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FRELIMINARY SEARCH FOR FISSICN IWDUCED FISSION

Introduction

Fission fragments constitute a source of charged nuclear high
energy particles of unique character. Besides being highly excited they
contein a large excess of neutrons. Vaving the order gf 100 Mev snergy
they can coms within seversl nuclear diameters of other nuclei during
their slowing down process in matter. A fragment of mess 100, charge 40,
and energy 86 ¥ev comes within four dismeteras of a thorium nucleus. Some=-
what lighter fragments of higher energies are able to come within less
than two dimmeters of a thorium nucleus. One mipht expect certain type
auclear reactions during such collisions. The large coulomb fields
present, and also the large excess of neutrons available in the fission
fragment, might produce a disturbance which would lead to fission of the
thorium nuoleus. Such a phenomenon was looked for in this experiment.
Agparatua |

Fig. 1 is a diagram of the ionization chamber used in this
experiment. Fission fragmsnts produced at the uranium foil by the
thermnlized flux of the water boiler ﬁre collimated by 1/8 inch holes
in a 1/8 ineh thick aluminum plete. The fission fragments psss through
a thin thorium foil on the upper side'of the chamber in Fig. 1. The

fragpenta, which produco ionization between tre high voltage electrode

.'f. '.pv.

and tho oenter grounded electrode, are so collimated trat thev produce
o s

*;o effoct on the annular rlng eleotrode. If fission is producud in tho' -
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thorium foll, however, some of the fragpments will be enitted .in such
» direction as to produce ionization between the annular ring and the
high voltage electrode. Juch fragments are counted by amplifier 4l.

The other frapments from the U235

fission, which pass into the lower
part of the chamber producing ionization betwesn the high voltage
electrode and the lower collestor plate, ere counted by amplifier #2.
For checking beckground, a shutter can be rotated between the ureanium
end thorium foils. Fige. 2 is a photosraph of the counter.

The fissioneble material was placed on 0.1 mg/cm2 aluminum
leaf by the evaportation techninue., The vuranium foil was approximately
eaunl to Q0.MN6 mg;/cm2 of enriched 2&. Several throium foils were used,
the thicknesses of which were of the order Q.2 ng/cmz. The foils were
so mounted that the uranium surface and the thorium surface faced each
other. 7Tilmore and Potter prepared the folls used in the experiment.

| Fig. 3 shows schematically fhe slectronics apraratus used.
Tte ouiputs from the thorium side of the chamber and from the uranium
side ware each connected to the grid of "model 500" prgamplifiers and
"model 600" amplifiers. Re C. olipping gave pulses of about three
microseconds duration, Rach amplifier system feeds into & discriminator
oaindidencocircuit. The counts from each channel and the aumber of
coinoidences were rocord;d by scalers. The width of the discriminated
pulses oould be varied in the coincidence circuit; 0.85 microsecond
rate widths were uged in this experiment. Since the pulse clipning timeg
were sc short, only electrons were collectsd from thre ionization. The

high voltage plate of the counter was held sbout 1000 volts nagstive

by a well-filtered elsectronic voltage supply.
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Characteristics of Chamber

The gas used in the chamber wes & vercent CO5 in argon. The
pressure (l4 cm of mercury ) of the ges in the chamber was chosen so
that the range of fragmeuts from thorium oould traverse the region
between the annular.ring and the high voftagé plate,

The frection of the fission fragments counted which pass
through the'thorium foil was determined experimentally. The center
plate on the thorium side of thg counter was connected to the Channel I
preamplifier and the collection plate on the uranium side was connected
to the Chennel 2 preamplifier. With the gain of amplifier #1 set so
thet all fragments on the thorium side of the chamber are ccunted as
indicated by the plateaus of the bims curve for Channel 1, one runs a
curve of co;ncidence as funotion of the gain of amplifier #2, the
neutron scurce beling constant. Fig. 4 gives the results of such runs,
The coincidence curve after thé steep initial rise becomes quite flat
nver a very wide range of gein. There is & steep initial rise for
the Channel 2 bias curve, corresponding to tke rise of the coincidence
surve, followed by a gradual rise over s wide range in gain. The
gradugl rise is probably due to fission fragments coming out from the
foil at large angles so that end effects at the collector plate cgt
down the pulse height. Such fragments would not have their correspord-
ing fregments so collimated as to pass through the thorium foil and
should be discriminated egainst. The arrow in Fig. 4 indicates the
gain sd%bing chosen fo? this experiment. At this gain setting 9 per-

ehntof the counts in Channel 2 correspond to fragments passing through
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the thorium foil, a5 determined by the ratio of the ordinates of
the two curves at the gain setting used.

The fraction of total thorium fregments which are counted
by the annular ring was also found experimentally. The shuttsr was
closed betwsen the uranium foil and ttre thorium one, and the counter
was pleced in the fast neutron flux from the cyclotron. A run was
made of counts from thorium fission, as a fimction of gain of amplifier
#1, with the annular ring conneéted to preamplifier #l., This data is
representsd by the lowsr curve of Fig. 5. Then the run was repeated
with the central plate and the annular ring of the thorium side of
the ocounter both connected to preamplifier #l. Thre results of this
run are indicated Ly the upper curve of Fig. 5. The gain settings chosen
for two series of runs are marked by arrows in Fig. 5. Tor the first
sories of runs 23 percent of the thorium fragments are counted; for
the second series of runs 14 percent were counted.

Experimental Procedure

Before, and at more or less equal intervals during the run,
the ele;tronio apparatys was checked with a model 100 pulser, Voltage -
pulses of known height were fed simultanenusly intc the input grids
of the two proamplifiers. The gains of the amplifiere were determined
by varying thes input pﬁlaosruntil the discriminators just tripped. Thae
gains were found to vary only by & few precent over several hours of
running. Also, the coincidence circuit and scalers were checked by -
sllowing tre pulser, with tke input about 50 percent above that just

necessary to trip the disoriminetors, te run for several minutes and

-
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recording the ocounts acscumulated by the two channels and the coin-~
cidence circuit.

After the calibration, one was ready to start the run. The
ashamber was placed in the well thermalized neutron flux of the graphite
pile of the Los Alamos water boilesr. A run of about an hour was taken
with'shutter between the two foild open., Then the shutter wes closed
and another hour run was made with the counting rate the same. The
apparatus was then calibrabsd as described sbove and the procedure
repeated. Such pairs of runs were made with the counting rate of
the "hannel 2 varying from about 0.4 x 108 per hour to about 12.0 x
105 per hour., For the preliminary data given in this report, about
200 million fission fragments were counted. Since the counting rates
in the two channels.are about consteant, independent of whether the
shutter is open or closed, the background run, in which the shutter
was closed, could be used not only to correct for neutron induced
fission in the thorium but also to correot for the accidental ooin-
cidence.

Discussion of Fesults

n Table I, th; dete taken to date is arrenged in rows, so
that each row represents the total data for runs in which the counting
rate was more or less constant, The accumulation of data from the first
two rows suggests that there might be a positive effsct. Since large
engle Rutherford Scettering of the fission fragments.}rom the throium
.nucleua might produce an ion which could be counted by the annular ring,
'jéne made a series of runs with a lead foil substituted for the thorium

one. The data from these runs is included in the third and fourth rows,
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For these runs the colnoidence rate for baokground and reguler runs is,
as indicated in row #3, somewhat larger than for previous runs with
thorium foils andrthe same countinr rate. This may be due to statistical
fluctuations, or it may be that a few co{ncidence counts came in due to
some sxternal cause, such &3 motors starting, etc. Extra counts like
this, providing they come in at random, have the effect of raising tte
statistical error of the results when one subtracts the background
correction. The runs recorded in row 4 seem to be entirely consistent
with the thorium runal The date taken with the lead folils gave a
higher coincidence rafg for the shutter open than for it closed. #hen
one subtracts the effeot obtained with the lesd foil from that obtained
from tre thorium foil, éne gets a difference which is well inside the
statistical error, '

If the effect obtained with lead 1is real and is dus to Futherford
angle scattering of fission fragments, the energy given the recoil nuclei ,
reduces the energy of the fragment to such an extent thet one should be
sble to bias against it and real thorium fissions. TFor 60° scattering
a frarment of mass 100 loses about l/b its energy. In order to bias
azoinst such scattered fragments, therefore, n series of runs were made
in which the gain of the amplifier for the thorium fragments was reduced
by about 30 percent, so that the effioiéncy of counting thorium fragments,
as indiceted by Fig. 3 wes 14 percent. These runs give a oross ssction
lass than the statistical error. The summary of all the runs taken to

. 'date -is tabulated in Table II. The weizhted mean of the average cross

section from this data is § 4 6 barns. One can interpret this only to
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mean that th; cross section is less than 6 bprns with a 67 percent
probebility. |

From the ranges of fission fragments in uraniumn relative to
neatrons, one cen say trat for fission fragment induiced fissions in
uranium to be comparable to neutron produced fission, the cross ssotion

of fission fragment induced fission should be approximately equal to

16% barns. The result of the experiment then, indicates that at least
in thorium, if fission fragments produce an effect at all it is less
then 0.1 percent of that due to neutrons.

The author wishes to aékno@ledge the suggestion of Dr. John
ttanley which began this investigation. Thanks &re-also due to the
personnel of Group P-2 for the use of the Los Alamos water boiler, to
the slectronics group, particularly to Dr. E. Titterton and ¥r. E, Exter,
for the coincidence circuit and other electronic equipment, and to Mr.

Jde Gilmore and ¥r. R. Potter who mede the necessary foils.

R
[RLL 1Y
r

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

- g -

L2

APPROVED FOR PUBLI C RELEASE




-10-

APPROVED FOR PUBLI C RELEASE

N
uMLASS\m‘b

(hannel 1 Chennel 2
todel B5Q0 Yodel &00
Preemplifierie——— > Preamplifier

1 rom thorium From urngium 2

fragment count- fragiment count-
ing electrode ing electrode

y 1
rodel 500 Discriminators Yodel 500
Amplifier - and ————t] Amplifisr

1 Coincidence 2

Circuit
Y

Channel Coincidence Channel

1 Scaler 2
Scaler Scaler

' , :

1 Coincidence 2
“ech “ech Yeoh
Counter ounter Counter

© k:f i ¢

UNCLASSIFIED

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

UNCLI\SMHW

APPROVED FOR PUBLI C RELEASE



3ASV3T13d O 1'19Nd d04 d3aNOodddv

M&%‘Wﬁ%

Aomplifier
42
12,2
12.2
12,2
12,2

8.4

b

A

4

TABLE I

AFPROXIMATE CCUNTS

®oil Counting Rate Shutter Open Shutter Closed
Channel Counts
per minute Channel 1 Channel 2 Coincidences Channel 1 Channel 2 Coincidences

Th 0.19 mg/ex® 7.0 x 10% 1.9 x 100 26.4 x 10° 4 1.7 x 103 26.3x10% 1
Th 0,19 mg/cm® 18.0 x 10 2.1 x 10° 32,5 x 10° ¢ 2.0 x 10° 32,1 x 10° 2,

2 :
Fb 0.19 mg/cm 18.0 x 10° 3.1 x 103 54,0 x 106 21 2.7 x10°  53.9 x 10 17

) . 5 . ¢ 6.248,1 )
Fb 0,19 mg/em® 9,0 x 10 1.2 x 10° 165.6 x 10° 7 1.3 x 10° 24,0 x 10° 7,
Th 0,33 mg/en® 15.0 x 10% 4,0 x 10° 64,0 x 100 15 3.9 x10°  66.0 x 10 12 Lo8 1745
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3UFMARY OF EESULTS TD DATE

Foil for Amplifier ) v corr, v av,
Channel 2 2 pain barns barns barna
Th 0.1¢ me/cm? 12,2 11.3+ £.9

Fb 0419 mg/cm? 122 6.2-: LR

Th €.33 mg/cm® £.4 4,84 7.5 5+ 6
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