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ABSTRACT

.The‘long-range alphalpartiéles associated with the spontanecus fission
decay of californium-252 have been_studied.by\means,of nuclear—emulsion_tech-
niques. .The alpha energy spectrum was.found to péak“at‘aboﬁt 19 Mev with.a
half-width of 10.Mev, and the preferential angle of,emissianQas found to be
slightly less than 90 deg. with respect to the light fission fragment. .These
results support the view.that alpha emission occurs at the.time of scission and
that the direction is determined by the extent -of electroétafic repulsion by
the<fragmepté. AAtrend toward a more’nearly symmetric mass.division in fission
-accompanied.by alpha emission is.indicated,.uThe.frequenCylof~occurence of . the
long-range alpha particles was .observed to be 1 in 415 % 10%4binary fissions.

Ternary events,consisting of two -heavy fragments and one -light fragment
of . short range were observed, but.the.frequency,witﬁ“which these events occur
was. not measured. A parallel search.was.made~for.ternary-fission,events in

,which’fragmentation into .comparable masses .occurs.




-3- UCRL-9ouu

*
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- INTRODUCTION

'The‘liéuid-drop médeil wés.used by R. D.'Presentz"3 in. 1941 to p;edict
that fission into three éharged fragments of gomparable mass is dynamically
possible. Subsequeht exﬁerimental observations% have indicated the existence
of multiple:fission modes which may be grouped into four types.as follows:

(a) ternary fission in which the third fragment is a long-range alpha partiéle,
(b) tripartition in which the third fragment is a short-range charged particle
of small mass, (e) fission,info three charged fragments.of.rpughly equal mass,
énd (d) multipie fission in which fragmentation into four (quaternary fission)
or'moré charged particles fakes place. ‘

The existence of. type (a) events, first reported in the literature by

p) 235

Green and -Livesey” and. Tsien et al.6 (who studied fission induced in U
by thermal neutrons). is well estéPlished. :
Type (b) events, tripargition with the fragment of small mass .and short

range, was studied by the same fwo groups and confirmed by the work of Cassels

T

“and by Allen and Dewan.a' However, Marshall takes issue with these

i

et al.
earlier .results.on the basié Of'ﬁossible'errbrs in meésuring these events and
regards the events as arising from recoil interéctibns of binary-fission frag-

9

ments. Laboglaye'et al., using-cioﬁd.chamber tedhniques,'were unable to detect

.such»eventg}l

* C o ‘
This'work was done under the auspices .of the United States Atomic Energy
Commission. Coe L _ ;
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Tsien g&;gi{;havé reported a single case of tripartition into roﬁghly
equal fragments (type (c) events), and no- frequency of occurrence was given.ll
Rosen anduHudson, usiﬁg a triple ioniZation chamber and coincidence circuitry,
observed .a value of 6.7Itérnary,fission§ per-lO6,binary fissions,12 but because
of the low frequency of octumwence, confirmation by other means has not been made.

TSien'gg;gi:'3 have reported céées.of Quadripartition into rdughly equal

- .masses .as .occurring with a frequency of 1 per 3,OOOVbinary,fiSSions;l3’lu

15

how-
'ever, Titterton was unable to confirm thesé results. The.frequenéy (comparable
to ‘that for tfipartition)’réported by. Tsien seems too high,'énd no arguments
“arc given to precludé>the poésibility'of double recoii by. binary-fission lrag-
ments.

Even the more recent invesfigations héve been conéernéd with induced

1235

figsion (mainly in with thermal néutrons) and, hence, with excited compound

'nuclei;l6§?OlThérefOré, it seemed worthiwhile to study ﬁultiple-fissioﬁ modes
of’Spontaneous'fission. The most convenient isotope available -for this purpose
iS»szsz, which has an alpha-half life of ‘2.2 yr'and'a.spontahéous—fission

half life of 70 yr.Zl A study has been made, therefdre, of the\long—range alpha
252

particles associated with spontaneous . fission in Cf using nuclear-emulsion

L . ’ aro
techniques. A parallel search was made for other types of tripartitien in cre’®

EXPERIMENTAL

The.fqilqying.experimental procedure was used. A volume of 0.0l cc of
a solution containing a small.amount (lOu fissions/min) of Cf252 was diluted to
5 cc 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 ppntain fhe liquid.

After 1 hr of contart, the excess solution was reémoved and the emulsion
surfdce Vashed. - The émulsion was dried 1 hr in a desiccator containing concen-

trated HZSOM and equipped with a fan to provide adequate air circulation. After

P A PR . .. JUR P B PN



‘mined as follows: ‘A vapofized source of Cf
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a 48-hr exposure, thé emulsion was.developed with a modified Brussels-type
develbper;‘22

Upon fixing and final'gashing and drying, the shrinkage factor was

obtained for each plate by measuring the traéks produced by the 6.ll-Mevvalpha

The plates .were then scanned

particles from the branching decay of szsz.

systematically for unusual events by viewing the emulsions through a 10X eye-
piece and either a 98X or 45X objective. The nature of the tracks of fission
events accompanied by long-range alpha emission was such that.detection and
identification was ¢agily<made with a 45X objective. In the caée of other
three-pronged events), scanning was done with a total magnification of 980X.
Since thrée-pronged'events.may-result ffom scéttering by binary-fission frag-
ments, ‘an initial selection was madé'oﬁ‘the basis of the . location of the least
dense'track with respect to:the-baselfofmed by the othervtwo tracks. If tri-.
partition.into rbughly équal masses occurs, the third track would be expected

to originate near the middle of the track. Hence, only those events were

-
-~ P

analyzed- in which the least dense t?ack abpéared to originate from the center
5 microns of.the fission traék; (Thus, a largé'number‘of events arising from
scattering by binary fiésion'frégmehts héar the gnd,of‘their_pathsfﬁefé eli-
minated.)’ |
In general, thése eventsgéo not lie ehtirely within the focal plane
‘ T,

of the microscope, and hehce fof{analyéié}'thé ﬁrdjectedvlengths, projected
angles,.andthefdépihsof the arigin éhdﬁendéiof the -tracks were meésured. -From
theée prbjected_méasurements and the shrinkage factor,'fhe-%rﬁé énglésAand
ranges were computed.

The frequgndy'df occurfenceiﬁor %Hé'IOng-range alpha events was deter-
252 ( 5

10” fissions/min) was covered

“tightly with aluminum foil (9.6'mg/cm2) just‘sufficient to stop the 6.11-Mev

alpha particles emitted by Cf252. The more energetic long-range alpha particles
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were then cduﬁted by using a 'standard idﬁizationAchambef of khown_geoﬁetry.

A frequency of one long-range .alpha particle (i.e. of enérgy greater thanA

10 Mev) per 415.% 10% binary fissions was found. ‘This value égrees.with that
found by R. A. Nobles--one per 450 binary fissionsgz,and is comparable to the
¢ 11235 2k, 25

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

'RESULTS . AND DISCUSSION

'A,L Fission with Imission of - Long-Range Alpha Part%qle'.

A photomiprograph of a typical fission event,in'whiph_a long-range
é%ﬁha particle'is emitted is shoyn iqmFigf 1. .An_eﬁergy §p§c§rum for the.long-
~ range alpha particles wasldetermiqed_ffom the analysis of 203 events and is
sﬁ?%é;iniFig,-z. -For éomparisoq,.a replot is;shown of the energy,épectrum

of the long-range alpha particles.asspdiatgd“with the slow-neutron-induced

35 25 252

fission ofﬁUz For fission of Cf °", the most probable energy of the

alpha particleAis-l9 1 Mevz»some,h.Mev;gregter-than that for the long-range

236

: *
alpha particles from the fission of U ~7:;the maximum observed energy was

34 Mev as compared with a maximum of 29 Mev observed bynTitterton for the alpha

236* 25

‘ fission.

25 is 2 to 3 .Mev higher than that observed by ioniza-
2k, 26. ‘

No explanation .is immediately apparent in view of the

particles from U It should be noted that the maximum observed
energy from emulsion work

‘tion-counter methods.

fapt.that the widths at'half.magimum are the same for both techniqﬁeé? thus
Helimiﬁating as an explanatioq the_possibility of'exqesgive range straggling in
emulsipn measurements.

From an angular correlation of .the long-range alpha particles with both
the heavy and light fission fragments (Fig..3), it appears. that the most probable
angle qf emis;ion is glightlyjleSsvthan 90 deg to.the light fragment. The

existence of this maximum in. Fig. 3.again'suppqrts the view;(originally proposed
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ZN-2560

Fig. 1. Photomicrograph in emulsion of fission of szl52 with emission of
long-range alpha particle.
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by"Tsien)27_thatfalpha emission occurs.at the time of scission of the two
fission fragments.and that the alpha particle is subsequently accelerated by
the electrostatic fields in a direction that is most likely to be approximately
perpendicular to the fission-fragment paths.

According to.Fig. 4, the average-total‘length'of fiSSion:fragment
tracksAfrom alpha-emitting fission eyehts appears to be 1 micron shorter than
the:average.fission,tfack length fo% binary fission. .This is .a deerease of
.h%.in_total‘range-(correspondigg fe«a ﬁ%adecrease in cnergy). - Fur.the glow-

235

neution-induced.fission of .U

9

, Marshall has reported a corresponding decrease

of 6% in range.” Thus, as pfeviously suggeeted, the long-range alpha particle

'apparently‘receives.its energy‘at.tﬁe‘expense of decrease in the resulting

fission-fragment ranges.
Previous . 1nvest1gators have studled the effect of alpha-particle

emission on the mass d1v151on in fission of U 35 1nduced by. thermal neq—'

trons .9‘14 28 A replot of combined data by Marshall 2 Tsien et al.,lu ahd 3

Wollan et a;. is given in’ Flg 5, in whlch the number of events . ve fhe ratio

R is shown. Here e define R.- R /(R +. R ) where is .the range of the llght

R
fission fragment and BH is the range of the heavy fission fragment. .These
Aworkers_have effectively compared the mean values of R(marked by arrows.in
“F%g.'ﬁ),for fission with alpha emission and binary fission and have found only
a.emall difference. They have attached no s1gn1f1cance to the -slight shlft
1nd1cat1ng.a mere nearly symmetrlc mass d1v1s1on when alpha partlcles are
emitted in the fission process.

However, a similar effect is observed for the spontaneous fission of
cro? (Fig..6) in which a direct comparison can be made of the two types of

fission;z9 Agaih, 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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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. Tripartition with Emission;of Short-Range Charged Particles of Small Mass

In the present study, no examples of lithium-8 boron-8, . or beryl-
5

lium- 8 emlsSion were observed among the 10 binary flSSlon events scanned.

-The spe01al nature of the tracks of .these .events are such that they would have .

30 31

been easily detected

.Tripartition with emission of a.light charged particle of short.range

235

was observed (as reported by previous.investigators in the case of U°>’. fission

Anduced by slow neutrons); '7 the frequency of these events was not .studied.

‘Examples.of these.events.are shown_in,Fig. T.

C. Ternary. Fissiocn .into Comparable~Massesf

Of approximately.120,000 binary fission events scanned, 75 three-
pronged events, were consideredias ﬁbséible“tripartition.into roughly equal
masses. Photomicrographs of typical events are- shown in Fig. 8. Using an

32

angular analy31s described 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, the -size of the individual. grains. (about .0.5 microns.in
diameter), snall—angle scattering;uand inherent errors:invnieroscope measure-
ments.all contrihute to.aniuncertainty in such anlanai&sis;“ Confirmation 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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10 microns

ZN-2561

a5

Fig. 7. Example of figsion of Cf 5 with emission of light charged particle

of short range.
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Fig. 8. Examples of three-pronged events.
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SUMMARY

The main features of alpha-particle emission accompanying the spon-

52 235

taneous fission of sz are similar to.those of U induéed by thermal
neutrons. Fission with alpha particle (> 10 Mev) emission occurs at the rate
of 0.24% relafiVe to binary fissién. _TheAegérgy_spectrum of the long-range
alphé<particle was observed to peak at 19 + 1 Mev, with a-width at half max-.
imum of 10 Mev; the maximum observed energy was 34 Mev. The most'prbbable
angle of emission is slightly less:. than 90 deg relative to the lighter tis-
sion'fragment. A trend toward more symmetrié mass division in fission associ-
ated with alpha particle emission is indicated.

Fission eventswere: observed in which a third particle of.short range

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

was ‘obtained for the existence of ternafy'fission into roughly eqﬁai masses.
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