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Summary

An economical means for +he production of high
energy, high infensity beams of a variety of heavy-
ions is to utilize the existing LBL SuperHilac as an

injector for the existing LBL Bevatron. Particle
energies from 0.25 to 2.6 GeV/nucieon will be realized.
The description of this facility, which will be in

operation in late 1973, includes the general arrange-
ments, the modest changes fo each accelerator, beam
transport lire design, and a new tio-medical
exparimental area.

Introduction

The need for high energy heavy-icns in biomedical
research was pointed out by Tobias et al. (I} long
ago. Also cosmic ray physicists urgad construction
cf a heavy ion facility.

Two years age, following the
accelerator conference in
Chicago, a proposal was made
to inject heavy-ions from
the SuperHitac into the
Bevatron (5).
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This year LBL will
make avallable an intense
source of high energy heavy-
ions., Such particles will
cpen up new research areas
with a high promise of
significant new contribu-
tions in nuclear physics
and chemistry, in cosmic
ray physics, particle
physics, radiobiology and
medical physics.

A substantial research program with heavy-ions
is presently underway at the Bevatren (27, but the
intensity is restricted by limitaticns in the Injector
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versicn the Super-Hilac will make a very gocd heavy-

fon injector. The cembinaticn of these twe machines
ras beer termed the Bevalac, Fig. |. The expected
particle varie*y, and fTheir inensity is given in
Fig. 2.

The great interest in high energy heavy-icns
in *he flelds of radicticlogy, radiation therapy
ard space medicine derives from the fact that Ton-
ization profuced by highly charged particles is very
dense and increases rear the ena cf z well Zefined

range These properties make it possible To produce
dense ioniza~iors in well defined volumes of living
tisste. The energy of the Sevalac will be sufficient

to reach into any part of the hurar body. This will
ke 2 new anc exce!llent toc! for mary important
e

feoues i

exseriverdts and may lead To superio

reciaticn *therapy.
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The energy is variable from G.25 o 2.6 GeV/u.

This first phase of the Bevalac project, will be
in operation by the end of 1973, It includes in-
creasing the RF power cf the Superhilac to yield 8.5
instead of 7.2 MeV/u, a 500 feef lcng beam transfer
Iine, and modificaticns to the Bevatron including
a Biomedical Experimental Facility. Thereafter
+ime-share features will be incorporated Infc both
machines to allow relatively rapid (1/2 hour) change-
over in Energy or particle species. We expect that
the heavy-icn program will zbscrb |/4 tc 1/2 of the
total Bevatron operating time. The Superhilac is a
very fast pulsing machine (40 pulses/second) compared
to the Bevatron (1C0-17 pulses/minute). Only a very
small part of its duty cycle (2-3%) is requirec for
Bevalac injection. With ftime-share features “he
Superhilac Experimental program will be very little
affected whern serving as
the Bevalac injector.
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Super-Hilac Modifications

N The performance of the

AN Superhilac has been describ-
S ed in (3). Ifs erergy is
presently 7.2 MeV/u. This
accelerator wilt deliver
5 x 10'* particles per
second up to Neorn (Mass 20)
anc 5 x 10'% particles per
second of Krypten, (Mass 84)
within an Emittance cf 7 cm
- m Rad. A energy spread
of AE/E € 0.5% FWHY is
expected., Operation of the
SuperHilac is in a pulsed
mode with about 40 pulses

I per secord and a 3-12 ms
pulse duration. This represents a macroscpic duty
cycle of up to 0.5.

HIGH-ENERSY HEAVY
10N FACILITY
(BEVALAC)

The Superhilac pusi-stiipper [Tnac worsisis of
six separate and individually excited RF cevities,
which are used to procduce the cortirously variadle
bear energy. Present RF equiprent is adequate for
only five cf these cavities, preducing & maximum
energy of 7.2 MeV/u. To reach 8.2 MeV/u, which is
necessary to efficiently fully strip the light icns
up to mass 48, the final cavity will te scwerecd.
Equipment reguired for this project are: 1) en
additional 0.8 MW amplifier, 2) its C.1 MW driver,
and 3) a series plete mcdulater, used fo ac ust The
plate voltage of the amplifier from a 25 KV bus
which is cormon to all of the RF amplifisrs., Modest
additional team corntrol anc monitoring is alsc
provided.

The Bevatron acceptarcetirs is 500 p sec every
ridilac i¢ therefore very
en operated exclusively as ar
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injector for the 3evatron. A portion of the Bevalac
project therefore, is the modification cf fhe Super-
Hilac to provide for its operation in a Time-shared
mede.  In this mode the accelerator will supply each
second cf ligater tons for injection inTo the Bevatron,
and the remalaing pulses of The neavier ions for Super-
Hilac Experimental low energy research.

In the linac although the betatron oscillation
‘requencies and amplitudes differ substantially for
cdifferent ions, stable transverse moticns can te
zchieved for a wide range of charge-to-mass ratios (g,
with a single drifft-tube focusing strength (0.045
& € & 0.20 in *he prestripper linac, ard 0.16 & €
< 0.35 in the postripper).

The operation of the linac on a pulse-fo-pulse
t+ime-share basis requires the rapid adjustment of the
electric gradients by as much as five to one and
tuning of the phases. FPulsed magnets at the entrance
to +he prestripper linac inject particles alfernately
from one injector or from the other. Pulsed magnets
at the exit of the post stripper-tank direct the
particles to the appropriate transprot channel. In
addition, since the betatron oscillations are
different for different particles, pulsed dipoles and
guadrupoles within The linac system will be requirec
+o match the accelerator emittances to each other,
and to the different transport lines. The stored
energy of these magnets, both dipoles and quadrupcles
and the reglired rise time are both medest (8 - 40
jeules and T = 8-10 ms).

in this mede of operztion the linac is controlled
essentially @s two separate acceleraters, and *wo
control stations will be provided. Each of the two
sta*icns will be capable of monitoring certain common
parameters, with special monitoring ard controls
secuenced to the acpropriate control position at the
appruHrAmﬁe Times.
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Beam Transfer Line

The heavy-icn beam transfer line is an unconven-
ticral applicaticon of a convantional experimental
area function -- unconventicnal in that, during the
first 500 feet, the particles lose 14! feet cf
elevaticn while traversing a wooded hilisice. There=
after, they prcceed ancther 300 feetf rorizentally in
the 50 MeV protor injection fransport line tefore
entering the Bevatren. To remain ncn-interfering
with a proposed future road, approximately [40 feet
of the hillside lire will be underground. The under-
ground section is accommodated in a 3 feet dizmeter
s*eel culvert pushed into place -- 2n eccncmical
procedure which also yields the least ecclcgical
disruption of the hillside. |In ferms of rigidity,
fully stripped ions from The Superhilac zre equivalent
to a proton of 42 MeV kinetic energy. The frarspor?®
line will match the emittance and momentum spread
of +he Superhilac, anc will have Qchrowa+|“ bends of
20° at the tcp of the hill and 66~ at the bottom.
Average vacuum will be 10 “% torr to minimize electron
recapture by the fully stripped icns. Beam position
and intensity monitoring will normazily cperate in the
10% +o 102 opp range, but will be effective down to
10% ppp.

The bear transport is based upon guadrupcle
doublets at 20 metsr intervals., Where the line is
underground, a double length free of magnets has been
achieved by using a larger-aperture doublet; here the
beam diameter reaches a maximum of 12 cm. The bend
into the 50-MeV proton injection |ire conmains two
33° bending magnets with & dispersion-recontbining
quadrupole triplet tetween them. The bend lies in an
inclined plane but the matched beam is circularly
symmetric at entrance and exit to permit a rctation of
the principal axes. A final doublet matches to the
| cm waist acceptance in the 50 MeV profcn *ransport
line.

Most focussing elements are existing 4" diameter
quadrupcoles. Bendirg magnets are of fThe *ape-wourd
design recently developed at the Filac (4), All
magnets are supplied with close~fitting "all weather"
enclosures.

Initial alignment reguirements are not severe.
Bendirg-magnets are positicred within | mm of the
system centerline, cuadrupcles within Z mm azrnd, In
addition, the guadrupclas have » aointing z2ccuracy of
approximately | part in 250C. OQurirg operaticn teem

agrets

position mcniteors anc prinfec-cirruiT steerirg mag
greavly relieve derznds on rmechaniczi alignment pr
cisior. Initial aligrment is auucmplxshed dsing

cptical tocling on a2 line ¢f sight external fo the

vacuum. External aligrment promizes the most re
norn-irterfering m . to crack aligrment durirg the
project's cperating life.
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display.

Concrete shielding houses are used at each end
of the line. Local shielding is used at other posi-
i1terlocxed-zccess exclusion area is

chain fence spaced |5 feet to either
of the transfer lire. In addition BFy radia-
tion cetectors coupled to alarm circuits are
proviced at irtervals along the beam line.

. w0 mev ST

Buikdimg €4
Preton Inactor

throughout the facility, the cetectors of baam
intensity and beam positicn will range from image-
intensifiers (> particles per spill), thrcugh
ordinary scintillation counters over prcportional
chambers, to secondary emission monitors. A complete
control of the ion-optical characteristics of the
beam is imporfant because most beam conftaminaticn has
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substantial computer control o Jity is *re rru\!af
factor for successful zpurj1>or cf such a
facitity.

The Be zlac is planned *o operzte in what is
termed a "limited time sharirg mode". This implies
that changing from protons to keavy ifons, or charging
the reavy jor particle or or target station
shall be accemplished in a rt tire, 3. /2 hr.
Thiz will be particularly important for the Sio-
medical excerimonte since *h exp;r;'fﬂ*-r*‘r‘ o
lo setup times but rHIr*!v1l, short exposur




Experimental Facilities

Setups for physics and chemistry experiments
J4sing hign energy heavy-ions differ insignificantly
from these which have been used with The Bevatron i
the past, However, the nature of most bic-medical
experiments is sufficiently cifferenc from physics
experiments to require the building of special
experimental caves (Fig. 4). Shielding reguirements
are modest cempared to these for high intensity
protor beams. For the foreseeable future high
intensity expcsures are expected fo be short.
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Specifications for the ifon-optical
icn beam !ines require achromatic transport for
sharp images. A good energy selection is required
when fragmented beams are desired. The difficulty
from an ion-optical viewpoint lies in the wide
range of beam spot characteristics required.

Irradiation fields of one square foot are not uncommon,

whereas minimal spot size with sharp edges may have
The

been reauired in the p i i
been required in receding experiment

ideal bio-medical cave will evolve only as one gains
experience In this exciting fleld.

Tne preeding experimeny.,

As pre-clinical experiments are approached, and
finatly true therapy, a large number of auxiliary
facilities will have to function together with the
primzry beam delivery., Fortunately LBL bio-medical
personnel have a wealth of experience from the
184" treatment facility with which to expedite
efficient use of *this Bevalac facility.
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