4. EXPERIMENTAL FACILITIES IN BEAM HALL

4.1 GENERAL PURPOSE SCATTERING CHAMBER (GPSC)

K.S. Golda, A. Kothari, P. Barua and R.K. Bhowmik

This facility has been usedroutinely for both Nuclear Physicsand Materials
Scienceexperiments.Ten chargesensitivepreamplifiersfrom ORTECand CAEN have
beeninstalled this year for using with surface barrier detectorsmountedinside the
scatteringchamber For fasttiming measurement§SANBERRA 2003andORTECmade
VT 120 preamplifiers are used.

A detector cooling system has been installed in the GPSC beam line for
improving the timing performanceof silicon surfacebarrier detectorsThe detectorscan
be quickly warmedup to room temperaturgwarm up time ~ 20 min from -4°C to 20°C)
if the chamberhasto be ventedto atmospherigpressure.The cooling systemfor one
detectorhasbeentestedout satisfactorily.A dedicateddetectorcooling arrangementor
six surface barrier detectors is planned in future.

The following developments were carried out during present year:

4.1.1 Modification in Scattering Chamber
Golda K.S., A. Kothari, P. Barua and S.K. Saini

The scattering chamber of Neutron lab is equipped with a Diffusion pump
backed by rotary pump with all the valves pneumatically controlled. A dedicated gas
handling system has been attached to the scattering chamber for using gas detectors.
Electro-polishing and ultrasonic cleaning of the chamber were carried out to get better
vacuum, low 10° mbar, to carry out testing of delicate instruments like MCP. A
hydraulic lifting mechanism is under construction to lift the SS lid of the chamber. A
perspex lid is also provided for easy handling when the chamber is used in the range of
10> mbar vacuum.

4.1.2 Array of Neutron Detectors (AND)

R.P. Singh, GoldaK.S., Rakesh Kumar, Hardev Singh?, I.M. Govil* and S.K.Datta
Dept. of Physics, Panjab University

As part of the DST project titled 'Study of Nuclear Fusion-Fission time scales
and level densities using neutron detectors a multi detector neutron facility has been
set up in Nuclear Science Centre. It consists of eight NE213 based liquid scintillators
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housed in Aluminium cylinders with pyrex glass window on one side and coupled to
XP4512B model 5" photomultiplier tubes. Four of these detectors are 5" diameter and
5" thick (BICRON make BC501A) suitable for high efficiency neutron detection and
for gamma ray tagging. The remaining four are of 5" diameter and 3" thickness
(SCIONIX make LS301). These will be better for time resolution for time of flight
experiments.

Thesedetectorsareoperatedat differentHigh VoltagesvaryingbetweerB00V to
1500V dependingon the PMT coupledto it. ThesePMTs are normally usedat two
different voltages as mentionedby the manufacturer;at a lower voltage when the
detectorsare usedfor pulseheightmeasurementand at a highervoltagewhenthey are
usedfor timing measurementsBICRON detectorsgive dynode (positive) and anode
(negative)signals from their PMTs through BNC connection.In caseof SCIONIX
detectorsPMTs give only anodesignalsthroughBNC connection Arrangementwill be
done for getting dynode signals also from these.

A dedicatecklectronicssetup including high voltagebiassupply, ADC andTDC
hasbeenprovidedfor thearray.A pulseshapediscriminationmodulefor neutrongamma
separatiorhasbeendevelopedndigenously.All the detectorswere testedout for their
pulse height as well astiming performancewith sourceand found to be satisfactory.
Time resolution is between 1 to 1.5 ns FWHM.

Provisionsare madeto usethis arrayin nuclearphysicsexperimentawith heavy
ion beamsin GPSCand HIRA. Separateéboxesand standshave beenmadefor each
detectorso that they can be usedat different anglesat GPSC.3 mm thick aluminium
flangeshavebeenput in the GPSCat anglesof 30°, 45°, 60°, 90°, 12(° on the right side
of the beamdirectionandat 20°, 45°, 60°, 120° and 15C¢° on the left side of the beam
direction. One experimentby Punjab University has been successfullycarried out in
GPSC using this array.

4.1.3 Fabrication of Pulse Shape Discrimination module for Neutron-Gamma
separation

Rakesh Kumar, Golda K.S., S. Venkataramanan, S.K. Datta and R.K. Bhowmik

This module works on the principle of Zero Cross Over method of pulse shape
discrimination. In the zero cross over method, the anode signal from the fast
photomultiplier tube coupled to the scintillator is processed through a differentiating
amplifier. When pulses with different rise time go through differentiation we get
bipolar pulses with different zero cross over timings. Due to the difference in the
interaction mechanism in the scintillator material, neutrons and gammas give pulses
with different rise times and hence can be distinguished and separated by using zero
cross over method.
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This is anintegratedunit with two independenConstant-ractionDiscriminators
(CFD) and associatedPulse ShapeDiscriminator (PSD) circuits mountedin a single
width NIM module. The input currentpulse from the photomultiplieris split into two;
one goesto CFD stageand the other goesto PSD stage.The PSD amplifier has an
integrationtime of 100 ns anddifferentiationtime of 100 nsto producea bipolar output
from the photomultipliercurrentpulse.The comparatorandlogic circuits arerealisedin
ECL. Thefront panelLEMO connectiongjive outputslike CFD, Zero CrossoversStrobe,
PSDandneutrongatedPSD output.Provisionsfor monitoringthresholdsettingsarealso
provided on the front panel.

The performanceof the unit is testedwith a ?*Cf sourceusinga 5" x 5" BC 501
organicliquid scintillator. Anode signalfrom the PMT is givento the PSDmodule.The
CFD outputfrom the moduleis usedto startthe TAC andthe zerocrossoutputis usedas
stop.TAC outputis digitizedby AD811 2k ADC. Dynodesignalfrom PMT is amplified
throughEG&G 571 amplifier and given to anotherchannelof the ADC. ADC dataare
collectedin computerthrough CAMAC baseddataacquisitionsystem.The Figure of
Merit of the PSDis comparablewith that of commercialPSD module CANBERRRA
2061A. Fig. 1 showsthe 2D spectrumof TAC vs. energy showing clear separation
between neutron and gamma.
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Fig. 1 : Two dimensional spectrum of TOF vs. light output showing two bumps for neutron
(right) and gamma (left)

4.1.4 Performance of 8 Channel Peak sensing 4K ADC-CAEN C420
Golda K.S., P. Sugathan, S.K. Datta and R.K. Bhowmik

A thoroughtestingof CAEN Model C420EIGHT CHANNEL PEAK SENSING
12 bit ADC has beendone. The generalcharacteristicof the ADC in which we are
mainly interestedhave beentestedout and comparedwith the performancesf other
ADCs. Therearesomespecialfeaturesof this modulethat makeit different from other
ADCs usedin our Centre. As far aslinearity is concernedt is betterthan AD811 even
thoughnot asgoodas CANBERRA 8075.The dynamicrangeof this ADC is limited to
90% of its maximumrangedueto sliding scalefacility. Sincethisis a flashtype ADC it
is very fast and conversiontime is 1.2 ns per channelaccordingto the manufacturer.
Provision for software programming makes this ADC more flexible as far as threshold set
upsand strobewidth are concernedThis modulecan servethe purposeof a fast ADC
with good linearity for nuclear physics experiments.

4.1.5 Developing extended resolution from a 12 bit ADC

K.S. Golda and R.K. Bhowmik

For high resolutionGe detectorsusedfor g-spectroscopythe energyresolution
typically variesfrom 700eV atlow energiedo 1800eV at1.33MeV, increasingas VE
at higher energies A minimum of 13 bit resolutionis thereforerequiredfor digitizing
signalsin the energyrangel00keV - 2 MeV for faithful reproductionof the peakshape
at low energies.

We haveexploredthe possibility of extendingthe energyrangeof ADCs without
sacrificingthe resolutionat low energiesy dualconversiortechnique A **£u g-source
was usedfor obtainingenergyspectrain the rangel21 keV - 1408 keV. Preamplifier
signalfrom a Clover detector(from Eurysis)wasamplified in a spectroscopyamplifier
with 3 ns shapingtime with gainadjustedo 4 volts/MeV, andwasfed to two channelsof
CAEN-C42012 bit ADC with eightindependeninputs. This ADC hasa dynamicrange
of 4V only. To onechannelof this ADC, amplifier signalof 8 V pulseheightwasgiven
directly andto the secondchannelan attenuategulse (with pulseheightof 4 V) of the
original signal was given. For the first channel,1 mV/bit resolutionwas adequateo
preservethe line shapeat low energiesFor the 2" channel resolutionof 2 mV/bit was
sufficient for the higher energies(1-2 MeV) where the detectorresolution is also
degraded compared to lower energies.
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The digitized spectra obtained from these two sets of data were combined together
in software into a single 13 bit spectrum,after software gain matching and giving
adequateweight to eachset of data,to get completeenergy spectrumof *Eu. The
combinedspectrumwas qualitatively similar to spectraobtaineddirectly from a 13 bit
ADC, demonstratingthe application of dual conversiontechniquefor extendingthe
conversion range of ADCs.

4.1.6 Experiments conducted in GPSC

The list of experiments done at GPSC during 2002-2003 are given below:

Nuclear Physics Experiments

Sl. [P.l. & Institute / Title of Experiment
No. | University
1. | Avinash Agarwal Studyof complete& incompletefusionreactionsusing
AMU heavy ions in some nuclei.
2. BP Singh To study complete & incomplete fusion and pre-
AMU, Aligarh equilibrium emissionin nuclear reactionsinducedby
heavy ions
3. Tilak Kr. Ghosh Study of heavyion inducedfission fragmentangular
SINP, Kolkata and mass distribution at near/sub-Coulombbarrier
energy
4. K.M. Varier Study of anomalous fusion fission reactions on
Calicut Univ. deformed actinide targets in near/sub-barrier regior
5. |Ajay Kr. Tyagi Study of dynamical and entrancechannel effects in
Panjab Uni. fusion reaction via neutrons

Materials Science Experiments

Sl. |P.l. & Institute / Title of Experiment

No. | University

1. A.C. Pandey Electronic sputtering of LiF
Allahabad University

2. B. Sannaki Energy loss of heavy ions in polymers/ SHI in
Gulbarga University | polymers : Some fundamental aspects

3. J.K. Quamara Optoelectronic processes in swift heavy ion
REC, Kurukshetra irradiated polymers

4. Arun Batra Heavy ion effects in VLSI devices
ISRO
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Sl. |P.l. & Institute /
No. | University

Title of Experiment

5. Diganta Saikia
Tezpur University

Investigation of SHI irradiation effects on ionic
conduction in Li based gel polymers electrolytes

6. Naveen Acharya

Developmentand characterization of polymeric

Univ. of Rajasthan membrane filters
7. Pawan Kr. Diwan SHI in polymers : Some fundamental aspects/
Kurukshetra Univ. Energy loss of heavy ions in polymers

8. J.K. Quamara

REC, Kurukshetra

Conduction mechanism of ion irradiated polymers

4.2 GAMMA DETECTOR ARRAY (GDA)

Kusum Rani, Rak

esh Kumar, S.Muralithar, R.P.Singh and R.K.Bhowmik

The activity in the GDA laboratoryin this year was devotedin the following

areas:

Experiments with

GDA & Facilities

Large Gamma detector Array

Installation of Indi

an National Gamma Array (INGA) at NSC

Automatic Liquid Nitrogen filling System for Clover Ge system

Computer simulat

ion of Clover performance.

4.2.1 Experiments done using GDA beam-line

S. Muralithar, R.P. Singh, Rakesh Kumar, Kusum Rani and R.K. Bhowmik

GDA beam line was used by various users this year. The following table
gives the details of the experiments completed during 2002-2003. One offline
measurement of GPSC experiment with Ge detectors from the GDA set-up was done

in Data room.

Description

Beam Energy |[User Facility
MeV

Breakup fusion study

Be/B 50/47.5 | B.K. Yogi GPSC + Offline

“Be +11°5n, 9B + Min HPU
Lifetime measurement®F 93 [.M. Govil RDM + GDA
in 130 region PU

71



Lifetime measurement*Mg 135 S. Chamoli |RDM + GDA
Yy PU
Structure of*As 2C 55 B.V.T.Rao |GDA

AU
Spectroscopy of‘La 1N 68 P. Das GDA

IITB
Magnetic moment of [ *°F 87 A.K. Bhati PAD
9/2in*""Ta PU

4.2.2 Large Gamma Array
R.K. Bhowmik, S. Muralithar, R.P. Singh, Rakesh Kumar and Kusum Rani

During the period 2002-2003 significant progresshasbeenmadein realizinga
large array of gammadetectorsfor g-spectroscopicstudiesin India. After successful
completionof the operationof anarrayof Clover detectorgooledfrom variousresearch
institutionsat TIFR in 2001,the systemhasbeenreassembledt NSC during 2002-2003.
This facility is described in detail in section 4.2.3.

As a long term plan for researchn g-spectroscopyn India, a proposalfor the
settingup of a Large GammaArray (LGA) was submittedto DST by Nuclear Science
Centrein 1998. Later this proposalwas mergedwith the conceptof a National Array
with participationfrom all the institutionsanduniversitiesandresubmittedn 1999.This
proposalwas acceptedby DST, and funds were releasedin the year 2001 for the
indigenousdevelopmenbf custom-builtelectronicsand data-acquisitiosystemin Phase
I. Fundswere alsoreleasedor acquiringtwo Compton-suppressedlover detectorsto
testthe in-housedevelopecelectronics.This phasehasnow beencompletedandthein-
house developments are reported elsewhere (sections 3.5.3 and 4.2.3).

For the installation and operation of this facility in the coming years, the
following work plan has been formulated:

A Memorandum of Understanding (MOU) has beensignedamongthe participating
institutionsfor establishinga world classNational Experimentalfacility called Indian
National Gamma Array (INGA). It is agreedupon by the participating institutions,
namely, Tata Institute of FundamentaResearch(Mumbai), Sahalnstitute of Nuclear
Physics(Kolkata), NuclearScienceCentre(New Delhi), Inter-UniversityConsortiumfor
DAE Facilities (Kolkata Centre), Variable Energy Cyclotron Centre (Kolkata) and
BhabhaAtomic ResearclhCentre(Mumbai), to pool the resourcegowardsthis national
facility.

It hasbeendecidedin the MOU thatINGA would be periodicallyusedat the threeheavy
ion acceleratorCentres(NSC, TIFR/BARC and VECC) in the Country. It would be
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possibleto couplethe arraywith variousauxiliary facilities in the threeCentresandmake
themavailableto the usersirom all partsof the country. Eachinstitutionwill providethe
necessarynfrastructureand otherfacilities to the INGA project,the personswvorking in
the projectand the users'‘community. Being a National Project,and one of its kind, it
would be the endeavouf eachinstitution to makethe facility operativein the shortest
period of time and ensure that it runs smoothly.

In theinitial phasethe costof local infrastructureandtravel of the staff will be borneby
the respectivenstitutions. The travel for the university userswill be takencareof by
IUC-DAEF and NSC.

For future upgradation,project proposalswould be preparedon behalf of INGA for
submission to the external agencies for funding.

A proposalhas now beensubmittedto DST jointly by NSC and other institutions for
funding of the dedicatedcomponentsequiredfor installationof this facility at the new
beamhall of NSC. The higherenergybeamfrom the first moduleof LINAC would be
shortly availablein this area,andthe installationof the Hybrid Recoil SeparatoHYRA,

with which INGA would be coupled, would also start. Separateproposalswould be
submittedto other funding agenciesfor the dedicatedinfrastructurerequiredat other
installations.The detectorsand analog/digitalelectronicsacquiredundertheseproposals
would be available in the general pool for setting up at other accelerator centres in India.

Design of the support structure to hold up to twenty four Clover detectors and eight LEPS
detectoran the HYRA beamline hasbeencompleted As the solid angleacceptancéor

HYRA in the gas-filledandvacuummodesaresignificantly different (seesection4.3.4),

it would be possibleto shift the array as a whole along the beamline to changeits
distancefrom the entrancequadrupoleof HYRA. A computersimulationof the structure

is shownin Fig. 2. Installationwork for thecombinedNGA-HYRA beamline would be

taken up this year.
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Fig. 2 : Computer simulation of the mechanical structure of INGA for HYRA
beam line

4.2.3 HIRA-INGA system at NSC

K.S.Golda, Rakesh Kumar, S.Nath, R.P.Singh, N.Madhavan, J.J.Das, A.Jhingan,
P.Sugathan, S. Muralithar, Kusum Rani, S. K. Saini, B.P.Ajith Kumar,
S.Venkataramanan,T.Varughese, A.J. Malayadri, V.V.V.Satyanarayana,V.Patel,
P.V.Madhusudhana Rao, E.T.Subramanian, R.Ahuja, A.Gupta, S.Rao and R.K.Bhowmik

BHU, DU, PU, BU, AU, CU, VBU, GU, GNDU, IITR, TIFR, SINP, IUC- DAEF-
CC, VECC

INGA, the first majorcollaborationbetweenrthe institutionsin the countryin the areaof

gray spectroscopywas initiated in 2001 at TIFR-BARC Pelletron. The detectors,
electronicsand data acquisitionsystemfrom BARC, TIFR, SINP, VECC, IUC-DAEF
andNSC were pooledtogetherand array of nine Compton-suppressedlover detectors

with a 14-elementNal (Tl) multiplicity filter was jointly setup by the institutionsin

March 2001. The set up was thoroughly testedand a set of eight experimentswere
performed~ 2 eachby TIFR, BARC, NSC, IUC-DAEF, SINP andcollaboratordrom the
universitiesbetweenApril 26 to Jun 8, 2001. The performanceof the Array and the
Pelletron was excellent and high statistics data were collected by all participating groups.

Basedon the initial successof the collaboration,it was decidedto reassemblehe
detectorsat NuclearScienceCentrein 2002. Two workshopswere arrangedoy NSCin
2001 for utilising the acceleratedbeamfrom the LINAC. It wassuggestedhatbeforethe
LINAC beamcomesup, the power of the existingrecoil separatoiat NSC can be fully
utilised by doing recoil gated spectroscopy with INGA.

The designof a mechanicaktructureto hold Clover detectorsat closegeometrynearthe
target plane of HIRA startedin early 2002. Due to spacelimitations from the first
guadrupoleof HIRA, thefront hemispherés not availablefor mountingCloverdetectors.
The designallowedtotal of eight detectorso be mountedon oppositesidesat nominal
anglesof +80° and+140C° w.r.t. thebeamdirection.Therearetwo detectorsat eachangle,
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pointing upwardsand downwardsrespectively,at out-of-planeanglesof +18.5. The
ACS shieldsaremountedat a distanceof 50 cm from the targetsothat thetargetto front
of the heavymetcollimatorin front of the shieldis ~ 137 mm. The distancefrom target
to the front surface of the Clover detectors is ~ 24 cm.

The structurewasfabricatedby welding MS platestogetherin a precisionjig sothatthe
relative anglebetweeneachdetectoris maintainedwithin anaccuracyof +0.5°. Thetwo
halvesof the structure(Fig. 3) are mountedon the sameswivel standsusedin HIRA-
GDA facility. Thesecan be swungoutwardsduring beamtuning to minimise radiation
damage to the detectors.

After installation,the actualin-plane anglesof the detectorshave beenmeasuredo be
81.6’, 141.6, -76.C¢° and-136.0 respectively An automaticLN, filling systemhasbeen
installed to periodically fill the detectors.In addition to the eight clovers, Four 5"
diameterx 5" thick neutrondetectorgBC501) were usedat forward angles aboveand
below the scatteringchamber.A provision is kept for mounting a Chargedparticle
Detector Array inside the Clover array.

The signalcablesandpatch-panelsvere madeandinstalledso thatthe signalsfrom all 8
Clover detectorsand ACS (72 signals),ChargedParticle Detector Array (10 signals),
NeutronArray (10 signals) weresentfrom HIRA targetsiteto LIBR wheretheelaborate
electronicsvassetup. This enableduning of electronicseasywith beamon target.A set
of cablesrequiredfor biasingthe detectorgClover, ACS, Neutrondetectors)werelaid
from HIRA targetsite to nearby19" rack. A dedicatecelectronicssetupwasmadeusing
theelectronicsof TIFR, SINPandNSCfor the processingf the signalsfrom Suppressed
Clover Germanium Array, CPDA, Neutron and HIRA.

Ten Clover germaniumdetectorsalongwith Anti-Comptonshieldsfrom IUC-DAEF-CC
(3), SINP (2), NSC (3) and TIFR (2) were pooledto realizethe facility. Two special
compacthomemademoduleswere madeat NSC andinstalledto procesghe signalsof
two Clover Germaniumdetectorsalong with signal from respective Anti-Compton
Shield.The ChargedParticleDetectorArray with scatteringchamberandelectronicsvas
providedby TIFR for someof the experimentsFor the restof the experimentshe HIRA
(Aluminum) scatteringchamberwas used to mount the target. First few of the
experimentsalso usedtwo unshieldedHPGe detectorsat forward angles for DSAM
studies. Two views of the INGA array are given in Fig. 4 and 5.
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Fig. 3 : Mechanical
structure for holding the
Clover detectors around
the target of HIRA (view

from top). The front

guadrupole of HIRA is
shown at the bottom

L

The multi-crate Data Acquisition SystemCANDLE (Collection & Analysisof
Nuclear Data using Linux NetworR was configuredto collect datafrom two CAMAC
cratesconnectedo two PC dataserversand controlled/ monitoredthrougha 'Client’
computer A hand-shakingignalwas providedbetweenthe ‘Master'and'Slave'Trigger
Generators in the two CAMAC crates to ensure a common dead time for both crates.

For everyevent,the energyinformation from eachClover detectorsegmentvas
recorded.In addition, the timing from each Clover, ChargedParticle Detectorsignals
(Multiplicity, gCP TAC), Neutrondetectorsignals(energy,PulseShapeDiscrimination
from 4 detectorsandg-neutronTAC), andHIRA signals(X, Y, DE, gRecoil TAC) were
alsorecordedIn total, 59 numberof ADCs were readoutat a typical countrate of few
thousandeventspersecondProvisionwasgivento takedataeitherin singlesg- modeor
g-g coincidencemode.The list modedatawasstoredin Hard disk andlaterarchivedonto
CD's.



Fig. 4 : INGA facility at NSC. The aluminum scattering chamber can be seen at the centre.
Two HpGe detectors are mounted at forward angles

Fig. 5 : INGA facility at NSC. The TIFR Charged Particle Detector Array can be seen at
the target position. Four neutron counters are mounted at forward angles

The performanceof the DAS softwareCANDLE at high countratesis shownin
Fig. 6. The throughputj) is related to the input trigger rata) by the equationm = n
(1 - mt) wheret is thedeadtime perevent.The measuredieadtimet ~80-110ns,is

primarily dictatedby ~ 2 s readouttime per parametefor the List Processorsisedfor
datacollection. With increasinginput trigger rate, the throughputsaturatesat ~ 8 .10°
events/sec.An FPGA based list-processing Crate Controller is currently under
development to reduce the readout time by a factor of 2.
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Fig. 6 : Throughput of CANDLE (solid curve) as a function of input trigger rate (y-axis). 59
parameters distributed in two CAMAC crates were read out per event. The system dead
time as a function of throughput is shown by the dashed curve

The HIRA-INGA systemwas thoroughly checkedfor the functioning with two
facility tests.The nucleiof M = 80 - 83 amu,populatedn thereaction?®Si + *®Ni at 115
MeV, were dispersedin mass and transportedto the focal plane of HIRA. The

correspondingrspectrawas recordedin coincidencewith recoils, along with a g-recoil
time of flight TAC.

Fig 7 shows the M/q spectrum in coincidence with strong g-lines of the nuclei
8Sr, 825r and #Y for HIRA operated at a solid angle of 10 msr. M = 80 appears
twice in the spectrum corresponding to the charge states g = 16 and 15. The tailing

towards higher masses arises due to q dependent second order aberration in the
spectrometer.
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Fig. 7 : M/q spectra gated by known transitions if°Zr, #Zr and %Y

Fig. 8 showsgspectragatedby the massgroupsM = 80,82 and83.TheM = 83
spectraaredominatedby the g-transitionsin Y and®Zr, with small contaminatiorfrom
the transitions in the lighter isotop®Sr and®Y.

Fig. 8 : Mass-gatedyspectra in the Clover detectors

The ChargedParticleArray andthe neutronarray,installedalongwith the INGA
array,also performedsatisfactorilyduring the experimentsSomerepresentativepectra,
obtained with charged particle and neutron gating, are reported in section 5.1.

Thelist of usersof the INGA-HIRA facility duringthe periodMay 2002- March
2003 are given below.

Description Beam |Energy [User Facility

MeV
HIRA-INGA Facility | ®Si 110 NSC HIRA, Clover
test
HIRA-INGA Facility | ?Al 95 NSC HIRA, Clover
test
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ShearsMechanismin | *Si 120 S. Tandel Clover, HPGe

A~110 BU

Nuclear Structure in [ *°Si 135, 138| N. Singh Clover, HPGe

A~130 PU

Spectroscopy of n-|3*S 150 A K. Sinha HIRA, Clover, HPGe

rich nuclei IUC-DAEF CC

High spin statesin |*C 65 S. Chanda Clover, HPGe

13%Ce FC College

Magneticrotationsin | *%F 80 S.S. Malik Clover, HPGe

3Py GNDU

Spectroscopyf N=Z | %®Sj 92 H.C. Jain HIRA, Clover,

nuclei TIFR CPDA, Neutron Det.

Chiral bands in®Ag |**C 65 S. ChattopadhyalClover, CPDA,
SINP Neutron Det.

Spectroscopy in | %Si 88 M.S. Sarkar HIRA, Clover,

A~40 SINP CPDA, Neutron Det.

SD bands in sd nucl¢i“C 60 R.P. Singh HIRA, Clover,
NSC CPDA, Neutron Det.

4.2.4 Automatic Liquid Nitrogen filling System for Clover Ge Detectors

KusumRani, A.J. Malyadri, S. Muralithar, RakeshKumar, S. K. Saini, B.P.Ajith
Kumar and R.K.Bhowmik

A Liquid Nitrogen Filling Systemhasbeeninstalledfor periodicallyfilling the
Clover Germanium detector array (INGA) in HIRA beam line. The system is
programmedo fill the detectorsautomaticallyevery eight hoursfrom a stationary200
litre dewar.This storagedewar can be filled periodically from the 50001t dewarkept
outside the beam hall.

LN, from the storagedewaris distributedto the clover detectordewarsthrough
two manifoldsandup to sixteenelectro-peumaticallpperatedvalves.Eachdetectorhas
anoverflow liquid nitrogensensor(PT100). The control systemmonitorsthe resistance
of eachsensorthrougha built-in ADC andcontrolsthe openingandclosingof the valves
in propersequenceDifferential line driver hasbeenusedto improvenoiseimmunity. In
caseof any malfunction(i.e. noliquid in storagedewaror time-outin filling of a dewar),
an ALARM is soundedior manualoverride.By filling all the dewarsin parallel,total
filling time for eightdewarshasbeenreducedo ~ 15 minutescomparedo morethanan
hour for manual filling.
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4.2.5 Simulation study of a Clover gamma ray detector
R.P. Singh, L.T. Baby and R. Bhowmik

The presentday gammadetectorarraysemploy compositeGe detectorsin the
Indian National GammadetectorArray (INGA) [1] clover detectorswere used.Clover
detectorconsistsof four co-axial n-type Ge detectors,arrangedike the four leaf of a
clover [2].

To understandhe characteristic®f a clover detectorwe havedoneMonte-Carlo
simulations[3,4] to determinethe photopeakefficiency, addbackfactor, peak-to-total
ratio, polarisationsensitivityand Dopplerbroadeningasa functionof gammaray energy.
The simulation programfollows the interaction of a flux of incident mono-energetic
photonsin an interactingmedium consistingof four Ge crystalsin a clover geometry
surroundedby a BGO anti-Compton Shield (ACS) ( Crismatecgeometry[5]). The
dimensionof eachGe crystalis cylindrical with 51 mm diameterand71 mm lengthwith
aninactive cylindrical core (51mmlengthand 11 mm diameter).The front sidesof the
crystalsaretaperedo 4cmx 4cm squarewith ataperangleof 7.1°. Theactivevolumeof
the Clover detectoris about470cn?. Thedistancefrom sourceto front faceof the Clover
is taken to be 25 cm.

Foranincidentphotonthe interactionsof the primary andsecondaryphotonswith
the mediumarefollowed until the full energyis absorbedr partof it escapegrom the
interactionzone.The Ge crystalsareassumedo havedeadlayerin front, sidesandback
to simulatetheabsorbematerials.The programalsostoresthe hit-patterninformationfor
polarizationsensitivity and Doppler broadeningcalculations The energydependencef
variousprocessen Ge andBGO aretakenfrom referencg6]. The Comptonscattering
of a photon (polarized and unpolarized) is taken from Kein-Nishina formula [7].

Fig. 9 showsthe calculatecaddbackactorasa functionof photonenergy A dead
layerof 0.1 mm is assumeabn all sidesof eachcrystal. The experimentatatapointsfor
radioactivesourcesof *Eu and®Ga aretakenfrom ref 4. Theincreaseof the addback
factorwith energyis well reproducedy the calculationsincreaseof the front deadlayer
would causethe peakof the efficiency curveto be shiftedtowardshigherenergiesThe
side deadlayer reducesthe addbackfactors. The back deadlayer simulatesthe dewar
material, and does not have any significant effect on the efficiency.

For energies less than 200 keV, the total spectrum consists of only single hits.
The double hit probability gradually increases above 200 keV and becomes 32% of all
events a 2 MeV. The experimental hit pattern distribution and total photopeak
efficiency were also well reproduced in the calculations. Fig. 10 shows the Polarisation
sensitivity of the Clover detector for linearly polarized photons. The experimental data
are taken from ref. 8.
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Doppler Correction

In order to optimize the Doppler-correctionalgorithm for Clover detectorswe
havestudiedthe dependencef photopealkefficiency as a function of entranceangle of
theincidentphoton.The energysignalsdepositedn the four segment®f the clover are
grouped into 'left' and 'right' groups by adding the energiesof the corresponding
segmentsin Fig. 11, 'SUM' is the total photopealkefficiency of the addbacksignalasa
function of the x-position; 'L' and'R' correspondo single-hit eventswhere the total
energyis depositedn the left andright crystals,respectively.The reducedefficiency at
the centre of the crystals is due to the inert coaxial core.

Fig. 11 : Photopeak efficiency as a function ofFig. 12 : Simulated energy spectrum after

entrance co-ordinate of the incident 2 MeV Doppler correction using
photon. '0' corresponds to the centre of (i) Hit-pattern (solid curve)
the clover front face. (i) segment energies (dashed curve)

Thedouble-hiteventshasbeendividedinto two groups,'LR' correspondo events
with E. > Er and'RL' correspond$o Er > E_, whereE, andEr arethe energieddeposited
in the left andright crystalrespectively Theseeventsaremostly localizedwithin £ 1 cm
from the boundarybetweertwo segmentskor E;> 511 keV, mostof theincidentphoton
energyis depositedn the segmentwherethe first interactiontook place. The shapesof
the responsecurvesremainsimilar at higher energieswvherethe addbackcomponenis
more prominent.

Doppler correction for the single-hit eventscan be done by multiplying the
segment energies by a corresponding scaling factor :

Ecorr = f|_E|_ or fRER with fL,R = (l'b cosJ L,R) with J LR correspondingo the
mid-points for the left and right segments dnthe velocity of the photon emitter.

For double-hit events we have tried two different algorithms:
(1) based on Hit-pattern  Ecor = (B + Er)(fL+R)/2 ...(2)
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and (2) based on segment energids.or = (ELfL + ExfRr) ...(2)

Both methodsgeneratecomparablespectra(Fig. 12) althoughthe tailing is less
pronouncedvith the 2" algorithm.An experimentabpectruntakenduring INGA runsis
shownin Fig. 13. The improvementin peakresolutionby correctingfor segmenthit-
patternis clearly visible in the spectrum.First method has been incorporatedin the
INGASORTprogram for event-by-event Doppler correction.

Fig. 13 : Effect of Doppler correction p = 0.03) for individual segments of the Clover using
hit-pattern information (bottom curve). Top curve has been Doppler corrected for central
angle of the Clover detector
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4.3 HEAVY ION REACTION ANALYZER (HIRA)

Subir Nath, Akhil Jhingan, Thomas Varughese, J.J.Das, P. Sugathan,
N.MadhavanP.V. Madhusudhan&ao,S. Barua,K. Kalita, K. S. Golda,Rakesh
Kumar, R.P.Singh, S.Muralithar, S.K. Saini, S. Rao, R.Ahuja and R.K.Bhowmik

The developmentsin HIRA setup last year have mainly been towards the
modificationsin the focal planeof HIRA andthe coupling of the clover array, charged
particle array and neutron detectors with HIRA.

A large focal plane chamber has been designed and fabricated in-house with
appropriate provisions for mounting slits and various detector setup. In experiments
with ‘Be beam, the secondary target and the collimator will be mounted in this
chamber and the distances to the detector system were chosen keeping the required
angular resolution in mind. The large bellow after Quadrupole Q4 will be replaced by
a shorter one to have the focal plane detector at nearly the same distance as before.
This chamber is expected to be installed in May this year soon after the HIRA-INGA
experiments.

HIRA has been used in two experiments involving ‘Be RIB and as a tagging
device in some experiments with the HIRA-INGA facility last year. The ‘Be(d,n)®B
angular distribution measurement was repeated with a modified detection system.
The choice of (i) stopper for secondary beam in between the MWPC and particle
identification system to facilitate online, continuous normalisation, (ii) better
control of gas pressure in DE detector to have same gain throughout the experiment
and (iii) compact, longitudinal field, energy loss detector followed by 2D position
sensitive detector paved the way for minimising systematic errors. The position
signalsfrom MWPC and the 2D position sensitive SB detector were used to trace the
path of the ions. The stopper drive also had position calibration mask and blank space
at different levels which could be used in an interchangeable manner. The result of
the analysis is reported elsewhere in this annual report.

The preliminary experiment of ‘Be + ‘Li (scattering of mirror nuclei) was
carried out a HIRA focal plane with MWPC followed by two annular position
sensitive Si detectors separated by compact, longitudinal ionisation detector and
followed by a 2D position sensitive SB detector. The various rings in the annular SB
detector were connected by resistive chain to reduce the electronics requirement
without sacrificing the position or angle information. This method worked fine as we
were looking for ‘Be and ‘Li and their signals were much above the noise. The
detector setup worked well at close geometry and there was no count rate limitation
due to delta electrons.

Thein-vacuumtargetassembhjhassuccessfulljpeenusedfor mounting’Li target
in the experimentfor the studyof scatteringof mirror nuclei(‘Be + “Li). A sparerotary-
cum-linearmotiontargetassemblyjdenticalto the onedevelopeckarlier,hasbeenmade
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with funds from BRNS for the fabrication of mechanicalassembly Experimentswith
HIRA alone are expected to commence from June 2003.

As planned by the user community in the BHU workshop of September 2001,
the task of combining the HIRA facility with the INGA clover array, charged particle
array and neutron array was taken up. The same two swivel stands as used with HIRA
+ GDA (8 HPGe (with ACS) detectors) were used this time too. The stands had
earlier been tested to take a load of 350 kgs each, at the time of commissioning of
HIRA-GDA facility. However, as the clover detectors are of different geometry and
dimension compared with HPGe detectors, appropriate mounting structures were
designed, fabricated and installed. The angles chosen were 80° and 140° (in-plane)
and +/- 18° (out-of -plane). The support and alignment plates for the structure and the
detectors had to be designed and fabricated afresh. Welding extensions were made to
the swivel stands to accommodate the bigger support/alignment plates. The neutron
detectors were also accommodated on the swivel stand to have clear working space
around the target chamber. Two of the four neutron detectors can be replaced by two
HPGe (without ACS) detectors. The TIFR charged particle detector chamber was
installed at the target site and the appropriate coupling system had been designed with
TIFR group and fabricated at TIFR. A view-port and insertible quartz were
incorporated upstream of target position for beam-viewing, when required. The
installation and alignment procedure of the CPDA chamber and the target were
worked out for reproducibility which is very crucial so as to have the beam pass
through the small (6 mm dia.) opening in the target frame of CPDA. Beam tuning
procedure was finalised by optimising the transmission in the beam-line, maximising
the beam catcher current and simultaneously minimising the Ta X-rays from the target
frame. For experiments not requiring the TIFR CPDA chamber, the small aluminium
chamber was used with either a target ladder or mount for stacked targets with
another upstream insertible quartz for beam viewing.

Thefoca plane detector conssted of a55 mm x 55 mm 2D position sensitive MWPC
with five wire planes and delay-line read-out, operated around 3.5 Torr of Isobutane. The
sgnds used were Anode timing (for arrival of ion at foca plane and as reference signal for
position extraction), X-timing (for X-podtion), Y-timing (for Y-podgtion) and DE for
separating beam-like and resdues (mainly useful in normal kinematics).

HIRA was used to select the mass in several experiments. The gamma-gamma-ER
TAC was cleanin mostof them and the FWHM was +/-10% (ie. +/- 10% velocity
acceptancegonsistenwith +/-20% energyacceptancef HIRA. The tablebelow shows
the details of experiments where HIRA was used for ER tagging.

Experiment, System Mass Masses Status of | Effici- Primary Beam
Pl & Institute Disper- selected | mass ency for | Beam current&
sion by HIRA | defining selected | Rejection | FP count
Used (amu) slit nucleus Ratio rate
Facility Test BSi + ®Ni | 10mm/% | 80 -84 Fully ~4.5% 10
(450 I’Tg/CI’Tf) Open
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Facility Test S + YAl | 10mm/% | 53 -54 Fully ~ 5% 10
(500ng/cnt) and and Open
5mm/% | 52-55
TIFR 2Gj + BN 10 mm/% | 83,84 & | Fully ~4.5%
80 Open
SINP #Sj +2C (100 | 10 mm/% | -- Poor
ng/cnt)
NSC 2C +7Al 5mm/% | 35-37
Panjab Univ. | %Si +2Al 10 mm/% | 52 Partially >5x106 5 pnA &
open 6 kHz
VECC 3j +2Mg 10 mm/% | 44/15+& | Partially 10 1pnA &
47/16+ open 600 Hz

4.3.1 New focal plane chamber of HIRA

T. VarugheseS.K. Saini, SundarRao,S. Nath,A. JhinganJ.J.Das,P. Sugathan
and N. Madhavan

A newfocal planechamberfor HIRA (Fig. 1) hasbeenmadein NSC workshop
to accommodatebigger detectorsand to use it as secondarytarget chamberin RIB
experimentsThis chamberwill be usedin place of the existing pumping crossat the
focal plane.The chambeiinside diameteris 320 mm andit hasa depthof 340 mm. The
top andbottomlid havecentralport of 200 mm diameter.Theseportsareassociatedavith
standardCF250bolt hole dimensionsput o-ring grooveis madein placeof knife edges.
The planis to mounta vacuumcompatible rotary table from the bottomlid. The beam
entrance port is CF250 and exit port is ISO 300.

Rectangulampocketsof 75mmx 15mm are provided on the beamentranceand
exit ports. There are two such pocketsfrom either side near entranceand exit ports.
Linearmotionfeed-throughganbe mountedon theserectangulaportsto introducemass
defining slits and/orto introducecalibration masksfor detectors.The two 9Q° ports to
beamdirectionareCF150.View portsof CF63aremadefor betterview of theinterior of
the chamber.KF25 and KF16 flanges are welded directly to the chamberbody for
pumping and gauge fixing.

The chamberis testedupto a vacuumof 10° torr. Installationof the chamberon
HIRA platform is planned in May/June 2003.
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Fig. 1 : New Focal plane chamber of HIRA

4.3.2 Development of a Large Area Telescopic Detector System for Transfer
Reaction Angular Distribution Measurements

K.Kalita!, T.Varughes& S.Barug A. Jhingan, J.J.Da% P.Sugathat)
N.Madhava# S.Nath, S.Vermaand R.Singh

'Department of Physics & Astrophysics, Delhi University, Delhi-110007
’Physics Department, Gauhati University, Guwahati-14
*Nuclear Science Centre, New Delhi-110067

A new telescopdDE-E) detectorsetuphasbeendevelopedor the measurement

of angulardistributionin transferreactiong1,2]. In this DE is a gasionization detector
andE-two positionsensitiveSi-SB detectorglacedside by side (50 mm x 50 mm each)
(PSSD).Thedesigngoalof the systemis to haveoptimumZ separatior{(Z = 3-10region)
alongwith good energyresolution.They are placedsymmetricallyaboutbeamaxis as
shown in Fig. 2. Basic design concepts are similar to [3].

To cover large angle, DE gas detector length should be short. So, axial field
geometry isused for IC in which field distortion is minimum. The distance between
the detector setup and the target has to be minimised for large solid angle
acceptance so that low beam intensity experiments can be performed within
reasonable time.
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A SS vacuum chamber has been fabricated to mount the electrodes as well as
the Si-SB detectors. To minimise dead space, a step has been provided on the entrance
side where DE electrodes fit in. To take out electrical connections feedthroughs are
provided through KF 16 port. For gas handling, two gas in/out ports are also provided
with KF 16 coupling. The vacuum chamber is fabricated in such a way that it can be
easly instaled in new focal plane chamber of HIRA. For mounting of PSSDs, a
mounting arrangement is made which preserves alignment. This is specially required
for reproducibility in angular distribution measurement. A gas handling flange (CF 150)
has been developed for the new chamber to get gas feed from external cylinder to the
detector. This flange also has provision for vacuum by-pass of the detector chamber to
the focal plane chamber. For taking electrical connections from the detector a new
connector flange has also been made. The detector chamber has been tested for vacuum
upto 6 x 10° mbar.
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Fig. 2 : Schematic Diagram of the Telescope Detector System

The entrancewindow of the detectoris a 1.5 micron polypropylenefoil in order
that scatteredparticleslose minimum energy, followed by an ionization chamberof
ID=100 mm and active area 3 7500 mn¥. The electrodeframes(circular) are madeby
parallel20 micron diametergold platedtungstenwires separatedy 1.5 mm. The wire
planeswere made using the inhousewire winding machine.The separationbetween
electrodesare 10 mm eachwith the total active length of DE-gasas20 mm. The dead
spaceat the entrance/exiis about5 mm. The exit foil of the gasdetectorwill be 1.5
micron polypropylene Sufficient gap betweenthe target-entrancefoil and PSSDs-exit
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foil is kept so that evenif the foils bulge by 5-10 mm underpressurethey will not be
damaged.

DE-spectrum with **Am source
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Fig. 3 : DE-energy signal from (a)a-particles from **Am
(b) fission fragments from?*°Cf

We have tested the gas detector using ***Am source with isobutane gas at 80
mbar and the detector resolution came out to be about 140 keV. The a-spectrum
obtained with **Am-source is shown in Fig. 3(a). The detector was also tested with
#2Cf -fission source at 40 mbar, the fission fragment-energy spectrum is shown in
Fig. 3 (b).

While designingthe detectorwe have taken the one proton stripping reaction
#Si('Be, °Li )*P (Q=-2.86 MeV) at about 16-21 MeV as a possibletarget projectile
combination2]. Using TRIM programmg4] we haveseenthat’Be, °Li will loseenough
energyin DE-gas(with isobutane)for properZ identification and the rest part of the
energywill be detectedin the E detector.We intend to separatethe projectile like
particlesresulting from ‘Be+%Si elastic scatteringfrom the onesarising from various
possibletransferchannelsaccordingto their Z-values(like °’Li,’Be and®B, etc.). With
this detector setup entire angular distribution approximately10’-45° (in Lab) can be
measuredgimultaneouslyThe efficiencyof the setupasa functionof gcwfor this reaction
is shownin Fig. 4. Hereefficiency ata given angularbin is definedasthe ratio of solid
anglecoveredby our detectorto the total solid anglein which particlesare scatteredn
this angular bin.
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Fig. 4 : Detection efficiency as a function of angle (see text)

Oneimportantaspecbf this newdetectors the possibility of movingit alonganaxis
perpendicularto the beamaxis. This will help in covering larger angle on one side
dependingupon the experimentalrequirements.For this purpose,a new precision
movementassemblyhasbeendevelopedwherethe detectorwill be mounted.This will
allow movementof the detectorup to £ 20 mm on either side of the beam axis.
Provisionsare also madeso that the distancebetweenthe targetand detectorscan be
varied.As increasingangularcoveragdan annulardetectorcanbe achievedonly through
reductionof target-detectordistance, this will work asa complimentary setupto [3] for
reactionswhere angulardistributionsare much broader (i.e Mpo<< Miarge) IN direct
kinematic reaction
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4.3.3 In Vacuum Transfer System for’Be+'Li Scattering Experiment

S.Barud B.Bhattacharjee K.Baruah, J.J.Da% T.Varughes& Akhil Jhinga#,
P.Sugathan®, SNath®, N.Madhavan®, P.V.Madhusudhana Rao®, SK.Data,
K.Kalite?and S.Verma?

Dept. of Physics, Gauhati University, Guwahati-781014
“Dept. of Physics and Astrophysics, Delhi University, Delhi-110007
*Nuclear Science Centre, New Delhi-110067

In many nuclearphysicsexperimentghe purity of the targetelementis crucial.
Speciallywhenonedealswith the targetmaterialwhichis hygroscopidn nature(suchas
Li, Ca) i.e., forms hydroxides by capturing moisture from air or which is easily
oxidisable(for eg.,Mg, Fe),onehasto takesomespecialcaresuchthatthe targetshould
not comein contactwith air or watermolecule[1]. For stronglyreactivetargetmaterials,
anin-vacuumtargettransfersystemis neededrom the targetevaporatiorchambeto the
scattering or reaction chamber.

At Nuclear ScienceCentre,New Delhi, we havedonea quasi-elasticscattering
experimentvith ‘Be on’Li recentlyusingtheexistingradioactiveion beam(RIB) facility
[2] herewhich producesa high purity ‘Be beam.For that we needa high purity ‘Li as
targetasthe quasi-elastieffectthat we wantto studyis a small effectand shouldnot be
maskedby the presenceof impurity in the target. The details of the in-vacuumtarget
transfer system fabricated for this purpose is described as follows.
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Fig. 5 : In-vacuum target transfer system

The schematic drawing of the in-vacuum target-transfer system is shown in
Fig. 5. A isthe neck with compatible flange to the target evaporation chamber as well
to the HIRA focal plane chamber. A is connected to the valve B whose other end is
connected to the T-chamber C. The T-chamber has the provision for pump port and
port for gauge and a view port to see the target. The T-chamber is coupled to the
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magnetically driven shaft bought from MDC for in vacuum transportation. This
magnetic drive allows the vacuum tight transportation of the target by pulling or
pushing the target ladder which is attached to the shaft. This special magnetically
coupled drive had the driving length of 600mm which is required to push the target in
to the beam height in the reaction chamber of HIRA and pulling out the same into the
T-chamber when required and a provision to rotate the target to put it in the required
direction.

Thin targetsof ‘Li (~ 500 ng/cn? thicknesshavebeenmadeby evaporating4]
Li ataverylow rate0.1 nm/secon a Carbonbackingof 10 ng/cn¥ thicknessaftertaking
all the necessarystepsto avoid any contamination.We could achieve the desired
thickness ofLi without any peeling off of the target.
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4.3.4 Hybrid Recoil Mass Analyser (HYRA)
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JUC-DAEF, Kolkata Centre

?Dept. of Phys. & Astrophys., University of Delhi, Delhi-110007
3Dept. of Phys., Calicut University, Calicut

“Dept. of Physics, Bangalore University, Bangalore

Recoil Mass Separators have been built as devices which are optimised for
nuclear physics studies using heavy ion beams. Over the years, development in this
field has resulted in larger solid angle, better beam rejection and improved mass
resolution [1]. Concurrently there has been gas filled spectrometers developed mostly
for the search of heavy nuclei produced with sub nano barn cross section [2]. A
combination of these two types of spectrometers will provide a step towards the
ultimate machine for the purpose of nuclear reaction studies around the barrier for
heavy ions. The proposed Hybrid Recoil Mass Analyser (HYRA) is designed with this
ideain mind and combines the power of a modern recoil mass spectrometer and a gas
filled spectrometer.

The electromagneticonfigurationfor HYRA (Fig. 6) is QQ-MD-Q-F1-Q-MD-
QQ-F2-QQ-ED-MD-QQ-F3The entire spectrometecan be operatedn vacuummaode,
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simlilar to ORNL [3] to get an energydispersion-lessyariable massdispersionat focal
plane F3. The initial parttill focal planeF2 is a momentumachromatwhich helpsto
separaterimary beam-likeparticlesat the intermediatefocal planeF1 with the help of
moveablestoppersand to transportthe productsof interest. Forward moving reaction
products(A < 100 amu) producedin inverse kinematicscan be selectedand mass
analysed at F3.

In the gas-filled mode,part of the momentumachromatcanbe usedasgas-filled
separatorto accessvery heavy nuclei (A > 200 amu). The velocity and chargestate
focusing effects increasethe efficiency to selectthe sparselyproducedevaporation
residuesamidstthe overwhelmingfission processThe momentumachromaicanalsobe
usedto selectlight RIBs producedn (p,n), (d,n) type of reactiondn inversekinematics,
carry out secondaryeactionat F2 andstudyit usingthe downstreanspectrometerThe
projecthasbeenapprovedandaccordedinancial sanctionby Departmenbf Scienceand
Technology (DST), Government of India.

Fig. 6 : Electromagnetic Configuration for HYRA

In ameeting of al the investigators of this project at NSC, the maximum magnetic
rigidity of the gas-filled portion of HYRA was frozen at 2.25 T-m. As we are planning to
use helium gas, this rigidity is sufficient to access very heavy nuclei (A ~ 250 amu and
beyond). The independent foca plane option for the gas-filled portion which required
gpecia (dual bending direction) dipole magnet [4] was removed so that the higher rigidity
could be achieved within the overall budget. Fine tuning of the ion-optics has subsequently
been done to incorporate these changes. The longer path length in our gas-filled separator
will be compensated by operating it at lower gas pressure so that the ratio of the number of
collisions inside the magnetic dipole field to the total number of collisions remains smilar
to other operating gas-filled separators. The option of removing the initiad quadrupole to
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move the target closer to the dipole MD1 is consdered for increasing the acceptance in the
gas-filled mode. The eectromagnetic components beyond the gas-filled separator (or the
momentum achromat) will have magnetic rigidity of 1.5 T-m and electric rigidity of 20 MV
to handle reaction products produced in inverse kinematics.

The lengths of the quadrupoles and the maximum pole-tip fields have been
independently frozen keeping the overall weight and cost in mind. Special quadrupole
chambers are planned to increase the angular acceptances in both planes. The current
plan to have the corridor outside the Phase Il beam hall has helped in getting more
space and the overal space available is taken into account in freezing the lengths of
individual components.

HYRA will be made stationary as rotation of such huge electromagnetic setup
gets extremely complicated for the amount of extra information that may be available.
In inverse kinematics, the kinematic forward focusing helps to collect more residues in
the forward direction. In the gasfilled separator mode, limited amount of angular
distribution information, if necessary, can be obtained by using a moveable slit at the
entrance.

With the initial seedmoney,indigenousdevelopmentof prototype 300A, 90V
powersupplyfor quadrupolehasbegun.The largeamountof powerinvolved requiresa
variable transformer to protect the transistor banks while operating at lower
currents/output power. One such transformer has been designed and fabricated
indigenously.The variabletransformeiis shownin Fig. 7. The control electronicswvhich
hadearlierbeentestedon a 200 A prototypepowersupplywill beintegratedn the new
supply. Thefabricationof the cabinetis to betakenup. Active controllerfor precisegas
pressure regulation along with accessories for the gas-filled separator has been ordered.
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Fig. 7 : Transformer for HYRA magnet power supply

DST has released first year's break-up this January and we have requested for
the release of one more instalment to take up the ordering of most of
electromagnetic elements together which is expected to reduce the fabrication time
and also the cost. Tendering for the initial electromagnetic components will be done
by August 2003.
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44 MATERIALS SCIENCE FACILITY

A. Tripathi, Ravi Kumar, V.V. Shivkumar,F. Singh, S.A. Khan, T. Mohanty,
Azher M. Siddiqui, R.N. Dutta, P. Barua, A. Kothari, D. Kanjilal and
D.K. Avasthi

The materialssciencefacilities continueto be usedby a large numberof users
from different universitiesand institutionsfrom India and abroad.The swift heavyion
irradiation relatedexperimentsare performedin the threechamberdn the beamlineas
well asin the generalpurposescatteringchamberBesidesthis the off-line facilities are
alsobeing used by many users for preparing and characterizing samples. A total of 78
user experiments comprising 268 shifts were performed in this year, without any beam
time loss due to facility break down. Special emphasis is being given to research
programs in thrust areas where group experiments are being conducted. Special
attention is also given to research scholars' Ph. D. related experiments which comprised
31 experiments (92 shifts) this year. Experiments are being done in different areas of
swift heavyion inducedmaterialsmodificationandcharacterizatiomndthe detailsof the
research programs are given in Section 5.2.

The materials science facility has three experimental chambers. The first: high
vacuum chamber is used in most of the experiments. It is used for irradiation, photo-
luminescence/ iono-luminescence and in-situ transport measurements. It has a base
pressure in low 10° torr range and is pumped by a diffusion pump. As the overall
vacuum in the chamber had been deteriorating over the time, the diffusion pump was
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overhauled this year. All the parts including the liquid nitrogen trap were removed and
were cleaned with chemicals. The DP was assembled again after replacing the DP oil.
A modification was also added to avoid overspilling of LN,, which was found
responsible for DP heater damage. A double slit which is mounted before the chamber
and is very useful for ERDA experiments, was modified for larger movement in X
direction. This chamber is also used for iono-luminiscence/ photo-luminiscence
studies. The set up of collector outside the chamber was completed and and the facility
was used for in-situ and off-line experiments. In-situ studies of resistivity variation and
facility for irradiation at elevated temperatures (up to 400°C) is also operational in this
chamber.

The secondchamber:ultrahigh vacuumchamberhasa basepressuren 10° torr
range.A chamberwith scanningtunnelingmicroscopeis attachedo this chamberThis
STM wasusedin oneuserexperimenthis year.Efforts areon to optimize utilization of
thisfacility. Thechambemwasalsoequippedwith a residualgasanalyzemwhich hasbeen
sent for repairing.

Thethird chambergoniometerchambeliis pumpedby a450I/s turbo pumpandis
equippedwith a triple axis goniometerfor channelingstudies.The facility wasusedfor
channelingandblocking experimentghisyear.A largerareapositionsensitivitydetector,
developedyy Hyderabaduniversitygroupwasusedin this experimentThis detectorhas
providedan energyresolutionof 3% with the provision of kinematic correctionduring
the dataanalysis.The doubleslit beforethe goniometerchamber crucial for channeling
experimentswvas also modified for larger movementin X direction. The softwarefor
synchroniseanovemenbf detectorandgoniometeralongwith dataacquisitionfor XRR
facility is underdevelopmentThedamagedCu X ray tubewasreplacedoy a Mo tubefor
testingthe setup. In-situ X ray reflectivity setup did not makeany progresshis year
due to space limitations.

The problemswith time of flight (TOF) set-upweresortedout. A faulty grid was
replacedandsamplemountingarrangemenivas modified. The systemwill betestedin a
facility test run being awaited.

Apart from beamline facilities, the off line facilities consist of RF sputtering
system to prepare thin films of oxide materials, high temperature furnace to
synthesize the ceramic materials and target for RF sputtering system, transport
measurement system (R-T, I-V, C-V, 1/f noise, dielectric constant, permeability). The
facility for magneto resistance measurements at low temperature (1.5 to 300 K) in the
presence of high magnetic field up to 8 Tesla has been tested and experiments are
being performed on CMR and HTSC materials. The ball milling system has been
installed and is used for preparing nano-particles of ferrite and ZnO. Many users from
all over the country are using these off line facilities to study their materials before
and after irradiation.
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4.4.1 Synthesis of semiconductor nanocrystalline powders and thin films

V.V. Siva Kumar

In this year we have continuedthe work to establishfacilities for synthesizing
nanomaterialsand used thesefacilities to synthesizenanocrystallinepowders.A ball
milling system( SPEX8000D) wasprocuredandinstalled.ZnO andSiO, powderswere
milled usinghardenedsteelvials andballsfor 2, 5, 10, 15, 24, 36,50 and 75 hourswith
different ball to powderratios. The X-ray diffraction measurementsf the ZnO powder
milled for 36 hourswith ball to powderratio of 10 showsbroadpeaksandthe average
crystallite size of the nanocrystal®btainedusing Scherrer'dormulais about8 nm. The
inversemicroemulsiontechniquewvasusedfor making Eu dopedY ,O; nanoparticlesThe
phasewas confirmedby X-ray diffraction technique.Detailed studieson thesepowders
are in progress.

The designof plasmabasedsputteringsystemfor synthesizingnanocrystalline
thin films on LN, cooled substratess almostcompleteand the componentsare being
procured.The developmenbf the new systemwill be undertakenn the nextyear. With
theexistingrf sputteringsystemthin films of ZnO nanocrystal@embeddedn SiO. matrix
were deposited by reactive co-sputtering.

4.4.2 Studies on nc-ZnO/SiC} films

V.V.Siva Kumar, F.Singh and D.K.Avasthi

Thin films of ZnO nanocrystalsembeddedn SiO, matrix were depositedon
uncooledSi substratedy reactive co-sputteringof a ZnO-Si target using an oxygen
plasma.The depositedfilms were annealedfor 4 hoursin air at 500°C, 750°C and
100CC. The ZnO and SiO, phasesn the films are confirmedby X-ray diffraction. The
averagecrystallite sizeof the ZnO nanocrystalsn the depositedilm whichwasobtained
using Scherrer'sformula is about11 nm. The as depositedand the films annealedat
500°C show strong stablePL emissionin the greenregion which can be dueto large
number of oxygen vacanciesin the ZnO nanocrystalsFilms annealedabove 500°C
showedweak PL emissionwhich canbe dueto decreas®f the oxygenvacanciesn the
nanocrystalsThesefilms will be usedfor studyingthe effect of low energyion beam
irradiation on their optical properties
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4.4.3 Structural And Magnetic Studies of N'Mno.osT'ngxFel.95-2xO4

AnjanaDogrd, M. Singh, D.C. Kundaliy&, S. K. Malik? N. Kumar and Ravi
Kumar

1H.P University, Summer Hill, Shimla-171 005

2Tata Institute of Fundamental Research, Mumbai-400 005
3Solid State Physics Laboratory, Timarpur, New Delhi-110 054
“Nuclear Science Centre, New Delhi-110 067

Approach of the presentwork is to investigatethe structural and magnetic
propertiesof Nickel ferrite systemwith successivéncreaseof concentratiorof Mg?* and
Ti*". Thevariationin the structuralandmagneticpropertiessuchas Curie temperaturd’,
SaturationmagnetizatiorM and Initial Permeabilitym asa function of concentratiorof

the Mg and Ti are studied.

A seriesof samplesof NiMng osTixMg«Fer 05204 for x=0.0,0.1,0.2,0.3,0.4,0.5
werepreparedy conventionakeramictechnigueFor structuralconfirm ation powderx-
ray diffraction measurementhave beenperformed.The X-ray patternsensurethat the
samplesof all compositionshave a single-phasecubic spinel structure. The lattice
parameterobtainedfrom X-ray diffraction increaseswith concentration(see Fig. 1),
which wasexpectedsincethe ionic radii of Mg#(0.66A°) andTi**(0.68A°), is largerthan
the ionic radii of Fe**(0.64A°). From Fig. (2) it is seenthat the Curie temperature
decreasesvith the increasein the concentrationof the dopants.This decreasecan be
explained on the basis of exchange interaction.
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Fig. 1: Variation of lattice congtant 'a

with concentration 'X' in N'M”O_O5T'XngFel.952x04
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The saturation magnetization Ms was performed using Vibrating Sample
Magnetometer. M decreases with increase in concentration of the substituents as
shown in Fig.2, which can be explained on the basis of Neel's Molecular field
model.
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Fig. 2 : Variation of Curie temp (TC) and MS

with X" in NiMn 0.05T'ngxFel.95-2xO4 ferrite
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Fig. 3 : Variation of initial permeability m with frequency for x = 0.0, 0.1, 0.2, 0.3, 0.4 and

0.5in N'Mno.osT'ngxFel.95-2xO4 ferrite

Fig. 3 shows the variation of initial-permeability as a of function frequency for
x = 0to 0.5. A high permeabilityis observedor the samplesbut it decreasesvith the
concentratiorof the substituentsThe variation in permeabilitycan be explainedusing
Globus model. The resonance peak is likely to be observed at higher frequency, which we
were not able to measure due the limitation of the instrument used.

4.4.4 Performance of the Large Area two dimensional Position Sensitive Detector
Telescope (LAPSDT) developed for Material Analysis at NSC

S.V.S. Nageswara Rgd5.B.V.S. Lakshmj Anand P. PathakS. Gupt3
A. Kothar?, S.A. Khan, Azher M. Siddiqui A. Tripath? and D.K. AvastHi

!School of Physics, University of Hyderabad, Hyderabad 500 046
“Department of Physics, RBS College, Agra
*Nuclear Science Centre, Aruna Asaf Ali Marg, New Delhi 110 067

EnergeticAg ions deliveredfrom 15MV Pelletronacceleratoiat NSC havebeen
usedto perform LAPSDT basedERDA experimentsat NSC. Here we presentsomeof
theserecentresultsto show the detectorperformance.Theseexperimentshave been
performedusing200MeV Ag with arecoil angleof 55° in Goniometerchambemvith the
Backgammon structure on tDE2 anode.

Z-identification

Fig. 4 shows measured DE-E,s spectra on the calibration sample. The inset of

Fig. 4 showsthe structureof the calibration samplepreparedfor the LAPSDT based
ERDA experimentsThis samplewasgrown by electrongun evaporatiortechniquen the
high vacuumchamberat the targetlaboratoryof NSC. Elementsin the different layers
were chosenso as to havereferenceDE-E bandsin different massregions(From Li to
Ni). Clear separationbetweendifferent constituentelementscould be observedfrom
thesespectraand bandsare in agreementwith the simulation spectraobtainedfrom
SERDA program for the same experimental conditions.
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Calibration Sample

224 4

Ni (20 nm)

LiF (20nm)
1921 Al (20 nm) ) T

- : ‘,"%._ -.-f""#:?—juf.-— Ni
C (20 nm) - g

1601 |" NaCl 20 nm) -
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Fig. 4 : DE-Eres spectrum obtained from calibration sample (Inset : sample structure)

Kinematic corrections

Two dimensionalpositionsensitivity andthe effect of field homogenizatiorhave
beenshownin our earlier report [1]. Here we show the utilization of the position
informationin scatteringolanefor kinematiccorrectionghathavebeenperformedor the
first time in India.

Example 1(Calibration sample):

Fig. 5 shows the projections of three different bands (corrected and
uncorrected Cu, Si & C) on the Ea axis. These results confirm the improvements in
the separation of bands / depth resolution obtained after implementing the kinematic
corrections.
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Kinematic Corrections in.Calibration Sample
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Fig. 5 : Projections of uncorrected and corrected (CE & CK), Cu (CUE & CUK) and
Si (SIE & SIK) bands obtained from Calibration sample.(axes X: E, Y: Yield)

Example 2InGaAs/GaAs sample:

This is a single Ing:Ga /As (400A°) layer grown in GaAs substrate Ga and As
bandscould not be separatedecausegheseelementsare coming from depthalso."In"

bandcould be separatedn DE;- E.. The depthresolutionhasbeenimprovedto 3.4%
from 14% after implementing the kinematic corrections.

[1] Annual Report 2001-2002, Nuclear Science Centre
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45 LIBR BEAM LINE

4.5.1 Status of LIBR Beam Line for Beam-Foil Experiments

Rewa Ram, Vijaya RapNissar Ahmat] Aijaz Ahmad, S. D€, A. Kothari,
P. Barua, C.P. Safvan, and T. Nandi

Department of Physics, Mangalore University
?Department of Physics, AMU, Aligarh
3Department of Physics, Calcutta University

The generalpurposescatteringchambershownin Fig. 1, wasinstalledlastyear.
Thisyearmanysubsystem$or the beam-foil experimentusingsingleaswell astwo-foil
wereinstalled.The presenfacility haslongerflight path(100 mm) unlike the earlierone
developed at GDA beam line which was having only 12 mm.

Thin Foil

(fixed) Thick Foil
(movable)

X-ray
Detector

Fig. 1 : LIBR Scattering chamber

Exceptthe longerflight, all otherfeaturesare similar to the earlierone.Plunger
setupis equippednow with a micro steppingmotorized linear motion feed through
(Model MFL-275-4) and a programmablemotor logic controller (Model MLC-1)
procured from Huntington Laboratoriesinc., CA94043. A computer program was
written at NSC to control and readout its movementusing a remotelyplacedPC. The
mostspecialfeatureof the presensetupis to loadfive thin foils in placeof secondarget
while two-foil geometry is used as shown in Fig. 2.
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Multi-foil

Foil Holder

Holder
Al base
fixed thin foil )
- Ri
Gold foil /

.SS

O Teflon

. Al Al horizontal base
i

Fig. 2 : Experimental setup for two-foil geometry

Couple of experimentsof usersfrom different universitieswere successfully
carriedout. Facility hasoption of carryingoutinnershellionizationexperimentsPresent
set up has kept option for post foil chargestate analysisunlike the earlier one. An
electrostaticchargestate analyzerfor emergentobeamfrom the foil have alreadybeen
designedandfabricated.This analyzeris havingoneplateinclined andotherparallelwith
respectto the beam axis. A parallel plate avalanchedetector (PPAD) is under
development. Analyzer will be used in the forthcoming experiment.

We havedevelopedan indirect methodof separatinghe contributionof satellite
line from the main line in the lifetime determinationsee section5.4.1.]. However,we
have plannedto employ a direct methodof a high-resolutionx-ray spectroscopysing
multi channelDoppler tuned spectroscopylt has also been designedand is under
fabrication in our work shop.

4.6 RADIATION BIOLOGY BEAM LINE

4.6.1 Status of the Radiation Biology Beam Line
A. Sarma, P. Barua, A. Kothari

The speciallydesignedbeamline candeliver beamsof proton,’Li, *B, **C, “N
and*®0. The flux canbe controlledfrom 1 particles/sec/cito 1(° particles/sec/cfn
Theradiationfield is having 30 mm diameterwith betterthan97% uniformity. The flux
controlis doneby adjustinga doubleslit throughCAMAC from controlroom. A preset
controllerfor faradaycup ensureshe exposurerepetitionas per userrequirementThe
beamline areawhich is presentlybeing usedby the Indian National GammaArray
experimentss expectedo be availablefor RadiationBiology experimentfrom June03
onwards.
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4.6.2 Status of the Molecular Radiation Biology Laboratory

A. Sarma

Thelaboratoryis designedo provideusersupportin the bestpossibleway during
experiments.The experimentsthat are undertakenrecently require suitable inhouse
facilities for relevantprotocols. Apart from the normal equipmentlike microbalance,
autoclave,biosafety cabinet,oven, refrigeratedcentrifugeetc., we haveinstalled PCR
machine,Gel Doc, AFIGE systemand Semidry transblotter.t is plannedto procurea
fluorescent microscope to facilitate the experiments based on FISH and

immunofluorescent assays.
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