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ABSTRACT

Alphas are emitted in coincidence (i.e, within 5~10°6
fission by 25 ana 4L9.

sec) with

The maximum range observea corresponds to am energy

of 16 Mev. About one alpha per 250 rissions is emitted by 25 and one alpha

per 500 fisaions by 4j9. The investigation is being contimued.
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LONG RANGE ALPHA PARTICLES EMITTED IN CONNMCTION WITH FISSION

PRELIMINARY REPORT

Msy 18, loul

Alvarez reported (verbal communication) that & foil of 25
irradiated with slow neutrons emits charged particles (probably alphas)
with a range of about 20 cm of air.

An exporiment was mads to determine the nature, energy and
abundence of particles other than fission fragments and neutrons which
are cocasionally emitted in connection with the fission process. We have
found that these particles are emitted in coincidence (<I].0='5 sec) with
fission in 25 end Lj9, that they are alpha particles, and that their maxi-
mum energy is about 16 Mev. About one alpha per 250 fissions has been
dotected for 25, and one alpha per 500 fissions for 49.

A double chamber connected to twin linear amplifiers and count-
ing circuits was used as a detector. The chamber was filled with argon
and eleotrons were collected. A coincidence circuit registered events
occuriné simltaneously on each side of the chamber., The resolvipg time
of the circuits was measured experimentally using the formula:

N, = 2 Ny Npt
N is rate.of accidentnl coincidence counts.
N is counting rate of A side.
N. is counting rate of_B slde.

t is resolving time in same units as above rates.
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¥With various single counting rates the resolving time was found
to be from six to ten micro-ssconds.

Thse chamber was so constructsd that the sample foll mcted as a
high voltage electrode between two collecting eleotrodes vhich wers con-
nected to first amplifier tube grids. Thus the sample mounted on thin
metallic foil could emit particles into either side or both gides. In our
experimpent the actual emple of uranium faced tha chamber sids which we will
call A. The back of ths foil faced into side B. The physical depth of side
A was 0.6 om and the physical depth of side B was 1.5 om. A pressure of 4
atmospheres of argon was used, making an effective doéth 5.7 om air equiva-=
lent on side B and 2.3 om nir equivalent on side A. )

The enriched swaple used consisted of 0,220 mg of 25 electro-deposi-
ted on a thin platinum foil weighing 8 mg/om®. This foil was also backed
with an additional layer of gold weighing 5 mg/mn2 making an equivalent total
of 12,2 mg/cm2 of gold, With this arrangement and the bias used the natural )
uranium alpha particles and fission fragnents were not detected in side B.

The ohamber was irradiated with slow meutrons from the cyclotron.
As a function of bias we obtained the following ratios between single counts
on side B and counts on sida A (B/A), end between coincidences and counts
on side A (C/A). The fission rate on side A was maintained at about 4000
counts/min.

The non~coincident counte on side B may perhaps be due to a
nitrogen impurity in the argon (tank argon was used); considerably less

than 1% of nitrogem would account for the effect.
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BIAS IN MILLIVOLTS
2.1
L.0
5.2
6.3
7.0
9.0
12,0

1.7

These data are shown

PUBLI C RELEASE
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B/A COINCIDENCE/A
0.022 0.,0010
0.0029 0,00066
0,002 0,0004L45
0,0028 0.00035
0,003} 0,00029
0,0006 0,000163
0.0009 0.000103
0,0001 0,000025

graphically in Fig. 4. When the curve is

oxtrapoiated to zero bias, it indicates approximately 1.5 coincidence

counts per 1000 fissions.

The next part of the

sxperiment was making of an absorption

curve for the particles in coincidence with the fission counts. Various

thicknesses of gold foils wore used as absorbers. The bias of side B was

maintained constant at 2,1 millivolts; and the fission rate in side A was

maintained at about 3500 aounts/min. The following ratios were obtained as

a function of absorber thickness;

ABSORBER_GOLD
¥G/C

12,2
2.2
37.2
53.2
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B/A COINCIDENCE/A
0.032 0,0010
0,019 0.00077
0.0421 0,00043

0,039 0,00038
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Assgg% GOLD B/A COINCIDENCE/A
78.2 0.0365 0.00016
99.2 0.035 0,00009

12L.2 0,055 0.000075

225 0,05} 0.00010

These data are shown graphically in Fig. 5.

We are now able to determine the rnumber of penetrating particles
emitted per fission. The extrapolated bias curve gives a coincidence rate
of 1.5 per 1000 fissions. To this we apply a correction factor of 1.3,
ropresenting an extrapolation of the absorption curve from 12.2 mg/bm? of
gold (the absorber thickness at which the bias curve was r.n) to zero ab-
sorber thickness. In addition we allow for the fact that chamber side B
subtends a zolid angle 21 scen from the fissionable material, hence half
the particles are lost to possible observation. We have finally:

Number per 1000 fisaions = 1.5 x 1,5 x 2 = L per 1000 fissions

Having bies and Absorption curves for the particle, we are abls
to calculate its range and specific ionization, whieh in turn identify the
particle and its energy.

The range is obtained from Fig. 5, which shows that the particle
of maxizum range is stopped by 90 to 100 mg/cm® of gold. Using 3.9 mg/om2
of gold as the equivalent in stopping power of 1 cm of air, we estimate the
wmaximum range of the particle in air to be about 23 om.

The range detsrmination allows us to use the bias curve for the

particle to show that its specific ionization is that of an alpha particle.
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Considerations leading to the conclusion that the particle is an alpha ars
as follows;

hhen collecting eleotrons in an ionization chamber of aur type
the pulse o&tput of the chamber is determinsd by the product of tﬁe ioniza-
tion charge and its displacement. Practically speaking the maximum pulse
output from a particle of given energy is produced when the lonirzation track
is from the sample mounted on a negative electrode and is parallel to that
eleotrode. The totel charge is than displaced the entire depth of the
chamber. Referring to the polonium alpha bias curve, Fig. 3, we see that
this particle, range 3.8 cm, energy 5.3 Mev, is able to produce a pulse
output corresponding to 1.5 millivelts from our standard pulse generator,

As a further check we calculate the minimum output from the polonium
alphas. The ecenter of ionization charge is takem to be at 3/5 of the range
of the particle. The chamber depth is 5.7 cm so the average charge is dis-
placed 3.4 om. The preduct of this factor and the energy of the particle
should be proportional to the minimum pulse output, while the maximum output
is proportional to 5.7 cm (depth of chamber) times the energy of tﬂe particle,

The minimum output should then beg

3o x 5,3 _

WS x S 55 ©

8,7 millivolts,

This is in agreament with the bias curve which breaks between 8 and 9 milli-

volts.
#He have calculated the goometrical path in our chasmber which would

cause maximum pulse output from e particle whose range in air is 23 cm. This

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

8=

caleulation takes into sccount that part of the range is spent in the ab-
sorber. Assuming the particle to be an alpha, it would spond about 11 Mev
in the chamber. Its path would be such that the average charge displace-
ment is 2,8 ¢m. Chamber pulse outputs then have the ratio;

Max. Po alpha 5.7 x 5.3 _ 30.2
Max. F slpha 2,8 x 12 30.8

Thus the assumption that the particle under observation is an
alpha leads to the conclusion that the maximum pulse heights of Po alphas
and the unknown particle are the same.

From the bias curves of Po alphas and long range particles ‘(Figs.
3 and ;) it is seen that both produced about the same maximum ionization
pulse. It can therefors bs concluded that the particle emitted in coinci-
dence with fission of 25 (within a few micro-seconds) is an alpha of 23 om
of air range. From curves of Livingston and Bothel) this corresponds to an
energy of about 16 Mev,

The long range alpha particle obsarved with 25 fission was also
obaservod in coincidence with 49 fission. A sample of about 2 mg of 49
(deposited as the fluiride on thin Pt) was used for the exporiment. A
collimeting scresn, nscessary to reduce the alpha background on the fission
8ids A, reduced the sffective mass of the L9 to about 0.200 mg. The sample
was irradiated with neutrons from two 1000-mc Ra + Be sources, with paraffin
as the slowing medium. Fission qounting rates of two to three hundred per
mimate were observed.

The absorption curve for the particles accompanying L9 fission is

seen in Fig. 5. The maximum range of the particle appears to be the same as

1) Livingston and Bethe, Rev. Mod. Phys., 9, 266 (1937).
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that of the alpha from 25 fission, within the limits of tho experimental
error.

The bias curve for the L9 particle is shown in Fig. 4. The differ-
ence in shape of the 25 and L9 curves may be mcccunted for by the additional
absorber used for 49, which hae the effect of eliminating the particles which
made very small pulses on the 25 run. The msximum ionizeation pulse iaeight
is very olose to that of the 25 alpha; this fact, together with the range
identity, establishes the 9 particle as an alpha of maximum energy of about
16 Mev.

The number of alpha particles emitted in coincidence with 49 fission
is computed from the data exaotly as before. The result obtained is 2 alphas
per 1000 fissions.

This investigation in being followed up with the purpose of finding
for both 25 and L9:

(1) The energy distribution of the alphas.

{(2) The possible presence of protons.

(3) The time relation of the emisasion of the chargsd particles to

the fission.
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