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Abstract: Composite mirrors for gamma-ray astronomy have been developed to fulfill the specifications required
for the next generation of Cherenkov telescopes. In addition to the basic requirements on focus and reflection
efficiency, the mirrors have to be stiff, lightweight, durable and cost efficient. The technology developed to produce
such mirrors is described, as well as some tests that have been performed to validate them. It is shown that these
mirrors comply with the needs of future Cherenkov telescopes. The industrial production of 20 mirrors is reported,
demonstrating the possibility of a mass production of such mirrors.
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1 Introduction
The primary reflector of ground-based Cherenkov tele-
scopes are made of tens of individual facets (called mirrors
in the following). Next generation Cherenkov telescopes
will require a large amount of mirrors, the physical proper-
ties of which will have to be stable over long periods. We
report the construction of a series of 20 mirrors that com-
ply with the needs of future Cherenkov telescopes, such as
CTA [1]. In this paper we recall the design of the mirror
facets described in [2], and show that the concept can be
effectively industrialized.

2 Mirror concept
The mirrors that are discussed here are designed to equip
12 m class telescopes, which require of the order of 100 m2

of reflecting surface. The mirror facets (dubbed mirrors in
the following) are hexagonal and have a surface of 1.2 m2.
Ideally, they are spherical shells with a radius of curvature
of 32.14 m. They are build with a replication technique
that was first described in [3]. The idea is to use a mould
which shape is opposite to the sought mirror shape. The
mould has a well designed spherical shape, obtained with
high precision machining. Mirrors are formed at room
temperature in a 2-step process sketched on the left panel
of Fig. 1, and described in details in [2]. The right panel
of Fig. 1 shows an exploded view of all components of a
mirrors: the stiffness is mainly obtained from the use of
aluminum honeycomb glued together with glass-fiber (G10)
sheets. Glass sheets are glued on both sides to obtain the
required surface roughness and good thermal properties, in
terms of stability of the structure and dew formation at the
surface of the mirror.

The front side of each mirror is aluminized and protected
with a 3-layer coating, which improves reflectivity at low
wavelength.

3 Optical and mechanical tests
A few tens of prototype mirrors have been produced at Ir-
fu/Saclay, and have been tested both mechanically and opti-

cally. Optical tests are performed in Saclay using the under-
ground facility described in [2]. The test setup uses twice
the focal distance of the mirrors, and allows measuring the
effective focal distance, the absolute reflectivity and the
point-spread function (PSF) of the mirrors. A decisive test
consists in homogeneously illuminating the mirror with a
known amount of light and measuring the quantity of light
that comes back at twice the focal distance. The reflectivity
is measured as the ratio of those two numbers. This is per-
formed at different distances, so the distance at which the
reflectivity is maximal corresponds to twice the effective
focal length of the mirror. Test results for prototype mir-
rors are reported in [2], where it is shown that their perfor-
mance are at the level required for the next generation of
Cherenkov telescopes like CTA.

Other tests, mechanical and environmental, have been
performed in Saclay and in other institutes. Those include
impact tests, outdoor tests (with monitoring of the rain, tem-
perature, humidity), pressure tests, and controlled thermal
cycling.

Figure 2 shows an example of the PSF of a prototype
mirror before and after it underwent thermal cycling. That
figure shows that even if the spot is slightly degraded, the
performance of the mirrors are still good after the cycling.

All these tests were important to check the quality of the
design. Even if prototype mirrors passed the tests, it is still
essential to study the feasibility of the production process
at an industrial level.

4 Towards industrialization
Next generation of Cherenkov telescopes will require an
enormous amount of mirrors, at least of the order of 5,000
units of the above described facets. Such a massive produc-
tion cannot be handled in laboratories and rather require the
help of the industry. The current design has been thought
from the beginning to potentially be efficiently applied to
industrial production. To assess the feasibility of such a
massive production, a series of 20 mirrors has been pro-
duced in the industry. The industrial partner that produced
the mirrors prototyped at Irfu Saclay in Kerdry thin films
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technologies, who signed a knowledge transfer agreement
with Irfu in 2011.

The 20 mirrors have been tested in the underground lab
in Saclay. The results for the reflectivity at the nominal
distance are shown on the left panel of Fig. 3. On the
right panel of Fig. 3, the results are shown for the same
measurement at best focus. It appears that the mirror quality
is increasing with their serires production number, when
measured at their best focus. The conclusion one can draw
out of Fig. 3 is that some mirrors have good focusing
properties but shifts exist in their focal lengths. This is
verified with the left panel of Fig. 4, here one can see that
it took a dozen mirror to stabilize the production in terms
of focal length. In the right panel of Fig. 4, the reflectivity
at different distances is displayed for the last 5 mirrors of
the production. These results show a systematic shift of the
order of 14 cm on the radius of curvature of the mirrors
compared to the nominal value defined by the mould (7 cm
in focal length). This shift will have to be taken into account
in future productions.

5 Outlook
The production of 20 mirrors for ground-based Cherenkov
telescopes in the industry showed that it is indeed possible
to consider a mass production of these mirrors for the need
of future observatories such as CTA. The price of 2,500
euros per mirror facet make them competitive, as it can be
further reduced in case of a more massive production.
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Fig. 1: Basic concepts of the discussed mirrors: production process (left) and exploded view (right).

Fig. 2: Spot at twice teh focal distance, before and after thermal cycling for a prototype mirror.

Fig. 3: Reflectivity versus mirror number, at the nominal distance (left) and at best focus (right).
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Fig. 4: Radius of curvature and variation of the reflectivity with distance.
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