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Imaging atmospheric Cherenkov telescopes (IACTs) are often used for detection of high-energy

gamma rays from the ground. The reflector of an IACT is typically tessellated into smaller mirror

segments. The mirror segments are made of a glass or sandwich structure substrate with the front

side coated typically with aluminum (Al) and a thin quartz protective layer. Direct exposure to

harsh environmental conditions causes rapid degradation of optical performance of this type of

mirrors and forces their regular replacement or re-coating that entails significant operational cost

for the observatories. Mirrors with a thin front glass panel coated on a back surface, adjacent

directly to the mirror substrate, can solve this problem. We report on our recent development of

various technologies to build a reflective back-coated front glass surface with a composite mirror

support structure manufactured with the cold glass slumping technique. We show that a decrease

in optical efficiency due to the transmission of Cherenkov light reflected through the glass layer

can be significantly compensated by selecting a special type of glass with appropriate thickness.

We present full-size mirror prototypes that fit the specifications for the Medium-Sized Telescope

mirrors for the Cherenkov Telescope Array. We also show first results of the laboratory tests of

mechanical stability and focused reflectivity in the spectral range of the Cherenkov light.
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1. Introduction

The detection of very high-energy gamma-ray photons at ground level is frequently accom-

plished through the utilization of IACTs. These telescopes collect Cherenkov radiation emitted by

extensive air-showers generated by primary gamma rays or protons in the GeV/TeV energy range.

The Cherenkov light spectrum reaches its peak intensity in the UV wavelength range at around

350 nm. Optical mirror segments, arranged in a tessellated way on the telescope reflector, are used

to reflect the light towards the telescope camera. The reflectors of individual IACTs have surface

areas ranging from several tens to hundreds of square meters. Due to costs reasons, the telescopes

are not protected by domes.

The reflective surface of mirrors installed in currently operating IACTs is either diamond-milled

Al or a glass panel coated with a thin Al layer on its front surface. The Al layer is additionally

protected from oxidation by a thin layer of quartz, whose thickness is determined through a trade-off

between the highest reflectivity throughout the Cherenkov spectrum and durability of the protection.

The direct exposure of the mirrors to harsh weather conditions, including pronounced diurnal and

seasonal temperature variations, precipitation, ice, winds, and dust deposition at desert and high-

mountain altitudes, leads to accelerated degradation of the protective layer and a significant loss of

reflectivity. This forces the replacement of the mirrors or their re-coating every few years, which

entails significant operational cost for the observatories.

The implementation of mirrors featuring a thin front glass panel coated on the back surface,

directly adjacent to the mirror substrate, can offer a solution to this problem. Will et al. [1] have

recently presented the first solution of this kind. It uses a 0.4 mm glass sheet adhered on the coated

side to the support structure of the mirror. The so-called back-coated mirror can then be easily

cleaned, and environmental factors should not deter its optical performance. Several prototypes

with a square shape and a surface area of 1 m2 have been manufactured for the MAGIC1 telescopes

located on the Canary Island La Palma.

The use of an ultra-thin glass panel in the above mentioned solution necessitates careful

handling and poses challenges in the mirror production process. Moreover, the transmission of

light for the glass used in [1] causes the mean surface reflectivity to be reduced to below 70% at

wavelengths shorter than 350 nm. Further advancements are therefore required to identify solutions

for back-coated mirrors that offer improved reflectivity optimised for the Cherenkov waveband,

while maintaining an easy and cost-effective manufacturing. Here we present the first results of

our research on novel backside reflection mirror technologies developed at the Institute of Nuclear

Physics Polish Academy of Sciences (INP PAS), in collaboration with the Joint Laboratory of Optics

(JLO) and DESY-Zeuthen.

2. New backside reflection composite mirrors

2.1 Mirrors for MSTs of the CTA Observatory

The back-coated mirrors described here are designed to fit the specifications for the Medium-

Sized Telescopes (MSTs) for the Cherenkov Telescope Array (CTA)2. MST sub-arrays will perform

1magic.mpp.mpg.de

2www.cta-observatory.org
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observations in the core energy range of CTA between 80 GeV and 50 TeV. The MSTs utilize a

modified Davies-Cotton design, with a reflector diameter of 12 m and a focal length of 16.0 m. The

reflector is composed of 86 hexagonal facets with the spherical profile and the flat-to-flat size of

1.2 m. The MST mirror specifications require the individual mirror segments to collect 80% of the

reflected Cherenkov light in a spot of 380 < 12 mm at the nominal focal distance of 16.07 m. The

overall focused reflectivity inside the spot shall be greater than 85% at any wavelength in the range

between 300 and 550 nm.

2.2 Glass selection

The primary factor determining the optical performance of a back-coated mirror is the ultravio-

let (UV) and visual light (VIS) transparency of the front glass panel. We have selected the float glass

from two manufacturers: Schott Borofloat® 33 and NSG glanova TM. The thickness of the glass

sheets is ranging between 0.5 mm to 1.75 mm. The samples were coated with a reflective Al layer

of 100 nm, covered with the 150 nm protective layer of Cr. The extra Cr layer is applied due to its

superior adhesion to the glue used for assembling the thin glass panel to the mirror support structure.

It also protects the Al against oxidation immediately after the deposition process. Both materials

were deposited using the Physical Vapor Deposition (PVD) technology at a pressure of 5× 10−4 Pa

and at room temperature, to prevent the reflectivity deterioration of the Al in the UV region. After

careful cleaning, the thin glass substrates were subjected to a 10-minute Argon discharge to enhance

adhesion prior to the deposition process. Al was deposited via thermal evaporation on tungsten

boats, while chromium (Cr) was deposited using an electron gun.

Figure 1 shows the comparison of spectral transmittance (left) and reflectance (right) for the

UV-VIS light of the selected samples of different thickness. The reflectivity of all samples remains

above 85% for wavelengths longer than 350 nm and maintains a minimum of 70% for shorter

wavelengths down to ∼300 nm. In the range from 300 nm to 350 nm the Schott Borofloat® 33 glass

performs much better than the NSG glanova TM glass. This is due to much higher transmittance of

the borosilicate glass in this waveband (compare measurements for the 0.7 mm-thick glass). Due to

the better performance, the Schott Borofloat® 33 glass was selected for manufacturing of the first

mirror prototypes.

Figure 1: Comparison of spectral transmittance (left) and reflectance (right) in the UV-VIS waveband of

thin glass samples of SCHOTT Borofloat® 33 and NSG glanovaTM glass. The samples are coated with Al

on their back surfaces.
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Figure 7: Spectral fo-

cused reflectance for

MBF 1-2 and the ref-

erence mirrors (see Fig-

ure 6). Dashed line at

85% marks the CTA re-

quirement.

4. Conclusions and outlook

This paper presents the first two ever-built prototype MST mirrors that utilize novel back-coated

technologies. The mirrors exhibit excellent focusing properties and very high reflectivity in the

Cherenkov waveband. The technology promises no reflectivity loss during the mirror lifetime.

Currently, additional prototype mirrors are being constructed, featuring different types of front

glass panels, including single hexagonal panels and mosaic panels with varying glass thicknesses.

The use of mosaic will likely allow the technology to be applied for mirrors of much larger size

and/or with significantly smaller radii of curvature. These studies aim to identify the optimal back-

coated mirror solutions for improved performance and efficiency for future telescopes (or updates

of existing IACTs) for ground-based gamma-ray astronomy.
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