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The np and nd total cross sections have been measured directly with a neutron beam with momenta of
4.0 % 0.6 and 5.7 £ 0.6 GeV/c. The data are compared with the previous nucleon-nucleon and nucleon-de-
uteron results, and the deuteron screening term was also evaluated. The measured total cross section
are 43.1 = 0.6 and 80.3 + 1.9 mb at 4.0 GeV/c and 42.5 + 0.6 and 77.8 + 1.3 mb at 5.7 GeV/c.

The np and nd total cross sections have been The experimental arrangement is shown in
measured directly with a neutron beam for in-
cident neutron momenta of 4.0 + 0.6 GeV/c and
5.7 + 0.6 GeV/c. The experiment was performed
at the Bevatron of the Lawrence Radiation Lab-
oratory. This data together with that from a
previous AGS experiment [1] show that between 4
and 27 GeV/c the np total cross section has about
the same magnitude as the pp total cross section
but may vary more rapidly with energy. Data on
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not affect the measured total cross sections.
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fig. 1. The neutron beam was taken off at an
angle of 2.50 from an internal beryllium target
in the Bevatron. Measurements of the neutron
spectrum in a similar beam demonstrated that
the spectrum peaks strongly at high energies
cutting off rather sharply at the accelerator
energy [3]. Chearged particles were swept out
of the beam by the magnetic field of the Bevatron
and by two sweeping magnets in the beam line.
Photons were effectively eliminated by a 7.5 cm
lead filter. Relative beam intensity was moni-
tored by a monitor telescope, consisting of an
anticounter followed by a polyethylene converter
and three scintillation counters, placed in the neu-
tron beam just ahead of the defining collimator.

The beam at the hydrogen target was approx-
imately 3 ¢m in diameter with a negligible halo.
The target consisted of 2 1.2 m long, 7.5 cm
diameter mylar vessel which could be filled with
either hydrogen or deuterium. Anticounters pre-
ceding and following the target vetoed charged
particles.

The neutron detector consisted of a 1.25 cm
iron converter plate followed by four transmis-
sion counters which subtended solid angles of
2.6x 1075 7.1x 1075, 2.3x 10-4 and 6.8 x 1074
sr from the center of the target. The transmis-
sion counters were followed by the total absorp-
tion spectrometer, a series of 14 sheets of plas-
tic scintillator interspersed with 3.2 cm thick
aluminium plates. The total thickness of the
TAS was 130 g/cm2 or about 2 collosion lengths.
The light from alternate scintillators was sum-
med optically and brought to two 5" diameter
RCA 4522 photomultiplier tubes (see inset in fig.
1). The output of each of these tubes was added
to give a pulse whose amplitude was approximately
proportional to the neutron energy. The discrim-
inator on the TAS output was set to accept only
the largest 10% of the pulses, thus heavily
biasing the response in favor of the highest ener-
gy neutrons., This together with the strong
peaking of the neutron spectrum on the high end
yielded an overall response similar to that shown
at the bottom of fig. 2 for the 5.7 GeV/c point.
The sharp cutoff on the high end is set by the
proton energy in the Bevatron, 4.6 GeV/c for
the 4.0 GeV/c point and 6.3 GeV/¢ for the 5.7
GeV/c point.

The energy resolution of the TAS was cal-
culated from the pulse-height distributions ob-
tained at different Bevatron energies together
with available data on the neutron spectrum [3].

Coincidences between the TAS and each of
the four transmission counters were scaled
separately. Attenuation cross sections for each
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counter were obtained from the ratio of rates
with target empty and target full. A typical data
point represents data from a series of 50 tar-
get empty-target full cycles. The statistical
uncertainty in the measured cross sections was
less than 1%. Total cross sections were obtained
by extrapolating the measured attenution cross
sections to zero solid angle. Three extrapolation
methods were used, and the total cross sections
from all three were in very good agreement.

The uncertainty in the extrapolation was about
0.2% of the cross section.

A correction of approximately 2% was made
for rate effects caused by pulse pileup in the
TAS. A correction of 0.8 + 0.4% was made for
gas remaining in the empty target. The tempera-
ture of both the liquid hydrogen an liquid deu-
terium was determined by liquid hydrogen boil-
ing in the target reservoir at one atmosphere.
This gave a hydrogen density of 0.0707 + 0.0001
g/cm? and a deuterium density of 0.1708 +0.0003
g/cm3 [4]. The resulting total cross sections
are given in table 1.

The existing data on np, nd, and pd total cross
sections are summarized in figs. 2 and 3. Our
results for o) are somewhat higher than those
of Engler et a{). [1,5, 6] at similar energies.

This may be partially due to the larger spread
in neutron momenta accepted in the latter ex-
periment so that the relatively narrow peak in
the cross section near 4 GeV/c was not re-
solved. Their nd data also appears somewhat
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Fig. 2. nd and pd total cross sections from this ex-
periment and data in ref. 5. The lower curve shows the
effective neutron spectrum for the 5.7 GeV/c point.
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Table 1
np and nd total cross sections and the deuteron screen-
ing term at 4.0 and 5.7 GeV/c.

Momentum | total cross sections (r'2> (l—anpapn)/41r
(GeV/c) (mb) (mb-1) x 102
np nd
4.0 43.1+0.6 80.3+1.9 3.4x1.4
5.7 42.,5+0,6 77,8+1.3 4,0x1,0

low relative to the pd data of Galbraith et al.
(fig. 2) [7}. Our 5.7 GeV/c nd data agree well
with the 6 GeV/c pd data of Galbraith et al, [7]
and our 4 GeV/c¢ nd data agree with the 4 GeV/c
data of Bugg et al. [6].

The Glauber [9] screening term for the deu-
teron was experimentally evaluated using the
neutron data from this experiment and the pro-
ton data of Bugg et al. [6]. The screening term,
(r-Z)(l-anpa pp)/477, is defined by the following
equation

-2 _ _
%) (- y00) O Oy/4T = O+ O~ g

where the a's are the ratio of the real to the
imaginary part of the forward scattering am-
plitude and (7‘2) is essentially the mean in-
verse square separation of the nucleons in the
deuteron. The resulting values are given in
table 1. Since the Glauber term is independent
of particle type and momentum above 2 GeV/c
[10] these values can be compared with the value
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Fig. 3. np total cross section from this experiment and
the data in ref. 5. The solid line is the pp total cross
gection. The pp data below 6 GeV/c are those of Bugg
et al, [6] and above 6 GeV/c are those of Galbraith et
al, [7] (lower curve) and Foley et al. [8] (upper curve),
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0.042 + 0.003 mb™! and 0.239+0.0014 mb~1 ob-
tained from pion data by Galbraith et al. [7] and
Baker et al. [11] respectively. Calculated values
of the Glauber term range from about 0.025 to
0.035 mb-1 depending upon the wave function
assumed for the deuteron [6, 10].

As can be seen in fig. 3 the data suggest that

the np cross section oscillates around the pp
cross section with crossing points at about 3.5,
10 and 27 GeV/c. This would indicate that the
pure nucleon-nucleon I = 1 total cross section
is larger than the 7 = 0 cross section above

10 GeV/c, in contrast to the situation for the
K-nucleon and antinucleon-nucleon systems [7].
However, the statistical significance of any
difference between the np and pp cross section
is marginal.
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