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211 Activitiesrelated toLINAC Cryostat

Toincreasethe energy of theion beam fromthe Pelletron of Inter University Accelerator
Centre (IUAC), aniobium based superconducting (SC) LINAC[1,2] isunder construction. In
past, pul sed silicon beam from the Pelletron had been accel erated through five resonators of the
first LINAC module. However, dueto various problems, the accel erating fiel dsachieved fromthe
resonatorswerelessand thereforethe energy gain measured from the accel eration wasa so found
to belower than the designed goal [3]. The major problemsfaced during the last on-line beam
acceleration were properly diagnosed and anumber of modificationswereimplemented to solve
those problems. After acouple of successful off-line cold tests of theresonatorsin LINAC cry-
ostat, ion beam from Pelletron accel erator had been further accel erated twice by thefirst module
of LINAC and thethe beam had been delivered for two different experimental groupsto conduct
experiments.

2.1.1.1 A few modificationstoensurethesmooth operation of LINAC

M odification of power coupler

Fig. 1. Threedifferent drive couplerswerefabricated and tested to solvethe problem
of theold drivecouplers

During the operation of the SC resonatorsinthefirst cryo-module, it was observed that
dueto presence of microphonicsintheambianceof cryostat, alarger frequency window (£50 Hz)
was necessary leading to requirement of strong over coupling and that demanded larger forward
power (150-300 watts) from theamplifier. Theusage of high power for aprolong duration of time
resulted to metal coating on theinside surface of the niobium power coupling port and thedrive
coupler. Thismetal coating wasfound to beevaporated fromthe'rack” of thetravel mechanism of
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thedrive coupler. To solvethisproblem, three different drive couplers(asshowninfigure 1, 2 and
3) weredesigned, fabricated and successfully tested with superconducting resonators. A number
of cold tests, with the new drive couplers showed no evidence of metal coating. Functionally, all
thethreedrive couplersarefinebut moretestsare still necessary to pick up thebest coupler out of
thethreefor thelong term operation of the LINAC.

Control of mechanical damping of theresonator by an innovativemethod

Dueto presence of microphonicsinthe ambience of LINAC cryostat, the frequency
window for locking aresonator is pretty large (50 Hz) which demands|owering of loaded Q-
valueof theresonator by afactor of hundred by overcoupling thedrive coupler. Thisisdonewith
thepriceof increasing theforward power from theamplifier and typically aforward power of 200-
300 wattswas necessary to lock aresonator in the past. To control thisvibration, ordinary pol-
ished stainless steel balls of diameter 4.0 mm wereinserted in the central conductor and they
stayed at theend of the drift tube. Dueto the presence of vibrationin the cryostat, themechanica
mode of theresonator (~67 Hz) would be excited. The dominant lowest modeisthevibration of
the central conductor with itsanti-node at the free end, wherethe SS-ballsrested. The dynamic
friction between the balls and the niobium surface actsto dampen the oscillation, reducing the
amplitude aswell asthe decay timeof thevibration of the mechanica modesubstantialy. Withthis
damping mechanism, many experiments have been conducted at room temperatureand at 4.2 K
and areduction of 50% in Af and forward power was observed repetitively inall the measure-
ments. During last oneyear operation of theresonatorsin LINAC cryostat, most of the QWRs
werelocked at fields~ 3to 5 MV/mwith <100 watts of forward power asshowninfigure 2.
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Fig. 2. Value of accelerating fields of theresonator s (Phase and amplitude locked) in
LINAC cryostat with therequired RF forward power after implementingthedamping
mechanism on theresonator.
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Enhancement of the cooling efficiency of theresonator

During most of the offline cold tests of the resonatorsin the past, adrastic reduction of
the accelerating field of the SC resonators between the LINAC cryostat compared to thefield
obtainedintest cryostat wasrecorded. When theresonatorsattained high electricfieldin LINAC
cryostat, bubblesget formed on niobium surfaceimmersed in L He. These bubbles could betrapped
abovethetop niobium flange of the resonator and under the stainless steel flange placed at ~ 15
mm above the niobium flange. That could increase thelocal temperature appreciably to affect
eectricfield. Toavoid this, adome structurewasinstalled on thetop of theresonatorssothat if the
bubblesareformed they won't bein thevicinity of thetop niobium plateswhich carry maximum
current on energizing theresonator. With thismodification, theacce erating fields of theresonators
measured in LINAC cryostat arein therange of 3- 6 MV/m at 6 watts of dissipated power at
critically coupled condition of the power coupler. Now the difference between the measured ac-
celerating field of aresonator intest and LINAC cryostat hasbeen limited to 10-20%, whereasin
the past, without the cooling modification, ~50% reductionin acce erating fieldin LINAC cryostat
has been recorded in most of the cases.

M odificationsof themechanical tuner

To improvethe ruggedness of the whole system, the mechanical assembly of thefre-
guency tuner of the resonator was substantially changed. The modification haseliminated thein-
dium joint which used to beasource of vacuum leak and alimitation of the baking temperature of
the resonator. The new design also helpsto keep the resonance frequency more reproducible
during many cyclesof periodic warm and cool down. Thenew mechanical assembly of thetuner
has been successfully used with the resonatorsin the superbuncher and rebuncher cryostatsalong
withtheLINAC QWRs.

2.1.1.2 Beam accelerationthrough thefirst LINAC module

After incorporating all themodifications, acoupleof off-linetestsfollowed by on-line
beam accel eration were performed. In both the of f-line tests, the performance of the resonators
was satisfactory and al of them have performed at > 3 MV/m at 6 watts of input power. To
measure the energy and timewidth of the beam, two scattering chambers are placed beforeand
after the LINAC cryostat. Surface barrier detectorswere placed in both the chambersto measure
thetime and energy of the scattered particlefrom thethin gold foil. During beam accel eration,
2510 heam of 130 MeV from Pelletron accelerator was pre-bunched to ~ 1.5 nsec by the
Harmonic buncher located in the pre-tandem region and the High Energy Sweeper located inthe
post tandem location. Thenwith acareful optimization of the phaseand amplitude of theresonator
acting as a superbuncher, the bunched beam was further compressed to ~ 230 psec at the en-
tranceof LINAC cryostat.

Thisnarrow timewidth beam wastheninjected into thefirst resonator operating at its
highest achievablefield and its phase s adjusted to optimi ze the energy gain. Inthisway, oneby
one, all thefiveworking resonatorsout of eight of the LINAC cryostat were turned on with the
optimized phaseto get themaximum energy gain. A total energy of 151 MeV wasobtained withan
energy gainof 21 MeV from LINAC with an average accelerating field of ~3.1 MV/mfromfive
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resonators[figure3]. Theion beam of 28Si+10 beam of 130 MeV from the Pelletron accel erator
had been accel erated twice, in September and November 2006. During both the time of beam
acceleration, S beam of ~ 150 MeV was supplied to two experimenta groupsto perform experi-
mentsin two different beam lines. Right now, more cold testsare being carried out on theresona-
torsinLINAC cryostat to verify therdiability of thewhole system. We are hopeful that withina
few monthsall the elght resonators can take part in the beam accel eration and the average energy
gainfromthefirst cryomoduleisexpected to be4 MeV per charge state.
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Fig. 3. Theenergy of 28S beam measured before LINAC and after LINAC, with the
resonator sturned on oneby oneduring the beam acceleration in September and
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Activitiesrelated to Rebuncher cryostat

Fig. 4. Figureshowstwo QWRsloaded in therebuncher cryostat prior totheir first

offlinecold test
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Theactivitiesrelated to the rebuncher cryostat, has al so been carried out during 2006.
Two resonators, oneof which wasfabricated in-house, wereinstalled with all the modifications
mentioned above and tested for thefirst timein rebuncher cryostat at liquid helium temperature.
Accelerating fields of 3.3 and 3.7 MV/m were measured for the resonators at 6 watts of input
power for the resonators made indigenously and madein collaboration with Argonne National
laboratory, respectively. Thefrequency tuning ranges of the resonatorswere measured to be 120
and 80 KHz and the mid frequenciesof both of them were centered nicely around 97.000 MHz.
Itisexpected that within afew months, during the beam accel eration by theresonatorsin LINAC
cryostat, both the resonatorsin rebuncher cryostat will be used to deliver aproperly bunched
beamtotheuser.
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2.1.3  Superconducting Niobium Resonators
PN.Prakash, S.SK.Sonti, K.K.Mistri, J.Zacharias, D.Kanjilal & A.Roy

The production of fifteen quarter wave resonators for the second and third LINAC
modules has progressed as per our plan. In addition to the resonator production, two ANL built
resonatorsand oneindigenoudly built resonator are being repaired.

2.1.3.1 Resonator Production for the2nd & 3rd LINAC Modules

Theproduction of fifteen quarter waveresonatorsfor the 2nd and 3rd LINAC modules

Fig. 1(a) Niobium Outer Housings Fig. 1(b) Drift Tubes(top) & Loading
Arms(bottom)
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has advanced satisfactorily. Figure 1(a) showsthe niobium outer housingsand figure 1(b) shows
thedrift tube and loading arm cylinders (the capacitive and inductive parts of the central conductor
assembly respectively). The niobium top flange, which joinsthe central conductor to the outer
housing, for al theresonators have been machined and the outer stainlessstedl vessalsarenearing
completion. The niobium-stainless steel flangesfor the open-end of theresonatorswill beready
shortly. Fabrication of the niobium g ow tuner bellowshasjust begun. Theassembliesinfig. 1lbare
now getting e ectropolished. Thee ectropolishing (EP) isbeing donein setsof threeto reducetime
and effort. Theedectron beam welding work isal so carried out with multiplewel dsinasingle pump
downto savetimeand effort. In all about 250 welds have been performed using thein-house e-
beam welding facility. Thisrepresents approximately 70% of the e-beam wel ding work for com-
pleting the basi ¢ niobium resonator, and about 58% of the entirefabrication work that includesthe
dow tuner bellows. We plan to complete the fabrication by themiddle of thisyear (2007).

2.1.3.2 Major Repairson QWRs

Last year we had planned to modify thedrift tube of oneof theindigenoudly built quarter
waveresonators (of thetwo) to convert it into ab=0.09, 109 MHz resonator for multipactoring
studies. However, during the e ectropolishing of the other indigenoudy built resonator the niobium
surfacegot severely etched because of incorrect labeling of the electropolishing solution. Prior to
the accident thisresonator had performed abovethenominal designgoal in cold tests. However,
after the accident its performance deteriorated substantially and assuch it isnot usablein the
LINAC. We aretrying to see how thisresonator can be salvaged. In the mean timetheideato
convert thefirst resonator for multipactoring studieswas dropped and we have now reverted back
totheorigina design. Thisdecision hasbeen taken to ensurethat sufficient number of resonators
areavailablefor the superconducting LINAC. Thedrift tube on thisresonator, along with two
others, are currently being repaired. For thisthe resonators have been cut open from the shorted
end to accessthe central conductor assembly. Thisisamajor work and it has been clubbed with
theon-going resonator production sincethereissomesmilarity between theresonator fabrication
and therepair work.

22 CRYOGENICS

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

In thisacademic year, four cold tests have been performed for resonatorsin the beam
line cryostats of RF-Superconducting LINAC. Beam was accel erated through the 1st LINAC
moduletwiceinthisyear. First timecloseloop cooling of all thethree beam line cryostatstogether
have been performed successfully by helium distribution network. A seriesof experimentshave
been carried outin Multilayer Insulation (MLI) calorimeter and theheat load between 80K and
4.2K hasbeen reduced from 60mW to 16mW. Similarly experimenta data have been generated
with thermaosyphon cooling by liquid nitrogen and analyzed with respect tolevel , flow rate and
heat [oad. A low cost coil winding facility with flip mechanism hasbeen designed and devel oped
for superconducting quadrupole magnet of HY RA project. Liquid nitrogen plant upgradation work
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hasbeeninitiated inthisperiod. Technology of somecryogenicinstrumentsdevel opedinhousehas
been transferred to private firmsfor bulk production and supply. Proposals on devel opment of
cryo-freemagnet and recovery of helium gasfrom monazite sand have been submitted to DST and
BRNSrespectively.

2.2.1  CryogenicFacility
l. Liquid Helium Plant

Thehelium plant was operated fivetimesout of which four runswerein closeloop mode
for off-linetesting of the resonators and beam accel eration through LINAC. Average duration of
eachrunin closeloop modeisapproximately twelve days. Estimated total production of LHewas
~100000L and the running hour is 1100hr. which ishigher in comparisontolast year asshownin
fig.[1]. A new speed controller has been devel oped to substitute the Fincor speed controller for
the cold expander. Performanceis satisfactory and thereisaplan to haveasimilar onefor warm

engine.
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[1. Liquid Nitrogen Plant

To meet the enhanced demand of liquid nitrogen on account of prolonged off-lineand
beam accelerationtestin LINAC, upgradation of liquid nitrogen plant wasplannedintheprevi-
ousyear. Modificationisachieved by using stand-by four cylinder cryogenerator along with
upgradation of PSA capacity from 40M 3/hr to 100M 3/hr. The new PSA is of modular type,
compact andfilled with dual typeregenerativedrier in place of refrigerated air drier. Preliminary
installation and integration of new system with existing one has been completed. Fig.[ 3] shows
some of the newly installed systems of upgraded L N2 plant. Final commissioning and perfor-
mancetest will becarried out shortly.

Inthisyear thein-houseliquid nitrogen productionwas1,42,000L which issignifi-
cantly lower than last year whichisshowninthefig.[2]. LN2 procured from outside vendor was
~2,35,000 L. The Plant was shut down for four months on account of up-gradation work.
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A forty-meter long flexible LN2 filling linewas connected to the external LN2 storage
tank for temporary filling of LN2 from the tanker standing outside the boundary wall of the
campus asthe approach road to the external L N2 storage tank was blocked because of construc-
tionwork.
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Compressor

Fig.3. New PSA system of upgraded L N2 Plant
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Fig. 4. Bar Chart of Helium GasPurification

Theold manual purifier wasmade operational when aleak was devel oped in the char-
coal bed of the new PL C based automated helium gas purifier after 122500M 3 of helium gas
purificationfor last four years. Theold purifier wasintegrated with helium gasrecycling system
incorporating few additional featureslike on-linedrier, temperature sensorsto monitor LN2 level
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and manifold system to analyze purity of helium gas. With thisarrangement, it was possibleto
purify 2200M 3 impure helium gasin 21cyclesasshowninthefig.[4]

Theleak, developed inthe PL C based automated purifier, hasbeenrectified anditis
currently undergoing through the actua cold tests. It will bein operation onceit passesthroughthe
coldtests.

2.2.2 PerformanceReport of Cryostats
LINAC Cryostat

Four cold tests have been performed with 8-QWRsinthe 1st LINAC cryostat. The
beam was accel erated through thisLINAC module twiceinthisyear.

Heat L oad Analysisof 1st LINAC Module

Themeasured static heat |oad of 1st LINAC Moduleat 4.2K ishigher than the expected
whichwasreported earlier. Detailed experimental measurementswere carried out to analyzethe
unexpected paragitic heat |oad to theliquid helium system. Rf- Drive couplersand theauminum
support structure of resonatorswere found to be the major contributorsto the parasitic heat load
at 4.2K.

Theheat flow through each drive-coupler is cal culated by measuring thetemperature
profileaong thedrive-coupler for both static (i.e. no RF power) and dynamic condition (i.e. 70W-
200W RF power). The calcul ated load comes about 0.5W and 1.4W per drive-coupler with and
without RF power.

Inthepresent LINAC cooling methodol ogy, Aluminum support bars (tota weight~160K g)
areprecooled upto 150K by liquid nitrogen and no further precoolingisfollowed by forced flow
of cold helium gasthrough the precooling channel. Hence awide temperature gradient exists
between a uminum bar and resonatorsat 4.2K. Thisisbecause of higher contact resistanceand
largemasswith higher specific heat of auminum bar. On careful andysisof temperature profile of
aluminum bar, it isobserved that the temperature drops~8K/day for first 5-6daysand then 4K -
5K/day. Theheat |oad, calculated from thetemperature drop, is 10-12 W with eight resonators
and one solenoid magnet. It isalso confirmed that theload isalmost proportional tothe number
of resonators.

Rebuncher Cryostat

The off-linetesting of the Rebuncher cryostat with two resonatorswasperformedinthis
year. Thelower annular LN2 vessel hasbeen replaced by the copper thermal shield to accommo-
datethe extralength of new drive-coupler. The shield iscooled by gravity flow and the cooling
manifold hasbeen modified to suit theexisting line. Theperformanceissatisfactory. Figure[5]
showsthetypical variation of copper shield temperaturewith LN2level inthe upper vessd. Itis
also noticed that the required helium cooling timeismuch higher if bypass cooling modeisnot
followed.
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Fig. 5. Temperatureprofileof the copper thermal shield of Rebuncher cryostat

2.2.3  Other Experimental Studies
l. ML experimental setup

A series of experiments have been performed to measure heat |oad between 78K to
4.2K and variouslayersof MLI, Al tapeand on bare surface. The effort, madeto reducethe heat
load on the experimental vessel from 78K- 4.2 K, wasreasonably successful. Finaly the static
heat flow got reduced to 16mW fromitsinitial value 60mW. Some precautionary modification as
described below on experimental set-up isreason behindit.

a. A circular copper flap (0.5mm thick) around thetop liquid nitrogen guard ves-
sl which ensuresblocking of direct radiation to experimental vessel fromtop
plate through the annular gap of the cryostat.

b. Thermal anchoring of thetop of the experimenta vessel from the pipe connect-
ing two guard vessel sto experimental by two numbersof 1" copper braid.

C. Removal of both diode sensorsfrom the experimental vessel and thiscontrib-
utes about Gm\WV.

Theachieved 16 mW of load at 4.2K (so far best result) isacombination of radiation
and conduction load (assuming that gas conduction isnegligible at vacuum level of 10%torr). A
novel technique wasfollowed to separate out the above two contributions. Different temperature
(~64K) was achieved at the annular shield by pumping downtheannular LN2 vessel, therefore
theradiationload wasvaried (assuming that emissivity of metal doesnot change very much from
78K -64K) but conduction load waskept constant as showninfig.[6]. From thesetwo experi-
mental observations, itisconcluded that theradiation, between 80K and 4.2K with aluminum
tapeon SS, contributes 6mw (30mW/M2).
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Another experimental observation shows head load of ~25 mW at 78K-78K (LN,-
LN.,) configuration which should beidedly zero. Thismight be dueto the conduction throughthe
fillingtubewall. A periodic oscillation of flow rate (cc/min) hasbeen observed (peaking at around
3AM/PM) asshowninfig.[7]. Thereason behind thisisnot yet clearly understood.
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. Gravity Cooling Experimental set up

Thisexperimental program hasbeen initiated to eval uate and generateinput design pa-
rametersfor the optimized performancesof cryostat thermal shield cooled by gravity flow. Inthe
experimental set up, the stabilized temperature of shield at different heat |oad hasbeen found for
existing copper clamping mechanism. The stabilized temperatureincreaseslinearly with the heat
load of theshiddd asshowninfig.[8]. Theriseintemperaturewithliquidlevel reducesasthe heat
load increases because of increased liquid flow through the shield for higher load. Fig.[9] shows
thevariation of temperaturewith theliquid level for different heat load. Theanalytical relation
between liquid level, heat transfer coefficient and contact resistance of the copper clampisbeing
developed.
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224 Other Developments
l. LN, Driven Car

Thesuccessful devel opment of primemover by using liquid nitrogen asafuel hasbeen
reported earlier. Same program was extended to demonstrate running of avehicleby using clean
liquid nitrogenfuel in collaboration with DCE, New Delhi. A singlecylinder100cc air cooled four
stroke petrol engine of Hero-Hondamotorcycle has been modified into two stroke expansion
cycle. The LN, tank (capacity ~14litres) is pressurized by passing the LN, through the heat ex-
changer whereit absorbsthe heat from atmosphereand finally itinjectsthe high pressuregasinto
the expansion enginethrough aflow meter. Theindigenousy devel oped car with anovel concept
rolled downto few hundred metersin IUAC campusaswell as DCE campus. The performance
efficiency and thefuel economy isyet to be established.
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Fig. 10. Pictureof LN2driven demo-car

I1. Development of Superconducting Quadrupole M agnet

A widebore (200mm) cold iron superconducting quadrupol e doublet magnet with cry-
ostat isbeing developed at IUAC for the HY RA project funded by DST. A coil winding machine
with aflipping mechanism has been designed and devel oped to make the Nb-Ti superconducting
coils. Asafirst step asample coil has been made using Imm. diameter. copper wire. Using a
specia mechanism the stycast epoxy coating isdonewhilethewinding isin progress. Necessary
winding formersand fixturesarelocally devel oped to get the desired shape and size of the coil.
Few moresamplecoilswill be made using copper wirewith epoxy beforethe actua winding with
superconductingwire. Thefinal design of the cryostat will betaken up shortly after thecoilsare
mounted. A comprehensive report on present statusof HY RA ispresented in Section4.3.2.

Fig. 10A. Flipping mechanism of winding Fig. 10B.Winding Formers
machine
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225 FPGA based CryogenicInstrumentation and other Electronics Development
Joby Antony and D.S. Mathuria

Different cryogenicinstruments have been devel oped in-house using FPGAsfor various
cryogenicsapplicationsat I[UAC. Technology of some of theseinstrumentshave beentransferred
to aprivatefirm (M/sNVIStechnologies, Indore) for mass production and afew of them are
being used by NPL, New Delhi for their low temperature measurements.

Fig. 11. Cryogenicinstrumentsdeveloped at IUAC

Multi channel Cryogenic TemperatureM onitor

Cryogenic temperature monitors of sixteen and eight channelshave been designed and
developed for Silicon diodesand Platinum sensorsin thetemperature range of 3.2K-410K and
77K-410K respectively. PC Interfaceslike RS232 (Optically isolated), USB and Ethernet con-
verter O/Parealso provided. Big L CDs have been used for simultaneoustemperature readouts.

. LINEARIZER UNIT with 16 linear Analog Outputs

Thisisalinearizer unit which can produce 16 linear 0-10V outputs proportiona to differ-
ent non-linear inputs. It hasgot an anal og front-end for low signal conditioning, input multiplexer
unitand 16 DA Csfor smultaneouslinear outputs. RS232 interfaceisa so provided inthisinstru-
ment.

1. Current sour cesfor Cryogenic applications

Two precise current sources have been devel oped for cryogenic related calibration jobs.
Thisincludesprogrammable 0-100mA and 4-20mA generators.

V. Massflow readout meter & flow-viewer softwarefor nitrogen and helium gas.

Itisaninstrument devel oped to display andlog theflow of N2/Hegasusing SENSIRION
ASF1430 sensor used for MLI experimental set up. Theflow ismeasured from a16-bit binary
number using SPI businterfacing using FPGA and displaysit ona16* 1 LCD display. A Flow-
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Viewer Softwareisalso developed using L abview to replace the software supplied by the com-
pany which wasnot suited for low frequency datalogging usng RS232 interface. Different cdibra:
tion curvesfor nitrogen and helium can be sel ected from thefront panel of theinstrument.

V. A prototype CAMAC controlled driveprobes

Thisisaprototype setup madeto study thefeasibility of controlling the resonator drive
probethrough CAMAC interface. It had an existing singlechannel controller torunasingle Drive
probeat atime manually and now it hasbeen modified to run through aPC using CAMAC. But
it had somelimitationswhichwill beovercomeinanew typeof drive probe controller whichishbuilt
for smultaneous movement of all 8 drive probes manually aswell asremotely. The GUI below
showsthe control pandl.

= m HTCH T [FRRng Ty P TSR SRR

Fig. 12. GUI for RF Drivecoupler control for resonator
VI. Gamma Radition Display Meter
Joby Antony, BirendraSingh

Thisisadigital display unit installed to replace the existing 16 analog gammaradiation
monitorsin Pelletron control room. Now it has 16 independent 16* 1 character displaysto display
thegammaradiation at different levelsin pelletronwith adisplay resolution of 0.01 mR/hr. It has 16
low level 0-100uA nonlinear inputs. RS 232, Ethernet interfacing O/Ps have been provided for
loca monitoring.

_'__-.m"' B L
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Fig. 13. Digital gammaradiation display at Pelletr on control room
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VII. An End -window GM counter for datalogging

Thisisaproject required by HPgroup for Environmental SampleAnalysis. Thisisan
End-window GM counter to count the number of TTL pulsesgenerated out of aGM detector in
counts/sec or countsmin. Thisdevice generatesthereal timeclock in seconds/minutes, counts/
sec & counts/min and the corresponding continuous datais displayed on a16* 1 character display
and transmitstheseinformation serialy to PC.

2.3 RFELECTRONICS

A. Sarkar, S. Venkataramanan, B.K. Sahu, K. Singh, A. Pandey, Y. Mathur, P.
Singhand B.P. Ajith kumar

231 SatusReport of the Multi-harmonic Buncher & theHigh Ener gy Sweeper
and associated jobs

Themulti-harmonic buncher (MHB) was operated al ong with the high energy sweeper
(HES) for thefirst timeto provide 12 MHz pulsed beam to aLINAC User (National Array of
Neutron Detectors). Earlier thissystem (MHB+HES) was used to provide beamsonly for testing
LINAC. 2S beam pulseswith FWHM ~1.4nswas provided to the user. The sweeper dlit win-
dow was optimised and kept at 2mm. The sweeper phase had to betuned occasiondly. Theentire
systemran smoothly for severa shifts. Thissystemwasa so operated to provide LINAC beamto
theHY RA beamlinefor afew shifts.

The multi-harmonic buncher (MHB) wasa so operated a ong with thelow energy chop-
per (LEC) to provide 4 MHz pulsed beamsto GPSC and HIRA beamlines. °F and °0O beam
pulseswith FWHM ~ 1.2nsand 1nsrespectively wereddivered. TravellingWave Deflector (TWD)
wasa so used inthe HIRA runto provide pul sed beam at lower repetitionrate.

Therewas avacuum problem near the MHB chamber with the pressurerising to 10
torr resulting inthe closure of the beamline vave bel ow the chamber. After athoroughinvestigation
it wasfound that asoft solder joint in thefeedthrough connecting the lower grid of the MHB was
leaking (at 107" torr range). By spraying vacuum sealant on the joint, the leak was closed and
10° torr waseasily achieved inthe MHB chamber.

A water leak in the de-ionised water cooling system for the MHB was observed during
apulsed beamrun. Theleak wasfixed. Thecoupler positionsof thetank circuitsfor the MHB got
disturbed during thewater leak fixing. The couplerswere adjusted for critically coupled positions
onceagain and thetank circuitswere retuned.

2.3.2 Operational Experiencewith resonator control Scheme

Theresonator control schemeisused with the present pelletron control system to accel -
eratethe heavy ion beam fromtandemthrough LINAC. Thebeamisfindly delivered at User end
for experiment. The phase and amplitude lock of resonators are found to be stable and within
specified range during the experiment. The RF cdibration of resonator isdone by usingacommer-
cid RFlevel meter from Rohdeand Schwartz. The cdibration matcheswell withthe actua energy
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gain by the beam. Slow -tuner control mechanismisfound to beworking properly to handlethe
dow driftsdueto Helium pressurefluctuations.

The RF electronicssetup for re-buncher cryostat isdonethisyear. An off-linetest using
the set up isdonewith there-buncher cryostat. Thisset up will be used in the next beam test for
delivering the pulsed beam from LINAC.

2.3.3 400WattsVHF Power amplifier for LINAC

Assembly of 20 numbersof 400 wattsVHF RF power amplifiersrequired for additional
LINAC moduleshasbeen successfully completed. Various RF power blocks, control cards, cable
assemblies, critica sub-assembliesliketransmission linetransformers, splittersand combinerswere
duplicated. Theseamplifiersareindividualy characterized and subjected to continuousburn-in
test under extremeload and environmental conditions.

Fig. 1. 400WattsVHF Power amplifier
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24 BEAM TRANSPORT SYSTEM
A.Mandal, Rgjesh Kumar, S.K.Suman, Sarvesh Kumar and Mukesh Kumar

Beam Transport System laboratory takes care of regular maintenance, design and devel-
opment of Accelerator beam Transport System. Several magnets and power suppliesfor them
have beenindigenoudy developed. Besides, BT Slaboratory hasbeeninvolvediningrumentation
devel opment for other projectsparticularly power supplies.

241 Beamopticsfor LEIBF Facility in New Low Energy lon Beam (LEIB)
Laboratory

The beam opticsfor LEIBF facility hasbeen donefor three beam lines 75°, 90°, 105°
using TRANSPORT code up to first order and based upon that Layout of Beam hall in New
L EIB building isbeing drawn. Herewe have shown optimization for 90° beamline.

Fig.1. Beam Optics for 90° beamlineusing TRANSPORT
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Fig.2. Layout of L EIBF Facility in New L EI B Building
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2.4.2  Design of Switching M agnet for L EIBF Facility

A Switching Magnet has been designed for the LEIBF facility to switch thebeamin
three beam lines 75°, 90°, 105°. Theion optics cal cul ation has been carried out using simulation
program GIOS & TRANSPORT CODE. A typical ion opticsfor 90° beamlineis shown below.
Theionoptical specification of themagnet isgivenintablebelow.

Specificationsfor Switching M agnet

Maximumfied 15T

Magnet type H -shaped

BendingAngles 75°, 90°, 105° (All bent left w.r.t beam)
Bending radius(mm) 600 (75°), 516 (90°), 460 (105°)
EntranceAngle 29°,

ExitAngles 29°(909), 179(75°), 46°(105°)
Polegap 65mm

Polewidth 300 mmentrance

Homogenaty Better than 10 over 30mm

Coail type Hollow conductor (OFHC copper)
Coalingtype water

Power Supply existing 50V, 250A

(Order Placed to Danfysik)

———1 D476 LLLU

Fig. 3. Beam Opticsfor 90° beamlineusing GIOS
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24.3 Fabrication and Testing of Steerer Magnets

Four steerer magnets have been have been fabricated and tested using Group 3 Hall
probesfor their excitation curve.

Steerer Magnet -1 (A-B)
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D w0 75
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0 025 05 075 1 125 15 175 2 225 25 275 3 325 35 375 4
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Fig. 4. Atypical Excitation Curve of Steerer M agnet

244 Testing of aLargeArea Scanner Magnet

TheLargeareascanner magnet fabricated |ast year hasbeen tested for DC current using
Group 3Hall probesfor itsmagnetic field profileand excitation curve. Themagnet hasalso been
tested with 50A, 50Hz triangular wave output from the indigenously devel oped scanner power
supply. Temperature rise of the magnetswas noted approximately 10 degrees centigrade after 10
hours.
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Fig. 5. Excitation Curve of Scanner M agnet
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Fig. 6. Magnetic Field Profile of Scanner Magnet in Axial Direction

245 High Current Scanner Magnet Power Supply for Y-axis

Scanning magnet requires bipolar triangular wave current regul ated output power sup-
plies. Thesearelimited bandwidth amplifier without zero cross-over distortion. Stability of regula-
tion loop of these current regulated output amplifiersisvery critical becausethishasto feedinduc-
tive load. Last year we had developed and tested one amplifier for x-axis (+/-50A, +/-50V,
50Hz). Thisyear theamplifier for Y-axis (+/-70A, +/-15V, 0.4Hz) has been devel oped. Loop
stability and oscillation problem hasbeen sol ved successfully. Theunit isunder test with actua load
for stability, thermal management and failurerates. After all thesetesting, soon the unit will be
installedinLINAC Mat. Sc. beamline.

Specificationsand features:

1. Triangular wave current output . +/- 7T0A

2. Output voltagerange . +/-15V

3. Scanning frequency range: 0t00.4Hz (4mH inductiveload)

4. Triangular wave current regul ated output without crossover distortion
5. Programmablefoldback limitsfor over voltageand over current

6. Remote control through CAMAC

Fig. 7. High Current Scanner Magnet Power Supply
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24.6 BGO Detector Bias Supply

Thispower supply has been developed for INGA project. Thisisahigh voltage power
supply housed in astandard double width NIM modul e that provideseither polarity of output
voltagefrom 0-3kV/10 mA. It providesextremely stablelow noise high voltagethat isrequired
for proper biasof photo multiplier tubes. Two feedback |oops are used, onefor pre-regulation
whichisnecessary tolimit the power dissipation and second loop isto regul ate the output voltage.
50 nos. of such power supplieswill berequired and fabrication of all these unitswill bedonein
house. Design and assembly detailsand material s procurement has been done.

Specifications:

1. Output Voltage  : 0- 3kV

2. Load Capacity  :0-10mA

3. Regulation : 0.005%

4. Output Ripple :<10mVpp

Festures:

. Bipolar -selectable

. Two smultaneoudly available output - SHV

. Front panel LCD meter- ssimultaneous V-1 display

. Overload and short circuit protection

Fig. 8. BGO Detector Bias Supply

24.7  Pre-amplifier Power Supply

This power supply has been developed for INGA project. The pre-amplifier power
supply isaportable power supply idealy suited for providing power to pre-amplifiersinremote
locations. The power supply providesfour highly stableand low noise output voltagesto Six pre-
amplifierssimultaneously through standard 9-pin connector on therear panel. 15 nos. of such
power supplieswill befabricated in house. Assembly details, drawing and materia procurement
has been compl eted.

Specifications:
. Outputs : +12V/ 1A, +24V/1A, -12V/I 1A, -24V/1A
. Regulation : <x0.05%



. Noise& ripple : <3mVpp
Festures:

. Foldback Output current limit
. Therma protection

Fig. 9: Pre-amplifier Power Supply

24.8 Power Suppliesfor HYRA Quadrupoles

Designand prototyping for four numbersof high current high stability (300A, 45V) power
supplieshasbeen finalized and tested successfully. These magnet power suppliesare DC current
regulated suppliesdesigned for gpplicationsrequiring very high stability. The power supply control
€l ectroni cs hasbeen designed in modul esfor ease of maintenance. Materia shave been procured
and all assembly drawings have been finalized to fabricate 4 nos. of such power supplies.

Specifications.

. Power range : 10kW- 12kwW
. Currentrange : 300A

. \oltagerange : 32V and 42V
. Longterm stability (8hrs) : 20 PPM

24.9 Controller for Spark Counter and Beta Ray Spectr ometer

Spark Counter and BetaRay Spectrometer have beenindigenoudy developed for M.Sc.
teaching lab. The controller has been devel oped keeping in view that it can control both Spark
Counter aswell as Beta Ray Spectrometer. It provides 0-5 kV bias voltage to the detector of
Spark Counter and 0-500 V to Beta Ray Spectrometer'sdetector. The controller contains pulse
detecting circuit, pul se shaping, decimal pulse counter and timer. Pulses corresponding to the
detected particlesare generated in the control ler which are counted and displayed for the set time
period. The controller hasfollowing specificationsand festures.

1. Output :0-5kV, 100uA for spark counter (SHV connector).
0-500V, 100uA for Beta-ray spectrometer (BNC connector).

4digit pulse counter for max. count ~9999

3digit presettable timer for time setting from 999-000 second.
Pand meter for biasvoltagedisplay.

~w
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Fig. 10. Controller for Spark Counter and Beta Ray Spectr ometer

2410 STM Unit Power Supply

Thisunit hasbeen devel oped to power indigenously developed STM. It provideshighly
stableand low noise DC outpuits. Fixed Voltage regulator circuitsare used to regul ate the output
voltage. Specia grounding technique and senseterminalsare used to achievelow noiseand high
stability. Output adjusting facility isprovided to adjust the output within +10% of therated value.

Specifications:

. DCOutputs :£15V /1A, £15V/200mA, +5V/1A, +5V/1A, £200V/40mA

Fig. 11. STM Unit Power Supply

2411 INGA and HYRA power supply Fabrication

BTSIab hasdevel oped high voltage detector bias power suppliesfor INGA and high
current power suppliesfor HY RA. Prototype of all these devel oped power supplieshave been
tested and found satisfactory. All theseunitsarerequiredin large quantities; henceitisdecided to
assembleall therequired quantity in house. For that complete assembly details, drawingsand
scope of works has been documented to setup the production line. Materialsand components
have been sourced and procured. Assembly processwill start very soon.

Detailsof unitsto beassembled:
. 3kV, 10mA HV supply for BGO detector - 40 nos.
. 5kV, 100uA HV supply for Ge Detector - 50 nos.

. Pre-amplifier power supply - 15 nos.
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. 300A, 45V HYRA Quad PS- 4 nos
2.4.12 Instrument development in progress
. Univer sal Regulation M odulefor M agnet Power Supply:

Beam transport system requiresdifferent types of power supplieswhich arelow current,
high current, unipolar, bipolar etc. Hence many types of sparesand electronic cardshaveto be
kept instock. To keep theinventory of spareslow, wearedesigning auniversa regulation module
and el ectronicswhich can control al typesof power requirements so that we can have adequate
control of al sparesavailability and maintenance. Design hasbeen completed and implementation
isinprogress.

. Electric Field vsPolarization measurement system:

Devel opment of EP system for characterization of ferroel ectric materiasfor Mat. Sclab
isinprogress. Thesystemwill consists of following specificationsand features.

. Electricfield upto 0-1kV /cm

. Triangular waveexcitaion

. Frequency rangefrom 1Hz to 200Hz

. Correction for sample capacitanceand resistivelosses
. Air cooled quadrupolepower supply for HCI

The power requirement for HCI quadrupol eisapproximately 500W. Hence, it hasbeen
decided todesign air cooled power supply instead of water cooled. The stability requirement of
these power suppliesisaround 100 ppm. To achievethisstability, therma management of theunit
iscritical, especially whenitisair cooled design. High performanceforced air cooled heatsink
designof 1 kW capacity isin progressfor unipolar and bipolar outputs.

. Detector bias power supply (1 kV, 100uA)

A 0-1kV output range power supply with leakage current readback facility design has
been finalized. Thispower supply can be used with solid state detector, charge particle detector
and proportional counters. Theimplementationisin progress.

2.4.13 Servicingand maintenance support

BTSgroup providestimeto time service and maintenance support for thefollowing
insrument.

. Target |ab Vacuum 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 (M odel-922-0020, Varian)

. High voltage detector biaspower supplies
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Quad 1kV Biassupply (Model-710,EG& G Ortec)

5kV Detector Bias Supply (Model-659 EG& G Ortec)

3kV Detector Bias Supply (Model-556, EF& G Ortec)
. CAMAC Crate power supplies

CAMAC Crate (Model-1502, Kinetic)

CAMAC Crate (Model-6700-SCB, BiraSystems)
25 LOW ENERGY IONBEAM FACILITY (LEIBF)

GRodrigues, PKumar, P.S.Lakshmy, U.K.Rao, Y.Mathur, D.Naik, A.Mandal and
D.Kanjild

A. Sour ce Oper ations

Inthelast academic year, an experiment was performed invol ving Bremstrahlung mea-
surementswith our ECR source. Thiswasaccomplished with the collaboration of scientistsfrom
IGCAR, Kalpakkam. We used a1 inch Nal detector instead of a Ge detector dueto its better
efficiency to measurethe x-raysover awide energy range (upto afew MeV) fromtheinjection
sideof the source. Infact, we measured these el ectron energiesup to afew MeV. The measure-
mentswerecarried out intwo modesviz; beam tuning mode and without beam tuning mode. The
measurementswere carried out asafunction of RF power, gasflow, biasvoltage and extraction
voltage. Figure 1(a) showsthe set-up of the measurement and figure 1 (b) showsthex-ray spectra
at different power levels. A completeanaysisisunderway.

Fig. 1(a). Set-up of X-ray measurement at injection side of the ECR ion sour ce
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Fig. 2. View of theEinzel lensafter it wasfound shorted

During norma operations, wefound ashort inthe Einzel lens(seefigure2.) whichwas
apparently dueto sputtering of SS304 materia (seematerial lying next to the Einzel lens) fromthe
last grounded cylinder (top portion, beam exit). Thishas been correlated with the huge currents
beam extracted (and | ost) and occasionally found that the body of the Einzel lenswasgetting hot.
Infuture, acollimator will beinstalled in front of thelensand possibility of air-cooling will be
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explored. New typeof metalic beamsare being devel oped using theoven, MIVOC, insertionand
sputtering techniques. These beamsare dwaysfound challenging to develop. They aremainly
used for variouskinds of material s science experiments and for gaining experiencein ECRIS
operation. Our goal isto develop these beamsfor future usein high current injector of supercon-
ducting linear accelerator (LINAC).

The compl ete beam optics has been worked out for the new L EIBF system. The com-
plete design has been worked out and fabrication of new high voltage, double deck platformis
ready for installation. Two additional beam-linesare planned and thisrequiresanew switching
magnet for thispurpose. The design of the switching magnet hasbeen findized and order placed to
DANFYSIK

TheLow Energy lon Beam Facility hasbeen running amost full timefor variousexperi-
mentsduring thelast year. A large no. of experimentsrelated to atomic and molecular physicsand
materiassciencehasbeen carried out. Typica experimentswhich have been carried out using the
fecility arelisted below.

1. Formation of buriedinsulating layersin S using high doseimplantation of Oand N.

2. Study of electrical, magnetic and structura changesinduced by Ar implantationin poly-
mers& nano-composites.

3. Study of multipleionization of moleculesby e ectron-ion-ion coincidencesinion TOF
spectrometer using CH,,CO,,CO,SF, & CCl, targets.

4, Irradiation of Ar onsilicon & in-situmeasurementsof 1-V, C-V Schottky diode behaviour
withvarying dose.

5. Bremstrahlung measurementsfrom ECR plasmaasafunction of gaspressure, rf power,
biasvoltage and extraction voltage with a)beam tuning b)without beam tuning.

6. Study of surface, luminescence, structural and optical properties on pure and doped
LiNbO3 samples.

7. Experimentson molecular dissociation using CO and CH, targets.

B. Electronics Development

Two high voltage power supply modulesof 3kV, 5mA werefabricated for electrostatic
steerer in LEIBF. Intheprocessof devel oping high voltage power suppliesweindigenoudy devel-
oped the high frequency transformer (figure4.) for usein 10kV aswell as3kV power supplies.
Thehigh frequency transformer design parametersareasfollows:

1. Output voltage (Vo) = 1.76kV

2. Turnsof primary winding, Np=10turns

3. Turnsof reset winding, Nr =14

4. Turnsof secondary winding, Ns= 1625 turns
5. Switching frequency ( fs) = 50kHz

6. Maximum flux density (Bmax) =220mT
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Fig. 4. View of thehigh frequency transformer

2.6 HIGH TEMPERATURE SUPERCONDUCTING ECRIS, PKDELISAND
LOW ENERGY BEAM TRANSPORT SYSTEM

GRodrigues, PKumar, PS.Lakshmy, R.N.Dutt, U.K.Rao, Y.Mathur, D.Naik,
A.Manda, D.Kanjila andA.Roy

A. Control system of PKDELISECR Source

Computerized control of al thesystemsof the High Temperature Superconducting Elec-
tron Cyclotron Resonance lon Source (HTS-ECRIS) PKDEL ISand low energy beam transport
has been achieved. The control systemisbased mainly uponindustry standard MODBUSRTU
on R$485 and incorporates, among other features, aradio modem for easy high voltage deck
control, aPLC for aflexible, connected and reliableinterlock system, and client server based
remote control. For low cost and ruggedness, industria graderail mounted modulesare used. Due
totheuseof aPL C, theinterlock signalsarevisibleon the control program running on the PC and
areavailableonthenetwork aswell. Theactua systemincorporatesaloca modbusconnected to

Fig. 1. PKDELISECR ion sourceand L ow Energy Beam Transport system (LEBT)
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Fig. 4. View of layout of PK DEL 1S Source, LEBT and control area

thecontrol server PC viaaradio modemlink. Thisisshowninfigure2. The control server PC aso
readsthe PL.C over theR$485 link. Thecontrol system will incorporate multiple RS485 busesand
only the high voltage deck buswill bethe onewith theradio modemlink. However, thisisplanned
inthefuture and presently al the systemshavearadio link. A smplified block diagram of the
systemisshowninthefigure 2(a). Theentire control iswirelessto make the communication net-
work noisefree and to avoid the necessity of fibre optic cablesespecialy for high voltage applica:
tions. The system has been running continuously and isfound to be rugged under high voltage
environments. A typical residua gasspectrumisshowninFig. 2(c).

B. Radiation Shielding

Theradiation shielding of the HTS ECR source area has been compl eted especialy
plugging theleaksinthe cornersof the shielding manifold closetothesource. Thisisshownin
figure 3. Figure4 givesanideaof thelocation of the shieldslocated between positions 1 and 5.
Shielding has also been done towards the north-west side (position 3) so that control and data
acquisition can becarried out safely inroom no.126 avoiding the high radiation levelsin room no.
127.

C. Cryo-Cooler operations

Thecryo-cooler onthe extraction sidewas posing asevere cooling problemfor the coil.
Wetried to remove the contaminant gasand re-charged it with 1 ppm of helium. Thisre-charging
wascarried out twice but the problem persisted. During the course of time, we a so noticed that the
sound of the cryo-cooler diminished when compared to theinjection sdewhichwasrunningina
normal fashion. Therefore, we decided to open up the extraction cryo-cooler to investigate the
problem. It was observed that the piston movement was restricted due to displacement of the
flangewhich wasnot sitting symmetrically with respect to the piston. Thisimpeded themotionand
eventua ly could not cool down. A new part wasreplaced and the system was back into operation.
A view of thedamaged pistonisshowninfigure5b.
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Fig. 5(a). End view of the piston with loose screws. (b) Sideview

D. Development of new extraction system

A new, movabletype, high current extraction systemispresently under fabrication. This
will facilitate in tuning the optics of variousA/q beams under theinfluence of the strong axial
magneticfield. Thedectrodeswill bewater cooled using de-ionized water. The pumping System
will be mounted on the extraction tank to facilitate better vacuum close to the beam formation
region. A seriesof portswill be mounted on the extraction tank body, one of them will beused for
mounting avariable energy el ectron gun to study the effect of space charge neutralisation and
alternately, another could be used to inject €l ectro-negative gasesinto the system. This concept
needsacareful study inorder tolimit the beam emittance. From smulations, it hasbeen verified
that the emittance can be reduced from 150 T mm.mrad to 100 & mm.mrad depending on the
gpace charge neutralization fraction and the el ectron energy.

A 'large pole gap' magnetic steerer hasbeen designed for correction of the beam mainly
inthevertical direction. It would be placed after the extraction system to guide the beam through
theanaysing magnet. Dueto thelarge acceptance of the beam line, the steerer hasbeen designed
with alarge pole gap to give adeflection of morethan 20 mrad. Additional cooling systemisnot
required dueto thelow power dissipation at low designed fields. 3D code RADIA isbeing used to
smulatethedesignedfieldsespecidly for large aperture, short length magnets.

E. Bremstraahlung measurementsfrom PK DELISECR plasma

X-ray measurements have been carried out to understand the source performance. Typica
axial bremstraahlung spectrameasured at adistance of approximately onemetrefromthe ECR
plasmainthezero degreeview port of theandysing magnet at afixed rf power of 300 W isshown
infigure3. Asmall S pin diode detector (AMPTEK) was used with proper collimationto obtain
thex-raysonly from the plasma. From these measurements, we found that asthemirror ratiois
increased on theinjection and extraction sides, the dope of the distribution changed considerably.
Thelegendinfigure 6 showstheva uesof theinjection and extraction coil currentsused to change
themirror ratio at fixed rf forward power level of 300 W. This shows that asingle electron
temperature component isfound to increase with higher mirror ratios. All measurementswere
performed for afixed time period of 900 seconds. Theenergiesof thex-rayswhich spanfroma
few tensof keV to afew hundred keV show that at these power level sthe energiesof the x-rays
correspondto theavailable el ectron energies. We expect that at higher power levelshigher energy
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electronswould be produced, but these measurements could not be compl eted dueto problems
with the DC waveguide break at higher levels of RF power. We have aso measured the
bremstraahlung intheradia direction. These measurements however show a'two-component’
electrontemperature. Thisrequiresmore detailed measurementsfor in-depth understanding of the
behaviour of theplasma.
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Fig. 6. Axial bremstraahlung measurementsfrom PK DELISECR plasma

F. Low Energy Beam Transport

The LEBT of theHigh Current Injector cons stsof the High Temperature Superconduct-
ing ECR source PK DEL IS, multi-€l ectrode extraction system/sol enoi d/magneti c quadrupol e dou-
blet, 90° andlysing Magnet, 400 kV high voltage accel erating column and afew focussing devices
to transfer the beam from ECR to RFQ entrance. A large acceptance analysing magnet has been
designed to analyseionsfrom the ECR source. Thismagnet will be placed on the high voltage
platformto reduce beam | oading of the high voltage power supply. The combined function magnet
has been designed to incorporate higher order termsto reducethe higher order aberrations. Since
thetechnical chalenge of transporting low energy, high currentionsliesmainly inthelow energy
section of theinjector, utmost care has been taken inthe design of the LEBT. Theionsfromthe
ECR source arefirst extracted around 30 kV and A/q analysed by alarge acceptance analysing
magnet and further accel erated using deck voltage with amaximum alowabl e voltage of 400 kV.
Theenergy of thisbeamwill befurther accelerated by aRadio Frequency Quadrupole accelerator
(RFQ), Drift Tube LINAC (DTL) and low [ cavity resonators to match the existing LINAC
beam-input energy requirements. A new beam hall isbeing constructed on the east side of the
present beam hall | to housethesefacilities. Theion optica design hasbeen carried out considering
the beam input parameters of maximum A/q = 10 and beam emittance of 200 T mm.mrad. A
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second order corrected beam optics on the 400 kV high voltage platform and upto the RFQ
entranceisshowninfigure? for E/g=380kV.
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Fig. 7. Second order corrected beam envelopefrom ECR sour ceupto RFQ entrance
for E/q=380kV

2.7 PRELIMINARY RFTEST ONTHE INITIAL UNMODULATED
PROTOTYPE RFQACCELERATOR

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 accel er-
ateionswithA/qof 7from8keV/A to 180keV/A. The RFQ structureis4 mlong and vane posts
support thevane shaped rods. Aninitial unmodulated 1.17 m prototype of the48.5 MHz RFQis
designed, constructed, installed and studied to determinethefina specificationsfor modul ated
RFQ accelerator. Theion beamsproduced by the ECR (PKDELIS) sourcewill beinjected into
the RFQ and befurther accelerated to just below 1IMeV/A by adrift tube LINAC (DTL) working
at roomtemperatures, before being further vel ocity matched with alow betacavity into supercon-
ducting LINAC, whichwill further acceleratetheions.

Thefinal cavity structure has been manufactured at Don Bosco Technical Ingtitute's
Workshop. A view of the prototype RFQ isshownin Fig.1. The cavity isequipped with various
portswheretheinput inductiveloop for power coupling and output loop for probeisinstalled. The
systemisableto achieve high vacuum level (107 torr) with the help of asingleturbomolecular
pump. The RFQ vanes and vane supports were being fabricated at Indo-German Tool Room
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Fig.1. General assembly of the RFQ at IUAC

Indore and Ahmedabad. Thewhole el ectrode assembly isinserted in RFQ cavity.

Following the mechanical aignment the vaneswereinstalled and the measurement of
parameterslike resonant frequency (f0), Quality factor (Q0), Shunt impedance (R), Power re-
quired, Quadrupole symmetry and Electric field mapping isbeing done. A fully automated bead
puller systemisdeveloped. Thebead pull and capacitive variation method isbeing used with the
help of Salf Exciting Loop (SEL) and Network Analyzer for the purpose RF parameters measure-
ment. SEL isused to minimisethe possiblelong-term temperature drift while measuring thefre-
quency shift. Thebead congstsof 2 mm diameter on fishing thread of 0.28 mm diameter. Thebead
isdidectric sphericd inshape, whichisexclusvely senstivetothedectricfied. Thefrequency shift
alongthelengthof cavity isshowninFig.2.
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Fig.2. Theshift in theresonancefrequency plotted vs. cavity length for fundamental
mode.
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Theresonancefrequency and quality factor measured was47.2234MHz and 1046 re-
spectively, while shunt impedanceisfound to be 21.8 k-ohm. Two independent measurements
have been donein the azimuthal planeto check the quadrupole symmetry and theelectricfield
distributioninthisplane. Fig.3.showstheresultsof bead pull along the azimutha plane.

Thequadrupoleéectricfield strengthin quadrant 1isfound to beroughly 3.8% higher
whileof quadrant 2is10.4% |lower than the average e ectric-field strength of the quadrant 3and 4.
Theseresultsindicatethat thedistribution of thee ectricfildissymmetrica withinthebeamradius
and tend to asymmetrical inregion greater than the beam radius.
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Fig.3.Quadrupolesymmetry in azimuthal plane
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