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Abstract

An intense PIC alpna source for INRS has
been developed with low arc power and low &os
flow.

source is

Generally, the alpha yield of the new
twice as much as the old one. The
structure and character c¢f the source and its
experimental results both on the bench and

cyclotron will be described In this papzsr.

Intrcduction

Cwing to the space limitation of the new
central region in remodelling of the INRS cy-
closron, the height of the original source
chamber had to be shertened from 105 mm to 55
mm. AS a result, the yield of alpha beam was
so dropped that it could not meet the need for
the preparation of isotope. A ngw alpha sour-
ce was then developed under such neight limi-
tation. We designed and manufactured a nev
starcture of the arc chamber as well as anti-
cathode assenbly, which has changed operating

+

mechanism of tre source and inecreased the al-

pha beam yield. To compare new source with
ocld cne on the bench, a set of new yield mea-
snring device with 180° mass spectrograph type
has been gcssembled, which has improved the
resolution and flexibility of measuring ion

yield with various spscific charge.

Hew structure of the arc
chamber and anticathode

The structure of both new and old source
chamber are shown in Fig.1. Arc chamber is
nade ¢f water-cooled copper. The filament and
the anticathode are separately inserted throu-
gh and supported by two copper pipe, the fila-
ment has a shape of letter U. The new source
(II ) is different from the old one (I ) in
following aspects: (a) The original water-
cooled tungsten anticathede is changed into a
thermally and electrially insulated tantalum

cne, which is embeded into a boron-nitride

hina

sleeve, through which the whole anticathode
sssenbly is supported by a water-cooled pipe.
Thus the new anticathode now becormes an elec-
tron emitter rather than oxly a reflector, ond

-3

the leTi value is then increased, of which He

is electren densi‘g and Ti is ion confinenent
time witrin plasnai. The anticathcde, Swm in
diamesar end 11 mm in height, can ce similarly
replaced under vacuun condition, as the repla-
cement of the filament. (b) The original ar-
ched inner wall of fthe source exit slit is
flatted and the zmeometric axis of the arc cha-
moer is backward offset about 0.5 mm from the
central colunn of discharge plasna, thus the
exit slit is colser to the central column of
discharge plasna for about 1 mm to mininize
the recombination of alpha particle on its
drained way2. (¢) The cross section of the arc
chamber is changed into a round with 6 mm in
diameter from original square with 5X8 mm2,
end the height of the arc chamber is lengthe-
ned to 60 mm from 5> mms, thus the Zength-
diameter ratio of arc chamber is increosed as
possibly o foeilitate to increase the alpha
yield. (d) Gas flow inlet on the chemver
wall is reduced to single aole near filament

from original three holes4,

Yield measuring device

To select a better chamber structure and-
detsrnine the optimum operating parametoers,
following trials were tested on the bench du-
ring the develorment process of lon source:
(a) arc chamber materizl: water—-cooled copper
and non-cocled graphite. (b) a variesh of
auxiliary gas: H,, Cz, N,y Ar (c) anticath-
ode material: Mo, W, Ta; (d) different arc
chambcer diameter: Smm, 6mm: (e) gas £low
inlet: single hole, two or three holes.

Tests were proceeded on an ion source ben-
ch with a new designed yleld-messuring device
which is equivalent to a 180° mass spectrome-

-

ter as shown schematically in TFig.2. The

pole diameter is 30 cm and maxinum magnetic
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field is © kG. Particlas enitted from source
1 pecs tarough puller 2 and enter a small bee
structure 3. After drifting semi-circls in a
uniform field, particles eject frorm a movable
S1it 4 of 1.5X28 mm®

cup 5 with shield box 6.

and received by a Faraday
Yield is measured by
either microamperemeter with range switch or
recorded on a X-¥ recorder. fMze? is a typical
He ion spectra.

In order to receive ions with different
specific crarge, beam recelving Faraday cup 5
can radially move through a reversal motar and

a gear reducer. The slit 4, which is in Dee

—

voltage, can syncihronously move with the cup 5

whiech iz in grocund petential, throusgh a speci-

ally designed borcn-nitride insulator 7 (Fig.4).

At the very beginning, the BN insulater
was loczted on the medium plane of the bench
cramuer and its insulation was rapidly deteri-
orated by ions and other stray particles for-
med in discharge of bencn chamber which axially
and radially it the insulator in a crossing
electric and magnetic field. After tesiting for
many times, the insulsator is located beyond
the dee upper or lower surface by taking shape
Fur-

thermore, the insuvlator edges in two sides
’ (a3

of an arch bridge to alleviate ion hit.

were cut by drilling three holes to create
three un-contaninative regions on the insula-

tor surface for securing its insulation.

Resulits

1+ Testing results on the bench are shown in
table I. The yield of new source is twice as

nuch as tike old cne. The differential beam

peal: on the Paraday cup reached 360uA with

source exit slit of 1.5X5 mm2.

2+ Results orn the cyclotron are shown in table
ITI. The alpha beam at the extraction radius
prior to deflector reached 27X5M4 (ie,repeti-
tion frequency 200C/s,pulse width 1ms),vhich
was twice as much &3 old source and coincide

with result cn the bench.

o

. In addition, the power and gas consume of
the new gsource are obviously reduced. Bspe-
cially the new alpha source is cperating under
the condition with higher arc veoltage(300-400
V) and low arc current ( ~24), thus the fila-
ment current often is below 100A. It is of
significant difference from the old source,
which operated with 200 V arc wvcltage and 7-8

A arc current.
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Table I. Bench test resulits of ilon sources with different structure
source arc anti-cathode alpha beam proton beam
- = - discharge paraneters Hischarge parsmeters
number dimension cooling " ; i yield U B - yield
(mr1) materiall = A A SHe (Ma) A A °H (ma)
; (V)| (1) | (ec/min) (v) | (&) | (ec/min)
water
o N _ [~ -
I 5X3x55 W cooling 200 | &-7 5 120-130 160 3 5 3
II P 6XE0 Ta BN
insu~ 350 4 J300-360[ 160 3 5 a
lating
e ) BN
fj I
THL ZERE Ta insu- 350 4 |310~330 1850 | 3 4 2
lating




Table II. Cyclotron test results of the source I and IT

h{

I cperntion parametars e vover ire oxit s1it | internal
nurber U, Iy Bie (k%) (widtnXheisnt) (alpha bean
it v S i ¥ 2
(7) (&) (ce/min) (mm?*) (W)
I 200 75 10 145 2.5X5 65
II 500 2.3 3e1 0.7 2.0X5 135

¥ig.1 The structure of both nev Wig.2 The scheratic diasram of the
and cld source chamber yield measuring device
1. Upper suprorted pipe;Z. Water—cccling tube; 1. Ton source} 2. Puller; 3. Small Dee;
3. Aobi-cathode; 4. BI sleeve; 5. Arc chanber; 4. Bxtraction slitj 5. Faraday cup;
6. Source slit plate] 7. Ccoling hole;8. Gas 6. Shield box,

inlet}9. Filament support; 10. Filament;
11. Insulator; 12. Lower supported pipe,
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Fige.3 A tyvical He ilon spectra cbtained Fig.4 A vhoto graph of the
by new measuring device special BY insulator



