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Abstract

We present results of measuremehts of the n-p total cross
section between 30 and 280 GeV/c. The measurements were carried
out with a neutron beam using the standard transmission technique
and a liquid hydrogen target. A total absorption calorimeter
- was used to determine the neutron enerqgy. Our measurements, which
have an accuracy ~1%, tie on smoothly with lower energy n-p data.
They indicate a smooth rise of approx. 1.5 mb between 30 and 280
GeV/c. The n-p and p-p cross sections seem to be nearly equal
in this range. The combined n-p and p-p data above 20 GeV/c are

ll.47

well fitted by the expression ¢ = 38.4 + 0.85|m(s/95 mb.



In this article we present results of a series of measurements
of neutron-proton total cross sections from 30 to 280 GeV/c. The
measurements were carried out in a neutron beam at the Fermi
National Accelerator Laboratory. The standard transmission
technique was employed with a 1.2 m liquid hydrogen target. A total
absorption ionization calorimeter was used to detect the neutrons
and measure their energy.

The neutron beam was taken off at an angle of 1 mr from
a beryllium target in the external proton beam. Most of the
data were taken with an incident proton momentum of 300 GeV/c;
some data were also taken with 200 GeV/c protons. The beam was
defined by a steel collimator 1.58 mm in diameter, placed 198 m from
the production target. Sweeping magnets before and after the defining
collimator removed charged particles from the beam. Two lead filters,
one 5 cm thick aheéd of the defining collimator-.and the other 1.3 cm
" thick following the collimator, removed most of the high-energy
¥'s. The neutron spectrum peaked strongly near 230 GeV/c. Below
about 100 GeV/c, the beam contained a significant admixture of
n's, K°'s and y's.l

The experimental arrangement is shown schematically in Figure 1.
Relative beam intensity was measured by two monitor telescopes
placed in the beam just ahead of the hydrogen target. Each teles-
cope consisted of a veto counter followed by a 1.6 mm thick lucite
converter and 3 small scintillation counters in triple coincidence.

The liquid hydrogen target was a flask 1.2 m long and 5 cm in



diameter operated near atmospheric pressure. Mounted next to the
target in the same vacuum jackef was an evacuated dummy target.
During data taking the two targets were interchanged about once

per minute. The length of the target was found to be 121.53 %= 0.03
cm at liquid hydrogen temperature.2 The target pressure was monitored
continuously so that the hydrogen density could be determined
accurately. Sufficient time elapsed between filling the target

and taking data to insure that the ortho-to-parahydrogen transition
was complete. Hydrogen density and vapor pressure data were taken
from a recent NBS cOmpilation.3 The uncertainty in the finél

cross sections due to uncertainties in the target length, density,
hydrogen purity, and other target properties is estimated to be
<0.2%.

The ratio of the beam transmitted by the hydrogen target to
that by the dummy target, was measured by placiné a 1.25 cm iron
converter in the beam, followed by 7 circular transmission counters
and a total absorption calorimeter (see Fig. 1l). The transmission
counters D]_—D7 ranged from about 1 to 5 cm in radius, compared to
the beam radius of approx. 0.2 cm. The smallest counter was in
contact with the iron converter and the largest was about 1.3 cm away.
Charged particles formed by neutron interactions in the iron converter
tend to go nearly along the direction of the incident neutron so
tha# the transmission counters saw a charged particle distribution
wﬁich closely approximatedfﬁhe.distribution of transmitted neutrons

at the iron converter.4



The calorimeter was placed just downstream of the transmission
counters and provided a measure.of the energy of the incident
neutron. The calorimeter and its properties are discussed in
Ref. 5. Briefly, it consisted of 30 iron plates, each 30 g cm—2
thick, interspersed with 30 scintillators. The light output from
the scintillators was optically added and brought to four RCA 8575
phototubes. The summed 6utput pulse from these was roughly pro-
portional to the energy of the incident neutron. Measurements
taken with a monoenergetic proton beam show that the calorimeter
had an energy resolution (std. deviation) of.lZ GeV at 200 GeV and
17 Gev at 300 GeV.

A total of 64 coincidences of various kinds were scaled and
recorded. Most of these were of the type ioileDj+1ci' where A,
and Al are the veto counters shown in Fig. 1 and C; represents a
pulse from one of seven discriminators which were set to trigger
only if the pulse height from the calorimeter exceeded some
minimum §;. The 6; corresponded to energies deposited in the
calorimeter of approx. 14, 52, 104, 154, 206, 231, and 252 GeV/c.
The neutron spectrum could thus be divided into the 7 momentum ranges
given in Table 1 by subtracting counts in successive momentum bins
(e.9., AoAleDj+1Ci - AAD3D441C;5 1) - The other scaler channels
recorded the beam monitors, accidental coincidences of various kinds,
singles rates, proton beam intensity, etc.

The scaler counté were‘recérded on ﬁagnetié fépe after every
beam pulse. This allowed later editing of occasional bad beam

pulses. Data were taken in "runs" lasting from 30 to 90 minutes.



For each run the pulse-to-pulse variations in scaler/monitor ratios
were checked. These were consisfeht with expected statistical
fluctuations in most cases; if not, a larger error was assigned or
the data were rejected. The final sample includes data from 80 runs
with 300 GeV/c incident protons and 40 runs with 200 GeV/c protons.
Over the course of the measurements, which spanned about 10 months,
accelerator performance (in particular, duty cycle and beam sta-
bility) improved markedly. Despite the wide range of conditions
the measured cross sections showed a high degree of consistepcy after
small corrections for a rate effect were madé as discussed below.
Correétions to the cross sections were ~1% except for the
lowest momentum bin. These are described below and numerical values
are given in Table 1.

Rate Effects: Because we are making cuts on the neutron

pulse-height spectrum to determine the neutron energy, ény shift

in the pulse-height spectrum between target empty and target full

will cause a systematic error in the cross sections. Some variation
of the cross sections with beam rate was observed. This was due

to pileup of pulses from the calorimeter6 which occurs more frequently
with the target empty. This effect is expected to give an error
which is a nearly linear function of beam rate. Corrections were made
by extrapolating the cross sections linearly to zero rate. Table 1
gives typical values for this correction.

Finite So0lid Angle: The measured cross sections were extra-

polated to zero solid angle in the usual way. The smallest counter
subtended an extremely small solid angle so this correction was

quite small as shown in Table 1.



Beam Contamination: The lowest three energy bins contained

a non-negligible admixture of K°'s. The procedure for determining
the fraction of K°'s in the beam and the K° total cross sections
is described in Ref. 1. The lowest energy bin also contained

a significant admixture of y's and n's . The n/n ratio was
assumed to be the same as the p/p ratio in a similar charged beam.7

Because this assumption is open to question, a large uncertainty

was assigned to this correction.

The final cross sections are given in Table 1. The assigned
errors include the statistical errors and the uncertainties in
the rate corrections, the extrapolation to zero solid angle, and
the beam contamination, all combined in quadrature. Our results
are compared to available n-p data8 and p-p data9 in Figure 2. Our
data tie on smoothly with the lower energy n-p daca. They indicate
a smooth rise of about 1.5 mb in-the np total cross section between
50 and 280 GeV/c. 1In general, the n-p and p-p total cross sections
seem to be approx. equal over the range 30 to 300 GeV/c. Our
highest energy n-p points agree fairly well with the p-p total cross
sections at 200 and 300 GeV/c measured previously by our group.10
The combined n~p and p-p data above 20 GeV/c can be well fitted

1.47 mb.

with the expression ¢ = 38.4 + 0.85[;n(s/95) |
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Figure Captions

1. Schematic of experimental arrangement. Not to scale.

2. n-p and p-p total cross sections. Not all the data below

60 GeV/c are shown.

Table Caption

Table 1. Measured cross sections and corrections. Measurements

marked with (*) were taken with an accelerator energy of

200 Gev.



Momentum Range

Min. Max. Mean
252 300 273 GeV/c
231 252 240
206 231 215
154 206 180
154 206 175*
104 154 131
104 154  133*
52 104 80
52 104  80*
14 52 34
14 52 34*
;

Table

1] - Cross Sections and Corrections

1-
o (D1D2)
‘ mb

40.20%0.22
39.58%0.23
39.71%0.23
39.55+0.19
39.17+0.36
38.78+0.22
39.10+0.30
37.56x0.25
38.30+0.34

34.52+0,38

35.09+0.60

,Corrected for rate effects.

*
Taken with a 200 GeV proton beam.

TYp. Extrap.
Rate to zero
Correction

(-0.8) +0.12+0.06
(0) +0.08+0.04
(+0.2) +0.08+0.04
(+0.3) +0.07+£0.04
(-0.4) +0.04+0.02
(+0.25) +0.09+0.05
(+0.25) +0.06+x0.03
(+0.3) +0.11+0.06
(+0.25) +0.22+0.07
(+0.20) +0.37+0.15
(+0.15) +1.5+0.35

Beam
Contam.

solid angle Corr.

+0.27%+0.08
+0.05%+0.04
+1.35+0.37
+0.43+0.20

+2.95x0.8"
+2.23%:0.84

Total Cross

section(mb)

40.32+0.23
39.66%0.24
39.79+0.24
39.62£0.20
39.21+0.36
39.14+0.24
39.21x0.30
39.02+£0.45
38.95+£0.40

37.84%0.91
38.82+1,09

Average

> 39.52+0.18

::>39.17¢o.19

~> 38.98£0.33

::>38.2¢0;9
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