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ABSTRACT

A measurement of the total neutron cross sections of 238U was

made using the RPI electron LINAC.  The overating electron energy

was about 60 MeV, and the beam burst width was 20 ns.  The neutron

energies were determined using the time-of-flight technique with a

resolution of .08 ns/m.  The cross sections are presented from 0.8

to 30.0 MeV.  The cross section curve is smooth in this region, and

the averaged data have a statistical precision of 1%.  The data re-

ported here have been compared with other recent measurements and

with the ENDF-B file.  There is generally good agreement with a few r

percent deviations in certain energy regions. In addition, the ex-

perimental cross sections  were  fit  us inf: counled channel  code

JUPITORl to obtain optical model and deformation parameters.
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INTRODUCTION

We report here a measurement of the total neutron cross sections of
238U between the energies 0.8 and 30.0 MeV.  Fits to the cross sections

were obtained using coupled channel code JUPITORl.  When this work was

begun, there were only two recent measurements of the total neutron
238 %--cross sections of U in the MeV range, both prior to 1968.  One was by

Smith and Whalen2, which covered the energy range from 0.5 to 1.5 MeV.

The other was by Foster and Glasgow  covering the range from 2.5 to 15

MeV.  There was a gap in the measurements between 1.5 and 2.5 MeV.  The              

ENDF/B-II evaluation by Pitterle 4 is essentially based on these two

measurements.  In neither case is the quality of these data in the MeV

range as high as can be obtained with current white source techniques.

EXPERIMENTAL PROCEDURE

In November 1971 a three day series of measurements was carried out

at the Rensselaer Linac Laboratory. Complete details of the experimental
arrangement can be found in References 5 and 6.  Briefly, the Linac pro-

duced a pulsed electron beam at an operating energy of 60 MeV and a pulse

length of 20 ns at a frequency of 500 Hz. The electron beam hit a conver-

sion target made of boron carbide and tungsten which produced a white

source of neutrons. Layers of Bl,C  and Cd were used to filter out low

energy neutrons with lead and tantalum filters used to reduce the gamma

flash.  The neutron beam was collimated to 1/2 inch diameter before                   t

passing through the uranium sample. The neutrons were detected by a

proton recoil detector 252 meters from the source.  The transmission
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sample was a block of depleted Z3BU (0.25% 235U contamination) with nt =

1 0.121 atoms/barn.  The sample 
was cycled in and out of the n

eutron beam

with a cycle period of six min
utes.

The neutron energies were sort
ed by conventional time-of-fli

ght

techniques des cribed as follows. A pulse   from the neutrpn source served

-- -

as the start for a time-to-amp
litude converter, and the dete

ctor pulse

served as the stop.  The fligh
t times were sorted by a 4096 

channel ADC

and stored in a PDP-7 computer. The neutron burst width of 20 
ns and the

analysis channel width of 10 n
s limited the overall resoluti

on to about

0.1 ns/m.

r

The measurements were complete
d during three days of acceler

ator

 

running time.  Several runs of
 3 or 4 hour duration were mad

e and then

...+-- - ......./

combined to decrease the stati
stical uncertainties. Checks uel,Weell luu.LV-

idual runs showed a very good 
internal consistency in the ex

periment.

RESULTS

After verification that the cr
oss sections contain no visibl

e struc-

ture, they were averaged at th
e lower energies to improve st

atistics.

Figure 1 shows the entire energy range on a log scale.  Figures
 2, 3 and

4 show the results over smaller energy intervals with the ENDF
/B-II

evaluation also plotted.  A me
asurement by Schwartz et al. 7

 just completed,

agrees with the present results to within about one percent over most of

the energy range up to 15 MeV where their
 data stops.
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OPTICAL MODEL COUPLED CHANNEL ANALYSIS

In 1968 Glasgow and FosterB observed that they were able to obtain

good optical model fits to their total cross section measurements for

spherical nuclei but were unable to obtain good fits for deformed nuclei.

Earlier, Martin' observed that a deformed optical model changes the calcu-

lated cross sections in approximately the right direction. We attempted

to check this conjecture in the following manner.

The coupled channel code JUPITORl was used as a simple optical model

with 82 = 0 to fit the total neutron cross sections of the presumedly
i:

spherical nucleus 208Pb. 208Pb is the closest spherical nucleus to 238U.

Figure 5 shows the comparison between the smoothed experimental data 10

for Pb and the optical model results.  The agreement is quite good.
208

The parameters used, shown in Table I, are similar to those used by

Baldoni and Saruis in an earlier study of u, except 82 is taken as11 238-

238
zero. U was then fit using these same parameters with several differ-

ent values of 82.  The results are shown in Fig. 6.  The solid curve is a

fit with 82 = 0; the hatched curve with 82 = 0.25, which is in rough agree-

ment with previously reported values.  As can be seen from the figure,

neither value of 82 fits the experimental curve over its entire length.

The 82 - 0.25 value fits best at the higher energy region and not at all

at the lower energy region.  All other 82 values will give a worse fit to

the data.  Also, no improvement results from varying the potential depth,

the  radius,  or  the di ffuseness separately.

We conclude that this simple procedure does not lead to completely

satisfactory or unambiguous results for the deformation parameters in



/r

7

deformed nuclei.  Perhaps a more exhaustive parameter search is necessary,

including higher B's, but it appears to be less satisfying to rely on a

variation of parameters which are not directly associated with the nuclear

deformation in order to obtain a good fit.

*
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Table I

Potential Diffuseness Radius

Vo = 46.53 - 0.26 E(MeV)       ar = .65 (Fm)                r  = 1.25 (Fm)0

Wd =  4.27  +  1.03 E*(MeV)               ad =  .47  (Fm)                                r    =  1.25  (Fm)0

----

t

>/
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FIGURE CAPTIONS

Fig. 1.  The total neutron cross section of 238U, highly avera
ged.  The

energy (in MeV) is given on a log scale.

238
Fig. 2.  The total neutron cross section of U from 0.8 to 2.0 MeV.

The energy (in MeV) is given on a linear scale.  The solid
.--

curve is the ENDF/B-II data.

238
Fig. 3.  The total neutron cross section of U from 2.0 to 7.0 MeV.

The energy (in MeV) is given on a linear scale.  The solid

curve is the ENDF/B-II evaluation of Ref. 4.

238                                      '
Fig. 4.  The total neutron cross section of U from 7.0 to 30.0 MeV.

The energy (in MeV) is given on a linear scale.  The solid

curve is the ENDF/B-II evaluation of Ref. 4.

Fig. 5.  Optical model fit to 208Pb cross section.  The 
parameters used

in the theoretical curve are from Table I.  The experime
ntal

curve represents 208Pb data whose structure at the low n
eutron

energies has been completely averaged out for compariso
n pur-

poses.

Fig. 6.  A comparison between the experimental data and 
the theoretical

238-·
curve for the total neutron cross sections of u.  The solid

curve is a theoretical fit with B  = 0.0.  The hatch
ed curve

is a theoretical fit with 82 = O.25·
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