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Government. While this document is believed to contain correct information, neither the
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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| .sﬁMMARY
A heévy ion source of thé:PIG type has been.installed‘on thé aiial;‘
injection'line at the 88;In¢h Cyclotron,"It is now in the testing phase. Arc
poweré up to 4 kW ﬁave been run,.agd hyergen and nitrogen beams have been

injectéd'and accelerated in the cyclotron.
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INTRODUCTION

Cycletron ion soﬁrces are ﬁorﬁaily.Placed at fhe'center of the cyclo~
tron. The size of the source is limited in width by the pirst orbit radius to
about 1- 2 1nches, and in helght by. the pole gap of 3-6 1nches Sourees have.
been developed to flt thls size, and are producing good 1nten51ty and high
quallty beams of both light and heavy 1ons However, there are some beam
requirements'which are easier to meet with an externel source.: for polafized
iene external sourceévare requifed end are in use¢ on several cyclotrons, includ-
ing‘the 88—ineﬁ.l

” For.heavy’ions, internal sources are per forming well at severel,cyclo—
trons. There are Sevefel advantages, however, ir an external source. An external
eource can be iarger, better cooled, and more eacily maihtained and developedf |
The incfeasedfgas stripping in the aecelerationvregion'due to pressure increase

from the internal soﬁrce gas can be avoided. Changing cathodes can be fester,

‘ aﬁd anothef source could be switched info the injection line during maihtenance

of one. If some of the development work on high charge-state ion sources is
successful, they could be easily placed on the'external injection liﬁe, For
chemically feactive ions such as lithium, an external source woﬁld'be easier.to
clean'fhan the_cenﬁrel accelerating area of the cycletfon. Thefe is also the

possibility of ﬁsingvtritium safely in an external source more_easily than in

" an internal source.

For the 88-Inch Cyclotron the main use of the external heavy ion source

is eXpected'to’be the production of lithium beams, and high energy nitrogen and

- oxygen beams for bio-medical studies and seattering experiments.



-2- | - ~ UCRL-20406

DESIGN OF THE SOURCE
For‘the.prodgction of'highly chargéd heavy-i§ns,x£he Beét soufce appears
~to be the Penning Ion Gauge @r "pIG" type.2 For the present sourqe,xfhe present
vérsion‘df the soﬁrce.originally developed for the Berkeley Hil'ac3 wés_chosen
as a sfarting'point.

_Thé fIG séprce and injection-area‘ére showﬁ in Fig. 1. The souree anode
fs biased t¢:+lbikV, 50 the beam is accelerated to 10 kv/charge by the puller
at‘grdund potential. .The céthode isvbiased 1-3 kV ﬁégative with respéct to ﬁhe
anode by the arc sﬁpply. The sohfcé_ﬁagnet with'a field of 2-5 kG bends the
beam through 120 degrees and selects the charge state to be transmitted. The
exit.édge of fhe ﬁagnet is cut baék 25 degrees to give axial focusing to the
beam, An ifoh shield,'éuf to the same aﬁéle,-gives a sharp field cut-off and
defines thé magnetic edgé;

In Fig. 2 is seen a détgiled view of the anode and pullér. The anode
is of wéﬁer;cooied coppér.‘ The pﬁllgfzblades'are replaceéble tantalum.sheets;
The‘puller.ié:?emofély movable pgrdllel to the anode face. The cathodes are
téntélum cylinders mounted with sét screws into water—cooled copper plates.
~ Boron nitfide insulators separaté-cathode and anode. The& are mounted eccen-
tricaily to catch the tantalum cathode flakes falling from the ends of the.
horizontally‘oriented arc colﬁmnf

In“the.foiIOWing sections of the system, Fig. 1, tae beam_is transported
through a 90 degree bend to the éntrance to the quadrupéle injéctioﬁ line.l
Just beyond the source a plate with a cross pattern of holes is used with a
motor—dfi#eh scanning wire to.méasure source emittance. An einzelvleﬁs'and

electrostatic mirror bring the beam to the injection line entrance.

@
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The system is pumped by-2'sii inch diffusion pumpé.‘ The injectionrline
is presenfly pumpéd by a k4 inch diffusion pump"énd-a éuﬁlimatién pump, but about
a factor of 2 greater pumping speed is needed to‘obtain the low lO—6 m pres-—
sure-dééirable for-trénémitting_heaVy ions about 12 feet at 10 keV/charge.

The high voitagé'subply for the source is a commefcial_EO kV, 150 mA

“unit. The.arc'supply was assembled at the lab from a surplus transformer—fécti-

fier, controlled by a motor-driven variac mounted in a hot rack. The output
is 0.5-3.5 kV at 5 amps. A series regulator tube can be used, but most of the

initial tests have been with only a series resistor of about 400 ohms .

INITIAL PERFORMANCE f
Tﬁé testing of the source begaﬁ in 1ate 19f0;; The first,operatioﬁ was
: : ) , 5
beams was roor and that tﬁe anode melted near a cathode. Also a great quantity
of flakes was produced. An improvement was obtained when watef cooling was
added alohé thé side of the anode.- A_fufther improvehent cameﬂﬁy using water-

cooled COpter,'instead of inconel. This gave both better arc stability of 3-U4 kW,

and better high charge state production. At present the arc runs stably up to

1 kv x L& =y kW
The charge distribution at Optimum gas pressure of a nitrogen beam of
10 kV was neasured on the Faraday cup after the source (Fig. 1). It is shown
\

in Table 1. . Total beam current was about 10 milliamps.

N+l N+2 | N+3 +4 +5 -
arc  Tarc

% Beam | 32 40 23 L1 0.36 1 kv R

Table 1.
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An initial measurement of the emittance of the source with the cross-

plate and scanning ﬁifeévjust beyénd.the source, was made.-.The values are
900 mm—mrvvertically, And 500 mm-mr horizontally, for about 80% of the beam
in each pléne, :The vertical pléne ié‘ﬁhe bending plaﬁe, so that emittance
inqludeélsourcé energy spread.r

Some initial transmission measurements into the cyclotron were also
made. For protons the ovefall tfaﬁsmisSipn ffdm the soufce to the external
cyclotron beam is'about 0.5% withoutva:bunéhef. 'By morevcareful matching of
source emifﬁahég ﬁo the line, and by use of thevbunchef, this should approach

3

the 5% obtained with'ihe polarized source. Beams of N7 and 1\1.'“4 were injected
and acceleratéd in the éyéiotfon; These tests indicate-ﬁhat the overall trans-
mission from'source>to,external ﬁeam.would be abou£ 6.05%; The reduced trans-
mission is’due.to gas charge exChange in the injection‘line and the cyclotron.

By improVihg the injéction‘line preésure, the optics, and using the buncher

this transmission should approadh 1%.

SOME OPEﬁATINGYPROCEDURES
The éource was moré stgble.whenia 100 K-ohm resistor was inserted in
parallel with.the anode and cathode, and.a 10 M-ohm betweeh cathode apd ground,
These resiétances were necéssary to sﬁppress the bleeder effeét of the parallel
water codlihglsystem,'common to components of the PinsourCE.
Sooner or iater some short-circuits appear due to flakes.‘.Those taking

place between puller and anode can be removed by mbving-the puller back and -

[
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forth in,paraiiel motion to the slit. ©Shorting in the cathode-anode space needs

more brutal force. Shorting-thé series resistor enables a very high current to

- be applied‘to the éhort, vaporizing'it. The only trouble we got with such a

method was to damage the BN insulator éometimes. As présently installed, the
source slit is pointing downwards. Some flakes could stay on the anode slit

but they,arevburned by the piasma and fall down. Other flakes could stick to

'thg puller slit and ére intensely heated by the beam impinging on them. They

are an intenéevelectron sourCé,loading'the acceleratihg supply by more than
50 mA. A'tantalum'dUmp is used to dissipate this extra power froﬁ the elec-
trons drifting:in-the crossed E and H fields.

Two powerful modes of operation of the arc are possible. A positive

resistance (+R) mode (1A of arc at 2 kV) and a negative resistance (-R) mode

(3A or moré at 1 kv or less); In this last modevthe cathodes are hot enough

to emit tﬁermiohic eiectrons, the.higheSf charge state are produced, and some
"filameﬁts" are seen between both lips of the anode slif. In the +R.mode the
beam ié not seen when looking aiially'at'it,'while in the -R mode the beam is
clearly visible, due to a high'proportion of excited ions. A less powerful arc
(O.l to 0.3A at 3 kV) éxists Vhen stérting the arc. It was most uséd when run-
ning the PIG soufce as a proﬁon_sourée.

The rate of consumption of the Ta cathodes is about 0.75 to 1.2 G/hour.

‘After I 1/2 -~ 2 hours of 3 kW arc the flat top cathodes are deeply eroded; a

-crater about 5 mm deep is formed. To increase the lifetime of the cathode,

more material”is'needed.v A 145° cone cathode runs for 3 hours. A more pointed

60° angle version did not work, probably'due to the steep slope. Our observa-

- tion is that the cathode ends its life not by the depth of the crater, but by
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the slope. A cathode with one or more circularrgrooves could be conceived;

the top side of theicrater could fall down in-pit of the‘insulator, already

used to collect the flékes coming from the depoéit on the conical inside part .
of thebanode; vfwﬁrtungéten cathodes wereftried.. They needed too higa a preS—
sure to run and we were unable to get a -R mode with them. This was lue to the
better thermal conductivity and higher emission temperéture of tungstzn. A
_combination of one tungsten and one'tantalﬁm cathode WQS»tried. They gaﬁe about__
the same result as a two tantalﬁm_cathodes but the.tungsten cathode is consumed

35% faster in volume than the tantalum one.
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'FIGURE CAPTIONS
Fig. 1. PIG source injection systémishowgng*sdﬁrce,becusihgflens, bending
' mirror,_Faréday-cups,'andrséanning wires'for.beémamonitoring.L g

:_Fig. 2. Cross—sections of dnode—puller region,
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