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Kinetic Energy Release in Fission of U2S8, 285, 7,232

by Hiéh Energy Neutrons

/ Je Jungermen and S. C. Wright

Radiation-Laboratory, Department of Physics,
University of California, Berkeley, Cealifornia

Abstract

The ionization produced by single fission fregments was observed in anrioniiation‘
chamber using electron collection. If fission is induced by 90 Miev neutrons, the distri-
bution of kinetic energy of fhe fission fragment versus the number of fragments is found
to hﬁ#e & single peeak in contrast to the double-peaked curve corresponding to the fission
‘mede by thermal neutrons. Fission induced by 45 Mev neutrons gives a distribution in which
two peeaks appear.° The dip between the two peaks is about twenty percent of the height of

the peasks. The mean kinetic ehegg{kis found to be 80 ¥ 2 Mev for U238, 83 t 1.5 Mev for,
1

2.2 Mev for Bi?09 in the case of fissign.produced by

232

U235, 82 * 2 Mev for Th232, and 7

90 Mev neutrons. The.mean kinetic éhergy is 79 * 3 Mev for U238 and 84 ¥ 3 Mev for Th

if 45 Mev neutrons ere used. The most probeble kinetic energy of the fragment is 83 Mev
for U238, 80 Mev for U235, 83 Mev for The32, and 75 Mev for Bi209 in the case of fissien

— N -

produced by 90 Mev neutrons. The bearing of these observetions on the mechenism of fission

is discusseds
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Introduction

the kinctlc energy rolemse cccurring in fission induced by low enérgy neubrons
has been studied by Jentschkel, Flammerfeld_et alz,vBrolleys, Deutsch end Ramsey45 end
Fowler and Rosen®. The resuits of these experiments show that the distribution of the
kinetic energy of single fr&gments versus the number of fregments consists of two pesakso
The energy distrihutianAis consistent with the mess distribution of the fragments knovm
from chemical evidence and the assumpbtion theat the kinetic energy observed is derived only

rom the covlomb repulsion of two charged fragments4. The ohject of the experiment reported

]

here was tc investige ste the kinetic energy distribution of single fragments produced in

and 45 Mev neutrons and the influence of the increased excitstion
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fis
on the msen fragment energy. To this aim the kinetic energy of single fragments wes measured
by the use of sn ionizetion chember, & linesr amplifier, and 2 camera for photographically

recording nulse hsights on an oscilloscope.

oy

Experimental
Pigure 1 shows a diegram of the ionization chamber erployed. Each target piate

had a foil spot welded to its surface. This foil was covered with the slement under in-
vestigation. Thé foils in the casss of ursnium and thoriun were prepared by painting'

\
solutions of the ritretes on 1 mil aluminum and beking =t 500° C mntil the oxides were
formed®. The smount of msterial never exceeded 3 x 1073 emas/cm?,  Foils surfaced with
5 x 1079 gms/@mz of bismuth were prepared by evaporation of the metal on 1 mil aluninums

The grids & consisted of 3 mil nichrome wire 50 mils spart. The chember was

pure argon abt & pressure of 160 cm of Hge The electrodes were so arranged
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'~ see the start of the trace, the pulse rise, end the first
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that at this gas pressure the distance between the target plate T and the grid ¢ wos

-

greater then the range of the fragments. The wolteges were such that & stronesr slechric

§

fisld éxisted hatween the grid and collecting plate than between the zrid znd ths tarpet
plate. This tended to funnel the lines of foree through uhe‘spaces in the grid and %o
prevent electrons from being collected at the grid.

Charged perticles produced by the neutron beem in the chamber electrodes and gas
caused spurious ionization éulses to be superimposed on the pulses from the fission fragments.
In order %o reduce this baokground icnization as much &s possible, the chamber wells end

&

electrodes were made as %hin aes practicable. The neubron heam entered through a 2 mil
steinless steel window, traversed a 1 mil aluminum foil with the sample on it, the grid, -
end finally a 0.5 mil'aluminum foil collecting plete. It then passed on throﬁgh e similer
unit of two plates end a grid. There were four such units in all. The lest usually cohtainm
ed & semple of U235 for calibration purposese.

The electronic ¢ircuit is shown schematicglly in Pig. 2. -This arrangement was
employed in order to discriminate both electronically during the experiment eand visually
during the film analysis,‘against pulses caused by high energy neutron reactions in the
argon énd chamber plates along the path of the beam. A pulse from the ionization chember
was eamplified and then fed directly onto the oscilloscope deflestion plates vis & 2 U sec
delay line., Another amplifier out-put fed the pulse to %the discriminator housed in the
intensifier gnd sync-generator chassis. If the pulse was high enough to be accepted by the
discriminator en intensif§ing pulse travelled to the oseilloscope grid. At the same time
the pulse initiated a 5 {4 sec swoep on the oscillosdope. .In this way it was possible ﬁo-

Z

nart of the mmgo Figure a

e

shows the form of a typical pulse. The dlstance %z in the figure was taken to be the pulse

heighte. Any pulse in which the initial base line end the pulse rise form differed from

e

thet in Fig. 3 was rejected. Figure 4 is an exaggerated example of such a rejected pulse
These unsatisfactory pulses were assumed to be due to & combination of fission fragment

ionization and ionizetion produced by neutron reactions in the electrodes and ges. Their
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number never amqpnted to mors than 5 percent of the total. The discriminator on the
intensifier‘circuit prevented a large number of low ensrgy pulses froﬁ being recorded.
This donsiderably simplified the photographic analysis and made the readings more accurats.
The emplifier was of the fast rise time variety stabilized by inverse feed back. The fission
pulses had a rise time of 1.5 sec and decayed to 1/6 in 10 @ secs A fast rise time pulse
genereator cennectdd’ when required to the grid of the chember checked the linesrity and
amplificati;n éf the equipment on the different bombardments. Calibration pulses from
the pulse generator were used before and after each run.

The pulses on the Dumont 248 oscilloseoPe were photographed with a camera using
continuously moving 35 mm Super XX film. All pulse heights were measured on the same
microfilm viewer,

"In order to check the resolution of the apparatus and to calibrate the energy
scéle, the usualrexperimental arrangement in the ionization chamber was to have a sample
of U235 on plate A and semples of the element under investigation on plate B (see Fige 1).
Immediately before or aftef a cyclotron run a fission fragment energy disfribution wes made
with slow neutrons on U235 using the seme chamber gas and the same setting of the amplifier
end oscilloscope. The resolution of the chamber was considered satisfactory if the U235
(élow n, fission) fragﬁent energy distfibutién agreed with the curves of Deutsch and Ramse&4
within statistics. The absolute energy scale was determined by comparison of the Deutsch |
and Remsey U35 distribution (assumed correct) to the U235 (slow n, fission) oﬁrves obtained
in this experiment. The lattér were in turn ﬁsed to obtainhthe energy scalé for the high
energy neutron fission fragment distributions. Since the cyclotron magnetic field wes |
different at the bombardment and‘calibration pcsitions a check of the effect of position
on the emplification of the apparatus was made by msking slow neutron runs at both locations.
The pulse height average wes found to be 3 percent higher at the bombardment position.
This factor has been included in the energy scale calculation. |

The high energy neutrons used in these experiments were formed by bombardment

of a 3/8 in. Be target with 190 Mev or 95 Mev dsuterons. Ses Serber’ for the distribution’
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in energy of neutrons so produced. The most probable noutreon enercies in the two cases
Carg 90 Mgv and 45 HMev respecltively. 'This ig the meaning of the terms 20 iev end 45 Hev
neutrons as used in this peper. Ra - Be enclosed in paraffin provided & thermal neutron
."éoﬁrceo
' “Results

Figures 5, 6, 7, 8, 9, end 10 show the actual histograms of the fragment energy

'“Vdiéﬁributions of U238, UZSS, ThZBZ’ and Bizog, obtained in the experiment. Figure 1l shows

a typical slow neutron celibration histogram. Figures 12 and 13 show the p;ébable distri-
butions corresponding to these histegrems. Each curve is normalized %o 1000 pulses. In

order %o check that sll pulses corresponding to 40 Mev or more were due %o fhe active material,
éyélotron runs were made with an aluminum blank of the same thickness, 1 mil, as that support~
%ng the semple. These runs showed that the number of pulses corresponding to fission fragments
i ofvéo'Mev or higher were negligible. For fission induced by 90 Mev neutrons it is found
. that the mean fragment energy is 80 I 2 Mev for U258, 83 ¥ 1.5 Mev for U255,'82 ¥ 2 Mev for
{ijh?32, end 71 * 2 Wev for Bi%09, The‘energy spread at one half meximum is 40 Mev for U238,
’ $8‘Mev for U2559 44 Yev for Th252,'and 24 Mev for Bi?09, The energy scale for the figures
~wa§Hobtained by comparison of the slow neutron calibration curve for each run with the curve
“of Deutsch end Ramsey4o This checked within the experimental error by measuring the pﬁlses

~ v perucéd in our epparetus by the alpha particles of U334. For fission induced by 45 Nev

:u'ngutrons two peaks appeared in the energy distributions. For Th232 the mexima ere at 73

'}‘fMev and 104 Mov, for U258 at 68 Mev and 89 lev. The meen fragment energy is 84 * 3 Mev for
 ;$h252 and 79 ¥ 3 Mev for U8, The form of the distributions should be accurate within
- statistics.
Discussion
The foregoing aessumes that the number of ion pairs is proportional to the energy

~of" the fission fragments producing them.

If the fission is assumed to be binary, as is most probable, this experiment shows
v) ks £ Ed Py
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that the mode of fission induced by 950 liev neutrons that gives equal kinetic energies %o

*

the fragments is the most probable one in contrast to the results of thermsl neutron fission.

The mean kinetic energy of the fragments is, in the case of U235, only 5 Mev higher then

N
that from fission induced by slow neutrons. The kinetic energy of the incident neutron ~
must therefore be accounted for by some other mechenism than appearence in the kinestic snergy

of the fission fragments&.

Goeckermenn and Perlmen® heve investigated fission products formed from bismuth
hy 200 Mev deutefons. They find that the mass—numberbdistribution‘has e meximum at ebout
100 mass units. This indicates a loss of approximately 10 neutrons from the compound nucleus
before fission takes place. | /
The following mechanism is tentatively suggested for the fission process caused
by high energy neutrons. It is not unique but may represent e limiting case to which the
actuel process approximatess. See.Fig. 14. The compound nucleus ZA/l* formed from the nucleﬁs
zA by capture of & high energy neutron eveporates J neutrons until its energy A above the
ground leve;ais léss then the binding energy C of & neutron to the nucleus ZA%l'J*. The meen
lives of fiésion end gemme emission are long compared with that for neutron emission where
the latter is enefgetically possible and they will be unimportant during the initiel-evapo-
retion processe. [ission may be expected to have a threshold =&t some energy B above the
ground level, If the level A is above B, fission may occur end compete with gemme emission,
if it is below B only gemme emission is possible. Thus in general when the level A is
reeched, two processes, gamma radiation and fission are important for the rémovel of the
remeining excitation. The,?elative probabilities of A being above or below the fission
., threskold B should be proportional to the number of levsls available‘in the two regions.
Accordiﬁg to ﬂﬁsr&cture fission should occur in e relatively unexcited compound nuclsus
in competition with gemma emission end therefore exhibit é cross section for fission less
than the gecmetricel with fluctuations from element to element. This is in agreement with

the following. Recent measurements by Jungerman, Kelly, Wiégand, and Wright give the sbsolute

fission cross section for 90 Mev neutrons on urenium and thorium to be 1.4 barns and 1.0
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barns respectively. In each case the cross section is less than one half the geometric
cross section and also the two values differ considerably.
In the high ensrgy neutron fission of U23% the meen kinetic energy of the fragments
is only slightly higher than that of Ehe thermsal neutron fission fragméntso For Bi?09 the
-meen fragment energy is 0.91 times. the latter. It was pointed out in the inbtroductior that
tge energy distribution of the fragments in-thermal neutron fission is consistent wi;h their
gnown nass Aistribution under the assumption that the kinetic energy observed is derived
from the coulomb repulsion of two charged fragments. Since it has bheen suggestad above that
in high energy neutron fission the actual division of the nucleus only occurs in a relatively
unexcited state, in fact. of tﬁe'same order of excitetion as in the thermal neutron casse,
‘the high enorgy case should agree with a similar treatment. This can be easily cﬁecked
for symmetrical fission with the crude mbdel of Fige 15. AL the moment of separation the
two fragments are assumsd Spherical in shaée with a uniform distribution of charge eand
radii R = r  x Al/3 where A is the mass number of the f?agment.and r, is & constant. Also
the charge of the fragments is assumed prop?rtional fo their mass. Under these conditions

the coulomb potential energy Ec et the moment of separation will be

: 2

s, -{EZe
c i 1/3. "
ro(Al 7LA2_ )

emd for symmetrical fission

', 2'
(Zy 0 = _(Zf2e) .
cys 2 ::'o(.b;:’t)l/;5 f 2r, (A~ J-!ll)l/5

B
-

209

) Compariseon of Eo s for 90 Mev neutrons on Bi end on U235 end placing J equal to 10 gives

)

the ratio 0.88 which sgrees moderately well with the experimental value 0e944 0404 considering
the model used.
The freagment energy'dfstributions obteined by the use of 45 Mev neubrons sxe interest-

ing in that they exhibit the transition region hetween single and double peesked distributions
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=1

chearachteristio

o

£ fisgien with 90 Mev and slow neubtrons respectively. However the schbusl
guergy distribubtion of ths neubrens incident upon the fissionseble material in this cese
hag & width at half meximum of spproximetely 40 Mev sc that it is impossible at pressnt

tc say in what energy region the transition ocourse.
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