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RECENT DEVELOPKENTS IS RIGK CHARGE STATE HMAVY IOH BEAMS
AT THE LBL 68-INCH CYCLOTRON |

R. A. Gough, D. J. Clark, and L. R. Glasgow

Abstract

Recent advances in design and operation of the
internal PIG sources at the LBL 88-Inch Cyclotron have
led to the development of high charge atate
{0.4 £ g/A <0.5) heavy ion besms Letwean lithium and
neon with energies 20 S B/A S 32 eV _per nucleon,
including fully stripped ions up to 1808+,  Tota)
external intensities of thess beams range from 1012
particles/s for °Li3* to 0.1 particles/s for 1608+,
Techniques have hesn developed for routine tune-out
of the low intensity beams. These include use of modal
beams and reliarce on the largs systematic data base
of cvclotron parameters which has been daveloped ovar
many years of operaiion. Techniques for delivaxy of
these weak beams to the sxperimantal target arcas are
presented. Source design and operation, incluiing
ppecial problems associated with Li, Ba and B besms
are digcussed.

Introduction

The emphasis in heavy ion nuclear physics has, in
recent years, shifted markedly to experiments requixing
higher and higher beam energies. Thess demands are
being met in part by ion of new accel
such as the MSU superconducting cyclotron and the use
of sophisticated injection systems such as at the
Bevalac aud Holifield machines. Thare le, in addition,
a very strong demand on existing smmaller cycletrons to
increase their heavy ion enorgy capabilities by
accelerating higher charge state ions. In order to
meet present experimental needs, several new beama
have been developed using the internal PIG sourcs at
the 1 88-Inch Cyclot: Most heavy icn beams
that have been devaloped over the past eight veers
have been magnetic field limited at K= 140 MeV.
{Efforts to increase the current cutput of the main
magnet power supply are in progress and one beam has
been accelerated at K= 145 MaV,) FPully stripped heavy
ions at X= 140 MeV, can be accelerated to 35 MeV/
nucleon. The reliability of the three-chsnnel eiectro-
static deflection system hecomes marginal for beams
with energy/charge ratio E/Q > 80, but with adequate
voltage conditioning it has been possible to obtain
external beam intensities ~0.5 anA .of 140 MeV alpha
particles (£/Qw 70). This beam will serve as an
analogue in ing tha cyclot and beam
systems for lower intensity 35 MeV/nucleon heavy ions.
This technique has already been ussd successfully for
meveral experiments requiring h-avy ion besams et
32 MeV/nucleon.

Zon Source

The internal PIG source for the 88-Inch Cyclotron
was first developsd in the esrly 1970's and is des-
cribed at an earlisr conferencal. Tha sourca dasign
used in the present work is shown in PFig. 1. Though
similar to the source desciibed in Ref. 1, it has
undergone slight modification to improve reliability and
high charge state psxformancs, Ths scurce shown in
rig. 1 has a bore diamster of 9.4 mm and was used for
the 6143 and 93e*" boams Aiscussed below. Por good
production of the heavier beams reported in this papar,
anodes having a 4.7 mm hore diameter tmre used. The
narxower hore anodes heve = shorter lifetime, but
produce >10 times the intensity of the higher charge
state beams. Typical 24 for
fully stripped heavy ions at maximum intensity is
2-3 hours. Ap KP sl st dwe al
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rig. 1. cross ion of the 4 1 PIG
source of the 88«Inch Cyclotron, The anode shown has
4 9.4 m dismsster hore and was used for the Li and Ee
beams reported in this paper,

For all of the beaxs discussad in this paper,
Proper arc conditions were found o be very important.
In

im us«d with the internal source.

1=

ar, & high arc voltage (0.8-2.0 kV) is a
ition for good The highar
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the ionization potentisls f the ion, the more important
the arc voltage requirement. Arc currents as low as-

~1 A for Li3* and Be®* and ~2 A for heavier ions are
adequate provided the arc voltege is sufficiently high.
Various methods of inducing a high arc voltage mode

of cperation are utilized. These include use of a
narrow bore PIG anode, impraving the cooling of the
cathode, puleing the arc, and sizultansous raducing

of the arc current and -oul’cn gas, It should be noted

after & long Be run only below-tol

levels of Be contamination,

Por 8% and B hems, unlike the lower chargs
states of B, we have not yet besn able to develcp
a 801id source fesd which is competitive in production
with BFy yas or BCly vapor., Bscause of the harardous
nature of these qasqs, & well-ventilated, shielded
nrea hes boen conatructed for the source bottle {ususlly
type lscturs bottle). The gas is trans-

that the arc i change h
as the sources grow oldar afd do not rspast sxactly
from source change to source changs, Consequantly
the experience and skill of the cperator has besn
an important factor in obtaining cenlhtunuy good
sourca performance.

The bean intensitias gquoted in thiw paper can
normally be obtained under Ac arc ‘conditions. At
presert there is only limited sxpsrisnca with thess
beams, but pulsing the lxc (20-20 ODD H.:, 20-bD| duty
factor} usually i o 1ly
the arc will operate in a lﬁl!—pu].lld lodu {~100 I!z).
That is, even when operating with a highly regulated
dc series tube power supply, the arc will oscillate
cn and off with high peak arc voltages. while thia
uswally a high bean it is

fex:ed is an B = long stainlgss stesl line to speciml
stainl ateel neadls valves for metering gas into
the sourcs, This tranerer line ls equipped with a
dedicated mechanical pump and a Mz parging systen,
Careful maintenance of this line ip crucial to t.muhle-
£ree cpexation of the nsedls valves., Both 1054+ apa
11g4+ have besn profuced with intenaities ~300 enh.
The 1085+ uan was only recantly cbrained (at 250 Mev)
and an sxternal beaw intansity of 12 enA was chBerved.
The boron results were achiaved using the narrow

4.7 m anode haore.

Cyclotzon and izansport Line Tuning

Over many yeara of operation of the €8~Inch
Cyclotron, a large and_systamatic data base of machine

has 1ved?. This has proven to ba &

often disadvantagecus for users doing coincid

work, This self~pulsing mechanisn is not well under-
stood and further study might improve our overall
undarstanding of jen source behaviocuz.

special source and handling problems for Li,
Be and B beams are worthy of mention. Lithium is
introduced into the source as LiF in a mannar described
in Ref. 1. A thin semi~cylindral slssve mads of
tantalun is ingerted coaxially into the anode hara.
It is lpaded uniformly with LiP by heating the sleeva
with an acetylens torch to a red hot condition,
permitting the LiF tc flaw evenly aver the entire
surface. Excess Lif is filed off, cCsthode "buttons”
consisting of ~40% LiF and ~608 Ta (by volume)
hydraulically pressed at 60,000 1ba/in“ are alsc used,
It is fmportanc to start oparation of each scurca
at low arc power {~0.5 kW). Thim power can be increased
through the life of the mource to 2 2.5 XW. Too much
arc power at the beginning of a new source ghortena
its productive lifetime. External bean intensities
of 300-500 enA can bo maintained throughout a 4-5
hour average source life, Use of a largor scurce
exit slit enhancea the FF back besmbardment mechanism
and generally improves intensities.

%pe®* beams at 200 and 245 eV were racently
developed at the BB~Inch Cyclotron. The acurce feod
consistet of a 6,25 mm % 6,25 ¥ X 10 rw Be metal
block held in place bshind the sourcs slit by the
Ta back insert shown in Fig. ). (The shape of the
Be blork was kept aimple to minimize the machining
of this hazardous materinl.) 7The back insert was
hollowed out and ths Bs block could be hwld in place
using a prass fit. Beat Tesults wéra cbtained with
a 1.5-2 mm protrusion of tha 8¢ into the arc bora.
Significantly wore bean was obtained when the source
8lit was increaged in width from 3 mm to 3,75 W,
The slit height was luld conlunt at 6.25 mm. It
was possible to 1 besm
©f ~100 anA over a 4 te 5 hour source lifs.

Due to f.ho mse naturs of lc, qxut cars had
ard the

to ba
All sourcs h::.dnng vas done in a vlnr.d glove box
maintalned at a luqht mqnti.vn prassure. Ion source
parts ware sub at the end
cf a Be run and had tn bc subjsctsd to a specially

n, leaning befors the
Plﬂlcou.ldbl ‘nr--- icted yice.

g:eut aszet in tuning out new beams, especially those
whose intensities are below the sensitivity of our
conventional beam monitoring gear. In many cases
a high xnnnn%canung\u beam s available {such
as alphas for 1 atc.). Andther (lesa
obvious) example of analogue beans is fol

machine eetiings for 25 nev 10077, ‘"‘f‘“g,
9pedt beant have been run ueing e mtnuy the lame
cyclotron settings. The culc\nutcd phase histories of
426 Mav 1607+ and weveral Fped* beams are shown in
Pig. 2.uning a trin coid -alutiun ogu.mhed by tha
computar coda CYDE? for 426 Kav 1697+, 1t is paan !m
¥ig, 2 that the di raqui
acceleration of these two ions can bo minimized by
choosing an approprists “pe?t beam enery:. 1In this case
a Ba energy of 245,5 HeV 1- best matched to the 1607+
trin coil solution. This approximate phase hietory
matching is believed to rapult from first order
compenaation of ths radial magnetic field profile due

T
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Fig. 2. rFhase histories !o: ssvaral basms calculated
with the coaputsr :odu CYDE? using » trim coi) solvtion
for 426 Mev 1607+,
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to saturation effects in the main magnet. A siwple
method for estimating thia watching has besn developed
and appears t¢ be in good agressant with computer
calculated phase histories, Thia has saved much

and beam time.

Seme genvitive beam monitoring equipment has
been inatalled in various beam lines to facllitate
kath cyclotron f.un.i.ng and hamn tranaport. A pogition-
able Si(Li) det fou located
in the exit beam line for
bean intensities of 10™ 1 1010 particles/s. The
signsle from thia datactor drive & aount rate metar
vhich is used to

. Very sensitive phosphors and standard television

monitoring cquipment are used to wisumlly cbserve
beam focusing with heavy ion intensities as low as

1 eloctrical picoamp. Flastic scintillators coupled
to photamultiplier tubes are also used in certain
bean lines. These can wonitor intensitiss from 10~1
to 1010 particles/s ard provide wome beam energy
resolution. In a recent experiment? at the 88-Inch
Cyclotron, a Ta energy degruder was placed over one~
half of the scintillator so that the rssulting two~
component energy spectrun could be used to provids
left-right beam alignment sigmals.

Heavy ions which aré presently accelerated by
the ga~Inch Cyclotron to energles from 20 to 32 MeV/
nucleon are shown in Table 1. The cbasrved axternal
intensities of these beams are plotted in Pig. 3 as
a function of total ionization potential. Since wa
have only limited expe:lenca v.<h some of thegse basmg,
further imp ity are (for
example with 12c6+), Fiqu.zu 3 does, however, provide
A rough guide to intensitiem which can be expected
for other high charge state beamx.

Future Plans

Use of the beams discussed in thim paper is
expected to increase over the next few years. Develop-
ment of an external state-vf-the art PIG sourcs is
in progrese. A project to iacrease the K of the
cyclotxon to perhaps as high aw 160 MeV iy underway.
Further study of the vertical focusing limit of the
88-Inch Cyclotron may be requirsd to ensure full

Total {onization Potential (V)
XBL 789-1776

Fig. 3. bsm for
£0~32 MeV/nucleon heavy lon beams are plotted as a
function of total ionization potential.
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Special thanks are dus to the oparaticns crew
of the Be8«Inch Cyclotron, whose efforts toward the
development of these bsams are tly appreciated.
e allo wish to acknowledge the assistance of Leon

1t in ng the 1 P

utilization of an d X valua. W
to the present deflector system to increase its
reliability faor these rigid baams are planned,

Table I. Heavy ion beams batwsen 20-32 MeV/nucleon,
Ion Ensrgy Obzerved
{MeV) Intensities
{particles/se)
g3 153 w!?
%e™ 200,245 10t
1054+ 2 65 ¥ 10!
1055+ 250 1w
125+ 292 6 x 10°
126+ 284 ~10°
et 250 10°
19,7+ 448 ' ~10%
g7+ 426 ~30"
e e =2 ~07?
Dyt a8 10°
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