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The neutron total cross sections for He, Be, C, Al, Fe, Cu, Cd, W, Pb and U have been measured to an
accuracy of 2% at 5.7 + 0.6 GeV/c. The total cross section versus atomic weight data was fit to an ab-
sorbing uniform grey sphere optical model. The best fit parameters are R= aOAV3 where ag = 1,27 +0.01
fm, and a nucleon mean free path in nuclear matter of 3.0 +0.2 fm. The energy dependence of the nucleon-
nucleus total cross sections is discussed in terms of the nucleon-nucleon total cross sections and a screen-

ing term.

The "good geometry" beam attenation tech-
nique has been employed to measure the neutron-
nucleons total cross section for He, Be, C, Al,
Fe, Cu, Cd, W, Pband U at 5.7 + 0.6 GeV/¢
using a neutron beam from the Bevatron at the
Lawrence Radiation Laboratory. The experi-
mental arrangement, which has been described
in the previous letter [1], contained a total ab-
sorption spectrometer (TAS) for neutron energy
selection. The energy resolution of the TAS and
the strongly peaked neutron spectrum resulted
in an effective spectrum having roughly a trian-
gular shape with a mean momentum of 5.7 GeV/c
and FWHM of 1.2 GeV/c. The He measurement
was made with liquid helium in the 1. 2 m target
flask described in ref. 1, while the other mea-
surements were made using solid targets having
attenuations ranging from 20% to 40%.

The attenuation cross sections for the four
transmission counters had to be corrested for
a rate effect caused by pulse pileup in the TAS.
This correction amounted to about 2% in most
cases. It was necessary to correct the He cross
section data for He gas in the target flask during
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the target empty runs, which resulted in
0.8% + 0.4% correction for the He data.

The total cross sections were obtained by ex-
trapolating the attenuation cross sections to zero
solid angle. Because of the very small solid
angles subtended by the transmission counters
{1] the extrapolation to zero represents a small
correction, ranging from 1% for He to 4.5% for
Pb for the smallest counter. Three extrapola-
tion techniques were tried. The first assumed
the attenuation cross section was a linear func-
tion of the solid angles subtended by the trans-
mission counters. The second method assumed
that the difference between the attenuation cross
section and the total cross section is due to
small angle scattering and that do/dS is ade-
quately represented by the expression for scat-
tering from a totally absorbing disc, i.e.,

k. 2 2J.(kR6)) 2
o = oa(i)+<%)f[gj%§— % % (9)+n]dﬂ (1)

where 0,(7) is the attenuation cross section and
f; (6) is the geometrical response function of

the ith transmission counter, R is the nuclear
radius, and the 7 term takes into account in~
elastic scattering which is assumed isotropic
over the small range of angles involved

(6 < 0.759). The third approach was to make

a least squares fit to the data to a polynomial

in the four-momentum transfer squared, ¢, i.e.,

O'a(i)=0' +a|t|+b1t|2+c|t13. (2)
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Fig. 1. Total cross section versus atomic weight.

The total cross section values yielded by these
three extrapolation methods were averaged to
obtain the final cross sections, and the spread
among the methods, which was typically +0.3%,
was taken as a measure of the uncertainty in the
extrapolation. In all cases this uncertainty was
small compared with the statistical uncertainty
of the data.

Fig. 1 is a plot of total cross sections versus
atomic weight. The continuous line is a least
squares fit to the data using a parametrization
given by Sievers [2]; i.e.,
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o, =21] rZ- %xg{l - (2R/x,+1) exp (-2R/x,}] ,(3)

where x, is the mean free path of a nucleon in
nuclear material, and R = a;AY?. This equa-
tion results from assuming that the nuclear in-
teraction is purely absorptive and that the par-
tial wave amplitude appearing in the large 7,5
integral approximation for the scattering am-
plitude can be written as
2 2%

a(b) = 1-exp[-2(R"-b%) /xo] , (4)
where b is the impact parameter. The best fit
values for a, and x, are a5 = 1.27 + 0.01 fm
and x5 = 3.0 £ 0.2 fm. This q, value agrees
quite well with values obtained from electron
scattering [3].

Fig. 2 shows the available nucleon-nucleus
total cross section data above 1 GeV/c for C,
Al, Cu and Pb. The early results of Atkinson
et al. [5] and Pantuyev et al. [6] are inconsistent
with the rest of the available data and have not
been included.

Our results can best compared with the ear-
lier results by means of the "shadowing" or
multiple-scattering correction factor, 6(A)
defined from

04 = [@A-Z)0, + 20 T1-5(a)], (5)

where ¢

xn

and pr are the nucleon-nucleon total
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Fig. 2. Aluminium carbon, copper and lead total cross sections from this experiment and ref, 4.
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Fig. 3. 6(A) versus momentum for Be, C, Al, Cu and
Pb. The data point symbols used in this figure are the
same as those used in fig, 2.
cross sections, and 0,4 is the nucleon-nucleus
total cross section. This data are well repre-
sented by the empirical fit §(4) = 4026 pumplin
and Ross [7] have investigated the energy depen-
dence of 5 and conclude that above 5 to 10GeV/c
multiple-scattering effects associated with ine-
lastic intermediate states of the nucleon produce
a significant increase in the size of 5 over that
associated with purely elastic scattering. Fig. 3
shows the values of 0 obtained from the nucleon-
nucleon data presented in ref. 1. The values cal-
culated by Pumplin and Ross are also included.
If we assume that 5 is constant below 10 GeV/c
there is good agreement among the various ex-
periments below 10 GeV/c. If we assume that
5 increases above 10 GeV/c as predicted by
Pumplin and Ross our results agree quite well
with the 27 GeV/c results of Jones et al. How-
ever, if 6 remains constant our results are in
our results are in agreement with the 20 GeV/c
results of Bellettini et al. More data above 10
GeV/c are needed to resolve this question.
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