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The scintillation and Cherenkov counter system of the forward detector of ANKE, magnetic spec-
trometer at the internal beam of the accelerator COSY in Jiilich, is described. The timing and amplitude
characteristics are presented as well as the capabilities to select physical processes of interest.

OnuceiB €Tl CHCTEM  CHUHTIJUIALMOHHBIX M YEPEeHKOBCKUX CUYETYHKOB IIEPEJHEro IeTeKTOp
ANKE, M rHUTHOro cnekTpoMeTp H BHyTpeHHeM Iyuke yckoputens COSY B FOnuxe. IlpuseneHst
UX BPEMEHHbIE 1 MIUIUTYIHBIE X P KTEPUCTHUKH, T KXXE BO3MOXHOCTH UX IIPUMEHEHHs JUI BbIIEICHHS
UHTEPECYLMX (PU3HMIECKUX MPOLECCOB.

INTRODUCTION

The experimental facility ANKE [1] is in operation at COSY, the COoler SYnchrotron at
the Forschungszentrum Jiilich, Germany. It is used for study of proton- and deuteron-induced
processes at intermediate energies of up to 2.8 GeV. The ANKE setup (Fig. 1) consists of a
three-dipole magnet system installed in the accelerator ring, an internal target and a set of
detector groups which select the interaction products in various kinematical regions. One of
these groups is the forward detector (FD) which provides detection of fast forward-emitted
particles with momenta from 30 to 130 % of the beam momentum in the polar angle range
0° < ¢ < 12°.

The FD acceptance covers a significant part of the phase space of secondaries produced
in nuclear interactions at COSY energies. Therefore, being used alone or in coincidence
with the other detector groups, the FD allows one to investigate a wide range of processes,
including the cumulative deuteron breakup, the w and ¢ meson production, the subthreshold
kaon production and others.

The forward detector comprises a set of fast multiwire proportional chambers and ho-
doscopes of scintillation and Cherenkov counters. We describe here the design and perform-
ance of these hodoscopes used for triggering and particle identification in experiments with
ANKE.
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Fig. 1. Scheme of the ANKE setup

1. SCINTILLATION HODOSCOPE

The forward scintillation hodoscope (FSH) consists of two planes (A and B) with eight
and nine vertically oriented counters in the planes A and B, respectively (Fig.2). The coun-
ters in the plane B are half-width shifted with respect to the A-plane counters. The length of
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Fig. 2. Schematic top view of the forward

scintillation hodoscope. The numbers above
the planes are the counter numbers, those below

the planes give the widths in millimeters

all scintillators is 360 mm, the width is 80 mm
for most counters and gradually decreases to
40 mm for the counters in the high-momentum
region near the beam pipe, where their occupancy
increases. The scintillator thickness is 20 mm
for the counters 80 mm wide and 15 mm for the
others. The scintillators are viewed from both
ends via lightguides with photomultipliers (PM)
of the types XP4222 and XP2972 for the 20-mm
and 15-mm counters, respectively. The counters,
designed as independent units, are assembled on
a common frame.

The front-end electronic channel for each

counter (Fig.3) includes a linear fan-out and a constant fraction discriminator/meantimer
(CFD/MT) [2]. Hence, from each counter two analog signals (from the upper and lower
PMs) and three logical signals (two from CFDs of the upper and lower PMs and one from
MT) are available for further digitization in ADC and TDC and recording as well as for

triggering purposes [3].
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The time resolution of the counters measured in real beam conditions is in the range o =
100 = 150 ps, the lower value being for the counters with thicker scintillators. This provides
the time-of-flight (TOF) measurements if the FSH is used together with one of other detector
groups or if two particles hit different counters of the FSH. (As a matter of fact, in both cases

not the TOF is measured but the relative timing of

. . o ¥
th dete.cted particles Wthh. may have' quite dl'fferent
trajectories. Nevertheless, this delivers information for
the off-line particle identification which is equivalent

Upper
to the TOF.) ™ L

Using the timing information from the CFD chan-

nels of the upper and lower ends of a counter, one g ] me
can find the value of the vertical coordinate y of the E A MT -
detected particle. The spatial resolution along the y 3 T]r(‘)iigccr

direction obtained with this method is in the range
oy = 1.5 + 2.2 cm. The accuracy of the z-coordinate

measurement in the hodoscope is defined by the counter -
widths. Taking into account the shift between the
planes A and B, the uncertainty of the x-coordinate is fan-out

close to a half of the counter width if the both plane sig-

nals are used (or slightly more for the inclined tracks). Fig. 3. Scheme of the electronic channel
The 2 and y coordinates obtained in this way are used at of an FSH counter

the first step of the track reconstruction procedure in the

forward detector proportional chambers. The achieved coordinate resolution of the FSH is suf-
ficient to define a limited track search corridor and thus to exclude most of the spurious tracks.

The amplitude information from the FSH is used in the off-line analysis for particle
identification and event selection of the processes under study. At intermediate energies the
energy losses in the counters depend considerably on the particle type and momentum. For
this reason a special amplitude calibration procedure has been developed [4]. The aim of this
calibration is to obtain for each counter the relation between the measured amplitude in ADC
channels and the real energy losses AE in the units MeV/cm.

The amplitude calibration procedure is the following. Events from several binary processes
(i.e., when all the momenta are well defined) are identified and the most probable (m.p.)
values of the corresponding peaks in the amplitude distributions are calculated. The processes
used are the pp — dn™ reaction at a beam energy of 0.5 GeV with detection of the forward
or backward emitted deuteron (in the c.m.s. frame) and the elastic pp scattering at a beam
energies of 0.5, 1.0 and 2.0 GeV. The m. p. values can be related to the energy losses in MeV
as the particle’s type and momentum are defined and hence the energy losses are well known.
These sets of the five m. p. values for each counter (independently for the signals of the upper
and lower photomultipliers) are fitted with polynomial functions of AF, and corrections for
the dependence of the amplitude on the coordinate are applied. The final calibration function
for a counter is an average of the two functions obtained from independent fits for both
counter amplitudes.

In Fig. 4 an example of the energy loss distribution in the counter A-3 and the correspond-
ing counter B-4 is shown. The data were collected for a hydrogen target at a beam energy
of 0.5 GeV. Among the three intensive peaks in the spectrum the lower losses correspond to
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Fig. 4. Energy loss distribution in two matching counters of the scintillation hodoscope measured at a
beam energy of 0.5 GeV with a hydrogen target

protons from the pp elastic scattering, while the medium and the rightmost peaks correspond
to deuterons from the two kinematical branches of the process pp — drnt (the forward and
backward deuteron emission in the c. m.s. frame, respectively). A small peak at the left of the
distribution is due to pions which have lower AE. The spectrum contains also the continuum
caused by detection of protons from the pion production processes in which the protons are
widely distributed over energy. So, the energy loss distribution as a whole reflects fairly well
the dominant physical processes for the given conditions. The widths (FWHM) of the peaks

in the AFE distribution vary from 11 to 17 % for deposited energies from 9.6 to 2.8 MeV/cm,
respectively.

2. CHERENKOV HODOSCOPE

Cherenkov counters in the forward detector help to distinguish between the particles of
different velocities, especially in the high-momentum region where AF and TOF methods
become less efficient. The counters in the forward Cherenkov hodoscope (FCH) make use of
the total internal reflection of the Cherenkov light inside the radiators. The prototype of such
counters for ANKE was tested in [5].

The counter radiator made of lucite is oriented at a predetermined variable angle to the
direction of the particle flux. Particles of the same momentum but of different masses have
different velocities and, as a result, radiate Cherenkov light at different angles. Hence, one
can choose the value of the counter inclination angle such that the Cherenkov light for one
of the particles leaves the radiator, but for another one, of less mass and hence faster, part
of the light is «trapped» inside the radiator due to the total internal reflection and reaches the
photomultiplier at the counter end. This is illustrated in Fig.5 for the case of protons and
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deuterons. To absorb any but the total internal reflection light, the radiator is wrapped with a
black paper.

The FCH consists of 16 identical counters assembled as two groups placed symmetri-
cally with respect to the median plane of the forward detector (like in Fig.5). Each counter
has a lucite radiator of cross section 8 X 5 cm (w x t) and length 30 cm.
The counter is viewed by a photomultiplier XP2020 at the radiator end.
The inclination angle can be set independently for any counter. The
counters are mounted behind the forward scintillation hodoscope on
a common supporting frame and cover approximately the same solid
angle. For each counter the amplitude and the timing information are
measured. The FCH signals are not used for triggering, so the particle
identification is made in the off-line analysis.

The efficiency of the FCH to protons was investigated in a wide
momentum range from 0.5 to 2.7 GeV/c (to cover this range the
measurements were done at three beam energies). From these data the
efficiency to deuterons can be easily deduced, since deuterons with
twice higher momenta have the same velocity as protons and hence
radiate the Cherenkov light identically.

The FCH performance with respect to proton/deuteron separation
was obtained in an experiment on w(782)-meson production in the
process pd — pspdw (here pg, is a slow spectator proton) at a
beam energy of 2 GeV. The deuterons from this reaction, detected
in the FD, have momenta in the range 1.7 <+ 2.3 GeV/c and should
be separated from the background of protons. The FCH detection
efficiency of deuterons in this momentum interval is equal to that of
protons with momenta of 0.85+1.15 GeV/c. The counters’ inclination Fig. 5. Cherenkov
angle was set at 10°. This angle, according to Monte-Carlo simulation, light propagation in the
provides the best separation between the deuterons and protons at these total internal reflection
momenta. counters. With a

Note that the efficiency obtained in the off-line analysis depends proper inclination an-
on the applied software cut. The Cherenkov counter amplitude is com- gle the light from
pared with a software threshold and, depending on whether the ampli- a deuteron leaves the
tude is above or below this threshold, the event is classified as «signal counter, while part of
is present» or «no signal». For protons the lower the threshold, the the light caused by a
higher the efficiency, but simultaneously the efficiency for deuterons proton is detected in a
increases and the proton/deuteron separation becomes worse. For this photomultiplier
reason the threshold is chosen as a reasonable compromise between
efficiency and separation capability. The events of the type «signal is present», which include
background protons as well as misidentified deuterons, are rejected in the analysis of the
experimental data.

The dependence of the proton detection efficiency on the momentum measured with vari-
ous software thresholds Q¢ for one of the FCH counters is shown in Fig. 6. For each event
the track in the forward detector proportional chambers is reconstructed and the value of
momentum is obtained. The efficiency is defined as the ratio Ngsq,, /N, where Nosq,,
is the number of entries in the spectrum with an amplitude above the threshold @y, and N
is the total number of entries. The efficiency plateau is reached between 1.5 and 1.8 GeV/c
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Fig. 6. Proton detection efficiency as a function of
the momentum for various values of the software
thresholds

and its level varies from 98.6 to 94.8 % for
threshold setting between 2 and 30 ADC
channels, respectively. This efficiency corre-
sponds to a proton rejection factor from about
70 to 20. The maximum deuteron momen-
tum in the process of the w production under
study is 2.3 GeV/c, and such deuterons are
detected in FCH with the same probability
as protons with a momentum of 1.15 GeV/c.
Hence, the efficiency to detect deuterons in
the whole momentum range 1.7 < 2.3 GeV/c
is estimated from Fig. 6 to be < 10 %. These
deuterons with an amplitude above the thresh-
old are treated as protons and rejected.

The obtained results show that the
Cherenkov counters of the forward detector
provide a significant suppression of protons
at rather small deuteron losses.

CONCLUSION

The performance of the scintillation and Cherenkov hodoscopes of the forward detec-
tor meets the requirements of the experiments at ANKE. The developed procedure for the
hodoscope data analysis provides the particle identification and the event selection of the

processes under study.
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