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ABSTRACT ;
238 '

The cross section for neutron induced fission of Pu

has been measured from O.4 to 1.4 MeV. The measurement was made

238

by determining the ratio of the Pu cross section to that of

U235 using a back to back gas scintillation counter. The neutrons

(i

were produced by the Li7(p,n)Be reaction with protons from an
electrostatic generator. Preliminary results show that the cross
section rises from a low value at the lowest energies to reach

2.9 barns at 1.0 MeV. Above this energy, it begins to level off

as if to form the plateaux characteristic of fission cross sections
in this energy region. More détailed results will be presented, and

the significance of the unusually high cross section to fission

systematics will be discussed.
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iFISSION CROSS SECTION OF PU238

" (This talk describes preliminary results which are distributed for 'in-
formation only. They are not for use for publication without the exp11c1t

consent of the authors.) -

I would like to reportAon the measurement of the fission cross
section of Plutonium-238. - This is the latest in a series of measure-
ments of fission cross sections of highly alpha-active materials. ~Since'
the technique is basically the same as that which I have described previ-
ously, I will try to be brief. In addition to describing the experi-
ment, I will make'a.few remarks about how thelresuiﬁs fit into the
systeﬁatics of fission cross sections; ByAsystematics I refer to the
regular behav1or of fission cross sections 1n the plateau region, that

is between about 1 and’ 5 MeV

-The experiment consisted of making a ratio measurement of the

Plutonium—238‘crbss-section to that of Uranium-235. ‘This was done

using a back to back gas seintillation counter. By using a gas ‘scintil-

" lator with highly alpha-active materials it is possible to reduce alpha

pile-ups. ‘A fast signal Qas taken from the photomultiplier viewing -the

Plutonium fissions. -This was passed through & diode in such a way that "b
the diode suppressed those alphas which came below its knee and Stretched"

. the larger pulses due to fissions.' ‘The -result wgs that a good. f1$Slon

pulse spectrum could be obtained in the presence of 108 alphas per mlnute.

-Another.sample with 4-X 108_alphas a minute gave t00 many plle-ups to

make a satisfactory cross.section.normalization, but was used for shape
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measurements . This limit on the alpha count rate meant ‘that the max-
imum amount of Plutonium which could be used in the normalization

‘measurements was 5 micrograms.

The neutrons for'the experimentﬂwere pro?Uced by_the Li7(p,n)ﬁe7
:_reactien using trdtons frqm a Van de Graaff acce}erator.A'In order to. -
, produce a useable fissron'count rate it was neceSsaxy to maximizerthe '
'neutrontsource'strength. To do this, the courter uas plaeed'close to

a fthevsource,:and'lithium targets were'used'whichbranged;fr6m<h0't¢ﬂ70ﬁ'.:
.keV thickness for 2 MeVﬂprotens.~ It was"alse necessar&'to'use the |
maxinun»possible peron beans.iTo prevent hot;spots.the heameas scanned.
electrostatically'erer a 1/4 ineh Square‘area With thls prov1s1on 1t

was poss1ble to use 25 mlcroamperes on- targets with 10 mill tantalum

backings..

Turning'next to the fissionable samples.used,.the uranium
sample was prepared by quantitative electro-deposition. Tke Plutonium
! . B
iwas prepared by evaporatlon of an ethylene glycol solutlon - Its mass |

‘was determlned by alpha countlng ‘with a calibrated low geometﬁy counter;

Figure l: Here are the results of the measurement. The solid
 black- ‘points were taken with the .7 mlcrogram Plutonlun sample and

- were used forvthe normallzatlon of the cross<sect10n. Thexwhlte p01nts,
some of which were taken wrth heav1er samples,'were used .only for measure-

ment of the shape. The abstract gives the value 2. 9 barns at l 0 MeV

~W1th more complete data, we now report 2.6 barns at 1.0 MeV. The CYross

' 1




section has the shape typical of a threshold fission reaction. -This .

is wnat one yould expect frqm an even uassed Plutonium isotope. -An
unusual.feature of the data is that the low energy .portion does not;
appear to‘approaCh,zerol‘~However; measurable fissdcnability below
threshold should not be a great -sgmig'eﬂ It 1is ‘known that Plutonium-;_;

238 has an 18 barn thermal fission cross section. It is therefore»

‘quite p0531ble that 1t 1s detectably flssionable at .all energles

i* The data shown here below 200 keV was taken w1th broad energy. reso-

lution. More measurements, with improved energy resdlution will be

'necessary before we can determine the exact behavior below threshold.

The accuracy of the shape measurement can be Judged by the
scatter of p01nts »The accuracy of the absolute normallzatlon de-

pends prlmarlly on three things; the accuracy of Plutonlum mass . de-

termlnatlon, the accuracy of the comparlson of the Uranlum and Plu- S

Tetonlum fission pulse spectra, and the accuracy of the Uranlum -235

cross section. Comblned these result in a statlstical R.M. S error
of about 8%.

[

‘With cross sections like this'we sPeak*of'a:plateau in' the

reglon abbve the 1n1t1al r1se ThlS plateau usually extends upward

.1n energy untll the onset of second chance fiss1on It would be

approprlate while con51der1ng Fig l to notice that the choice of

A

the value of the cross sectlon in the plateau region is somewhat

arbltrary As the present,measurements show,»there are almost always 3
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‘small &ariaﬁions over this region. It is'necessaxy.thérefore td
expect diffefences as large as 20% between the values for plateau

cross sectibns chosen by different individuals.-:’

-With this warning in mind let us turn to the.néxt figure.
Fig. 2: 'This'is a plot of plateau fission cross septions against
the fission parameter Z2/A. The numbers along the boints'give-the
masses oftthe compbund nuclei involved. Ihe lines have been drawn
:érbitrarily to:show how much regﬁiérity e#ists,between the cross
'sections. I should add that in several instences, .notably Np237.
” aﬁd Am?u}, it»wés necessary to choose betwéen quite différent'
'values obtained by dlfferent experlmenters waéver; in no instance

was Lt necessary to reJect the more carefully obtained data

As far as the Plutonium-238 cross ‘section is conéérnéd,

it fits this.plot . quite well.

The pérailelism aﬁd regular spacing of these lineé indicate
the likelihood of the pos31b111ty of finding a dlfferent combination
of Z and A Wthh would result in a- 81ngle curve for all the cross

 $ect19ns. Henkel, .at’ Los Alamos,.has mede a-search for such a par- .
-émeter uSing what he c6nsiders-to be only the best known cross
sections. ‘He concludes that by using the parameter Z?/A3/2 the
'.ﬁest known cross sections fall,satisfactorily‘closeAﬁb a single
_line. In order to examine the fit of the lenkel formula to -our

Plutonium-238 data, I have plotted it on the next figire.




Figure 3: ‘Here.is Henkél's formula in the upper left corner. The
figufe<is identical £o the last one except instead of‘curves fo;lowihg
‘the daté; the lfnes are those given by Henkel's fofmula.'pPlottihg '
| the formula whi;h'dependg'on'za/A3/2 against Z2/A produces the family ,:
- of lines shown. -They are actually -curved, but not suffiéiently 50 .‘ﬁ
to show on the figure. -Ybufcan'see that the agreement between the
"lines and points is quite good for the best known Thorium;Uranium,
-and Plutonium data. However, the Americium data is.in sérious'dis-
~agréement, Ourlflutoﬁium-238 point up on top also disagrees by
‘moré than-onelwouid expeét judging f;om-the:agreementxof thé other.‘

cross sections.

-Actually, one shbﬁld ﬁ;t be too surprisedAat this disagreement4 
..it is true ﬁha£'thié.regular.béhavior of thé.plateaﬁ fission cross

E sectibnsfcan be predicted by liquid drop‘mddel considerations. -H&w-'
';ver;.thése~considefaﬁions.do'not take info.account peculiarities of
tﬁe‘individdal nuclei. "It is therefore more appropriate to ﬁse the
regular behavior of the cross sectid@ as.an approximate.guide father:
than an absolute'ruie.‘-As~such, the behavior is a.surpfisingly-good"
1<basis for evélﬁating méasurements once‘they-aré made and fér.predigfing':

cross secticns'as yet unmeasyred.
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