in
settling this issue. Moreover, the abundant production
of Y(1s, 2s, 3s) states at LHC will open up a unique
opportunity to study the threshold dissociation
behaviour of the whole bottomonium family. The Y
is expected to survive up to 4T_and therefore, direct
suppression of the bb- ground state would be indicative
of medium temperature around 1 GeV at the LHC.

Large Hadron Collider

Most of the activities at CERN are currently directed
towards building a new collider, the Large Hadron
Collider (LHC) and experiments for it. The LHC
represents a large-scale, worldwide scientific
cooperation project. Physics experiments are expected
to start by the end of 2008. The LHC tunnel is located
100 metres underground, in the region covering
Switzerland and France. It uses the 27 km
circumference circular tunnel, previously occupied by
LEP which was closed down in November 2000.
CERN’s existing PS / SPS accelerator complexes will
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be used to pre-accelerate protons and heavy ions
which will then be injected into the LHC. Six
experiments (CMS, ATLAS, LHCb, TOTEM, LHC-
forward and ALICE) are currently being built (Fig. 8)
and will be running on the collider; each of them will
study particle collisions from a different point of view
and with different technologies. Construction for these
experiments required an extraordinary engineering
effort. This accelerator will generate vast quantities of
computer data, which CERN will stream to laboratories
around the world for distributed processing using the
GRID technology. CMS (Compact Muon Solenoid) is
designed as a general-purpose detector, capable of
studying many aspects of proton collisions at 14 TeV,
the center of mass energy of the LHC particle
accelerator. It contains subsystems
which are designed to measure the
energy and momentum of photons,
electrons, muons and other products of
the collisions. The innermost layer is a
silicon-based tracker. Surrounding it is
a scintillating crystal electromagnetic
calorimeter, which is itself surrounded
with a sampling calorimeter for
hadrons. The tracker and the calorimetry
are compact enough to fit inside the
CMS solenoid which generates a
powerful magnetic field of 4 T. Outside
the magnet are the large muon
detectors, which are inside the return
yoke of the magnet. ALICE (A Large lon
Collider Experiment) is another big scale
dedicated heavy ion experiment,
optimized to study heavy ion collisions.
Pb-Pb nuclei collisions will be studied
at a centre of mass energy of 5.5 TeV
per nucleon. The resulting temperature
being enough to generate a quark-gluon
plasma at temperature much higher than
RHIC energy. ATLAS (A Toroidal LHC
Apparatus) is the biggest detector which
has been designed to observe
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phenomena that involve highly massive particles,
which were not observable using earlier lower-energy
accelerators and might shed light on new theories of
Particle Physics beyond the Standard Model. The LHCb
(standing for Large Hadron Collider beauty where
“beauty” refers to the bottom quark) experiment is
constructed for b-Physics experiment, particularly
aimed at measuring the parameters of CP Violation in
the interactions of b-hadrons (heavy particles
containing a bottom quark). TOTEM (Total Cross
Section, Elastic Scattering and Diffraction Dissociation)
is another small detector experiment which is
ready to measure total cross section, elastic
scattering and diffractive processes. LHCf
(Large Hadron Collider forward) is a special
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Fig. 8: The CMS (left) and ALICE (right) detectors
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purpose LHC experiment for astroparticle (cosmic ray)
Physics. It is to study the particles generated in the
forward region of collisions, those almost directly in
line with the colliding proton beams.

Heavy lon Programme at LHC

Three experiments, ALICE, CMS and ATLAS will collect
data both for p+p at 14 TeV per nucleon and Pb+Pb
at 5.5 TeV per nuceon. ALICE is a detector system
dedicated to heavy ion physics. The requirements
include large coverage to low transverse momentum,
excellent particle identification and specialized detectors
for specific channels of interest. ATLAS and CMS are
detectors designed primarily for discovering the Higgs
boson, supersymmetric particles and other new
Physics. Both detectors have excellent calorimetry with
large coverage and inner silicon detectors for charged
particle tracking. Thus, experiments at LHC are well
equipped and despite only one month of heavy ion
running per year, the large rate capabilities of these
detectors make the programme very promising.

Detector Micromodule

W

| |

4

BARC participation in CMS programme

The Nuclear Physics Division of BARC is participating
in CMS experiment, particularly on CMS heavy ion
programme. Analysis of simulated data shows, that
the CMS detector is a powerful tool for studying
charged particle multiplicity (event by event basis),
azimuthal asymmetry of particle production, quarkonia
and heavy quark production, jets, photons, Z° and
diffractive physics at ultra peripheral collisions. The
cross section of many hard probes such as flavorless
mesons with hidden charm and bottom (J /y and Y)
as well as those with open flavor (D and B mesons),
energetic photons, electro weak gause boson (W and
Z°) and high P_ jets of the order of magnitude larger
at LHC energies as compared to RHIC. Partons with
high transverse momentum are predicted to suffer
radiative and collisional energy loss in the plasma
suppressing the yield of jets as compared to a p+p
collision. The measured quarkonia yields depend on
the high energy density partonic matter created in
the collision. The abundance of variety of these hard
probes at the LHC makes study of partonic energy
loss, possible.

Box D: The diagram on the left shows the 32 strip silicon sensors fabricated at BEL, Bengaluru in
collaboration with BARC. The diagram on the right shows a micromodule assembly. The detector has
a geometry of 63 mm x 63 mm and it incorporates 32 P*strips with a width of 1.78 mm with a pitch
of 1.9 m. These sensors have low leakage currents of the order of 10nA / cm? per strip and high

breakdown voltage of >500 V.
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The participation of BARCin CMS programme includes
both physics and hardware contributions. The
Electronics Division in collaboration with BEL has
supplied about 1000 silicon strip detectors (see Box
D) which will be used in CMS pre-shower detector in
the forward EM calorimeter. These silicon sensors will
be providing crucial information to distinguish
whether the particle is a neutral pion or a high energy
gamma radiation. NPD is also involved in fabrication
and assembly of Resistive Plate Chambers (RPC), a
new type of detector (see Box E) which will be used
to detect the passage of a muon. Initially, ten RPCs
have been supplied to CMS which were assembled
and tested at NPD RPC lab. BARC is also committed

to supply another 80 RPCs as part of the CMS detector
upgrade programme. As part of the CMS Physics
programme, we are looking into three important
signals: (i) Upsilon production in Ultra Peripheral
Collisions (UPC) (ii) Z° production in central Pb+Pb
collisions and (iii) B meson production through B to
j/w decays. The upsilon in UPC will probe the gluon
distribution function where as Z° production will be
sensitive to quark distribution functions. Both these
signals are important to study the nuclear shadowing
effect by comparing the Pb+Pb yield with
p-+p data. The B meson production will be sensitive
to the properties of the QGP medium. The p,
distribution of B meson will indicate how the b-quark

+
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Box E: The Resitive Plate Chambers (RPC) are gaseous parallel plate avalanche detectors (a new
type of detector) which are being used in high energy experiments to trigger the passage of a
charged particle like muon. In avalanche mode, it can have detection efficiency above 98% and
time resolution down to pico second range. Advantages as compared to other detectors are the
robustness, simplicity of construction and it can cover a large area. These detectors are expected
to work for several years in radiation environment. The diagram at the left shows a schematic
picture of a RPC geometry which consists of two electrode plates (made of backelite or glass) with
a high volume resistivity between 107 and 10'2 ohm-cm and separated by a small gas gap of the
order of a few mm. The gas could be a mixture of C,H,F /i-C H, /SF_ (85:5:10). The voltage applied
is of the order of a few kV creating a uniform electric field about 100 kV/cm. When a charged
particle (a muon for example) passes through the gas gap, the gas atoms are ionized along its
path. The free electrons undergo further multiplications leading to a Townsend avalanche. Finally,
the electrons are drifted towards the anode and ions reach the cathode. The charges in the
resistive electrodes cause the high voltage and thus the electric field in gas gap to drop locally
around the initial avalanche which induces voltage in the read out strips. Due to high resistivity of
the electrodes, the avalanche region is highly localized and the rest of the counter area remains
sensitive to the particles.
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loses energy in the medium. Specific parts of the data
analysis will be carried out at BARC. This involves
setting up of analysis software and high speed
connectivity for grid computing. Presently key Physics
analysis problems are carried out through simulations.
A Tier-2 grid computing centre is currently being
established at TIFR which will have a very high speed
ink to CERN. The Tier-3 centre at BARC would be
linked to TIFR via high speed links.

Summary

Relativistic heavy ion Physics has witnessed several
paradigm shifts during the past decade, driven largely
by experimental discoveries. The original expectation
that the quark gluon plasma would be a simple state
of matter characterized by largely perturbative
interactions and transport processes, has fallen by the
way side. It has been replaced with the understanding
that the quark gluon plasma, accessible at RHIC, is a
state of matter characterized by strong interactions

among its constituents and by novel properties, such
as a very low viscosity and large stopping power.
Questions of immediate interest are the fundamental
properties of QGP at the expected higher initial
temperatures at the LHC- Will it remained strongly
coupled ? Will it exhibit perfect flow ?. However, the
RHIC experience has taught us that the very nature of
important questions, changes in response to
experimental data and it would be wise to anticipate
that the same would hold true for heavy ion Physics
at LHC energies. A compelling programme of more
detailed investigations at RHIC is already underway,
based on a series of detector upgrades to PHENIX and
STAR, together with ongoing and future substantial
increases in RHIC luminosity. The simultaneous
progress on multiple energy frontiers at RHIC (PHENIX
and STAR experiments), at the LHC (ALICE, CMS and
ATLAS experiments) and at GSI/ FAIR are certain to
lead to new insights and a deeper understanding of
the fluid nature of the quark gluon plasma.

Figure shows assembly and testing infrastructure at NPD-BARC. The lab has an associated
storage area and is backed by a robust workshop for handling all the relevant mechanical jobs. The
HV, LV, 4 channel gas mixing unit, 8 channel gas flow system and gas recovery unit are fully operational.
The cosmic ray stand can handle eight RPCs of RE*/3 type at a time. Scintillators of the relevant
sizes are under fabrication at BARC, Centre for Design and Manufacture and accordingly the
cosmic hodoscope would be set up to study the chamber.
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FIRST SERC SCHOOL ON MICRO
MACHINING: A REPORT

Micro machining is gaining importance with the
emergence of micro electronics and nano technology.
Machining in 100 micron domain needs new set of
precision machines, micro tools, machining
techniques and optimization of parameters which are
quite different from that of conventional machining.
DST identified ‘Micro Machining’ as thrust area and
‘First Micro Machining School’ was organized by
BARC and IIT(B) Mumbai during 2-7, June, 2008.
Subsequently, IT Kanpur and CMTI, Bengaluru will
conduct such schools. The initiative has been taken
to familiarize the researchers, academicians, students
and entrepreneurs with micro machining concepts
and culture and also to induce them to establish the
necessary infrastructure and to develop human
resources to meet the challenges in the upcoming
field.

The School was inaugurated by Dr. R. B. Grover,
Director, HBNI and Prof. Ashok Mishra, Director,
HT (B) Mumbai presided over the function.

Dr. R.B. Grover highlighted the various activities
initiated by BARC in these areas. He mentioned that
BARC has established an advanced Micro Machining,
Nano Finishing and Metrology Lab and concurrently
collaborating with various national labs and educational
institutes including IIT (B) Mumbai, IIT Kanpur, IIT
Delhi, CSIO Chandigarh and BEL, Bengaluru. He
further mentioned that various critical
micro components and MEMS Pressure Sensors have
been developed. He said that HBNI would be keen to
participate in such schools in the future too.

Prof. Mishra has emphasized the need for accelerating
the activities in this area to meet futuristic challenges.
He appreciated the work being done in these areas
jointly by BARC and IIT (B) Mumbai.

Dr. V.K. Suri, Member, National Advisory Committee
brought out the relevance and importance of these
fields for nuclear, space, defence and other strategic
areas. Prof. Suhas Joshi, IIT (B) Mumbai made the

On the dais from left to right: Prof. S.K. Maiti, Dr. R.B. Grover, Prof. Ashok Mishra, Mr. Kulkarni,
Dr. V.K. Suri and a section of the participants seen on the right side
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introductory remarks and the vote of thanks was
proposed by Dr. R. Balasubramaniam, BARC as
organizing committee member.

Other dignitaries present during the occasion are Prof.
S.K. Maiti, Head, Mechanical Engineering Department
from IIT(B) Mumbai, Mr. Manjeet Singh, AD, DMAG,
Mr. A.K. Singal, Head, CTD, Mr. Trilok Singh, Head,
CrTD and Mr. M.M. Sharma, Head, C&IS from BARC,
Dr. Dev and Dr. Lodha from RRCAT.

The course was offered to 40 selected participants
from academia, research institutes and industries from
various parts of the country. Regular lectures covering
various topics in micro and nano machining like basics
of manufacturing science, metrology, applications,
research work being carried out in these areas of

manufacturing, etc., were delivered by faculty from
HBNI, BARC, IITs, ISRO, ARAI and from industries.
Hands-on lab sections to manufacture real life micro
machined components using various micro machining
techniques viz. p-turning, p-milling, p-drilling, u-EDM,
u-ECM, u-WEDM, PCM and excimer laser micro
machining were conducted by Mr. Tarun Dewangan
and his team from BARC and Prof. Ramesh Singh and
his students from IIT(B). Visits were organized to BARC
and L & T, Mumbai.

The school was a grand success with active
participation from all over the country. It provided a
platform for interaction and exposure to the
participants for pursuing manufacturing research and
technology realization.

Photograph of SERC School participants during their visit to BARC
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SIXTEENTH NATIONAL SYMPOSIUM ON
ENVIRONMENT : CONFERENCE REPORT

The Health, Safety and Environment Group of BARC,
Mumbai in collaboration with Narora Atomic Power
Station, Narora organized the 16" National Symposium
on Environment at the Department of Environmental
Sciences and Engineering, Guru Jambheswar University
of Science and Technology, Hisar, Haryana during July
16— 18, 2008 with the focal theme “Ground Water
Resources: Conservation and Management”. The
symposium was organized by the Department of
Environmental Science and Engineering, Guru
Jambheswar University of Science and Technology,
Hisar and was sponsored by the Board of Research in
Nuclear Sciences, DAE. There were ten invited talks
from experts across the country besides
100 contributed papers. There were 40 registered
delegates from DAE and 50 delegates from different
universities and institutes across the country in this

three-day symposium.

In hisinaugural address, Mr. V.P. Raja, Principal Adviser,
DAE, Mumbai stressed upon ground water resources,
its conservation and management in detail. He
described his experiences in ground water resource
management problems especially with reference to
Maharashtra State. Dr. D.D.S. Sandhu, the Vice-
Chancellor of the Guru Jambheswar Univerisity of
Science and Technology, Hisar in his welcome address
expressed serious concern over ground water resources,
its scarcity and problems faced by the general
population. He complemented the organizers for
selecting the Guru Jambheswar University of Science
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and Technology, as the venue for holding the Sixteenth
National Symposium on Environment and the topic
of current interest as focal theme. The conference
proceedings was released during the inaugural session.
The proceedings were published by Vayu Education
of India, New Delhi in the form of a book comprising
all the invited talks and contributed papers.

The contributed papers accepted for the presentation
were grouped into 6 groups comprising ground water
for sustainable development - problems, perspectives
and challenges, monitoring and modeling of pollutants
and their transport, waste management, environmental
radioactivity, environmental awareness and biodiversity.
Of these, 37 papers were selected for oral presentation
and remaining were presented as posters.

In the ten technical sessions, invited talks followed by
oral presentations were made. The oral presentations
covered topics of ground water resources, pollutant
transport, air pollution, natural radioactivity levels in
environment, bio-remediation processes for treatment
of waste. Experts reviewed poster presentations and

the prizes are awarded to six Best Posters.

In her invited talk Dr. Gabriele Voigt, invitee from IAEA
and Director of IAEA laboratories provided in detail,
the activities going on in IAEA. Dr. D. Muralidharan
of National Geophysical Research Institute, Hyderabad
in his invited talk, reviewed the current sustainable

water development programmes in India, including
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important problems, perspectives and challenges in
the national water policy, surface water resources,
ground water resources etc. in detail. He also covered
surface water resources, ground water resources,
drinking water resources as well as water supply

management in detail in his presentation.

In his talk Dr. R.S. Antil of Department of Soil Sciences,
CCS Haryana Agricultural University, Hisar reviewed
ground water contamination problems due to the
excessive application of fertilizers, pesticides and from
sewage water. He also reviewed the occurrence and
distribution, sources of ground water contamination,
fertilizer production and its application.

Dr. P.C. Verma of Health Physics Division BARC
Mumbai, in his invited talk, reviewed the impact
assessment of nuclear power plants using 25 years of
environmental radioactivity monitoring data collected
at Tarapur, Maharashtra.

Mr. R. Bhattacharya of Atomic Energy Regulatory
Board, Mumbai briefly presented the environmental
monitoring programme, instrumental procedures used
and the results obtained, in his invited talk. He reviewed
the environmental awareness, legislation and regulation
policies adopted in Indian nuclear power programme.
Brief account of environmental legislation in India,
Water Act, Air Act, Environmental Protection Act was
also presented by him.

In his invited talk Mr. D.K. Goyal of the Nuclear Power
Corporation of India Ltd., outlined the supply and
demand of energy, Indian power system, major energy
options, nuclear power and besides the environmental
impact assessment studies of nuclear power plants,
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environmental monitoring schedule and the radiation
dose received by the general population.

Dr. R.P. Narwal of Department of Soil Sciences, CCS,
Haryana Agricultural University, Hisar reviewed the
influence of sewage water and industrial effluents on
soil and plant health in detail in his presentation.
Sewage water and industrial effluents generated in
various cities in India, composition of sewage sludge,
its effect on soil characteristics, effects of sewage water
and industrial effluents on plants were discussed in
detail in the presentation.

In her invited talk on ecological engineering — principles
and applications, Dr. Anubha Kausik of Department
of Environmental Sciences and Engineering, Guru
Jambheswar University, spoke on how the ecosystem
could be engineered to find solutions to various
environmental problem:s.

Mr. V.D. Puranik, of the Environmental Assessment
Division, BARC, Mumbai, presented in detail the
environmental surveillance of front-end fuel cycle
facilities of Indian nuclear energy programme in his
invited talk.

In the concluding secession, chaired by the
Vice Chancellor of the Guru Jambheswar University of
Science and Technology the speakers emphasized the
importance of ground water modeling, resources and
management. The deliberations had also outlined few
action plans to act upon the ground water resources,
conservation and management. The proceedings of
the symposium were well covered by the local
media and helped in creating awareness among general
public.
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67™ AND 68™ BRNS-IANCAS NATIONAL
WORKSHOPS ON RADIOCHEMISTRY AND
APPLICATIONS OF RADIOISOTOPES : A REPORT

The 67" BRNS-IANCAS National Workshop on
Radiochemistry and Applications of
Radioisotopes was held at the Department of
Physics, Dr. Babasaheb Ambedkar Marathwada
University (Dr.BAMU), Aurangabad, Maharashtra
during 11-18 August, 2008. The Fifty delegates
included faculty and research students from different
Science departments of the Dr. BAM University and
its affiliated colleges in and around Aurangabad, Andur,
Omerga, Beed, Nanded, Ashti and Pune participated
in this workshop.

The workshop was formally inaugurated by
Dr. Tulsi Mukherjee, Director, Chemistry Group of BARC
in a function presided over by Prof. A.G. Khan,
Director, Board of College and University Development,
Dr. BAM University. Prof. Behere welcomed the
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At the Inauguration of the 67* BRNS-IANCAS Workshop: (L-R): Dr. Tulsi Mukherjee, Director,
Chemistry Group, BARC, Prof. A.G. Khan (Dr. BAMU); Dr. V.K. Manchanda, Head, RCD,
BARC and Prof. K.M. Jadhav (Dr. BAMU)
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resource persons, delegates and guests and Prof. K. M.
Jadhav, Head, Physics Department who was also the
Convener of the workshop, briefed about the various
scientific activities perused by the Physics department.
Prof. Jadhav added that Dr. BAMU is one of the Indian
universities which offered M.Sc. in Nuclear Physics
and he hoped that the workshop would definitely
strengthen the association between university and
BARC, for further research activities. The workshop
course coordinator Mr. S. Jeyakumar, RACD, BARC
briefed the audience about the course contents of the
workshop.

Dr. V.K. Manchanda, Head, RCD, BARC and President,
IANCAS emphasized the various activities of
IANCAS to promote Nuclear Science in general and
Radiochemistry in particular. He spoke on the world
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scenario of nuclear energy including the Indian status
where he justified the option of using nuclear energy
for sustainable development of India.

Dr. Mukherjee, in his inaugural address, appreciated
the painstaking efforts of IANCAS to conduct such
workshops at national level to popularize the subject
of Radiochemistry and applications of radioisotopes
for the welfare of mankind. Dr. Mukherjee provided
the details of various programmes through which the
students and faculty members can join BARC for
coordinated research programmes.

While presiding over the function, Prof. A.G. Khan
said that he and his university were privileged to have
this workshop during this Golden Jubilee year of
Dr. BAM University. He expressed his concern at the
non-preference of science education by the present
generation and therefore, he highlighted the necessity
of promoting basic Science education and research.
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He thanked IANCAS and requested them to arrange
more such scientific interactions between the scientists
and teachers.

Prof. Manchanda gave a key-note address on DAE and
its programmes. Prof. R.G. Kulkarni, a well known
Nuclear Physicist, gave a special talk on Marvels in
Nuclear Science-an overview. Moreover, four half day
workshops consisting of a lecture on the radioactivity
and applications of radioisotopes for the welfare of
mankind, two demo experiments using GM counter
and Nal(Tl) gamma spectrometer and an interaction
session with students and teachers were conducted
by Dr. B.S. Tomar, Mr. M.Y. Ali, Dr. R.N. Acharya,
Dr. A.U. Bhanu and Mr. PS. Shankaran in two colleges
and two schools. One of the school workshops was
conducted in Marathi and all half-day workshops
received appreciation from both teachers and students.
Eighteen posters on Facts and Figures on Radioactivity
prepared by IANCAS, were exhibited at the
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Physics Department.

The Workshop concluded on 18" August, 2008 and
Prof. (Dr). S.K. Aggarwal, Head, Fuel Chemistry
Division, BARC was the Chief Guest at the
Valedictory function. On behalf of IANCAS, he
presented a GM-counter and a Nal(Tl) Gamma
spectrometer to Prof. Nagnath Kotapalle, Hon’ble Vice
Chancellor, Dr. BAM University, who presided over
the function. Dr. Aggarwal, in his Valedictory address,
pointed out that all kinds of energy needed to be
reviewed with equal importance and depleted
resources of fossil fuels made us realize the immediate
demand of nuclear energy production. He suggested
that Nuclear Chemistry should be a part of the
university curriculum which would be helpful in
promoting R&D inputs from universities to DAE. The
Vice chancellor expressed his sincere thanks for
conducting the workshop at Dr. BAMU and presenting
two pieces of equipment to the university. In his
speech, he added that his university staff and
students understood the vast spectrum of
radiochemistry and the immense contribution of this
subject in the development of Science and
Technology. Mr. S. Jeyakumar, summarized and
replied to the feedback received from the
delegates and he also thanked all the officials of BRNS,
DAE, who contributed to the grand success of the
workshop. Prof. K.M. Jadhay, the convener of the
workshop proposed vote of thanks.

The 68%" Workshop on Radiochemistry and
Applications of Radioisotopes was held at the
Department of Chemistry, Manipur University, Imphal
during September 22-30, 2008. 15 lectures were
delivered by expert speakers and 6 experiments based
on application of radioisotopes were also demonstrated
during the workshop. For the first time awards were
given to the participants for the Best Three Questions
asked during the workshop.

50 participants including the Faculty and research
scholars from the host institutes as well as from the
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universities and colleges from the other north-east
states like Nagaland and Assam participated in the
Workshop. The presence of participants from different
subject backgrounds like Chemistry, Physics, Life
Sciences, Agricultural Sciences and Environmental
Sciences made this workshop a multidisciplinary one.

The workshop was inaugurated on Sept. 22" by Prof.
Ambubha Singh, Vice-Chancellor, Manipur University,
a former BARC Scientist from the 11% Batch of BARC
Training School and the function was graced by the
Chief guest Prof. V. C. Sahni, Director, Raja Ramanna
Centre for Advanced Technology, Indore & Director
Physics Group, BARC. Prof. Manihar Singh, Chairman,
Workshop Organizing Committee and former Head,
Department of Chemistry, MU, Imphal welcomed the
guests. He lauded the efforts of IANCAS and BARCin
educating the public by providing detailed information
through organizing these workshops.

In his inaugural speech, Prof. Ambubha
Singh focused on the role of Nuclear Scientists
in harnessing the beneficial uses of Nuclear Energy
and thanked IANCAS for choosing this venue to
organize the workshop. He pointed out that this
workshop would be an eye-opener for the people from
this region and asked the participants to take a serious
note to initiate the collaboration programmes with the
Nuclear Scientists.

Prof. V. C. Sahni gave an elaborate lecture on the
information and facility available at Raja Ramanna
Centre for Advanced Technology, Indore. Prof. Sahni
also gave an invitation to the participants to send their
students for a short term training course at RRCAT,
Indore and make use of the facilities in their research
work.

Dr. V. K. Manchanda, President, IANCAS & Head RCD
gave an overview of the IANCAS activities and the
workshops held at various educational institutes since
its IANCAS) formation. He explained that the purpose
of conducting workshops in academic institutes was
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At the Inauguration of the 68" workshop (L-R): Dr.V.K. Manchanda, Head, Radiochemistry,

BARC, President, IANCAS, Dr. R.K. Hemakumar Singh, M.K. Saxena, Prof. Ambubha
Singh, Vice-Chancellor, Manipur Univ., Dr. V.C. Sahni, Prof. Manihar Singh, Dept. of

Chemistry.

to expose the teaching community and the research
scholars to Radiochemistry and to motivate them to
this field of exciting science. While delivering the
keynote address on “DAE at a Glance” (“"The Atomic
Energy Programme in India”) Prof. Manchanda gave
the present scenario of Indian research and power
reactors and discussed about the future plans.

Dr. V. K. Manchanda, President, IANCAS & Head RCD
gave an overview of the IANCAS activities and the
workshops held at various educational institutes since
its IANCAS) formation. He explained that the purpose
of conducting workshops in academic institutes was
to expose the teaching community and the research
scholars to Radiochemistry and to motivate them to
this field of exciting science. While delivering the
keynote address on “DAE at a Glance” (“The Atomic
Energy Programme in India”) Prof. Manchanda gave
the present scenario of Indian research and power
reactors and discussed about the future plans.

Dr. M. K. Saxena, coordinator of the workshop and Jt.
Secretary, IANCAS explained the contents of the
programme for the entire period of the workshop. He
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also stressed the importance of conducting the 68"
BRNS-IANCAS National Workshop on Radiochemistry
and Applications of Radioisotopes at the Department
of Chemistry, Manipur University, Imphal being the
far north-eastern state of the country.

Prof. R. K. Hemakumar Singh, Convenor, Workshop
Organizing Committee and Head, Department
of Chemistry, MU welcomed all the guests
including the resource persons and the participants
from the north-eastern states. He also lauded
the efforts taken by IANCAS and BARC in
conducting this 68" BRNS-IANCAS National Workshop
on Radiochemistry and Applications of Radioisotopes
at the Department of Chemistry, Manipur University,
Imphal under elaborate security measures.

A school workshop was conducted in the Manipur
University premises where 30 students from 11" and
12t Standards from Herbert School, Imphal
participated.

Dr. V. Venugopal, Director, RC&I Group, BARC, on
29t Sept, 2008 presented an interactive

JANUARY 2009



In co Q)
Nuclear Cla

PRESIDENT
PROF. HN.E.

and intensive question-answer session on Application
of Radioisotope in Health and Industry, organized by
the UGC in Manipur University campus which was
telecast on National Television Channel during the UGC
curriculum. In his valedictory address, Dr. Venugopal
gave a detailed account of the common people’s
perception of Nuclear Energy and compared nuclear
energy with other forms of energy for the production
of electricity. He traced back the green and white
revolutions and encouraged universities to contribute
in nation building programmes. He handed over the
two instruments.

Special security arrangements were made during

this workshop. The valedictory function was graced
by Prof. H. N. K. Sarma, Pro-Vice Chancellor, MU and
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Dr. V. Venugopal, Director, RC& | Group being the
Guest of Honour from BARC. Prof. Manihar Singh,
Chairman, Workshop Organising Committee thanked
the authorities of IANCAS, especially Dr. V. K.
Manchanda, President IANCAS for agreeing to hold
this workshop in his Department. Prof. H. N. K. Sarma,
Pro-VC, MU congratulated Prof. R. K. Hemakumar
Singh in convincing IANCAS and BARC to hold this
workshop in the university premises and to gather
scientists at this place.

Dr. A. C. Deb, practical coordinator of the workshop,
presented a formal vote of thanks to the authorities of
BARC for conducting the workshop in this security
threatened region and the university for making all
the arrangements for the success of the workshop.
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BARC SCIENTISTS HONOURED

fea TS %R ST STITCICehel Shi] §RT JAK,
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Three papers presented at the Discussion Meet
organized by the Indian Society for Electro-analytical
Chemistry on Electro Analytical Techniques and thier
Applications (DM-ELANTE-2008) held at Munnar,

Kerala from Feb. 23-28, 2008 were awarded prizes.

.2, I, T, MY, U0, I 997 0.3, 3TaTe
g1 fefiad e 3 @aer o tAifes Refoq
fthen goiagie e Tect TY-U i {5 |REPR 4
e TR AT |

The first paper entitled “Studies on Square Wave Anodic
Stripping Voltammetry for Trace Levels of Gallium
Employing Bismuth Film Electrode” by J.V. Kamat,
N.Gopinath, H.S. Sharma and S.K. Aggarwal was
awarded Second Prize.

IR Y. WS, TARiT TS, TH.. s, af. Supirer
TR feAfiae “ TS 31 geifcreehet TIORET ST disTedisT
FHE[HT SR THEE 3iTF TR e (I, TR i
TE)) 1 Ty Wegael A G ST
Taeliar TRehR & TEIe o 77T |

The second paper entitled “Studies on Electrical
Properties of PZTs Containing Varying Amounts of Rare
Earths (Ce, Prand Nd) by Impedance Spectroscopy”
by Rajesh V. Pai, R. Mishra, S.K. Mukerjee and

V. Venugopal was awarded the Second Prize.

L. U, ST T, TE.UE. 9 ud UE. 3TRETe
TS FaReZgeS Tot & UHEMIsgset A e
IITY-U5 i JA1T TEhR & T fohaT T |
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The third paper entitled “Studies on
Electropolymerization of Indole and substituted Indole
in Acetonitrile” by P.C. Pandey, G. Singh, Dept. of
Applied Chemistry Institute of Technology BHU,
Varanasi, H.S. Sharma and S.K. Aggarwal was awarded
the Third Prize.

| =t Sa. s e
foeafaare™ 9 TH.og.9r &
U UTeT T | T8 e
THTY] SFTHE s H Ay 1982
T FEIR FACH & 9=
Hag farafoames 9 @@=
o= & Tue.Er T w6 |
ST IUAT TRl ShTHT
Aw  ufFeTEEE T

! ST O & R e
AMTHRTT e TR o

TAFITANATHR o AT ST o T | =%

£1 31T Tfredm WS ®R TeIuAT e iehel Shia!

(TETHETE ) o hioTege] F & |

Dr. J.V. Kamat obtained her M. Sc. Degree from
Mumbai University. She joined BARC in 1982. After
joining, she obtained her Ph. D. (Chemistry) from
Mumbai University. Her main field of research is
electroanalytical chemistry of actinides. She is involved
in developing and employing various Electroanalytical
Techniques for different applications in the nuclear
fuel cycle. She is the Treasurer of the Indian Society
for ElectroAnalytical Chemistry (ISEAC).

Y. T, MO = 99 1973 T 4t dehesa fasatammg,
faeufd @ vq.0a. i sl ST UTed <Rt | 38 Oy 1977 |
T IRHTV] ST 35 o A SATRHRE T § AR
TUTeAT | S THT A 99T TR STEUE g % T
TP T § R €| 91T A STEEH g §
IR G S T T AR 8 ATl 3hi 70Tt

Dr. Ms. J.V. Kamat
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Mr. N. Gopinath received M.Sc. degree from Sri
Venkateswara University, Tirupati in 1973. He joined
the Radiochemistry Division, BARCin 1977. Presently
he is working in the Fuel Chemistry Division, BARC.
Since he joined BARC, he has been actively involved
in the field of quality assurance of nuclear fuel materials
and has developed new electroanalytical
methodologies for determination of nuclear fuel
materials. He has authored a good number of research
papers in the field of electroanalytical chemistry of
nuclear materials. Presently he is involved in studies
on exploitation of the significant electrocatalytic
properties of nanomaterials for analytical purposes.
He is the Secretary of the Indian Society for
ElectroAnalytical Chemistry (ISEAQ).

7. TI.UG.IM 4 99 1978 H
TARTER fersartarner &
IR FHIh ATHT URAT]
STTHY % o AR
T H YR Gl 7T 39
T T AT IRAY] ST
HE H THT TEA U9 F
TAFIH AT AT T
AT X R & | AR
| U TN W el e a9
TemRoT & FerveteATeh fohaT-Usgid e difer ™ ud =Hi-
Thol AT TETeT T Sodeeh el SaT aur

N. Gopinath

Dr. H.S. Sharma
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TehrTeh! o1 T 1T | 1 9T < “ O gfarae 3w
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et et iU o fafie wrEse W e wiaeetid
TITAFARI o SR & STl Hehel TN o fofe
STTSTAT ST <l UHTEST H Targe femar 71 | < o fofiar
TR fersaferereral o Tiue. < it shi gestieh 8 Tieteh
Heet § SRR € q91 Wiy JHardel, TR | ST 9uH
TR Wt € | <1 vl Taieege ST HeRes U HelRkaest
ST, qaPaR | Sugel THtetsh, SIeReret ue
SUE-TTRTATH STTH TRATe o U eisist ol faaa
¥ HH I W@ & I ARCATY RS & T
TRl € | &Tet & & < 911 Bl geiaioh ket g |
IHE AR o o ToTU Sea ahitreher WIEe! 3 5N
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Dr. H.S. Sharma joined the Radiochemistry Division,
BARCin 1978, after completing D.Phil. from University
of Allahabad and is presently Head, Electrochemistry
Section, Fuel Chemistry Division, BARC. His major fields
of interest include development of analytical
methodologies for precise and accurate determination
of actinides in nuclear fuel materials and
electrochemical synthesis of conducting polymers and
nano-scale materials and their characterization
employing spectroscopic and microscopic techniques.
He has contributed significantly to the development
of coulometric method for precise and accurate
determination of U and Pu in nuclear fuel materials.
He has introduced voltammetric and Electrochemical
Quartz Crystal Microbalance techniques in
electrochemical research. Dr. Sharma worked as a
"Visiting Scholar” at Pohang University of Science and
Technology, South Korea on electrochemical synthesis
and characterization of fluorene based conducting
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polymers. The expertise gained is being extended in
FCD, for the electrochemical synthesis of silane
substituted polyfluorene conducting polymers and
nano-scale deposits of Pb and Ga at different
substrates. Dr. Sharma is serving on the board of
examiners for evaluating Ph.D. thesis at different Indian
universities and is a research guide of CCS University,
Meerut. Dr. Sharma is serving as an expert for
evaluating/reviewing DST, DRDO and DAE-BRNS
research proposals and is a Principal collaborator to
BRNS project at Institute of Minerals & Materials
Technology, Bhuvaneshwar. Dr. Sharma has been
recently awarded, “Prof. S. S. Sandhu Award “
(2007 -08) by the Indian Chemical Society for his
outstanding contributions in Electrochemical Research.

| TESH. U, SoTTS
2005 T T TRV SFTHEH
5 Se T ferTe T
T STEHRTT R L & T B
T O S e H T8
IR & MR €1 3=i- a9
1972 H T TRAI] STEEH
=% o TIRTETOT 5 o 163 T
T AT Mo hieh 8Tt ST
RERR TS fhar | Harg
fepsafermer & diwe. St o fouit vre oheh S8 atiivan
Tasafamner, JUaT | TR - STt HRTaToT HTed foa |
2. ATt i a9 1996 H gfrea HiaEd BR A
THRITHI TMECACHANCES & §RT UHA< T
TN RERR T G fohalm 7T T &7t | &
T ITE 2006 T T SHSR STaTE Sl UG FoRa
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IR, SRS, TR Tl Us AR
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Dr. S.K. Aggarwal

Dr. S.K. Aggarwal is Head, Fuel Chemistry Division,
BARC since July 2005 and isa Professor of Chemistry
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at the Homi Bhabha National Institute (HBNI). He
joined the 16" Batch of BARC Training School in 1972
and received the Homi Bhabha Award. He did his
Ph.D. from Mumbai University and did his Post-
Doctoral training at the University of Virginia, USA.
Dr. Aggarwal was honoured with the Eminent Mass
Spectrometrist Award by the Indian Society for Mass
Spectrometry (ISMAS) in 1996 and was recently
conferred with the DAE Special Contributions award
2006. He is a specialist in the field of atomic mass
spectrometry and alpha spectrometry and is interested
in various mass spectrometric techniques. His other
areas of interest include laser-based analytical
techniques, Electrochemistry, X-ray spectroscopy and
Separation techniques like HPLC, solvent extraction
etc. He has more than 100 publications in reputed
international journals and is a recognized Ph.D. Guide
of the Mumbai University and of HBNI.

| of. TSI S Ug A il
Frafaet e | T
TSI § TEATSS hitfee] §
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THS SieTEed & 1 -|esT
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3o T faiiey qehie & S[g €1 3 ufdsmer
TR gRT foIfeTe TRigeifereeh Uel Uisiieiforesh ugre

% TAhIZHeT TR H T & |

Rajesh Pai

' |

Mr. Rajesh V. Pai joined the Fuel Chemistry Division,
BARC after graduating from the 40" batch of
Training School in the year 1997, after completing
his M.Sc. (Applied Chemistry) from Cochin University
of Science & Technology. He gained experience
in synthesis and characterization of nano-size
powders of mixed oxides by various techniques. He is
mainly associated with the development of sol-gel
process for nuclear materials and high technology
ceramics. He is also engaged in the electrical
characterization of various ferroelectric and
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piezoelectric materials by Impedance Spectroscopy.
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Dr. Ratikanta Mishra joined BARC in 1992, after
completing M.Sc. from Utkal University and
graduating from the 36" Batch of the BARC training
School. He completed his Ph.D. from the University
of Mumbai in 1999 and did his Post Doctoral research
at the University of Munich, Germany. He is presently
working in the Chemistry Division, BARC. His field of
interest is Chemical thermodynamics & transport
properties of oxides, alloys and intermetallic
compounds.

Dr. Ratikanta Mishra
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Dr. S.K. Mukerjee

Fu TTOT & TR TSTelt o QieA-Sefet ifshart o feregel
TT G ST R |

Dr. S.K. Mukerjee joined the Department of Atomic
Energy after completing his M.Sc. (Chemistry) from
Nagpur University. He obtained his Ph.D. degree from
Mumbai University in the year 1993. Currently he is
heading the Process Chemistry Section of Fuel
Chemistry Division, BARC and is a recognized Ph.D.
Guide of Mumbai University and of Homi Bhabha
National Institute. His area of interest involves the
development of ceramic materials for applications in
Nuclear Technology. He has extensively studied sol gel
processing of nuclear materials for advanced fuel
fabrication.
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Dr. V. Venugopal

Dr. V. Venugopal is the Director, Radiochemistry &
Isotope Group, BARC. He is a specialist in the field of
high temperature thermodynamics and chemical
quality control of Pu-based fuels. He has worked at
the Nuclear Research Centre, Julich on the development
of Nickel-based binary super alloys required for Rocket
Jet Nozzle and turbine blades and also on the
development of high intensity metal halide vapour
lamps at high temperature. He has been honoured
with NETZSCH-ITAS and ISCAS for his outstanding
contributions in the field of thermal science and solid
state chemistry respectively.
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