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This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
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HEAVY ION DEVELOPMENT AT THE BERKELEY 88-INCH CYCLOTRON¥
D.J. Clark, J. SteyaertT, A. Carneiro, and D. Morris
L&wrénce Berkeley Laboratory
University of California

Berkeley, California 94720

_ November 1971

SUMMARY

A new internal Penning ion source is now being tested for production

Nk o . oot -
of nitrogen and oxygen beams. Nitrogen beams of N5 have been accelerated

to 250 MeV. An extéfnal source for. lithium beams is being developed.



- ~ LBL-223

INTRODUCTI ON
Interest in heavy ion experimehts has been increasing during the
past year at the 88-Inch Cyclotron. The beams required are lithium, carbon,

nitrogen, and oxygen in the 50-80 MeV region for studies of nuclear

. structure and reaction mechanisms. Also nitrogen beams of the highest

available energy are used for bio-medical studies of radiation damage. The
original internal ion sourcel has been used to produce these beams, but
has limited arc power and filament life. To.get more .arc power, a Penning

Ion Gauge or "PIG" type source was built, and is now being tested. The

‘external PIG source reported in March 19712 is being developed for lithium

beam production by the addition of an oven.
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OPERATION WITH HEAVY IONS
The 88—Inch;Cyclotron‘can accelerate ions heavier than arpartiéles
to an energy of E = 1Lo Q2/A MéV, where Q and A are ion charge and.mass ih
proton units. The cyclotron setting of center region, trim coils and
deflector for heavy ions are based upon the best operating beams.of light

ions. Center region source and puller positions are set to be the same as a

light ion beam having the same number of revolutions during acceleration. The

compﬁter code CYDE is used to calculste a.set of trim coil currents which
give.the‘éame magnetic field center'bump and edge.fall—off as a lighﬁ
particle beam having the same number of revolufions. If no reference light
particle beam exists, or if a new third or fifth hérﬁonic'beam is required,
‘we start from the best‘estimated‘séttiﬁgs and optimize them with Beam on the
cyclotron. The deflector position settings are obtained from a ligh_ﬁ
ion béam, scaling the deflecfor voltage proporﬁionai to energy/charge‘of
the ion.
A.useful technique for obtaining a difficulf beam such as
250 MeV N5+ is to staft with an easier one at the same magnetic field,
160 Mev ¥, '
to give the same number of turns and centering conditions. The_deflec?or
voltaege is increased by thé‘same factor. The frequency is increased the
proper amount. The trim coils are changeafto gifeﬂisochronism, bgt,using
thé same center bump and edge fall-off field, The new beam then normally
appears externally with a small éeafch of frequeﬁcy. |
There,is.chérge'exchange during.éccelefétién.due to the ﬁank

" pressure of about hx10*6mm. The resulting loss in beam is a factor of 2-k.

Then the dee voltage is increased proportional to energy/charge

V.
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Two diffusion pumps have been added to the dee tank to reduce this pressure,
but it would be best to have a larger pump on the dee tank, rather than

on the RF panel tank as at present.

STANDARD INTERNAL TON SOURCE
.Thé'internaivion soﬁrce used since the cyclétron first operated
{7 1961 was developed by Hhlers.® Photos of it aré_shown in Figs. 1 end 2.
It is quite feliable in prpducing beams of protons, deuterons, He3 and
a—particies. " The availéble currents of thése»ions aré generally more than
the deflector can handle--internal beams of up to 5 ma of protons and

3

deuterons, and 100-500 uA of He’ and o-particles. The filsment life is

3

about é‘week-on He” and u;particles, and much longer on protons and deute-
rons. | | |

This souréé has been used aiso for heavier‘ions for the»past several
years. But.the usable arc power was 1iﬁited to about 500 watts because of
limited anode cooling, and the filement life was reduced to a few hours due
to heavy ion sputtering. 'We improved the cooling by éxtending thevwater
cooling from the bottom uﬁ.arOUnd the top of the énode. vThis increased
the useful arc power froﬁ SOO to about 800'watts.. Thicker filaments were
made,‘giving lifetimes Of‘h—l2 ﬁburs on heavy ions. .The best results for
Beam éuffents of.hegﬁy'idns‘arevshown in'thé upper section of Table 1. The

source is usually run at lower output to conserve filament life.
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Ion Source Ion Energy Harm. Anode External
' (MeV) No. - Slit (in)” Beam (upA)

‘Standard NT 60 3 .080x. kb0 4
Filament TYpe-NSI 160 1 ' 3
- Ny, 250 1 0.03
07, 52 3 16
Kr 36 5 0.02
b+ -
PIG Type NS 160 1 .090x.12Q 10
| vt R T

250 1

Table 1. Bést performance of 88~Inch Cyclotron ion sources
on heavy ions. :

'INTERNAL-PIG SOURCE -

_Aftér the above improvements in the standard filament type sourée,
the beam cufrents of the moét usefui heavy ions of_Nhf, N5+, and O3+ were
much less than those reported by workers at cyclotrons usiﬁg PIG sources.
Some of these are the_Dubna group,3 Bennett at Harwell,Ll the IPCR Tokyo
group,5 and the OakvRidée.ORIC grdup}6 The high beam cﬁrrents apparently
come from fbe higher arc power which‘is availablg from the larger area of
the cathodes used, coﬁpared with the small area of emittiﬁg filament in our
standard‘source. The‘high.arc power proviaeé_a higher flux (curfent) or
higher energy (voltage) for electrons to produce.the high charge states.

The PIG sources 6perate best when both cathodes are connected
togethef to a negativé higﬁ volfage supply, rather than withva floating
cathode as in .our pres_ent' filament source. ~Various cyclotrons use different
methods. of connecting'thefééthoqes. 'The Dubnavand‘quyo groups bring the

- source in the side of the éyélotron'magnet,.aﬁd meke connection with a

\J
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separate tube to each~Cathodé. The'QRIC source is side mounted, but uses
only oné.tube'and makes a cdnnection‘iﬁside the anode between cathodes.
The Harwell source is mounted axially through the upper pole, and makes

connection with a probe through the lower pole to the lower cathode. 1In

_the'dase of the 88—Inch,Cyclotron, the source is mounted axially through the

lowerbpole; It would be difficult to bring a probe through the upper pole
to the upper cathode because the axial injectibn transport line for external
’ ' #

sources is loéated there. The connection of the cathbdes inside the anode

was working well at Oak Ridge, so it looked like the best'system for us.

" The design of the sourcevis shown in the schematic drawing, Fig. 3,
and in'the three photoé of Figs. h;vS, 6. The cathodes are.connected by a
coppef water cooling tube which fitérinside.the anode. Each cathode is held
in a copﬁer'Water—cooiéd hblder‘ﬁith a set screw.;'When the source was first
operaﬁed; the copper tube coﬁnécting the cathodes showéd signs:of wear by
sputtering from the ExB diséharge around it: A tapered tantalum bar was
attéchéd.to it to dump the dischargé along the magnetic field. Since the
sputtering was still present, tﬂe copper tube was wrapped with tantalum
foil, which shows no signs of sputtering wear.: A bar was added on the -
tantalum side.cover_tp prevent the dumped electrons from hitting the lower’
insulatér. The bésévinsulator was originaily an alumina-epoxy mixture,
which suffered f;oﬁ serious;high volﬁage»surface breakdown, due to outgassing.
When this was reélacédkﬁith cast,alyminé; the probiem was.solved. A borqn
nitride insulator is droﬁpea iﬁﬁo a:groové‘in £hé base alumina. It can be
easily removed for Cleaniﬁg or replaéement and avoids chémical reaction

between alumina and condensed tantalum. :The_anode is water-cooled copper.
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A replaceable tantalﬁm s1it is used for beam extraction. A tantalum top
cap is pushed on to form a‘gas seal and to hold the sidé tantalum cover in L
place.
The»source produced beam in September 1971 and has been in the
testiﬁg and‘débugging phase since then; It has been run mostiy on niﬁrogen,

+
and the lower part of Table 1 shows the best beam results obtained. For Nh

5+

and N +the beam currents are sbout 10-100 times larger than with the

standard filament source, per unit slit area. Beam current is nearly

5+

proportiqnal'to sli£ area. The N beam is ﬁuch.cleanervin the internal
beam region due tq less spurious Nl+, meking it much easier to tune up with
the‘PIG source. The méin probiém remaining‘is to impro#é the cathode life.
At present the cathodes have to be replaced every 2-3 hours, because the
arc is extinguished by the'deep ératers in the cathodes. Trials are being
made of running the arc at lowef voltage than the present 800-1000 volts to
increase the cathode life.

The power supply_for the source is our standard-magnetic amplifier
controlled arc supply, with a starting voltage of 3‘kV. The gas flow is
increased until the arc strikes to give abouthOO—IOOQ volts and 3-k amps .

The gas is then reduced to giVe_maximum béam. This occurs at the minimum flow
whichvwiil keep the arc alive for Nh+ and N5+. A series resistor of sbout
40O ohms is usedbto stabilize operation and limit the current;

One disad&éntage of internal sourceé'is £he éasioad produced in the ./

éenter.regién. Forvthe PIG source however, there is a self-pumping efféct

due to high arc current, which converts 80-95% of the gas into ions.
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EXTERNAL LITHIUM SOURCE DEVELO?MENT

Since the last rebort on the external source in March 19712 the
decision‘ﬁasvmade to develop dn internal PIG source for most heavy ion beams,
because the transport problems down thé-axial injéction line fof the
external squfcg can be éliminated. The external source would be developed
for ions which would be difficult to run iﬁternally. The first requirement
was fof iithium, which would cause sparking and cleaﬁing problems in the center
of the cyclotron if used in an internal'sourcef_

A stainless steel furnace was buiit to produce lithium vapor for the
arc. Basic £equireﬁeﬁts in the design of the fufnaée were: high enough
tempérétﬁre to vaporize the lithium (600°C), tem?erature_gradient to

prevent the molten lithiun from flowing outside, and corrosion resistant materials

7

like agétenitic stainless Steel and tantélum. The electric current flows through
the'.O6:in.diameter”tantalum wire cdil ﬁsed as a heater, and through the

pipe (0.125:in., 0.016 in. wall) transporting the lithium vapor to the arc
chamber. The stainless-steel pipe'is warmer than the 6ven to prevent

condeﬁsing. The top plug closing the oven is sealed by the use of a tanﬁalum
gasket. A hollow in thaﬁ'plug-contains the therﬁoéouple head. |

Thus far beams of 200 A of Li® and 40 WA of 1i2* have been cbtained

from the source runﬁing.at 2 kV and 0.7 A. A small beam of a few nanoamps

- of L12 “has been injected and accelerated in the cyclotron up to 80 MeV, but

not extracted. More work on the system is planhed to produce usable lithium
beams for reaction experiments. A beam of about 20 uA of L12 is available at

the bottom Faraday cup of the injection line and up to 100 nA might be extracted

from the cyclotron after all the tuning is Optimizéd.
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.The first tests were made with nitrogen as a support gas.atba flow
of about 2 cc/min and the oven heated at 660°C. Hazardous lithium nitride
powder (LiéN) is produced inside tne arc chamber meking the cleaning and
opefation of the source difficult. Use of helium as a’ support gas is thus

recommended.
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FIGURE CAPTIONS

Fig. 1. Standard 88-Inch Cyclotron internal ion source mounted on shaft
which'géés through lowér pole of'cyclétron. Scalé.in inches.

Fig. 2. Sténdafd'internai ion source disassembled, showing filament
stfuéture,‘anodé and anti—cathbde button and insulatof.

Fig. 3. Drawing of new internal PIG ion source showing various parts in
two sections.

Fig. 4. New internal PIG ioﬁ source mounted on shaft.

.Fig.,S. .Néw iﬁternal PIG.ion source partially aisasseﬁbled, showing cathode
structure in place.‘ Anodé, Ta side cover and top cap arerremoved.

Fig. 6. ﬁew internal PIG ion source disassembled showing cathode structure,
anode, Ta side cover and top cap. | |

Fig. 7. Drawing of.external PIG source in 2 sectiéns, showing source and
new lithium furnacef Source is installed vertically with the arc

chamber at the bottom;

!

(/
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