2. ACCELERATOR AUGMENTATION PROGRAM
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2.1.1 Activitiesrelated to superconducting Linear accelerator

To boost the energy of ion beam fromtheexisting 15 UD Pelletron, thefirst module of the
superconducting linear accel erator (consisting of total threemodules) iscommissioned at IUAC
[1,2,3]. Recently the compl ete operation of thelinac had been demonstrated with the superbuncher
(SB), asngleacce erating module and the Rebuncher (RB) cryostat. Theother twolinac cryostats
and the required 16 resonators to be installed in those two cryostats are in the fina stage of
fabrication and expected to beinstalled by the end of 2008.

2.1.1.1 Off-line (without beam) cold test of the resonatorsin superbuncher, linac and
Rebuncher cryostat to test the different modified accessories of theresonators

In 2006, beam was accelerated by five out of eight installed resonatorsin thefirst module
of linac[4]. At that time, the rebuncher resonator wasnot installed. So timewidth of the bunched
beam at thelocation of user’s scattering chamber could not be compressed. Last year, resonators
each having accelerating field up to~ 3.5 MV/m had been installed in rebuncher cryostat. Out of
two resonatorsinstalled in RB cryostat, one resonator was fabricated in-house at IUAC. The
rebuncher cryostat along with the couple of resonatorsprior toitsclosingisshowninfig 1.
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Fig. 1. A couple of Quarter Wave Resonators (QWR) installed in the rebuncher cryostat
prior to cold test
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During severa cold tests, anew design of the power coupler, already fabricatedinlast
year (showninfigure 2), wastested with the two of resonatorsin RBC. Subsequently, the new
power couplers were installed in other resonators in linac and superbuncher (SB) cryostats.
Replacement of the power and pick-up cable with 100% shiel ded cable was another major task
accomplished in thisperiod. Thisreplacement was necessary to reducethe RF leakagefrom 95%
shielded cablesused earlier. During these off-linetests, the Bellevillewashersin the slow tuner
fixtureswerereplaced by SS-qorings(figure 3) and were successfully tested with the superconducting
resonatorsof SB, linac and RB cryostats. With SS-springs, thefrequency range had been increased
by afactor of two compared to the frequency range measured with the old fixture. During two
successtul off-linetestsin April and July 2007, the averagefiel dsobtained fromthelinac resonators
areshowninfigure4.

Fig. 2. The new drive coupler which is now installed in all the resonatorsin SB,
linac and RB cryostats

Niobium bellow

Fig. 3. The first picture shows the slow tuner fixture with Belleville washers (old de-
sign). The second picture shows the washers are replaced by SS-springs (new design)
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Fig. 4. Average accelerating fields of linac resonators during off-line tests in
April and July 2007

2.1.1.2 On-line beam acceleration with superbuncher, linac (the first module) and
Rebuncher

Towardstheend of last year, al the modificationsin theresonator accessoriesweretested
and the resonatorsin SB, linac and RB cryostats, were made ready for beam acceleration. In
November 2007, 130 MeV 25*° beam from Tandem was initially pre-bunched by the
Multiharmonic buncher with the dark current removed by the high energy sweeper and atime
width of ~ 1.1 nswas obtained at the entrance of the SB resonator. By carefully adjusting the
phase and amplitude of the superbuncher resonator, atime width of ~ 250 ps had been measured
at theentrance of linac cryostat with the hel p of cooled thin (50 mm) surface barrier detector. The
timewidths of the beam bunch with theresonator in SB * Off’ and * On’ condition areshowninfig
5. The beam of 250 pswasthen injected into the seven resonators of linac cryostat and atotal
energy gain of about 28 MeV wasmeasured from all the resonators of linac cryostat by another
thick surface barrier detector (300 mm) installed at the exit of linac. The energy spectrum of the
beam from the Pelletron and after every resonator inlinacisshowninfig6.
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Fig. 5. The time spectrum of the bunched beam at the entrance of linac resonators
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Fig. 6. The energy spectrum of the beam from the Pelletron and after turning on the
seven resonators one by one in linac cryostat

The beam wasthen transported up to the rebuncher which waslocated about 14 meters
downthelinefromthefirst linac cryostat. With the hel p of the switcher magnet, beam wasfurther
tuned up to the location of an experimental scattering chamber, at about 13 meters from the
rebuncher cryostat. A pair of thick (300 mm) and thin surface (40 mm) barrier detectorscooled to
subzero temperaturewereingtaled in the scattering chamber to measurethe energy and timewidth
of the beam bunch.

By optimizing the reference phase of asingleresonator of the RB cryostat and then by
changing theamplitude of the accelerating field, time width of the beam bunch asmeasured by the
detector at the scattering chamber could be compressed from 1.1 nsto ~ 400 ps. A nominad
accderatingfied of ~ 1.7 MV/mwasfound to be adequate from asingleresonator of therebuncher
cryostat to re-bunch the beam at the experimental chamber. Thetimewidth of the beam bunch
withthe singlerebuncher resonator Off and On conditionisshowninfig 7. Withamore systematic
approachtovary thebunching field of therebuncher in smaler stepsand proper adjustment of the
nuclear eectronics, thetimewidth of the beam bunch could be matched with theval ue obtained at
the entrance of linac by the SB.

In December 2007, 100 MeV %08 beam from Pelletron, pre-bunched by MHB and low
energy chopper, atimewidth of ~1.0 nswasinjected into SB. Theresonator in SB had produced
atimewidth of ~160 psat linac entranceand finally after accel eration by sevenresonatorsinlinac,
atotal energy of 120 MeV wasobtained at theexit of linac. Theaveragefield obtained fromthe
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resonatorswas~ 3 MV/mfrom beam energy calibration. Thisbeam wasthenre-bunched by a
resonator in RBC and atimewidth of ~500 pswith 120 MeV wasdelivered at the experimental
chamber. The beam wasthen used for about aweek by an experimental group to study fusion-
fiss onreaction dynamicsusing neutron multiplicity measurement.

Thefabrication of thesecond and third linac moduleswith Sixteen resonatorsisgoingonin
full swing. Thesemodulesare expected to beinstalled inthebeam linewithin ayear.
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Fig. 7. The time spectrum of the bunched beam at the location of the
user’s scattering chamber with rebuncher off and on
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2.1.2 Superconducting Niobium Resonators

PN.Prakash, S.S.K.Sonti, K.K.Mistri, J.Zacharias, D.Kanjilal and A.Roy

Production of fifteen niobium quarter waveresonatorsfor the second and third linac modules
isnearing completion. Initial work for the construction of two single spoke resonatorsfor the
proton driver linac at Fermi National Lab has started. Repairing of two ANL built and one
indigenoudly built resonator isa so nearing completion.
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Resonator Production for the2" & 39 Linac Modules

Theproduction of fifteen niobium quarter wave resonatorsfor the 2™ and 3 linac modules
isnearingitscompletion. Last year amgor effort wentinto dectropolishing dl theniobium assemblies,
viz. the Outer Housings, Loading Arms, Drift Tubes and Top Flanges. Each assembly was
electropolished to remove approximately 150 mfrom the surface. Wherever possible multiple
assemblies were electropolished in asingle setup to increase efficiency and save time. After
electropolishing, welding of themg or assembliesbegan for completing thebare niobium resonators.
Thiswork, however, wasdone systematically to ensurethat the RF frequency scatter waskept to
aminimum. Thelength of the Resonator’s Centra Conductor primarily decidesthe RF frequency.
Initidly asingleresonator was completed and itsfrequency wasmeasured. Based on thisdatatwo
more resonators were completed and their frequencies were measured. Finally, the Centra
Conductor length wasfurther fine tuned and the remaining twel ve resonators were compl eted.
Although thistook longer than that required for finishing all theresonatorstogether, it helpedin
achieving thefrequency closeto the desired valuein most cases. Figure 1 showstheniobium Top
Hangesand figure 2 showsthe niobium Central Conductor assembliesafter dectropolishing. Closure
welding on half adozen resonators has been done to compl ete the bare niobium portion of the
resonators. Theremaining resonatorsare also ready for thefina welding.

Fabrication of the niobium Sow Tuner Bellowsbegan asthedectropolishingwork onthe
maj or resonator assemblies neared completion. The dow tuner ismounted at the open end of the
resonator. In order to determinethe open-end length of the housing for providing appropriate
capacitiveloading and thereforethe required tuning rangefrom the s ow tuner, we have decided to
complete onedow tuner assembly. Thiswork ispresently nearing completion. Simultaneously
severa componentsfor theremaining dow tuner bellows have been machined and formed.

Thegainlesssted outer jackets (helium vessal) have been fabricated and e ectropolished.
They havebeen cut into two havesfor the clamp shell assembly. Other itemsfor the outer jackets,
such asthetop domes, CF flanges and pre-cool channels have al so been fabri cated.

Fig. 1. Niobium Top Flanges after electropolishing. Twelve, out of the fifteen,
flanges are shown
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Fig. 2. Niobium Central Conductor assemblies. Twelve, out of the fifteen,
assemblies are shown

Single Spoke Resonator s

IUAC has agreed to fabricate two Niobium Single Spoke Resonators operating at 325
MHz, b=0.22, for the Proton Driver Linac of aHigh Intensity Neutrino Sourceat Fermi National
Accelerator Laboratory, USA asacollaborative program. Figure 3 shows an exploded view of
the singlespokeresonator. Thefabricationwill bedonesmilar tothelUAC quarter waveresonators,
i.e. themachining, sheet meta forming andfitting of the niobium componentswill becarried out by
acommercia vendor. The e ectron beam welding, € ectropolishing and heet treatment will bedone
usingtheexigtingfacilitiesat IUAC. Severa technica discuss onshavebeen heldwiththeoutside
vendor toidentify therequired tooling (diesand machining fixtures). Fabrication of thetooling will
start shortly and the actual resonator fabrication will begin after that.

Fig. 3. Niobium Single Spoke Resonator, b=0.22, f =325 MHz
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22 CRYOGENICS

T.S. Datta, J.Chacko, A .Choudhury, J. Antony, M. Kumar, S. Babu, S.Kar, R.S.Meena
andA. Roy

Inthisacademic year, four cold testshave been performed for resonatorsin thebeam/line
cryostats of Rf-Superconducting LINAC. Beam was accel erated through the 1% Linac module
twiceinthisyear. Some user experimentshad a so been performed using the accel erated beam of
LINAC. Performance of beam accelerationtestsisreported in Linac section.

2.2.1 CryogenicFacility

[. Liquid Helium Plant

The helium plant was operated five timesand out of which four runswerein closeloop
modefor off-linetesting of the resonators and beam accel eration through Linac. Estimated total
production of LHewas~ 100000L and the running hour is1100hrswhichisalmost sameaslast
year asshowninfig. [1]
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[I. Liquid Nitrogen Plant

Thedemand for theliquid nitrogen wasincreased significantly on account of prolonged
offlinetest, beam accel eration test of LINAC and large number of germanium detectorsingalledin
thenewly developed INGA facility. The estimated liquid nitrogen production was 2,86,000 L
whichismuch higher than last year whichisshowninthefig. [2]. Thein-house LN2 production
has been increased dueto the up-gradation of the LN2 plant by installing higher capacity PSA
system and running both cryogenerators simultaneoudy. L N2 procured from outside vendor was
~1,20,000 L whichissignificantly lower than last year. It hasbeen measured that when theamount
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of nitrogen vapour returning to the suction of the LN2 plant increases, the production rateis
enhanced provided thereturn temperatureiscloseto 86K. Fig.[3] showsthe profile of theLN2
productionrate.
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Fig. 3. The dependency of LN2 production rate on the return
gas temperature

[11. Helium GasPurifier and Recovery System

Leak developed in critical position of the automatic purifier wasrectified and it was
re-integrated with the helium recovery system after few thermal shocksat high pressure. Inthis
year 1900M 3 of helium gas has been purified by using both automatic and manual purifier. The
amount islessin comparisontothelast year because of the closeloop runsinthisyear. Therewas
lessnumber of openloop helium coolingfor STC and MLI test set up.
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Fig. 4. Bar Chart of Helium gas purification
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2.2.2 PerformanceReport of Cryostats

[. 18 LINAC Module

Four cold tests have been performed with 8-QWRsinthe 1% Linac module. Thebeam
was accelerated through the Linac twiceinthisyear.
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.1 Helium Precoolingof LINAC Module

A new cooling schemehasbeenincorporated inthe 1% Linac module. Oncetheresonators
areprecooled upto 150K by forced flow of nitrogen, liquid heliumisforced to flow through the
precooling channel of resonatorsaong with thedirect liquid heiumfillingtoit'sLHevesse and
resonators. Hencethe cooling time between 150K to 4.2K for elght resonators have been reduced
to9hrs Figure[5] showsthedifferencein cooling timefor both with and without helium precooling.
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Fig. 5. The cooling profile of resonator with and without liquid helium precooling

1. 2dand 3"9LINAC module

Thedevelopment of the 2™ and 3 Linac modul e has been started in thisacademic year.
Some significant modifications have been incorporated for these two modules based on the
operational experienceof 1* module. Oneof the major modificationsisthe changein methodol ogy
of liquid helium( LHe)cooling, LHewill directly be ddlivered at the bottom of resonator througha
LHe-manifoldindgdethe LHevessd instead of top L Hefilling at theexisting module. Thereisaso
provisionfor helium vapour precooling by circulating the evaporated helium vapour through the
precooling channel of the resonators. The support structure has a so been modified to achieve
better temperaturefor resonator -support bar, two stainless steel railswill be used instead of the
rectangular duminum bar. Thereforethe cooling of thebar will befaster asthe specific heat of SS
islessthan that of aluminum and thetotal cold massisal so reduced. Two SSsheetsused for the
support structurewill bereplaced by the cross-SStubesand rods. Finally the LN2- forced flow
cooling of copper thermal shield will be replaced by the therosiphon cooling asdescribed in
gravity cooling experimental setup (2.2.4.1).
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2.2.3 Other Projects

I. DST Project on Development of Cryofree super conducting magnet with Room
temperaturebore

A project on development of cryogen free superconducting magnet system with room
temperature bore hasbeen sanctioned by Dept.of Science and Technology. The magnet hasbeen
designed for 6Tedaand the designing of the cryogen free system isbased on the energy balance
diagramshowninfig[6].
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Fig. 6. The energy balance diagram of cryogen free magnet system with
two stage cryocooler

M ajor Scopeof work:

1 Designof a6 T Superconducting magnet (using NbTi conductor) with a70 mm inner

bore.

2. Design of cryostat with minimum heat load, to house the above magnet with aroom
temperature access of 50 mm.

3. Integration of the system (intermediatethermal shield with 1% stage and the magnet with

the 2™ stage) with two stage GM cryocooler of capacity 35W@ 50K and 1.5K @4.2K.

5. Detailed cal culations of the heat |oad to the two stages of the CCR to be carried out and
optimized.

6. Technique to join current leads (copper leadsto the HTS leads and HT S leads to the
magnet) to be devel oped so asto have lowest possible contact res stance and techniques
for good therma anchoring and el ectrical isolation of theHT S current leads.

7. Thewhole system to be assembled and tested performance at least for 100 hours.

23



1. BRNSProject on Helium Gas separ ation by usng membrane

In Indian context, Monazite sand isthe potentia source of helium gascompared to natura
gas. Early reports on monazite sand estimatesthat the crude gas could be obtained 20%-30%
andrestisair. Based on theinput values, afeasibility report on separation of heliumfromair by
using cascadesystemof pressure swing adsorption (PSA) and membrane modul e was submitted
to BRNS. Theproject initially hasbeen sanctioned for helium separation by using membraneonly.

A processschematic with crude gas, membranemodul ea ong with analytical measurement
systemisplanned. Exploration of suitable membrane moduleisunder progress.

2.24 Other Developments

I. Gravity Cooling Experimental Set up

Thenew flow schemehasbeen proposed for thetherma shield cooling of 1% Linac module
based on the experience of gravity cooling experimental set up. Figures[7.a] and [7.b] show the
present flow scheme in 1% Linac module and the proposed one for 2 and 3 module. The
thermal contact conductance (TCC) has been measured for each copper clamp which provides
thermal and mechanica anchoring of the copper shield with thetubethroughwhich LN2isflowing
at 78K. The TCCis2W/clamp/K.
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LN2 Inlet @ 3.2bar
@ LN2 vessel Two
phase
: hield - L2 Tnlet outlet
 / shield surface 5 fl © / shield surface
/ . 14 surfac T .
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shield — - = e -
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surface E‘ D LN2 manifold

Fig. 7a. Present forced flow shield Fig.7b. Proposed thermosyphon flow scheme
cooling scheme [series flow] for shield cooling [parallel flow]
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Thethermal cooling requirement of actual copper shield for 2 and 3rd cryomoduleshas
been scal ed down using the performance of these copper clampsin the abovetest set up.

1. Cryocooler Test Setup (CTYS)

Some new techniquesto providegood therma contact and electrical isolation for the
HTScurrent leads hasto beimplemented in the cryogen free magnet system. Thereforeatwo
stage cryocooler based test set up has been devel oped to do the experiments on the thermal
contactsat thetemperaturerange 4.2K to 50K.

Someexperimentson thermal contact res stance between Aluminum nitride and copper or
auminum, therma conductivity of auminum nitride havea so been plannedinthistest set up. The
CTShasbeen showninfig.[8]. Sumitomo made two stage GM cryocooler (SRDK 415D) has
been installed in the CTS. Therefrigeration capacity is 3S5SW@50K at the 1 stage and 1.5W
@4.2K. Thesetupisnow going throughtheinitia performancetest.

Fig. 8. Cryocooler test set up

Development of cryocooler based helium liquefier to vaidatethe heliumre- liquefaction
system for superconducting quadrupol e magnet has al so been planned in thistest set up. The
designfor the hdium reliquefaction systemisgoing on.
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23 RFELECTRONICS

A. Sarkar, S. Venkataramanan, B.K. Sahu, A. Pandey and B.P. Ajith Kumar

2.3.1 SatusReport of the Multi-harmonic Buncher & the High Energy Sweeper and
associated jobs

The multi-harmonic buncher (MHB) was operated a ong with thelow energy chopper
(LEC) to provide4 MHz pulsed beamsto GPSC beamlinesfor 3 different users(Hardev Singh of
Punjab Universty, T. Ghosh of VECC and E. Prasad of Cdicut University). InHardev Singh'srun
12C and *F beam pulseswith FWHM ~ 0.8 nsand 1 nsrespectively were delivered. During T.
Ghosh’'srun B and N with FWHM ~ 1nsweredelivered. In E. Prasad’srun **O beam with
InsFWHM was provided. Apart from these, thissystem was also used for few shiftsto deliver
BF beamwith 1.2ns FWHM to user S. Nathin HIRA beam line.

For thefirst timeMHB & LEC were operated to deliver beamto Linac beam linefor user
Bivash Beheraof Punjab Univesty. For dl linac runsnormally high energy siweeper isused. But as
the user required 4 MHz beam pul ses, low energy chopper had to be used during thisrun. The
sweeper was not operated. *O beam with 1ns FWHM was provided during thisrun.

2.3.2 VHF Preamplifier for Linac Phase Detectors

InLinacof IUAC, thebeam energy isstabilised and controlled accurately by phaselocking
of resonatorswith incoming beam phase and magnitude. RF phase detectors placed at critical
locationsinbeamlineareused for deriving phaseand magnitudeinformation of beamtobeddivered.
Thuspicked up RF sgnasaresuitably filtered, boosted and fed to closed |oop contral circuit. The
Preamplifiershave 2 stagesof CATV block (QBH2832-M/s.Remec) in cascade and filtered with
two stage bandpass filter with passband at 48.5MHz [4]. These units have the following
specificationsand 3 such unitshave been ddlivered and being used with Linac successfully.

Gan ; +60 dB

Bandwidth : 6 MHz

Centre Frequency (fo) : 48.5MHz
Harmonics : - 58dB (2nd)
Noisefloor : - 64dB @ 48.5 MHz
Supply voltage : +24V | 2A
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2.3.3 New Developmentsin resonator control Scheme

Theresonator control schemeisbeing used extensively with the present pelletron control
systemto accel erate the heavy ion beam from tandem through Linac for user experiments. The
feasibility study to automate the phase and amplitudelock of resonatorsiscarried out. The RF
power read back during lock condition and a so during cavity conditioning isadded for remote
monitoring using a 16 channel RF power linearizer box along with CAMACADC. A stepper
motor control schemewith CAMAC control interfaceisdevel oped for themovement of RF drive
couplersfrom remotelocations. It will beintegrated with the present control schemesoon. The
control set up for re-buncher cryostat isal so added to the existing control scheme

A wirelesstransmission point isset up along with existing control network. Thisenablesus
to accessthe control system pagefrom any location in dataroom and adjacent areasusing wireless
access.

2.34 Development of 291 MHzVHFAmplifier

AVHF amplifier hasbeendeveloped for the study of higher harmonics coming fromthe
Superconducting QWR. It hasfilter sectionsfollowed by four stagesof amplification. It hasbeen
designed for amplifying very wesk Sgnds(-80dBm to -40dBm). Theoverdl gainof theamplifier
is 60dB. It offers65dB attenuationto 97MHz signal. Thisamplifier hasbeen tested and found to
beworking satisfactorily.

24  BEAM TRANSPORT SYSTEM

A.Mandal, Rgjesh Kumar, S.K.Suman, Mukesh Kumar and Sarvesh Kumar

Beam Transport System laboratory takes care of regular maintenance, design and
development of Accelerator beam Transport System. Several magnets and power suppliesfor
them have beenindigenoudy developed. Besides, BT Slaboratory hasa so been devel oped different
typeof highvoltage, high current power suppliesand other useful instrumentsfor most important
projectsrunning at lUAC and their mass production have been doneby BT Slab to substitutethe
import to save huge money and ease of maintenance.

2.4.1 Beam Opticsfor LEIBF Facility in New Low Energy |on Beam L aboratory

The Beam Opticsof LEIBF Facility hasbeen carried out for al thethree beam lines 75°,
90°, 105° using TRANSPORT Codeuptofirst order. Thebeam opticsisbased onthe parameters.
emittance = 100 pi mm-mrad and M/q =96, E =300kV. However we found that to transport
beam of lower energy from ECR, we need to reduce emittance as shown intable-1. A typical
beam opticssimulation for 30 kV & 300kV for 90°beam lineisshowninfigure-1. Thelayout
design of different componentsbased ontheion optical designisasshowninfigure-2.
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Fig. 2. Component Layout of New LEIBF Facility

The beam optics of switching magnet has been carried out by using simulation program
TRANSPORT and GIOS. Simulation Resultsare presented herefor all thebeam lines. The order

for fabrication of Switching Magnet was placed to Danfysk Denmark. Thehardwaredesign of the
magnet wasdoneusing 3D TOSCA program. Themagnet hasbeen successfully tested and measured
resultsare compared with specified values. Thetest resultsagreewell with the specified values.
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Parameters

Specifed Values

Measured Values

B (T) 1.5@240AM ps 1.55@240Amps
Entrance Angle (deg.) 29 1 2905
Exit Angle (deg.) 17 3,306,429 1595, 30 66,43.09

L4 (mm) from pin hole

95 (Entrance)
95 85,115 (Exit)

96 (Entrance)

95.78, 964, 113.28
(Exit)

Hormogeneity (center)

1710-3 over +/- 40
mm

7710-4 aver +/- 65 mm

Fig. 3. Comparison of measured values of Parameters of Switching Magnet with speci-

fied values

Fig. 4. Chamber and Pole Design of Switching Magnet

2.4.3 Beam Opticsof High Current I njector

Beam Opticsof Low Energy Section of High Current Injector up to RFQ hasbeen done
using Magnetic Quadrupole Doublet (MQD) and Triplet (MQT) at the extraction side using
TRANSPORT code. Theinitial Beam parametersareA/q =10, Voltage = 60kV, emittance=200

pimmmrad. A typical beam opticssimulation usng TRANSPORT codeisshowninfigure5.
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Fig. 5. Beam Optics of HCI from source to RFQ entrance at 60keV energy using

TRANSPORT code using MQD at the extraction side

2.4.4 Fabrication of Spark Counter Chamber

Five Spark counter boxes have been fabricated having lotsof flexibilitiesasmentionedin

itsfeatures. The alphaparticleisonetype of emission that ispossiblefrom the nucle of some
atoms. Thisactivity dlowsustoinvestigate how far thesedphascantravel inair and other materids

using spark counter.
Featuresof Spark Chamber
° Distance of Sourcefrom Anode wire can be adjusted to find the maximum counts

position.
Gap between theanodewire and cathode can be adjusted in order to vary theelectric
field betweenthem.

Height of source can be adjusted.
Spark counter box isshielded by acrylic sheet from every sdefor radiation prevention.

245 Power Suppliesfor HYRA Quadrupoles

Fabrication of four numbersof high current high stability power supplieshave been completed

for HY RA facility. These magnet power suppliesare DC current regulated suppliesdesigned for
applicationsrequiring very high stability, high current combined with reliability. The power supply
control electronics has been designed in modulesfor ease of maintenance. The advantages of
indigenous devel oped are adequate control over spare availability and maintenance.
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Output Specifications:

Power range

Current range

Voltagerange

Longterm stability (8hrs)
Lineregulation (10%dow)
Outputripple
Ramptime(zerotofull scale
Current setting resolution

NGk~ WNE

Input Requirements:

e ACManslnput
e Input Power
e  Cooling Water

Operational Features:

10KW- 12kW
300A

32V and 42V
10 PPM

1 PPM

20mv

10-100 sec.

15 PPM (16 bit)

410V, 3 Phase, 50Hz
12kW
14 Ltr./Min

e Regulationtopology Linear seriestrans stor bank

e  Regulation Feedback DCCT Transducer

e  Current Setting 16 bit DAC (15PPM)

e Control Loca/ Remote (CAMAC)

Protection Features:

. [nput Inrush current control,

. All power componentsarewater cooled,

° 10 nos of interlock for safe operation- input over current & phasefail, Output

over current, 0% TF, Regulation Fail, Load line, MPS Temperature, Magnet

Temperature, Water flow.

Fig. 6. HYRA Quadrupole Power Supply



24.6 BGO/ACSDetector BiasSupply for INGA

40 nos. of high voltage power supplies have been indigenously devel oped and fabricated
for biasingthe BGO detectorsin INGA at IUAC. Theseare 230VA C powered housed in double
width NIM module which works on switch mode amplitude modulation technique operating at
24kHz. 1t provides extremely stable, low noise high voltage output upto 3 kV, 10 mA that is
required to bias BGO ACS detector. Power supply has two regulation loops, one to control
power diss pation and other to regulate output voltage. M any components have been customi sed
to makethe supply compact. EMI shielding and high voltageinsul ationsare used to havelow noise
andto avoidlocal discharges. Power suppliesare protected for over load and short circuit.

Specifications:

e Output Voltage Range : 0-3kV

e Output Current Range : 0-10mA

e LoadRegulation : 0.003%

e Longtermdrift : 0.035%/ 8 hrs

e OutputRipple : ~20mVpp @ 50Hz
e Output Noise X +10mV @ 25KHz
Features:

e Sdectableoutput polarity,

e Simultaneousoutput voltage & current display,

e Overload and short circuit protection,

e External control input for output voltage setting,

e Twopardld SHV outputsonrear panel.

2.4.7 Germanium Detector BiasSupply for INGA

50 nos. of high voltage supplieshave beenindigenoudy devel oped and fabricated at IUAC
for biasing the germanium detectorsfor INGA facility. Thesearesinglewidth NIM based power
supply whichworkson switch mode technique and high voltageis generated by Cockroft Walton
multiplier. Thepower supply hasan automatic output ramping facility where output dwaysstartsat
zerovolt and then ramp up to thevalue set by thefront panel potentiometer at the chosen ramping
rate. Thisfeature protectsdetector while biasing with selectable ramping rate to prevent damage
dueto sudden voltage changes. Thisalso savestimeto biasmulti-detector arrays consisting of
large number of detectors. The commercially available bias suppliesdo not have thisfeature.
Power Suppliesare protected for over current and output short circuit.

Specifications

e Output Voltage range : 0-5kVv
e Rated output current : 0—-50UuA
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e  Output stability : 0.1% (8 hrs)

e Noiseandripple : <8mVpp

e Output ramp Up/Downrate : 165 Volt per minute.
Features

e Sdectableoutput polarity

e Reset buttonto start power supply

e Ready indicationwhen set output achieved

e  Output ramp Up/Down/Pausefacility whileramping

2.4.8 Pre-amplifier Power Supply for INGA

15 nos. of portable pre-amplifier power supply have been developed and fabricated in
housefor INGA facility at IUAC. Thesearevoltageregulated linear power suppliesidedly suited
for providing power to pre-amplifiersin remotelocations. The power supply providesfour highly
stableand low noise output voltagesto six pre-amplifiersthrough standard 9-pin connector onthe
rear panel. Each of thefour seriesregulator circuitsisidentical inoperation. Theregulator operates
intwo modes. First and normal isthe voltage regulation mode, second isthe current fol dback or
current limiting protection mode. Second mode provides power limiting and protection to the
regulator circuitry, when excessive current demandsareremoved; theregul ator resumesthevoltage
regulation mode.

Specifications

e Outputs : +12V/ 1A , ¥24VI1A,  -12V/1A,-24V/1A
e L oadRegulation : < £0.005 %

e Stahility : +0.01% per 12 hrs

e Noise&ripple : <2mVpp

e Temp. coefficient : 0.001%°C (up to 40°C)

Safety features

e Inputcurrentlimit : A fuseand avaristor
e Outputcurrentlimit Foldback current limit at 150%. Recovery isautomatic
e Thermd protection : When heatsink temperature exceeds 80 °C, athermal

switch turnsoff the power supply

2.4.9 1kV/20uA Surfacebarrier detector biassupply (Prototypedevelopment)

A prototype high voltage power supply has been devel oped for surface barrier detector
and any other detectorswhich requireslessthan 1kV and upto 20uA current. Thefina development
and itsmass production will be doneinfuturefor neutron arrays project. Thisisaswitch mode
power supply which works on pulse amplitude modul ation technique and provides necessary
latchable safety interlocksviz. vacuum shutdown, power resume, overcurrent and output short.

34



The power supply haseither polarity of high voltage that is selectable by internal jumper and

polarity indicationisprovided onfront panel of power supply. Thebiasvoltageand currentisalso
measured S multaneoudy onfront pand.

Specifications

e \oltagerange : 0-1kVv

e Currentrange : 0-20uA

e Reguldion : < 0.002%

e Ripple : <3mVpp @ 50Hz
e Noise : 2mV @ 25kHz

e Power requirements : +/- 24V, +/- 12V

Fig. 7. 1kV/20uA Surface barrier detector bias supply
2.4.10 ElectricField VsPolarization L oop Tracer instrument

TheElectric FiddVsPolarization L oop Tracer instrument hasbeen devel oped for materia
sciencelaboratory for ferroelectric Material Characterization purpose. Thisinstrument issuitable
for measurement of polarization, remanent polarization, sampleresstivity, linear stray capacitance
of ferroel ectric materialswith respect to applied electricfield. Thelinear parameters of sample
such asresistivity and stray capacitance can be compensated to measure polarization accurately.

Specifications

e Bias\oltage : 0-5kVpp/50Hz

e Resdtivecompensationrange : 5M ohm and above
e Capacitivecompensationrange L essthan 100pF

Fig. 8. Electric Field Vs Polarization Loop Tracer
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2411 G.M Counter Interfacefor Phoenix system

Alow cogt and compact GM. Counter module have been devel oped for Phoenix (Teaching
Lab.). Thisisaninterfacemoduleto GM tube. It consistsof a 2.5kV DC regul ated power supply,
pul se detector/ shaper circuit and GM Tube. Thehigh voltageisgenerated by dcto dc converter
usinga+/- 5V DCinput. Pulse corresponding to the detected particleisfed to the Phoenix module
for counting the pul se and plots graph in computer. The GM Counter module havefollowing
Specifications& features.

e HV DC Supply range :  upto- 2.5kV /50uA
e HV Regulaion : 0.04%

e Power Requirement © 5V, 200mA

e TTL PulsetoPhoenix

e Suitablefor other radiation monitor

Fig. 9. GM Counter Interface for Phoenix

2.4.12 1kW (10V/100A) power supply for super conducting M agnets

Therearerequirement of fifteen super conducting magnet power suppliesfor HY RA super
conducting quadrupole, Cryogenic and material Science super conducting solenoid magnets. A
switch mode power supply hasearlier been developed by BTSgroup for LINAC solenoid magnet.
Thisyear onemore similar power supply has been assembled for super conducting magnet and it
Isdecided to fabricate the required quantitiesin house. For that most of components have been
sourced and procured or order has been placed. The compl ete assembly details, drawingsand
scope of works have been documented and assembly processwill start very soon.

Output Specifications

VoltageRange : 0-10V

Current Range : 0-100A
Loadregulation: 0.15%
LineRegulation : 0.1% (190-253Vac)
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e Stability(current) : 0.05%(for 8 hrs)

I nput Specifications

e \oltage : 190-253VAC, single phase
e Cooling : Forced air cooling
Features

e Compact.

e Remotecontrol facility.
e Pardld and seriesoperationto get several KW of power in master dave mode.

2.4.13 Resonator Heater Power supply

50 nos. of resonator heater power supplies have been fabricated thisyear for heat |oad
balancing of Linac cryostat. Thisisacrate based modular type current regulated power supply
whichwill beused to power 10R heater mounted on resonator cavity. The custom made cratesfor
these power supplieshave a so been devel oped. The crate provides housing and power sourcefor
nine RHPS module. The power supply hasfollowing specificationsand features.

Output current : 0-1A
Rated output voltage : 12v
Output stability X 0.01%

L CD paned meter for output power measurement
Remote ON/OFF control and readback
No output “ON” indicationif load isdisconnected

2.4.14 Servicingand maintenance support

BTS group provides time to time service and maintenance support for the following
insrument.

e TargetlabVacuum unit deposition power supplies
E-Beam source power supply (Model- TT3/6, Telemark)
Atom Beam Source power supply (Model-850, Atomtech)
e-Gun power supply (Model-922-0020, Varian)

e Highvoltagedetector biaspower supplies
Quad 1kV Biassupply (Model-710,EG& G Ortec)
5kV Detector Bias Supply (Moddl-659 EG& G Ortec)
3kV Detector Bias Supply (Model-556, EF& G Ortec)

e CAMAC Crate power supplies
CAMAC Crate (Model-1502, Kinetic)
CAMAC Crate (Model-6700-SCB, BiraSystems)
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25 10 GHZ ELECTRON CYCLOTRON RESONANCE (ECR) ION SOURCE
BASED LOW ENERGY ION BEAM FACILITY (LEIBF)

P. Kumar, G Rodrigues, P. S. Lakshmy, U. K. Rao, Y. Mathur and D. Kanjila

Theperformanceof LEIBF[1] hasbeen satisfactory in academic year 2007-2008. Various
gaseous and metallic beamswere extracted from theion source and delivered successfully for
experimentsrelated to material s science, atomic and molecular physics. Thefacility, LEIBF, is
uniqueinthesensethat it can deliver ion beamsintheenergy range of afew tensof keV to afew
MeV. Thisenergy rangeismost suitablefor investigating many research problemsinvariousfields
of science, specidly inmaterialsscience. Dueto thefact that metal nanocompositesare being used
extensvely in new technol ogy, devel opment of metallicion beamshas been of our interest during
last few years. For thispurpose, plasmasputtering, micro-oven [2] and metal ionsusing volatile
compounds (M1VOC) [3] methods have been used. In case of MIVOC, beam intensities of
metallic ions were noticed higher compared to others methods. However, continuous source
operation, lower beam intengitiesand associ ated fluctuationsin beam intensitiesweremajor issues
indeveloping metallicionsbeams. Theseissueswere studied in detailsby operating ion source
with different parameters[4]. Further, we could explain the reduction in theintensities of low
chargestatemetalicions(in caseof micro-oven) by theintroduction of thermaly generated dectrons
fromthe metal surface and shielding effect of background ECR plasma. Apart from the gaseous
beams, metallic beams which were developed successfully are Ni, Fe, Cu, Snand Mn. The
possihility of doing Rutherford backscattering spectroscopy (RBS) using 600 keV carbon and
800 keV nitrogen beamswas|ooked into. However, new additions (adoubledit installed just
beforeimplantation chamber) arerequiredin order to get good massresolutionfor RBS. For user
support, we have ahigh vacuum chamber for implantation/irradiation and specia sampleholders
for mounting large numbersof samples. We have provision for heating the samplesat amaximum
temperature of 500°C and cooling the samplesat LN, temperature.

Theregular check of e ectronic and mechanica componentsinstalledinbeamlineandion
sourceresulted in minimal maintenancework during last academic year. Mg or maintenanceworks
during last year weretherepairing of gas dosmetry valve controller and beam profile monitor
(BPM) ingtaledin post andysissection of LEIBF.

Fig. 1. (a): (Left) PCB of gas controller valve (befbre repair); (b): (Rigr;t) PCB of gas
controller valve (after repair)
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Dueto high backing pressure, scroll pumpinstalled on high voltage platform wasreplaced
and repaired by vacuum group. Oil of al rotary pumpsinstalled in beam linewas changed after
completion of recommended hours. The source and beam line pressuresarelow 107 and high 10
8mbar respectively. Thetransformer, whichwasfound burnt, mounted onthe PCB of gascontroller
vaveanditsreplacement on same PCB areshown figure 1 (a) and 1 (b) respectively.

Apart from production and delivery of ion beamsfor user experiments, we preformed an
experiment wherewe have used 100 keV Ni ionsfor fabricating Ni nano-clustersinside quartz.
Theimplantation wasdoneat room temperature using five different fluencesranging from 5x10%
ion/cm?to 2x10Y ion/cm?. Theion current density of 2.8 pA/cm?was maintained during the
implantation of samples. Theimplanted sampleswere post anneal ed at 600°C. Theformation of
magnetic and metallic Ni nanoclusterswas evidenced by UV-Visible Spectroscopy, Magnetic
Force Microscopy (MFM), Atomic Force Microscopy (AFM), X-Ray Absorption Spectroscopy
(XAS), Zero Fidd Cooled (ZFC) and Field Cooled (FC) magneti zation measurements.

Fig. 2. AFM image of the sample for ion fluence of 5x10%iong/cm?

At optimumion fluence of 5x10" ions/cn?, nano structures of Ni, nearly uniforminsize
and magneticinnature, weresynthesized in quartz matrix usinglow energy ionimplantation. Huence
dependent growth of these nono-clusterswasa so seen. At ion fluence of 5x10% ions/cm?, cluster
szeof 25 nmwasestimated using theva ue of blocking temperaturefrom magnetic measurements.
Thenono-cluster, insdethe quartz, were present intheform of NiO at ion fluence of 2x10* iong/
cm?and was confirmed by X AS measurements. The surface structure dueto the growth of buried
nano-clustersat 5x10%*ions/cm?isshowninfigure 2.

Thefacility ispresently being planned to be shifted to the new LEIB room for further
expansion of the facility. An additional beam-line will open up new research areas. A new
DANFY SIK switching magnet with three beam exit ports has been positioned to couple the
experimental beam-lines. A new, modified, high voltageplatformina’‘two-deck’ configuration has
beeninstalled. A view of the new switcher magnet and the high voltage platform positionedinthe
new LEIB roomisshowninfigure 3. Few of the modificationsto thefacility will beimproved
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vacuum conditionsfor long trangport linesto minimize charge exchange, improved opticsespecidly
inthe extraction region of the source, and additional focusing between the 300 kV accelerating
column and switching magnet.

Fig. 3. Left: New switcher magnet ; Right: 300 kV high voltage platform

The LEIBF hasbeen operational ailmost full timefor delivery of variousion beamsfor
experimentsrel ated to materia s science, atomic and molecular physics. Thetypical experiments,
whichwerecarried out, include synthesis of nano structures and dil ute magnetic semiconductors
(DMYS), ion beam re-crystallization, phase formation, structural changesin polymers, ion beam
mixing, fundamental ion-matter interactions, molecular dissociation by ion beams etc. Such
experimentsresultedinlarge number of publicationsininternational referred journals. Morethan
onedozen Ph.D scholarscompleted their Ph.D using thisfacility. We a so conducted atwo days
workshop (21-22 February 2007) to discuss possibleinternationally competitive experiments
using LEIBF. Thefacility isinregular operation andisbeing used by researchers/usersfromall
over Indiaand abroad.
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25.1 Development Of In-situ Deep Level Transient Spectroscopy (DLTS) System At
IUAC

Sugam Kumar, C.P. Safvan, Sandeep Maik and D. Kanjila



DeepLeve Transent Spectroscopy (DLTS) hasbeen established asauniqueand powerful
tool for the study of electrically active defectsin semiconductors. The DLTS method isbased on
capacitancetransients produced by thermal emission of carriersfrom the deep levelswithinthe
depletionregioninareversebiased diode. DLTSisbeing setup inmateria science beam chamber
inbeam hall oneto performin-situ experiment on Au/n-Si (100) Schottky diodeat varying beam
fluence.

Osailloscope

Temperalurc
Controller
Pulse Goncralor

Capacitance Meter

Source Meter

Fig.1. Sample holder and Electronic equipments, which are interfaced for measurements
of DLTS signals

The DLTS systemishbased around the Boonton 7200 capacitance meter. The Boonton
7200 hasafast response and recovery timelesser than 50isafter an overload condition. A Hewlett
Packard HP 8012B pulse generator isused to supply thefilling pulse (pulse width range: 10nsto
1s) through the capacitance meter tofill thetrapsin space chargeregion. The capacitancetransent
of the sampleis measured by the Boonton 7200 and fed to the SCB-68 box inputs of the Data
Acquisition Card (DAQ) NI PCI-6251. Thishasan onboard NI-PGIA 2 amplifier designed for
fast settling timesat high scanning rates, ensuring 16-bit accuracy evenwhenmeasuring dl channels
at maximum speeds. LabVIEW (version 7.1) was used to create a V| to read the capacitance
trang ent from Boonton 7200 capacitance meter. The oscilloscopealowsusto view both, thetrain
of pulsesand the capacitancetrang ents produced. The samplewas mounted on sampleladder in
irradiation chamber and the temperature is read and controlled by a Lakeshore model 331-
temperature controller through genera -purposeinterface bus (GPIB) interface.

Software package LabV IEW hasbeen used for dataacquisition, instrument control, and
to automate the DLTS system. We have written LabVIEW virtual instruments (V1s) for the
DLTSexperiment, which providespreciseinstrument control, fast, and accurate data.collection,
aswell asreal timedisplay of transient signal. Thetransient signal from capacitance meter is
acquired using DAQ NI PCI-6251with SCB-68 box.

Theuser isgiventheoption of saving datato afile before starting the dataacquisition. The
user hasto give starting temperature, final temperature, temperature step, stability time, and the
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positions of cursors to fix the rate windows as the input to the program. The VI has been
programmed to collect datauntil the threshold temperature has been reached. Thetemperatureis
ramped as per requirements of the user. The capacitance and capacitance difference at different
cursors corresponding to rate windows are saved in file on disc and plotted online on the front
panel indifferent windows. We can fix asmany ratewindowsaswewish, by using cursorsonthe
front panel screen ontransient signal. Acquired dataisplotted onlineand stored inthedisk for
further analysis. The programiswrittenin such away that it can beredesigned at any stage. We
kept the hardware universal i.e. that no hardware changeisnecessary in order to perform C-V,
DLTS& C-T measurement in succession during in-situ experiment.

IMLTS Signalpk)
)

Temperatire (K

Fig.2. DLTS spectra of unirradiated and irradiated Au/n-Si (100) Schottky diode at
different ion irradiation fluences

Insitu deep level transient spectroscopy has been applied to investigate theinfluence of
100 MeV Si™ionirradiation onthe deep levels present in Au/n-Si (100) Schottky structureina
widefluencerangefrom 5x10° to 1x10"ionscm=. Theswift heavy ionirradiation introducesa
deeplevel at E—0.32¢eV. Itisfoundthat initialy, trap level concentration of theenergy level at
E_-0.40eV increaseswithirradiation up to afluence value of 1x10" cm™ whilethe deep level
concentration decreases asirradiation fluenceincreases beyond the fluence val ue of 5x10% cn?.

25.2 SurfaceAnalysis System in LEIBF Room 107
L.Nair?!, C.RSafvan?and D.Kanjilal 2

Dept. of Physics, JamiaMillialdamia, New Delhi, 110025
?Inter University Accelerator Centre, ArunaAsaf Ali Marg, New Delhi 67

42



An UltraHigh Vacuum system for Surface Science experiments hasbeen set upin Room
107 of thenew LEIBF building, aspart of the collaboration with the Dept of Physics, JamiaMillia
Islamia. This system will be connected to the LEIBF beam line once it is moved to the new
location. Thevacuum system consistsof aMDC SSAC 12 surface andysischamber with sorption
pumps, Varian Starcell ion pump, manual gate valve and sample manipulator. UHV conditions
have been attained (3 x 10° Torr before bakeout), and initial experiments have been done.

Experimental facilitiescurrently availableinclude

a) Auger Electron Spectroscopy : AES of solidsisextremely surface sensitivedueto the
fact that theinelastic mean free path for electronsin matter islessthan 10 A for electronsinthe
100-1000eV range. Using our Omicron 150 CMA Electron Spectrometer, electronswith energies
intherange20eV to 3000eV can be anayzed with 0.5% resol ution. Thisinstrument hasaninbuilt
5keV dectron gun to generate the excitation that resultsin the Auger eectrons, and wasinterfaced
with the PC using the PHOENI X kit and a 16 bit DAC. It is possible to obtain elemental and
chemicd gateinformation about theatomsonthefirst few layersof thesurface, using thisinstrument.

b) Power and thermocouple feedthroughs: A custom built sample holder, within situ
sampl e heating and temperature measurement hasbeen madeand installed. High current el ectrical
feedthroughs (up to 60A) for sample heating in vacuum arein place and have been used to obtain
atomicaly cleansinglecrysta surfacesof Si(001)

c) PrecisonLeak valve: Targeted dosing of purified gaseson to surfaces can beachieved
inour chamber in acontrolled manner using precision UHV leak valves connected to agasline.

300000 4

Pristine

N(E) in arbitrary units

iR T BN DL LI L | I  JNRLDPN SR R L L LA | | LI L |
50 100 150 200 250 300 350 400 450 500 550 600 650
Energy in eV

Fig.1. Surface Analysis system and typical Auger Spectra
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26 HIGH CURRENT INJECTOR

Aspart of the accel erator augmentation programmeahigh current injector isbeing planned
that would act asan dternate source of heavy ionsfor the super conducting LINAC that hascome
up inbeam hall two. The proposed structure consists of aHigh Tc superconducting magnet ECR
source (PKDEL1S) followed by aroom temperatureradio frequency quadrupole accelerator and
drift tubelinac cavities. The progressof each of these sectionsisdescribed in detail below.

2.6.1 High TemperatureSuperconducting ECRIS-PKDELISand Low Energy Beam
Transport System (LEBT)

GRodrigues, P. S. Lakshmy, PKumar, U.K.Rao, R.N.Dutt, Y.Mathur, A .M andal,
D.Kanjild

A. SourceOperationsand LEBT

Fig. 1. PKDELIS ECR source and low energy beam transport

Thesource and thelow energy beam transport section (figure 1) have beenin continuous
operation with theaim toimprovethe source performanceafter along virtua shutdown period due
to problem with the extraction cryo-cooler. Further additionsto the sourcelike control system
etc, took additiond timeto redlly get the sourcerunning intermsof computer control. Inthecourse
of time, a60 kV deck was coupled to the sourcefor operating DC bias suppliesand associated
equipments. Specifically for high voltage applications, 2.45 GHz transmittersare used for easier
control. A 60 kV high voltage platform used for operating power suppliesat source potential uses
these transmitters to communicate to ground potential. Spark protection modules have been
incorporated to further protect the modulesin the event of aspark. The source performancewas
degraded by an order of magnitude (comparing Are* resultswith the best beam currents of ~ 700
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mA, Rf power 488 W and extraction voltage 22 kV [1,2]) dueto severe problemsof outgassing
from partial melting of the plasmael ectrode, beam hitting the el ectrodes during extraction, andin
addition to bad vacuum on theinjection sde. Although the maximum operating extraction voltage
waslimited to 10 kV, we observed that thetransmission throughthe LEBT wascloseto 75 %[ 3].
TheLEBT isconstantly being improved for better transmission and improved running conditions.
These problemsare being sorted out during the course of time. After improving and sorting out
some of these problemsvery recently, we easily achieved 70 uA of Ar®* @ 70 Watt RF power
(10kV extraction voltage) immediately after source start-up during outgassing modein 2 daysof
running. We expect that thisgoal of achieving 1 uA/Weatt will improvefurther whenthe sourceis
conditioned well. Thesourceisexpected toimprovefurther after continuousrunning over aweek’s
time. Figure 2 showsanimproved spectrum measured at 20.5kV extraction voltage, optimised on
Ar8* and measured at absorbed RF power of 120 W. A second frequency generator was coupled
to the sourceto seethefeasibility of operating intwo-frequency mode. Thisrequiresmodification

of the RF injection and remova of transverseto co-axial mode of coupling. Further work isin now
inprogress.
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Fig. 2. Typical CSD for Argon optimised on Ar®

B. Sour ce diagnostics

Thex-ray Bremstrahlung measurementsare constantly being explored to understand the
confinement of the highly chargedions. Earlier, we undertook an experiment to study the x-ray
Bremstrahlung withthe PK DEL I S source but dueto problemswith theextraction cryo-cooler, the
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measurementswere performed usngthe NANOGAN sourceto obtainrelevant information. While
optimizing aparticular charge statein ECR ion source, experimental parametersare adjusted to
get a maximum current. The wall Bremsstrahlung components are studied in these cases for
understanding the hot e ectron confinement conditions. Recent analysisof the datagaveinteresting
results[4]. Further measurements have been explored by measuring the spectraasafunction of
DC hiasvoltage. We have measured Bremstrahlung x-rays both on the extraction and injection
sidesusing asmall silicon PIN diode detector at afixed RF power of 100 W. We observed the
effect of thebiasvoltage on thex-ray emission on theextraction sde(through the analyzing magnet
view port) and ontheinjectionsde. Asthebiasvoltagewasincreased upto—200V, correspondingly
theemission of thex-raysreduced on theextraction and injection side. Thex-ray emissonwas
found to bethe maximum in the case when the biasvoltage was zero. Sincethe efficiency of this
detector ispoor for high energy x-rayscompared to aNal detector, we could not measure x-rays
beyond 100 keV. Wefind from our spectrathat theintensity of low energy x-raysdecreasewhile
thehigher energy x-raysincrease asafunction of biasvoltage. Thismay infer that the confinement
of thelow energy electronsisimproving. Thisasymmetric behaviour inthe x-ray energiesneeds
further measurements. Our measurementswill berepeated by using aNal detector to explorethe
higher energy x-rays.
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Fig. 3. Bremstrahlung spectra measured on the injection and extraction side as a
function of DC bias voltage
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2.6.2 Low Power RF Testson the 1.17m Modulated Prototype RFQ Accelerator
C.P. Safvan, Sugam Kumar, R. Ahuja, A. Kothari, D. Kanjilal and A. Roy

The proposed 48.5 MHz Radio Frequency Quadrupole (RFQ) isdesigned to accelerate
ionswithA/qof 7from8keV/Ato 180 keV/A. The RFQ structureis4 mlong with boreradius of
4 mm consisting of four rods supported by vane posts. Thewhole e ectrode assembly isinserted
in RFQ cavity, whichismade of stainlesssted. Theion beams produced by the ECR (PKDELIS)
sourcewill beinjected into the RFQ and befurther accel erated to just above 2MeV/A by adrift
tubeLinac (DTL) working at room temperatures. Vel ocity matched beam with b=0.08 will be
injected into superconducting LINAC, whichwill further acceleratetheionsto5SMeV/A. Earlier
initial unmodulated 1.17 m prototype of the48.5 MHz RFQ was designed, constructed, installed
and studied to determinethefinal specificationsfor modulated RFQ accelerator.

Thisyear modul ated vaneshave been fabricated at IGTR Indoreand successfully installed
for low power RF tests. A view of themodulated 1.17m RFQ isshown inFig.1. The cavity is
equi pped with various portswheretheinput inductiveloop for power coupling and output loop for
probeisingtalled.

Fig.1l. General Assembly of the 1.17m modulated RFQ at IUAC

The system is able to achieve high vacuum level (107 torr) with the help of single
turbomolecular pump. The RFQ vanesand vane supportswere being fabricated at Indo-German
Tool Room Indore and Ahmedabad. Thewhole electrode assembly isinserted in RFQ cavity.

A fully automated bead puller systemisdevel oped. Following the mechanical aignment
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thevaneswereinstalled with around 150 micron accuracy and the measurement of parameters
likeresonant frequency (f ), Qudity factor (Q,), Shuntimpedance (R), Power required, Quadrupole
symmetry and Electricfield mappingisbeing done. Thebead pull and capacitivevariation methods
arebeing used with the help of Self Exciting Loop (SEL) and Network Analyzer for the purpose
RF parametersmeasurement. SEL isused to minimisethe possiblelong-term temperature drift
while measuring thefrequency shift. The high dielectric ruby bead of 2 mm diameter isstrungon
fishing thread of 0.28 mm diameter.
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Fig.2. The shift in the resonance frequency of modulated RFQ is plotted vs. cavity
length for the fundamental mode TE,,

Horizontd field distribution hasbeen mapped with sep szeof 1mm. Electricfied digtribution
aongthelength showsthe modul ation effect. Field height clearly showstheincreasing and constant
modulation, whichiswell matched with the s mulated modulation. Electricfield mappingisdoneat
the centre and eight different positions on the circle of radius 3mm. Results obtained are well
satisfactory. Thefrequency shift along thelength of cavity isshowninFig.2.

The RF parameters measured are listed below. The resonance frequency and intrinsic
quality factor measured are 53.02MHz and 2355 respectively, whileidea (smulated) valuesare
48.5MHz and 4000. Shunt impedance is found to be 23.66 k-ohm as compare to 80 k-ohm,
whichis, designed val ue of unmodulated part. Power required to generate 70kV Intervanevoltage
iscoming out to be 43.21kW, while with 30kW of input power, which is also designed input
power; 57.8kV of Intervanevoltage can beachieved.

Two independent measurements have been donein the azimutha plane oneaongthex-

axisand other along they-axiswith 0.1mm of small step sizeto check the quadrupole symmetry
andthedectricfield distribution. The quadrupole€dectricfield strength in quadrant 1isfoundto be
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roughly 2.6% higher whileof quadrant 2is10.6% lower than the average €l ectric-field strength of
the quadrant 3 and 4.

Quadrupole Symmetry
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Fig.3. Quadrupole symmetry in azimuthal plane

Theseresultsindicate that the distribution of theelectric field issymmetrical withinthe
beam radius of 8mm and tend to asymmetrical in region greater than the beam radius, which cause
no problem for the beam optics.

Inthenext year high power RF and actual beam testsare planned.

2.6.3 Satusreport onthefabrication and testing of the prototype UAC DTL-I1H tank
Jmson Zacharias, B. P. AjithKumar, R.V.Hariwal and C. P. Safvan

TheHigh Current Injector comprisesof DTL-IH tank after the RFQ for further acceleration
of theions(A/g=7) from the energy E=0.180MeV/nucleontofina energy @ 1MeV/nucleon at
room temperature. Theions are injected by the ECR ion source. It is proposed to operate the
DTL at frequency 97MHz, whichisthefrequency of existing LINAC.

The DTL-IH tank is built from a mild steel cylinder and has a dimension of
(ID=850mm,L=385mm, Thickness=25mm) having eight CFF portsfor various purposesand it
hasal so two rectangular ridge base ports of (200x150mm). Theflange sizesfor variousportsare
as CFF 100(4 NOS.), CFF 150 (1 NOS.), CFF 200 (1 NOS.) and CFF 63 (2 NOS.). There
are two Lids to close the chamber which has dimension of Diameter D =980mm and
Thickness=24mm. The stand for the DTL chamber ismade of M Ssquare channel, which can be
dismantled, whenever required. L eak test has been done successfully of thewhole chamber and
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theleak ratewasfound to be 2E-9 mbar.liter/second. The statusof IUAC DTL isshown below:
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Fig. 1. Status of IUAC DTL

Theultimate high vacuumin the chamber issuccessfully achieved as5E-7 mbar with the
help of oneturbo-molecular pump and one scroll pump. Thedeformationinthelid dueto the
pressure differential under vacuum was measured to be 460 micron. The chamber has been
fabricated in Don Bosco Technica Ingtitute’ sworkshop. Theridgesand slemsare being fabricated
at IUAC workshop.
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