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ABSTRACT

Cerenkov detectors with silica aerogel of refractive indec 1.03 as the radiator

have been tested in a particle beam at the CERN Proton Synchrotron. With a
2

detector surface of 22 x 50 cm and 9 cm thickness of aerogel, the number

photoelectrons was found to be 6.5 for /3 * 1 particles.
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1. INTRODUCTION

With the introduction of silica aerogel [1] as tie Cerenkov radiator, particle identi-

fication in the momentum range 1-5 GeV/c was simplified. The silica aerogel is

a porous, very fragile material. The refractive index can be varied in the interval

1.01-1.10.

It has earlier been demonstrated that rather simple but small Cerenkov detectors

with a reasonable efficiency can be constructed [1-4] . When the detector sur-
3 2

face is rather large (of the order of 10 cm ) the necessity to use two or three

photomultipliers to obtain a satisfactory efficiency seems well established [5] .

This size of the Cerenkov modules is necessary to be able to construct a total

Cerenkov detector surface of several square meters, which is typical for most ex-

periments. For the European Hybrid Spectrometer [6] the necessary detector sur-
2

face is 2. 5 - 3 m . The Cerenkov modules des<

bled to fit the requirements for the EHS facility.

2
face is 2 .5 -3 m . The Cerenkov modules described below could easily be asscm-

The design of the modules is described in Section 2. Tests of the detectors in a

particle beam at CERN are described in Section 3. Also some less successful

mirror configurations are described. In Section 4 a comparison with a Monte Carlo

simulation is made, and in Section 5 conclusions are drawn.

2. COUNTER DESIGN

2. I Opliciil properties of (ho »f

As the Cerenkov light is emitted at a well defined angle it seems reasonable to

use a mirror system for the light collection. This does not necessarily apply

when the angular spread of the particles is large. With silica aerogel as the ra-

diator another complication occurs, namely the material is not completely trans-

parent, but tends to diffuse and absorb the light. The absorption and diffusion co-

efficients have been measured [3,51 , and the results show that these effects are

very important, in particular in the short wave length region. The diffusion effect

does not favour a mirror system for the light collection. The absorption in the



aerogel is on the other hand so important that the light collection system should

avoid sending the light back into the aerogel once it has come out. This latter

favours a mirror pystem. As the optical properties of the aerogel are not very

accurately known, it is difficult to state with certainty which effect should be the

dominating one in deciding whether a mirror system or a diffusing system should

be used for the light collection. In the following, light collection systems using

mirrors will be discribed.

2.2 The mirrors

Two types of mirrors were used. One set of mirrors was produced by evapo-

rating aluminium onto a plexiglass support. The reflectivity was measured to

be typically around 80 $ . The other set of mirrors was made, of aluminized

mylar, 50 p.m thick. The measured reflectivity as a function of wavelength is

shown in Fig. 1. For wavelengths larger than 250 ^m the reflectivity is about

9 0 $ .

As the aluminized mylar is easy to handle, mirrors could be made and changed

in a very short time. This made it possible to try out a relatively large number

of mirror configurations.

2.3 The aerogel

The Cerenkov radiator was made up of a large number of silica aerogel blocks,

each having the dimensions 20x45x135 mm . The aerogel blocks were kept in
2

position with a fine thread. The total detector surface was 22x50 cm and the

thickness was 9 cm. The refractive index was 1.03.

2.4 The photomultlpllers

RCA 8854 photomultlpliers were used. These 11 cm diameter photomultlpliers

have a high-gain first dynode, which results in a sufficiently good resolution to

distinguish peaks corresponding to one, two and three photoelectrons. The volt-



age between the cathode and the first dynode was adjusted to 1440 V instead of

G70 V as recommended by the manufacturer. This change should improve the

sensitivity of the photomultiplier with around 25 -30 f [7] .

The possible positions and orientations of the PM s were limited, as the detector

is intended for the European Hybrid Spectrometer, where it will be situated in a

very strong magnetic field. In order to allow for iron shielding around the PM s

the distance between the PM axis was fixed at 24 cm. For the same reason the

PM s were moved 10 cm back from the focusing light collection system. The cyl-

inder in front of each PM was made from aluminized mylar. The orientation of

the PM s relative to the magnetic field is of great importance, and the one which

comes closest to the ideal for the EIIS is described in Section 3.6 .

3. TESTS IN A PARTICLE BEAM

3- 1 Experimental Arrangement

The tests were performed in a particle beam at the CERN Proton Synchrotron.

The experimental arrangement is chematically shown in Fig. 2. The beam was

defined by two scintillation counters, the smallest being cylindrical with a diam-

eter of 2 cm A small beam Cerenkov counter, having as radiator the same kind

of aerogc! as the detector to be tested, was used in coincidence with the scintll-

lators. The big aerogel Cerenkov detector was movable across the beam by re-

mote control, and it was also possible to vary its height.

The signal from each of the two photomultipliers was analyzed and recorded with

a multichannel analyser. The signal was gated with a coincidence S • S C,

which secured either an incident pion or an electron. At the beam momentum

chosen for the test, L 4 GeV/c, a negligible small fraction of the particles was

electrons. At 1.4 GeV/'c and a radiator refractive index of 1.03 the pions will

give 84 ft of the maximum light yield.



3.2 Light yield estimate

A typical pulse height spectrum for one photomultiplier is shown in Pig. 3. The

first, very sharp peak is the zero peak, the presence of which indicates an in-

efficiency of the detector. The next peaks correspond to one, two and three photo-

electrons. As the signal spectrum is so wide, it extends into the zero peak. We

have estimated the total signal by extrapolating the spectrum as indicated with a

dotted line in Fig. 3. Another estimate of the signal is obtained by making a cut

between the zero peak and the one photoelectron peak (indicated with a broken line

in Fig. 3). This latter estimate more closely agrees with the threshold cut one

has to impose in an experimental situation.

In the following, all numbers of light yield have been estimated with the first men-

tioned method. The latter method gives typically 10$ lower values. The results

have been scaled to what a fi - 1 particle would have given. The statistical errors

are usually very small. We estimate the error due to the method at around 5 "Jc .

This uncertainty is not shown on the figures.

3.3 The First Tests

The first test was done with a detector constructed entirely from plexiglass mirrors

as shown in Fig. 4. The light collection system was composed of a spherical mir-

ror (radius = 100 cm), plane mirrors on the side walls and conical mirrors in front

of the photomultipliers. The average number cf photo electrons measured over the

detector surface for fl = 1 particles was 3-6 ± 1,8. The error in the average value

reflects the large variation in light yield over the detector surface. Replacing all

the plexiglass mirrors, except the conical ones^with mirrors made of aluminized

mylar, resulted in an increase of the average number of photoelectrons to 5.1 ± 1.8.

The light yield was thus considerably larger, but the large variations over the sur-

face were of course still present as no significant change of the mirror orientations

had been made. The light yield w.s particularly low for the part of the detector

that was close to the photomultipliers. It was clear that the light was not enough

directed towards the PM s but hit the sides of the conical mirrors at such an angle

that it was reflected back into the aerogel. By replacing the sperical mirror with



a plane one, a flat response over the detector surface was obtained, but unfortu-

nately at the expense of the light yield. With this configuration we obtained

4.1 -0 .5 photoelectrons.

3.4 Asymmetric mirror system

From the last section one learns that an optimized light collection system must

have a focusing 'forward" mirror, either a spherical or a cylindrical one. in

order to ensure a relatively large light yield. To obtain a rather homogenous

response over the detector, the symmetric system of mirrors close to the PM s

(see Fig. 4), has to be altered radically. In Fig. 5 is shown a light collection

system made entirely from aluminized mylar. Some photon trajectories are indi-

cated in the figure in order to motivate the orientations of the mirrors. The ori-

entation of the mirror A is very important to ensure a high detection efficiency

for particles entering the part of the detector close to the PM s The more that

mirror sticks out, the better for the light collection for that part of the detector.

If on the other hand this mirror protrudes too much, the light collection for the

part of the detector furthest away from the PM s will suffer.

For the mirror B it is most important that it is "in the way" as little as possi-

ble. It must not prevent the light from reaching one of the photomuUipliers di-

rectly. This limits the height of the mirror. On the other hand it should of course

direct the light, that would otherwise hit the large surface between the photomulti-

pliers, towards the PM s. For the light which at the exit oi the aerogel has a di-

rection not radically different from the original Cerenkov angle, the mirror ful-

fils both these requirements. For the very diffused light, the surface between

the PM s is very inefficient for light collection. It seems unavoidable that the sur-

face between the PM s will reduce the light collection efficiency, in particular when

the light has a rather large angular spread.

The light yield for this mirror configuration is shown in Fig. 6 as a function of the

beam position. The contribution to the signal from each PM is shown. In one part

of the detector the main signal contribution comes from only one PM, in the other



part of the detector, the main contribution comes from the other PM. The PM s

thus complement each other rather well- Apart from one point, the total light

yield is very constant over the detector surface. The average number of photo-

electrons is calculated at 5.3 ±0.6 for 0=1 particles.

3 5 20° tilt of the photomultipliers

The photomultipliers were tilted 20 relative to the configurations described above,

and the cylindrical mirror with radius =115 cm was moved closer to PM2 so that

no plane mirror between the cylindrical one and PM2 was needed. See Fig. 7. The

light yield for each of the PM s is shown in Fig. 8. The mirror system directs

the undiffused Cerenkov light onto PM1 practically from the whole detector surface.

At certain positions the light collection is at optimum resulting in peaks in the light

yield. Mainly the diffused light falls upon PM2. There are therefore no drastic

variations in the light yield as a function of the impact position of the beam. A

smooth decrease in light yield is observed when the beam is moved over the detec-

tor towards the photomultiplers.

The total light yield is shown in Fig. 9 for the situations when the beam enters at

right angles to the detector surface and when this angle is changed 10 (see Fig. 7).

The average number of photoelectrons is 6. 4 ± 0. 7 and 6. 6 i 0. 7 respectively.

This shows that the light collection efficiency is insensitive to this variation of the in-

cident angle. Tilting the detector 10 reh

results similar to the ones shown in Fig. 9.

cident angle. Tilting the detector 10 relative to the plane of the figure also gave

3.6 35 tilt of the photomultipliers

The photomultipliers were turned so that the angle with the aerogel surface was

35 (see Fig. 10). The mirror configuration resembles very much the one de-

scribed in Section 3. 5. As our box and its support, when originally constructed,

were not intended for these various configurations, certain limitations occured.

It was not possible to join the cylindrical mirror to PM2 in the most proper way.

This explains the introduction of the diffusing millipore surface, which is cer-



tainly very inefficient for collecting light onto the photomultipliers. From the

figure it also stands clear that PM1 is getting very far from the aerogel. In

Fig. 11 is shown the light yield for each photomultiplier and also the sum of the

PM contributions. Compared with the detector described in section 3. 5 (Fig. 8)

one notices not very surprisingly that the PM2 light yield is the same. The PM1

contribution has however decreased significantly. Most serious is the drop at po-

sitions of the beam at around 45 cm as the total light yield falls below five photo-

electrons. The average number of photoelectrons over the whole detector sur-

face is 6 . 0 1 0 . 9 . This value can certainly be improved by eliminating the mllli-

pore surface and joining the cylindrical mirror with PM2 in a proper way. This

will also eliminate the rapid drop in light yield at beam positions around 45 cm.

3. 7 Background with empty box

The random coincidences were found to give a negligible contribution to the signal

(0.002 photoelectrons with a gate width of 140 ns) once the PM s had been oper-

ating a few hours. There is however a background arising from beam particles

scintillating or producing Cerenkov light in the material of the box and in the air.

To measure this effect the aerogel was taken out of the box. When the interior of

the box was completely covered with aluminizod mylar, and the beam traversed

around 30 cm of air, the added signal from the two PM s amounted to 0. 04 pho-

toelectrons. When the part of the detector that usually contains the aerogel was

covered with two layers of millipore filter the signal increased to 0. 07 photo-

electrons. In order to keep the background signal as low as possible, the alumi-

nized mylar surface is the bettor one. The milliporc docn however have the

advantage of being more reflective (reflectivity about 97 # [5] .

4. DETECTOR SIMULATION WITH THE MONTE CARLO METHOD

A Monte Carlo method [8] was used to simulate the detector described In Section

3. 5. As the silica aerogel is a highly diffusing and also absorbing material, the

optical parameters of the material will to a large extent influence the results.

The parameters used [5] are not known with a great prcision, and for certain



wavelength regions, the values had to be extrapolated.

To simplify the simulation and speed up the program, the light was regarded as

composed of two components; one direct, which had the direction of the Cerenkov

light; one diffuse which was regarded as isotropic. The proportion of the two com-

ponents is fully determined by the optical parameters of the aerogel, and the diffuse

component is clearly the largest.

Photons were generated for particle trajectories flitting different parts of the de-

tector surface. The light collection efficiency for the two components (direct

Cerenkov light and diffused light) is shown in Fig. 12. The numbers shown only

describe the effect of the light collection system. The number of photoelectrons

expected was calculated using the measured optical parameters of the aerogel

[5] , the manufacturer's data for the photomultipliers modified to take into account

the higher electron collection efficiency on the first dynode due to a higher voltage

[7] . The calculated number of photoelectrons, no free parameters used, is shown

in Fig. 13 as a function of the beam impact on the detector. Also shown are the

measured values. The average number of photoelectrons over the whole detector

surface is very well described. The measured value is 6 . 4 * 0 . 7 and the calcu-

lated one is 6.4 ± 1. 4. At the edges of the detector, however, there are dis-

crepancies. These are probably mainly due to imperfections in the positioning of

the mirrors, which were currently modified and reinstalled during the tests.

fi. CONCLUSIONS

We have shown that it is possible to construct efficient aerogel Cerenkov detectors
2

having a detector surface of 22 x SO cm and a light collection system of alumi-

nized mylar. In the best case (section 3. 5) we obtain an average of 6.5 photo-

clcctronH for fl ~ 1 particles using two 11 cm diameter photomullipliers. It seems

preferable to design the light collection system so that the undiffused Cerenkov

light is always collimated on one and the same photomultiplicr. If a light yield



of about 4 . 5 - 5.0 photoelectrons is satisfactory, one photomultiplier is suffi-

cient. In most applications that is however not the case.
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FIGURE CAPTIONS

Fig. 1 The reflectivity of aluminized mylar as a function of the

wavelength.

Fig. 2 Schematic description of the experimental arrangement.

S and S are scintillation counters, C is a beam éerenkov

counter with silica aerogel as radiator.

Fig. 3 Typical pulse height spectrum from one photomultiplier. The

dotted and broken lines show different ways to separate the

signal and the zero peak.

Fig. 4 The Ce renko v module constructed of plexiglassrnirrors.

Fig. 5 A Cerenkov module constructed of aluminized mylar mirrors.

Some photon trajectories are indicated to demonstrate the

effect of the light collection system.

Fig- 6 The light yield expressed in number of photoelectrons for In-

dividual PM E and their sum, as a function of the beam position.

This is taken as the distance from the edge of the aerogel

situated furthest away from the PM s. The light yield is valid

for p = 1 particles. The lines are drawn to guide the eye.

Fig. 7 The Öerenkov module for which the PM s were turned 20°.

All mirrors are made of aluminized mylar. The cylindrical

mirror had a radius of 115 cm. Two beam orientations are

indicated.

Fig. 8 The light yield for each PM as a function of beam position for

the Cerenkov module with the PM s tilted 20 . Tho lines arc

drawn to guide the eye.

Fig. 9 The total light yield for the Öerenkov module with the PM s

tilted 20 . The filled circles correspond to the beam entering

the aerogel at right angle, the open circles corresponds to a

turn of the detector of 10° . (see Fig. 7).



Fig. 10 The Serenkov module for which the PM s were tilted 35 .

Fig. 11 The light yield for each PM and their sum as a function of the beam

position. The lines are drawn to guide the eye.

Fig. 12 The computer simulated light collection efficiencies for the detector

described in Section 3.5. Open circles correspond to the direct com-

ponent and filled circles correspond to the diffuse component of the

light. Solid lines are (or guiding the eye.

Fig. 13 The calculated and measured numbers of photoelectrons as a function

of position for the detector described in Section 3.5. Open circles

correspond to calculated values and filled circles correspond to mea-

sured values. Solid lines are for guiding the eye.
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