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Abstract
The ionization produced by single fission fragments was observed in éﬁ#lonlzatlon
chamber using electron collection; Employing 90 Mev neutrons one energyvgroﬁp only is
observed with the most proﬂably fraéﬁént energj centrally located in contrast to the double-~
peeaked curve obtained with thermalfgéﬁfron fission. The most probeble single fragment .
energy is for U238, 78 Mev; U235, 8l Mevs Thzsz, 81 Mev; Bizogp 74 Mev. The mean snergy of

the fregments is for U2SS, 75 Mev; U2, 82 Mev; Th252, 80 Mev; end Bi?0%, 71 Mev. It should

be emphasized that this report is preliminary end that the experiment is still in progress.
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The kinetic energy release occuring in low energy neutron fission has been studied

by Jentschkely Flammerfsld et a129 Brolley39 Deutsch and Ramsey4, end Fowler snd Rosenb. The

results of these experiments show the kinetic energy of single fregments to he divided into

two distinct groups.

The energy distribution was consistent with the mass distribution of

the fregments known from chemical evidence end the essumption that the kinetic energy observed

was derived only from the coulomb repulsion of two charged fragments4. The object of the

experiment reported here was to investigate the distribution of kinetic energy of single

fragments produced by 90 Mev neutron fission and the influence of the increased excitation

on the meean freagment energy. To this aim the kinetic energy of single fragments wes measured

by the use of a grid ionizetion chamber, e linear emplifier, end a cemera for photogrephically

recording pulse heights on en oscilloscope.

Experimentals

Figo 1 shows a diegrem of the ionizetion chember employed. Each target plate had

e foil spot welded to its surface covered with the element under investigation. The foils

in the case of uranium or thorium were prepared by painting a solution of the nitrate on 1

mil aluminum end beking at 500 C. until the oxide was formedS. The smount of materiel never

exceeded 3 x 1072 gmo/bmzo Foils surfaced with 5 x 1079 gms/emznef bismuth were prepared by

reporation of the metal on 1 mil aluminum.

The grids consisted of 3 mil nichrome wire 50 mils epart. T

he electrodes wers so

arranged that the distance between the tafget plate and grid was greater than the range of
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! fragmentse. The voltages nrov1d

‘ N
insure saturation of the fission pu;::§4 The chamber was filled with pure argon &t a
pressure of 160 cm of Hg.
: The chember walls and electrodes were made as thin as practicable in order to reduce
.the-baokground ionization due to charged perticles produced by the neutron bsem. The neubtron
~ beem entered through a .002 stalnless steel window, traversed a o001 aluminum foil with the
semple on it, the grid, and finally a .0005 aluminum foil collection plate. It then passed
on through a similar unit of two plates and & grid. There were 4 such units in all. The
last usuelly conteined a sample of U235 for calibretion PUrposes.

The electronic circuit is shown schematicelly in Fig. 2. This arrangement was
employed in order to discriminate‘against pulses caused by high energy neutron reections in
the argon and chamber plates along the path of the neutron beeme By the use of a delay line
and e five microseconds sweep it was possible to see the start of the trace, the pulse rise,
and the first part of the decay. Fig. 3 shows the form of a typical pulse. The distence x
in the figure was taken to be the pulse height. Any pulse whose form differed from that
of figure 3 was rejected. Figure 4 is an exaggerated example of such a rejected pulse., These
unsatisfactory pulses were assumed %o bé due to & combination of ionization produced by neutron
reections in the electrodes and gas and fission fragmentAionizationo A discriminator on the
intensifier input was used to prevent & prohibitive number of low energy pulses from being
, recorded. Fast rise time stebilized amplifiers were used. The fission pulses had a rise
time of 1.5 microseconds’and decayed to 1/e in 10 microseconds. A fast rise time pulse
‘>generator connected when required to the grid of the chamber checked the linearity and empli=-
fication of the equipment on the different bombardments. Calibration pulses from the pulse
generator were used vefor® and efter each run.

The pulses on the Dumont 248 oscilloscope were photographed with a camera using

_atinuously moving 35 mm. Super XX film. All pulse heights were measured on the seme micro=
film viewer,

The usual experimental errangement in the ionization chamber was to have a sample
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0® 1235 on plate A r invedtigation on plates B. (See Figeo 1).

Immediately before or after a cyclotron run & fission fragment energy distribution was made
w%th slow neut;ons on U255 using the same chamber gas and the seme setting of the amplifier
end oéegiloscopeo The only chenge made was in the position of the‘appargtuso This procedure
‘permitted a comperison of the fast neutron experimental results with the U235 (slow neutron
fission) fragment energy distribution, and therefbre provided a check on thé resolution of
the cheamber and the absolute ensrgy scale. Since the cyclotron megnetic field was different
at the bémbardment and calibration positions & check of the effect of the effect of position
on the amplification of the epparatus was made by meking slow neutron runs at both locations.
The pulse height average weas found to be 3 percent higher at the bombardment position. This
factor has been included in the energy_scalé calculation. ‘
The high energy neutrons used iﬁ these‘experiments were formed by bombardment of a

3/8" Be target with 190 Mev deuterons. Re-Be enclosed in paraffin provided a thermel neutron

Sourceo.

Resultsy

Figures 5, 6, 7, and 8 show the actual histograms of the fragment energies of U2§89

U2359 Th232 209

, and Bi®*YY, Figure 9 shows & typical slow neutron calibration histogream. Figure
10 shows the probable distribution corresponding to these histograms. Cyclotron runs made
with en aluminum blenk of tﬁe same thickness, .001", as that supporting the sample showed

- "that the number of pulses cérrespbnding to fission>fragments of 40 Mev., and ebove were negli-
$gible° It is found that the meean fregment energy is 75 Mevofbr_U238, 82 Mev for U235s 80 Mev
for Th2329 71 Mev for Bi209, ‘The energy spreed at one helf meximum is 44 Mev for U2389 33 Mev
for U235, 41 Mev for Th232, 25 Mev for Bi209, The energy scale for the figures was obteined
by comparison éf the slow neutron.calibration curve for each run with the curve of Deutsch
g»4 Ramsey. This was chsokea withiﬁ the experimental error by measuring the pulses produced

in our apparatus by the alpha particles of U234, Tentative results have been obtained for

the distributions using 45[Mev neutrons and they will be reported in a leter peapers.
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The foregoing essumes that the number of ion peairs is proportional to the energy

of the fission fragments broducing them.
: If the fission is assumed to be binary, the mode of fission induced by 90 Mev neutrons
" that gives equal kinetic energies to the fregments is the most probasble one in contrast to the
results of thermsl neutron fission. The mean kinetic energy of the fragments is, in the case

of U2559 only 2 Mev higher than that from fission induced by slow neutrons. The kinetic ensrgy
of the incident neutron must therefore be aCGOQnted for by some other mechanism than appearence

in the kinetic energy of the fission fragments. '

Goekermann end Perlman’ have investigated fission products forms from bismuth by

200 Mev deuterons. They find that the maés number distribution has a meximum at ebout 100

mess units. This indicates a loss of approximately 10 neutrons from the compound nucleus

before fission tekes plece.

The following meuhénism is tentatively suggested for the fission process caused by

high energy neutrons. See Figo 1ll. The compound nucleus zh * l* formed from the nucleus z2

by cepture of & high energy neutron eveporates J neutrons until its energy A above the ground
level is less then the binding energy C of a neutron to the nuclseus A+ 1 - J*o Fission may
be expected to have & threshhold at some energy B sbove the ground level., If the level A is
'gbove B, fiséion mey occur; if it is below B only gemma emission is possible. Thus in general
_» when the level A is reached, two processes, gamma rediation end fission are importent for the
removal of the remaining excitation. Their mean lives are long compared with that for neutron
emission where the latter is energetically possible and they will be unimportant during the
initial evaporation process. The relative probabilities of A being above or below the fission
threshhold B should be proportional to the number of levels available in the two regions.
According to the above picture fission should occur in a relativély unexcited compound nucleus

. competition with gamme eomission and therefore exhibit & cross section for fission less then

the geometrical with fluctuations from element to element. This is in agreement with the

following. Recent measuremsuts by Jungérman, Kelly, Wiegend, end Wiright give the absolute
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fiesion cross section for 90 Mev nsubtrons on uranium end thorium to be 1.4 barns and .97 barns
respeétively. In each case the cross section is less than one helf the geometric cross section
éhd elso the two velues differ considerably.

. - In the high energy neutron fission of U235 the meean kinetic energy of the fragments
‘is only slightly higher than that of the thermal neutron fission fragments. For Bi209 the mean
fragment energy is .87 times the lattér. It wes pointed out in the introduction that the
energy distriﬁution of the fragments in thermal neutron fission is consistent with their known
mass distribution unde; the assumption that the kinetic energy observed is derived from the .
coulomb repulsion of two charged fragments. Since it has been suggested above that in high
energy neutfon fission the actual division of the nucleus only occurs in a relatively unexcited
state, in fact of the same order of excitation as in the thermal neutron case, the high energy
case should agree withla similar treetment. This cen be eesily checked for symmetricel fission
with the crude model of Fig. 12. At the moment of separation the two fragments are assumed
sphericel in shapg with a uniform distribution of charge and radii R = r  x A1/3 where A is
the mass number of the fragment and r  is a constent. Also the charge of the fragments is
essumed proportional to their mess. Under these counditions the coulomb potential energy E,
at the moment of separation will be (Zl 2 11) 02

E =
c r (al 1/3 , 411 1/3)

1 )2 | 2
end for symmetrical fissions E = @ °) (2/2 o)
’ | Cy8 1.1/3 A-J+ 1Y\ 1/3
: 2r, (A7) 2 r, 2
Comperison of E, . for 90 Mev neutrons on Bizo9 and placing'J equal to 10 with Ec < for thermal
E o S

neutrons on. U230 gives the ratio .86 which agrees well with the experimental value cquoted above.
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Ionizaetion chamber. Electrode supports eare not shown.
Electronic circuit, Py
Typicel Pulse Form. |
Unsatigfactory pulse.

Single fragment energy distribution. 90 Mev "n" on 238,

Single fregment energy distribution. 90 Mev "n" on 235,
Single Fragment energy distribution. 90 Mev "n" on Th.
Single fragment energy distribution. 90 Mev "n; on Bi.

Typical slow neutron calibration histogrem.

Most probable single fragment energy distribution. 90 Mev "n® o
209 e 32
Bi209, ang Th232,

Proposed energy level diagram_for high energy neutron fissione.
Model for fission fregments at the moment of separation.
Assumed process: A e ZlAl . leAll . 3
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