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A superconducting linear accelerator has been indigenadeastgloped to boost
the energy of heavy ion beams delivered by the Rafiedccelerator. The LINAC booster
consists of seven modules. Each module is a liquid Hestatydousing four lead coated
(2 m) copper quarter wave resonators. The superconducting LIbSter phase |
consisting of three accelerating modules was commissian September 2 2002.
Prof. S.S. Jha, Director, TIFR inaugurated the faciitythe presence of Dr. Anil
Kakodkar, Prof. V. Singh, Dr. P.K. lyengar, Dr. V.C. BalProf. H.G. Devare, Dr. S.S.
Kapoor and other invitees. On this occasion siliceanh of 85 MeV from the Pelletron
was accelerated through LINAC to 130 MeV.

Figure 1 shows a schematic layout of phase |. A suattering chamber with a
thin gold foil target and a surface barrier detector &tl&® angle was mounted at the
halfway point of the achromatic bend. Energy of theelrated ions was measured by
the magnetic field of the bending magnet as well as wdasgjic scattering. The energy
spectra of the elastically scattered beam particlésv@tincident energies, namely, with
(red line) and without (black line) the acceleratiomotigh LINAC can be seen in
figure 2.
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Figure 3(a) shows a time spectrum for the pulsed beam irdpuble harmonic
drift buncher (Low Energy buncher). The spectrum wassored withg-rays using a 2”
BaF, detector near the Faraday Cup (LIN1). In order to phaeh this pulsed beam
into the LINAC, the bunch is further compressed by a magpelucting split-loop
resonator (SuperBuncher) as shown in figure 3(b). Thesumed widths (FWHM)
including the detector resolution are 1.1 ns for LE and 530rgsE+SB.
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Figure 4 shows a time of flight spectrum fgrays measured using a 2" BaF
detector near the Faraday cup LIN3. As different resosd®1-R4) in three modules
(M1-M3) are turned on sequentially, the periodic focusinghefbeam bunch in LINAC
is reflected in the narrowing of the time peak at LIN3Iso as the beam velocity
increases, beam arrives earlier resulting in thé shthe peak position.
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The design and fabrication of the OFHC copper quarter wes@nators (QWR)
was a major R&D effort. The resonators (see figurevBje fabricated and e-beam
welded by Central Workshop, BARC. The frequency tunersta@dRF couplers were

made at Central Workshop, TIFR.

Material OFHC Cu

Superconducting surface 2 nm thick Pb

Frequency 150 MHz
Cavity Length 64 cm

Cavity Diameter 20 cm
Optimum velocity bo=0.1

Design goal 2.5t0 3 MV/m

@ 6 to 9 Watts
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Several processes like abrasive and
electrochemical cleaning, lead plating,
frequency matching, etc. for the surface
treatment of the cavities had to standardized
before arriving at the final production stage.
The resonant frequencies of the cavities were
matched prior to the brazing of the beam
ports. The beam ports were brazed in a
hydrogen furnace at SAMEER, Mumbai.
The resonant frequencies were later fine-
tuned by differential electro-polishing to
within a few kHz. The cavities were Lead
plated using a commercially available MSA
(Methyl Sulfamic Acid) plating bath and
were qualified by measuring the Q-value as a
function of accelerating Electric field.
Figure 7 shows a typical Q vs E curve for a
resonator in superconducting state.



The frequency tuner and the RF couple
(figure 8) mounted on the resonators in the
cryostats are controlled by an external steppe
motor drive. The tuner has a range of £10 kHz
and is used to match the resonant frequencies |n
the superconducting state to within 1 Hz. The RF
Coupler has a wide range capable of coupling th
cavity to a 50 source over several decades of
Q~10' (normal state) to Q~£0(superconducting
state). Aarti Engineering, Mumbai was involved
in the machining of some of the resonator
components during the production stage.
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For a coherent acceleration of the beam in LINAGs crucial to maintain the
stability of the phase and amplitude of the field in eadonator to better than 0.1%. The
RF control system for superconducting cavities is cowrugit due to the fact that the
bandwidth of the cavities (1 Hz @ 150 MHz) is much less tiine shifts in the resonance
frequency (~10 Hz) due to mechanical vibrations, radigii@ssure, etc. The Electronics
Division, BARC has developed the RF controller cardsetlaon a self excited loop
(SEL) with phase and amplitude feedback. From the eldetld in the resonator, phase
and amplitude error signals are generated and these areiagdede and in-quadrature
to the SEL to lock the resonator settings. Theséralers have been extensively tested
and found to be extremely stable

To maintain the feedback control in presence of frequesxcursions a high
power amplifier is needed. Solid state RF power amglif@r 150 Watts output and
central frequency of 150 MHz have been developed in aboodtive effort of BEL,
Electronics Division, BARC and NSC, New Delhi.

*

A CAMAC based accelerator control system based oal land master control
philosphy has been developed by Electronics DivisichiRB. A local control station
(LCS) consisting of a PC interfaced to CAMAC cratathvanalog and digital modules
and the RF electronics controls upto eight cavities {wo modules). These LCS in the
accelerator hall are interconnected via ethern¢héamain control station (MCS) located
in the control room. This system allows simultaneseiing up of parameters for the
different LINAC modules with the MCS enabling overaintrol during the beam tuning.
RF control software using JAVA as programming languagesdbas LINUX OS (open
source, stable and secure) is also completely develogexige.

! These cards have also been tested for LINAC at Alistrhational University, Canberra, Australia and
will be used at NSC, New Delhi.



The heart of the cryogenic system for the heavysoperconducting LINAC
booster is a custom-built liquid helium refrigerator magéd.inde Kryotechnik (formerly
Sulzers), Switzerland. The Refrigerator is rated for B@@ts at 4.5 K with a dual JT
(Joule-Thomson valve) at the final cooling stage, Wwiatbows simultaneous connections
to the cryogenic loads (the LINAC module cryostats) &mda liquid helium storage
dewar (1000 litres). Any excess refrigeration capacitgutomatically diverted to the
storage dewar and can be balanced by an in-built he&ter.two-phase helium at 4.5 K
produced at the JT stage in the refrigerator is deliveoeth¢é cryostats through a
cryogenic distribution system. The phase separatioacigeved in the individual
cryostats and the cold (4.5 K) helium gas is returnedhéydistribution system, back to
the helium refrigerator.

Helium Refrigerator Linde TCF-50S
Al Plate Fin Heat Exchangers

Two stage Turbine Expansion Engines

Two stage JT Expansion

250 KW Screw Compressor 62 g/s
Refrigeration at 4.5 KLiquification

Without LN, 300 W,50 I/hr
With LN, pre-cooling 380 W, 120 I/hr

The cryogenic distribution system for the LINAC is desd to deliver both
liquid helium and liquid nitrogen to the cryostats. Theesysconsists of a main junction
box, distribution trunk lines, remote filling stationisansfer tubes and a loop-back end
box. The main junction box is connected to the heliemgerator, liquid helium storage
dewar and a liquid nitrogen storage dewar. The main bexpbats for the various
transfer lines with cryogenic control valves and iguipped with silicon diode
temperature sensors, pressure transducers and over-psedstyevalves. The cryogens
are transported from the main box to the remotedilistations via a 15 meter long,
100 mm diameter, vacuum insulated trunk line, which conefstsur individual lines to
carry the liquid helium and liquid nitrogen and the returntdibigases. The loop-back
end box is required for the initial cool-down of the mlsttion system. The filling
stations cater to two adjacent cryostats and havepaws each of liquid helium and
liquid nitrogen delivery ports. The transfer line porighe filing stations are equipped
with a cryogenic control valve on the liquid feed line andya@enic check valve on the
gas return line. All the cryostat transfer tubestaraxial and act as a heat exchanger
between the feed (two-phase fluid) and the return bbil-Bihe individual delivery
transfer lines from the distribution system to eaftcthe cryostats are designed to serve as
a final stage heat exchanger and a remote JT in thealbvefrigeration cycle. This
feature makes the delivery system self-regulatory andwhnsstable. Alsojt enhances
the production of the liquid cryogens in the individual ctsgs The liquid nitrogen and



the return cold nitrogen gas serve as an intermediaiendh shielding for the entire
helium circuit. The measured heat load into the heliwouit, of the trunk distribution
network for the four cryostats in the LINAC phaseslless than 6 Watts. The individual
transfer lines to the module cryostats have a heat @& ~3 Watts each, while the much
longer transfer line to the superbuncher cryostat Hesatload of ~9 Watts. The module
cryostats, fabricated by IBP, Nashik and Vacuum TechnjdB@sgalore with a capacity
of 50 litres for liquid helium, have a heat load of lebant ~3 Watts each. These
cryostats are also fitted with silicon diode temperatamsors, pressure transducers and
over-pressure safety valves. The four quarter wavediesavnside each cryostat are
gravity-fed from a horizontally mounted liquid helium vdss&he total mass at 4.5 K in
each of the modules is close to 250 Kg and a typical coshdone is 36 hours. The
entire cryogenic distribution sub-system was fabricaied assembled on-site and has
performed as per design.
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A pulsed beam is obtained using a double harmonic drift leunsituated at the
entrance of the Pelletron accelerator (Low Energyti®®). The bunchers operate at
1/16" and 1/8' sub-harmonics of the LINAC reference clock (f~150 MHZhe beam
bunches have a typical width (FWHM) of 1.5 ns with a bing efficiency of ~66 %.
The dark beam current between the beam bunches is awagtby a RF parallel plate
sweeper, situated at the exit of the Pelletron (Higkr@n section), operating at /32
frequency. The transit time variations encountered Iy beam bunches due to
accelerating gradient fluctuations in the Pelletron tgpécally much larger than a few
nano-seconds and need to be compensated for a stabt@mijinto the LINAC. This is
achieved by locking the low energy buncher referenddecerror signal obtained from a
phase detector situated after the sweeper. The phastodesea helical resonant cavity
operating at /4 frequency, which picks up the arrival tohéhe periodic beam bunches.
The RF sweeper as well as the phase detector are pedely Mr. M.Y. Vaze and
Mr. P.J. Bhalerao (retired Pelletron AcceleratorffstaThe LE buncher, sweeper and
phase detector need to be phase locked with the superhurfébethis purpose a RF
sub-system integrating the various RF devices, whichavpext different sub-harmonics
of the LINAC clock (f/32, /16, /8, f/4 and f) was developgintly by TIFR and
Electronics Division, BARC.

In order to inject the beam from the exit of thalgsing magnet of the Pelletron
to the LINAC a beam transport line was designed. Aparhfthe RF sweeper and phase
detector, the line consists of the analyzing and gngiits, beam diagnostic elements, a
foil stripper assembly, a magnetic quadrupole triplet and’alipble magnet. The 24
dipole and the achromatic 1D4mid-LINAC bend were specially designed to
accommodate seven modules inside the accelerator Talpreserve the beam quality in
both the longitudinal and the transverse phase spaiendcessary to maintain a tight
focusing of the beam throughout the LINAC. For this purpaseeriodic array of
magnetic quadrupole doublets interspersed between the atioglemodules was
designed. Along the beam path several beam diagnosticedelke beam profile
monitors (BPM), Faraday cups and precision X-Y slits @&s® positioned to facilitate
beam tuning. All the dipole and quadrupole magnets, BPMs arad&y cups were
fabricated by the Danfysik, Denmark. The beam diagna$iambers with the precision
slits were manufactured by SMP Enterprises, Pune.



R.G. Pillay M.B. Kurup

B. Srinivasan Vandana Nanal
P.B. Patil K.S. Parab
J.N. Karande P.B. Thakkar
S. Jangam Sudheer Singh
M.Y. Vaze Gopal Joshi
C.l. Sujo Shyam Mohan Yadav
C. D’costa Q.A. Ansari
P.J. Bhalerao S.K. Sarkar
L.V. Kamble V.L. Kadam
+

Pelletron Accelerator Section

Dept. of Nuclear and Atomic Physics, TIFR
Nuclear Physics Division, BARC
Electronics Division, BARC

Technical assistance

Central Workshop, BARC
Central Workshop, TIFR
Central Services, TIFR

Low Temperature Facility, TIFR
SAMEER

Vendors

- IBP - Vacuum Techniques Aarti Engineering
- New Poona IndustriesSMP Enterprises

- Accelerator Consultancy Service8EL

- Transact-India/Danfysik

Special Thanks to

Prof. H.G. DevareDr. S.S. Kapoor, Dr. V.S. Ramamurthy,
Prof. R.P. Sharma, Prof. C.V.K. Baba, (late) Prof. S.K. Mitra
Dr. M.G. Betigiri, Dr. S.K. Kataria, Mr. T.S. Ananthkrishnan
&

Mr. M.K. Pandey

LINAC report 1-2002
9



LINAC report 1-2002
10



