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Four-layer aerogel Cherenkov counter
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Abstract

A 4-layer design of aerogel threshold counters using two refractive indices was suggested for the particle identification in
the forward region of the BaBar detector. Three prototypes filled with the high quality aerogel produced in Novosibirsk were
tested at T10 beam at CERN. Monte Carlo code was developed for the simulation of the light collection in aerogel counters.
Monte Carlo results based on measured PTFE reflection coefficient and aerogel absorption and scattering lengths are in
agreement with experiment. q 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Ž .The main aim of the Particle Identification PID
system in the BaBar detector is the separation of p-
and K-mesons up to 4 GeVrc momentum. This
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system must be able to operate in the 1.5 T magnetic
field. One technique satisfying these requirements is

w xthe aerogel Cherenkov counter 1–5 .
w xIn the BaBar technical design report 6 the PID

system in the forward direction is based on a thresh-
old Cherenkov detector with two different aerogels.
One of the possible designs is shown in Fig. 1.

The four-layer system consists of two super-layers
comprising two counters with 1.05 and 1.008 refrac-
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Fig. 1. The BaBar ATC detector. The 4-layer geometry.

tive indices aerogel. The second super-layer is shifted
by a half of the counter size relative to the first one
to avoid loss of the information when a particle

crosses the photo-tube. Each super-layer consists of
28 double counters with ‘high’ and ‘low’ refractive
index aerogel. The total number of counters is 112.
The photo-tubes used are 2 in. 19 stages UV glass
fine-mesh Hamamatsu. The total number of photo-
tubes is 280. The walls are wrapped with multi-layers
of white film made from PTFE.

In order to check the feasibility of such a detector,
we have built three prototypes, two with ‘high’
refractive index aerogel and one with ‘low’. They
were tested during two runs at T10 test beam at

w xCERN 7,8 together with other prototypes: two-layer
w xprototype with Hybrid Photo–Diode readout 7,9

and two-layer prototype with fine-mesh readout
w x7,10 .

2. Description of the beam line and apparatus

The T10 beam line at CERN with the apparatus
for testing is shown in Fig. 2. T10 can provide
positive or negative beam with momentum between
1 and 5 GeVrc. The beam composition was mainly
pions and protons, with a small kaons and electrons
contamination.

The beam line was equipped with two gas CO2
Ž .Cherenkov counters C1,C2 working at a pressure

of 4.3 bar. The beam was defined by the coincidence
Ž .of 3 scintillation counters S1,S2,S3 . The size of the

beam was defined by the counter with 1=1 cm2

dimensions.

Fig. 2. Beam layout for testing of prototypes.
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Three prototypes of aerogel Cherenkov counters
were tested during experiments. Walls of prototypes
containers were usually wrapped by three layers of
250 mm white Tetratex PTFE film. Hamamatsu
R6150 PMTs were used to detect Cherenkov light.

Walls of the first ‘high’ index prototype container
Ž .Fig. 3 were wrapped by three layers of 150 mm
film from Goretex plus three layers of 40 mm from
Tetratex. Two PMTs were used to detect Cherenkov
light. The counter was filled with the 21 mm thick
aerogel with the refractive index 1.05 produced in

Ž . w xNovosibirsk SAN-95 11 . The second ‘high’ index
Ž .prototype Fig. 4 was also equipped with two PMTs

and SAN-95 aerogel.
The prototype with the ‘low’ index aerogel is

shown in Fig. 5. Three PMTs were used for the light
detection. The counter was filled with 69 mm thick

Fig. 3. The first ‘high’ index prototype.

Fig. 4. The second ‘high’ index prototype.

aerogel. During beam test we tested aerogel of 1.012
Ž .refractive index produced in Novosibirsk 1.012-Nov

and 1.008 refractive index produced by Jet Propul-
Ž .sion Laboratory 1.008-JPL .

3. Results

3.1. Light output

To measure light signal from a relativistic particle
we used 5 GeVrc pion beam. Measurements were

Ž .performed in 4 points Figs. 3–5 for each prototype.
The procedure we used to determine the number of

w xphotoelectrons is described in Ref. 8 . Final results
from prototypes for the sum of amplitudes from
PMTs determined in the number of photoelectrons
are presented in Table 1.

We have performed the direct comparison of the
light output from the 1.008-JPL and 1.012-Nov aero-
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Fig. 5. The ‘low’ index prototype.

gels. As the amount Cherenkov light is proportional
to ny1, the light output from 1.008-JPL aerogel
was normalized to 1.012 refractive index for the
comparison of optical quality of aerogels. It appears
that the light output from ‘Novosibirsk’ aerogel is

w x16% larger than from normalized JPL 8 .

3.2. Response to below-threshold particles

Typical pion and proton amplitude spectra for the
‘low’ index prototype with ns1.012 aerogel for the

Table 1
Number of photoelectrons in prototypes for four points

1 2 3 4

‘High’ 1 11.2 11.6 11.1 12.4
‘High’ 2 9.7 9.1 10.9 11.3
‘Low’ ns1.012 11.3 10.5 11.1

Fig. 6. Pion amplitude spectrum. 5 GeVrc beam. ns1.012.

Ž .sum of 3 PMTs are presented in Fig. 6 pions and
Ž .Fig. 7 protons . Integration of these spectra gives

the dependence of pion inefficiency and proton con-
tamination over threshold. The point for which those
two probabilities are equal is considered as a figure
of merit of a detector. For the ‘low’ index prototype,
the equality of probabilities occurs for a threshold
equal to 3.3 pe, the misidentification is equal to

Ž .3.2% Fig. 8 . This corresponds to 3.7 sigma separa-

Fig. 7. Proton amplitude spectrum. 5 GeVrc beam. ns1.012.
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Fig. 8. Proton contamination and pion detection inefficiency for
the 1.012 and 1.008 refractive index aerogels.

tion. For the first ‘high’ index prototype the equality
of probabilities occurs for a threshold equal to 4.6
pe, the misidentification is equal to 4.4%-3.4 sigma

Ž .separation Fig. 9 .
To determine what separation would be achieved

with 1.008 refractive index aerogel with the optical
Ž .quality as 1.012-Nov N s7.3 pe we used thepe

Fig. 9. Proton contamination and pion detection inefficiency for
the 1.05 refractive index aerogel.

following method. We ‘switched off’ one photo-tube
from our data processing. The sum of two PMTs
gives N s7.8 pe. Pion inefficiency and protonpe

contamination in this case are presented in Fig. 8.
The equality of probabilities occurs for the threshold
equal to 2.0 pe, the misidentification is 5.6%. This
corresponds to 3.2 sigma separation.

4. Monte Carlo simulation

For the calculation of the number of photoelec-
w xtrons, we used a program 2,4 simulating Rayleigh

scattering and absorption inside the aerogel, Lambert
angular distribution of reflected light from the walls,
walls absorption, and Fresnel refraction on the
boundary of two continuous media. We used abso-
lute values of the SAN-95 aerogel absorption and

w xscattering lengths 11 and the reflection coefficient
w xof PTFE 12 .

The results of the simulation of the second ‘high’
index prototype are presented in Fig. 10 together
with the experimental data. The statistical uncer-
tainty of results is very small. Errors are determined
by uncertainty of aerogel absorption length and PTFE

Fig. 10. The experimental results for the ‘high’ refractive index
prototype and Monte Carlo prediction.
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reflection coefficient. Monte Carlo results based on
the measured data of the aerogel absorption, scatter-
ing lengths and PTFE reflection coefficient are in
agreement with experiment.

5. Conclusions

Data confirm that four-layer design of silica aero-
gel threshold counters can be used as powerful and
compact particle identification detector in the mo-
mentum region 0.6–4.0 GeVrc.

Monte Carlo results for the 1.05 refractive index
counter based on the measured PTFE reflection coef-
ficient, aerogel absorption and scattering lengths are
in agreement with experiment.
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