ain benc INT

* Mach-Zehnder Modifié
e 2 entreées - 4 sorties, AOI=30°

e Recombinaison symétrique + optimisation des
lames pour la sortie dark

* Principales difficultés: stabilité et dérive thermique !

I

[:AouClet]

II : frange blanche (B), IJK
I1I : frange noire (D), IJK
IV:Aou(CTet]
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Dichro'l'que

l.,.,, A
!

Fibre otique Le Verre Fluoré
=> Monomode en K

Voie scientiﬁque (bande
K 1.65-2.45 um)
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Toron de fibres a 125pum
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IR camera (LESIA development)
« LN2 (77K) automatic cooling
« Ethernet communication
o Filter wheel
« PICNIC detector
o4 quadrants of 128 x 128 pixels (40um)
« 16 bits, RON @ 250kHz: 18 e-

frange noire

frange blanche

Atelier PERSEE - CNES Paris - 11 décembre 2012
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Performances et résultats

de PERSEE
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Caractérisation

Performances des boucles de controle et du taux de nulling
Améliorations: filtre Kalman + commande LQG

Conclusion et perspectives

Atelier PERSEE - CNES Paris - 11 décembre 2012
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aracterisation

Caractérisation du banc => étude fréquentielle et analyse des vibrations

10.0
Frequency [Hz]

Contributeurs:

-Electronique => pic @ 50Hz
-Mécanique: M6, LAR, MMZ
-Acoustique: clim & surpression sur la
méme dalle

-Sismique: table sur coussins d’air

-Thermique: dérive du MMZ sur plusieurs

heures (6oonm/°C)
-Turbulence: soufflerie au dessus du banc

Solutions:

=Déport des électroniques

=>Capotage spécial

=FEteindre clim & surpression pendant les
mesures
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OPD [nm]

o
o

-0.5

. En différence de marche
Spécifié a 1 nm rms
Meilleur résidu obtenu :

O0ps perto

O = 0,3 NI rms

= A/6700 @ 2 pm

T T T T

best p(:"(])rrv'(lru:z: 0.3nm rr*ls|

T

o
N
IS

vertical position [mas]

En tip/tilt
Spécifié a 100 mas rms
Meilleur résidu obtenu :
Ojip/tile = 56 Mas rms
= 0,4 % de la tache d’Airy

0.3F ]
El +arm a -
arm b
0.2F % =
0.1 +
r + 3
o 2 2 3
-0.0F 2
—0.1F -
C + =
=020 ; b
-0.3 . . | . \ \ . . |
0.4 0.2 0.0 0.2

horizontal position [mas]

=
N
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w Nulling peﬁfﬁrm?ntes/

Monochromatic and polarized light (2.3pum): 5.6x10° + 2x107 << 104 + 107

1X1O_5 lllllllllllllllllll
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Y

Nulling per

Polychromatic and non-polarized light: 8.8x10° + 1.5x10° << 104 + 10

Spectral band: [1.65-2.45]um (~40% width)

- Stabilized over 100s (validated over 7h thanks to automatic calibration process)

= no perturbation injected, quiet lab environment (no machines, under enclosure...)

A [pem
3.0%x107° U — — — T , 25 24 23 2.2 2.1 Iﬂa ] 1.9 1.8 1.7
’ B 5 2.0x107° T T T T T T T T
<N>; with 7=2.6ms f_,=100Hz -
'\'m!n 3] -
2'5)”0_5? Convolution with o 1s window . N
- 1.5%107° - —
2.0x107° - . i
L | . L
-~ - — -
< 1.5%1073 | c 1.0x107% - m
= B I | “' ‘ 1 = *
‘ ( 5 L X
| i I \ =4
B Wh'l' AP ORI R Y SR R N
1.0x10 |‘“lfl !l -1-|.j| 1‘ [ Il |i H.«k “ |/ A L»A‘,. LA A N L | L L
bt lnd il i b gLk bl L il L funilnd | v 5.0x107% —
5.0x107%— = L
| T L R (T D 0 P E S S R S RS S
o 20 40 60 a0 100 0.40 0.45 0.50 0.55 0.60
' o [pm™]

Time [s]
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Null rote

ERSEE ]

Nulling per

= OPD noise (LQG in closed loop, 1kHz): 0.74nm rms <<inm rms
= Tip/Tilt noise (integrator in closed loop, 200Hz): 65 mas rms <<1ioomas rms
» [ntensity mismatch: 0.1% rms <<1% rms

5x107°F

T

T

Null Te‘n=.245rr}s feom )
Convolution with @ 1s window

.=100Hz

4x107°

TTTTTTTTT]

3x107°

2%107°

=T TT T T[T I ToITToT]

1%x107° [

Time [s]

A
25 2.4 2.3 2.2 2.1 QLOm] 1.9 1.8 1.7
2.0x107° | | | T T | | T
E - ChHromatism contribution: 2.4x10° <<3.5x05
1 1s«o0s[ Pdlarization contribution: 3.9x10 << 10 _
] - Intensity contribution: 9.5x107 << 2xi0- .
1 e I ]
. O
1 Z 1.0x107° -
] > L -
E I ]
‘ B a 1

E 5.0x107%— —

0 . 1 3 % 1 - ) L 1 L 1 1 L ]

0.40 0.45 0.50 0.55 0.60

OPD contribution: 1.4x10° << 3.5x10%
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® Visible @ Bande N

#® BandeH Bande K
10~ 3
Serabyn etal. 1999 Mennesson et al. 2003 Brachet 2005 Mennesson etal. 2003 o
Ollivier 1999 . " ® ® Vosteen etal. 2005 E
4 ® Martin et al. 2003 ) | PERSEE 900'
10 Wallace etal 2000 o 3 104103
® Serabynetal 1999 Mennesson etal. 2003 * Gappinger 2009 o
= e o .
o 3 L] . ./
= ! e Schmidtinat al. 2006 P I 200
= 5 Buisset et al. 2007 PERSEE
L 107 E - .
5 3 1 Polychr. light
M eadboards - . .
2 S — 1 8.8x106+1,5x106
- [ » Ergenzinger et al. 2004 1
_ @ Haguenauer and Serabyn 2006 Samuele et al. 1
" ﬁERyS IEE 106 Qeaverpne - Requirements d
gz lig Vi st for exoplanets 3
B.6x1076+2x107 s : ]
- observation ]
[ Ztal, 2007 |

15 20

Largeur de bande (%)

Atelier PERSEE - CNES Paris - 1 décembre 2012 30



PSD of OPD [nm?/Hz]

Injection of calibrated OPD noise + LQG controller (Linear Quadratic
Gaussian) coupled with a Kalman filter (AO heritage) for correction.

10*

OL 18.nm
CL Integrator 7.9nm
CL LQG 0.77nm

10°

0.1

1.0 10.0
Frequency [Hz]

Atelier PERSEE - CNES Paris -

100.0 1000.0

11 décembre 2012

GNC (TAS study):

( N\
Wheel speed:
4.5Hz

Solar array:
15Hz

Siderostat:

55-75-85Hz

Nulling ratio:
*Goal: 104
*Integrator: 8.5x1075
*LQG: 1.1x105
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onclusions a ctives

Already done
PERSEE achieves very efficient polychromatic null in non-polarized light

LQG control loop maintains OPD at less than inm rms in presence of
representative disturbances induced by reaction wheels (high frequency) with a
significant amplitude

Still to be done
Fringes acquisition with a initial drift speed (150um/s) = in progress
Simulated complex targets (star + faint planet + exozodi) = PhD starting
Simulation of FKSI disturbances = coming soon ?
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Exploitation en cours
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Diaphragm, D=10mm

Star (1, J, K) Planet (K)

Atelier PERSEE - CNES Paris - 11 décembre 2012

*: motorized mount
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