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L Introduction

This report on the progress of the installation of the Superconducting
Linac Booster at the ANU will be in the form of answering the following
questions:

* Who is doing the work?
* Where did the Linac come from?
* Where will it be installed?
* What is it?
* How far has the project progressed?

* When will it be operational?

II. Who and Where

A. Who
The scientific-political leadership for the Linac Project is provided by
Professor G. Dracoulis with contributions from Professor T. Ophel and
Dr. D. Weisser. The overall responsibility for the management of the
project is with Weisser. The major project areas requiring substantial
scientific and engineering input have been divided among the
professional scientific staff:

* Beam Optics - A. Stuchbery
* Cryogenics - T. Kibedi
* Vacuum - T. Ophel
* Resonator Development - N. Lobanov an.; M. Malev
* Computer Control - G. Foote and P. Davidson
* Radiation Safety - K. Fifield
* Radiation Shielding - A. Byrne
* Lead Plating - J. Leigh and N. Thakur
* Experimental Facilities - D. Hinde

The technical staff has been organized into four self-managing teams:

* G. Gilmour, A. Cooper, A. Harding, H. Wallace
* R. Ball, A. Muirhead, A. Rawlinson, R. Turkentine
* J. Bockwinkel, J. Heighway, L. Lariosa, J. Remmel
* D. Anderson, J. Kennedy, D. Soccol, H. Tran

+ School Electronics Unit: A. Cullen, D. Gibson, D. Kelly, T. Rhymes



+ Research School Mechanical Shop; 3 to 5 staff

B. Where From

The Linac and almost all the auxiliary equipment came from the
Daresbury Laboratory in the U.K. as a result of the shutting down of its
Nuclear Structure Facility. An agreement between the ANU and the
then Scientific and Engineering Research Council of the U,K.,
transferred the Linac to the ANU in exchange for 20% of ANU beam-
time for U. K. scientists for a period of 5 years from September 1993.

In 1994, over 50 days have been scheduled for this agreement and a
similar number is anticipated in 1995. The Charissa collaboration,
comprising the Universities of Birmingham, Surrey, Oxford and York,
have had up to 25 researches at ANU for various periods. A group from
the Universities of Brighton and Surrey have an active program in
collaboration with ANU staff. AMS researchers from the University of
Manchester also have a vigorous joint project at ANU.

C. Where To

The Linac is being installed in a refurbished building adjacent to the
existing accelerator facility. Figure 1 is a representation of the
accelerators configured with the 14 UD injecting beam into the Linac.
With the dipole MO turned toward the existing target area, normal 14
UD operation can be carried on while the Linac is being constructed.

HL What is it and what wffl it do?

A. What is it?

The Linac is based upon four modules, three of which each contain
three split- loop resonators as shown in Figure 2. The resonators were
manufactured by Applied Superconductivity Inc. (ASI) and lead plated
in Oxford for whom the Linac was originally built. Oxford also had the
cryogen distribution system built by L'Air Liquide which Daresbury
matched to a Sulzer TCF 50 helium refrigerator. All vacuum insulated
cryogenic pipework for helium and nitrogen will be modified to suit the
ANU installation.

The forth cryostat was intended to be a superbuncher and so houses only
one resonator. At ANU, it will eventually be equipped with three split-
loop resonators to serve as an additional accelerating module. The
Daresbury buncher resonator and the existing ANU buncher, provide
two of the three resonators required. All ASI controllers and RF
amplifiers with associated ancillaries are being adapted to our use.
There is room set aside in the first Linac leg to install an additional
accelerating module. It is intended to fit out a Janus cryostat with four
niobium sputtered quarter-wave resonators to complete the set of five
accelerating modules on this leg.

All the large dipole magnets, with the exception of the two in the 90
degree achromat, were supplied by Daresbury as were the quadrupole
lenses and power supplies for all of them. A substantial quantity of
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Figure 1. The ANU accelerator system with the 14UD injecting a four
module booster.



GHe LH.

EVACUATED
CRYOSTAT

VESSEL

LN2 SHIELD

BEAM OUT

SPLIT LOOP'
RESONATOR

BEAM IN

RESONANT CAVITIES

Figure 2. A module cryostat containing three split-loop resonators.



vacuum equipment including turbo-pumps, cryo-pumps, valves, gauges
and electronics were also included in the transfer agreement.

B. What will it do?

The first stage of Linac operation will ordy employ three modules and
anticipate only 2 MV/m from each resonator. Thus the implementation
stage will offer an energy gain of 6MV/q. Subsequently, the other
accelerating module will be added. These four, combined with the 15
MV terminal capability of the 14 UD, beams up to mass 70 will be able to
accelerated above the coulomb barrier on Pb targets as shown in Figure
3.

The implementation of all nine modules, in subsequent stages, would
boost beams by 18 MV/q and more as resonator technology improves.
Figure 4 shows the energy gained vs. the projectile mass for 10 modules
operating at a modest 2 MV/m.

C. How will it do it?

The physical arrangement of beam optics components adopted allow
three options for boosted beam in addition to two configurations of stand
alone 14 UD operation.

Beam from the 14 UD can be employed without boosting on the new beam
lines by energizing the 90 degree dipole M5 and the switching dipole,
M6, shown in Figure 1. Alternatively, ns pulsed beam from the 14 UD
can traverse the de-energized M5, be re-bunched in the cryostat "B" and
then presented to the 90 degree achromat. This achromat comprises the
two dipoles, M7 and M8, plus an entrance and exit quadrupole triplet
and a quadrupole singlet field lens. The achromat was designed by
Barry MacKinnon and built by Alphatech in New Zealand, NIM B92
(1994) 138.

The beam is then accelerated by the four modules depicted in Figure 1
before entering the 180 degree achromat. This is comprised of the
dipoles Ml and M2 with a quadrupole singlet between them. The beam
is directed back toward the new target area. In the future, a rebuncher
may be installed there but the leg is meant to accommodate four
additional accelerating modules.

The Linac boosted beam can be used on one of the three new beam-lines
with dipole M3 de-energized and the switching dipole M6 adjusted.
Alternatively, the boosted beam can be returned to the existing 14 UD
target area by setting dipoles M3 and M4. The removable beam-pipe
exiting from M4, connects behind the energy analysing magnet, M0, to
the old beam transport and target area.

IV. How far has the project progressed?

A. Beam Optics

The beam optics design goal was to achieve 100 % transmission, employ
aperture to aperture transport to minimize parameter coupling and
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Figure 3. Projectile energy vs mass comparing the 14UD in stand-alone
operation to the booster with 4 modules.
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utilize Daresbury and ANU equipment minimizing the need to buy
components. In tests so far conducted, all these goals have been met.
Indeed, 100 % transmission around the Linac loop was demonstrated for
unaccelerated beam and uses fewer lenses than were available. Figure
5 shows ray tracing for booster accelerated beam starting from the 14 UD
image slits at the left to the new target position on the right. Figure 6
shows the layout of the beam optics components. We have chosen a
hybrid of the conventional arrangement of a quadrupole doublet
separating each accelerating module as used at Stonybrook and the
Legnaro solution of a quadrupole triplet and beam diagnostics
alternating between modules. In the ANU installation, the image of the
90 degree achromat is after the first cryostat. The second module is
followed by a quadrupole doublet as is the third module. There is a beam
waist between module 4 and 5 which is the object of the 180 degree
achromat.

Stage one will only employ modules 2, 3 and 4 leaving the space allocated
for modules 1 and 5, for temporary beam diagnostic devices. The second
leg of the Linac will be equipped with lenses to return the beam either to
the 14 UD or the new target lines. Since both return dipoles M3 and M4
are single focusing, a quadrupole singlet at "M" in Figure 6 and
asymmetric quadrupole doublet at "N" and "P" are used. A full
description of the beam optics is in preparation.

B. Cryogenics

The heart of the Cryogenic system transferred from Daresbury, is the
TCF 50 Sulzer helium refrigerator. The compressor for the refrigerator
was installed in a purpose-built facility outside the Linac hall. New 150
mm and 60 mm stainless steel pipe runs were welded in place
connecting the compressor to the cold box. The compressor motor was
rewound to counter damage caused by water condensation on the voyage
form the U.K. and various valves were modified to make them helium
leak tight. The cooling system was also rebuilt. In February, 1994, an
engineer from Linde Cryogenics U.K., which is now responsible for
Sulzer equipment, led a team of local staff in the recommissioning of the
TCF 50. It achieved 328 watts at 4 kelvin and recommissioning exercise
provided us a valuable training opportunity.

The arrangement of cryostats is different at ANU than it was in
Daresbury. Thus it was necessary to modify substantially the L'Air
Liquide equipment. One end had to be turned through 90 degrees and
increased in height by 475 mm and the other end was shortened by about
1 m. This involved the cutting, reconfiguring and welding of the
internal liquid helium, gaseous helium and liquid nitrogen pipes as
well as the vacuum enclosure. After modification, a test at liquid
nitrogen temperature was performed. There were no detectable vacuum
or heat leaks. The cryo-valves were put under control of the Satt Comm
computer which is part of the Sulzer cold box. This control system easily
and conveniently maintained liquid nitrogen temperature throughout
the three circuits encouraging future integration of the L'Air Liquide
distribution system with the cold-box.

The next step is to fabricate the transfer lines from the cold-box and
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helium dewar to the distribution line and the installation of a 100 cubic
metre helium gas storage tank to compliment the two 5.5 cubic metre
tanks now in use.

C. Vacuum

The design goal of tue vacuum system was also to make do with
Daresbury equipment to minimize costs. We chose, however, to employ
the "Dependex" sealing system in use in the laboratory and to redeploy
the Danfysik faraday cup and aperture pneumatic actuators in standard
"T" pieces rather than in the manifolds supplied. Most of this
equipment also suffered from condensation damage in shipping. The
electrical feed-throughs leaked due to corrosion. This equipment was
redesigned and remanufactured. All turbo-pumps were stripped and
had their ceramic bearings replaced or re-greased. Locally designed
and built vacuum interlock modules, diagnostic controllers, and turbo
-pump control boxes are now in use.

D. Resonator Development

i. Split-loop resonators

The split-loop resonators were shipped from Daresbury secured in their
module cryostats, by fixtures supplied and installed by ANU. In
Australia, the low power Q's of all resonators were measured to be 0.8 to
2.9 xlO**8 (see the Table). These Q's are consistent with measurements
in Daresbury and adequate for Stage 1 operation.

ii. Quarter-wave resonators

The program to sputter coat quarter-wave resonators with niobium
continues to show progress. One early resonator is to be used for the
superbuncher. Research is in progress to improve the RRR of sputtered
niobium in the expectation that the Q "droop" with increasing electric
field can be reduced.

E. Computer control

A computer control system has been written for the VAX with I/O
through VME crates from Daresbury. The display of devices under
control can readily be created and modified exploiting Motif software.
First tests of beam optics control have been very encouraging. The VAX
will also communicate with the Satt Comm in the cold-box as well as the
data collection program. It will be extended to the entire 14 UD in 1996.

F. Radiation safety

A report delineating the proposed radiation safety scheme has been
submitted to the local authority and approved pending tests during
operation. The system uses neutron and x-ray detectors in various
zones. A dedicated watchdog device requires frequent affirmation that
the radiation level is below the set limit in order that the injection
faraday cup not to interrupt the beam.



SUMMARY TABLE ON ANU CRYOSTAT DATA
Low Power Quality Factor Measurement

Cryostat, Resonator
400.001

Quality Factor Q o , xlO8

2^

410.001
410.002
410.003

0.&4
LO

1.35

420.001
420.002
420.003

1.24
0.97
1.41

430.001
430.002
430.003

1.40
2.70
2.92



G. Radiation shielding

Monti Carlo calculations for all radiation sources have been performed
to determine the required thickness and type of shielding. Confirmation
of the calculations has been through measurements of radiation from
the 14 UD beam-line devices. With the completion of the radiation
monitoring system and the installation of additional shielding, further
measurements in the Linac hall will be done.

H. Lead plating

A lead plating facility has been established. It will used to explore a
procedure in which the surface of the resonator will only be exposed to a
nitrogen atmosphere rather than to air. Tests with the split-loop
resonators are underway. It is intended to cycle through a replating of
all 11 resonators to improve their Q's. Nine resonators would always be
kept on-line in the Linac.

L Experimental facilities

Three beam-lines are planned in the Linac hall to cater for 100 ps time
resolution. These will be in addition to the existing 7 beam lines in the
14 UD target area which are not isochronous. The first Linac beam-line
will be constructed in early 1995 for the fission spectrometer. This will
be followed closely by one which will house the Charissa experiment. A
decision has not been made for the use of the third beam-line.

V. When will it be operational?

First accelerated beam is scheduled for September 1995, to coincide with
the Seventh International Conference on HEAVY ION ACCELERATOR
TECHNOLOGY to be held in Canberra. For Stage 1, three accelerating
modules will be in operation at the modest field of 2 MV/m.

Further development envisaged:

* Improvement of resonator plating to increase the accelerating field,
* Installation of the forth Daresbury accelerating module,
* Installation of the Janus module with four niobium sputtered quarter-

wave resonators,
* Development of the second Linac leg for 4 additional accelerating

modules,
* Replacement of the lead plated resonators with niobium sputtered

ones.

VI. Summary

The Linac project at the ANU is well underway with good progress being
made in all areas of development. The project has fostered productive
international collaboration between U.K. and Australian physicists and
is creating a facility for the extension of research opportunities
throughout the international community.


