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1. INTRODUCTION 

In order to study hadronic final states in deep inelastic muon scattering, it 

has been decided to complement the European Muon Collaboration Forward Spectrometer1) 

with a Vertex Detector System2
). Good particle identification over a wide accep­

tance is an essential feature of this additional detector system. For particles pro­

duced in the 1-7 GeV/c momentum range, a silica aerogel Cerenkov counter 3
) appears 

to be the only present solution to the problem of filling the momentum gap between 

the time of flight and the gas Cerenkov techniques. 

In the design of the Vertex Detector System, it is planned to use two aerogel 

counters symmetrically positioned with respect to the beam and covering horizontal 

angles between 10° and 32°, and vertical angles between -9.50° and +9.50°. They 

will be located outside the vertex field region, with other detectors placed in 

front, behind, and also on one side. A Monte Carlo simulation4 ) of events gene­

rated according to the Feynman and Field model has shown that, to achieve a spatial 

separation of the outgoing particles in roughly 90% of the cases, each counter has 

to be divided into about 10 cells. Since the photomultipliers can only be posi­

tioned above or below the sensitive volume of the counter, we have to divide it 

vertically into only two parts, each part being split horizontally into five cells 

covering 4.4° each. In order to collect as much Cerenkov light as possible, it is 

necessary to build a well-optimized diffusing box and to accommodate the largest 

possible number of good quantum efficiency phototubes in the given area. 

The final dimensions of the cells (and of the counter), depend on their 

position relative to the target centre in the whole detector system. Tests were 

made with two cells, P1 and P2 , corresponding to two possible locations of the 

counters with a respective sensitive area of 2 m2 and 3.2 m2 each. The aim of 

the tests was to study the feasibility and the physical characteristics of such 

counters. 
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2. TEST SET-UP 

The two full-scale prototype cells P
1 

and P
2 

are shown schematically in 

fig. la and fig. lb. They use the same wooden structure and have the following 

properties: 

The active aerogels) volume, made of 18 x 18 x 2.7 cm 3 blocks of refractive index 

n = 1.03, has an area of 80 x 40 cm2 for P
1 

and 65 x 31 cm2 for P
2

• 

The whole internal surface of the box is covered with millipore filter 6 ); the 

back face of the diffusing box is vertical in P2 but can take a variable orien-

tat ion in P 
1

• 

The five 511 diameter RCA 8854 photomultipliers which were chosen are put as 

close as possible to each other, taking into account that the iron shielding 

used is 0.5 em thick. The photocathodes of the photomultipliers are positioned 

10 em back from their supporting plate in order to improve the shielding against 

any residual magnetic field. In P2 , the plate supporting the photomultipliers 

is inclined by ~ 9° relative to the horizontal plane, as is required by the 

geometrical acceptance of the vertex detector system. 

Test measurements were performed on CA (fig. 2) in a 0.3-4.4 GeV/c beam of 

charged particles at the CERN Proton Synchrotron (PS); the momentum bite was 

6p/p ~ (1-2)%. 

Beam particle identification was achieved with the help of three Cerenkov 

counters: 

c, filled with air at atmospheric pressure to flag electrons; 

Cz filled with C0 2 at 10 kg/cm2 to detect pions with a momentum larger than 

1.5 GeV/c; 

CM a silica aerogel counter with refractive index 1.06, used a small part of 

the time, to sign kaons (protons) with a momentum larger than 1.43 GeV/c 

(2.70 GeV/c). 

The size of the beam-defining scintillation counters A, B, and D was 2 x 2 cm2 

for most of the time, except for fine scans where the B counter was reduced to 

0.2 x 2 cm2
• 
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3. PHOTOMULTIPLIER CALIBRATION 
AND DETECTOR EFFICIENCY DETERMINATION 

3.1 Photomultiplier calibration 

To obtain a significant signal, the outputs of four or five photomultipliers 

have to be added together. As a consequence, all photomultipliers must have the 

same gain, which means that the one-, two-, and three-photoelectron peaks have to 

be calibrated to the same ADC channels. This calibration is obtained by the adjust-

ment, with a precision of ±5 V, of the high voltages which vary between 2900 V 

and 3100 V. A typical photomultiplier pulse height is shown in fig. 3. 

We also checked that the HV adjustment can be done with a light-emitting diode 

(LED) system. Calibration curves relating the HV of each photomultiplier to the 

distance between peaks, which is proportional to the photomultiplier gain, were 

obtained after adjustment of the LEDs to a voltage giving pulses similar to the 

ones obtained with beam particles. 

The pulse-height spectra obtained when summing the five photomultiplier outputs 

are shown in fig. 4 for two cases: 2.2 GeV/c pions in fig. 4a, 3.0 GeV/c kaons in 

fig. 4b. 

3.2 Efficiency determination 

The measured quantities are as follows: 

Nb: number of beam-triggering particles; 

N : number of beam-triggering particles detected by the aerogel counter; this 
c 

number depends on the threshold set on the aerogel signal; 

the pulse-height spectrum. 

From the two measured numbers, one gets the "measured11 efficiency E = N /Nb. 
meas c 

For a mean number of photoelectrons n h > 4 or 5, the number of counts N0 P e 

in the pedestal region is easily determined, and n h is correctly approximated by 
p e 

For smaller n h , the extrapolation of the one-photoelectron 
p e 

peak under the pedestal is hazardous and the uncertainty on n h becomes very large. 
p e 

In that case, we used a method based on the fact that the mean number of photo-

electrons is related to the ratio of consecutive peak heights and to the ratio of 

a minimum value to the preceding maximum value. 



The "estimated" efficiency E 
est 

of n h . 
P e 

4. MEASUREMENTS AND RESULTS 

4.1 Aerogel thickness 
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1 - exp(-n ) is deduced from these estimates phe 

Tests were first performed to determine the aerogel thickness to be used when 

sun:nning the outputs of five photomultipliers. Figure 5 shows the number of pho.to-

electrons obtained when a pion beam hits the centre of the aerogel area. The same 

behaviour can be observed both for a beam energy below maximum pion detection 

efficiency (2.2 GeV/c) and for a beam energy at maximum pion detection efficiency 

(4 GeV/c). The variation of n h as a function of the aerogel thickness £ can be 
P e 

parametrized by the expression 

-M\a) n ~ n (1 - e , 
phe max 

with an absorption length Aa = 12 ± 2 em. 

We checked that the longitudinal position of the aerogel relative to the photo-

multipliers was nearly optimized, since switching off any of the five photomulti-

pliers reduced the number of detected photoelectrons by roughly 20%. 

Considering the relatively small number of photoelectrons detected, we decided 

to use 18 em of aerogel and five photomultipliers. 

4.2 Diffusing box 

Tests were performed to optimize the diffusing material as well as the shape 

of the diffusing box. 

Using the prototype cell P 1 , we found that 

replacing the millipore diffusing layer by aluminized mylar on the face of_ the 

box opposite to the photomultipliers produced a 10% reduction in light collec-

tion; 

replacing the millipore material by aluminized mylar on both the face opposite 

to the photomultipliers and the back vertical face caused a reduction of 23%. 

We also observed that the addition of a second sheet of the millipore material 

did not produce any significant improvement; but we measured an increase as big as 
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25% when adding millipore cones as light-funnels. Furthermore, when the inclina-

tion of the back millipore face was changed, the results indicated that the variation 

of n h as a function of the beam impact distance (y in fig. 1) to the photomulti­
p e 

pliers is steeper when going from a vertical back-face to an inclined back-face. 

This increase was measured to be 0.14 ± 0.04 photoelectron/10 ern when changing 

from a vertical to a 25° inclined back-face. 

As a result of these measurements we decided to use one layer of millipore 

membrane as diffusing material with a vertical back-face. 

4.3 Effect of incident particle position 

It is evident that with the asymmetrical position of the photomultipliers 

imposed by the final set-up, a variation of the detected n as a function of 
phe' 

the distance y to the photomultipliers, has to be expected. 

The results of vertical scans performed with 3.4 GeV/c pions are shown in 

fig. 6. Varying yin the median plane of the cell (x = 0), it can be seen that 

there is a linear decrease of n h for both P 1 and P2 , with a slope~ 0.02 photo­
p e 

electrons/em, except at the end of the cell opposite to the photomultipliers where 

n drops more rapidly. The same effect is observed for a vertical scan performed 
phe 

at x 12 em. Figure 7 shows results of horizontal scans done in the central 

region of P
1 

(curve 1), the central region of P2 (curve 2), and the far end of P
2 

(curve 3). 

It was also checked with P2 that an angle of the incident particle with the 

normal to the entrance plane does not significantly affect the previous measure-

ments, at least for angles smaller than 40°. 

From these results and taking into account the small over-all number of photo-

electrons, a P2-type cell was chosen for use in the detector in view of its better 

efficiency over the whole of its sensitive area. 

4.4 Momentum threshold curves 

Momentum threshold curves for n, K, and p were obtained with the beam in the 

centre of the aerogel area. 

1 
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The pion curve shown ~n fig. 8 was obtained with the beam triggering condition 

defined as: 

A x B x n x c
1 

and 
for 

for 

p < 1.5 GeV/c 
1T 

p > 1.5 GeV/c 
1T 

It can be seen that there is a rapid increase of nphe (efficiency) up to 6 photo­

electrons (99.7%). 

It is more difficult to get the kaon and proton curves, since the condition 

- -
A X B X D X cl X c2 is satisfied both by the kaons and by the protons. 

Working with a negative beam, the curve shown in fig. 9 was obtained. The 

number of photoelectrons and the estimated efficiency are deduced from the "peaks-

minima'' method; a big difference between E and E can be seen. est meas The incor-

rect value given by Emeas = Nc/Nb comes from the overestimate of Nb' which includes 

antiprotons not detected by CA below ~ 3.6 GeV/c. It can also be seen that, for 

momenta larger than the CA antiproton threshold, E is increasing towards E . 
meas est 

Adding the CM requirement in the beam definition, we were able to get a clean 

kaon signature below~ 2.7 GeV/c. We checked that the efficiency then obtained 

coincides within errors with the one previously deduced using the "peaks-minima" 

method. 

The proton curve, obtained with a positive beam (small kaon contamination), 

is shown in fig. 10. There the number of photoelectrons is so small (~ 1) that 

even the "peaks-minima" method cannot be used. The measured efficiency gives a 

low estimate. Owing to the poor counting rate, only a single point of normaliza-

tion was measured at 4.2 GeV/c by adding the CM counter in the beam definition. 

The final numbers of photoelectrons for the TI, K, and pare shown in fig. 11. 

Usually, the number of photoelectrons from the Cerenkov effect is given by 

n 
phe 

... •·•~•u "'"''""'"'''""''"'"'''"'''"' '''~•· .,,.' '''"'''"' ,. ,,.,.,.,.,., '' '' ., , ... .,., ,,,," .,.,, 
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where A is a constant characterizing the efficiency in transforming the Cerenkov 

photons into photoelectrons; 

n is the refractive index of the medium; 

M is the particle mass; 

p is the particle momentum. 

Above threshold, each efficiency curve must scale. In Fig. 11, the K and p measured 

points are compared with the scaling law deduced from the pion measurements; the 

agreement is very good. From the previous expression of n one can extract the 
phe' 

value of n and then the exact momentum threshold value: 

at n = 0 
phe 

if n 1 + tm o 

A linear fit to the dependence of nphe as a function of (M/p) 2 gives 

n = 1o031 ± Oo001 , 

to be compared with the value, obtained by optical measurement, given by the aerogel 

manufacturer: 

= 1 030 + Oo003 
n ° - Oo001 

The corresponding momentum threshold values are 

p\l Oo424 ± Oo009 GeV/c 

PTI Oo560 ± Oo010 GeV/c 

PK 1.98 ± Oo03 GeV/c 

pp 3o76 ± Oo05 GeV/c 

5o FINAL DESIGN 

The previous studies led to the following design for the two detectors symme-

trically positioned with respect to the beam, allowing detection over horizontal 

angles larger than ±9.8°. Each detector that covers an angle of 21.9° in the 

horizontal plane, consists of 10 P2 -type cells (5 at the top, 5 at the bottom). 

The upper (lower) frames that support the photomultipliers are inclined by +9° (-9°) 

with respect to the horizontal plane to keep heavy material out of the acceptance 

of other detectors. 
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Each cell, which is tilted relative to the next one by 4.3° in order to reduce 

traversal of adjacent cells by the same particle, has a 65 em (high) x 30 em (wide) x 

x 18.3 em (thick) aerogel volume and a 48 em deep diffusing box. Steel walls, 

3Ao mm thick, separate the cells. The entrance and exit windows are made of alumi­

nium and are 24o mm thick. 

All walls of the diffusing box and the front face of the aerogel are covered 

with millipore; the light collection inside the shielding of the PMs is improved 

by diffusing cones. Each cell is equipped with five 511 quantacon photomultipliers 

RCA 8854. 

It is planned to flush nitrogen gas through each cell in order to avoid any 

deterioration and index changes of the aerogel over a long period. 

6. CONCLUSIONS 

The studies reported in this paper have allowed the determination of 

the shape and the final dimensions of the counter cells; 

the required aerogel thickness; 

the counter efficiency as a function of both the position and the direction of 

the incident particle. 

We have also measured the counter efficiency as a function of the type and 

the momentum of the incident particle, using several methods. Threshold curves 

were then obtained, allowing a good understanding of the detector behaviour. 
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Figure captions 

Fig. l 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 

a) Schematic description of the cell P 1 . The detector is viewed by five 

photomultipliers of the type RCA 8854. The back-face of the diffusing 

material can take different inclinations. 

b) Schematic description of the cell P2 • There is an inside wall which 

forms a diffusing box reduced in size with respect to P1. The PM 

supporting plate is inclined by 9°. 

Experimental layout. A, B, and D are three beam-defining scintillation 
v v 

counters. C
1 

and C
2 

are threshold gas Cerenkov counters. CA is the 

studied aerogel counter. eM is an aerogel Cerenkov counter used for 

part of the tests. 

A typical pulse-height spectrum given by a single PM, in a pion beam 

of 3.4 GeV/c. The peaks of one and two photoelectrons are clearly 

visible. 

A typical pulse-height spectrum obtained by summing the five PM signals: 

a) corresponds to a pion beam momentum of 2.2 GeV/c; a mean number of 

5.4 ± 0.25 photoelectrons is estimated; 

b) corresponds to a kaon beam momentum of 3.0 GeV/c; ,a mean number of 

2.9 ± 0.3 photoelectrons is estimated. 

Variation of the photoelectron yield with the aerogel thickness for 

pion beams of 4.0 GeV/c (full circles) and 2.2 GeV/c (crosses) momenta. 

The yield of photoelectrons as a function of the position of the beamin 

they direction (fig. l). 

Curve(!) is for x = 0 in the cell P2 • Corresponding efficiencies are 

shown with an indication of the error. 

Curve ~ is for x 

Curve (2) is for x 

13 em in the same cell. 

0 in the cell P
1

• 

The yield of photoelectrons as a function of 

in the x direction. The measured points are: 

cell P 1 : 0 at y +32 em and G) at y - 60 

typical error bars are shown. 

the position of the beam 

G) at y - 44 em with 

em with cell P2 • A few 



Fig. 8 

Fig. 9 

Fis. 10 

Fig. ll 

- ll -

Pion threshold curve as a function of beam momentum. Open circles are 

for the estimated number of photoelectrons and corresponding efficiency. 

Full circles are for the measured number of photoelectrons. 

Kaon threshold curve as a function of beam momentum. The number of 

photoelectrons is obtained with the "peaks-minima" method with the 

corresponding efficiency (full circle). Also shown are the measured 

efficiencies without CM (triangles), which reveal the p component of 

the beam, and with CM (open circle). 

Proton threshold curve as a function of beam momentum. All points are 

"measured efficiency" values from Nb and N
0 

and the deduced number of 

photoelectrons. For the open circles, ~has been added in the 

trigger. 

Pion (full circles), kaon (open circles), and proton (triangles) thres-

hold curves. The full curves are deduced from pion measurements. 

The crosses are measurements obtained with CM in the trigger. 
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