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ABSTRACT

Two experiments on fission fragments have been performed with neutrons

from the LI (p n) rcmction on the electrostatic generator inl’i.

A. No etrong cwrelation wks found between i=ciden%-neutron direotj,oa

B. No strong dependerioeof fission Sragment.energy

found on bombardment of 37 by neutronB of ~riou$ eaergies in

fission threshold.
,

and fission-fragment direoticm.

distribution %=8

the region of

-’l=’
-.
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DIRECTION AiNDENERGY DIS!t’RIBUTION NiF”&THRESHOLD OF’FISSION FRAGMENTS.. -

of the

A. The correlation of fis~ion fragment direotion with the direction

incident neutron.

The experimental setup is shown in Fig~ 10 f% 25 f’eil wasirmdia~ed

with n’eutronsof b~o.=to500Kev energy from the M (p n] reaction. The foil lay
9

in a double ionization chamber originally built by 3. M. Blair for bac!c-to-bwk

comparison of foils of fissionable materials placed on the high-voltaS@ electrode

common to both chambers. For this experiment holes wero drilled in the high-

voltage eleotrode and the foil B%D plaoed on one collector slectrode. FiSSi 011

frqgmenta from the foil trawersed one chamber. AO and those with diremtious near-

ly enough normal to tho plane of the high-voltage electrode passed through tho

cd,limating hole~ and were counted in the

biase~ wore set bw so as to count almost

5mm deep and were operated at Los Ahtmos

farther chambers Be aleo. The detector

all fragments. The ohambers were eaoh

atmospheric pressure of air. The foil

was 15 mm in diameter, and the collimating hol~s wore 1/16rI diameter in a I\161f
.

thick dural plate. Thus fragments at UP to 45° to the no~al were co@ed~ al-

though those at smaller angles hadsamh snoreprobability of passing through the

collimator. When the foil was removed no counts were observed in either chamber.

The ratio of coqnts B/A was observed as a Sunotion of the angle O

between the direotion of the incident neutrons and the normal to the planQ of the”

high-vcltage eleotrode. No significant dependence cd’this ratio on waa found

for the three angles observed within the statistical error (Table 1). Hmoe

there is no strong correlation of 2’jfission fragment direction with direction

of incident neutrons for neutrons of these energies, a% least with this poor

\\\f P
angular resolution
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TABLEI

e B/A

(IQ 0058 + 0003

goo .qjo~ .Ooh

1800 0055+ eod.1.

B. The energy of fission fragments on bombardment of

of energies around the fission threehold.

It was thought of interest to investigate whether *he

j’j’with neutrons

energy dis%ributiaa

of fi.s~ionfragments changes with changing inoident neutron energy in the region

around the threshold of a fast “fisher”. If the energy required fors say. the

splitting ints two particles of nearly equal energies is greater than for more

A

*

asymmetric fi8sion, then one might observe only the

energies very near the fission threshold.

An electron-oolleotionionization dumber
. ●

Fri6ch grid.

of the single

per crn2)foil

The ionization pulse heights

fiaaion fragnmts coming off

at all anglea~ The foil was

latter for neutron bombarding

was constructed with an O. R.

are proportional to the total energy

the thin (approximately 10 tnicragrama ‘

prepared by Mr. D. Hufford. The

siA:le pulse height distribution is the familiar double peak of anergies$ which

is very ulosely the inverse of the ohemical mass distribution The puls~s weiw

recorded with s Sand8 Model ~OC)Amplitude Analyzera giving direo%ly the differential

curve of number per unit energy intervaX vs. energy in Figs, 3 and & The

ebservat$ons are of a part of the more energefic group of -fragmentsonly. Although

there my be ohanging total energies of’fission in suoh a way that a changing

ratio of’ fragment energies would not show up in the high energy peak distribution....—.—
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alone, this was considered quite unlikely.

was not

between

ohamber

without

minimum

The linearity of response of the detector to the primary

investigated throughly because of lack of timeO The depth

ionization

of the minimum

the two peaks was taken as a rough criterion “ofresolution. With the

operated at very high collecting voltages (approximately6 Kv) with or

the grid and at variou~ pressure~o aridusing unpurified tank argonO the

waa about 2~ of the @$.ghenergy peak maximum for both 25 and 370 This

1, with electroncompares with 1% for 25 and 22% for Lg measured by Detztsch

collection u8ing a F’rischgrid and oallimating the fragmeuts normal to the foil.

2, observed the minimum to be zero for ion.collection but riotfor OlctctronSnyder

collection with uncollimated fragments as in the present orniiieoand from a

considerably thioker foil. It seems likely th~t the minimum does. in fact, go

to zeros but {hat it is blurred over in thi8 experiment. For this reason. and

booause of the poor statistics and finite channel with the present experiment caa-

not give any fine details on the fragment distribution but it should show clearly

any major

energy is

ahange in the distribution.

The data are plotted in Fig. 2 and the 37cross-sechion

shown in Fig. 3, showing the bombarding energies used.

as a funotion

The absolute

~ncrgy scale in Run #2 is from Deutschgs

on a relative energy soale only. Sample

given, The different eraorgioshad about

data$ since the present data were taken

sta%istioal root mean square errors are

the same statistics in Run #l& but the

of

&OO Kev data hed considerably less ‘thanthe 720 Kev in Run #.—.
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There appear to be no major changea within tho preamrb experimental.

resolution in the high-energy group distribution over the range of’energies covered,

“Onlyafter the deformation of the nucleus has exceeded the oritical

valuo9 in factO will there oocur that rapid conversion of potential energy of

distortion into energy of interaal excitation and kinetic energy of separation
●

whioh Ieado to the actual prooess of division.

“For a o$aosieal liquid drop the course of the rtenctionin question wi~~

be mmpletely determined by specifying the position and velooity in configuration

apaoe of the repremnxtativepoint of the system at the iastant when tt passes

over the potential barrier in the direction of fiusion. If the energy of the

original systam 16 only infinitesimally greater than the critioel energy9 the

representativepoint ef the system must oroas the barrier very near the saddle

point and with a very mall velouity. Still. the wide range of direotiona avail-

able for the velocity veotor in this multidimensional 8paoea as suggested

schematically in Fig. 32 indicates that production of a considerable variety of

fragment sizes may be expected even at energies very close to the threshold for

the division procms. When the excitation energy increases above the critical

fiseion energy, however, it follows frcm the statistical arguments in Section III

that the representative point of the system will ia general pass over the fissiea

barrier’at some di~taaoe from the saddle point. With general displacements of the

representativepoint along the ridge of the barrier’a..y frsm the sadd3e point

there are asseoiated asymetriaal deformations from the oritioal forms and we

therefore have to anticipate a somewhat larger difference in sizo of the fission

3}
fragmenta as more energy is made available to the nucleus in the traxsi@on state.
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It is svidont that the spread of fragment energise produced very near

threshold is large comparod te the inorease in spread due to redsing the bombard-

ing energyup to 500Xev above threshold. That is. the aproad induced by the

representativepoint crossing the barrier at the distanoes from the saddle point

esaooiated with 500 lIevexaess cmergy ia small ocmpared with the sprsad re8ulting

frcnn

very

the breakup after the represen’tativopoint cresses the ~addle point with even

little exoess energy,
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