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1, Historical

) The first attempt to d1scover spontaneous flssion in uranlum was made by

Libby.( )

who, however, fa;led to detect it on account of the smallness of effect.
In 1940, Petrzhak‘and Flerov,(z) using‘moré sensitive methods, discovered .
épontane&us fission in uranium'and gave some rough estimates of the spontaneous
fission'decay constant of this substance. |
Subsequently, extensive exﬁerimental-work on the subject has been performed
by several investigators and will bé quoted in the various sectioﬁs.
Bohr and Wheeler(s) have gifen a thegry of the effect Baéed on the usual
ideasvofvpanetration of potential barriers.
N On this project spontaneous fissiénihas been studied for the past several
i ~ years in an effort to obtain a complete picture of the jphignivmenon, For this
purpose the spontemeous fission decay consyants A" have béen measured for
geparsted isotopes of the heavy élements whefever possible. Moreover, the number
7/ of neutrons emitted per fission has been meagured wherever;feasible, and other
characteristics of the spoﬁfanéous fission process have beeh étudied. This
report summarizes the spontaneous fission wo;k done at Los Alamos up to Jenuary 1,

~

1948. A chronological record of the work is contained in the Los Alamos monthly

(4)

-

~reports,

(i
‘E 2, Experimental Techniques

The experiments directed to the measurement of A consisted in principle of
v :
putting & certain amount of the material to be investigated in ionization chambers

# This is & partial reproduction of a report written in los Alamos in 1945,

. 2
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connected to linear smplifiers, and counting the fission pulses., The material

(5)

rd

was deposited on platinum discs as a thin layer.,
In all these experiments one of the main.difficultieé is offered by the
alpha activity of the semples. As a matter of fact, this often limn.'bﬁ the
amount of a substance that can be studied at one time in an ionization.chamber.
The reason for this is that the‘fissions ére'recognized from the large size
pulses that they give.in the ionization chambers, Now the pulsés generated by
éingle alphasg are.from 10 tb 20 timés smallers thQV9£, if the alpha emission
is very strong, fluctuations in the alpha acﬁivityvbéckgiound may simulate large
pulses and cause spurious fission counts té_be recqrdea,
Qualitatively, these flﬁctuations will be foughly proportional,to.the
square root of the number of alphgé‘emitted during the "reaolving.time" of the
apparatus. Attempts have béen made to- obtain g mpre'ﬁuaﬁtiﬁﬁtiﬁe picture of this
effeét by developing a suitable theory, but the bhegqmend that-give rise to |

spurious pulses are too complex to be analyzed in a reallyvsatisfactory way end

we shall limit ourselves to the statement above and to some experimental results

.to be given. later,

It is clear, however, that it is desifablé to have a high resolving power
in the apparatus. The limitations to this msay coméAfrom the coliection time
of electrons iﬁ the chamber and from the.ﬂfequeﬁcy response or rise time of
the amplifier. For the chamber, eiectron collection with its high velocity

, 6)
is imperative. The chambers were filled with tank argon,( ) and special pre=

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

their pbisoning effects on the electron coilection.

Two models of chambefs were used: Tﬁeyvare dravm in Figuresvl and 2, The
large chambers (Figure 2) were used for material of low specific activity
(U-235, U-238, Th) for which it is possiblé to use many milligrams of a substence
without troubles due to the alpha activity. This requires large surfaces for

the samples in order to préserve-their thinness, The small chambsrs were used




-

@EECL@SEHE@ - | a

for the more active substances (Figure 1).

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

%@:ﬁfﬁ; ~They must be absolutely free from disturbances such as high tension sparks,

surges in the power supplies, etej for this-feasonlwe have used battery operated
units shielded in large éetal boxes. The wiring diégram of cne of these amplifiers
is given in Figure 3. Its layout can be saég~in Figure 4.:

' TheipuiSGB'oﬁ the amblifier were'}agistéred on an impulse meter and could.-
alsbﬁbe_fed'thfough a pulse lengthener to aniEsferline;Angus recorder (Figure §).

The recording affords a useful check on theAgehaviour of the apparatus and was
méde éeriodicaily on ail units, |

Figure -6 éhoﬁs a picture of one of the complets ug;ts, inc1udihg the
amplifier, ionizatiqn'chamber, B batteries, high tansion supply, and Esterline=~
Angus,” The chamber on the right is covered by a sheet metal can containing.
Bo04 for cosmic ray neﬁtrqn shielding purpoéeée ’

The Esterline-Angus recordiﬁg was also ﬁsed fo check that the fission
pulses 6bey the Poisson distribution law;',Howéﬁqll this occurs is shown in
Figure 7 where we have r;ported the d%stribution of 141 uranium fissions.

Special precauti&ﬁsshave to be taken also to shield substances that undergo -
neutron fission from meutrons due to cosmlc rays. How important this effect may
be, is shown by the foliOWing nu@ﬁéfé‘concérning U~-236., At sea level (Berkeley)
this substanca,.oéserVed in a woqden'buiidihé, showed (10.323.6)x10"% fissions
ber gram per second, Near Los Alamos (1900 meters abovevsea level), in a light
wood building, we found (15.622,2)x10% fissions per gram per second, but
shiselding with 1,3 gréms.pgr squ;ra éentimeter of cadmium reduced the co;nting
rate to (1.120.4)}x10=3 fissions per graﬁ_per second,
Starting from this last datum, it is possible to plan adequate boron shielding,
In the Los Alamos experiments, a shigld of BgOs Te4 grams per square centimeter

thick was used, This means 2.7 grams per square centimeter of boron, which should

cut down all the effects due to slow neufrons-originating in cosmic rays, by

.
¢ .
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_more than a factor of 16, It may be added that such a shield cuts off substantially

all neutrons below 200 electron volts of energy.

In order'fo determine the spontaheous'fissiqn decay constant A for the

various substances, it is essentialito know the amount effectively counted in

‘each sample., This is done for most substances by subjecting the chamger containing

the sample to be cé}ibréted tc a constgnt neutron flux produced by a Ra+Be sourée
and ;ounfing the fissions obtained, W;thout changing the source or the geometry,
we then répléce the saﬁple to be calibrated with a standard semple céktaiﬁing'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 retes of the unknown to the standard then gives the

[y
.

effecti%e.amount conteined in the sample,,lﬁfter this calibration a curveggiving
the observed fission ;ate versus the'ga&n of thé amplifief-ﬁﬁ@wbe faken in order
to éstimate,€he gize of.the errors thaf may be introduced by small gain changes.
Figure 8 shows one of these.piaﬁeau ourﬁes.

Luring oper?tion the gain of each.unit'was checkedFGQery oné or .two days ﬁith
a pulse generator (wifing diagram Figure 9). Also, for 16ng periods polonium
samples having algha,activiﬁies layéar than the samplés investigated, were substituted
for the latter in the ionizéﬁion chaﬁbers ihforder to éheﬁk that no spurious
counts would be registe;éd. The samplés were also periodically rotatedgamong the
units available. .A |

.

3.' Spontaneous Fission of the Various Nuelei

The single substances investigated will now be discussed,

3-1. hadium 226

‘This substance was investigated by D, West.(?). He found an upper limit of

0.6 fissions per gram per gecond for its spontansous fission decay constant,
» . .

3-2,. Ionium (Th-230)

A

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

put at our disposal by Dr, Hamilton. In thig:sample fhé'Th/&o ratio is 3.4, The
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plates were prepared as thin layers by é%a%oration on ﬁiatinum discs and the
amount of ioniul was calculated from the alpha activity assuming a half 1life
of ionium of 8.3 x 104 yaars. The - plates had a diemeter of 4 centimeters and .
contained approximately ¥ milligram of idnium each, fhey were observed for.about
© 1300 hours total, cérresponding to 1,456 érém hours of observetion., Two fissions
occurred.in that timeg however, tﬁey mey Wéll be'dgd'to the thorium in the
. sample. Indeed, on; would expect (see below) in 5 gram hours of observation on
thorium ‘about 0.8 fissions, IR ,

We conclude that 3.8 x lofé,fiSSiqnsﬁper gf&m per second is the upper limit

" for the sbontaneous fissioﬁ'bf ionium,

3=3. Thorium (Th-232)

4

Thé‘lgrge chembers were used for the investiéafion of this substance, Thg

_ materiél used was thdr{%hnitrate (C..P: Baﬁgr)‘whiéh was ignited to ThO, and
-_ﬁépdsitéd As a fhickliayé; using avsmali amount of collodion binder. The effective
amount was datenalned by camparing the fast neutron fission of the sample with
that of, a thin layer of ThOy in the same chamber and source geomstry, - The thorium
dld'not_undergo any spgclal treatment and hence was not.radloactlvely pure, It

is clear, however, that the coﬁcentr%tign of thorium ﬁﬁgﬁiﬁﬁ@rodudts présent in the
sample is exceedihglf small, In each pair of discs usgd in the large chamberse
there wers approximatély 0.25 gramé of thpriuﬁ éffective, . In the log 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 even for fast neutron fissions in
thorium, but this is practzcally negligjble., As a matter of fact, we can éstimate
that the cosmio ray effect will be less than II.O"’6 f18810n8 per gram per second,
| Since the thorium spontaneous fiuszon is so smell, the question of its
posaibla causation by impurities has to be considered, Of these only ordinary
uranium can be of 1mportance and a special experiment was made on this point by

subjecting the tharium samples to a slow neutron qubar&ment, It showed an apparent



slow neutron cross ssction of lass than 10'27 2. If this wers all due to

natural uranium impurity the corresponding spontanaous,fission would still be

less than 0.1 of the effeot observed 1n thorlum.

Maurer and Pose“&l&'have reported s0me - measurements on neutron emission by

’_ thorium, attributed to spontaneous_fiss;on. We shall discuss them in & subsequent

gection,

'3-4, Protactinium 231

The material used for.the samples was obtained from.Dr. Agruss.

The samples’ were electrolytically deposited on platinum, and the amount was

~ determined by alpha counting assuming a half 1life of 3.2 x 104'yeara.

“Two sémplesvamre useds one of 140 x 10~8 grams, which was observed for 1119

hours and gave one fissioﬁ;';nd one of 490 i_10°5 grams, which gave 10 fissions

‘in 1129 hours.

Frqm these data we coﬁciude that pr&tactinium gives 5 x 103 fissions per

gramvpet second, ! ’ “

| ‘fégaiﬁg this 1s probably an uppef limit, ' From dafﬁ on thermal irraaiafions
of this same material, we lmow thaf it contaiﬁs lesé than 2 pefcent uranium,

The effect of this impug}ty on the quntanéous fission;rata is negligible,

3=b, Uran1um-232 4

This substance is formed. by a (d-2n) reaction on Th-232 followed by a beta
decay. The material used wes prepared by the Bsrkeley group. It was evaporated

on o platinum dlsc, end it had an alphaﬁactlvity of 6 x 106 diszntegrations per

¥

.minute_due to U-232, Assuming avhalf 11fe of 30 years for U=232, the sanple

contains 5.3 x 10~8 grams of U=232, The sample was observed for 950 hours,

during which tlme three f1381ons occurred The sample was also irradiated with
slow neutrons and flssion counted in order to flnd its content of ordlnary uranium,
This was fcund to be such that durlng the tlme of observatlon only 0,2 f1381ons

were to be expected, Inhspite of ?hls.»in'view of the long period of observation

A 2

4
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during which a spurious fission may conceivably ooccur, we consider the apparent

" -

decay.cénstant of 16 fissions per gram per second as an upper limit.

3.6, Uranium-233 .,

This substance is formed by a (dfp) or an'(n,x ) reaqtioﬁ on Th=232
followbd:by 2 beta emissions. Its half life is 1,63 x 105 years.(ﬁl% Several
samples were examined in the small ;hambers. The material was‘optained by (ﬁ,k’)
on Th in the Clinton pilei&nd'prepared in Chicago by Seaborg's group. It was
eleétroplaﬁéd on'platinumifoilsci It was observed so as:to gocumulate 1,35 grem

hours during which one fission occurred, This fission may be explained by the

‘;_U-238 content of the sample., This result gives a'decay constant smaller than

2 x 10~% rissions per gram per second.(na) .

3al, Uraniu¢v234 K T CoL

A sample of U-234YWES'6btained on load ﬂroﬁ Dr. Latimer in Berkeley. The
material was prepayed by extraction of UK, from ﬁranium and subsequent decay of
this substance, | . |

It containg a'little.over 1075 grams effecﬁiyé of U=234 a§ mea5ured by its
alpha=activity. We observed it for SSOO'hou}s without obegerving any spontaneous
fissioﬁs; from which we conclgaa_that tﬁe spontaﬁeouévdacay.constant,is snaller
then 9 x iofs.fissions‘;er gram per'second;

3«8, Uranium=-285 and 238 .

These is&topes, which eccur in natural’uranium,,could not be iy mmiov

'ﬁ%@ﬁﬁﬁi&ﬁ quantitatively, from each other and the observations wore always performed

on mixtures containing all three of the %atural uraniug isotoﬁes. However, the
écmposiﬁioﬁg of the mixtures could be changed by using materials enriched by the
electromagnetic method.(lk)

In these experimehts large chambefs of the_sgcond type. were used,

If we call %x; kyi a2z, the spontaneous f;ssipn decay constants of

U-238, U=-235, U-234 in fissions per gram per second, we find the counting rate

o4 in a given cample iss

e UCRL-1021,

E;J
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. &

c4 = X5 >\ + yi 'Ay *Z‘i *Az . (1)

~

where Xy yg Zi are the grams of U238, U-235, U=234 in that sample, Practlcally,
the term 24 ,AZ turns out always to be negligibls comnared with the other two
becauss; as stated above, szis small and also 24 is generally small, By
observing the counting raﬁeﬂin samples of different known isotopic composition,
we can soivg the equations for v,-)\x and ?\ye

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

In this run three samples were used:'one of ordinary urﬁpium and two of
enriched material, The isotoﬁic composiﬁion of thése materials is U~-2383 U-235%
U=234,= 141 3 1 3 0.,00726 in mass and Uh25§s U«235% U=234 = 0.3343 1 0.00588
in mass, respectively, | «

The isotopic analysié was checked for the enriched material by mass spectrograph
and by the Berkeley method of analysis, ( )

The samples were electrop%hted on platinym discs 13 centimeters in digmeter
end 0,01 centimeters thick and ignited to Uéba; The tbtél'mass of uranium was
determlned by direct welghlng. -and the mass of 25, by measurlng the fissions
occurring in a slow neutron flux.' From these meaaurements we Tind that the
ordinary uranium sémple»cpntains (in two plates) 38.50 milligrams of U and the
two enriched samples used contain 42.95 milligrams and 36,60 milligrams of
enriched materiél, respective]jy° |

Ths normal sample gave 310 fissions in 381 hours. The enriched samples gave
101 fissions in 395 hours ana 133 fissions in 558 pours. These rﬁw data havs
to bg corrected for the efficiency of thefchamber; This is done by taking e curve
of the fission rate with a constent neutron source versus bias of the amplifier
end extrapolating to zero bias and then correcting further this result to take
into account, fheoretically, that some fission fragments cannct escape from the

layer because of the finite thickness of the same. The first cbrrection is 6

percent, the second is 3 percent, With thess corrections we find, esges, that
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- - 10 figsions ’ 3 .
normal material gives Tg~3§7;1;1§;“'° 23.2 or 6443 x 10 3 pissions per gram per

second. /
-Similarly,'enribhed_haterial gives

284 fissions o o o 1.91 x 1078 £/g soc

g X hr ‘ X
Introducing these numbers into equation (1) and“solviﬁg we obtdin Ax = 6,48
x 1078 f/é sec and xy;ﬁ 0.40 x 10=3 £/ séc Azig can be neglscted.

The efrérs iﬁ'thesé‘va;ues come from sfatisticai errdr in counting for

14

which we use the square root of the number of counts, error in the absolute masgs
of the foil (2 percent) and in the ecounting efficlency (2 percent), and error
inwthe*iaotoplc eompoalthp (2 pgrcent in ths ratio of 25 to 28)5,

.HGh;iing R fhe ratio of U-238 to U-235 in the enriched saméle énd'using’ ‘

étgndard.formulae of the theory of erro;gvoné finds, neglecting some small termsd

. 2 . .
@M ) = (2? (401) . (._1.) @ ml)2 o (2)
. . ml . m1 : s . .
' 2 i R"‘?z‘. 2 w (RH1)1Z 2 R
@3 ) = =Bal (any)® ¥ ) (Amg) ¢ (== (2 (3)
Yy { ml} ) . ‘ 2 ) . o .
‘R 19;? ( ' 224 2
JRALE I X VR s
+ ! g (Acg) + (-;-1-';- --!Tli-S (aRr)

In which‘ml is the.effective mass of.the saﬁple'of normal material, My ia the

.
¢

7 effective mass of the sample of enriched material, and ¢y and oy their ceunt1ng
‘rates in counts per. hourc-'

In the runm we are considering we hads

m, ® 0.0350 g - | A omy = 0.0010
mp = 0.0350 g - .- . A mg = 0,0010 -
o, = 0.814 c/hr o 45;:;1 = 0,046
' e,, = o;_zéo c/hr L A ep = 0,016
R=0.354 . A R = 0.007

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

, 1 _ I
: i Ae-l (1.31)% = 1.72
7 ey v ' . ' o
— ml = 0,66 - (0.66) = 0044
2 : : o
} 2 - ‘f -. - s
. (AX)% = 2,16 DA, = 1,47
\ and similarly for
;E- Am =0,22 U (0.22)< = 0,05
cz(R+l) A .
e Amy = 0,26 < : (0,26)2 = 0.07
me ' ' ,
2 o
A o) = Oubd ‘ . (0.44)2 = 0,19
1 o
. R#l . 112 s |
) . Dey = 0,61 . | - (0.61) 5=v0.3'7
Cl 02 : : . v
— = AR = 0,11 (0,11)2 = 0,01 |
240 o= .
(Dhy)< = 0,69 LAy = 0.83
The errors have been expressed in fissions per‘graﬁ per hour, . Expressed in mcre
conventional units the results beéome§ o
. Ry o= (6,48 + 0.41) x 1073 £/g. sec
2 Ay = (0.40 # 0.23) x 1072 £/k sec

Several series of meésurementsvwefe mede and the résults¢gpe summerized in the.

following table:
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B
" - Table 3-7
AN STy ; . ) Co- B
Date N /\Xxii)? BA X103 Ap03 F A X103
194344 ., N 687 0.41 0.3 1.3
Doc. '44 and Jan. '45 N 6,48 041 0,40 0,23
. Ny v
Feb. - March 145 7:55 041 0,38 0.23
Aversge . 6.90 ' - 0.24 0,38 _ 0.17

In the final result we have to make another correction to 'take into account a
residual &ffect of cosmic rays on the apparent sponténeous fission of U235, and

our present best figures are
Ay = (6,90 + 0.24) x 1073 £/g sec

Ay = (0,30 ¢ 0;l7) x 1073 £/g sec -
O 5

- /
It would be possible to improve these measurements for-U-235 using almost jure

U-235 for the samples.

3-8 Uranium 236 | | |

This isotope of uraniﬁm is formed by.an (n,Y) reaétion on U-235. The isotopic
composition of the samplngas determi;ed by;pass.spectrograph(la) ana also by
| irradiation.datasl$) S |

The samples were plated én platinum éiscs as were the other uranium isotopes
and were observed in the large‘chambers. The spontaneous fission ettributable to
1236 was ohesmred, Joolcad Lo Db s &und.
3~9__Neptunium 237 - |

This isotope is fofmed by beta decay éf the 7-dsy U-237 which in turn is
obtained b& an n-2n reaction on U~238. Itsvhaif life is»2.2 x 106 years,

The sampies investigated were prepared in the pile and were suppliéd to Los
Alamos by the letallurgical Leboratory in Chioaéo.
5

An  early investigation with a sample of gx 10 grams protracted so as to

accumulate 127 x 10'3 gram hours of observation gave only 1 fission,

*
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Later with 3 stronéer.sgmples (about 8 x'10;4/iach) we accurulated 1.113 .
gran hours of ob;ervaﬁion with 6 fissions recérded. This woﬁld give 1.4 x 1073
fissipns per gram per second, | |

The effect of a possible small contaminatioﬁ-of,plﬁtonium or urenium in
the sample is négligible as tested byfsloﬁ neutron irradiation; however, it is
better to consider 1.4 x 103 fissions per gram per second rather as an upper
1imit because it is difficult to be abspiutelf'sureiof the geﬁui;;ﬁesé;of‘the :
few fission pulsesmobservedvover lASg_hpurs of céunting._

4

3-10 Neptunium 239 ' |

VA sample of this material was prebared bva,‘Miskel from depléted ﬁranium
irradiated in the water_ boilgr. The sample wés purified from fission products,
uranium, end plutonium and deposited on a'ﬁlatinum disc by evaporation, Its
mass was determined by the growth of the a}phaAactivity of plutonium 239 in an

 aliquot. ﬁpproximately 0.45 x 10'6;grams were present initially and the sample
was observed fof(146 hours dufing which. time no spontaneous fissions occurred.
Teking into account the decay of the Np-239, we find that the gram hours of
observation were approxgmatély 2.5 x 1072, . From this we-conciude that 11 fissions
per gram per second is the upperllimit for the spdntanéous'fissibn of Np-239§15)
3-11 Fluténium 238 } | )
This substance is pfepared by-a (d,2n) reaction on U—238(16) and it has a

half life of sbout 60 years. , )
’ The sample used waé kindly'supplied by .G, T, Seéborg, and had been acci;
dentally contéminated wi%hrPu~239 in such-a way that the ratio of the alpha
activity of Pu-238 to thet of Pu-239 was 0,895, This was determined with differen-
tial alpha range apparatus, '
The Pu-238 was mounted by evaporation on platinum discs and the effective

amount present was measured by observing the slow neutron fission of the con~-

teminant plutbnium 239, and using the ratio of the alpha activities quoted above.

b
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From this last number we have

Pu-238 _ - . 74(238 60 _ 0.0022
T35 ?atio of a;pha,gcﬁivitlgs x 1T§T§§§§ 0. 895 522554  0.0022f

Hence the effective amount of Fu-238 presentlis3050022 times the effective amount>'
of Pu-239 present |
In each of our three samples we had approximately 1077 grams of . Pu*239 and

2 x 10 -8

grams of Fu~238 effective, The admples were observed for 830, hours
total, corresponding to 18,8 x 10"6 gram hours for Pu~238 end 8,6 x 1053 gram
hours for Fu-239, 144 fissions were counted.

From this we deduce a spontaneous fission decey constant of 2. 1x 163
fissioné per gram per second, The possible conzrlbutlon of other Pu 1sot0pes to

spontaneouo fission is negllglble belmg at the most of the order of 1 per cent

of the total cbserved,

Plutenium 239 wéé‘imvestigabed for spont&hequs,fissian.éosn afﬁer its
discovery and no fissionsTWefé'detected during about 5 x 10™% gram hours of
dbservatlo (12) ' _ o .

This study was pursued with ‘the increa81ng amounts of plutonium tbat
became available at successive dates. | ' o

The samples were deposited on platiaum discs by evaporatlon, electro- |
lytically, or by peinting.. -~ . R

The effective apount pfesent weis generally deterﬁinéd by comparison with a
thiﬁ standard, in a constant siow neutron flux. Theathin standéfd was in turn
alpha counted, A half life for Pu-239 of 24y o 300 years was used,

Material produced in the Berkeley cyclotron gave on observations extendlng.
over about 10, 000 hours, 12 fissions, and this corresponds to 0,010 fls«ions

per grem per second,

The spontaneoué fission of Pu%C was elso measured,
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A semple of this material bﬁrrowed_from Mr, Seaborg was‘examined. In this
semple 95241 was mixed with a relatively large amount of lanthanum, Three |
plates were &ade each{cbntaiﬁing_about'7 % 1077 grams of 9524k, ’ThiSVWéigﬁt is
- deduced from the alpha activity assuming a half life of 40 years. The éa@plas
were observed for a total of 2700 hours correapondlng to 1 8 x- 10’5 gram hours.
~ Three fissions were registered

For reasons stated several times we consider £hé resulting nﬁmbér, 46
fisslons per grem per second, en upper limit Tor the spontaneeus flSslon constqnt
of thls material, |
3-14  Summery
| The foilowing_tabie sumarizes sll the daﬁafacéﬁﬁulated uﬁ.tq the present
time on spontanecus fission decay constaﬁts. | \ :

In column 1 the éhemical s&mbol of‘the elemenﬁ i;‘given; in column 2, its
atomic mass.A; in column 3, tﬁe total number of fissions obse:ved in all
samples; in cﬁlumn by the.total number of hours over whicﬁ the obsar#atioﬁs
have extended, This information is important becausevit_is clear that the
possibility of spufious fiésibns ié prnportioﬂél to the duration df“the observa~
- tioms, OColumn 5 gives the gram hours pf dbgervation sunned bver ail éamples.
Column 6 gives the spontanéous‘fission dbnsﬁant ,)\ in fissions per gram per
second, whenever it is known, with its'probable‘error. . |

The expression <t meané that if one fission had been- observed instead of.
none, that would be the calculatedJSPGntaneous fis sion constant this means that
one has the probablllty l/b that the spontaneous flssion deeay constant is 1arger ‘
than t. Kore generally 1t can be shown that if there have been no spontaneous o

fissions in a time % the probablllty that the decay constant is smaller than

’ l/'C _ls e t/*'.
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, Sometimes it is convenient to use the "half life for spbntaneous fission®,
i.¢. the half life of a nucleér species thst Wo_uld obtain if the only decay

possibility were spont.dneous 'fissio"n. This quantity is comnnected with the fissions

<t

per gram per second by the relation: v . ) )
| 1.32 x 10°

T =
' AL

where T is given in years, J im fissions per grem per second, and A is the

PO

atomic mass,
The probaliility X that a given 'a‘to-m ‘undergoes spontaneous f_‘i;ssion' in one
second is _ | o
| 7\' - .1.66.'_x 10—247_ AN(Ain £/g sec)
"Table 3-14
| . Fisdions .  Hours of G Hr of Ain

Element & Qbserved Obs'ervation Observation - f/g sec
R 22 2 . o (<0,6) |
" Th (Io) 230 2 ©1326 | l.'}4'5 £ 3.8 x 10’4 a
. ™ 232 178 "~ 6300 1202 42 x 1075

, Pa 231 1 2200 ° 0.62 5 x 103

, U 232 3 5950 5x107° . 16
| U 233 1 w050 0 L35 <2x107%

U 23, - O 3310 C3dox 1072 <9 x 1073

U 235 . L ,‘ (3.0 * 1.7) x 1074

U 236 . | | ‘ o | B ‘not observed
E i 238 S L (6,90 £ 0.24) x 1073
-~ Np - 237 6 u,éo 1m0 Sldox 1073

Np 239 0 we o 25x100 . <n

P 238 144 . - 833 C19x2070 2.4 103

Pu 239 12 *f"lvO.,Q_Oéfr _ 0.33 o 1,0 x 102

Pu 240 S . , observed

95 21 3 2700 1.6 x 1075 (46)
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In sddition to the data given above, it is clear frpm our blank runs that
brass undergoes . spontaneous fission at a rate <;’].0'9 fissions per gram per

+

second,

4. HBEUTRON EMISSION IN SPONTANEOUS FISSION

A mo;t interestify quéstion is to find the number 1 of neutrons emitted, on
4the avefage, per fissioﬁ, This_.number cis weil known for slow neutron inducéd
fission in U-235 end Pu-239 and it is ¢learly desirable to know it also for spon-
taneois fission, As a matter of fact the datum of p}imary interest to the project
was not so much thevsp0ntahepus.fissioﬁ decg}.conétant, as the'numberiof*ngutrons_
~ spontaneously emitted.ﬁer uhit time, Ler unit ‘mass, by the substance stuéied.L
Ohce a pile With”an'apﬁreciable multiplication was set up, it was observed
vthat'even with all_sourcéé removed,'thé neutron density' in the pile was quite
appregiable.' This_éensit& was-atpributed to thé_spontaneous emissiocn of neutrons
by the uraniﬁm and by measuring it with indiuﬁ detectors end by‘bomparing it with
thevdensity produéed by sources emitting a known numbér of neutrons, it was possi-
ble to determine the- number of neutréns emitted spontaneously by uranium, In this
- way it was. fcund that gbout 1.5 x 107 -2 neutrons per gram per second were emitted

[ 1 68)

by  ordinary uranium,

- The spohtaneousl ‘emitted neutrons were also detected by G Scharff Gold-

haber and G. S. Klaiber.(zg) These authors obtalned about 1, 75 x 107 -2 neutrons

N

per gram per second of an_energyvabove 800 Kev.A‘

B, Pos;(zé) weasured the neutron emission of ofdina:y uranium and of
ﬁhorium. ‘His results have-to;be cofrecﬁed b§cause he assumes that 1 millicurie
Rn + Be emits 15,000 néutrons per second, If oﬁe uses the figure il OOO which
is the beat estimate aevailable, based upon 13 OOO neutrons per second for 1
milllcurie Ra + Be, one obtains for uranium an emi551on of 1.54 x 10°? neutrons
per gram ‘fer second and for thorium 0,24 x 10 -3 neutrons per gram per second. - The:

latter figure is in all probabillty in error because combined with the known
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spontaneous fission constant of thorium,.it would give V (Th) = 5;7, ﬁhich seems
higher then is likely. | |

Hanson(zﬁ) has also measured the neutron emission froﬁ a uranium sphere'with
a long boron counter and foﬁnd (1.6 * 0, 1) x 10"2 neutrons per grém per secondib
Other measurements made st the Cllnton pile gave a value of 1.5 x 10~ -2 and.we
think that the present best’ value for the spontaneous neutron emigsion of uranium
is 1.5 x 10 -2 neutrons per gram per second, It is believed that this value is-
accurate to about 10 per cent not ineluding possibie errors in the callbratlon n
of primany neutron standards. "Since the calibration 6} such standards, however,
enters in p;actically all neutron meaSureﬁentslin the same way, errors in the
calibration cancel in relative measurements,

From this value of the neutron emission and from the spontenecus fission

_constant given previously, we find VU (28) = 2.2 * 0.3.

29 THL ENE RGY SPECTRUM CF SPONTAREOUS TISSION FRAGMENTS"

The high sgontaneous fission rate of Pu-240 makes possible the 1nvestigation
of the energy spectrum of flssion fragments for spontaneous fission,
An experiment to this effect was ’performed by Segre:qnd Wlegand.(za) Figure
10 shows a schematic drawing of the chamber_uéed;"The.chamber was filled with
afgon and electrons were collected,’ The electrons'collected gave to the grid of
the preampllfler a pulse proportional to the 1onlzatlon ‘beceuse of the presence
of the screen»grld, The sample was at ~1700 v and the sereen grid at =900 v Wlth
respect to.the_collectlng-elqctrode. The p051t1ve 1ons did not contrlbute to the
pulse because the decay timé,constantv(E microseccnds) of the amplifier was too
ghort. The time of collection of the eléctrons Was.about'l'micrésecond'and the
time of rise of the amplifier was 0,2 microsecoﬁd. The pulse was passed from the
linear amplifier to an oscillosccpé and recorded photographically.

| A histogram of the pulses recorded is given in Figure 1ll. For comparison

we recorded also the pulses produced on the same sample, in the same apparatus,

‘-
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by a stréng source of Po + Be neutrons slowed down in water. ‘
It is clear thet the two histograms are ven; simllar the one of spon~
taneous fission pulses being perhaps slightly shifted towards lower energles,
This expériment is &qteresting becauge one m&y_gpspect that in the spone~
'faneous fiésicg'of Fu~240, which is certainly a rare process, only very few |
'possibilities of fragméntaﬂion exist, The slow neutron fission of Pﬁ4239 gives
.en excited Fu-240 wiﬁh‘a wean life for fission estimated to be of the order of
' 10“15 seconds, a huge factor shorter than that of the fundamental state, In
spite of 'this, oneuéoes not see-a ver&vgreat change in the.ques.af fragmentation.
It is perhaps psssible that this mey be due to sone rehghuffling of the
nuclear matter occurring éfter.the barrier for fission has been passed; Eut é;fore
the,ﬁwo fragments come combletexy aparts: '
This experiment couid be improved by chemicél investiggtion of the'yields
. of‘the verious fission chains in Spbntgneoﬁs fission of Pus240 snd comparison with

s - ¥

'fhe yields of the same chains in slow neutron fission of Pu-239,

- O THEURY OF SPONTANEOLS F1s SION - P

Several attempts have been made to explain spontaneous flSuiOﬂ by a
ﬁechanlsm similar “to that invoked by Gamow in the theory of alpha dlSlntegrétion.

ﬁohr and Wheeler(2i)‘in their fuﬁdamental paper on fission give a calculation
of tﬁe spontaneous fission prdbablllty by assumlng that a nucleus comes sbout

1021 times per second into the optlmum conflguratlon for flssion and that the

transparency of ‘the barrler is given by
exXp (- é*%f VZEEra) (4)

in which E¢ is thé photo fission threshold for the nucleus in question, N ghe
mass of the nucleus, and a a'leﬁgth of the order of‘magnitude of +the nuclear
radius, ’

Théy eﬁphasize, however, that this eStimate can gi#e only the order of
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megnitude of the transparency, i.e, of the exponent in the expression of the

*

lifetine,

@

" Attempts have been"madeﬂby S. Flugge® and L, 'I‘urner(zf’) to make more

precise evaluations of the spontaneous fission constant using the formula of Bohr

3

end Wheeler and an expressmon for Ep given by the same authors; but they have not

been successful, as shown by the follow1ng table in which we report the spontaneous

-1 calqulated by these authors, and the experimental

e

| fission probabilities in sec
results., o
‘ In the case of the numbers givén by Turner the probabilitles have been S0
normalized as to glve the'corregt value for U-238.
The ﬁeakness of the eipréssion (4) giﬁen abOVe fof a precise oalculation of

i

the spontaneous f1831on constant is borne out even more by the experimental values

. for the photo fission threshold T'epor‘t.ecl by Kock chlllnney, Gastelger(26)and

given in column 4 of the same table,

How much the nuclear spin present‘in the odd isotopés may affect the trans-
parency of the b;rrief isvén open question, |
" An attemptito maaéure‘directky the trensparency of the fission barrier, a
1ittle below the top,,hés been made along. the followiﬁg“liges: Np-237 and Fa-231
have a neutfan‘fission threshold of abou$ 400 Kev,';A slow neutron capture hence
j excites the compoun&-nucleﬁg to about 400 Kev below the threshold. Freliminary

experiments by G. Farwell and M. Kahn give 0.1 barns as an upper limit for the

fission cross section at thermal energy for both substances; - "
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Table 6 .
| . . Photo Fission’
» ' Flugge Turner Threshold
Ngip U AL gegtl AL gl CF 3292
Io <1,5x107%% . 1.2 x10% |
Th-232 1.6 x 1026 1,3 x 1026 500
Pa-231 2.0 x 107% SRR S [ R
U-233 <1025 S 8x100 | 58
U-234 <3.3 x 10°% '1.1x107%0 0 g6 x 10722
U-235 (L1207 x20%° 112100 11x100%0 . 53
U-238 2.7x107% - 12x100%  2,7x10% 508
Np-237 <54 x 10725 - Le2xa |
Pu-238 8.4 x 10719 e 6.8 x 10717
Pu-239 4.0 x 107% 1.2x10°Y7  g2x 10 5,3
95241 (<.2 x 10-20) | : ' Ted X 10’16  |

13

Now qf/ P =€§-', the ratio of_thegfission cross section to the capture

cross section, can be expressed as -

in which V is the number of times per secénd in which the nucléus_comes into a
configuration most favorab%e to fission, U is the tremsparency of the barrier; |
and Y} is the probebility per unit‘timevthat the compound nucléﬁs lose its
excitation by gamma ray emission, |

For slow neutron f1551oners like U-235 or Eu~239 we know tbat l/a is a
- few unlts. On the other hand for these nuclei T is supposed to be about one,
e conclude from this that Y/ {7, is of the order of a few units, say 5.

For Np=-237, since the cepture cross sectién for thermal neutronsvis about

100 barns, we find thet 1/a is at least 1000, hence
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P

~073 = 57 or'trzaxlof‘*' R "

4
1%

where we have assumed for —%9 the value 5 as for other heavv nuclei,
- ip x -'5,
ﬁﬁ?ﬁ%&ctlnlum, w1th a capture eross secticn of about 300 barns, gives a simllar

—

result, » ,

-1t must be remenbered that this value of the ﬁraﬁsparenqy is very: crude
and probably reprewents an upper limlt because all experlmental errors in the
determlnatlon of the slow neutron fibSlon cross sections of Np~237 and Pa*231f

tend to make them appear too 1arge.
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