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SPONTANEOUS ·FISSION * 

Department of Physics, Radiation Laboratory· 
University of' California, Berke ley,, California 

'4 

November 22, 1950 • 
1. · Historical 

-

• . UC'Rt~Ozr= 

The first attempt to dis:cover spontaneous fission in uranium.lwas made by 

(1) 
Libby, who, however, failed to detect it on. account of' the Smallness of' effect. 

In 1940, Petrzhak and Flerov, ( 2 ) using more sensit~ve methods, discovered 

spontaneous fission in uranium and gave some rough estimates of' the spontaneous 

fission decay constant of' this substance. 

Subsequently, extensive experimental·work on the subject has been performed 

by several inveptigators and Will be quoted in the various sections. 

Bohr and Wheeler (
3

) have gi van a theory of' the effect b~uied on the usual 

ideas of' penetration of' potential barriers. 

On this project spontaneous fission has been studied for the past several 

years in an effort to obtain- a complete picture of' theJ'M;)1;\,S1ibmenono · For this 

purpose the spontaneous fission decay constants A have been measured for 

separated isotopes of the heavy elements wherever possible. Moreover, the number 

v of neutrons emitted per fiasion has been measured wherever feasible. and other 

characteristics of the spontaneous fi sa ion proces.s have been studied. This 

report summarizes the spontaneous fission work done at Los Alamos up to January 1, 

1946. A chronological record of the work is. contained in the Los Alamos monthly 

reports. ( 4 ) 

2. Exeerimental Tech.niques 

The experiments directed to the measurement of A consisted in principle of 

'' putting a certain amount of the material to be investigated in ionization chambers 
...., ____ ...., _____ _ 

I * This is a partial reproduction of a report written in Los Alamos in 1945 • 

.. 



.,., 

DECLASSIFIED ·-2-
/ 

connected to linear amplifiers- and counting the fission pulses. The material 

was deposited on platinum discs as a thin layer.(S) 

In all these experiments one of the main difficulti.es is offered by the 

alpha activity of the samples. As a matter of fact. this often limi~~ the 
)f:.~~:·. 

amount of a substance that can be studied at one time in an ionization chamber. 

The reason for this is that the fissions are recognized from the large· size 

pulses that they give in the ionization chambers. Now the pulses generated by 

single alphas are from 10 to 20 times smaller: however, if the alpha emission 

is very strong; fluctuations in the alpha activity background may simulate large 

pulses and cause spurious fission counts to be recordedo 

Qualitatively, these fluctuations will be roughly proportional to the 

square root of the number of alphas emitted during the 11 resolv ing time" of the 

apparatus. Attempts have been made to- obtain a more .uarrt~~~ picture of this 

effect by developing a suitable theory, but the phenomena that give rise to 
-

• "' spurious pulses are too complex to be analyzed in a really satisfactory way and 

to be given later. 

It is clear, however, that it is desirable to have a high resolving power 

in the apparatus. The limitations to this may come from the collection time 

of electrons in the chambe_r and from the .t:requency response or rise time of 

the amplifier. For the chamber. electron collection With its high velocity 

is imperative. The chambers were filled with tank argon. (
6

) and .sP.eoia.l pre-

cautions had to be taken to avoid the presence of traces of organic vapors with 

their poisoning effects on the electron collection. 

Two models of chambers were used. They are drawn in Figures l and 2 • The 

large chambers (Figure 2) were used _for material of low specific activity 

(U-235, U-~38, Th) for which it is pOS$ible ~o use many milligrams of a substance 

without troubles due to the alpha activity. This requires large surfaces for 

the samples in order to preserve -their thinnesso The small chambers were used 
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for the mora active substances (F'igure 1). 

The amplifiers used must 'have high resolving power and good stability in 

~~-· They must be absolutely f:J:"ee from disturbances such as high tension sparks, 

surges in the power suppl:l.es, etca for this ·reason we have used battery operated 

units shielded in large metal boxes. The ~ring diagram of one of these amplifiers 

" is given in Figure 3. Its -l~yout can be se.an. in Figure 4.-

!he pulSes on. the amplifier were 'registered on an il:!lpulse meter and could 

also_be fed through a pulse lengthener to an.Esterline-Angus recorder (Figure 5)o 
~~ f ·. I 

The recordine affords a use~ul check on the behaviour of the apparatus and >vas 
I 

made periodically on ail units. 

Figure ,6 shows a picture of one of the complete UJ?-its,· including the 

amplifier, ionization.chamber, B batteries, high tansion supply, and Esterline-

~guso The chamber on the· right is covered by a sheet metal can containing 

B20 3 for cosmic ray neutron shielding purposeso 

The Esterline-Angus recording was also used to check that the fission 

pulses obey the Poisson distribution lawo ·. How~ell this occurs is shown in 

Figure 7 Where we have reported the distribution of 141 uranium fis dons. 

Special precautions~have to be taken al~o to shield substances that undergo· 

neutron fission from neutrons due to cosmic rays. How important this effect may 

be, is shown by the following numbers concerning u .. 235. At. sea level (Berkeley) 
. 

this substance, observed in a wooden bui-lding·. showed (i.O.S.!3.6 )xl0•3 fissions 

per gram per second. Near Los Alamos (1900 meters above sea level), in a light 

wood building, we found (15.5,!2,2)x1o-5 fissions per gram :per second 1 but 

shielding with 1.3 gra!ns p~r square centimeter of cadmium reduced the counting 

rate to (l.l,!Oo4: )xlo-3 fissions per gram per second. 

Starting from this last datum, it is possible to plan adequate boron shielding. 

In the Los Alamos experiments, a shield of B2 03 'f'.4 grams per square centimeter 

thick was used. This mean's 2. 7 grams per square centimeter of boron, vmich should 

cut dovm all the effects due .to slow neutrons· originating in cosmic rays, by 

.. 
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more tnan a factor .of let. It may be added that such a shield cuts off substantially 

all neutrons below 200 electron volts of energyo 

In order· to determine the spontaneous· fis si~n decay constant f.. for the 

va:rious substances, it is. essential:' to know the amount teffecti vely counted in 

each sample. This is done f~r most'substances by subjecting the chamber containing 
-~ 

the sample to be calibrated to a constant neutron flux produced by a Ra+Be source 

n 
' and counting the fissions obtained. Without changing. the source or the geometry,. 

we then replace the sample to be· calibrated with a standard sample containing a. 

known amount of substance and· deposited in such a. way as to be sure that it is thin 

for fission fragments. The amount of substance in the standard multiplied by 

. the ratio of the ·fission rates of the 'unknown to the standard then gives the 

effective amount contained in the sampleo. After this calibration a curve giving 
~-

. -~ the observed fission rate versus the gain c:f the amplifier tm:y;:: be taken in order 

.. 

to. estimate t~e size of the errors that may be introduced by small gain changes. 

Figure 8 shows one of these plateau curves .. 

l.Juring operation the gain of each. unit was checked every one or .two days with .. 
a pulse generator (wirin~ diagram.Figure 9). Also, for long periods polonium 

samples having al.pha activities large.r than the samples investigated, were substituted 

for the latter in the ionization chambers in-order to check that no spurious 

counts would be registered. The samples W!;.Jre also periodically rotatect among the 

units availableo 

3. Spontaneous. Fissio,n of the Various Nuclei 

The single substances investigated will now be discussed. 

3-l. Radium 226 

This substance was investig~ted by D. Westo(?). He found an upper limit of 

0.6 fissions per gram per second for its spo~taneous fission decay constant • .. 
3-2o ·. Ionium (Th-230) 

A sample of ionium extracted by Dr. Fontana from uranhnn ores, was kindly 

put at our disposal by Dr. Hamilton •. In thi.fJ' sample the l'h/Io ratio is 3.4. The 
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plates were prepared as thin layers by evaporation on platinum discs and the 

amount· of i oni uk was calculated from the ~lpha acti yi ty assuming a half life 

o{ ionium of 8.3 x ~04 years·. The plates ·;ha.d a diameter of 4 centimeters and . 

contained approximately l• milligram of idnium each. 'I'hey were obs.erved for about 
I 

1300 hours total, corresponding to 1.45 gr~ ho'urs of obs€rve.tion. Two fissions 

• occurred in that timeJ however, they may wall be due' ·to the thorium in the 

• . 

sample. Indeed, one would expect (see below) in 5 gram hours of observation on 

thorium-about o.a fissions. 

We conclude that s,a x 10':"4 fi:ssions __ per gram per second is the upper limit 

for the spontaneous fission of ionium. 

3-3. Thorium (Th-232) 

The large chambers were used f€>r the inva&tiga.tion of this substance. The 

material used was thoriflnnitrate (C. P·. Baker) which was ignited to Th02 and 
·~:·~: 

- . -
rleposited as a thick layer using a small .amount of collodion binder. The effective 

amount :was ~aterminEid by r;:omparing the fast neutron fission of the sample with 

' 
that of, a thin layer of Th02 in the same chamber and source geometry. ·The thorium 

did ·not undergo any special treatment and hence \vas not .radioactively pure. It 

is clear, howeve.r, that the con.centration of thorium f;~-~roducta pr~sent in the 

sample. is exceedingly small o In each pair of discs used in the large chambers 

there were approximately 0.25 gra.'!ls of thorium effective~ . In the Los Alamos 

experiments 178 fissions in 1202 gram hours of observation were counted. This 

gives 4.1 x 10 .. 5 fissions per gram per seconq. 

There is a small cosmic ray effect evert for fast neutron fissions in 
•. 

thorium. hut this is pra.ctic:ally ·negligtb~e •. As a matter of fact., we can estimate 
.. 

that the cosmic ray eff,~ct will be less ~han 10"'6 fissions pe; gram p~r second. 

Since the thorium spontaneous f~ssion 1-s so sma,ll., the question of its 

' possible causation by impurities has to be considered. Of these only ordinary 

uranium can be of importance and a special experiment was made on this point by 

subjecting the tha.rium samples to a slow neutron bombardment. It showed a.n apparent 



• 

slow neutron cross section of lass than 10 .. 27 em2 • If this were all due to 
- . 

natural uranium impurity the corresponding Qpontaneous.fission would still be 

l~ss than 0.1 of the eff'eot.observed in thorium • . ' ' 

:Maurer and Pose( -.;:. 'h~ve reported. S9Jn~··maasurements on neutron emission by 

thorium, attributed t~ spontaneous fies~on. We shall.discuss them in a subsequent 

section .. 
( 

.... , · 3-4.. Protactipium 231 I' 

... 

... 

The material used for the samples was obtained from_Dr. Agruss~ 

The samples• were electrolytically deposited on platinum. and the amou.D.t was 

d~termined 1?Y alpha 'counting ass~ing a half life of 3o2 x 104 years. 

·Two samples ''were Useda .one of 140 X 10•6 grams. Which was observed for 1119 

hours and gave one fissionJ ~d one of 490 ~ 10·6 grams 11 whi cl1 gave 10 fissions 
i 

·~ 
in 1129 hours. ' 

From these data we conclude that protactinium gives 5 x 10-3 fissions per 

gram per second • 

··-~gain• this is probably an upper limit •. · From data on thermal irradiations 

of this same material, we know :t;hat it contains less than 2 perce11t uranium. 

The effect of· this impurjity on the spontaneous fission.~ rata is negligible·o 

3-5. Uranium-232 

This substance ie formed by a (d-2n) reaction on Th-232 followed by a beta 

decay. The material used was prepared by the Berkeley group. It was evaporated 
' . ' . . ' 

6 On a platinum disc, and it had an alpha-~ct'ivi ty Of 6 X 10 disintegrations per 

minute due to U-232. .Assuming a half. li.fe of 30 years for U-232, the sample 

oontai.ns 5.3 x 10•8 grams of U-232. 
., ' 

The s~p.le wall o'bserved for 950 hours, 

during which time. t~:ee fissions occurred. , The sample vms; also irradiated with 

slow neutrons and fission counted in order to find its content of ordina~ uranium. 

This was found to be such that during the time of observation only 0.2 fissions 

were to be expected. ln.. spite of ~his~. in ·view of the long period of observation 
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during which .a spurious fission may ·conceivably occur. we consider the apoarent 

decay constant of 16 fissions per gram par second as an upper lirni t. 

3-6. Uranium-233 

This substance is fonned by a (d-p) or an (n, 'I ) reaction on Th .. 232 

followed by 2 beta. emissions. Its half life is 1.63 x 106 years.(i):~ Several 

samples were examined in· the small chambers. The material was obtained by (n. 'I) 

c, on Th in the Clinton pile and 'prepared in Chicago by Seaborg' s group. It was 

' 

eleCtroplated on platinum· foilso It was observed so as to accumulate lo35 gram 

hours d)lring which one fission occurred. Thi~ fission ma~ be explained by the 

u-238 content of the sample. This result gives a'decay constant smaller than 

4 (~) 2 x 10• fissions per gram per second. 

3-7. Uranium-234 

A sample of TJ-234 was obtained on load f-rom Dr. Latimer in Berkeley. The 

material was prepafed by extraction of UXi from uranium and subsequent decay of 

this substance. 

It contains a little over 10•5 grams effective of U-234 as ~easured by its 

• alpha-activity. We observed it for 3300 hours without observing any spontaneous 

fissions~ frOm. which we conclude that the spontaneous decay .constant is smaller 
'! 

than 9 x lo-3 fissions per gram per· second. 

3•8o tlranium-285 and 238 

These isi.topes, 'Which occur in natural urani'um• .could not be _:co,>·~--'.·~· 

:.se}>arJa;t~ quan:titatiV'ely, from each other and the observations were always perfonned 
, 

on mixtures oom.aining all three of the natural uranium isotopeso However, the 

composition~ of the mixtures could be changed by using materials enriched by· the 

(11) 
electromagnetic method. 

In these experiments largli3 chambers of the second type. were usedo 

If we call )\ x, 
.. ' Ay, ~z, the spontaneous f~ssion decay constants of 

U-238. u .. 235• U-234 in fiss.:t·ons per gram per second, we find the counting rate 

oi in a given crumple ise 
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0 1 = xi A x + Y i · '(..y +zi • A z (1) 

1-vhere x1 ~~ z 1 are the gra."lis of U-238 6 u-~3.5. U-2.34 in that sample. Practically, 

the tenn z1 ;. z turns out always to be negligible compared with the other two 

because, as stated above, A is small and also z1 is generally smalL By . z 
observing th_e counting rate ·in samples of different known isotopic composition, 

we can solve the equations for -~ and. ,)... o 
' X y 

We shall now describe in detail an example of these measurements. 

In this run three samples were used~ "one of ordina~ uranium and two of 

enriched material. The isotopic composition of these materials is U-2:58: U- 235! 

U-234o= 141 : 1 1 0.00'126 in mass and U·238a U-235s U-234 • ().334: 1: 0.00588 

in mass, respectively. 

The isotopic analysis, was checkeq for th~ enriched material by mass spectrograph 

and by the Berkeley method of analysiso(l2) 

The samples were electrop~ ted on pla.~in.~ discs 13 centimeters in dt-4m.Jeter 

and o.ol centimeters thick and ignited to U~b6• The total mass of uranium was 

determined by direct weighing: ·and the mass of 25 6 by measuring thE:l fissions 

occurring in a slow neutron .flux. From these measurements we 'find that the 

ordinary uranium sample contains (in two plates) 38.60 milligrams of U and the 

two enriched samples used contain 42.95 milligrams and 36.60 milligrams of 

enriched material, respectivelyo 

The normal sample gave 310 fissions in 381 :b,ours. The enriched samples gave 

101 fissions in 395 hours and 133 fissions in 558 ~ours. These raw data have 
' 

' to be corrected for the efficiency of' the chamber~ This is done by taking a curve 

I 
of the fission rate with a constant neutron source versus bias of the amplifier 

and extrapolating to zero bias ~nd then correcting further this result to taka .. 
into account, theoretically. that some fission fragments cannot escape from the 

layer because of the finite thickness of the same. The first correction i-s 6 

percent" the second is 3 percento With these corrections we find,. e.g •• that 
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I _310 fissions 
nonnal material gives 1:5 o39 g x hr • 23.2 or 6,.43 x; 10•3 fbeions per gram per 

second. 

·Similarly, enriched materie.l gives 

234 fissions 

Introducing these numbers·int·o equation (1) and. solving we .obtetin Ax= 6.48 

x 10 .. 3 f/g sec and '>-y • 0.40 x lo-3 f/g sec A:t'Z can. be neglected. 

The errors in these.va.}.ues come from statistica-l error in counting for 

which we use the square root of the number of counts..; error in the absolute mass 

of the f~il (2 percent) and in the eounting efficiency (2 percent); and error . 
in .the· isotopic corriposi tio~ (2 p~rcent in the ra:t;io of 25 to 28 )o 

. Calling R the ratio of U-238 to U-235 in the enriched sample and using 
. ' . 

' 
standard formulae of the theory of error% one finds, neglecting some small terms: 

(D. f. )2 .. 
y 

(A cl )2 + (.,.)~ (6 m1 )2 
ml 

( i2 
, } c2 .(R+l) l • \ r r 

I . JDi ' \· ) 

.2. 
• ·...2&,~ (A R)2 

m&\ 
i 

(2) 

(3) 

In which m1 is the .effective mass of. the sample 'Of normal material, llle is the 

effective mass of the sample of enriched material, and c1 and o2 their counting .. 
·rates in counts per hour o · 

c 
In the rUn we are considering we had: 

cl. = o. 814 c;1v 

c8 m 0•240 c/br. · 

R • 0.334 

. A ml • OoOOlO 

.6 m.2 "" 0.0010 

I 
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With these data we obtain, substituting in (2) and (3), 

(1.31)2 = 1.72 

and similarly for 

(0.22) 2 = 0.05 

. . 2 
(0~26) "" 0..07 

(0.44)2 = 0.19 

. . 2 (0.11) = OtOl .. 

(A).,-)2 = 0.69 ~?'y = 0.8.3· 

The errors have been e:Kpressed in fissions per gram per hout•. , Expressed in more 

conventional units the results become: 

A.:x = (6.48 !. 0.41) x ~o-3 f/g. sec 

Ay = (0.40 !. 0.23) x 10~.3 f/~ seo 

Several series of measurements were made and the results. are summari.zed in the 

following table; 
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' \ 

' '\. 
' 

~ " ' 
1943-44 ~., 

"'· ,...._ 
.,, 

'·, 6.,67 ., 
Dec. '44and Jan. 

··~ I 

'45 '" 6.48 ..... 

I 

Feb. - March '45 
. ,7;~5 

Average 
;. 

6.90 

•11-

Table 3-7 

i:).i\po3 

0,41 

0.41 

0.41 • 

0.24 

A xJ.03 
y 

O.J., 

0.40 

0.38 

0.38 

UCRL-1021 

. 
D.. AYx1oJ 

., 

1.3 

0.23 

0.23 

0.17 

In the final result we have to make another correction to take into account a 

residual ~ffect of cosmic reys on the apparent spontaneous fission of u235, and 

our present best figures are 

'Ax = (6.90 !:. 0.24) x lo-3 f/g sec 

A = {0.,30 + 0.17J x 10-3 f/g sec y - ':>, .• 

"'- , I 
It would be possible to improve these mea'SU.rements for.'11•235 using almost r·ure 

U-235 for the samples. 

,2-8 Uranium 2.36 

This isotope of uranium 

composition of the sampl~ was ., 

irradiation data}lt) 

is formed by an (n,Y) reaction on U .. 235. The isotopic 

determi~ed by: mass spectrograph (l') and also by .. , 

The samples were ~lated on platinum discs as were the other uranium isotopes 

and were observed in the large. chambers. The spontaneous fission attributable to 

u2.36 was et J!!$~ ~()<) ~.o...J . Q..()'( Sb~ ~ ~~ . 

2-9 NeEtunium 227 

This isotope is formed by beta. decay of the 7-day U-2.37 which in turn is 
I 

.obtained by an n-2n reaction on U-238. Its half life is ·2. 2 X 106 years. 

The samples investigated were prepared in the pile and were supplied to Los 

Alamos by the titetallurgical Laboratory in Chicago. 

An early investigation with a sample of s'x 10-5 grams protracted so as to 

accumulate 127 x 10-.3 gram hours of observation gave only 1 fission. 
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, · . grams 
Later with 3 stronger samples (about 8 x·lo-4/each) we accumulated 1.113 

I 

gr.am hours of observation with 6 fissions recorded. This ~ould give 1.4 x 10~3 

fissions per gram per second. 

The effect of a possible small contamination of .Plutonium or uranium in 

the sample is negligible as tested by slow neutron irradiatio.n; however, it is 

better to consider 1.4 x'1o·J fissions per gram'per second rather as an upper 
~···.' .. 

limit because· it is difficult to be absolutel;)f' sure of the genuineness of the 

few fission pulses observed over 1482 hours of counting. 

J-10 . Neptunium 2.J2 

A sample of this mat~rial was prepared by J •. -Miskel from depleted uranium 

irr~diated in the water~boi~r. The sample was purified from fission products, 

uranium, and plutonium and deposited on a platinum disc by evaporation. Its 

mass was determined' by the growth of the a~pha activity of plutonium 239 in an 

aliquot.. Approximately 0.45 :x 10-6 grams were present initially and the sample 

was observed for 146 hours duri~ which.time no spontaneous fissions occurred. 

Taking into account the decay of the Np-239, we find that the gram hours of 

observation were aJ-proximately 2 • . 5 x lo-5. From this we conclude that 11 fissions 

per gram per eecond is the upper limit for the spontaneous· fission of Np-239(,15) 

3-11 Flu U>nium 2J8 

This substance is prepared by a (d,2n) reaction on U·238(l~) and it has a 

half life of about 60 years. 

The sample used wa.s kindly supplied by G·. T. Seaberg, and had been acci-
.. 

dental~ contaminated with fu-239 in .such-a w~ that the ratio of the alpha. 

activity of PuJ238 to that of Pu-2.39 vias o.S95. 'This was determined with differen-

tial alpha range apparatus. 

The Pu-238 was mounted by evaporation on platinum discs and the effective 
• 

am~unt present was measured by observing the slow neutron fission of the con­

taminant plutonium 239, and using the ratio of the alpha activities quoted above. 
' 
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From this last number we have 

f~:~§~ == ratio of alpha. activities x •. :f. 0~895 x 24~go = o.o022. 

Hence the effective amount of Pu-238 present is: o,.;·0022 times the effective amount 

of Pu-239 present. 

In each ef our three samples we hS:d approximately lo-5 grams .of Pu-:2.39 and 
-s . . . . 

2 x 10 grams of .hl•2J8 effective.. The samples were observed for 830. hours 

total; corresponding to 18 .• 8 x 10-6 gram hours for l:'U-238 and 8.6 x 1®:3 gram 

hours for Pu-2.39. 144 fissions were coUnted .• 

From this we deduce a spontaneous fission decay constant of 2.1 x 10.3 
~ 

fissions per gram per second. 'l'he possible C!llntrib~tion o~ 'Other Fu isotopes to 

spontaneous fission :i.s negligible, beiag at the mo·st of the order of 1 per cent 

of the total observed. 

3'"'12 .· .. ftf~~9. and?PU:·2(+0i::.~';.:~~~·c .... <~,. 

Plutonium 239 was investigated for spontaneous fission soon after its 

discovery and no fissions were detected during about .5 x lo·4 gram hours of 

obser'\ration.<l1j) 

This study was pursued with the increasing amounts of plutoniwn that 

became available at successive dates. '· 

The samples were deposited on pfatinum discs b.1 evaporation, electro-

lytically, or by painting •. 

The effective a~ount presen~ was generally determined by comparison with a 
~ . 

thin standard, in a constant slow neutron flux. The thin·standard was in turn 

, alpha counted. A half life for Pu-2.39 of 24,.300 years was used. 
I . ·,. 

Material produced :in the Berkeley cyclotron' gave on observations extending 

over about 10,000 hours, l:2 fissions, and this corresponds to 0.010 fissions 

per gra.m per second. 

The spontaneous fission of PI1240 Was also measured. 
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A sample of this material borrowed from Mr. Seaberg was examined. In this 

sample 95241 was mixed with a relatively large amount of lanthanum. Three 

plates were made each. contai~ingabout 7 X lo"'9 grlimt? of 95241. This weight is 

deduced from the alpha activity assuming a half life of 40 years. The samples 

were observed for a total of 2700 hours corl"esponding to 1 .. 8 x lo-5 gr.am hours • 

Three fissions were registered •. 

For reasons stated several ti~es we consider the resulting number, 46 

fissions per gram per second, an upper limit for the spontaneous fis;sion const~t 

of this material. 

The following table sunnnarizes all the data accumulated up to the present 

time on spontaneous fission decay constants. 

In column 1 the chemical symbol of the element is given; in column 2, its 

atomic mass A; in column 3, the total number of fissions observed in all 

samples; in column 4, the total number of.hours over which the obserVations 

have extended. This information is important because it is clear that the 

pos·sibili ty of spurious fissions is proportiotlal to the duration o£ the observa.-

tions. Oolunm 5 gives the· gram hours of observation summed over all samples. 

Column 6 gives the spontaneous fission constant A in fissions per gram per 

second, whenever it is known. with its probable error. 

The expression <t means that if one fission had been observed. instead of 

none, that would be the calcUlated . spontaneous fission constt:IDt; this means th&t 

one has the probability 'l./s that the) spoP.-taneous fission decay constant is larger 
. . \ ' . ! ; c . 

... . . . 
than t. More generally it can be shown that if there h~ave b.een ·no spontaneous 

fissions in a. time t the probability tha~ the decay eonstant is smaller than 

· 1/r: is e -t/r;. 

I 
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Sometimes it is convenient to use the nhalf life for svontaneous fission", 

i.e. the half life of a n11c1ear species that would obtain if the only decay 

possibility were spontaneous fission. This quantity is connected with the fissions 

per gram per second by the relation: 

T = 
. 

1.32 x·lo16 

· 'AA . 

Where T is given in years, / .... in fissio~s per.gram per second, and A is the 
.. 

atomic mass. 

The proba.l:5ility A! that a given atom under~oes spontaneous fission in one 

second is 

Element ! 

Ra 226 

Th (Io) 230 

Th 232 

Pa 231 

u· 
>· 

232 

u 23.3 

u 234 

u 2.35 

u 236 

U. 238 

Np 237 

Np 239 

Pt1 2.38 

Pu 2)9 

Pu 240 

95 241 

A! = 1.66· x 10"'24 A A( i\in f/g sec) 
• 

Table 3-14 

FisSions . · Hours of · 
Observed Observation 

2. 

2 1326 

178 - 6300 

. ll 2200 I 

3 .·)950 

1 1050 

0 3370 

.. 

6 1480 

0 146 

144 833 

12 --~10~000 

2700 

G Hr of 
Observation 

1•45 

1202 

0.62 

5 x lo-5 

;1..35 

3.4 x io-2 

1 .. J.i. 

2.5 X 10;,..5 

•19 X 10•6 

o.,3 

1 6 :x: 1o-5 . . 

' . Alll 
rjg sec 

( ~0.6) 

L. 3.8 X 10-4 

4.2 x 10-5 

·5 X 1o-J 

16 
.c:_2 x lo-4 

~9x1o-.3 

;, . 

( 0. ) X 10-4 3. !. 1.7 

not observed 

(6.90 ! 0.24) X 10-J 

:::::1.4 x lo-3 

2.14 X 103 

1.0 x 10-2 

observed 

(46) 
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In addition to the data given above, it is clear f~m ou~ blank runs that 

brass undergoes . spontaneous fission at a rate - < 10-9 fissions per gram per 

se.cond. 

,. 
4, NEUTRON EMISSION IN SPONTANEOUS .FISSION 

A most interestirt'g question is to find the number V of neutrons emitted, on 

the average, per fission.. !!'his number . is well known for slow neutron induced 

fission in U-235 and Pu~239 and it is clear~ desirable to know it also for span• 

t~eous fission. As a matter of tact the datum of primary interest to the project 

was ·not so much the spontaneous fission decey constant, as the number of neutrons 

spontaneously emitted per ~it time, per unit ·mass, by the substance studied.' 

Once a pile with an appreciable multiplica.tion was set up, it was observed 

that even with all sources removed,· the neutron density in the pile was quite 

ap!Jrechhle. This density was -att.ributed to the spontaneous emission of neutrons 

by the urani·am and by measuring it with indium detectors and by comparing it with 

the <lensity produced by sources emitting' a known number of neutrons, it was possi­

ble to determine the number of neutrons emitted spontaneously by uranium. In this 

way 

.. 
it was.found that about 1.5 X 10•2 neutrons per gram per second Were emitted 

ordinary. ~anium.~.a,:~) 
The spontaneously emitted neutrons were also ·detected by G. Scharff Gold­

haber and G. s. Klaiber. (!-g.) These authors obtained abo~t 1. 75 x 10-2 neutrons 

per gram per second of an_energy above SOO Kev. 

H. Pos~(2 .. ) ~easured the neutron enii.aaion of ordinary uranium and of 

thorium. His results have. to,. be corrected because he asstynes that 1 millicurie 

Rn + Be emits 15,000 neutrons per s.econd .• If one uses the figure 11,000 which .. , . .. ... 
is the best estimate available, based upon 1.3 1000 neutrons per second for 1 

' ' 

millicUl~ie Ra + Be, one obtains for uranium an emission of 1.54 x 10·2 neutrons 

per g~am l~r second and for thorium 0.,24 x 10-.3 neutrons- per gram }.Jer second." The 
' 

latter figure is in all probability in error because combined with the known 
i 
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spontaneous fission constant of thorium, it would give iJ (Th) = 5. 7, which seems 

higher than is likely. ·' 

Hanson<~·) has also measured the neutron emission from a uranium sphere with 

a long boron counter and found (1 .• 6 ! 0.1) x 10 ... 2 neutrons per gram per second. 

Other measurements made at the Clinton pile gave a value of 1.5 x lo-2 and we 

think that the present best value for the spontaneous neutron emission of uraniilln 
.. 2 . 

is 1. 5 x 10 neutrons per gram· per second. It is believed that this value is·· 

accurate to about 10 per cent not incluoing poss~bie errors in the calibration 

of primar,y neutron standards. Since the 9alibration of such standards, however, 

enters in practically all neutron measurements .in the same way, errors in the 

calibration cancel in relative ~easurements. 

From this value of the neutron epdssion and from the spontaneous fission 

constant given previously, we find V (28) = 2.2 + 0.3. . -
5, THE ENERGY SPECTRUI\11 OF SPONTArlEOUS FISSION FRltGPDTS· 

The high spontaneous ~ission rate of Pu-240 makes possible the investigation 
. . 

of the energy spectrum of fission fragments for spontaneous fission. 

An experiment to this effect ~a~ 'performed by Segr~ and Wiegand. < 2.~) Figure 

10 shows a. schematic drawing of the chamber used. The chruhber was filled with 

argon and electrons were collected,' The electrons. collected .gave to the grid of 

the preamplifier a pulse propoi"t.ional to the ionization, because of the presence 

of the screen grid. The sample was at •1700 v and the screen grid at -900 v with 
'. ' ~ 

, .. •I 

respect to the collecting ele.ctrode. The positi;q~·<ions did not contribute to the 

pulse because the decay time constant (5 microsecOnds) of.the amplifier was too 

short. The time of collection of the electrons was about f microsecond and the 

time of rise of the amplifier was 0.2 microsecond. The pulse was passed from the 

linear amplifier to an oscilloscope and recorded photographically. 

A histogram of the pulses re.corded is given in Figure 11. For comparison 

we recorded also the puls.es produced on the s2l.llle sample, in the same apparatus, 

;' 
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l:>y a strong source of Po + Be neutrons slowed down in wa.tar. 
... 

It is clear that the tv;o histograms a.re very similar, the one of spon­

taneous fission pulses being ~erhaps slightly shifted ,towards lower energies. 

This experiment is fun~eresting becau~e one may suspect that in the spon-

taneous fissio~ of Pu-240, which is certainly a rare process; only very few 

' ~ -
possibilities of fragmentat~on exist. The slow neutron fission of Pu.;..239 gives 

·ah excited .Pu-240 with, a mean life for fission estimated to be of the order of 

10""15 seconds, a huge factor shorter than that of.the i'undamen:tal state. In 

spite of this, one does n6t see -a vecy great chang.e in the modes .of fragmentation. 

It is perhaps possible that t~is may be due to some re-~huffling of the 
' .. 

nuclear matter occurring a:fter.the barrier for fission has been passed, but before 

the two fragments come completely' apart.· 

This experiment could be improved by ¢hetr.ical lnvestigation of the yields 

of the various fission chains in spont~neous fission of Pu-240 and comparison with 

the yields of the same chains in slow neutron fission of Pu-2:39. 

6, TlU!DRY OF SPONTANEOUS FlSSION .. 
Several attempts hav; been made to explain spontaneo~s fission b.Y a 

mechanism simila.rcto that invoked by Gamow in tlie theory of alpha disintegration. 

J!H>hr and Yiheeler(2>) in their ~damental par;er on fission give a calculation 

of the spontaneous fission probability by assuming that a nucleus comes about . : 

1021 times per second in-to the optimum configuration ·for fission and that the 

transparency of 'the barrie:r is given by 
• 

. 2 ' 
exp (-~ (4) 

in which Ef ~s the photo fission threshold for .. the nucleus in question, M ~he 

mass of the nucleus, and a a 'length of the order of magnitude of the nuclear 

radius. 

They emphasize~ however, that this eStimate can give only the order of 
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magnitude of the transparency, i.e. of the expo~ent in.the expression of the 

lifetime. 

' Attempts hav~ been .. made-by s. Flugge(?:f} and L. Turner(2, to make more 

In the cas~ of the numbefs given by Turner the probt;lbilities have been so 

normalized as to give the.correct value for u:..238. 

The weakness of the expression.(4) given above for a precise calculation of 
' 

the spontaneous fission constant is borne .out even more by the experimental values 

. for the photo fission, threshold reported by· Kock, ficElli~ne;, Gasteiger<26) anq 

given in column 4 of the same table • .. 
How much the nuclear spin present in the odd isotopes rney affect the trans-

pareney of the barrie~ is an open question. 

· An attempt to measure directly the transparency of the fission barrier, a 

little below the to,JJ, has been made along. the following lines: Np-237 and f·a-231 

have a neutron fission threshold of about 400 Kev •. - A slow neutron capture hence 

excites the compound nucleus to about 400 Kev below the threshold. l'reliminary 

experiments by G. Farwell and fv'h Kahn give 0.1 .barns as an upper limit .for the 
I· 

fission cross section at thermal energy for both substances. 
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Io < 1.5 xlo-25 

Th·2.32 1.6 X 10.;.26 

Pa-231 2.0 x lo-24 

U-2.3.3 ·~ 1o-25 

U-2.34 <. J. J X 10.!24 

U•2.35 (1.1 + 0.7) x J.o-25 

· U-2.38 2.7 x lo-24 

Np-2.37 .( 5.4 X 10""25 

Pu-2.38 8.4 X 10 .. 19 · 

Pu-2.39 4.0 x 1o-24 

95241 ( <. 2 X 10;..20) 

. -20-

Table 6 

EJ.~ge 
·~ 

Al sec·l 

1.2 X 10 .. 24 

1.2 X 10""26 

1.1 x 1o·2l 

1.1. x 1o-20 

1.1 X 10•2l 

1.2- x'l0~24 

' ' 

1.2 X 10"'17 

Turner 

Al sec·l 

a x 1o-2o · 

6.~ x 1o-21 

1.1 X 10""21 

2. 7 X 10•24 

1.2 x 1o-19 

6.8 X 10•17 

. 8.2 X io·l8 

7.4 x lo-16 

UCRL-1021 

Photo Fission· 
Threshold 

CF .3292 
·MEV 

5.40 

5.18 

5~.31 

5.08 

Now o-rf '20r ""·~ , the ratio of the .fission cross section to the _capture 

cross section; can be expressed as 

crf. -e--r 

in which V is the number 
1 

of' times per second in which the nucleus comes into a 

configuration most favorable to fission, G is the transparency of the barrier, 
> 

and 1-r is the probability per unit time that the compound nucleus lose its 

exci tatiem by gamma ray emission. 

For slow neutron fissioners like U~2.35 or Fu-2.39 we know that 1/a.~s a 

few units. On the other hand for these nuclei ·t is supposed to be about one. - ~ ': 

. ' 
We conclude from this that Uj fr is of the order of a few units, s~ 5~ 

For Np-2.37, since the capture cross section .for thermal neutrons is about 

100 barns, we find that 1/a is at least 1000, hence 
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' J 
where we have assumed for ·~ 

. lr 
the value 5 as for other heavv nuclei. .. . 

... ~ .. 
~·i~lactinium, with a capture cross section of about 300 barns, gives :a similar 

-1''.'. ' 

result • 

. It must be remembered that this value of the transpat'ency is very. crud~ 

and probably represents an upper lilllit because all experirqental errors in the 

determination of the slow neut~on fission cross sections of Np ... 237 and hi-231 ' 

tend to make them appear.too large. 

., 

. ~. 

I. 

·, 
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Figure 1 
Argon Chamber 

Brass Cones 
!Viounting Sample 

MUI003 

Sam;_~le Holder and High Tension Electrode 
Collecting Electrode 
Guard Ring 
Polystyrene Insulating . Sup}lorts 
Rubber Gaskets 
Threaaed Collar Fastens Chamber to Amplifier 

Chassis .· 
High 'tension Lead (Platinum Glass Seal \"Taxed 

in Place) 
Grid Lead 
Gas Outlet 
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Figure 2 

Double·. D~slc Nitrogen Chamber 

A. Collecting Electrode 
B. Brass Cover 
C. Sauple Holders and High Tension Electrodes 
D ~ Tl·iounted Samples 
E. Brass Supports 
F. Braps Base Plate 
G. Grid Le'ad 
H. Threaded Collar Fastens Chambe.r to Amplifier 

Chassis 
I. High Tension Lee.d (?latinuin Glass Seal r:axed 

in Place) 
J. Gas Outlet 
K. Rubber Hose and Clamp 
1. l"olystyrene. Insulating· SUpports 
L,. Rubber Gasket .· 
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Fast Rise Time Pulse Generator 
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