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Summary 

An economical means for the production of high 
energy, high intensity 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/nucleon will be realized. 
The descriptior of this facility, which will be in 
operation ‘in late 1973, includes the general arrange- 
ments, the modest changes to each accelerator, beam 
transport Iire design, and a new bio-medical 
experimental area. 

Introduction 

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

This first phase of the Eevalac project, will be 
in oaeration bv the end of 1373. It includes ii- 

-r- 

creasing the RF power cf the Superhilac to yield 8.5 
irstead of 7.2 MeV/u, a 500 feet lcng bbeam transfer 
line, and modificaticns to the Bevatron incluaing 
a Biomedical Experimental Facility. Thereafter 
T ime-share features will be incorporated intc both 
machines to allow relatively rapid (l/2 hour) change- 
over in Energy or particle species. We expect +hat 
the heavy-ion program will ebscrb l/i to l/2 of the 
total Bevatron operating time. The Superhilac is a 
very fast pulsing machine (40 pulses/secord) compared 
to the Bevatron (IQ-17 pulses/minute). Onlv a verv 
small part of its duty cycle (2-3%) is required for 
Bevalac injection. With time-share features -he 
Superhi lac Experimental program wi I I be very I ittle 

affected wher serving as 
the Beva lac injector. Two years ago, following the 

acce I erator conference in 
Chi cage, a proposal was made 
to i rject heavy-iors from 
the SuperHilac ini the 
Bevatron (5 1. 

This year LBL will 
make avallable an intense 
source of high energy heavy- 
ions. Such particles will 
open up new research areas 
with a high promise of 
significant new contri bu- 
tions in nuclear physics 
and chemistry, in cosmic 
ray physics, particle 
physics, radiobiology and 
medical physics. 

Super-Hi lac vlodif ications .- 

The performance of the 

Fig. I 

Superhilac !-as been dcscrib- 
ed in (3). Its erergy is 
presently 7.2 MeV/u. This 
accelerator will deliver 
5 x lO’$ particles per 
second up to Neor (Mass 2c) 
arc 5 x IO” particles per 
second of Kryptc,n, (Mass 84) 
within an Emittance cf 51 cm 
- m Rad. A energy spread 
of &S/E < 0.5% FWHM is 
expected. Operation of the 
SuperHiIac is in a prllsed 
node wiii- about 40 pulses 
per secord and a 3-12 ns 

A sub’stantial research prcgrsm with heavy-ions 
is crcsertly underway at the Bevatrcn (21, but the 
intensity, is restricted by Iimitaticns in the injector 
I :-en L/,/ii. ,s21-c.j / 5 the EL liilac ;;hich i; iis icpxvad 
versicn the Super-Hilac will make a very gocd heavy- 
ion i njtctor. The combinaticn of these twc machines 
l-as beer tarred the Bevalac, Fig. I. The expected 
particle varieiy, and their in-ensity is given in 
Fig. 2. The energy is variable from C.25 to 2.6 GeV/u 

-!~2 sre,3t ir,terest in hi;;h energy heavy-icns 

in the fiel:s of radiotiolcgy, radiation therapy 
ar.d space redicine derives from the fact th.?t iol- 
i:li-i,:r ):rc:u:ed b,/ highly charged particles is very 
jerse or,d increases rear the enc cf d WI I defined 
r,jn’;e . The;e properties make it possible To produce ., 
<else ioni:a-icr,s in ,weI I defined volumes of living 
ti 5sLe. The energy pf the Bevalac will be sufficiant 
to re<!ci-, into <any part of the hurrar body. This di I I 
be 2: new .anc exce! lent too I for mary important 

A. r*3e,-,,‘E,<,s d,,L d ;,a’/ lo&J tfi I;u+,-:,,, ,.,<a,i:p3 ,a! 

rzc i ,iticn -r,erapy. 

pulse duration. Th i s represents a macroscpic dJ’y 
cycle of up to 0.5. 

Le Supcrili iac. +~,si-:~ll ipper ;i~idi; -~rs:si;~ ,,i 
six separate and individually excited RF cavities, 
which are dsed tc produce the contlrously variaple 
beam energy. Presen- RF equiprent is adeqLate for 
only five c f +hese cavities, prcducing a naximum 
energy of 7.2 “JleV/u. Tc r eat h a . 5 “?eV/ u , w’h i c h i s 
necessary to efficiently fully strip the I ight iorls 
up to mass 40, l-kc final cavity will be sowered. 
Equipment required frJr this project are: I) 2: 
additional 0.8 PAW amplifier, 2) its C.I ‘)W criver. 
and 3) a series olste rrcdulatcr, used to ~:c;,sf The 
elate voltsqe of the amplifier fr-,m <a 25 kV his 
which is ccnmon to a/I of the RF zmplifisrs. lcdect 
a,dditicnal team ccnfrol ,3rIc moni-wring i? ,-?Isc 
provided. 

Tt.e Eevdtror accept-~rcetim.: is 5X p set every 
4 “5 i sei-cnc:s. Ti-e SJpert?i I JC i’ trier-b:ort :cr’, 
inefficien’ly j, t +’ I ired swher ,oper-2tcm-l exclusively ?r jr 

’ $!,;rk :upp’;rtad by ttle li. 5. Atomic Er,argy Corrml ‘ssion 
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injector for the 3evatron. A portion of the Bevalac 
project therefore, is the modification cf the Super- 
hilac to provide for its operation in a Time-shared 
mcde. In this mote the accelerator will supply eacn 
second cf Iig?ter Ions for irjection into the eevatron, 
3~6 the remal?ing pulses of the Wavier ions ior Super- 
hi lac Experimental low energy researcn. 

In the Iir,ac although the batatron oscillation 
'requencies a?d amplitudes differ substantially for 
different ions, stable transverse motions can be 
schizved for a ;vide range of charge-to-mass ratios (E), 
with a single drift-tube focusing strength (0.035 
\< E \< 0.20 in The prestripper linac, and 0.16 6 E 
< 0.35 in the postripper). 

The operation of the Iinac on a pulse-tc-pulse 
time-s'lare basis requires the rapic adjustmen; of the 
electric gradients by as much as five to one and 
tuning of the phases. Pulsed magnets at the entrance 
to the prestripper Iinac inject particles alternately 
from one injector or from tte other. Pulsed magnets 
at the exit of the post stripper-tank direct the 
particles to the appropria+e transprot channel. In 
addition, since the betatron oscillations are 
different for different particles, pulsed dipoles and 
quadrupoles within the Iinac system will be requirec 
to match the accelerator enittances to each other, 
and to the different transport lines. The stored 
energy of these magnets, both dipoles and quedrupoles 
and the reauired rise time are both modest (8 - 40 
jcules and t = 8-I: ms). 

In this mode 'of operation the Iinac is controlled 
essentially as two separate acccleratcrs, and two 
control stations will be provided. Each of the two 
sta'icns will be capable of monitoring certain common 
parameters, with special monitcring ard controls 
,ec;uenced "o the appropriate control positior at the 
apprrpt-ia:-e times. 

0 10 20 JO 40 60 60 
ATOMIC MASS UNlTS 

EXPECTED BEVr?LkC ION INTENSITIES 
(FULLY STRIPPED IONS) 

@earn Transfer Line 

The +eavy-icn beam transfer li?e is an Jncon’Jez- 

tiara1 appi ication of a convertional experimental 

area function -- unconventicnsl in ;hat, during the 
first 500 feet, the particles lose 141 feet C+ 

elevation while traversing a wooded billside. There- 
after, they prcceed another 300 feet torizcntally in 
the 50 PeV protor injection transport lire isLYre 

entering the Bevatrcn. To remain ncn-interfering 
with a proposed future road, apprcximately Ii0 feet 
of the hillside line will be underground. TCie under- 
ground section is accommodated in a 3 feet diameter 
s-eel culvert pushed into place -- an eccncnical 
procedure which also yields the least ecclcgical 
disruption of the tillside. In terms of rigidity, 
fully stripped ions from the Superhilac are equivalent 
to a proton of 42 LleV kinetic energy. The trarsport 
line will match the amittance and momentum spread 

of the Superhilac, and will tave achromatic bends of 
20' at the tcp of t?e hill and 66u at the bottom. 
,Average vacuum will be 10v6 torr to minimize electron 
recapture by the fully stripped icns. Beam position 
and intensity monitoring will normally operate in the 
IO' to IO" bpp range, but will be effect:ve down to 
IO6 pop. 

The beam transport is based upon quadrupole 
doublets at 70 meter intervals. Were +ne line is 
underground, a double length free of magnets has been 
achieved by using a larger-apert:.lre dcN>b !et; here thr- 
beam diameter reaches a maximum of I2 cm. Tte bend 
in$o the 50-MeV proton injection Iir,e coi-ains two 
33 bending nlagnets wi-th a dispersion-recor,bi?ing 
quadrupole trip!et between them. The be-d lies in an 
inclined plane but tte matched beam is circularly 
symmetric at entrance Ani! exit to permit a rctation of 
the principal axes. A final dcJb1e-t matches to the 
I cm waist acceptance in the 50 YeV proton 'ransport 
line. 

Most focussing elements are existing 4M diameter 
quadrupoles. Bendirg magnets are of the +ape-wourd 
desigr recently developed at the i-'Iac (4j, P I I 
imagnets are supplied with close-fitting "all weather" 
enclosures. 

Initial alignment rectiiremants Are TOT se\:ere. 
Bendirg-nagnets are positicred within I ,mrr of the 
system centerline, cuadrupcles within 2 mm arid, in 
addition, the ouadrupolas ?ave A :oinfirg ~r~!r?cy :f 
.approxTnately I part ir, '75GC. Zurirg operaTi~:n beam 
position mcnitors arc printec-circuit staerirg magrets 
>;:ed- ly relieve derz3ds cn r,ec'?anlc3i aiignrzrt pre- 
cision. Initial aligrment ;s aCCC-~iisied dsirg 
cptical tooling on a line cf sight exterial tr: t?,C 
vacuum. External alignment prcmi;.? 'he XST reliztle 
non-irtcrfering meet-z tc c-12ck al ;grTer:t fur-ii-g the 
project's lcpsi-atin life. 

The vacuum Ii-,: is p-incip,Jlly tFin-~w-II: 
E inch diameter itzir lh=ci ;-eel pi>;, 35 zpq bet,<;ter 

support-s. -his diarrztf;r is large \Jitt. rcs:cct to 
pz'rticlc bear T;I ze bi: 3cc.~r1~4:~fc:s i-c4 ~25~ Lrrjm I 'Lr-2 
spans, dccre3scs tt.: po:;itior,+l c,en~ ;ti,~ity ;f -these 
-tructures supporting ,;rly ---hi-z VZCI~:.TI pipe sr,! ir;rcve; i 
v.:cuum punpirg conductance. FjLr p.~mpi-:~ Ltztion 
$.ti I :;:ing Ik,-tr:pFcd c[! fjiffm;si-- -J-P-, p-z,, ::: tk: 

r i!gLi vr~cuum. 

3cdm 20s i t i r,,r zctastf-,rs 2r,i pr#:t: i 1.:;: 1'. ,: I I 
i,jci.ssj ng :,t>ticIns -:r.r! e:gnc;j -i-f yf r, ‘-,_t.:I;--:rr,.:~.,i-c!:, 

mu It i p I y-segmented F :r :d,?y 'c-p%. f>,:r,.~~rs i ,;-Jn t; 
<i!ii -;, 1 fcrp j :; ,:,>-,: ,j 4/:r. -‘~:r,ji.~ jr!; -a :,-jr f I c fr;, 7:- 

mitTcC tc control ,rc;7. e7cmw I6.r'i for ,:n?I',::r 7r;! /' 
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display. 

Concrete shieldir,g houses are Jsed at each end 
of the line. Local shielding is used at other posi- 
tiols. An ilt3-locked-access exclusion area is 
provIceS by a chain fence spaced I5 feet to either 
side of the transfer Iire. In addition BFj radia- 

tion cetectors coupled to alar-n circuits are 
proviced at irtervals along the beam line. 

throJgrout tile facility, e.g. the detectors of beam 
intensity and beam positicn will range from image- 
intensifiers (3 IO4 particles per spill), thrcugh 
ordinary scintillation cointers over prcportional 
chambers, tc secondary emission monitors. A complete 
control of the ion-optical characteristics of the 
beam is impcrtant because most beam contamination has 

Fig. 3 

Ldyoul of 3~Fer-~iioc,aevatron,jn3 Beam irarsfer LIre 

Zevatrc- Accelerator and Experimental C?cilities 

T:7e ~cczlerat'- -n qcle ,;' the Bevafrcn far h%?a,tiy 
j;ry, is !escribe? i:Isc\+here (2). 'Viith the in%nsitics 
c.,+Iirerl ir izig. 2 ro space (charge r,rcbIems ?re 
ar+icia,zted. I&nce , improvements tc the Beva+ron 
;ri;)er ,i:i; 311 in :i:e ~irt,ctior cf 'ak,iig fnis \icl,riCjbiI: 
~,3rticle, variable-c,nergy fC3ciIity 2s flexible and 
,yei i,jC,lc .:s Fc:;:;ib 1'3 for tie nxperinen-?r. 

Ti;e vtr, divers;ficd exserinentsl program 
.3~:icip,1t~~J,r~of 071., cem~nds far dra;ti 31 !y 
diffsrent bec.m intensities (llj to II) 10 carticlcs per 
p i '1 C' ) , t1.t ;Irc fcr *ideI~/ diffaring s3ilI ch2racte- 
rktic-. " 5 : co?seqLerce v.:ric;s ri:?;~:cs of zr.am 
:. 3 : ! ! , 'b i t 7 ,F :.;i+b,,;ut C>,.AL7^1. t,J',,'t: i;i;er ‘J!!:,; a; i i <,<,biri.L.P~ 
,_,a n --' -'r jc, i-r i‘p ,3e',fejcr6,t: , ,. >r . T?e I:rge 3'/-amic range 
of r-3chir.e 3:ir:meters ,2Fp I ies r.c't only i-,3 .zxtrac-iol; 
! d 2ci I i 8:k.~ir:Ic;i3.ri:;tI 35; it is 2 r;;3,jsr (cl12 I l,:r~;e 

iAs orgin in fragrartstion ,cf t'~e F;ri,.idrj/ ';esm. :? 
:s-bstanti31 4ccmpL-t-r ~c0ntr-J I c-pa,. I it-s, is '-re cruzial 
factor for succe';3f~I cpt'r3i.;t;n ,:f i;uch d d i~~eri.fiec 
facility. 

ihe ija ilac is FlJnned &r, ,;r,+r:*e i- >ih-t ii 
t, rmcd a "I United tine ih;rirg mqL.ie". This i":Flie; 
that changing from protons T^ tadvy i5n5, i)r ch3rgirg 
the i-cav,/ ior parti-le or enarg>i, or t3r:qet statior 
s-all be ~c:mpli:;had in z bcl.;rt tin-e, e.g. I,'2 hr. 
This ;Yill 30 particularly{ 1Tpcrtdnt fc,r tie 3'~ 
r-fc,lir,= I i~,-~>r;nnr~+:. ,;:pc,g +l-z~c cpxp~r[-~;-+s :;-*,;rj 

Ion> _&up'- Vines but reI~;?iv~~Iy !jhCrt r2xpc';ure tip-c-s. 
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Experimental Facilities Acknowledgements 

Setups for physics and chemistry experiments 
dsing hign energy heavy-ions differ insignificantly 
f rorr these which have been used with the Bevatron in 
‘he past. However, the nature of most bio-medical 
experiments is sufficiently cifferenc from ptysics 
experiments to require the building of special 
experimental caves (Fig. 4). Shielding recuiremenis 
are modest compared to those for high inter.sity 
p rotor beams. For the foreseeable future high 

From i’s conception this project i-as benefitted 
from the strong support of Dr. E. M. M&i Ilan. We 
are indepted to the Donner Laboratory sta ff, in 
particular to Dr. J. Bcrr, Dr. C. Tobias and Dr. T. 
Budinger for their suggestions regarding the use of 
heavy-iors. The engineering staff, and the staffs 
at the I-‘ilac and at the Bevatron have contribute” 
their experience and effort toward the Eevalac 
design. 

intensity expcsures are expected to be snort. 
SpeclflcatIons for the ion-optical properties of the 
ion beam I ir,es require achromatic transport for 
s-larp images. A good energy selection is required II 

when fragmented beams are deslred. The difficulty 
from an ion-optical viewpoint lies in the wide 
range of beam spot character i siics r-equi red. 
Irradiation fields of one square foot are not uncommon, 2, 
whereas minimal spot size with sharp edges may have 
been required in the preceding experiment. The 
idea 
expe ,t- 

fina 
faci 

bio-medical cave will evolve only as one gains 
ience In this exciting field. 

4s pre-clinical experiments are apprcached, and 
Iy true therapy, a large number of auxiliary 
ities ‘NilI have to function together with the 

3) 

4) 

primary beam delivery. Fortunately LB1 bio-medical 
personnel have a wealth of experience from the 
184” treatment facility with which to expedite 
rffycient use of ‘his @evalac facility. 

R. Main and R.. yourc 
Edges cooled tape Vagnet Coils for High surrert 
density applications 
L@L 923 

5) Nuclear Chemistry Annual Repor’ I972 
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