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INTRODUCTION

In Spring 1978 the GAMS-200 spectrometer was assembled and used in an ex-
periment at the 70 GeV IHEP accelerator as a first phase in the realization of

the GAMS program described earlier®’,

The set~up (Fig. 1) is a small-scale copy of GAMS-4000 2). Besides the

beam counters and beam hodoscopes, the three main parts of the system are the
following: a) a liquid hydrogen target which permits to locate the interaction
point by measuring the Cerenkov light intensity of the incident particle; b) a
guard system consisting of scintillation counters and lead-glass counters in order
to select the candidates for the charge-exchange reactions} ¢) the GAMS-200 hodo-
scope assembly. To study the antiproton charge—exchange reaction at small t-valuee
by means of a hadron calorimeter, a study which is part of the CAMS-200 project,

an auxiliary sweeping magnet has been added to the set-up,

The standard lead-glass cells for GAMS-200, as well as for the guard system,
are identical to the ones foreseen for the GAMS-4000 system (Fig, 2). The data-
taking system for the GAMS-200 spectrometer is less elaborate than that foreseen
for GAMS-4000 and, furthermore, the ADC chains were taken over from an older ex-
periment (NICE)?), However, the monitoring and calibration procedures are com-
pletely similar to those proposed for GAMS-4000. These and the first experimental

results with GAMS-200 will be enlarged upon in some detajl,

CALIBRATION AND MONITORING

The GAMS-200 counters were precalibrated and continucusly monitored with
light-emitting diodes (LEDs). A1l light pulses, originating from a common source
and comparable in amplitude to a 25 GeV electromagnetic shower, are distributed
to each cell through low absorption optical fibre light-guides. The width of the
pulse amplitude distribution is 2 to 3% . The homogeneity of the characteristics

of the counters is such that the dispersion of photomultiplier high voltages is
less than 10%.

The stability of the system is controlled to a 1% level by a systematic com=~
parison of the LED pulse magnitude with pulses from a scintillator irradiated by
a standard o source (Am or Pu) on a reference photomultiplier. No significant

drift has been observed during the running period (Figs. 3a and b).
Energy calibration of GAMS-200 was made both with muons and electrons.

In the first case, the whole set-up was irradiated with a wide muon beam.
The mean amplitude of the muon signal is equivalent to that delivered by a 0.7 GeV

electron shower, The FWHM of muon pulses was 25%Z.



The calibration with electrons was made in two ways. Firstly, a 3 X 3 mm®
area around the centre of each counter was irradiated by a pencil beam. The
spectrometer was moved across the beam on a movable platform and located with a
precision of better than 1 mm. Secondly, the total area of about 16 counters was
simultaneously irradiated with a defocused beam. The electrons were in both cases
identified with threshold Cerenkov counters (hadron contamination less than 17).
The results of both methods agree to 1%. The former calibration took five hours,

while the latter regquired only two hours.

The ratio of the mean values of the electron to muon signals AefAu practi-
cally does not vary from one counter to another within the precision limits de~
termined by the linearity and the stability of the ADCs (Fig. 4). It means that
the technically simpler calibration with muons may be used to control and cali-

brate the spectrometer within 10%Z precision.

EXPERIMENTAL RESULTS

Systematic studies of the reactions

Tp + 1n

L 2 (1)
and
7 p > n’n
L ” (2)

at 25 GeV/c and 40 GeV/c incident 7~ momenta have been started. The main aim of
these first runs was to establish the GAMS working conditions and its charac-

teristics in a real experiment.

A total of 50000 m°'s from reaction (1) and 1000 n's from reaction (2) were
collected in June 1978. Samples of these data are presented in the following

figures as they were displayed on-line with a HP 2100 computer.
Figure 5 represents a typical n° event.

Figure & shows the distribution of triggered events as a function of the
total energy deposited in GAMS. The peak corresponds to the "elastic" two-body
processes (1). The lead-glass guard counter signals were not brought into the

trigger. This information was used at a later stage of the on-line analysis,

The observed mass of the "elastic" events, as obtained through application
of the methed of moments to the amplitudes in individual cells, already shows a
clear discrimination of reaction (1) (Fig. 7). The low-energy peak mainly con-

tains events where only one vy is visible. This is substantiated by Fig. 8, which

shows the same distribution for those events where two y's are clearly distinguished,
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Using a rather simple algorithm for reconstructing the individual showers
and for determi?ing their position and energy, the effective mass

= /2 : '
Meff (EYzEYz) GYY’ where 0 ig the laboratory angle between the two y's, has

YY
been evaluvated for the same events (Fig, 9). At this stage of the analysis there

is already no measurable background (<< 1%},

The BYY angular distribution of T’ events is characteristic for a two-body
decay (Fig., 10). The fast slope of the distribution to the left of emin is due
to the high precision of the y-ray coordinate measurement (S 1.5 mm). The 7°

azimuthal angular distribution is isotropic (Fig. 11).

® . ' 4 ¥ -
The cos 8 distribution, where 8% is the decay angle in the 7 centre-of-mass

system, indicates a loss of events -at small angles, which is due to the geometri~

cal acceptance of the set-up (Fig. 12).

The 1° energy curve given in Fig., 13 is somewhat wider than expected from
GAMS resolution [formula (2) in Ref. 1], because no on-line calibration and drift

corrections were performed at this stage.

Figure 14 shows the mass spectrum of 2y events with ¥* £ 2.5 after a LC-fit
to reaction (1) at 25 GeV/c 7 momentum. The 7° peak has a FWHM of 5 MeV. The

standard deviation
_ -3
%H%#-lj x 10 {3

is definitely smaller than the one obtained heretofore with total absorption
Y spectrometers. For comparison, the mass spectrum including the n region, ob-
tained immediately after assembling GAMS, before its calibration (the LED signals

were visually equalized on the oscilloscope), is shown in Fig, 15.

Finally the t-dependence of the differential cross-section for reaction (1)

at small t is shown in Fig. 16, as determined on-line without acceptance correc-

tion.

GAMS-50

A small (compared to GAMS-4000) Y-tray spectrometer GAMS-5C made of fifty
GAMS-type lead-glass hodoscope cells has been associated with the IHEP muon mag-
netic spectrometer in a search for rare meson decays ("lepton-G" set-up) with the

participation of a few members of the GAMS group.

The experiment”), which was concluded in the Spring of 1978, has led to the
first observation of the n decay channel n + u™i™y, The measured branching ratio
is BR{(n -~ u*u7y) = 1.5 x 10~%.
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Figure 17 shows the mass spectrum of the u*"y systems produced in 25 GeV/c
T p collisions. A peak containing 100 events, after 15% background subtraction,
is seen, Its mean mass value agrees with the tabulated n mass value up to 2%, an

error which can be assigned to systematic effects.

This was really the first use of a GAMS-type spectrometer in a large experi-
ment. It gave the opportunity to solve the problem of precise coordinate and
energy measurement in GAMS also in the presence of two mesons traversing it simul-
tanecusly. It has also been the first successful GAMS reliability test as it has

been working during 2000 hours, in a beam of 4 x 10% particles per second.

CONCLUSIONS

GAMS-200 preliminary experimental results confirm the conclusions which were

made on the basis of the former tests and measurements with electron beams2),

GAMS cellular structure allows an'easy coordinate evaluation, thus yielding
the momentum vector of each y-ray directly, 1In this way simple on~line analysis
already gives a rather precise overview of the physics involved, This is not so
with magnetic spectrometers or with NICE~type y-ray spectrometers where the tra-
jectory of the particle has to be determined from two independent projectioms in

plane detectors.

For particles with large masses, a mass resolution of better than 10~ % can

be achieved at SPS with GAMS-4000,

For practical purposes it is worth emphasizing that the large GAMS-4000 spec-
trometer can be calibrated with muons in 12 hours and with electrons in two days.
Scaling up from GAMS-200 to GAMS-4000 should not raise any problem. The LED
source for the monitoring system, which has reliably performed, can be used for
a thousand counters. Only four of them will be needed for GAMS-4000 and they
will together provide further cross—checking. The reliability shown by GAMS-50
is confirmed by the 1000 hours of use of the more than three hundred GAMS-200

counters (including the guard system) without breakdown.
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GAMS=200 experimental set-up in the 40 GeV/c T~ beam at IHEP,

GAMS-200 spectrometer and guard system counters, In the background

are shown lead-glass blocks for GAMS-4000.

a) Stability of the system including the light diodes, the photo-
multiplier, the high voltage supply and the ADC after switching

on. A short power switch-off is indicated by a pointer,

b) Same as Fig. 3a, but after some hours of running.

Ratio of the mean amplitudes of electron and muon pulses at

25 GeV/e.

Typical ©° event. The two display views are rotated through 90° to

each cther,

Spectrum of the total emergy deposited in GAMS for the triggered

events. The pointer shows the beam energy.

"elastic" events as calculated by the method of

moments.

"elastic" events with two visible y-rays.

Mass spectrum of

Effective mass spectrum of "elastic" events.
P

Distribution as a functicon of SYY’ the decay angle. Gmin = ZmHKE

® decay angle.

is the minimum 7
Azimuthal angle ¢ distribution.
Distribution of cos 8*, the decay angle in the 7° c.m. system.

% energy spectrum.

Mass spectrum of the y pairs after a 1C—-fit of the events to the

reaction {(1).

Mass spectrum of events for both reactions (1) and (2) before

spectrometer calibration.

Display view of the t-dependence of the differential cross-section
for reaction (1), 0D £ |t| < 0.3 (CeV/c)?,

U+H_Y mass spectrum. The peak corresponds to the decay n - u+u‘y.
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