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GENERAL PURPOSE SCATTERING CHAMBER (GPSC)

M. Archunan, GoldaK. S., A. Kothari, P. Barua, P. Sugathan and R.K. Bhowmik

A variety of experimentswere carried out using thisfacility in different fieldssuch as
Nuclear Physics, Materias Science and Atomic Physics. Thelist of experimentscarried out last
year usingthisfacility isgiven below.

Experimentscarried out in GPSC

User Experiment Beam

Ranjit Karn IUAC | Lifetime measurement of levels of highly charged ions Fe
relevant to astrophysics

Hardev Singh Study of induced fusion-fission dynamics CF

Punjab University

A.Batra ISRO Heavy ion induced effectsin VLSL devices Si, Ni

Vishal Sharma Energy loss straggling for MeV heavy ionsin different Li,O,C

Kurukshetra Univ | absorber materials

Y.K.Vijay SHI induced organization of CNT in polymer matrix Ni

Rajasthan Univ. | andfluids

B.PSingh Fusion and incomplete fusion studies with heavy O

AMUniversity targets using **O Beam

T. Ghosh VECC | Study of fusion-fission dynamics near the coulomb barrier 1B, “N

E. Prasad Study of entrance channel effects in fusion around the O Pulsed

Cdlicut University | coulomb barrier

Rahbar Ali AMU | Study of reaction mechanism in heavy ion induced reactions (@)

Ranjeet Investigation of multi nucleon transfer reactionsin Ca Pulsed

Delhi University [ “Caon %7Zn at & near the Coulomb Barrier

Bivash Behera Dynamics of fusion fission process near super heavy region 80, %0

Punjab University | Punjab University

4.1.1 National Array of Neutron Detectors(NAND) in beam hall 11

GoldaK.S.%, R.P. Singh?, Hardev Singh?, B. Behera?, S.Mandal®, Mihir Chatterjeet,
J. Zacharias!, Venkataramanant, Arti Gupta!, Rajesh Kumar?, Ranjit3, M. Archunant,
A.Kothari!, P.Barua', A Jhingan', P. Sugathan', SK. Datta' and R.K. Bhowmik?

Ynter University Accelerator Centre, ArunaAsaf Ali Marg, New Delhi-67

2Panjab University, Chandigargh
3Ddhi Universty, New Dehi
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NAND inbeamhal 11 at present isequipped with about thirty liquid scintillatorsalong with
theassociate auxiliary detectorsfor the study of reaction mechanicsin heavy ioninduced fusion-
fisson. Theauxiliary detectorsconsi st mainly of fisson fragment detectors. Twolargeareaposition
senstiveMWPCshave been devel oped recently for the detection of massand angular distribution of
fissonfragments. These detectorswhen used for timeof flight measurementswith referenceto beam
arrivd time (extracted fromthe RF sgnal used for beam bunching) would giveafissonfragment mass
resolution of ~5amu. Fig.1 showsafull view of thearray ingtaledinthebeamhdl-I1.

A Glycol based cooling equipment for silicon detector has beeninstalled in the target
chamber which can bring down the detector temperature to sub zero level swithin half an hour.
Cooled detector of fully depleted silicon surface barrier along with fast pre-amplifier isavery
efficient combination for timing meassurementsdown to~ 10° second. Thisfacility wassuccessfully
used to detect the bunch width of the LINAC beam of 2Si at ~150 MeV. The usage of rebuncher
after the LINAC module could provide pul sewidthsdown to 400 psat thetarget position.

4.1.2 BaF,for timing measurements
Abhishek Rai, GoldaK.S., A. Jhinganand P. Sugathan

Inthe NAND setup, measurement of time of flight (TOF) isused for the determination of
neutron energy aswell asfisson fragment massratio. Thereferencetimefor al such measurements
isnormally taken from the beam arrival time. Theresolution of TOF set up dependsto agreat
extent on thewidth of the pul sed beam used. Theaccurate measurement of thewidth of thebeam
pulsebecomesvery crucia under such circumstances. Eventhoughit hasbeen well demonstrated
that fully depleted silicon surface barrier detectorsare the best candidatesfor timing measurements,
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therearemany practica limitationssuch astherequirement of cooling, thintarget and alsoradiation
damage. Theavallableliterature showsthat avery well tuned thin BaF, detector coupled to afast
PMT can givetimeresolution of theorder of 100 ps. In accordance with the previousexperience
of other groups, we have devel oped aBaF, detector system by couplingal.5" thick 1.75" diameter
crystal toa2" diameter XP2020Q fast timing PMT. A thin Teflon cap was used to restrict the
physical movement of thecrystal onthe PMT surface by fixing both of them tightly. Itisto be
emphasized that thiscrystal sizeand the coupling method we adapted are not optimized for good
timing performance. However thisdetector assembly has been successfully used to measurethe
timeresolution downto alimit of 400ps, asshownin Fig. 2. Thisisthemeasured FWVHM obtained
with thisdetector assembly whilethe actual width of the beam was about 150 ps.

The on-line monitoring of the beam width isvery important to ensurethe stability of the
width and phase of the beam pulsefor TOF measurements. The BaF, detector was placed at 30
cm distanceto detect the gammaraysfrom tantal um beam dump. A TA C spectrum was produced
between PM T anode signal and RF of beam buncher. It hasbeen demonstrated that such asystem
provides a better access to the beam pulse monitoring in a non-destructive manner with less
complexities.

As0l 3903 4206 4508 4811 5113 5416 5718
TAC {Channel No.)

Fig. 2. TAC between BaF, and RF
4.1.3 Integrated electronicsmodulefor neutron array

S.Venkataramanant, Arti Guptal, GoldaK.S.}, Hardev Singh? and R.K. Bhowmik?

Ynter University Accelerator Centre, ArunaAsaf Ali Marg, New Delhi - 67
2Department of Physics, Panjab University, Chandigarh

Thededi cated singlewidth NIM modulesdevel oped for neutron detector signa processing
werefabricated inlargenumberstofulfill therequirementsof thethirty detector array. Themodule
has been subjected to varioustestswith neutron source and actual experimental conditionswith
beam and its performancewas compared with that of commercia modules (Canberra2160A) as
well as with similar electronics devel oped elsewhere. Most of the testing was done using a
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spontaneousfission neutron source (925kBq shielded 252Cf) which replicates the neutron energy
spectrumfromatypical low/mediumenergy heavy ioninduced fuson-fissonreaction. A 2" diameter
x 0.5" thick plastic scintillator coupled to 2" diameter XP2020Q PMT was used for thetime
reference. Tomimicthered experimental condition during the sourcetests, detector signaswere
taken through twenty meter long RG-58 coaxia cablesto the el ectronic module.

Thedetector light output was cdlibrated with sandard methodsusing different y-ray sources.
Compton edges of 2Na, **'Cs, and ®Co have been used to study dynode pulse height distribution
of thescintillator at aspecific biasvoltage. The detector biaswas optimized by takinginto account
the best timing and pul se shape di scrimination within the voltage range recommended by the
manufacturer. Thedetector signals, both from dynodeand anode, weredivided with passvesignal
splitter and fed to home made and commercial modulessmultaneoudy. Thecommerciad modules
were carefully tuned to match the conditions of home made modul e so that adirect comparison of
the performance was possible. Data collection was carried out event by event mode by using
CAMAC based dataacquisition systemto enableacritical off-lineanaysis. The performance of
thismodul e has been found to be comparablewith the commercia ones.

4.1.4 Project For ALargeNeutronArray

R.K. Bhowmik?, GoldaK.S.., R.P. Singh?, B. Behera?, I.M. Govil?, S. Mandal® and
N.M. Badiger*

Ynter-university Accelerator Centre, New Delhi - 67

2Department of Physics, Punjab University

3Department of Physics& Agtrophysics, Delhi University, New Delhi
‘KarnatakaUniversity, Dharwad

Themilestoneachievedinthelast year isthe preparation and submission of thetechnical
proposal for alarge neutron array for the reaction dynamics studiesin the heavy ion induced
fusion-fission at energies near and above Coulomb barrier. Thisisajoint venture of [UAC and
three participating universitieswithin the country. Thiswould beanationd facility which will be
used with the beam delivered by Tandem-LINAC combination at IUAC. The project isunder
scrutiny by the Department of Scienceand Technology (DST) of thegovt. of Indiafor financial
approval.

Heavy ioninduced fusionisan effective method to form unstable heavy nuclei whichare
otherwise not found in nature. Therecent theoretical predictionsand experimenta observations
suggest that thereare many possiblereaction mechanismsinthe heavy ioninduced fisson near and
above Coulomb barrier viz, fusion-fission, quasi-fission, deep quasi-fission, etc. Each of these
processes hasits own characteristic reaction timefor devel oping from the contact of the colliding
partnersto the scission point. Thiswasshown by Aritomo et.a [ 1] using thedynamica calculation
for thetime development of the nuclear shape by meansof the Langevin equations. Thedifferent
reaction times mean that each reaction processisassociated with different pre-scission neutron
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multiplicity. They haveintroduced theeffect of pre-scisson neutron emissonintothethreedimensiond
Langevin cal culation and showed the sengitivity of model parameterssuch asthefrictionforce,
dissipation energy, level density parameter and neutron binding energy on pre-scission neutron
multiplicity. Thismode issuccessfully applied to distinguish the pre-sciss on neutron multiplicity
coming from fusion-fission and quasi-fission processes. It showsthat the pre-scission neutron
multiplicity hasastrong correlation with the evol ution of the composite system in the nuclear
deformation space. Hence, the measurement of pre-scission neutron multiplicity in coincidence
withfissonfragment distributionisapowerful tool for investigating fusion-fiss on mechanisms.

Theaverageva ueof neutron multiplicitiesthat can beextracted from the measured neutron
energy distribution and itsangular correl ationswith fission fragmentsisnot sufficient enough to
distinguish thetime scaleof different dynamical processesinvolvedinfission. It can beobtained
only if oneisableto extract from the experimenta data, the correlation between the pre- and post-
scissonmultiplicitiesand their evol utionswith the parent nucl eus excitation energy. M easurement
of neutron fold distributionin coincidence with fission fragmentsis necessary to obtain thewidth
and other higher momentsof these distributions. Theaccuracy of the measurement of the shape of
thesedigtributionsisdetermined by the statistical uncertaintiesof the higher fold distributions. The
probability of thefold distributionishighly sensitiveto thetota detection efficiency of neutronsof
the detecting system. Hencetheefficiency of the neutron detecting system isthe determining factor
in obtai ning the shape of the neutron multiplicity distributions. Therecent studiescarried out by L.
Donadilleet.d. [2] of DeMoN group have dso demonstrated the same, wherethey have computed
the correlated distributions between (i) thethermal energy availablefor neutron emission at the
formation of composite system and thetotal neutron multiplicity per fissonevent, and (i) between
preand post-scisson neutron multiplicities, together with theindividud digtribution of thesevarigbles.
Thereforeaneutrontimeof flight (TOF) spectrometer with very high efficiency (overal detection
efficiency >1%) and good granularity isrequired to carry out studiesinthefield of fuson-fisson
dynamicswhere co-existence of different reaction mechanismsdiffering by the composite system
lifetimeor theevolution path followed by thefissioning syssemispossible.

Theneutron spectrometer required for these studies should have high granularity anddsoa
very good timeresponse. Sinceitiswell established that organicliquid scintillatorslike NE213 or
equivalent coupled to fast Photo Multiplier Tubeshave good timeresponse and excellent neutron
gammapulseshapediscrimination property, they arethebest candidatesfor the detection of neutrons
having few MeV of energies. We propose to set up amodular detector array of 100 detectors of
liquid scintillatorsof 5" thick x 5" diameter with an effective detection efficiency of ~1.25%. The
neutron flight path isoptimized to 2m based on the computer s mulationswhich takeinto account the
limitationintheenergy resolution duetoflight path and detector thicknessand d sotheoverd | detection
efficiency of thesystem. A fission fragment detection system consisting of position sengitive Multi
Wire Proportiona Counters (MWPCs) with effective solid angle coverage of ~68% of 4rt will be
medefor fiss onfragment angular and massdidribution measurements Alongwithsuchahigh efficiency
fissonfragment detecting system, thisneutron array would beaunique set up of thiskindwhich can
cater totherequirementsfor higher fold neutron measurementsin coincidencewithfissonfor sudying
thefission dynamicsof heavy ioninduced capturereactions. With the augmented energy fromthe
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LINAC booster at IUAC, it would be possibleto go to higher domainsboth in termsof energy and
masswhere such alarge neutron TOF spectrometer ismorerelevant.

REFERENCES

1 Y.Aritomoet. d. Nucl.Phys. A738,221 (2004).; Y. Aritomo et. al. Nucl.Phys. A759, 342 (2005
2] L. Donadilleet a, Nucl. Phys. A 656 (1999) 259

42 GAMMADETECTORARRAY (GDA)

Kusum Rani, SK. Saini, A. J. Mayadri, Rgjesh Kumar, S.K. Suman, Archunan, Ashok
Kothari, P. Barua, E.T. Subramaniam, MamtaJain, S. Venkataramanan, Arti Gupta, S.
Rao, U. G Nak, Rg Kumar, S. Murdithar, R.P. Singh, Rakesh Kumar, N. Madhavan, S.
Nath, J. Gehlot, J.J. Das, P. Sugathan, A. Jhingan, T. Varughese, K.S. Golda, D. Negi,
Anukul Dal, Gellanki Jnaneswari, Tarkeshwar Trivedi, Kumar Rggaand R. K. Bhowmik

Theusersof GDA facilitieshave published prolifically thisyear contributing over twelve
papersin DAE 2007 and seven communicationsininternational journals. The primary activity in
the Gamma Detector Array laboratory thisyear wasdevoted in devel oping the INGA facility in
BeamHadl Il.

4.2.1 Indian National GammaArray (INGA)

The concept of aNational facility for gamma spectroscopy took shapein early 2000
when aformal agreement between the variousinstitutions (TIFR, BARC, SINP, VECC, IUC-
DAEF and IUAC) was achieved for pooling the avail able resources. It was conceived that an
Indian National GammaArray consi sting of Compton-suppressed Clover detectorswith nearly
47 coveragewould be set up asanational facility. Thisfacility would berotated among thethree
accelerator laboratories with aminimum stay of oneyear at one place. Major funding for this
project hasbeen received from the Department of Science & Technology, India.

The Clover detectorsthat were available with theingtitutionswere designed to be operated
at adistance of ~ 24 cm from the target with the accompanying anti-Compton shields subtending
anangleof 30° a thetarget. Asaresult,amaximumof 24 Clover detectorscould beaccommodated
in4n geometry. Thetotal coverage by Ge crystalsisabout 25% of 4w, corresponding to atotal
photopeak efficiency of ~5%. Such asystem would be optimized for collecting dataat y—y—y
triplesor a higher fold. Three campaignswith asmaller number of Clover detectorswerecarried
outin2001, 2003 and 2005 a TIFR, IUAC and VECC respectively with existing infrastructure.

Fabrication of themechanical support structureat IUAC for holding 24 Clover detectors
wastaken upin early 2007 and completed by mid-2007. It was decided that thefirst campaign
withthefull INGA during 2007-2008 would take place at IUAC. Installation of the mechanical
structure, cabling and € ectronic modules started by August, 2007. Thedetectorsand shieldsfrom
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all the collaborating institutionswerereceived by Jan, 2008. Thefirst facility test to optimizethe
transport of beam at INGA beam linewas carried out in Feb, 2008. During March, 2008 to June,
2008, thefirst cycleof experimentswith the INGA facility would be carried out.

Detector Support Structure

Themechanica support structurefor INGA hasbeen designed to allow operation either in
stand alonemodewith full 4rt coverageor coupled with ther ecoil separator HY RA inwhich
casethedetectorsin theforward cone haveto beremoved. The set of 24 Anti-Compton Shields
(ACS) are mounted on two movabl e platforms (onefor forward array of eight detectorsand the
other for backward array having sixteen detectors) on precisonguiderails[1]. Theorientationsof
the different ACS are mounted with an accuracy of 0.5°with respect to thethree axesand their
positionsreproducibleto an accuracy of 0.5 mmwith respect to thetarget position. The support
structurewasfabricated by J. J. Enterprises, New Delhi.

Theplatformscould be moved by dedicated e ectric motorsether inforward or backward
directionin high (10 cm/min) speed at large distances (above 5 cm) betweenthetrolleysor at low
gpeed (2 cmymin) whenthey areclosetogether. Themovementiscontrolled automatically by aset of
limit switches. Overdl viewsof thesetupareshowninfig 1. Anoverview of theINGA withHY RA
duringingalation stageisshowninfig 2. Themounting detailsof detectorsaregivenintablel.

Table | : Arrangement of detectors in the array

Backward | Clover 0in oin Forward | Clover 0in din
Patform | Detector Degrees Degrees | Platform| Detector | Degrees| Degrees
Ring No. | Position No. Ring No. | Position
No.
I 1 148 0 v 17 57 45
2 148 D0 18 57 1%
3 148 180 19 57 225
4 148 200 20 57 315
Il 5 123 45 V 2 £ 0
6 123 135 2 K2 D
7 123 225 PA] K2 180
8 123 315 24 K2 270
I 9 D 0
10 D0 45 LEPS1 119 0
n D D LEPS2 119 D
12 D0 1% LEPS3 119 180
13 D 180
14 D 225 LEPS4 61 0
15 D 270 LEPSS5 61 D
16 D 315 LEPS6 61 180
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Fig. 1. View of INGA from side

Fig. 2. INGA Array with HYRA during installation phase
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Beam line

Oneof themgjor chalengesin designing thebeam linewasthe small clearanceof ~7.5cm
aong beam axis between the collimators of the anti-Compton shields. A stainlesssteel beamtube
of 6 cm diameter (fig 3) hasbeen used insdethearray. The backward array can dideback onits
guiderailswithout disturbing the beam line. The scattering chamber ismade of 2” diameter glass
tube (fig 4) to minimizethe attenuation of y-raysin the chamber walls. Wilson sedl couplingsare
used between the scattering chamber and beam tubes at both ends. Thetarget ismounted onfour
rodsinserted along the beam tube. The beam tube downstream to thetarget ismounted rigidly on
themechanical structure of theforward array.

Fig. -3. Beam tube surrounded by anti- Fig. 4. Cylindrical scattering chamber with
Compton shields target mounted

The schematic diagram of thebeam lineisgiveninfig 5. Outsidethearray, 4” diameter
sainlesssted tubesare used for trangporting the beam. A Turbo-mol ecular pumping system backed
by arotary pump, with dedi cated home-made control unit hasbeeninstalled inthebeamline. A
removable collimator of 5 mm diameter with current readout isput at 1.5 m upstream from the
target. In actual operation, the current intercepted by thiscollimator isminimized for centering the
beam on target.

Back Array Front Array
: -
; 10.0 p10.0 H
: ' 1 HEH
b 7 5 () e _ L 87.00 ‘
Beam line exit ' ' ' HYRA entrance

Fig. 5. Schematic layout of the beam line for INGA (all dimensions in cm units)

A



Automatic LN2 Filling system

A dedicated home made controller with embedded PC (192.168.3.24) hasbeen devel oped
to providean automaticliquid nitrogenfilling system for the Clover detectors. Thesupply of liquid
nitrogen (LN2) isfrom a1000 litre Dewar (INOX make) which can be periodically (oncein 2
days) filled from an outside Dewar (20,000 litre). The distribution of LN2 isdonewith afour
column manifold catering to S xteen detectors of backward array and another two columnmanifold
catering to eight detectorsof forward array. Theoverall layout of thesystemisgiveninfig. 6.

CLOVER DETECTOR LN FILLING SYSTEM BLOCK DNAGRAM
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Fig. 6. Schematic diagram for LN2 Autofill system of INGA
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Fig. 7. Graphical User Interface for Autofiill System
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Electrically operated cryogenic vavesof Jefferson make (1/2” diameter, normaly closed),
areemployedfor controlling theflow of LN2 to the detectors. These can be operated under software
control by theprogram‘linserv’ working under alinux operating system. Thetemperaturesat the
overflow portsof theclover detectorsand thefilling manifol dsaremeasured usng platinumresstance
thermometers(PT100) and thevavesareclosed under overfill condition. A GraphicsUser Interface
(‘fill") enablesthe user to monitor thefilling statusof individua detectors. Thedetectorsarefilled
automdticaly twiceaday. Typicad GUI display during* Autofill’ isshowninfig7.

Power and Signal cabling

Theelectronicsfor the various subsystemsfor INGA are mounted on I nstrumentation
rackspowered by UPSwith surge protection circuitry. Two racksare used for mounting the LN2
control valvesand twofor housing thehigh voltage suppliesfor Clover detectorsand anti-Compton
shields. Theenergy and timing signalsfrom the detectorsaretaken to the Electronicsareausing
RG58 signal cables. The cable endsinthe Electronicsareaare grouped into three patch panels.
RG172 cablesare used for theinterconnecti on between the patch panel sand the e ectronic modules.

Electronicsand Data acquisition system

Home made clover modules[2] are used for processing the energy signalsfrom Clover
detectors and anti-Compton shields. Thetiming logic for Compton-suppression along with the
generation of required strobesfor datacollection and pile-up regjection werea soincorporatedin
thismodule. The gain setting of the shaping amplifiersof clover ssgmentsare kept at 4 MeV
range. OneNIM binisused for powering four clover modules. Eight detectorsare grouped into
oneunit for creating multiplicity of gammasand for collecting datathrough one CAMAC crate.
Thecombined multiplicity fromall three cratesisused for event selection. Thefollowing circuits
givethelogicfor thegeneration of Master trigger of an event (fig 8) and datacollection (fig9). Fig
10 showsthelayout of instrumentation racksin the Electronicsarea.

A new home made LPCC CAMAC module has been fabricated [ 3] combining therole
of List Processor and the Crate Controller which enablesthe data collection rates upto 1700 kilo
bytes per second. Three CAMAC crateseach having four 14 bit, 8 channd IUACAD814ADC's
are used to collect datafrom all Suppressed Clover detectors. Thefirst CAMAC crate hasthe
Trigger generator which entertainsthe Event trigger and transmitsit to the other two CAMAC
cratesviaTrigger receiver modules of respective cratesto maintain the synchronization of data
between thethree crates. The TDC’s(7186) are used to create the hardware bit patternin each
CAMAC crate. The hardware Bit pattern based data collection (CNAF list changes as per the
bitsraised for each eventin TDC's of each crate) isa so enabled to have more data collection due
to zero suppression in datareadout. The datacollection software CANDLE isrunin dedicated
PC (192.168.3.100) withlocal dataarchiva system. All the Biassupplies[4], analogue processing
[2] and Analogueto Digital converters of the detectors except TDC have been fabricated in-
house.
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During theinstallation phase, alarge number students and faculty fromthe universities,
collegesand ingtitutes have provided hel p in setting up and testing of thefacilities. Wearegrateful
tothemfor their contribution.

CLOVER-1 CLOVER-1 CLOVER-2 M-TRIGGER IN (NIM)
I/P Signals UAC Signals UAC Signals Phils
E1-OUT LL1ps IUAC IUAC
El ] - ——— TDC :
) —— C _GI-OUT .| ADC | g Triggern LP + CC
E2_ gl L _JE2 - START Modulg
e T - Y iy W g e
— —— ] -  op
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Fig. 8. Schematic diagram for Event trigger of INGA
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Fig. 9. Schematic diagram Data Acquisition of INGA
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Fig. 10. Instrumentation racks in the electronics area
Test Experiments

A seriesof test experimentswere conducted for checking the beam opticsfor the INGA
beam line. A quartz crystal was used to view the beam profile at thetarget position. It wasfound
that the magnetic fieldsin thelast quadrupol etriplet had to be reduced by about 30%in order to
shift thefocusfromthelast Beam Profile Monitor (BPM) inthe beam lineto thetarget position 2
m downstream from the BPM. The position of aremovable collimator in the beam linehhasbeen
adjusted for centering the beam on target location. All the signal cabling, electronicsand data
acquisition system were checked out during the test measurements.

Fig. 11. Multiplicity distribution

For multi-cratereadout of ~ 120 parameters, thetotal dead timeincluding Sgnd processing
and readout time per event was measured to be 75 usec. Typica coincidence count rateswere~
12 kesy-y doublesand 3-4 kesy-y-y triplesfor atotal singlesy rate of 40-60 kcs. An oscilloscope
traceof themultiplicity distributionisshowninfig 11.
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Detectors

For the operation of INGA, detectorsfrom the collaborating institutions TIFR, SINPand
IUC-DAEF werereceived during Dec 2007 - Jan 2008. Presently 23 anti-Compton shieldsand
18 Clover detectors can be used in the setup. Two detectors have devel oped vacuum leaks and
need to be sent back to the manufacturer for servicing.

REFERENCES

(1]
(2
(3
4

4.2.2 Experimentsusing GDA /INGA related facilities

Indian National GammaArray inBeamHall 1l at IUAC, S. Muralithar, et. a., Proc. of DAE Symp. on

Nucl. Phys. Vol. 52(2007)595

Clover electronicsmodulefor INGA at NSC, S. Venkataramanan et a., Proc. of. DAE Symp. on Nucl.

Phys. Vol 45B (2002)424

Ethernet based List processing controller for high speed data acquisition systems, E.T. Subramaniam

etdl., Rev. Sai. Ingtr. 77(2006) 096102

High Voltage Power Supply Development for INGA facility at IUAC, Rajesh Kumar, et. al., Proc. Of

DAE Symp. OnNucl. Phys. Vol 52(2007)647

elght number of experimentswere done (refer table).

The GDA / INGA facilitieswere used in thisyear by varioususersand therewereintotal

at highspinin™®Pm

Date Description Beam | Energy | User
MeV

12/10/07 | Transfer & Fusionexcitation functionfor “Ca | 106-146 | SM/DU
“Ca+ 0%Zn around Coloumb barrier

28-12-07 | Fuson FissondynamicsinA ~ 200 ¥F 90-110 [ SN/IUAC

28-1-08 |INGA facility test - Quartz 2 96 INGA

06/02/08 [ INGA fecility test 2 96 INGA

16-2-08 | INGA facility test 160 65 INGA

20-2-08 [INGA facility test 160 65 INGA

28-2-08 | Spectroscopy and lifetimemeasurement of “Sr | “°Ca | 135 DN/IUAC

13-3-08 | Study of exotic shapesand nuclear structure s 150 AD/BHU

4.2.3

HPGedetector Service/ Annealing

Asthe Clover and HPGe detectors have been used in-beam over theyears, they
need periodic annealing to minimize peak broadening dueto neutron-induced damageto thecrystd.
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Eight HPGe detectorswere evacuated and annealed to restorethe FWHM of thedetectors. One
clover detector was serviced by replacing two FET’ saspart of INGA maintenance. Two Clover
detectors (one each of SINP & one of UGC-DAE-CSR) have vacuum leak through the LN2
dewar sideinto Gecrystal chamber whichwill haveto be serviced at factory.

Fig 12. Annealing station for Ge detectors

A new annealing station (fig 12) has been assembled for servicing four detectors
smultaneoudy. Thissystemisbased on Turbo-molecular pump backed by roots pump, dongwith
associated gauges, valves and controller with complete interlock system, providing oil free
environment for annedling station.

4.2.4 NP -Beam Hall 11 2007

Oneworkshop on‘Nuclear Physicswith Beam Hall 11 Facilitiesat lUAC’ washeld
inAugust 27-28, 2007. During the workshop, experimenta proposalsusing Pelletron beamswere
invited from users. Thisresulted inthirty one beam experiment proposalsfrom usersacrossthe
country which was considered by the INGA —PICC and AUC. During thefirst cycleof INGA
from February 28, 2008 to June 30, 2008, fifteen experiments have been allotted beam time.
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43 RECOIL MASSSPECTROMETERS

4.3.1 Heavy lon Reaction Analyzer (HIRA)

J. Gehlat, S, Nath, A. Jhingan, T. Varughese, J. J. Das, P. Sugathan, N. Madhavan, Rakesh
Kumar, R. P. Singh, S. Muralithar, R. K. Bhowmik, P. Shidling*, Ranjeet?and E. Prasad®

Department of Physics, Karnatak University, Dharwad, Karnataka
2Department of Physicsand Astrophysics, Delhi University, Delhi
3Department of Physics, Cdicut University, Calicut, Kerda

HIRA was used in an experiment involving stable beam and mass dispersive mode. The
experiment carried out involved the study of fission hindrancein *F + 184W — 203Bj* through
evaporation resdue (ER) crosssection and spin distribution measurements, using 14 BGO detectors
at thetarget siteof HIRA. In thisexperiment, datafor only four lower energy points could be
collected and the remaining few higher energy points' datawould betaken up as soon asthose
energiesareavailablefrom the Pelletron accelerator. The detail sof thisexperiment areelaborated
elsewhere(S. Nath et a.) inthisreport.

Theearlier study of fission hindrance phenomenaand entrance channd effectsin 2°Pb*
compound nucleus using two systemsin the entrance channel (*°0 + W and °F + ¥1Ta) on
elther sdeof theBusinaro-Galone (BG) critica massasymmetry, at Similar excitation energy, has
yielded encouraging resultswhich have recently been communicated. We have shown that the
measurement of ER crosssection and spin momentsare sendtiveto pre-saddlie dynamicsand they
together reveal the effect of entrance channel and indicate increased pre-equilibriumfission at
higher spinvauesfor entrance channd massasymmetry lesser than the BG critical massasymmetry
(ie. a< o). Theresearch scholar (Praveen Shidling, Karnatak University, Dharwad) involvedin
thisstudy hasbeen awarded Prof. C. V. K. Babamemoria award for best Ph. D. thesisin DAE
symposium on Nuclear Physicsheld at Sambal pur university, Orissa(December 11—15, 2007).

Preparationsare on for two morefus on-evaporati on experiments, oneathes sexperiment
of aDelhi university scholar and the other proposed by aPanjab university (Chandigarh) faculty,
whichwill bescheduledinthe near future.

4.3.2 HYbrid Recoil massAnalyzer (HYRA)

N. Madhavan, S. Nath, T. Varughese, J. Gehlot, A. Jhingan, P. Sugathan, J. J. Das A. K.
Snhd, R. Singh?, K. M. Varier, M. C. Radhakrishna’, Rakesh Kumar, R. P. Singh, S.
Murdlithar, R. K. Bhowmik, P. Barua, Archunan, U. G. Naik, A. J. Mayadri, Cryogenics
group, Beam transport group and Workshop group.

1UC-DAE Consortium for Scientific Research, Kolkata Centre, Kolkata
2Department of Physicsand Astrophysics, University of Delhi, Delhi
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3Department of Physics, Cdicut University, Kerala
“‘Department of Physics, BangaoreUniversity, Bangaore

Fundsfor the devel opment and faborication of theed ectrogtatic dipole (ED) whichiscrucid
to complete the second stage of HY RA have been received from DST, Govt. of Indiaduring the
second half of 2007. The order has been placed and it is expected to be in IUAC, after due
testing, by March 2009. The power suppliesare planned to be suspended from above, insidea
Faraday cage, to have morefloor spaceavailable.

Thefirst stage of HY RA has been expanded to the momentum achromat configuration
Q1Q2-MD-Q3-MD-Q4Q5 (Fig. 1). Thefirst focal plane chamber isready andinstalledinthe
facility. Thesupport structurefor thischamber ismadeinmodular formin order touseit in place of
Q3, when required, in areproducible manner. Electrical and water connectionsfor the newly
installed quadrupol e doubl et will soon betaken up.

Fig. 1. HYRA first stage momentum achromat coupled with INGA facility

Beam tests of the momentum achromat for secondary unstable beam production and
further tests/experiments using gas-filled mode are planned to be taken up after the stand-alone
INGA campaign that iscurrently underway. lonoptical trgectoriesfor the momentum achromeat,
indispesive plane (bottom) and in non-dispersive plane (top), areshownin Fig. 2. The separation
between primary stable beam and secondary radioactive beam, achieved using the momentum
achromat at Q3 centre, are shown for few casesin Fig. 3 (aand b).
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Fig. 3. Separation between stable primary beam and radioactive secondary beam at Q3
centre of HYRA in momentum achromat mode, smulated using GIOS program (a) for
Li and "Be combination and (b) for YO and 'F combination

| GOR modules, being devel oped indigenously for remote control/read-back of power
supply settings, are expected to be ready in amonth’stime. Therewasadelay in getting these
ready last year asthe same group wasinvolved in the design and fabrication of INGA clover and
BGO detector power suppliesand pre-amplifier power supplies.
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Most part of last year was devoted to setting up the INGA facility in HY RA-INGA
beamline. The4" beamlinewasdismantledin July 2007 in order to pavetheway for setting up of
INGA support structure and the array. After the completion of thearray installation, themodified
beamline, designed taking into account the constraintsof INGA and HY RA, wasinstalled and
connected to HY RA in January 2008. Inthe stand-aonelNGA campaign too, the beam istaken
totheM D1 beam catcher in order to reduce the gammabackground and the current measured in
thebeam catcher hel psin beam tuning.

Inthecaseof first trial winding for superconducting Q1-Q2 using copper wire, it was
noticed that the coil wasnot uniformly taut and the epoxy coating was not sufficiently thick. The
wirewinding machine has been improvised by including an additional braking mechanismfor the
wire spool and better epoxy dispenser (Fig. 4). Onemoretria copper winding hasbeen carried
out whichismuch better in epoxy coating and uniformity. Winding of superconducting wirewill be
taken up after couple of copper windings. The cryostat devel opment, which was not taken up due
to the LINAC second and third cryostat related work, is planned to be pursued so that the
cryostat will beready by thisyear end.

Pyl - 8 il -

Fig. 4. Improvements in wire winding mechanism
44  MATERIALSSCIENCEFACILITY

A. Tripathi, Ravi Kumar, V.V. Shivkumar, F. Singh, SA. Khan, P. K. Kulriya, |. Sulania,
D. Kabirg), R.N. Dutt, P. Barua, A. Kothari and D.K. Avasthi

Thematerials sciencefacilities continueto support the research programmesof alarge
number of usersfrom different universitiesand ingtitutionsfrom Indiaand abroad. Theswift heavy
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ionirradiation rel ated experimentsare performed in thethree chambersin thebeamlineaswell as
inthegenera purpose scattering chamber. Besidesthisthe off-linefacilitiesare also being used by
many usersfor preparing and characterizing samples. A total of 115 user experimentscomprising
334 shiftswere performed thisyear, without any beam timelossdueto mgjor facility break down.
Experimentsarebeing donein different areasof swift heavy ioninduced materialsmodificationand
characterization and the detail s of the research programmesaregivenin Section 5.2.

Thehighvacuum chamber in materia sscience beamline isusedin most of theexperiments
for irradiation and ERD studies. A new arrangement for mounting the o-ring inthischamber was
madethisyear for smoother operation. The goniometer mounted on UHV chamber for channeling
studieshad devel oped aproblem and the problem wasrectified thisyear. Theirradiation chamber
inbeamhal 11 wasusedin 2 user experimentsthisyear. Thein-situ XRD facility wasaso usedin
user experimentsthisyear.

FTIR and PL systemsare also being used regularly. The UV-Vis spectrophotometer in
radio-biology lab isused by many materials science users. The D/W lampsof the system were
replaced thisyear toimproveits performance. The materia s synthesislab hasmany synthesis
techniquesand the RF sputtering system, ball milling system, box furnaceand tubular furnacesare
being extensively used by usersfor preparing samples. The development of microwave plasma
based deposition systemisalso progressing.

4.4.1 Scanning ProbeMicroscope
A.Tripathi, . Sulania

Multi Mode SPM with Nanoscope llacontroller acquired from Digita/\Veeco | nstruments
Inc. wasextensively usedin user experiments. The calibration and performancein AFM/MFM
modewastested using standard grid and magneti c tapesrespectively. The operating software had
developed aproblem which wasrectified. Thesysteminusedinthefollowing areasof research:
lon induced surface morphol ogy, SHI induced changesin sizeand itsdistribution of nanoparticles,
SHI induced modification in magnetic domains, SHI induced plastic flow of material and
Characterization of iontracksin termsof sizeand number density. PSD studiesfor surfacegrowth
on InPsurfacewere performed thisyear. Thisyear more than 700 samplesfrom 50 usershave
been studied inAFM/MFM mode.

4.4.2 Micro-Raman set up
F. Singh, A. Tripathi, J. Zacharias, D.K. Avasthi
Theingdlation and offlinetesting of the Renishaw InViamicro-Raman st up wascompl eted

last year and thefacility isregularly being used. To protect the system acabin in beam hall [l
designed and fabricated. The chamber for in-situ study has been designed and fabricated and is
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under testing. A vibration freetable and 4 axis sample movement system have a so been acquired
for integrating thesystemwith beam line.

Fig. 1. Renishaw Invia Micro-Raman Setup in beamhall ||
4.4.3 D8Advance XRD Diffractometer

P.Kulriya, F. Singhand A. Tripathi

The Bruker D8 advance system from Bruker has been used in characterization of more
than 1000 samplesfrom nearly 100 usersthisyear. Out of these GIXRD mode hasbeenusedin
490samplesand Bragg-Brentano Geometry wasused in study of 574 samples. Thelow temperature
insitu X RD set up was used in 3 user experiments.

The XRD set up had abreakdown dueto aproblem in cooling tube of X-ray generator
and the problemwasrectified by replacing the cooling fan and modifying itsmounting arrangement.
Thereplacement of Cu X-ray tubewas also undertaken to improve the performance of the XRD
facility. Therewasaproblemin glancing angle measurementswhich necessitated refurbi shment of
GO6be Mirror andit hasbeen sent tothe company for poI ishing.

Fig. 2. Photograph of the fan mounting sand Wlth arrow showing the portion which was broken.
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4.4.4 Testingof samplecooling unit with beam

P.Kulriya, A. Tripathi, D.K. Avasthi and D. Pandey?
BanarasHindu University, Varanas

Theindigenously fabricated sample cooling unit cooled with liquid nitrogen (LN,) was
ingtaledwithingtu X-ray diffractometer inthelast academic year. A minimum temperature of 88K
wasachieved. Recently, thetest experiment with swift heavy ion beamwas performed whentarget
was kept at low temperature. The polycrystalline sample of BaTiO, hasbeen irradiated at the
materials science beamline, phase-11 of the Pelletron accelerator at theIUAC, New Delhi. The
irradiation was done using *®Ag*® ionswith kinetic energy of 120 MeV. Thisenergy corresponds
to electronic stopping power of 8.0 keV/nm as cal culated using SRIM. Theion fluenceswere
varying from 1x10" to 3x10™ ions/cm2.The X RD spectrawas recorded with scattering angle
varying from 10° to 90° with a scan speed of 0.1%min. Spectrum isrecorded using position
sensitive Vantec detector with detection step of 0.02° in Bragg -Brentano geometry. Figure 1(a)
showsthe XRD spectraof pristineandirradiated BaTiO, at 300K . PureBaTiO,exitsin atetragona
gructurewith|attice constantsa=0.3994nm and ¢=0.4033nm at theroom temperature and pressure.
It transformsto the rhomb-centered structurewith lattice constants a=0.4004nm at | ow temperature
(lessthan 200 K).
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Fig.l. In-stu X-ray diffractometer spectra of pristine and irradiated (BaTiO, samples) with
18Ag* ions at () 300K and (b) 100K with ion fluence varying from 1x10" to 3x10" iong'cm?
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Itisclearly reveded that at thelower fluence, scattering angle shifted toward low angleand
theintensity of the peak isdecreased withincreasein theion fluence. The possiblereasonfor this
|atticeexpansonisthedraininduced by ionirradiation. But when fluenceisfurther increased thenthe
samplebecomescompletely amorphousat the 6x10™ions/cm? fluence. It will remain amorphousup
to very high fluencein therange of 3x10%ions/cm?. Figure 1(b) showsthe XRD spectraof pristine
andirradiated BaTiO,at 100K. It also showssimilar behavior astheroom temperatureirradiated
sampleexcept that it becameamorphousat ahigher fluence (~ 1 x10%ions/cm?).

4.45 Development of alow cost Electric Field ver susPolarization (E-P) M easur ement
Setup

ShailendraKumar?, Rgjesh Kumar?, S. K. Suman? and Ravi Kumar?
Department of Applied Physics, Aligarh Mudim University, Aligarh

Ferroelectric and multiferroic materials are usually defined as irreversibility of the
spontaneous pol arization by an applied dectricfie d, the observation of thehysteres sisfundamental
for the research on ferroel ectricsand multiferroic materias. There are number of experimental
setup aimed for measuring theseloops, among these setupsthe Sawyer-Tower circuitisoneof the
most traditiona, which cons stsof aoscilloscope and alargeintegrating capacitor in serieswiththe
specimen. Inthe Sawyer-Tower circuit, asinusoidal or triangular voltageisapplied to one of the
el ectrodes of the sample, and the charge Q generated in the sampl eisdetected. Theloop obtained
using thesimple Sawyer-Tower circuit isoften distorted because of conduction current and heat
dissipation aswell. Thesgnificance of thismeasurement can be easily understood by examining
the P-E loopsfor somesmplelinear devices Itiswell knownthat therearetwo charge measurement
modesfor the system, Sawyer-Tower and virtual ground amplifier mode. Inan origina Sawyer-
Tower circuit therewasno provisonto diminate or compensate the different contributionscoming
fromnon linear conductivity, capacitance of the samplesunder study and signal phase difference
etc. These contributionsdeform the shape of therea hysteresisloopsto someextent andin some
case, may lead to misinterpretation of theferrodlectric character of thematerias. Therefore, some
modificationsintheorigina Sawyer-Tower circuit are needed. Here, we have developed e ectric
fidd versuspol ari zation measurement setup, wherewe have added some new fegturesto compensate
theinsulating resistance and linear capacitance of theferrodectric material. Thissetupissmpler
and lessexpensivethan earlier reported, capableto extract quantitativeinformation of coercive
field (E,), remanent polarization (P) and saturation polarization (P,). These parameters are most
likely to be of interest to the material s manufacturer and will give abetter understanding of the
material behavior too.

Fig. 1 showsthe block diagram of the modified ferroelectric hysteresisloop tracer. A
transformer isused to generate high voltage (5kV (pp), 50 Hz). The applied voltage (V) canbe
adjusted using the variac transformer. The output of thetransformer i.e. high voltageisapplied to
threedifferent points: (i) to one e ectrode of theferroel ectric sample(ii) to the network designed
for compensating both insulating resistance and linear capacitance of the sampleand (iii) to the
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amplifier /attenuator whose output isdirectly connected to the X axisof an oscilloscope. The other
el ectrode of theferroelectric capacitor isconnected to an operational amplifier, whichisat zero
volt potential (virtual ground). V. denotesthevoltageacrosstheferroelectric sample. If Cisthe
capacitance of theferrod ectric samples, the charge devel oped acrosstheferroe ectric samplewill
beC.V..

Sincetheoperationa amplifier hasinfiniteinput impedance, chargefor theferrodectric
sampleshould comefrom C,, i.e. capacitor connected between the amplifier’s output and non-
inverted termina . The chargefrom C_ goesinto C; thus producing avoltagewhichisequal to g/
C,, sothat the Op-Amp voltageis—V .. Sincethe charge should be same on both the capacitors,
therefore, V, =- (CJC,) V. Thisvoltageisproportional to the polarization of theferroelectric
sample and is inverted by an amplifier and than applied to the Y axis of the oscilloscope.
Compensation of thelinear conductivity of theferroelectric sampleisrealizedinthiscircuit by
injecting acharge of the oppositesignto that produced by the'V . acrosstheferroel ectric sample.
Thiscurrentisgenerated by invertingV  and by applyingit acrossR .. Smilarly, thecurrent through
thelinear capacitance of thesampleiscancelled by applying avoltageto C_. Inour circuit R _and
C.havevaluesof 10k ohmand 10 nF. Fig. 2 (a- d) showstheferroelectric hysteresisloop of
BaTiO3, PNN and TGS. Fig. 2 (c, d) showsthe hysteresisloop before and after the compensation
at room temperature. The observed value of the ferroelectric parameters i.e. spontaneous
polarization and coercivefield arein thegood agreement with valuesintheliterature.
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Fig.1. Block diagram of electric field (E) versus polarization (P) measurement setup
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45 RADIATIONBIOLOGY

45.1 Satusof theRadiation Biology Beam line
A. Sarma, P. Barua, A. Kothari, E.T. Subramaniyam and M. Archunan

The specially designed beam line can ddliver beamsof proton, ’Li, B, *2C, **N and Q.
Theflux can becontrolled from 107 particles/sec/cn? to 10° particles/sec/cn®. Theexitwindow is
having 40 mm diameter with active areafor cell irradiation defined by the standard 35 mm petri-
dishare. Theuniformity isbetter than 97%. Theflux control isdone by adjusting adouble dlit

through CAMA C from control room. A preset controller for faraday cup ensuresthe exposure

repetition asper user requirement.
A mgor redesigning of theirradiation systemiscurrently going on, whichwould takecare

of theremote handling of petri dishesin an enclosed sanitised environment during irradiation,
multipleirradiationsof onesampleafter another without losing time and keeping the petri-dishesin
the medium when they arenot being irradiated. The dosmetry systemwould aso beimprovised

aongwiththat. Therenovationwould facilitate better experimental condition from thebiologica

point of view.

Fig.1. Multi axis positioning system during the laboratory testing
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Theingtalation and testing of the servo motorsand pneumatic system using the computer
has been done and the components have been mounted on thelocally fabricated base plate and
stand. Themagazinesfor keeping the petri disheshave been madewith precision machining and
the entire systemisexpected to be operational by April 2008.

452 Satusof theMolecular Radiation Biology L aboratory
A.Sarma

The laboratory is designed to extend user support to the best possible way during
experiments. The experimentsthat are undertaken recently require suitableinhousefacilitiesfor
relevant protocols. Apart from the equipmentsof the Cell Culturefacility likeautoclave, biosafety
cabinet, CO, incubator, and other normal equipment likemicrobaance, oven, refrigerated centrifuge,
PCR machine, Gel Doc, FIGE system and Semi dry transbl otter etc., wehaveinstalled a-80 C
UltraFreezer [Heto] and a-20 C Deep Freezer [Vest Frost]. Thisyear we have augmented the
storagefacility by procuring alarge capacity freezer.

In addition, afluorescent microscope [Carl Zeiss] has been installed to facilitate the
experiments based on FI SH and immunofluorescent assays.

For accurate cell counting, aCoulter Cell Counter [Beckman Coulter] isinstalledinthe
laboratory. Thisequipment would drastically enhancethe speed and accuracy of postirradiation
cell plating during the beam timeand thus save alot of time.

Initid workswith Hel_acellshavebeen started and in order to provideexposureto research
scholarstored lifeexperiments, cell surviva studiesusing radio mimic reagent likeH,O, hasbee
carried out. In addition to that preparation of cDNA for studying gene expression and the
microscopi ¢ eval uation of apoptosis using fluorescent dye like Hoechst 33258 has al so been
carried out. Apart from Hela, projectsinvolving MCF-7, CHO and lung carcinomacelIswould
also betaken up in due course.

Someworkshavebeeninitiated to Sudy theinteraction of gold nano particleswithHelLacdlls.
4.6 ATOMICPHYSICS

4.6.1 Satusof AtomicPhyicsBeam Line

B.P. Mahanty?, SK. Saini and T. Nandi
Department of Physics, Punjabi University, Patida
Dedicated atomic physicsbeam linehasbeeningta led in thebeam hall 11 with many new
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features. They include abeam collimator, changed geometry of x-ray detectors, monitoringion-
beam flux by silicon surface barrier detectors as well as a Faraday cage, atriple axestarget
mounting system containing threetarget ladders, aviewing camera, lighting arrangement, etc. This
beam lineisplanned to carry out variousexperiments such asbeam-foil, inner-shell ionization, and
€l ectron spectroscopy in the vacuum chamber and at the back charge statefraction (CSF) analysis
of thebeam on passage of thesolid foil aswell asgas)et/cdl. CSF measurementsusing e ectrogtatic
analyzer and position senditive proportional counter (PSPC) will berealized soon. Thebeamline
isdesigned in such away that one experimental set up does not disturb the other.

Inthisvacuum chamber wehaveinstalled aprecisionfoil thickness, required for collision-
induced intrashell trangtion experiments, measuring set up aso using cooled silicon surfacebarrier
detector at -20° C.

Doppler tuned spectrometer (DTS) hasbeen tested successfully off lineaswell asonline
ingenera purpose scattering chamber (GPSC). Nowadays high resol ution x-ray spectroscopy
experimentsusing Doppler tuned spectrometer are being regularly carried out at GPSC. Another
DTSisbeingduplicatedinorderto cover wider spectral rangesmultaneoudy. Foil trandation
system aswell asabsorber foil changing mechanism without breaking the vacuum have been
improved. Besides, we are shortly going to carry out multi nucleon transfer reactionsin GPSC.
Such nuclear studiesarerequired to make use of secondary beam-foil source asanew method of
investigating H-likeheavy ions(seearticle5.4.3). Inthissourceion-beamsarereplaced by projectile
likeions produced from nuclear transfer reactions.

1 M normal incidence Spectrometer has been made ready for optical spectroscopy

experimentsin the PK DEL I Slaboratory. We are planning to make aprogram for carrying out
measurementsrelevant to astrophysics.
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