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Abstract

Particle identification (PID) at high rates is an important challenge for many current and future high-energy physics experiments. The

upgrade of the COMPASS RICH-1 detector requires a new technique for Cherenkov photon detection at count rates of several 106 per

channel in the central detector region, and a read-out system allowing for trigger rates of up to 100 kHz. To cope with these requirements,

the photon detectors in the central region have been replaced with the detection system described in this paper. In the peripheral regions,

the existing multi-wire proportional chambers with CsI photocathode are now read out via a new system employing APV pre-amplifiers

and flash ADC chips. The new detection system consists of multi-anode photomultiplier tubes (MAPMT) and fast read-out electronics
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based on the MAD4 discriminator and the F1-TDC chip. The RICH-1 is in operation in its upgraded version for the 2006 CERN SPS

run. We present the photon detection design, constructive aspects and the first Cherenkov light in the detector.

r 2007 Elsevier B.V. All rights reserved.
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Fig. 1. Scheme of fused silica telescope system connected to each

MAPMT.
1. Introduction and motivation of the project

The fixed target experiment COMPASS [1] at CERN
SPS is a two-stage spectrometer dedicated to the investiga-
tion of perturbative and non-perturbative QCD. The
comprehensive research programme comprises both phy-
sics with a muon and hadron beams, including the study of
the nucleon spin structure and charm spectroscopy.
Identification of hadronic particles is required, and
performed by RICH-1 in the multi-decade GeV=c range
[2]. For this purpose, a large size gas radiator RICH has
been in operation in COMPASS since 2001. Multi-wire
proportional chambers (MWPC) with CsI photocathodes
have been used for the single photon detection, whereas the
read-out was based on the Gassiplex front-end (FE) chip
[3]. Now, the central quarter of the 5:3m2 photon detection
area has been fitted with a new detection system based on
multi-anode photomultiplier tubes (MAPMT) [4] and is
discussed in this paper. The outer regions stay unchanged,
and are read out by a new system [5] characterised by
negligible dead-time and better time resolution. Details on
the COMPASS data acquisition system may be found in
Ref. [6].

The memory time of about 3ms of the detection system
and the dominant background due to uncorrelated muon
beam particles in the central detector region had remark-
ably reduced the detector performance, especially for
particles at the very forward direction. Furthermore, the
planned increase of the beam intensity from 40 to
100MHz, and trigger rates from 20 kHz in the past to
100 kHz, made upgrading the COMPASS RICH-1 man-
datory in terms of a faster photon detection system.
Fig. 2. First quarter of the new detection system comprising 144

MAPMT, fully equipped with FE electronics. The FE cards are water-

cooled by single waterline copper plates, as indicated by the three

DREISAM boards in the front.
2. Realisation of the project

The new detector part consists of 576 MAPMT
(Hamamatsu R7600-03-M16) with 16 channels per PMT,
each coupled to an individual fused silica telescope, see
Fig. 1. The purpose of the optics is to focus the Cherenkov
photons on the sensitive cathodes to gain a factor of
approximately 7 in sensitive surface. Moreover, the
telescope has been designed to minimise image distortions,
provide an angular acceptance of �9:5�, and perform a
spot size of � 1mm (r.m.s). The read-out is performed by
four sensitive MAD4 chips [7] on two FE cards per
MAPMT, and high-resolution F1 TDC [8]. One so-called
DREISAM card housing eight F1-TDC reads four
MAPMT. Both electronic cards are water-cooled via
copper water line plates. One panel of MAPMT fully
equipped with FE electronics is shown in Fig. 2. The
MAD4 chip features a small noise level (5–7 fC compared
to mean signals of 500 fC) and has a rate capability up to
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� 1MHz per channel. The new FE chip version CMAD,
that will be available for the 2007 run, will operate up to
rates of 5MHz per channel. The F1-TDC operate stably
for input rates up to 10MHz per channel at 100 kHz trigger
rates, and the time resolution of 120 ps further ensures the
background level from uncorrelated physics events to be
negligible.
Fig. 4. Simulated Cherenkov emission angle yCh versus particle momen-

ta—the PID capabilities extended by the detector upgrade are marked.

Fig. 5. Accumulated detector hitmap imaging the halo of beam particles.
3. Expected performance and first light in the upgraded

detector

The performance achieved in the past can be summarised
as follows [2]: photons per particle at saturation Nph=ring ¼

14 (mean value), single photon and global resolution on the
reconstructed Cherenkov angle yCh at saturation of sph ¼
1:2mrad and sring ¼ 0:6mrad, respectively, resulting in
particle identification (PID) efficiency better than 95%
for yCh430mrad, and 2s pion-to-kaon separation at
43GeV=c.

One benefit of using MAPMT is the extension in the
wavelength range and the resultant increase of detected
Cherenkov photons as illustrated in Fig. 3. We expect an
increase in the number of detected photons per ring by
approximately a factor of 3 to Nph=ring � 40 (b�1). Due to
the improved time resolution of a few ns, we further expect
a gain in the time resolution of single ring reconstruction to
sring � 0:4mrad at b�1 . The improved Nph=ring leads to an
extended PID capability towards yCho30mrad and lower
particle momenta, whereas the better sring extends PID to
higher particle momenta, cf. Fig. 4. The effective space
resolution of the system is about 5mm, which leads to
sph � 2:4mrad. Finally, we expect 2s pion-to-kaon separa-
tion at 50GeV=c and efficient PID for small angles
yCh420mrad.

In Fig. 5, the two-dimensional hitmap of the 96� 96
channels or pixels are shown for one of the first COMPASS
2006 SPS physics runs. One clearly recognises the halo of
the beam particles in the centre. First single event hadron
Fig. 3. Cherenkov yield as a function of wavelength—the different

sensitivities for CsI and MAPMT are indicated.

Fig. 6. Single physics event with multiple hadron rings ðblue�red ¼ 10 nsÞ.
rings detected with the COMPASS RICH MAPMT are
shown in Fig. 6 (10 ns time cut applied).

4. Conclusions

For the upgrade of the COMPASS RICH-1, a fast
photon detection system based on MAPMT was designed
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and implemented on the time scale of one and a half years,
and thus was ready for the COMPASS 2006 data taking.
The PID capability will be extended to both—high particle
momenta and near the threshold. First signals in the
detector indicate the new system is working well, improving
future COMPASS physics results.
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