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ALFHA-DEUTERON DISCRIMINATICK BY PULSED ARC POSITION

IN AN TM CYCLOTRON‘

R, D, Watt

Radiation Laboratory, Department of Fhysics
University of California, Berkeley, California

October 20, 1950

During experiments to determine optimum conditions for mescn

production by alpha bombardment, it was found that the reiative numbers

of alphas and deuterons being accelerated were actually unknown and'all

methods of tuning for their discrimination very unrelisble, Deuterium

ges required only single ionization to accelerate as compared with the

double ionization required for helium, and the small amount of residual

deuterium contsmination when helium is flowing in the tank will contri-

bute a large percentage of deuterons to the accelerated bean,

In order to find the best way to tune the FM cyclotron for alpha-

deuteron discrimination the following steps were tried:

&.

An accurate frequency monitor cn the arc pulse position
versus oscillator frequency was set up. This wonitor
consisted of a Navy model LM-14 frequency meter, as a
standard, to which a frequency discriminator circuit was
tuned, The discriminator, then being at a known fre-
quency, was triggered by the r.f, frém'the oscillatcer,
The output of this combination was used to synchronize

a synchroscope upon which the actual'pulséd arc was

observed., In this way it was possible to monitoer the

start of the pulsed arc to within about 5 kc easily,
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"
ana with mqreveffdrf @b a mﬁch3clpser ﬁalue ﬁhan
5 ke, 'This‘aébufaté knbﬁledgeiof pulsed arc'posi-
tion timing onvthé FEfcycl¢ was necessary because
it was thoﬁght thétlgepa:gtionléould be accomplished
by teking advantagezpf the,sliéhf difference in-%%
ratio of the pértiéles and_CQnsequént.differenée
in accelerating‘fesqngnt frequehgy..
Range Pictu:és‘wére takéﬁ'of tﬁé alphaé'and deuterqns 3
with Ilfbrd'le_research piates. The:relative iﬁten—
sity of the two partiélés qould 5ef§een andvinformation

obtained as to their intensities versus the pulsed arc

" position, -The range in film of deuterpn acdeleration

in the cyclotron is kﬁowﬁ to be twice that of alpha-

particles accelerated to thé‘same radius, Figure:l
shows the rélati#e.range_of the'particleé and how it is
possible by examination to £ind the relative numbers |
of particles accelerated, | |

A discriminating current probe was constructed of copper

.in such a manner_that one section of avdouble probe

shaded the other sectionbof"the probe from the beam as’
shown in Figure 2.‘fThe first, or beamward,‘section of
the probe was slighﬁly thickef than the range of alpha-
particles in .c’opperra'nvd the second section plus the first sec-
tion was slightly mbreythan ﬁheiréngé of deuteronS'in
copper, In this manner it was poséible to.read the

relative currents of alpha and deuteron particles, The
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currents (Figure 3) obtained by this method were only
relative and could not be used as absclute @etermina-

tions,

The data tsken were md;tly in the form of picturesbénd éaliﬁfation
curves, Figure 3 was taken ﬁith a liO micrbseoond arc pulse width and a
helium gas flow of l/2v§f:the ﬁérmaigoperéfing amdunt. Figure 4 was talken
with fifty‘microsecond arc puISe width and a normal amouht.of helium gas
flow, The relative amplltudes of the deuteron peak Wlth respect to the
alpha peak is lower in Flaure 4 than in rlgure 3 because it was taken after
helium had been flow1ng sevexal hours gnd»sqme of the deuterium had been

cleared out,

Results

Figures 3 and 4 show‘:that it is quité pbésiblé‘to discriminate
between alphas and deufercns by.éccurate[timing of the arc pulse poéition
with respect to the r.f. freqﬁency.‘ A 20 to‘l fatio can be obtained after
several days of alpha operation, aﬁd with careful‘tuning on the double 
probe,

The pictures in Figure 5 béar out the double probe tuning results
remarkaebly well and thelir numbers are. marked on the curve in Flgure 4 so
than an idea can be obtained of the relatlve 1nten51t1es of alphas and
deuterons on. the plctures versus those on the curves.‘

This work was materlally aided by the help of Mr. James Vale and
by the suggestlon of basic 1deas by Mr. F Yeater,

| This work was done under the ausplqesvof the Atomic Enefgy Commission,

Information Division
11-1-50 cg



po—— DEUTERON _i
RANGE )

BEAM
P::::‘G“LE—“ oeusmr OF EXPOSURE
RANGE SHOWS RELATIVE INTENSITY
OF BEAM
,EMULSION
‘ NoLass |
FI16. |
ALPHA PROBE ’ D/ DEUTERON PROBE
&
FiG. 2

My 932



110 us PULSE

SOy GAS FLOW (HELIUM)
20 kv DEE VOLTS

thv DEE BIAS

200 RPM

1498 AMPS - F\ELD

[ ]
w
X
Qo
z
. ~N
~
24k DEUTERONS —300
- v
[ J
3 250
gof-3 s .
- ! E
h —
1eE z |20
w .
. [
- s zeus S
1.2}-o RADIATION =50
-9 =
ix10 2 ’
- a ALPHAS —00
r-.
- so
10°® b1 i 1 i

1140 WeS nWeo .88 - 11.60 1165 n.70
" FREQUENCY OF START OF PULSED ARG

FI16. 3
: MU 930 16107 -1



INCHES

PROBE GURRENT IN AMPS AT 72

40

o
o

20

107

SOus PULSE .
100 GAS FLOW (HELIUM)
DEE 20 kv

BIAS kv

RPM = 200

1498 AMPS FIELD

ALPHAS

O PIGTURE LOGATION

ZEUS
RADIATION

DEUTERONS

| I

ZEUS IN Mr /hr

28

¥
1

1165 1.60 11.65
FREQUENGCY OF START OF PULSED ARC

FIG. 4

MU 931

18106°!



5

FIG.

AT AT A





