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UNCIASSIFIED
AMTRACT .

=6Alphas are emitted in coincidonca (i.e. within 5wI0 see)with

fit38i0~ by 25 ~ci 49. The maximuh range obswvea corresponds to an energy

of 16 Mev. About one alpha

per ~00 fisaion8 by.!$j.The

per 250 rimions

investigation is

is emitted by 25 and one alpha

being continued.
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LONG RANGE ALPHA PARTICLM EMITTED IN CCJNNM’IWN WITH FISSION

PRELIMINARY REPORT

nay M, 1*

Alvarez reported (verbal cxunmunicat~on)that a foil of 25

irradiated tith slow neutrons emit~ charged particles (probably alphas)

with a range

An

abundanoe of

of about 20 cm of air.

experiment waa mada to determine ‘thenature, energy and

particles other than fi.saionfragmexh and neutron~ whioh

are oucaaiondly emitted in connection with the fission process. We have

found that these particlea are emitted in coincidence (<10-5 600) with

fission in 25 and 490 that they are alpha parti,cle6,and that their maxi-

mum energy is about 16 Mev. About one alpha per 250 fissions has been

doteoted for 25, and one alpha por 5QOfisaions for 49.

A double chamber conneoted to twin linear amplifiers and count-

ing aircui.tswaa umd ae a deteotor. The ohamber M&s filled with argon

and electrons were collected. A coincidence circuit registered events

occuring simultaneously on each sid~ of the chsmbar. The resolving time

of the circuits was mea8ured experimentallyusing the formula:

Nc = 2 lIfANBt

Nc is rate of accidental coincidence munts.
.

‘A h oounti.ngrate of A side.

i.8 oount5ng rate of B Bide.
‘E

t iti resolving time in same units as above rates.
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With various single counting

to be from six to ten micro-ssconds.

,

rakes the resolwing time was found

The chamber was so constructed that the sample foil acted us a

high voltage eleatrode between two oolleoting el~trodos vhich vame con-

neoted to first ampl~fier tube grids. Thus the sample mounted on thin
.

metallic foil oould unit particles into either side or both 8ides. 1A OW

exper~ent the aotual maple of uranium faoed the dumber side whioh we will

Gall A. The back of the foil faced into side B. The phyairxaldepth of aide

A was 006 an and the physical depth of d.de B was 105 am. A pressure of L

atmosphere of argon was used~ making an effeotive depth 507 m air equiva-

lent on aido B and 2.5 em air equivalent on side A.
.

‘l’heenriched sample used oon.eistedof 0.220 mg of 25 eleotro-deposi-

ted on a thin platinum foil Weighing 8~OIn2. This foil was also backad

with an

of 1202

uranium

additional layer of gold wighing 5 mg/cm2 making an equivalent total “

mg/cm2 of gold. With this arrangmnent and the bias used the natural “

alpha particles and fission fragments were not detected in side B.

The chamber was irradiated with slow neutrons i’rmnthe cyolotron.

A@

on

on

a function of bias we obtained the following ratios between

side B and aounts on side A (B~A.),and between coincidence

uidaA (C/A). The fission rate on side A wan maintained at

counts/tin.

single oounts

and counts

about 4000

The non-ooinoident counts on side B may perhaps be due to a

nitrogen impurity in the argon (tank argon was used); uoneiderably less

than 1% of nitrogen would aooount for the effeot.
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BIAS IN MILLIVOLTS

a.

J3/A COINCIDENC@$ .

c“-,J. UO022 000010

400 0.0029 0000066

5j02 0.0024 0.00045

603 0.0028 0000035

700 0.OO11 ooooo2g

9.0 OC.0006 oJxxn63

1200 omo69 O.OOO1O3

U437 Ooooo1 0.000025

These data are shown graphically h Fig. ~. When the curve is

extrapolated to zero biaa, it indicates approximately 1.5 ooiuci,denoe

counte per 1000 fissions.

The next part of the experiment waa making of an absorption

curve for the particlea in coincidence with the fission counts. various

thicknesses of gold foils wore used a8 absorbers. The biao of side B was

ma3.ntainedoomrtant at 2.1 millivolts; and the fission rate in side A was

maintained at about 35OO aounts/min. The following ratios were obtainod as

a function of absorber thiekness$

ABSORB
3

GOIJ)
MG/C

B\A COIPWIDi3NCE/’A

1202 Oooy? 000010

22.2 00019 ooooo~~

37.2 Oool+a oooo@3

53.2 00039 Oooooyll

●
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ABSORB
%

GO&D B/A
MC@

78.2 0.0365

99.2 0.035

M+*2 00055

=5 00051

Them data are shown gmphimlly

W are now able to determine the

comxDm#A

0000016

Omoocq

o@ooo75

Omomo

in J?igo~.

number of?penetrating particles
.

amitted per fission. The extrapolated bias curve gives a ooinoidence rate

of 1.5 per 1000 fi8sions. To thi8 we apply a corrmtion factor of.1.3,

ropresexrbingan extrapolation of the ab~orptim curve from 12.2 mg/am2 of

gold (the absorber thiokness at which the bias ourve was r“.in)to zero ab.

sorberthickneas. Zn additionwe allow for the faot that ohamber side B

subtends a colid angle 2* seen from the tisoionable material, hence half

the particles are lost to

Number per 1000

~Vi~ bias and

possible observation. We have finally:

W3aions = l.~ x 1.3 x 2 =4 per MOO fi8siomI

absorption curves for the partiale. we are able

to calculate its range and specific ionisation, whioh in turn identify the

partiule and its energy.

The range is obtained from Fig. ~, whioh shows -t the particle

of maximum range is stopped by 90 to 100 mg/cm2 of gold. Using 3.9 mg/im2

of gold as the eq,zivalentin stopping power of’2 cm of air, we estimate the

maximnm range of the particle in air to be about 23 ~m.

The range detenuination allows us to use the bias-curve for the

partiole to show that its specifio ionization is that of an alpha particle.
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Consideration leading to the conclusion that thefpartiole is an alpha are

as followat

hhenool~~ti~ el~trons in ~ ionization chamber of our type

the pulse output of the ahamber is determined by the produot of the ionisa-

tion oharge and its di8pkaoement. Practically speaking the aaxixnumPU18Q

output from a partiole of given energy is produced when the ionization track

is from the sample mounted on a negative electrode and ix parallel to that

eleotirode. The totel oharge is then displaoed the entire depth of the

otier. Referring ti the polonium alpha bias curve= Fig. 3, we Bee ttit

this particle, range 3.8 cm,

output corresponding to 11.+.5

As ● further cheek

energy 5.3 MevO is able to produoo a pulse

millivolts from mar standard pulse generator.

we oalculate the mfnimwn output from the polonium

alphas. The center of ionisatioracharge is taken to be at 3/5 of the range

of the @artiole. The ohamber depth Is 5.7 cm so the average ohwrge ts dis-

plaoed 3.4 om. The produat of this faotor and the energy of the partiole

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 the partlole.

The minimum output should then be~

45X 30h x503
0 — = 807 millivQlta.

5,7 x 503

This is in agreement with the bia6 curve which breaks between 8 and 9 milli-

volt8.

We have calculated the geometrical path in our ohamber which would

cauBe maximum pulse output from a particle whose range in air is 25 cm. Thin

,
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oakwlation tnke6

aorbsr. Aa8uming

into r*.malnt

the particle

that part of the range is spent in the ab-

to be an alpha, it would apond about 11 Mov

in the ohamber. Its path would be 8uch that tho average uhargo displace-

ment is 208 cm. Chamber pulse outputs then have the ratios .

Thus

alpha leads to

Max. Po alpha ._=&e

Max. F alpha 2.8 x 13 30.0

the assumption that the pmtiele under observation is an

the conclusion that the maximum pulse heights of Po alphas

and the unknown partiole artJthe same.

From the bias curves of Po alphas and long range particles ’(Fig8.

Zand&) it is seen that both produoed about the same maximum ionizatioza

pulse. It oan therefore be concludad that the partiole emitted in coinoi.

denoe with fission of 25 (within a few micrxmeconds) is an alpha of 230m”

1) this corresponds to anof air range. From curves of Livingston and Bethe

energy of about 16 Mev.

The long range alpha particle obmmved with

obaervod in ooincidenee with 49 finaion. A sample of.

* fission was also

about ~ xq?jOf 49

{deposited as the fluz!rideon

collimating acreeno neoessary

8ide A, reduoed the effective

thin Pt) was used for tho experiment. A

to reduce the alpha background on the fission

ma8s of the 49 to about 04!00 mg. The sample

was irradiated with neutrons from two 1000-JUCRa + Be sources,

as the slowing medium. Fission oounting rates of two to ‘three

minute were obeerved.

with paraffin

hundred per

The absorption curve for tho particles accompanying J+9i’imion ia

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

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

error.

The bias ourve for the 49 partlole is shown in Fig.

ence in shape of the 25 and 49 curves may be amounted for by

absorber used for 49. whiohhas the effat d eliminatingthe

made very small pUISeS on the 25 run. The maximum ionization

4. The differ-

the additional

partiolea which

pulse height

is very olose to that of the 25 alpha; thififact, together with the range

identity. establishes the 49 particle as an alpha of maximum energy of about

16

i6

Mev .

The number of alpha particles emitted incoinoidenue withh9 fia~ion

~omputed from the data exaotly aa before. The result obtained is 2 alphas

per 1000

for both

fissions.

This investigation in being followod up with the purpoao of finding

25 and&?S

(1) The

(2) ‘lhe

(3) The

the

energy distribution of the alphas.

pos6ible presence of protons.

time relation of the emission of the oharggd partiolea to

fission.

.

.

.
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