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A total absorption counter which had previously been used for total
peutron cross section measurements a’ the PS was installed in intersection
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“nevtron production rate and possibly the neutron spectrum,

The layout is shown schematically in fig. 1. The spectrometer S
consists of a sandwich of 20 scintillators (40 x 4Ocm2) interspersed
with iron plates (4cm thick). The total thickness of 80cm of iron
corresponds o 6.5 interaction length which gives a practically 100%
detection efficiency and an energy resolution of about b 15% near 10 GeV/ec.
The counter was calibrated at the PS.

An anticounter A was used to suppress charged pavxticles. However,
coincidences with A were also recorded and hence a cowparison between
neutral and charged particles wes possible.

An aluminium converter ¢ (20 x QOcmz, Sem thick) was placed in front
éf the shower spectrometer and the trigger counter T was used to select
evenis in which the hadronic cascade started in the converter. Since
in this case edge effects are reduced a somewhat better energy resolution
is obtained. On the other hand the detection efficiency for neutrons
is reduced to only 6%.

The neutron counter was set up 9.5m from the intersection and
80cm from the beam, yielding an average angle of 84mrad. The median
Plane of the counter was 20cm above the beam line in order to reduce
the amount of material traversed by the neutrons,

The neutron spectrometer was in coincidence with two telescopes

(Sens group : left I and right R, see fig. 1) which were set up close to
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to the beam pipes (€§‘= 11 to 27mrad). Each %elescoée consisted of an
upper and a lower parte. Data were haken separately for the upper and
lower halves of the telescopes. It was found that rates did not differ
within the statistical errors.

The following trigger combination could be recorded simultaneouslys

for neutral particles SE, I; STA, Iy sk, Ry STk, R;
Por charged particles STA, Ly STA; R

Coincidences with a telescope set up at 900 (Strasbourg/Saclay group)
were also taken. Phe rate for this trigger was two orders of magnitude
jower than for the L trigger and thus the statistics are very poor.
Analysis of this data is not yet complete.

The differsnt trigger conditions were identified by a pattexrn unit.
Tor each event the pulse height of S and the time—of=f£light (teo.f,)
bvetween I or R and S were written n magnetic tape. Fromw the kinetic
energy of the particle as inferred from the pvlse height ard the t.0.L.
the mass of the pariicle was calculated for each event. The mass -
distributions were in agreement with the expectations taking into account
the experimental resolutions. The uncertainty in the time mneasurenent
is mainly due to the longitudinal extension of the interaction diamond
(abcut : 2nsec), whereas the energy resolution was impaired by rate
dependent effects probably due to vexy low energy background. Hence a
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separation of n from =« and K~ was nolt possible.

Beam-gas and beam=wall background

These background events could be separated from beam - bean
interactions by comparing the counting rates for the beams properly
crossing with those for the peans Gisplaced ox with only one beam. it
was found that the counting rates of the neubtron spectrometer alone
(SX, STK, STA) were almost complétely due to background events. The
same was true for coincidences with the R~telescope. The coincidences

with the IL-telescope on the other hand had very lititle background due 10
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beam=-ges or boeomn~wall interactions if

the beam conditions were good.
This could be observed most strikingly when the heam was circulating
only in ring I.

The conclusion is that neutrons can be debected if the interaction
is defined by another telescope for charged particles, whereas a single
arm spectrometer for neutral particles seems to be very difficult to

operate at least at smell or intermediate angles.

o o <, .
. and X contamination

At an intermediate angle of B4mrad, vhere the experiment was
carried out, elastic scattering is very small and the relative x°
production is not yet large. indeed the thermodynamicél model predicts
that at this angle the x° intensity should be negligible compared to the
reuwbtron intensity except at very low eﬁergies, Hence a distinction
between K and n did not seem absolutely necessary if we wanted %o
obtain only relatively crude rate and specira data for the neutrons.

The ° intensities, on the obther hand, according to the Thermo-
dynamical nodely, are likely 1o be comparable to the neuntron intensities.
In order to suppress Zﬂ's from n°fs most of the data were baken with
2cm Pb in front of tuhe anticounter. A run without lead showed no rate
difference for neutron ensergies above 1.5 GeV. Below this energy the
coumting rate without lead rose steeply (fig. 4), This shows that our
neutron ccunter has very low sensitivity fox E“‘so Probably “he reason
is that most of the K showers are absorbed in the Fe plates (252 |
radiation lengths thick) producing no or very little light ir the
scintillator places. Hence we think that K"s from 5 ts or other

sources present no problem.

Tuminosity measurements

During run 44 a luminosity curve was taken with the trigger (SKn).
The counting rate as a function of beam displacement is shown ian fig. 2.
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At the same time also the rate for charged particles was measured (3TnLj
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and the result is shown in fig. . Accidental coinecidences have been
subtracted in hoth casas. These results agree within the statistical
errors very nicely with lominosity cuxrves obtained by other groups in 14,
which indicates that we see beam - beam interactions.

The data taken during the Tun on 26.3.71 are also in excellent
agreement with the data from other groupss They are not shown here

sinee the luminosity run was not completed.

Neutron spectra

The neutron spectrum as derived from the pulse heights of § is shown
for115 GeV and 22 GeV coliiding beams in figs. 4 20d 5 respectivelye.
Above 4 GeV both spectra cen be fitted by a straight line in a seni leg
plet over a wide range. The low energy deviation from this line which
is toward an increased rate in all cases could be a result of a double
seattering background discussed below. Of course, at the upper
kinematical liwit the spectrum has to go to zero. The spectrum ald
22 geV (slope 0.30 % 0.0%3) seems to be somewhat flatter than at 15 GeV
(slepe 0.%4 i 0505)4 This might simply be due to the higher kinematical
1imit at 22 GeV. The measurements are probably not accurate enough o
arsw o definite conclusion about the energy dependence of the gpectrun.

At the intermediate angle of © = 84mrad at which these data were
taken the neutrons are thought to originate from "through going nu leons',
Tucleons Trom ¥§ pair production contribute very little. No predictions
or measurements at lower energies exist for the neutron specirum, bul one
would expect that it is not too different from the proton spectrum. The
prediction for the protons as derived from the thermodynamical model
(Hagedorn and Rauft) is shown in fig. 4.  The experimental resolution
has been folded in. The predicted spectrum has a maximum a* about 6 GeV
which is not seen in the experimental gpectrum,. This might have two

- I4 . A
Teasonss e found a large number of very low energy pulses (most of them
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below the electronic cut-off at 0.5 GeV) which caused a rate dependence

¢f the emergy calibration which wight bave smeared cvut the spectrum.
However, this effect alone carnot explain the sharp at low neutron
energies, This is probably due to varticles originating from good beam =
beam events which interacted with the wall producing a large numbexr of
low energy secondaries. Unfortunately this background cannot be

separated out by the time~of-flight measurement. Oaly a thin vacuum

chamber zmnd additionsl anticounters couwld help.

Nevtron rates

Because of ithe background effect mentioned sbove the specira were

integrated from % GeV uvpwards, In this range background corrections

»

should be bearable. It was found that the number of neutrons N(E> 5 GeV)
0.094/s7. interaction at 15 GeV and 0.24/sr. interaction at 22 GeV.
These neuwbrons are in coincidence with forward going charged particles.
An &b least crude cowmparison with theoretical predictions can be
nade in the following way. It is asswmed that there is no correlatica
between the neutron and the charged particle. In view of the high
average multiplicity this assumption should not be oo bad. The golid
angle and detection efficiency of the neutron spectrometer are well
¥nown (see above). The efficiency of detecting a charged particle in
the L~telesccpe can be estimated from the resulis of Sens's group. They
£ind = detection efficiency for non-collinear coincidence events of 0.5%
a2t 15 GeV a2nd 1.5% at 22 GeV (Communication by Mr Potter. e to
systematical errors these numbers are uncertain by a factor of 27, The
efriciency of a single telescope is obiained by taking the square 100w
again neglecting correlations. In this way one finds

Number of neutrons (E> 5 (eV)/sr. interaction
15 GeV 22 GeV-

Experinental 1.3 2.0

Thermodynamic
model (protons) 3.1 1.3
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In view of the experimental and theoretical uncertainties the

agreenent is quite satislactory.

Charged particles

As has been mentioned above, data for charged particles were taken
simultaneously by recording coincidences instead of anti-coincidences
with countexr A, The spectra cobtained in this way are éhown in figs.

4 and 5.
. o _ .

Since p, ® and n cannot be dislinguished the spectra are a sum of
the spectra for all three particles, Nevertheless the shape of the
specira is very similar to those foxr the neutrons. The xatio of charged
particles to neutrons is 2.5 at 15 GeV and 3.5 at 22 GeV, _This seems
to be the right order of magnitude since the total number of each py n+,
%~ and n are comparable; and hence a ratio of about 3:1 could be expeched.
The increase in the charge to neutral ratio from 15 GeV to 22 GeV also
cezems reasonable, as the increase in multiplicity would reflect primarvily
in an increase in the number of w's, of which, as discussed above, ve

are sencitive at larger ensrgies to only the charged ones.

Lonclusion

1) A total absorption spectrometer for neutrons can be operated at the
ISK. Secondary interactions in the walls should bé reduced by thin
beam pipes, anticounters or better geometry.

2}  The total nuwber of neuvbtrons produced at an angle of 84mywad sgree
within a factor of about 2 with the expectation.

3) The measured neutron spectrum disagrees with the predicted spectrum,
tut this could be due to a background from good beam - bean producéd
particles interacting in the walls. The spectra at 15 and 22 GeV are
very similar.

4) The ratio of charged particies tc meutron is about 3¢l at 15 and
22 GeV, The ralio of charged to neutrals seems to be increasing

somewhat between 15 and 22 GeV.
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