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HARMONI (High Angular Resolution - Monolithic - Optical and Near-infrared - Integral field spectrograph)
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R The sodium layer is around 90km high and its thickness is about 20km. The
subapertures TR \T\J

lasers are situated on the side of the telescope, therefore the wavefront
sensor will see an elongated spot.
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LDM (Laser guide star Detector Module)

LGSS (Laser Guide Star Sensor)

Goals for Harmoni:

-Physics of distant galaxies

-Stars in other galaxies

-Characterization of giant exoplanets
-Relationship between black holes and their galaxy
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-Characterization of the WFES, camera, relay,
microlenses array, SLM.

-Optical design to emulate the ELT and
turbulences. Innovative solution for elongated
source

-AO perfomances, closed loops, COGs vs
WCoGs, Interaction matrix analysis, |M
simulations.




C-Blue Camera

Ideally, we need subapertures with
25x25 pixels of ~1”/pixel

For 80x80 subapertures, we need
2000 x 2000 pixels

QUANTUM EFFICIENCY (%)

80

70

60

50

40

30

U A S

~ LAM

LABORATOIRE D'ASTROPHYSIQUE

QE 0,72 @589nMm ;5\t one e

N

oooooooooooooooo
W WS e & FE S

2000x2000 pixels detector, running at 500Hz,
with RON<3e- does not exist...

Instead, we are using a C-Blue camera with:
1608x1104 pixels
RON<3e-
500Hz
Global shutter
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Measured angular pixel response (normalized), C-BLUE camera, +26° incidence
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1. Z. Ke, F. Pedreros and al. “CMOS sensor performance for laser guide star wavefront sensing,” submitted to
JATIS. 6



The LDM (Laser guide star detector module) LAM \'\‘;/-":'
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-The wavefront sensing is done with a Shack-Hartmann.

-The focal of the microlenses is small (large field 15, 80x80 subapertures to sample the 39m
M1), therefore we use a relay to re-image the pupil on the camera.

-Due to the number of subpertures and the size of the elongated spots, we need an important
number of pixels, therefore we are using a CMOS sony sensor 1608x1104 pixels. (C-Blue).

Lenslet array (80x80)

Relay (M=1/2.5
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LTI I I « Specification of the microlens array manufactured by
STt et AMUS :

s e == o oo e Main characteristics:

e = . - Lensletpitch: 290um

e e s e e - Lenslat focal distance : 2.5mm
SPERIET sttt e Lenslet number: 80 (on circular aperture of 24.00mm
T inmnnnmnioiiinn o diameter)

bbb el bt eanE b o aiiss '25323 , ;}} ;;---‘ Number of « useful » lenslet ;: 80
+ ~» Optimal pupil size on the lenslet array : 24.0mm

HHEEHIRD RN R ) anglet F number : 8.645

80 microlenses

g . e = .:iiziiﬂﬁi'l“ﬁ:ﬂﬁ' Double lenslet

80 microlenses 8



Optical Bench

LAM -
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2nd step: we add phase aberation with a SLM LABORATORE DASTROPISIOL
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The SLM: Loading a Zernike phase map

Phase map loaded into SLM Focus
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Polarization axis of liquid crystals
(aka slow axis, extraordinary axis) in

this SLM is vertical

SLM seen through polarizer film
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Interaction matrix and reconstruction



Experimental interaction matrix
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Experimental interaction matrix TR
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Phasemap printed on the SLM  Experimental reconstruction Closing loops experimentally
100} 100 | -" -.\‘ ] 1000 1007 /’/ 1
200 | 200 | ‘ - | 200 |
300 f sl ' g % L 300 [ / \ 500
400 400 | ” ‘ . . v =l 400
500 500 [ - 5 500 | 0
600 600 : ~. ‘ '// ] 600 '
[ O 100 o /
800 f soor - 1 0ol
| ~ . \
- 900 \ 4 - 200 3 \ -1000
100 200 300 400 500 600 700 800 900 b 2(;0 4(.)0 600 B(I)O 1000 o 2(.)0 4(I}O 600 8(;)0 1000
reconStrUCtlon SImUIatlon reconStrUCtlon SImUIatlon Numerical (Blue) vs Experimental (Red) IM singular values
uUk&U\uu T T T T T T T
WII"OUI noisc -
= SL\ ool wntlwguse (SNKSOO)
o ,’ 200
o 300
w0 .‘ 400 /’ ‘ ‘. .. \\\
ol 500
60 600 \. "
- 700 | ‘ . //‘.
o0 800
ol \ “’/ .

1000

1000



-

LAM -

Next step: with elongated spot LABORATORE DASTROPYSIOUE
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Next step: with elongated spot LABORATOIRE DASTROPAYSIO
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The sodium layer is around 90km high and its thickness is about 20km. The lasers are
situated on the side of the telescope, therefore the wavefront sensor will see an
elongated spot. 18
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Full Field Spot Diagram
21/04/2021 Zemax
Units are pm. Legend items refer to Field positions Zemax OpticStudio 21.1
RMS rad1 us : 6904 ' 90 LCE_Bench_design_2inches_real_Tenses NLA_sprinizeds_with_all_subapertures.zex
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Scale bar : 2e+04 Reference : Chief Ray
F
[ i 500 mm
3D Layout
15/06/2022 Zemax

Zemax OpticStudio 21.1
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Configuration: A1l 1




The LDM (Laser guide star detector module) LAM
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3D Layout

07/06/2021 Zemax:
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