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THE BEVALAC--A HIGH-ENERGY HEAVY-ION FACILITY

Status and Outlook

The very stimulating preceding discussions left it quite clear that experimen~
tal work in this new field is urgently needed. This state of affairs is most
encouraging for an accelerator group in the process of developing the very beams
needed.

The high-energy heavy-ion facility, which has commonly been referred to as the
Bevalac, is a synchrotron with a Bp of 9000 [kG-in or 2.3 - 102 kG-m] having
special injectors. As Fig. 1 shows, the synchrotron has three injectors. The
50 MeV proton injector, originally from BNL, is a tool left over from the high-
energy high-intensity days of this productive synchrotron. The 20 MeV linac

is a proton linac, designed so conservatively that it was possible to accelerate
modest but useful beams of 17(: 14N, and 160 as well as deuterons and alpha

particles in the 28A mode. This was accomplished in 1971.

After our first trials, a suggestion made earlier by A, Ghiorso to inject from
the SuperHILAC into the synchrotron was actively pursued. ;

A few words may be in order here as to why the SuperHILAC as injector to the
Bevatron is a reasonable linkup. Heavy-ion linacs are expensive, and hence if

a proper linac exists nearby, it is advisable to make use of it. The SuperHILAC
can accelerate particles with a minimum E (€ = charge/mass) of 0,05 in the tank
prior to a stripper and € = ,167 in the tarnk following the stripper. The accept-
ance of these relativeir low charge states, using judicious choice of other para-
meters, assures very high instantaneous beam fluxes--several microamperes for the

heaviest ions up tc several milliamperes of the lower mass ions,
Furthermore and most isvortantly, the SuperHILAC has a built-in macroscopic duty

cycle (ignoring the 70 MHz rf structure) of 25-50%. The highest duty factor can

be obtained when € is much larger than the minimum because then the electric

gradient is much lower than the maximum.
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If one keeps in mind that for injection purposes in our synchrofron a duty
cycle of less than 1% is required, then it becomes apparent that a happy mar-
riage can indeed be accomplished. The SuperHILAC operates with up to 36 pulses
per sccond, and it is planned to divert one pulse per second into the transfer
line, connecting the SuperHILAC with the Bevatron. One pulse in 4 to 6 seconds

goes to the Bevatron; the others are used to facilitate tuning.

Another very important factor is the injection systam at the SuperHILAC. The
final element is a 750 kV air-insulated Cockcroftr Walton used for ions with

€ > (0.15. This low-voltage injector is adequate up to mass 40. For higher
masses, a larger potential is needed to produce the injection velocities re-
quired by the first linac cavity. For this a 2.5 MV-compressed gas-insulated,
shunt-fed Cockcroft Walton.-often called a Dynamatron--is used.

We are currently installing a digital control system which is capable of adjust-
ing injection line, rf system, stripper area parameters, kicker magnets, etc.,
in such a fashion that each pulse of the 36 pulses per second could in principle
be a different particle and a different energy at a different target location.
Hence the choice of particles and energies at the SuperHILAC and the Bevalac
experimental areas is to a large extent a free parameter. In fact, apart from
the Bevalac beam, we plan two separate beams in the SuperHILAC area. One easily
recognizes that three particles and three energies would be highly desirable~--
this in turn requires a third injector. Fig. 2 shows an ultra high-intensity
neaviest ion preinjector consisting of a 400 kV Cockcroft Walton and a Sloan-
Lawrence or Widerde linac to match up to the existing pre-stripper Alvarez cavity.
As you might expect, the building lecyout is such that this third injector can be

easily installed.

We recognize the extreme importance of the heavy-ion work over a large energy
range. Currently we operate from ~2.4-8.5 MeV/n and from 200-2.4 GeV/n, the
highest limit depending of course on the charge-state of the particle in question.
It is of extreme importance that both fields prosper; as stated above, we believe
both experimental areas can develop reasonably independently and hence make use
of their full potential.



Page 3

1 shali address myself now more to the high-energy side and its capabilities

as they are today and in the immediate future.

The present vacaum of the synchrotron ( 3 x 107 Torr) allows us only to accel-
erate fully stripped ions; otherwise substantial charge-exchznge losses are un-
avoidable, Llet me remind you that in a synchrotron a charge-change of one unit
per particle results in its loss.

Taking this and the output of the SuperHILAC into consideration, Fig. 3 gives
the expected performance over the range of ions. {The present measured perform-

ance on the target in the experimental area is given in Table 1].

The sharp decline of intensity with mass number is due primarily to twe factors:
a) Ion source performance for a given €
b) Loss due to charge~exchange (recombination)

Reduction of each of these factors is within present technology well understaod
and hence quite straightforward, except for monetary consideracions.

Preliminary data on equilibrium charge measurements from Marrus and Gould
(private communication} suggest that our goal for krypton can be reached,

TABLE I
Present (Nov. '74) Performance of Bevalac Beams

Particle Intensity (Present) Intensity (Expected)*

ZH 10“ 1011

e s x 100 10t!

12 2 x 10° 2 x 1010

™ 10° 1010

0pp 10° 5 x 108

By e 10% - 10°

*( See Figure 3 )
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The largest impact would be made by improving the vacuum of the synchrotron.

A careful engineering study has been made at LBL with the conclusion that a
vacuum of 10_9 Torr is quite practical (Fig. 4). At the SuperHILAC output of
8.5 MeV/n the equilibrium charge for lead from a foilstripper would be about 72,
and hence € » 1/3., This results in a maximum energy of 1.5 GeV/n. A substantial
fringe benefit from an excellent vacuum in the syachrotron is the fact that
lighter ions can also be accelerated with an € < 1/2; in fact, the & (min) will
be given by the acceptance of the pust-stripper tank which is € = .167, This
will allow the synchrotron, by judicious chcice of the injection energy, to de-
liver heavy ions in the energy region of 20-200 MeV/n. The intensity will be
about 10ll particles per pulse up to argon.

With some obvious improvements to the injectors of the SuperHILAC, an intensity

of close to lO8 lead particles per pulse is quite feasible. A further increase in
intensity would be accomplished by providing the third injector which is currently
under discussion. This would result in up to a factor of 100 in improved inten-
sities, [t would have the additional very important advantage of rapid change-

over from one ion source to another. The most critical component in a high-intensity,
high mass particle injector is the ion source. The 2.5 MV injector does not

have the space nor the power for a high-nower high-lifetime ion source.

As an experimentalist, 1 cannot resist telling you a little bit zbout our opera-
tions experience with the transfer linme (see Fig. 1). We did a lot of worrying
over this line through a wooded hillside with odd angles to anmything you may
care to taka as reference, which finally hal to match into the existing line
from the 50 MeV proton linac. Given the SuperHILAC output in terms of energy
spread and emittance of 20.5% FWHM and mcm m-ad respectively, it became clear
that all bends had to be achroma:ic. Furthermore, we added some small but stra-
tegically distributed steering magnets, We found that in fact the fears were un-

founded and the transfer line worked quite well from the beginning.

Let me finish this short discussion with a project which could materially influ-
ence the heavy-ion capability at LBL.
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An Experimental SuperConducting Accelerating Ring (ESCAR) is presently under
construction near the Bevatron. Planned to have a vacuum of lo'w Torr, it
could very well be used for a booster for the present synchrotron. The
energy of ESCAR is high enough to fully strip a beam injected without strip-
ping from the SuperHILAC. This would increase the synchrotron energy from
1.5 - 2.5 GeV/n, as well as increasing the intensity another factor of five.

It was my purpose to demonstrate to you what LBL has done, is doing, and could
do with appropriate planming and support.



