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Wide Field

Location of all the stars with known exoplanets




From space...









Evolution with time (and meetings)




Evolution with time (and meetings)

* Aspherics drop to 1
* BaF2 disappears = N,
* CaF confined to small - C S
and non thermal-critic lens = ]
* One window in front of 6 lenses
*Pupil size grows to 120mm IV~ — };;
* Field of View increased up to 40° Bt
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Evolution with time (and meetings)

* Aspherics drop to 1 | .

* BaF2 disappears = '“”:‘ =
* CaF confined to small | S T === —
and non thermal-critic lens - —_~ﬂ_‘f j _:_ - —
*0 i i ses = —

*Pupil size grows to 120mm
* Field of View increased up to 40°

Even better science!!! e







80.0C,AT=0C

T=-

e = optical element mechanical constraint
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80.3C,AT=-0.3C

T=-

e = optical element mechanical constraint

T=-80°C
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e = optical element mechanical constraint

- T nominal £ AT
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Increasing T

/

Uniform AT =+0.3 C

Gradient AT=10.3C
along OA

Gradient AT=20.3C
perpendicular to OA

Centroids
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Worst case
0.50 um /0.6 K
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Enclosed Energy 2x2 pixels

Worst case

10000 ppm / 0.6 K

Worst case
7000 ppm / 0.6 K

9000 ppm / 0:6.K

6000.ppmi/,0.6.K....5000 ppm-/ 0.6 K

1000 ppm / 0.6 K

200 ppm-/-0.6 K

1000 ppm /0.6 K
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From ground...



Center of curvature
of the spherical mirror
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Spherical mirror
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Fly-Eye

Secondary Optics with16 O

btical Tubes/Camera

Concrete Central ring
Interface

Primary Mirror
Cradle

Right Ascension Fork Declination Axis
AXis






Photometry

Exoplanets discovered by transits
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Holographic diffuser

* Tested in the lab as an option for CHEOPS
* Discarded because not enough TRL to fly
 Under implementation for Asiago test

e Spreading of light allow for:
— Non saturation
— More robust to pixel to pixel variations
* For bright stars we are studying a concept

where only the central (bright) source is
diffused and the others are used as reference



Adaptive Optics
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A pyramid wavefront sensor



Adaptive Optics

Light rays Atmospheric turbulence
Secondary Mirror i
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Deformable Mirror p ‘ Asgg‘r‘g{gcal Astronomical camera
Computer ' e ' Ji - Turbulence measure






Wavefront Sensing




Performances...
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MagAO/VisAO Ya (0.58um)

A Dec [arcsec]

ExoPlanets examples...

xagm.ﬂc).*z [3.1] (3.10um)

LBTAO/PISCES H-band

* First detectioninH §% 5
of HR8799b,c, d, e

A Dec [arcsec)

A Dec [arcsec)

* Imagingin L and M of Beta Picb

A Dec [arcsec]

A Dec [arcsec]

0.6 0.4 0.2 0.0 -0.2 -0.4 -0.6
A RA [arcsec]



(some) interferometry...

BB Reconstruction

-06 -04 -0.2 0.0 0.2 0.4 0.6
Arcsec




fold mirror

Shark-NIR

di beam splitter to
apodizer the tip-tilt WFS

off-axis
parabola

4

Pupil lens
(deployable)
off-axis

detector

/

~300 mm

cold baffle

Lyot stop, Science filter
GRISM wheels




Shark-NIR

Weight: 350 kg

Size: 1500 x 800
 x 800 mm






Spectroscopy




51 Peg
Distanza: 0.05 AU
Vel Rad. 60 m/s

Giove
Distanza 5 AU
Vel. Rad. 12.7 m/s

Proxima b
oo g FrOImae Distanza 0.05 AU
Centadfi Vel. Rad. 1.4 m/s
Terra

Not to scale

»e Distanza: 1 AU
93 million miles Earth\/el. Rad. 9 Cm/S




Euler+Coralie — La Silla (1998-...)

1.2-m Euler Swiss telescope M- Mayor, S. Udry, D. Queloz
Simultaneous thorium F. Pepe, D. Naef, N.C. Santos
technique

Precision: ~3 m/s -> Photon-
noise limited (-> 3-10 m/s




Towards 1 m/s: Stability

ARV =1 m/s _— ARV =1 m/s
| ” |
ANA=0.00001 A | AT =0.01 K
| |
15 nm on CCD Ap = 0.01 mbar
|
1/1000 pixel

vaccum



Optical design of the

spectrograph...

Blue CCD

Red CCD
Q
¢ o
Blue camera > ‘J
-

: N4 N Red camera
Blue cross—-disperser

‘ -
Blue transfer collimator\ \ Red transfer collimator s5e

. ‘ ’. 7o Red cross-disperser
i | E— 1T
LS — ] |
Field lens ey SR A ®m Field mirror
e -«— Dichroic mirror

| — E—

e

g . e R4 echelle grating

Main collimator
(double—pass)




OptoMech

« ¥85 optical elements

e ~300 mechanical parts



Integration with CMM
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Wrap-Up....

Complex optomechanical systems from both ground
and space

Wide (& very wide) innovative optical systems with
large number of resolution elements

Innovative (very) accurate measurements and control
of wavefront in Optical & NIR

Precision spectroscopy
Interferometry

Are these bricks to develop a locally monitored high
performance imager or interferometer with
astrometric capabilities...???



