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_ Properties Status Prospects Summary

motivation

Quasi-static aberrations
e corrected to >10 nm rms for direct detection of exo-planets

e PSF evolves in the order of 10~60 minutes

Direct measurement
* most methods are indirect: phase-diversity, speckle-nulling,
angular differential imaging
* some are iterative and have converging times of a few
minutes or faster

Nicolas Dubost - CfAl Paris - 2018
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point-diffraction interferometers

or just PDI
Light propagation direction

Entrance pupil Focal Exit pupil
plane A plane B plane C

I A A

Zernike sensor
(N’'Diaye et al. 2013)

l Y Y

Wavefront Zernike sensor Detector
phase mask

Error signal in Kcos{phase)

Mach-Zehnder
wavefront sensor
(Loupias et al. 2016)

200 400 60 800 1000 1200
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pupil-modulated PDI

or just m-PDI

Reference beam

-------- Test beam
Ronchi Focal plane Interference
ruling filter mask fringes

Nicolas Dubost - CfAl Paris - 2018
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ohase modulation
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ohase modulation
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visibility and chromaticity

Status

Deo= A0/Da = b/Po=0.22

Prospects

Summary

1.0

0.8
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- Strehl = 0.16
04 — AL =20% .
AL = 35% |
02H — ax=50% |
-+ AA = 0%, Theor. | S
0.0 ' -

0.00 0.05
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accuracy and dynamic range

(i) Initial configuration
Ao =557nm, AA=0%, DB o= Ao/Da, Ng=30, Np=8

0.16 F | | T T T T T

(g —  Perfect

3 0.14H ]
< 0.12 H —  Defoc. 7
E 010 — Astig. _
2 —  Coma

£ 0.08} -
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§ 0.06 } -
§ 0.04 | .
3 0.02f _

OOO l l l l l l l l
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
Wavefront error in @y /Ao
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Concept

accuracy and dynamic range

(i) Initial configuration

Ao =557nm, AA=0%, DB o= Ao/Da, Ng=30, Np=8
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Sensor response in Qs /Ag
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(ii)

A1=50%
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accuracy and dynamic range

(i) Initial configuration

Ao =557nm, AA=0%, DB o= Ao/Da, Ng=30, Np=8
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(iii-a) Dgo=240/Da
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Concept

Status

Prospects Summary

accuracy and dynamic range

(i) Initial configuration

Ao =557nm, AA=0%, DB o= Ao/Da, Ng=30, Np=8

Sensor response in @rms/Ag

Sensor response in Qrms /Ao
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Sensor response in Qs /Ao
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accuracy and dynamic range

Dubost, Bharmal and Myers, 2018

“Calibration of quasi-static aberrations in high-
contrast astronomical adaptive optics with a pupil-
modulated point-diffraction interferometer”

Nicolas Dubost - CfAl Paris - 2018
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integration of CAWS into CHOUGH

fiber -\ QP\ﬁ%
‘ age( I:I
T o ﬁ —
ADC [ I:I >
dichroic mirror
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Concept Properties _ Prospects Summary
integration of CAWS into CHOUGH

fibre source

KiloDM

T = 0.2 mm Bobcat

CHOUGH Ng = 52 648x484 pix
1.2k Hz 7.4 um
200 Hz

Nicolas Dubost - CfAl Paris - 2018



Concept Properties _ Prospects Summary

bench data
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monochromatic closed-loop

300 . . . 0.9
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monochromatic closed-loop
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monochromatic closed-loop

NCPA?
Low order modes?
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Concept

1.0

0.8
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Properties

Prospects Summary

broadband illumination

0.4
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....
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)

500
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CAWS
AAFWHM =76.5 [nm] -

C.0.M. =667.1 [nm]
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Prospects Summary

broadband illumination
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polychromatic closed-loop

350 | | — 0.8
g 300 10.7
C o5 cawsTT]198
£ caws {05

L
i 200 0
< |\ /S N === N
T 150
O
¢ 100f.
50 k
0

Time [iterations]

Nicolas Dubost - CfAl Paris - 2018



Concept Properties _ Prospects Summary

polychromatic closed-loop

chromatic?
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polychromatic closed-loop

Real PSF, S=0.13 Real PSF, S =0.34 Perfect PSF

Nicolas Dubost - CfAl Paris - 2018
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throughput improvements

Reference beam
-------- Test beam

no=0.5 '

Ronchi Focal plane Interference
ruling filter mask fringes

Nicolas Dubost - CfAl Paris - 2018
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throughput improvements

Reference beam
-------- Test beam

no=0.5

Ronchi oC ane Interference
ruling filter mask fringes
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throughput improvements

Reference beam
-------- Test beam

10=0.5 nan=0.15

Ronchi oC ane Interference
ruling filter mask fringes
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throughput improvements

Rect Phase
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what about waveplates
Half Quarter

-
ﬁ\
1
1
1
1

Wikipedia
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they can be pseudo-achromatic

(a) (b) ()

Komanduri 2013
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other WFSs examples

Light propagation direction
Entrance pupil Focal Exit pupil
plane A plane B plane C

NDiaye 2014 - Doelman 2017
Nicolas Dubost - CfAl Paris - 2018
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allowing broadband phase shift

(QWP1) VAPP QWP2 Wollaston

Snik 2012

Nicolas Dubost - CfAl Paris - 2018
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allowing broadband phase shift

Some
Polarisation mask
Grating |
+
Leak
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Summary

Properties
* highly achromatic
* |low throughput, for now

Status
* monochromatic loop closead
* polychromatic in progress

Future work
* understanding chromatics
* improving throughput
 NCPA measurements

Nicolas Dubost - CfAl Paris - 2018
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University
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st of values

Simulations

Dgo = Ao/Da

b=0.22

(AA=50%, n=0.15) = (AA=7.5%,n=1)
CAWS

fa=5Ip/mm = Ng =52

Dgo = 2.240/Da, 2.540/Da = 14,16 ym

Ao =675 nm, ALl = 15%, Ac = 633 nm

KiloDM

32x32 acts

Bobcat Imperex
648x480 pix

Hp = 7.4 ﬂm
Np = 6.8

Nicolas Dubost - CfAl Paris - 2018
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monochromatic closed-loop

- M- 160
t ‘ 80
160 £

—240
—320
—400

DM Commands ~ WFEgrums = 55.3[nm]  WFEgus = 12.5[nm]

Real PSF, S=0.20 Real PSF, S =0.66 Perfect PSF
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SH comparison

Prospects Summary
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Prospects
parameters
parameters values
central wavelength Ao 1.625 um

read-out noise

Nicolas Dubost - CfAl
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....................................

Summary
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sighal-to-noise ratio

Spatial scale, m
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sighal-to-noise ratio

Spatial scale, m
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fine co-phasing

O
Y—
7 32': ’3‘::0, 4228208 :3'3’0, O
a")’c o0 o’o sCo5% o'o'o'o'oj o c'o'o'o 10.100
0‘:.0": 3 ’- *.*2':'.'3\ ® 0':.0 = 'o':’o'o < 2 ' 2
R R sadefsesscses dotatsessotte 0075 =
-5 ,‘.'ngr:o:ego: egesciegale :c'.‘ ..:Q:.:O:I:Q:l' 09e90202080009 . -
0907825 %82¢ 9502693505052 tegetedegolole o000 es0s0 0000
o % J’(‘l“o o aje%alc 2339 718 8, %3020200000 000200000 00"". 7 D)
ade, "ogelegesed oo o s¥ o€ ole: 0%0%0%e® 9,%:%:% o® —0050
(- ~-|ucoa_~oocu 020 02s,. %a3elelsse 850502 20° 2600 .
60020, RaliTege2 YeGa2ein? L 5%:0% 02020, 252090202 20202650%" J600%
.' . .‘. ..\ ‘oﬁ,... ‘).f“~ G ... ... ....... ....... .. . . C
Giﬁil‘lb eqe? Lelele3600 ogede%0%a, “ele ede® c02e300030
gggnzo:::: M * ° o':r::,:'ong z::.::'::gzo. ‘. .':::::’.'0: 0.025 -—
':'3':"4%' 00325838000%¢ 8800000002000 ':'3 ota2e00 =
Cetestactsoes Sosssatcsetes Setasasssetes Sesasessteses 0.000 ©
\ 1 ]
G.l: roeoese® o e :igo:{a‘" 2 9% o’ 0:0:.:0’ ° .. .I:0.0.Q: :l t
3 agel’e” _ _elo th-.t(!’O Qoooo,oo co-,ooooo
Sele snele, _edeld. %%3:S0%a8 0020 0%0%_  _0%%5 0593950 _ DO
.. .' - .”. . ' . .Q... .oa @ . .. . ......... ....... ol ..'.' .
S62e? ;agelelclin slefc 0, 2ol o%a® 020202050 020202020, %20
% L3e9-%a ¢! aseldnle. \. 6262 i0e5050005 2000262000, "%l
85! .62a0c 8, 0a009 SO OIR IGO0, | 9 .600000,0o059 B,0,0,0,0,0, @ "—’
Zei0eds%alecn 2050020000050, 9902006005020 0008020800050, -OOSO
8% vgeguce 0:’2 © o""’: v .' 0g0,8263000 06000 o’.'o':
o%s? 2G0aLoass 221gusslege 3¢ eSo af08a8g008 e2e2030202600 O
elgacdeitaset fRatinanenes Se3stassseces sesssosssses -0.075
.-
g ’00,0.: l‘:),' ,.:¢o G.::O:O.. Q.o.o::.o O 1 OO D
‘4 ) e o ) o e 'o2e%0 -
vo's ove" Yo%e . >

Perror = 0.0314 A0-IMS Perror = 0.0084 A0-IMS

Nicolas Dubost - CfAl Paris - 2018



Concept Properties Status _ Summary

other WFSs examples
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filtering and dynamic range

(i) Initial configuration

Do = 40/Da, Tilt=0, Ng=30, 10 =557nm
1.0 .

0.8}

0.6 |-

H(freq)

0.4}

Pupil limit

1% rms
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15% rms
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freq. - Da
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filtering and dynamic range

— (i) Initial configuration
+ Dg,o = Ao /Da, Tilt=0 Ng=30, Ao =557nm
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Pinhole size
E (i) Initial configuration
- Dg 0= Ao /Da, Tilt=0, Ne=30, Ao =557nm
cg 1.0
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2 : —~ 06}
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H(freq)

Prospects

filtering and dynamic range

Summary

(iif) Dgo=2.540/Da, Tilt=0
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Concept

Pinhole size

filtering and dynamic range

Status

1.0

H(freq)

(i) Dgo=40/Da, Tilt=10/Da

— (i) Initial configuration
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other WFSs examples

Gendron 2010 r

/ Image plane

Polarising
beam splitter

Pair of
polarisation
rotators
(half-wave plates)

from Haffert's 2017 talk
O | J potaising WFS workshop II, Padova

beam splitter

Nicolas Dubost - CfAl Paris - 2018



