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July, 1960
ABSTRACT

The long-range alpha_particles«associated.withiﬁbe'sppntaneous‘fission
decayiof californium?ZSZ have been studied by méansvof nuclear-emulsion tech-.
niques. - The alpha energy spectrum was.found to peak .at about 19 Mev with a
haifﬂwidth»of 10.Mev, and the preferential angle of emission was. found to be
_ slightly less than 90 deg. with respect to theblight fission fragment. .These
results support the view  that alpha emission occurs -at therfime of scission and
@hét-theAdirection_is determined“by the extent of electrostatic repulsion by
~the fragments. A trend toward a.moré'nearly'symmetric,mass divisionvin,fission
accompanied by alpha emission is.indicated; ,The.frequency of occurence of the-

long-range alpha particies was:obserQed to be 1 in 415 + lO%ibinary fissions.

Ternary events.consisting of tWO'heavy'fragments and one -light fragment

of - short range were observed, but.the4frequency:witﬁmwhich‘these.eVents,oécuf
was not measured.. A parallel search was .made for ternary-fission events in

which fragmentation into .comparable .masses .occurs.

t
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TRIPARTITION.IN.THE_SPONTANEOUSfFISSION'DECAY-OF.CfZSZ

M. Luis Muga, Harry R. Bowman, and Stanley G. Thompson
. -Lawrence -Radiation :Laboratory

University of . California
Berkeley, California

July, 1960
. INTRODUCTION

The liéuid—drop modell was .used by R. D. Pre§ént2’3 in‘l9hl to predict
that fiésion inté three charged fragments of comparable mass is dynamically
possible. Subsquenf_experimental observatipnsu have indicated the_existence'“
of ﬁultiple.fission modes which may be grouped into four types.as follows:

(a)  ternary fission in which the third fragment is.a long—range alpha particle,
(b) tripartition in which the third,fragment"is a short-range charged pérticle
of small'mass,‘(c) fission into three charged frégments.of:rpuéhly_equal,mass,
and (d) multiple fission in which frégmentation,into four (quaternary fission)
or. more charged‘particles takes ﬁ;ace. |
‘The.exiétence of type (a)‘events, first reported in the literature by

) 235

Green and Livgséy and,Tsien_et:alﬂ6.(who'studied fission induced in U~

by thermal neutrons) is well'estéP;ished.
Type (b) events, tripartition_with the fragment of small mass .and short
range, was studied by the same two groups and confirmed by the work of Cassels

7

et al.' and by Allen and-Dewah.8 However, Marshall takes!issuevwith.these

earlier results on the basis of possible errors in measuring these events and
regards the events as arising from recoil interactions of binary-fission frag-

9

ments.” Labowlaye et al., using cloﬁa,chamber techniques, were unable to detect

,such.eventéglo

* |
This work was done under the auspices of the United States Atomic Energy
Commission. P o _ ‘
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Tsien et al. have reportedia-single'case of tripartition into roughly
equal fragments (type (c) events), and no frequency of occurrence was given.ll
Rosen and Hudson, using a triple ionization cnamber and. coincidence circuitry,
observed . a value -of 6.7_ternaryAfissions per»lO6vbinary fissions,iz but because
of.therlow frequency of‘occunemce,‘confirmation by other means has not been made.

‘Tsien gt_gl:'* have reported cases_of quadripartition into roughly equal
masses .as occurring with a frequency of 1 per 3,OOO;binary_fissions;l3’lkvhow—

15 the frequency (comparable

ever, Titterton was'unablelto confirmvthese results.
to that for tr1part1tlon) reported by Ts1en seems too high, and. no arguments
‘are given to preclude the-p0531b111ty of double recoil hy binary4fission frag-
‘ments. | ’

Even the more recent inVestigations have been concerned with induced
’flss1on (mainly in U 235 with thermal neutrons) and, hence, with excited compound
nucle1.l6nzo Therefore, it seemed worthwhlle to study multlple flss1on modes
v‘of spontaneous f1s51on -The most convenlent 1sotope avallable for this purpose
is Cf 52, which has an alpha-half l;fe of 2.2 yr and a.spontaneous-fission
fhalf‘life‘of 70 yr;z1 A.study has been made,btherefore, ofrthevlong—range alpha
particles associated with.spontaneous.fission.in Cf252 using nuclear-emulsion
techniques. A.perallel search was‘made'foerther t&pes of tripartition.in szS?.

EXPERIMENTAL
i Tne following experimental procedure uas used. A volume of 0.01 cc of |

a solutdon containing a small:emount (lO4 fissions/min) of Cf252‘was diluted to
5fcc:with.0.6-M sodium citrate solution (pH 5). Two cc of this solution was
placed on a 1- by 3-in. Ilford KO ‘emulsion (200 microns thick) fitted with a
plastic rim to contain the liquid.

After l hr of contart, 'the eXcess solution was removed and the emulsion

surface washed. .The’ emuls1on was dried 1 hr 1n a de51ccator contalnlng concen-

trated H SO)1L and equipped with a fan to provide adequate air circulation. After



-5- - UCRL-90L4

a 48-hr exposure, t@é_emulsion was . developed with&a.modified-BruéselsftypeA

develOpér;22 | |
‘Upon ‘fixing and final washing and drying, the shrinkage faétor>was,

obtained for each plate by meaéuring the tracks produced by the 6.11-Mev alpha

52

particles ffom the.branching decay of'Cf? The plates were then scanned
systematically for unusual events by viewing the emulsions through a 10X eye-
piece and either a 98X or MSXAbbjéétivé. The nature of the tracks of fission
events accdmpdniea byilbng;raﬁge‘alphé emiSSion wés_such»thatvdetection and-
idéntification-wéé éa;ily_méde_witﬁ a st objectivé.ﬁ In the case of other
three-pronged eVenté; écanning was dbne with a totai magnif¥cétibh.of 980X .
Sincé‘three—pronéed eveﬁfs,may result fromeCattering by bihafy—fission ffag-
ments, an initial selection was'made’on‘theerSis of.thé locaton of - the least
dehse track with reépecfuto_thefbase férmed'byzthe other two tracks. If tfi—:
partition into foﬁghlygeqﬁal masses~occurs, the ﬁhifd traék would be expected
t@.bfiginate near thevmiddleiof the tfack. Héncé,‘ogiy thoséfévehté Were:'
anaiyzedfin which the iéast dense tréck;éppeared £o originate from t£e<gé;ter
5 microns of . the fissibn track. (Thus,‘a léfge number'of evénts arisinéifrom
scattering by binaiy,fiséidn‘ffagmeﬁfé'néa;vtﬁe épd 6f theif paths were eli-
minated.)’ o o o i

. infgéneral,'thesé'eVeﬁfg/do not lie.ehtifeiy within tﬁé-foééi plane
of‘fhe‘micrbscope,'énd henée'fof{énalysis, the projected lengths,'pfbjécfed
angleé; éndthe:dépﬂnsof theuorigin'aﬁd éﬁds of théitfacks wefe meaéurea. From

/

these projected measurements and the shrinkage factor, thé'true angleé.and

ranges were computed.

‘The frequency'of occurrencekfof'fhe’léhg—range'alphavevents was deter-

L S o s 250 L
mined as follows: A vaporized source of Cf > '(105.fissions/min) was covered

tightly with aluminum foil (9.6 mg/em®) just sufficient to stop the 6.11-Mev
52

alpha particles emitted by sz . Thé more energetic long-range alpha particles
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were then counted by using a standard ionizatiOn“chamber of known geometry.

A frequency of one long-range .alpha particle (i.e. of energy greater than

10 Mev) per 415.% 10% binary fissions was found. 'This value agrees with that
~found by R. A.‘Nobles—éonevper 450 binaryifissionsgz,and is ‘comparable to the

235 - 2k,25

frequency observed in' the -fission of U -induced by thermal neutrons.

fRESULES.AND DISCUSSION

A. FlSSlon w1th Em1s51on of - Long-Range Alpha Particle

A photomicrograph of a typlcal flSSlon event in whlch a.long- range
alpha’particlevis_emitted is shown‘in Fig 1. ‘An energy spectrum for the long-
range‘alpha particles was’ determined from the analys1s of - 203 events and is
Ashown in Fig 2. For comparison,‘a replot is. shown of the energy. spectrum

of the long -range alpha particles ass001ated w1th the slow neutron induced

235 .25 252

‘ fiss1on of U . For fiss10n of Cf » the most probable energy of the

alpha particle 1s l9 1 Mev, some- 4 Mev greater than that for the long range
236%

alpha'particles from the.fission ofiU 3 the maximum observed energy was

3h Mev as compared with a max1mum of 29 Mev observed by Titterton for the alpha
) 36* .

fiss1on.25 It should be noted that the maximum observed

a5

energy from emulsion work

2k ,26

tion-counter methods. No explanation 1s 1mmed1ately apparent in view.of the

particles from U

is 2 to 3 Mev higher than that observed by ioniza—

fact that the widths at half.max1mum are‘the same -for both‘techniques, thus
eliminating‘as an explanation the possibility of excessive‘rangefstraggling in
emulsion_measurements. | |

| From anhangnlar correlation of.the-long-range alpha particles. with both
the heavy and light fission fragments (Fig 3), it appears that the most probable
cangle of emission is slightly less than 9O deg to the light fragment The

existience of this maximum in Fig. 3.aga1n_supports the view-(originally proposed
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ZN-2560

Fig. 1. Photomicrograph in emulsion of fission of sz52 with emission of
long-range alpha particle.
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.Fig. 2. Energy spectrum of long-range:alpha particles associated with

fission. Cf252, : 3% (Data from Titterton

et al.zn).
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‘ respect to f1s31on fragment for Cf252 - light fragment,

- heavy fragment.:'



.10- - UCRL-90kk

;bydeien)27‘that-alpha,emission,occurs.at,the time of scission of the two

fission fragments -and that the alpha particle is subsequently accelerated by
the electrostaticvfieldsrin a direction_that is most likely to be approximately
'perpendicular to the fission—fragment paths.

Accordlng to-Fig.. 4 the average total length of fission- fragment
tracks from alpha- emlttlng flssion events appears to be 1 micron shorter than -
.the,average.flsslon track length for,binary fission. This isfavdecrease of
4% in total range (corresponding teda &% _decrease in energy). vFor,the slow-
neutron-induced fission of.U235, Mhrshallvhas reported a correspondingbdecrease
of 6% in range,g,Thus, as:previouéiyﬂsuggested, the-long-range~alpha'particle
apparently receives its energy at ‘the expense of decrease in the resulting
Aflss1on fragment .ranges. »

-Previous investlgators have studled the effect of alpha—partlcle
-emission. on the mass d1v1s1on in fission of .U 35 -induced. by thermal neq—-

9 1k, 28 A replot of comblned data by. Marshall,g Tsien et al.,lJ+ gnd

trons
ﬂWollan et a;.28 is glven in Flg. 5, in. whlch the number of events. vs the ratlo

R is shown. Here we define R R /(R + . R ) where R 1s;the.range of .the light

L
fission fragment -and RH isrthe-range of the heavy fission fragment. -These
.workersfheve effectively,compered_the mean”values of-R(marked.by.arrows in
Fig: 5) for fission w1th alpha emission and binary fission and have found only
a . small difference. They have attached no. s1gnificance to the sllght shift
1nd1cet1ng a more nearly symmetrlc mass division when. alpha partlcles are
emitted in the fission process.

However, a simflar'effectiis observed for the spontaneous fission of
szsz_(Fig;,G) in which a direct comparison can be made of.the two types. of

.fission;zg.Again, the difference in the mean values .of R.(as marked by arrows)

,for the two fission modes. is not large. Although a.trend toward a more
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Cf252

—_ ————Binary fission - A
o ——— Fission with -8B
3 +_, 40k _ alpha emission
o

~

T 36

m;

-

o 32F

=

2 28t

o :

L

£

_ 24t

o

a

»w 20}

o

c

>

@ |6 -

[T,
=)

. l12F

o

£

5 8 o . % |

al ,f N | :
(o] M 1 1 1 1 1 1 ! i 1 1

032 034 036 038 040 042 044 046 048 050
Ry/(R*R,)

MU-20519

Fig. 5. Number of events 2§ R for fission-fragments associated with long-range

1235

alpha-pafticle emission in fission .of induéed by thermal neutrons.
(A} Mean value of R for ordinary fission from B¢ggild, Brostrom, and
Lauritsen, Kgl. Danske Videnskeb. Selskab Mat.-Fys. Medd. 18, No. 4,

1 (1940). (B) Mean value of R for ordinary fission from P. Demers,

Phys. Rev. 70, 974 (1946). (€) Mean value of R for fission accompanied

by alpha emission.
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Numbgn of events vs R for fission fragments associated with long-range
alpha-particle emission in szsz. . ‘ binary fission of Cf252;

A denotes mean value of R, fission accompanied by alpha emission;

B denotes mean value of R.
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symmetric mass division is indicated in the case of alpha emission, we do not

feel that the data.are sufficient to support a definite conclusion.

-B. Trlpartltlon w1th Em1ss1on of Short-Range Charged Particles of Small Mass

In the present study, no examples of lithlum—8 boron-8, or beryl-
5

llum—8 emlss1on were observed among the 10 blnary -fission events scanned.

"~ . The special~nature of-the tracks-of,these.events.are such that they would have "

30,31

been easily detected.
Trlpartltlon w1th emission of a. light -charged partlcle -of - short .range

235

-wWas observed (as reported by previous 1nvest1gators in the case of U .fission
.induced by slow neutrons),- =1 ~the frequency of these events was not studled

-Examples .of these events .are shown_ln_Flg. 7.

C. -Ternary Fission .into Comparable Masses.

Of approximately.120,000 binary.fission events scanned, 75 three-
pronged events were’conSidered as possible tfipartitidn.into roughly_equal'
masses. Photomlcrographs of typlcal events ‘are - shown in Flg ‘8. Using an

32

angular analy51s descrlbed elsewhere, four of these .events could not be
attributed to nuclear recoil collisions . of a fission fragment with an emulsion
nucleus. However, the short lengths (of the order of 10 microns),of the fis-
“sion—fragment'paths,vthe~size‘of'the individual grains  (about 0.5 microns .in
dlameter), small—angle scatterlng; and inherent errors in mlcroscope measure-
ments -all contrlbute to an uncertalnty in such an analy51s; :Conflrmatlon of

this type of tripartition is presently being investigated_in_this laboratory

by use .of solid-state detectors . and.triple-coincidence circuitry.
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Example of fission of Cf

of short range.

252

ZN-2561

with emission of light charged particle



Flg. 8.

-16-

Examples of three-pronged events.
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SUMMARY

The main features of alpha-particle:emission-accompanying the spon-
taneous fission of sz52 are similar to thdge of U?35 induced by thermal
' néutrons. ‘Fission with alpha.particle ($ 10 Mev) emissibn occurs at the rate
of szk% relative to binary fission. .The.epergyvspectrUm of the long-range
alpﬁa particle was observed to peak at 19 % l.Mev, with a width af hélf max-
imum of 10 Mev; the.maximum.observed.energy‘was 3& Mev. The most probable
angle of emission is slightly less than 90 deg relative to the lighter fis-
sion}fragment;u,A_trend toward more symmetric mass division in fission associ-
ated witﬁ alpha-particie'emission is indicated.

Fission evehtswereg observed in which a third particle ofwshort‘range

and small mass was emitted; the frequency was not measured. Some evidence

wasAobtainedjfoffthe existence of ternary fiséibn'into roughly equal masses.
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