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INTRODUCTION

For energies up to 70 GeV it has been found that the spectra of neutrons
produced at zero angle in pp collisions differ significantly from the corres-
ponding proton spectral). Whereas the latter peak at the kinematic limit, the
inclusive neutron spectra have a maximum at x * 0.84. This difference in be-
haviour casts some light on the production mechanism near the kinematic boundary,
in particular on the role of pion exchange, which is expected to contribute con—

siderably to neutron productionz).

In general, it is interesting to investigate whether Feynman scaling holds
when going to ISR energies. Up to now neutron production has been measured at
the ISR only at medium angles3). This article reports on the measurement of

neutron spectra produced at zero degree for four different energies.

EXPERIMENTAL METHOD

Neutrons produced at 0° could leave the vacuum system of the ISR through a
window of a special vacuum chamber installed in intersection 8. They were de-
tected in a sampling total absorption counter (STAC) placed at 56 m from the in-
teraction region. The counter used also in previous measurements of neutron
spectra at the ISR is shown in Fig. 1. It consisted of a sandwich of 40 scintil-
lator plates (40 x 40 cm?) with iron plates in between; the over-all iron length
was 72 cm. The 1ight‘from all scintillators was guided to one 60 DVP photo-— ‘
multiplier. The‘performance of the STAC up to energies of 70 GeV has been des-—

cribed in detail elsewhere“).

As indicated in Fig. 1, three trigger counters, PBO, PBl, and PB2, were in-
serted at a depth of 8, 12, and 52 cm of iron, respeétively. The lateral dimen-
sions of PBO were 15 x 15 cm? and of PB1 and PB2 40 X 40 cm®. The iron converter
in front of PBO, which could be taken out by remote conﬁrol, was restricted in
area to 12 x 12 cm®. 1In this way, the accepted angle was defined to (0'%1) mrad
and matched the size of the window in the vacuum chamber. Also edge effects of
the STAC were avoided. The taking of spectra with converter plates in and out
was particularly helpful in the study of background effects, as well as to define

in a proper way the efficiency of the STAC needed for the absolute normalization.

Typically, the converter—out rate amounted to 507 of the converter—in rate.

The normal trigger condition comsisted of a coincidence PBOPBl. With this
requirement one selects showers starting in the front part of the STAC, so that
they are almost completely absorbed within the counter. This could be checked

by the signal from an anticounter AB placed behind the STAC.

The photomultiplier pulses of the STAC, PBO, PBl, PB2 and the anticounters

AF in front of and AB behind the STAC were recorded on tape as well as the times

[




of flight between PBO and several monitor counters surrounding the interaction
regions).' The ISR luminosity was monitored by means of a system of scintil-
lators placed at both sides of the interaction region and detecting inelastic

events at angles of about 50 mrade).

The energy calibratioh, detection efficiency and energy resolution of the
STAC for different trigger conditions had been established in proton and electron
beams") . During the measurements at the ISR the enefgy calibration was monitored
with a light diode built into the light guide of the counter. Moreover, the
calibration was rechecked by momentum-analysed pions coming from the interaction

region7).

In order to absorb the photons a 3 cm thick plate of lead was placed before

the front anticounter AF.

The weak trigger condition PBOPBl allowed the off-line study of background
effects, especially the contamination with photons, by requiring signals from
additional counters. Figure 2a shows the measured distribution for neutral par-
ticles at 52.8 GeV centre-of-mass energy. The solid points represent the original
spectrum, while for the open point distribution a coincidence with the monitor
counters around the interaction region was required. One notices that apart from
a small low-energy background, both spectra agree in shape; the moni tor system
has an efficiency of about 90%. Figure 2b shows spectra taken under the same
conditions but without lead in front of AF. TFor the lower energies the fraction

of photons exceeds significantly the neutron rate.

The third spectrum in Fig. 2a was obtained with the trigger PBOPBIPBZ. As
the counters PBO and PB2 were separated by about 25 radiation lengths of iromn, the
electromagnetic background is eliminated here to a level of less than 1%Z. The

reduced efficiency for neutrons is taken into account.

The difference of the distributions taken without and with lead, scaled to
the same monitor rate, gives the spectrum of photons produced under zero angle,

see Fig. 2b. The evaluation of the cross~sections will be discussed below.

For the final analysis the distributions taken with the trigger
(PBOPBLl + monitors) were used. As was shown above, by comparison with the spectra
(PBOPB1) these distributions are inclusive as far as the shape is concerned, but

eliminate the low-energy background present in the (PBOPBl) trigger.

The measured distributions were unfolded using experimentally determined
resolution functions of the STAC. The unfolding was accomplished with standard

methods“).

The normalization was based on the Van der Meer method. The efficiency of

the STAC (comverter in-converter out) was corrected for back-scattering effects.




Also absorption loss in the material between interaction and detector was taken
into account as well as a beam-gas contribution, which was of the order of 3-47.

No correction for dead-time due to the antis was necessary.

The K® background, which was subtracted, was assumed to be the average of K
productions). This background amounts to about 10% at x = 0.2 and less than 47

for x > 0.4.

RESULTS

Neutron spectra were taken at 30.6, 44.9, 52.8, and 62.7 GeV c.m.s. energy.
The invariant cross-sections are given in Table 1 as a function of the variable
X = p/pmax' The uncertainties include the statistical errors and errors from the
energy calibration, the unfolding of the raw data and relative normalization
errors. The over-all absolute normalization efror is estimated to be *20%, which
is mostly due to the uncertainty in the efficiency of the STAC. If one extra-
polates the data of Engler et a1.3) for low x to pp = 0, there is agréement with

the data of this experiment within the errors.

The zero—angle spectra exhibit a maximum at x = 0.84 with a relatively rapid
descent to the kinematic limit. Comparing the data, for example with an un-
normalized spectrum taken at 70 GeV/c laboratory momentum!), there is no indica-
tion for an energy dependence of the invariant cross-section. 1In Fig. 3 two zero-
angle spectra of this experiment are plotted together with data at medium anglesa)

versus X.

The peak structure around x = 0.84 is not observed in the medium-angle data.
This would mean a rapid decrease of the corresponding production mechanism with
respect to p.. However, the data of Ref. 3 were taken in an early stagé of the
ISR operation and without a special vacuum chamber; thus the background was
rather high. Therefore a small bump might have been missed in the region around
x = 0.8, particularly at low transverse momenta, where only relatively poor data

at low energies (V's = 22.5 and 30.6 GeV) were available9>.

Figure 4 shows the zero-angle photon spectrum for v's = 52.8 GeV as extracted
from measurements without and with the lead filter. The relatively large errors
reflect the uncertainties in the energy calibration and resolution of the STAC
for electrons [ratio of visible energy for electrons and protons“>], in the detec-—
tion efficiency, the absorption of the photons, and the luminosity measurements.
Also previous datalo’ll) at non-zero angles are shown. A constant exponential

decrease with rising x is observed with an excess at small x < o0.1.

When analysing spectra in terms of the triple Regge model, ome correlates

inclusive distributions nmear the kinematic limit with corresponding exclusive
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processes. An interesting question is therefore whether the neutromn production
at pp = 0 can also be described by a Regge exchange mechanism, and if so, which
trajectory is dominant. If the c.m.s energy squared s and the missing mass M?

are large but M?/s is small, the invariant cross-section can be written as!?)

. ) , 1-20(t)
apdo._d0 . lG(t)IZ[M—;} O M2,8) - 1
dp® dtd(M?/s)

The Regge trajectory exchanged a(t) is coupled to p and n with a residue G(t);
Otot(Mz’t) can be interpreted as the total Reggeon proton cross—section for a
c.m.s. energy M and a Reggeon mass t, which is expected to be asymptotically con-
stant in M2. For x 2 0.88 and pp = O one has |t| £ 0.015 (GeV/c)? for the
energies of this experiment; hence for x 2 0.88 the data can be treated as taken
at constant t ® 0. Figure 5 shows that in the region x > 0.88 the measured
cross-sections follow indeed Eq. (1). The points very close to the kinematic
1imit have been omitted, since their relative error in x is rather large.
Averaging over all energies one obtains an intercept a(0) = -0.11 +0.15. This

small value indicates that pion exchange contributes significantly to neutron

production near the kinematic boundary.
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Table 1

Invariant cross-sections for pp - nx at 0° production angle

E d%o/dp? [mb/(GeVz/ca)].
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Figure captions

Fig. 1
Fig. 2
Fig. 3
Fig. 4
Fig. 5

Arrangement of the STAC and counters.

Uncorrected spectra for neutral particles at /s = 52.8 CeV a) with

b) without gamma filter. The difference is due to photons.

The invariant cross—sections for neutron production as a function
of the scaling variable x = pu/Pmax' The lines are hand drawn to

guide the eye.

Invariant cross-sections for photon production. The data of this

experiment were taken at Vs = 52.8 GeV.

~

The neutron cross—sections as a function of M?/s ® 1 - x for the

momentum transfer squared t = 0.
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