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ABSTRACT 

The cross section for neutron induced fission of Pu238 

has been measured from 0.4 to 1.4 MeV. The measurement was made 

by dete~mining the ratio of the Pu238 cross section to that of · 

~35 using a back to back gas scintillation counter. The neutrons 

were produced by the Li7(p,n)Be7 reaction with protons from an 

electrostatic generator. Prelimi:pacy 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 detailed results will be presented, and 

the significance of the unusually high c-ross section to fission 

systematics will be discussed. 

·* This work performed under the auspices of the U. S. Atomic Energy 
Commission. 
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FISSION CROSS SECTION OF Iif38 

· (This talk describes preliminary results which· are distri~uted for in­
formation only. They are not for us~ for publication without the explicit 
consent of the authors.) · 

I would like to report on the measurement of the fission cross 

section of Plutonium-238. This is the latest in a s·eries 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 the result;:; fit into the 

systematics of fission cross sections. By systematics I refer to the 

regular behavior of fis'sion c.ross. sections in· the plateau region, that 

is between about 1 and 5 MeV. 

.The experiment consisted of making a ratio measurement of the 

Plutonium-238 cross section to that of Uranium-235· This was done 

using a back. to back gas scintillation counter. By .using a gas scintil-

later with highly alpha-active materials it is possible to reduce alp):J.a 

pile-ups. ·A fast signal was taken from the photomultiplier viewing ·the 

Plutonium fissions .. This was passed through a diode in such a way that 

the diode suppressed those alphas which· came below its knee and stretch~d· 

the larger pulses due to fissions .. -The -result was that -a good fission 
. 8 

pulse spectrum could be obtained in the presence of 10 alphas per minute. 

·Anothe+ .sample with 4 X 108 alphas a minute gave too many pile-ups to 

make a satisfactory cross section. normalization, but was used for: shape 

.< 

·' 

·, 

i 
f 

I ', 
i '· I 

' ' I 
'{. 

,._ 
~ 

f 

' 



- 3 -

-measurements. This limit on the alpha count rate meant ·that the max-

imum amount of Plutonium which could be used in the normalization 

measurements w~s 5 micrograms. 

The neutrons for ·the experiment' were produced by the Li7(p,n)BeJ 

.reaction u~ing protons from a yan de Graaff acce+erator. ·In order to 

produce a useable fissiopcount rate it was necessary to maximize the 

·neutron . source· s treng.th. To do this, the counter was placed close to 

the source, and'lithium targets were used which ranged fro~ 40 to·70 

keV thickness for 2 MeVprotons.· It was ·also necessary-to u~e the 

maximum possible proto~ beams. To prevent hot ·spots the beam was scanne~. 

electrostatically.over a 1/4 inch square area .. W~th ~his provision it 

was ·possible to use 25 microamperes on· target~> with. 10 mill tantalum: 

backings ... 

Turning_ next to the fissionable samples used, .~he uranium 

sample was prepared by quantitative electro-deposition. Tee Plutonium . 

iwa~ prepared by evaporation Of an ethylene glycol solution. · Its mass 

·was determined by alpha counting 'with a calibrated low geomet:rY counter~. 

Figure 1: Here are the results of the measurement·. The solid 

·.black ·points were taken with the 4 .. 7 microgram Plutonium sample· and 

were· used for. the.' normalization of the cross section·. · The wh~ te points, 
' 

some of which were taken with heavier samples, were used.only fo~ measure-

ment of the shape. The abstract gi vel? the value 2 ~ 9. barns at l. 0 MeV. 

·With more complete data, :we now report 2.6 ·barns at .1.0 MeV. The cross 
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·section ·has the shape typicSJ.. of a threshold fission reaction. ·.This 

is wh~t one would expect from an. even massed Plutonium isotope. ·An 

unusual. feature of.the data is t;tlat the low energy .. portion. does not 

appear to· approach zero .. ·However; measurable fissionability below 

threshold should not be a great surprise·. It is :known that Plutonium-, 

238 has an· 18 barn thermal fission cross section. I.t is therefore . 

,quite possible that it is detectably fissionable at:all energies. 

The data shown here below 200 keV was taken with broad energy. reso­

lution. More measurements, with improved energy resolution will be· 

'necessary before we can determine the· exact behavior l;>elow th:te~hold. 

The accuracy of the shape measurement can be judged by 'the 

scatter of points. The accuracy of the. ab~olute normalizt:j.tion de­

pends primari~y on three things; the accuracy of Plutonium mass de-

termination, the accuracy of the comparison of the Uranium·and Plu-

tonium ·fissl.on pulse spectra, and the accuracy of the·Uranium-?35 

cross section. Combined·, these result· in a statistical R.M:s. er;ror 
r :' 

of about 8%. 

·With ·cross sections like this'we spea,k of'·a:p~ateau in· the 

region aobve the .ini t.ial rise .. ·Tllis plateaJ .usual:J_y extends upward 
r 

in energy until the onset of seciorid, chance. fis$ion.;. It would be 

app.ropriate while con.sidering ·Fig. :.r to noti·ce. that the choice of 

the value of the cross sectio~ in the plateau' region is somewhat 

arbitrary. As the present;.measurements show, .there are almost always 
'• ,I 
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small variations over this regiop .. I~ ~s necessa~ therefore to 

expect diffe~ences as la."rge as 20% between the values for plateau 

.cross sections chosen by diff.erent individu~s; · .· · , .. 
'. 

' 

-With this warning in Iilind let us turn to the next figure. 

Fig. 2: ·This is a plot of plateau fission cross se.c;:tions againet 

the fission parameter z2/A. .The numbers along the points give the 

masses of the compound nuclei involved. The lines ·have beendrawn 

arbi trariiy. to: show how much regui~rity exists .. between the cross 

·sections. I should ·add that· ·in several inste,nces, .notably Np237_ 

and Am
241 , it was necessary to choose between quite different 

. I ' , ' 

values obtained by. differ~nt experime~t~rs. . .However, in no instance 

was :i,t necessary to reject the more carefully obt13-ined data. 

As far as the Plutonium-2~8 cross ··section is concerned, 

it fits this.plot quite well. 

The parallelism and regul~r-spacing of these lines indicate · 

the likelihood of the-possibility of finding a different combination 

of Z and A which would result in a·single cu;rve.for ail thecross 

sections . Henkel., . at· Los Alamos, .has ma.de a .search for such a par-

--ameter using what he considers -to be only the best .known·cross 

sections. He concludes that by using the parameter Z~/A3/2 the 

.best known· cross sections fall . satisfactorily close tb a single 

·line. In order to examine the fi-t of the Henkel fo:rmula to :our 

·P:;J.utonium-238 data, I have plotted it on the next figUre. 
; .. ; ,, . . .... ~ .. 

·.: 

.·'.: 
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Fig~re 3: ·Here is Henkel's formula in the ~pper left corner. The 

figure-is identical to the last one .except instead of curves following 
\ 

the data, the lines are those given by Henkel's formula. ·-Plotting 

the 
. . 2 3/2 2 . 

formula which depends ·on·Z /A against Z /A produces the family 

of lines shoWn. -They are actually ·curved~ but not sufficiently so . 

to show on· the figure. You can ·see that the agreement between the 

lines and points is quite good for the ?est known Thorium,Uranium, 

-and Pluton:t.um data. However, the Americium data is in serious dis-

·agreement. Our Plutonium-238 point up on top also disagrees by 

·more than-one_ would expect judging from the'agreement of the other 

cross ·sections. 

Actually, one should not be _too s\rrprl,sed at this disagreement-· 

·It is true that- this.regular behavior of the plateau fission cross 

sections ·can be predicted, oy liquid dro;p model considerations. -How- · 

·ever, these considerations do not take into account peculiarities of 

the individual nuclei. · It is the:vefore m9re appropr;i..ate to use the 

regular behavior of'the cross section as an app;roxiinate guide rather' 

than an absolute· ruie. · -As such, the behavior is a surprisingly ·good 

.basis for ev8.1U:ating measurements once they- are ~de and for predic,.ting · ' 

cross sections as yet unmeasured_. 

.,. 
'! ··:;. 
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