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ABSTRACT 
Silica aerogels have been produced in large and transparent blocks for space 
astrophysics experiments since the beginning of the 1970*3. 

After successful tests in accelerators (CERN, Bevatron at Berkeley) they were 
used in cosmic ray experiments on board balloons by the Saclay group. The first 
satellite experiment using silica aerogel Cerenkov light radiators was designed by 
a collaboration between the Astrophysics groups in CEA, Saclay and DSRI, 
Lyngby. The scientific objective was the measurement of the elemental and i so to
pic abundances in relativistic cosmic rays (beryllium to tin, energy 0.6 to 25 
GeV/nucleon). It was working successfully in orbit between September 1979 and 
May 1981 on board the third High Energy Astronomy Observatory of NASA. 

A new space venture where aerogel Cerenkov radiators will play a decisive role is 
currently being prepared by a large collaboration of European and US Institutes. 
It will be part of the so-called International Solar Polar Mission (ISPM) which will 
explore the heliosphere over the full range of solar latitudes from the ecliptic 
(equatorial) plane to the magnetic poles of the sun. The objectives of the ISPM 
cosmic ray and solar particle investigation concern the source, the confinement 
and propagation of cosmic rays in the Galaxy. 

Comments on properties and long term behaviour of silica aerogel cerenkov radia
tors in space environment are given. 

1. INTRODUCTION 
In 1971 the Cosmic Ray Astrophysics groups in Saclay and Lyngby were selected 
by NASA to perform a cosmic ray experiment on the High Energy Astrophysics 
Observatory (HEAO). The instrument aimed at the determination of the isotope 
composition of relativistic cosmic ray nuclei by the geomagnetic method. Hence it 
was necessary to measure accurately the charge and momentum per nucléon of the 
cosmic particles. In order to cover a broad range in momentum, several Cerenkov 
counters with different refractive indices had to be used since the momentum 
resolution of a Cerenkov detector is optimum only near its threshold. The only 
choice at that time in the range of refractive indices 1.05 to 1.23 was a high 
pressure freon gas at n=1.05 and a carbon fluoride liquid at n=1.23, nothing in 
between was available. This resulted in a very heavy (700 kg) and very critical 
instrument to launch and to run in orbit, considering the zero gravity and low 
pressure space environment. Hopefully one year later this NASA program was 
cancelled for budgetary reasons. Few months later, we were told by NASA that 
the competition was reopened, but that only half the original weight was allowed, 
still keeping the same (or better) scientific performances. The solution was to 
avoid the high pressure gas and the liquid radiators, a very heavy and 
complicated stuff still not filling the gap in refractive indices between 1.05 and 
1.23. 



The first step was taken in 1972 by Linney and Peters (1) who made blocks of 
compressed silica powder. The grain size (about 75Â) being very small compared 
to the wavelength of optical light, the resulting porous solid behaves like an 
homogeneous solid having a refractive index intermediate between that of silica 
(n=1.45) and air (n=l). The value of the refractive index is a linear function of 
the volume occupied by the two components and can lie between 1.05 and 1.20. 
But the compressed silica blocks had bad transparency due to the weak bonding 
between the silica grains, were un homogeneous and fragile. 

The idea to use silica aerogel came from a student, M. Cassé, who discovered in 
the literature that transparent aerogel grains have been produced in Lyon by 
Nicolaon and Teichner (2) during studies on catalysis. We learned quickly from 
them the method to get around the critical point of the silicagel solvent and 
succeeded in obtaining large transparent blocks where the silicon dioxide 
particles form a space net through chemical bounds (see Cantin et al. (3) (4)). 
In 1973, our new proposal to NASA relying on aerogel Cerenkov radiators was 
successful. Very soon high energy physicists became interested. They learned the 
method from us (5), (6) and improved it later on (7), (8). 

At present the progress made in the knowledge of the physical properties of silica 
aerogel blocks and the large production facilities which are becoming available (9) 
allow commercial applications to be considered in the domain of solar energy 
collectors and energy saving windows. This first ISA Conference is an excellent 
demonstration of the growing interest in this very peculiar class of solids. 

3. SILICA AEROGEL CERENKOV COUNTERS ON-BOARD HEAP 3 
The cosmic ray instrument on" board tïïê" third High ITïërgi Astronomical 
Observatory had three Cerenkov counters for momentum determination of 
relativistic cosmic ray nuclei (figure 1). The counter material was placed in a 
white diffusion box with high photocathode area to total area to produce a uniform 
response. The characteristics of these counters are summarized in Table 1. 

i) The aerogel block counter 
The 60 cm diameter radiator consists of a mosaic of hexagonal blocks 15 cm accross 
and 5.6 cm thick. The refractive index for Cerenkov light was measured to be 
1.053 during an accelerator test at the Berkeley Bevatron. This is in perfect 
agreement with the value measured optically with a laser beam. 

ii) The aerogel sand counter. 
At refractive indices lower than 1.02 the aerogel becomes very fragile and 
difficult to handle in the form of blocks. It was therefore decided to prepare 
blocks of low. density aerogel (d*0.060 g cm"3), to measure their refractive index 
(n <v 1.0120) and then to transform them into small grains by grinding. A grain 
diameter of 2 mm was found optimum for our purpose. The absorption length for 
Cerenkov light is about 30 cm and the diffusion length 8 cm. 

The momentum resolution has been computed considering the influence of all 
causes of fluctuation of the signal added quadratically on the momentum 
resolution (10). After in-flight calibration one can determine the coefficients to a 
model description of the counter response (11). Based on a semi-empirical model 
for the signal generation we have established a relation between the observed 
signal from our Cerenkov counters and the most probable value of the particle 
specific momentum (and uncertainty in this momentum assignment). For nuclei of 
charge greater than 6 an accuracy between 0,5% and 159 was obtained in orbit 
throughout the range of momentum of 1 to 10 GeV/c/n as shown in figure 2. 



Time evolution in orbit 
The time evolution of the response of the aerogel counters has been followed 
during 9 months. For both counters we observed a slow decrease of the average 
signal, which amounts to 21 after 3 months and 4% after 9 months. But during this 
period of time, the ratio r of signals given by up and down particles in the 
aerogel remained remarkably constant. This ratio r is related to the absorption 
length of the aerogel and is insensitive to the eventual drift of the photomultiplier 
tubes gain and ageing of the millipore paper lining the diffusion box. Therefore 
the optical properties of the aerogel have remained constant in space conditions 
over 9 months. 

Hence silica aerogel counters have been flown for the first time on a satellite ; 
they performed as expected like pure Cerenkov counters, with no scintillation 
component. The instrument operated successfully in orbit from September 1979 to 
July 1980 and measured the abundance versus energy of all elements between 
Boron and Zinc (Z=5 to 30) with very high precision (12). For the first time the 
measurement of the isotopic composition of relativistic cosmic rays at a few GeV/n 
was achieved . It required the reconstruction of the trajectory of each individual 
incoming particle through the Earth's magnetic field. 

The stability of the optical properties of the aerogel material has been a clue to 
the success of this experiment. 

4. AEROGELS IN AN OUT-OF-ECLIPTIC JOURNEY OVER THE SOLAR POLES 
An aerogel Cerenkov counter will be on board the International Solar Polar Mission 
(ISPM) which will explore the heliosphere within a few astronomical units (AU) 
over the full range of heliographic latitudes. The ISMP spacecraft will be launched 
in May 1986 by the Space Shuttle and a Centaur upper stage. After passage by 
Jupiter, ISPM will be travelling in an elliptical orbit with aphelion near 5 AU, 
perihelion near 1 AU and an inclination to the ecliptic of 90*. The first passage 
over one magnetic pole of the sun is foreseen in late 1989. 

A large collaboration of European and US Institutes has designed a cosmic ray and 
solar particle spectrometer aimed to better understand the acceleration and 
propagation of cosmic electrons and nuclei in our Galaxy. 

The figure 3 shows the instrument devoted to the measurement of cosmic electron 
spectra in the range 12 to 300 MeV. It has been built jointly by the University of 
Kiel and the CEN-Saclay. The instrument incorporates several techniques in order 
to identify the particles and their energies : electron-photon cascades, Cerenkov 
thresholds, dE/dx vs E method (13). The entrance telescope is composed of a 
silica aerogel Cerenkov detector CI inserted between two silicon surface-barrier 
detectors. The velocity measurement in the aerogel allows to discrimate between 
electrons and protons. 
The constraints imposed by the ISPM mission are severe : 

a mission duration of 5 years requires an exception nail y high level of 
reliability 
- a closest approach to Jupiter of 6 planet radii leads to very high radiation 

levels 
- the very high solar latitudes and long distances from the earth orbit severely 

ristrict the payload weight (2.3 kg are allocated to the electron spectrometer). 
In these three area of concern the aerogel material has decisive advantages. 



5. AEROGEL CERENKOV COUNTERS ON BOARD STRATOSPHERIC BALLOONS 

The first experiments using silica aerogel Cerenkov counters on board 
stratospheric ballons has been made by the Sa clay group in 1974 (14). More 
recently a collaboration between the California Institute of Technology and the 
Danish Space Research Institute has flown a High Energy Isotope Spectrometer 
from Palestine, Texas in May 1984 (15). The top Cerenkov counter consists of a 
mosaic of 48 aerogels radiators of refractive index n ~ l . l . The aerogel originally 
produced by the University of Lund (7) was recycled from a CERN ISR experiment 
and the refractive index has been increased by heating from n=1.06 to n=l.l (3), 
(16). The resulting material is very homogeneous,the small scale variations in the 
index of refraction amounting to & n s 0.00025±0.00005 (17). Data analysis is still 
in progress but an excellent mass resolution is anticipated from the Bevatron 
tests. 
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Tablet 
Radiator 

material 

Teflon 
Aerogel 
block 

Aerogel 
"sand" 

Refractive 
index 

1.33 

1.053 

1.012 

Momentum 
threshold 

GeV/c/n 

1.1 

2.8 

Density 

g/cm 3 

2. IS 

0.26 

0.03S 

Thickness 

cm 

1.5 

5.6 

2 x 5.5 

Mean number 
photoelectrons 

(for Z r l . B=|) 

30 

15 

S PMtubt 

Afoqei blocks 

Asrogtl sond 

Fig. I Configuration of the Cerenkov 
counters used for momentum determination. 

Teflon 

Fig. 2 Momentum resolution 
in the three counters for Be, 
C, O, Si and Fe cosmic ray 
nuclei. 
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Fig. 3s The cosmic electron spectrometer on board the International Solar 
Polar Mission. 


