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The total neutron cross-sections were measured with high precision for hydrogen and deuterium. At an
average neutron momentum of 10 GeV/c we obtained Or{np) = 39.5 + 0.5 mb and op(nd) = 73.3 + 1,1 mb,
These values are in excellent agreement with p-p and p-d total cross sections, No energy dependence
was found for n-p cross section between 4 and 10 GeV/c,

The fundamental nucleon-nucleon interaction
can best be studied by p-p and n-p scattering.

Most of the information for neutron-proton
total cross-sections has been obtained in the past
from (pd) scattering by subtracting the (pp) con-
tribution. However, in this procedure, screening
corrections which have been calculated by Glauber
[1] and by Harrington [2] have to be applied, and
these introduce an element of uncertainty. These
data indicate that the (np) total cross-section is
higher than the (pp) cross-section in the energy
range between 8 and 20 GeV. Recent measure-
ments of neutron-proton total cross-sections at
various neutron momenta between 14 and 27
GeV/c have been reported by Kreisler et al. [3].
These data show (np) cross-sections which are
lower than the corresponding (pp) cross-sections
at 14 GeV/c [4,5], and are then rising slowly to
the corresponding (pp) value at about 27 GeV/c.

To solve this discrepancy the (np) total cross-
section is determined in this experiment absolute-
ly for a mean neutron momentum of 10 GeV/c
with high precision. In addition, the energy de-
pendence was measured with lower accuracy.
The n-d total cross section was also measured
at an average neutron momentum of 10 GeV/c.
From a comparison with p-d data information on
the screening correction can be obtained.

The measurements were carried out during the
tests for a neutron-proton elastic scattering ex-
periment at the CERN Proton Synchrotron. A
neutron beam was installed under an angle of

-2.7° with respect to the tangent at the internal
Be target. The beam was constructed of a series
of collimators and confined to a rectangular shape
by the defining collimator at a distance of 29.5 m
from the internal target. The aperture of this
collimator was 12.94 mm horizontally by 28.42
mm vertically at the above distance, and it was
tapered so that the walls aimed at the target
position. The total number of neutrons was
30000 per burst of 5 X 1011 protons. Gamma
rays were attenuated very effectively by the va-
cuum pipe of the machine itself, and by an additi-
onal lead filter of 2.5 cm. Charged particles
were removed by a sweeping magnet of 1.5 Wb/m
bending strength. Contamination of neutral kaons
was calculated to be ~ 5%, in agreement with a
survey done in a previous experiment in a
similar geometric location [6]. A counter teles-
cope looking at the internal target [7] was used
as beam monitor which proved to be reliable.

Much effort was spent on performing the
measurements with good geometry, including
beam definition, and on correcting for small-
angle scattering. Since the experiment was done
on a parasitic basis, sufficient beam-~time was
available not only for obtaining good statistical
accuracy but also for eliminating systematic er-
rors. On the other hand, the primary proton
energy was chosen by the main user and could
not be changed deliberately.

The experimental set-up is shown schematic-
ally in fig. 1. The neutrons were converted by an

599



Volume 278, number 9

PHYSICS LETTERS

30 September 1968

L :LEAD

C01.2.3 | COLLIMATORS

M [ SWEEPING MAGNET

T1,2  TARGET POSITIONS Col

$123 SCINTILLATION COUNTERS Lt

C. . IRON CONVERTERS .oscricsr, G2~ =
VARIABLE SIZE o3 [

Ti
T2

/

o 3 // @B A‘f_,\‘ﬁ& {,
> .C SHIELDING
o3

Fig, 1, Layout of the experimental arrangement at the

CERN Proton Synchrotron. The distance from PS in-

ternal Be target are given in square brackets below the
beam line.

iron slab of variable size (C1,...,C5) and the
shower detected by two scintillation counters, of
4 mm thickness, in coincidence. The sensitive
area of the scintillation counters (S1,S2) could
be varied and matched to the size of the iron
converter by changing the amount of overlap be-
tween the two. The scintillation counter S3,
placed 1.5 m upstream, served as an anticounter
with which to remove charged particles from the
scattered beam. No other anticounter was in-
stalled ahead of the targets, because it was found
that more charged particles were produced with
it than were present without it (< 0.5%). The
liquid hydrogen target (position T2) was 50.1 +

+ 0.3 cm long and 8.0 ¢m in diameter.

In all measurements the PS energy was 19.3
GeV. The neutron spectrum was determined in-
dependently with a total absorption spectrometer
consisting of 56 cm Fe interspersed with 20 scin~
tillator plates. The energy resolution was found
to be ~ 45%. The neutron spectrum thus deter-
mined agreed with calculations for protons based
on a statistical model by Hagedorn and Ranft [8].

To extend the measurements to lower energies,
a separate experiment was made when only 3% of
the beam intensity was available. During the ac-
celeration cycle of the PS, the internal Be target
was flipped twice, producing short bursts of 20
msec. The corresponding mean neutron momenta
were 4.3 and 6.5 GeV/c. Since the measuring
time was rather long, the results are subject to
larger systematic uncertainties which, however,
are included in the error.

A second method consisted of changing the
trigger condition of the total absorption counter
to a sixfold coincidence. According to the cali-
bration, the threshold of the counter was then
moved up to about 3 GeV/c¢ neutrons, and it gen-
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Table 1a.
Relative (np) total cross-sections as obtained with the
low intensity beam and different trigger conditions of
the neutron detector

A0S /0p (4.3- 6.5 GeV/c) = 4.0 + 6.0)%

A0 /0 (6.5-10.0 GeV/c) = (1.8 +3.5)%

Table 1b.
(np) total cross-sections as obtained with the low in-
tensity beam (systematic errors included)

Momentum [GeV/c] T[mb]
4.3 40.4 £1.9
6.5 38.7+t1.5

erally favoured neutrons of higher energy. The
results for the different trigger conditions are
given in table 1b. The results show no change of
the total cross-section down to neutron momenta
of 4 GeV/c (see table 1a).

For the main measurements with the full beam
no statistically significant change was found in the
ratio Npy11/Nempty for different neutron conver-
ters. To corroborate this, a differential meas-
urement was ngade with a small pencil-shaped
(0.5 X 10.0 ¢cm* area) scintillation counter with a
2 cm thick iron converter of the same shape in
front of it. Within the statistical accuracy and the
limitation of the reproducibility of the position of
the counter, no significant contribution of small-
angle scattered neutrons to the detected neutrons
could be found.

From these measurements a total cross-sec-
tion of (39.5 + 0.5) mb was obtained for 10 GeV/c
neutrons. The error includes systematic uncer-
tainties. This value is in excellent agreement
with results for the p-p total cross-section,
which at the same momentum is (39.8 + 0.4) mb
[4,5]. Hence there is no indication for a cross-
over of the two cross-sections (fig. 2).

Usmg the optical theoren (do/d¢);-q =
= (c /1em(1 +a?2) the total cross-section meas-
urement yield information on the two isospin am-
plitudes for forward scattering. Assuming that
the ratio @ of real to imaginary part is approxim-
ately the same for p-p and n-p scattermg the
equality oPP implies (do/ dt)p np Teo™ (do/ dt)pp
From the symmetrles of the various amphtudes
one has [12]

(do/at)l: 0 = 2[(do/dt)y By + (do/atyyE ] - (do/dt)}R,

(do/dt)=p = (do/arfk, .
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Fig. 2, (pp) and (np) total cross-sections at various in-
cident momenta, The dashed line was fitted to (pn)

cross-sections calculated from (pd) data taken from References
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nitude as those found at other momenta [13].
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