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ABSTRACT

Two expsriments on fission fragments have been performed with neutrons
from the L1 (p n) reaction on the elestrostatic generator in ¥,
A

No strong cerrelation was found between ircidenteneutron direction
and fission-fragment directien.

B. No strong depsndence of fission fragment energy distribution ves

fission threshoid.

found on bombardment of 37 by neutrons of various energies in the region of
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DIRECTION AND ENERGY DISTRIBUTION NFAR THRESHOLD OF FISSION FRAGMENTS

Ao The correlation of fission fragment direction with the direction
of the incident neutroa.

The experimental setup is shown in Fig. lo 4 25 fell was irradiated
with neutroms of L50-to 500 Kev energy from the Ii (p n) reaction. The foil lay
in a double icnization chamber originally built by Jo M. Blair for back-=to-back
comparison of foils of fissionable materials placed on the high-voltage electrode
cormon to both chambers. For this experiment holes wero drilled in the high-
voltage eleotrode and the foil was placed on one collector olectrode, Fission
fragments from ths foil traversed one chamber, i, and those with dirsctions neare
1y enough normal to the plane of the high-voltage electrode passed through the
collimating holes and were counted in the farther chamber, B, also. The detector
binses were set low s0 &g to count almost all fragments. The chambers were each
5 mm deep and were cpereted at Los Alamos atmospheric pressure of air. The foil
was 15 mm in dismeter, and the collimating holes wore 1/16" diameter im a 1/16"
thick dural plate, Thus frag&ents at up to L45° to the normal were coun&od, al-
though those at smaller angles had much more probability of passing through the
collimetor. When the foil was removed no counts were observed in either chamber.

The ratio of counts B/A was observed as a function of the angle O
between the direction of the incident neutrons and the normal to the plane of the
high=voltage electrode, No significant dependence of this ratio on was found
for the three angles observed within the statistical error (Table I). Hence
there is no strong ccfrelation of 25 fission fragment direction with direction

of incident neutrons for neutrons of these energies, at leaat with this poor
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TABLE I
2 B/a
o® <058 + o003
90° 2050 4 -0Ch
1800 s055 + .00

Bo The energy of fission fragments on bombardment of 37 with neutrons
of energies around the fission threshold.

It was thought of interest to investigate whether the energy distribution
of fission fragments changes with changing incident neutron energy in the region
eround the threshold of a fast "fisher™. If the energy required for, say, the
splitting inte two particles of nearly equal cnergies is greater than for more
asymmefric fission, then onme might observe only the latter for neutron bombarding
energies very near the fission threshold.

An electron=collection jionization chamber was constructsd with an 0. Ro
Frisch grid. The ionization pulse heights are proportiomnal to the total emergy
of the single fission fragments coming off the thin (approximately 10 micrograma
per cm ) foil at all angles, The foil was prepared by lr., D. Hufford, The
sinzle pulse height distribution is the familiar double peak of energies, which
is very clossly the inverse of the chemical mass distribution. The pulses wete
recorded with a Sands Nodel 500 Amplitude Anmalyrer, giving directly the differential
curve of numbsr psr umnit eﬁergy interval ve. energy in Figs. 3 and 4o The
ebservations are of a part of the more energetic group of fragmsnts only. Although
there may be changing total energies of fission in such a way that a chenging

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

The linearity of response of the detector to the primary ionization
was not investigated throughly because of lack of time, The depth of the minimum
between the two peaks was taken as a rough criterion of resoclution. With the
chamber operated at very high collscting voltages (approximately 6 Kv) with or
without the grid and at various pressures, and ﬁsing unpurified tank argon, the
minimum was about 204 of the bhigh emergy peak maximum for both 25 and 37, This
compares with 13% for 25 end 22% for 49 measured by Deutsch}) with electron
collection using a Frisch grid and collimating the fragments normal to the foil,
Snydera) observed the minimuwn to bs zero for iom eollection but not for slectrom
collection, with uncollimeted fragments as in the present oase, and from &
considerably thicker foil., It seems likely that the minimum does, in fact, go
to zero, but that it is blurred over in this experiment, Por this reason, and
béQause of the poor statistics and finite channel with the present experiment can-
not give any fine detalls on the fragment distributiom, but it should show clearly
any major change in the distribution.

The data are plotted in Pig. 2 ﬁnd the 237 crossg-section as a funoction of
energy is shown in Filg. 3, showing the bombarding energies used, The absolute
snergy scale in Run #2 is from Deutech’s data, since the present data were taken
on a relative energy scale only. Semple statistical root mean square errors are
given, The different enafgiea hed about the same statistics in Rum #1, but the

400 Kev data hed considerably less than the 720 Kev in Run #2.

.) |
1. Doutsch, La=510

2)2, spyder, LAMS - o \‘\"D _é
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. There appear to be no major changes within the present experimental
resolution in the highvenergy group distribution over the range of energies covered.

“Only after the deformation of the nucleus has exceeded the oritical
value, in fact, will there occur that rapid conversion of potential energy of
distortion into energy of inteorsmal excitation and kinetic energy of ssparation
which leads to ths actuml pfocoas of division. )

"For a classical liquid drop the course of the reaction in question will
ba gompletely deteormined by specifying the position and velooity in configuration
space of the representative point of the systo@ at the imstant vhen it passes
over ths petential barrier in the direction of fission. If the energy of the
original system 1s only infiniteasiwally greater than the critiocel energy, the
representative point of the system must oress thé barrier very mnear the saddle
point and with a very small velocity. Still, tho wide range of directions avail~
able for the velocity veoctor in this multidimensional space, as suggested
schematically in Pig. 3, indicates that production of a considerable variety of
frazment sizes may be expected even at energies very close to the threshold for
the division process., When the excitation eﬁergy increasses above the criticael
fission energy, however, it follows from £he statistical arguments in Section III
that the representative point of the system will in gensral pass over the flssiea
barrier at some distence from the saddle point, With general displacements of the
representative point along the ridge of the barrier-away frem the saddle éoint
there are assooiated asymmetrical deformations from the oritical ferm, and we
therefore have to anticipate a samewhat larger differeunce in size of the figsion

3)

fragments as mors energy is made avsilable to the nucleus in the tranmsitién state.

Bohr and Wheeler, Phys Rev 56, T8 o | - —s
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It is evident that the spread' of fragmont energies produced very near
threshold is large comparsd ts the incroase ir spread due to raising the bombard-
ing emergy up to 500 Kev above threshold. That is, the spread induced by the
reprosentative point crosasing the barrier at the distanoes. from the saddls point
associated with 500 Kev exeess omergy is amall ocompared with the spread resulting
from the breakup after the respresontative point eresses the saddle poimt with even

very little excess esmergy,

UNCLASSIFIED

APPROVED FOR PUBLI C RELEASE



Q’_aas‘:v'ilil :angc“@j Q3aNOEddY

o

r
A

e
(W

»
)

V
\

}

A

PROTON BEAM \ /

Q

\'\9 Target spoft
l?’“e‘ diameter

ganissV1IND

Fission foil in
Ioni= ation char he v

3ASV3T3d O 1'19Nd d04 d3aNOdddVY



Xy At

APPROVED FOR PUBLI C RELEASE

' max: En

i

e

vt 4l Sopyy

Qo
0

o

PRI N

g

¥

2

+t ,Lf,&\.

=]

- g o]

-t

.f.‘

2
e e g e

RECYN R
-u;.'——l_.;'\'w.
¥pouibakrhy

-
I
©rewd

-t
..‘_‘-f P
4t

B
1,
N

5
LTS

i

(SR

-

phe ! oy b

o g RIRE &
Byl e P
et

ol
RS D ROY

1.
Eaaie

“—v.

-r
R

e

N

soplee

MO 25 %

N TDL, v

‘:’“'Q“” I
b P R AY

Co PR EK PP g0 0

Ly~

bt Ty
[Sn b Sy

=y

“Pulse height in arbitrary units

jrees
r e
Rt e

ok,

-‘H
v g
13

N AT ETrAT L
e e peam g

[
o
402
e 4
3
[ o
s
Aol

.;.C.’_'

—§ -t

LR

——f belie
e

gl

*

.y

o

o [

B G

e

-

14

L

=

hr

a4

-

RIS
o dea F=s = ..
b

ry

gpssp

'
<

lia

Ry
AT
oAk

it

4.
e
of ool et

o

P )

o
.s.i.l.,. 4
Pepatugii A

IILF] 13
=3

(S5

0w A
by BOrg ¥ 1)
i

1l

Ry
PO

i
4

e ivw S

{ ]

105

o aa 4SS ]

N

‘S’.
100

5

i
1

Paee
P =N

et

30

Pulse height inwolts

4

-1

er. of:cou

-

ey = e

At

:: o

-ft

:

it
e Tsient]

80

{ArD

5 4
o
EPpY

- L

APPROVED FOR PUBLI C mm_.m>m_ﬂi cL AS < ,:g T




APPROVED FOR PUBLI C RELEASE

B ““C

LASSITES




