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INTRODUCTION

In June 2010 Canestrari wrote (SPIE proc 2010, 7739, 12):

“New projects have been started as the European Cherenkov Telescope
Array (CTA) [...] In this framework, tens of thousands of optical mirror
panels have to be manufactured, tested and mounted into the telescopes.
Because of this high number of mirrors it is mandatory to develop a technique
easily transferable to industrial mass production, but keeping the technical and
cost-effectiveness requirements of the next generation of TeV telescopes.”

After three years we are very close to that situation and several technologies
have been investigated but not all are fully ready to start with that mirror mass

production required by CTA.




General requirements on mirrors

Summary on technologies
Large Size Telescope optics and mirrors

Medium Size Telescopes optics and mirrors

Small Size Telescopes optics and mirrors
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IACT’S OPTICAL CONFIGUARTION

Due to the huge
reflecting surface (up to
400 m?) and the low
requirement in the
surface dish error the
panel solution is the
most suitable for the
different size CTA

telescopes.
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OPTICAL REQUIREMENTS

® Surface roughness ~ 3 nm rms to avoid
diffusive scattering

® PSF on the single mirror ~ | mrad.

®

Surface error on the panel driven by PSF
requirement and optical design (~ 0.1 mm)

® Reflectivity > 85% in the 300-550 nm range to
be guarantee for |0 years lifetime
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GEOMETRY AND SIZE

Exagonal shape

Face to face size between 0.5-2 meters

Curvature radii design dependent (between few
meters up to ~ 50 meters)

Spherical and aspherical surfaces (different radii of
curvature in perpendicular directions and
monolithic secondary mirrors)
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PHYSICAL PROPERTIES

Weight < 20 kg/m? is desirable

Mirror deformation under gravity must be small
enough to maintain the specifications for the PSF

and t
No s

ne alignment

nape deformation for a |10 years lifetime

No damage in temperature range between -15° to
60° C

No significative change in shape in the
temperature range between -10° to 30° C




o] ASS | SRS e R
MIRROR REPLICA TECHNOLOGIES

® Hot slumping mirrors

® Cold slumped glass sandwich mirrors

® Hot slumped glass sandwich mirrors
Sheet Moulding Compound mirrors
Open-structure Composite mirrors

Electroforming for high curvature mirrors

® Thin reflective layers on mould formed sandwich
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HOT SLUMPING MIRRORS

After heating the mould and
putting the glass on it at
constant pressure and
temperature about 650°
the mirror will copy the
mould’s shape. The copy

process can be direct or
indirect.

E_

INAF — Rodolfo Canestrari - rodolfo.canestrari@brera.inaf.it
Enrico Giro — CTA Industry— INAF Headquarter — Rome — |6 July 2013




CoOLD SLUMPED GLASS SANDWICH

The mirror will copy the
mould’s shape with a
possible spring back effect Glass Cold-Shaping technology
that can be used to obtain
different curvature radii

Preparation of the integration mold Assembly of the sandwich Curing of the glue

from the same mould. \
Dust and imperfections on
the surface will be

Finishing of the mirror

°/

INAF-Brera (Rodolfo Canestrari) and IRFU Saclay (Clementina Medina)
rodolfo canestrari@brera.inaf.it - clementina@iar.unlp.edu.ar

replicated on the mirror.
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HOT SLUMPED GLASS SANDWICH

This technology is similar to the previous one but
the thin glasses are modeled with hot slumping
before to be assembled with sandwich. In this way a
small correction can be applied to the hot pre-
shaped surface.

Comparison between
optical measurement
and ray-tracing from
surface measurement
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SHEET MOULDING COMPOUND MIRRORS

e Material: carbon fibre SMC
composite High temperature

High pressure

* |In Mould Coating (IMC) ~60 bar

* Either one-part mirror
(ribs on back side for stability)
or additional honeycomb

* Different options for the
reflective surface

/ ribs

SRC-PAS, Warsaw - Karol Seweryn e
kseweryn@cbk.waw.pl
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OPEN-STRUCTURE COMPOSITE MIRRORS

Spherical

* open structure, not sealed
front and back panels of
structure are flat

* curved front surface is
formed by spherical epoxy e
layer

* front layer can be very thin

Spherical resin layer

Flat front panel

Spacers

IF)] PAN - ]. Michatowski
Jerzy.Michalowski@ifj.edu.pl
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ELECTROFORMING

In the electroforming process, the mould is submerged in a chemical
(Nickel Cobalt) bath and a thin (I mm) shell is deposited on the mould by
passing a current through the bath with suitably placed electrodes. This
technique produces high-quality, curved mirrors for X-ray astronomy so
that the surface roughness can be limited to values of 2-3 nm. The CTA
mirror figures are not a challenge, but the expense of the mould is a
concern. This process has been used in panel productions of ALMA
telescopes (Media Lario Technologies). Application followed by University
of Alabama — UAH —Valerie Connaughton - valerie@nasa.gov
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THIN REFLECTIVE LAYERS ON MOULD
FORMED SANDWICH

Sandwhich

® Al Backplane

-\ ® Al honeycomb inside

Al HoneycomB ' ® Al substrate

Al baCk and si |at95 Al mirror substrate

. . Reflective layer
Reflecting surface (current goal in

Al front | ‘
' feasibility study):
Mold ‘ ® thin front coated glass sheets
°

reflective foil from 3M

INFN — Mose’ Mariotti -mariotti@pd.infn.it
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LST OPTICAL CONFIGURATIONS

One dish telescope
Diameter: 23 m

® Dish area: 389 m?
F = 28 m parabolic
® # panels = 198

® D80:10mm(1/5 pixel)

MPI Munich — University of Tokyo - Mashairo Teshima —
masahlro teshlma@mppmu mpg.de
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* Cold slumping technology  sriemm _sasmm

Cut out
(for AMC
laser)

~0.5%

e 65 mm thickness
e 56 meters curvature radius
* Weight ~ 45 Kg |

Press 1ton for 2hrs under 80°C

11

——— G25S sheet 2.7mm
A

Glue Konishi-E

— Glue Konishi-E

Glass sheet 2.7mm
- o

* |.5 meter size face to face /

1510mm




MODIFIED DAVIES-COTTON MST

One dish telescope

Diameter: |2 m

® Dish area: 105 m?
® F=16m

® # panels = 84

® D80: 4 cm

Desy Berlin — Stefan Schelenstedt - stefan.schlenstedt@desy.de




* Cold slumping technology

* |.2 meter size face to face

* various thickness depending by the
technology adopted

32 meters curvature radius
* Weight ~ |5 Kg
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SCHWARCHILD COUDER MST

® Two mirror telescope

® Aspherical mirrors -
e ; = LA
® Primary diameter: 9.5 m LA .
[ — o5
® Secondary diameter: 5.4m |
|_l_;[J 1
®F=56m I

# primary panels = 48

# secondary panels = 24

SLAC National Accelerator Laboratory
° D80 3 mm Vladimir Vassiliev - vvv@astro.ucla.edu
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* Cold slumping technology for
primary

* Electroforming or hot
slumping for secondary (sag of
several cm)

* Size<I|m

* Primary mirror thickness of 30
mm

* primary: 25 meters curvature

* secondary: 6.7 meters
curvature radius




One dish telescope

Diameter: 4 m

® Dish area: 9.4 m?
® F=55m

# panels = |8

® D80: 2.1 cm

IF] — Universite de Geneve — ETH — Domenico La Volpe —
Domenico.Della.Volpe@cern.ch
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DAVIES-COTTON SST MIRRORS

e Glass mirrors as baseline

* |nvestigation on composite mirrors and
cold slumping

e 0.78 meter size face to face

* various thickness and weight depending
by the technology adopted

 |[|.2 meters curvature radius
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GATE TWO MIRRORS TELESCOPE

Two mirror telescope

Aspherical mirrors

Primary diameter: 4 m

Camera

Secondary diameter: 2 m

® F=228m

Counterweight

Mirror M2

Elevation Structure
Fork

Azimuth Structure
Tower

# primary panels = 24

# secondary panels = 9 or
monolithic

Gate Consortium — Delphine Dumas
® D80: <4 mm delphine.dumas@obspm.fr
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GATE TELESCOPE MIRRORS

* Al Blank manufacturing +
polishing for primary

* Cold slumping on reinforced glass
for secondary, backup solution as
primary

* primary: 9.7 meters curvature
radius

e Size |l —2m

* secondary: 2.l meters
curvature radius




Two mirror telescope
Aspherical mirrors
Primary diameter: 4.3 m
Secondary diameter: .8 m

F=215m

# primary panels = |8

secondary monolithic

D80:< 6 mm
INAF — Giovanni Pareschi - giovanni.pareschi@brera.inaf.it
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Hot slumping or hot pre-shaping +
cold integration for primary and
secondary

primary: 8.2 meters curvature radius
Size 0.85 m face to face
secondary: 2.1 meters
curvature radius

Secondary mirror, M2

Primary panels

thickness = 10 mm

Secondary panels
thickness = 20 mm




cherenkov telescope array

LATEST NEWS ON SECONDARY

Messlinie in X Achse
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