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ABSTRACT. 

A large raulti-cell threshold gas Cerenkov counter consisting of 

78 cells has been built for use in a high energy rouon scattering experi

ment at CERN (European Muon Collaboration). It is used with neon, nitro

gen or a mixture of those two gases, allowing the pion threshold co be 

varied between 6 and 20 GeV/c. The sensitive region of the counter has 

a length of 4.0 m and entrance and exit windows of 1.1 x 2.4 m 2 and 

2.4 x 5.0 m^, respectively. 
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1. INTRODUCTION 

The Cerenkov counter described here is used in a muon deep 
inelastic scattering experiment at the CEKN SPS (European Muon 
Collaboration) . This counter, integrated in a fa l kard magne
tic spectxometer, identifies hadrons emerging from high energy 
muons interactions in a 6 m long liquid hydrogen targt His 
volume, for a useful length of 4.0 m, is about 50 m'3, and by 
filling either with neon or nitrogen, the pion/kaon separ tion 
ia achieved in the momentum range 20-70 GeV/c and 6-20 Ge//c 
respectively. 

2. DESIGN CONSIDERATIONS 

2.1 GAS 

The minimum momentum acceptance of the experimental apparatus is 
about 4 GeV/c, due to bending in the forward spectrometer magnet. 
This lower momentum limit is closely approached by filling with 
nitrogen at atmospheric pressure (refractive index n-1 * 3.10 ) 
which has a pion threshold of about 6 GeV/c, and which separates 
kaons up to about 22 GeV/c. By filling with pure neon, (refrac
tive index n-I • 0.7 10 ) , a higher operating range is obtained: 
20-70 G°V/c. By mixing at atmospheric pressure nitrogen and neon, 
the operating range can be continuously adjusted between 6 and 70 
GeV/c. However, since neon is quite expensive, a gas recycling 
system was designed. In particular, such a system must have pro
vision for filtering out impureties, especially oxygen, which 
seriously affects the performance of the counter when in concen
tration greater than 10 . The frequency of the neon filling of 
the Cerenkov has also to be taken into consideration for the design 
or even for the opportunity of such a gas recycling device. 

2.2 DIMENSIONS 
The efficiency of the counter is determined by the average number 
N of photoelectrons produced at the cathode of the photomultipl1er. 
High efficiency (> 0.99) requires that this mean number of photo-
electrons is at least five. 
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The useful length L of the Cerenkov is a major parameter for 
the production of photoelectrons, according to the well known 
relation: 

N - N Q L sin 2 9 C (1) 

where L » Length of the radiator (cm) 
9„ • Cerenkov angle 
N - Constant, caracterising the photomultiplier and 

the optical collection efficiency (cm ) . 

In order to have a higher number N of photoelectrons, for given 
Cerenkov angle or particle momentum P, we have to maximize the 
product N L. As we see later on (section 4) , N is actually 
not completely independent of L. Nevertheless, we can separa
tely optimize these two parameters. We can reach N values 
higher than 100 cm using high reflectivity mirrors in the UV j 
region and high efficiency photomultipliers coated with a wave-

(2) length shifter . Taking into account such values of N and I 
the minimum of five photoelectrons in order to obtain nearly I 
100 % efficiency for detecting particles with P > 20 GeV/c in 
neon, we come to the conclusion: L > 400 cm. 

On the other hand, the size and hence the cost of the various 
detectors of the overall experimental set-up, limit to a few 
meters the possible length along the beam of the Cerenkov coun
ter. Thus, we are led to a choice of 4 m for this length. 

The transverse dimensions of the counter, determined by the geome
trical acceptance of the forward spectrometer magnet, are 5.0 m 
(horizontal) and 2.4 m (vertical) at the exit window. 

2.3 CELL SIZE 
In order to achieve spatial separation of the particles coming 
out from the magnet, we divided the light collection system in 
cells of equal size. The dimensions of a cell were chosen to be 
larger than the Cerenkov light cone (̂  21 cm in the mirror 
plane) for nitrogen so as to have only one photomultiplier signal 
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per particle in most cases but has also to be small enough to 

be hit, only by one particle in general. This cell size 

(40 x 36 cm 2) allows for a 28 mrad separation between parti

cles at the hydrogen target. Fig. 1 ahows the mirrors on the 

Cerenkov frame. 

2.4 OPTICS 

An array of 78 spherical mirrors was designed. The radius, 

position and orientation of these mirrors «ere matched in order 

to focus Cereokov light into the corresponding phctoamltiplier. 

The upper sirrors are tilted by 20° with respect to the ver

tical direction and reflect the light from particles above the 

beam line onto 39 photomultipliers fixed on the top part of the 

frame. Below the beam line» a symmetrical structure was desi

gned. However, such a structure leads to a reduction in path 

lengths of 40 cm for some particles, resulting in a weaker 

efficiency for the corresponding cells. A spherical shape was 

given to the mirrors as an approximation to an ellipsoïdal 

shape (one focus at the target center, the other at the photo-

multiplier cathode). The overall structure of the mirror sup

porting system has been optimised in order to achieve the same 

focal length for all the spherical mirrors on the same horizon

tal row. This led to 3 families of mirrors with focal lengths 

f « 2.00, 1.40, 1.20 m (R - 2f). 

In order to match the photocathode area to the spot size of the 

Cerenkov light reflected by the spherical mirror of a cell, we 

have made a Monte Carlo study of the light distribution at the 

phOtomultipiier cathode assuming isotropic particle emission 

from the target. For 5-20 GeV particles of both charges and 

with N2 as radiator, the vertical spot dimension is found to 

be within 10 cm. But, in the horizontal direction, the bigger 

divergence due to the upstream magnet, leads to a spread over 

about 20 cm, exceeding the diameter of the current photomulti

plier.'- . 
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Allowing for some misaiignment and imperfections in the mirror 
surfaces, we are thus led to use a light funnel of 30 cm en
trance diameter and a 5" photomultiplier. A view of the light 
funnel» photomultiplier, base and supporting structure is given 
by Fig. 2. 

3. DESCRIPTION OF THE COUNTER 

3. 1 FRAME 

The structure of the counter (Fig. 1) is made of two parts for 
easier construction and transport : a front or "nose" to increase 
the radiator length and a back which carries the mirrors and pho-
tomultipliers arrays. The structure, being very large, has to be 
s trong to ava id deformations resulting in gas leakage and optics 
misalignment. The inner wall has to be made of material which 
will not cause contamination by outgassing. The frame is thus 
made of aluminium struds welded together and aluminium plates 
(4.0 mm thick) form the side walls. A door allows access to 
the mirrors and light funnels. The entrance and exit windows 
consist of oylar sheets ^ 0.35 mm thick, backed up on black 
priyester film which provides the light thightness. All the 
internal walls of the counter are blackened no eliminate parasi
tic reflections. In order to avoid Cerenkov light from beam 
particles, a black tube (15 cm diameter) in Tedlar of 40 urn 
filled with nitrogen is placed in the beam line. 

3.2 THE GAS SYSTEM 
In a Cerenkov counter of such a large size, there are special 
problems to be solved. Changing the nature of the radiating gas 
several times a year becomes, due to the high cost of neon, very 
expansive. Another important consideration is that of gas purity, 
to avoid absorption of the DV Cerenkov light. For example, levels 
of oxygen contamination in excess of 10 will cause appreciable 
UV absorption resulting in a decrease of N (see section 4). 

Filling or emptying procedure 
To fill Cerenkov with neon, we use a Ne(He)/S2 purification 
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plant provided by CERN. Firstly the Cerenkov counter is filled 
with nitrogen by flushing. After that it is connected to a 
neon source. Then, the gas from the Cerenkov is pumped through 
the purification plant, nitrogen is liquified and neon goes 
back to the Cerenkov. Since the internal pressure of the puri
fication plant is 10 bar, neon concentration which can be achie
ved is 90 %. The nitrogen remaining part is taken away by 
using an absorption vessel, giving up to 99,8 % neon purity. 

To empty the Cerenkov, nitrogen is flushed through the counter. 
Pressure regulation is made by means of a pneumatic regulator. 

Gas purity maintenance 

The Ne(He)/N2 purification pl-ant being a movable system which 
can be used for other large Cerenkov counters at CERN, a simpler 
system is provided to reach and maintain a high purity of the 
gas. The purification is made with a chemical purifier in which 
the oxygen is fixed by copper oxygenation, water by a molecular 
filter and nitrogen by titane nitmration. The oxygen and water 
filter can be regenerated. The gas flow is of 10 Nm 3/h and 
one can reach purity of the order of few ppm of oxygen in the 
counter. Fig. 3 shows the complete gas system. 

3.3 OPTICS 

3.3.1 Spherical mirrors 

These mirrors, multi-layer type, consist nf 1 layer of 1 mm 
thick glass, 3 layers of foam, each 5 mm thick, I layer of 1 mm 
fiber-glass epoxy. The five layers are glued together with 
standard araldite and the mirror is shaped on a mold with vacuum 

(3) hold-down . After 8 hours, the mirror is rigid and stable. 
The limit for the radius of curvature with this method is around 
2 meter (1 m focal length). Glass has been chosen as reflecting 
support for its good UV reflectivity and for its cleaning possi
bilities. These mirrors were aluminized (1000 am) in the CERN 
Workshop and then given a protective layer of MgF2 (350 nm) 
which also serves to raise the reflectivity in the short wave
length region. Small test sample mirrors were aluminized simul
taneous ly and the reflectivity of each samp le measured in four 



(4) 
wave-length intervals . The dispersion of reflectivities found 

for these samples is shown in Fig. 4. In addition, each mirror 

was checked far reflectivity at X • 200 nm with a Zeiss spec

trophotometer and the results agree well with those of Fig. 4. 

The mirrors, fixed on an adjustable supporting system, were ali

gned using a laser at the target position. For the last column 

of mirrors, taking into account the fact that on the edge of the 

Cerenkov counter, only the light from particles of one polarity 

can reach the mirror and using the results of the previous Monte 

Carlo study, the alignment was done witiv- the laser source 

% 80 cm off from the target axis. 

3.3.2 Light funnels 

For this Cerenkov counter, where the angular divergence ol the 

light is large, classical paraboloid light funnels are not best 

suited. Following H.Hinterberger and al. , we have built 

light funnels with an ellipsoïdal shape with one focus at the 

middle of the spherical mirror and the other at the photocatnode. 

With such a system all the light coming from the mirrors and 

collected by the photocathodes undergoes at most one reflection. 

The light funnels are formed under heat and pressure from lucite 

tubes into the desired shape, then aluminized 

3.3.3 Photomultipliers 

The photomultipliers, Philips XP 2041, were chosen amongst the 

5" tubes, on the basis of quantum efficiency, cost and time reso

lution. To get better efficiency for DV light, there is no win

dow between the photomultiplier and the radiating gas. But, on 

the other hand, the photocathode face was coated with a thin 

(100 ug/cm 2) layer of the P-Terphenyl wave-length shifter, which 
(2) 

increases by a factor of 2-3 the pulse height . A thin (1 mm) 

mu-metal shielding of 15.4 cm diameter protects the tube against 

local magnetic fields (Fig. 2). 

3.4 ELECTRONICS 

Originally, we used negative cathode polarity with standard cir

cuit diagram for the tube ba;>e and the tests on one Cerenkov cell 
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(section 4) fi-led with nitrogen or argon were done in this way. 
Unfortunately, some flashing between photocathode and light 
funnel when we filled the Cerenkov with neon, lead us to work 
with an earthed cathode. The corresponding circuity then used 
is shown on Fig. 5. 
The anode signal from the photomul tiplier is fed through a weak 
attenuation cable (RG 213 U) to a Lecroy 620 high impedance dis
criminator allowing the input signal to be read out by a Lecroy 
2249 ÀDC and the output signal to fire a Lecroy 23415 pattern 
unit. The discriminator threshold were all set at 30 nV, and 
the gain of each tube was adjusted by varying the high voltage 
until the ADC response per photoelectron was approximately the 
same for all channels (̂  25 channels/photoelectron). This was 
done using LED*s on individual channels as light source and mea
suring the pulse charge distribution to determine the number N 
of photoelectrons assuming a Gaussian distribution for which : 
N = u 2 / o2 where y * mean and ff =• standard deviation of the 
distribution. 

The linearity of the ADC response with the illumination of the 
photocathode was checked. In addition, the photomultipliers 
have been tested before installation in the Cerenkov counter to 
select those with low dark current. 

4. TEST CELL MEASUREMENTS IN A BEAM 

4.I EXPERIMENTAL SET-UP 
A test cell C„ was placed in a 2.5 GeV/c pion beam from the 
CERN PS. The beam contained 1-2 % of electrons which were 
identified by two gas threshold Cerenkov counters, C. and C_, 
placed in série in the beam line. A set of small scintillation 
counters were placed upstream and downstream of the cell C_ 
for triggering and for defining the beam divergence. The latter 
was varied by turning or changing these small counters. The test 
cell consisted of a 40 cm diameter and 415 cm long aluminium tube 
joined to a cube in which the focusing mirror and photomultiplier 
assembly were mounted. The full radiating path length was appro
ximately that of the actual Cerenkov counter, but the path length could 
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be varied by means of a movable black screen in order to measure 
N as a function of this length. The anode pulse from the test 
cell photomultiplier was recorded by a pulse height analyser 
gated by the beam telescope signal. The calibration of the sys
tem was made using a LED installed close Co Che photomultiplier 
adjusting the light level and computing the number of photoelec-
trons N from the meat, and standard deviation of the pulse 
height distribution. Given this calibration, the photoelectron 
number N for particles is obtained directly from the mean 
pulse amplitude as measured on the FUA. For small N (where 
the Gaussian distribution is not valid) , the value of N was 
estimated from the test cell efficiency by using the Poisson 
distribution. 

4.2 TEST RESULTS 

Tests were made with several mirrors, with and without light 
funnel and with photomultipliers, both with and without wave
length shifter coating. The radiator was nitrogen or argon at 
the atmospheric pressure. The problem of oxygen contamination 
was difficult to overcome in the test cell because no purifica
tion system wa3 available. A considerable effort was devoted 
to keep this oxygen contamination to a constant, reasonably 
small level» allowing consistent and reproducible results. 
However there was still some evidence of light losses corres
ponding to an absorption length of *\> 20-30 m, probably due to 
this small contamination of oxygen. For nitrogen (n-1 = 3.10 ) , 
the length dépendance of N is shown in Fig. 6 where the solid 
line (N * 137 cm ) is based on measurements taken shortly 
after nitrogen filling. Later measurements give a N value of 
I 10 cm corresponding to an absorption length of - 20 m. A 
similar result was obtained with the counter filled with argon 
(n-1 " 2.8 10 ) , as can be seen in Fig. 7, where the line 
through the measurements at the shorter lengths (L < 1.5 m) 
corresponds to N " 137 cm . At larger lengths there is also 
evidence of some light absorption, corresponding to an absorption 
length of - 26 m. Measurements made with a relatively high level 
of oxygen (i> 1 Z) so that all the light emitted below 200 nm 
is absorbed, show the constancy of N (N ^ 75 cm l) along the 



4 m of radiator and then support the belief that the decrease 
of N with the length previously observed is coming from oxy
gen contamination. The measured N values for which oxygen 
level is smallest, are quite consistent and sufficiently large 
to allow efficicient operation with neon (fig. 8) if a high 
level of gas purity is permanently achieved. 
From these measurements we can also derive the effective photo-
cathode efficiency, assuming the knowledge of the parameters 
in the relation giving U : 

K„ - -m- f \ < m R u > E p c u > fr ( 2 ) 137 J*. 
where e is the light transmission in the gas, e_ the mirror 
reflectivity, e__ the photocathode efficiency which is the pro
duct of quantum efficiency and collection efficiency. The cons
tant N is thus found from an integral of the response func
tions over the Cerenkov light spectrum in the [Ai,Xî] band. 
For an uncoated photomuItiplier, we derive from this relation (2) 
and from a measured N value of ^60 cm a Dhotocathode o 
efficiency of about 15 %. This value agrees well with those 
published but differs by a factor of 2 with the value 
we can derive from the radiant sensitivity given by the manufac
turer . Fig.9 shows the photocathode efficiency given by the 
manufacturer and the behaviour of the measured mirror reflec
tivity in the Cerenkov light spectral range. 
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FIGURE CAPTIONS 

Fig. 1. Side view of the Cerenkov counter. The beam comes 
from the left. 

Fig. 2 . Photomultiplier housing, showing the light funnel and 
the magnetic shielding. 

Fig. 3. Gas regulation and purification system. 

Fig. 4. Reflectivity of sample mirrors as measured with the 
set-up used in ref. (4). 

Fig. 5. Diagram of the voltage divider of the photomultiplier. 
Note that the photocathade is grounded. 

Fig. 6. Number of photoelsctrons N versus L for nitrogen. 

Fig. 7. Number of photoelectrons N versus L for argon. 

Fig. 8. Calculated efficiency of the Cerenkov counter assuming 
4 m of neon for different values of N (in cm ). 

Fig. 9. Spectral response of the mirror (reflectivity) and of 
the photocathode (quantum efficiency). The dotted line 
corresponds to the photocathode coated with a wave
length shifter (P-Taiphenyl). 
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