number of known planets
in 1995

9

isp measure
f air + water quality
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za
exoplanet °
observations

citizen science

number of known planets
13 Mar 2018

8+3743

Proxima b
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Jason Wang
2009-07-31 —— Christian Marois

Sirius A&B HR8799
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classical phase

credit: Gilles Otten

classical phase

Qp
\Hi R ?

credit: Gilles Otten

classical phase

credit: Gilles Otten

classical phase

credit: Gilles Otten

geometric phase

Or

>\

credit: Gilles Otten




geometric phase
R ~ J

credit: Gilles Otten
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geometric phase

credit: Gilles Otten

geometric phase

credit: Gilles Otten

liquid-crystal freeform optics

1. any phase pattern thanks to direct-write
technique

UV Laser

Polarization l Objective Lens

Modulator ___— Substrate
XY Translation Miskiewicz
Stages & Escuti (2014)

liquid-crystal freeform optics

2. achromatization thanks to self-aligning
multi-twist liquid crystal retarder

il

—d

L P P
HHDUDG > o8 0 ; 3”
DUUUDB 308 e

e U® U@ %00 500 600 00 8C

Komanduri et al.
(2013)

liquid-crystal freeform optics

3. very local and efficient phase ramps

Geometric phase shift Dynamic phase shift
Substrate Dlned transmission guﬂng

I n=16)

62"

Polarization grating
GV =)

1+ Input plane wave L 1t Input plane wave * Escuti et al. (2016)
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the rest of the talk:

1001 ways to exploit
this amazing technology

lemata of zinne-werck (1624)

8-m VLT, solar system at 10 parsec, A=600 nm 0 o 8-m VLT, solar system at 10 parsec, A=600 nm

excellent natural seeing control radius = Mdgp,p

J

extreme adaptive optics (scale renormalized)

log(contrast)
log(contrast)

0.2 0.3 04 A X X 0.1 0.2 0.3 0.4
separation from central star (arcsec) separation from central star (arcsec)
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Light From

/\Ielescope

Y
Adaptive %DIS(OHCG

Mirror ) / Wavefront

»> " /
': e
4 u i
5| .. Beamsplitter
; P il Corrected

J 257 ~ Wavefront
’ ' //’5’\
H Y/
] “777.%

> High-resolution

< Wavefront Camera

Sensor

8-m VLT, solar system at 10 parsec, A=600 nm

coronagraphy

inner working angle = a few VD

log(contrast)

classical phase

0.1 0.2 0.3 04
separation from central star (arcsec)
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vector-APP coronagraph vector-APP coronagraph
2 geometric phase

benefits of vAPP coronagraph

vector-APP coronagraph
geometric phase 1. insensitive to tip-tilt errors

\

etal SPIE (2012)

Snik

benefits of vAPP coronagraph benefits of vVAPP coronagraph
3. unprecedented broadband performance

2. permits beam-switching in thermal IR

®
o 0




benefits of vAPP coronagraph

4. can be manufactured for UV — mid-IR
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@ @‘@ é@ ,@9/

benefits of vAPP coronagraph

5. high contrast thanks to extreme phase pattern

®

©)

\

&P

/

&

benefits of vAPP coronagraph

6. small inner working angle

@ @‘@ é@ ,@@/

benefits of vAPP coronagraph

7. 360° search space around star

P

©)
© ©

benefits of vAPP coronagraph

8. easy upgrade to existing instruments

@ @‘@ é@ ;@/

P ogo @

the vAPP prototype

S
Y




the vAPP prototype

Otten, Snik, et al. (2014)
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the vAPP prototype

Otten, Snik, et al. (2014)

the vAPP prototype

Otten, Snik, et al. (2014)

the vAPP prototype

Otten, Snik, et al. (2014)

the vAPP prototype

Otten, Snik, et al. (2014)

grating-vAPP (gvAPP)

2\

\‘1

i

Otten, Snik et al. SPIE (2014)




MagAO on-sky (May 6, 2015) 3.9 um
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on-sky contrast

angular separation (arcseconds) [ = 6.5 m, A = 3.94 yn ]
03 04 0 06 0.7 08 0.9

Otten, Snik, et al. (2017)

180 degree PSF subtraction

grating aperture mask

10
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UL&XA /CHAR’VAPP Subaru/SCExAOQ/CHARIS vAPP

diffraction efficiency optic transmission
100 — -
TR
/
ool /
|
sl
)
_ 70f -
3 S w
£ 50 £ 50
g g
§ 2 40
E s
aof %
I
20 | 20
10 10 —Gamen
—y
o o
1000 1200 1400 1600 1800 2000 2200 2400 2600 200 1400 1600 1800 2000 2200 2400

Wavelength (nm) Wavelength (nm)

double-grating principle

pol. grating pol. grating

VAPP for LBT
+ phase pattern

courstesy: David Doelman

8-m VLT, solar system at 10 parsec, A=600 nm

8-m VLT, solar system at 10 parsec, A=600 nm

data reduction tricks: ADI & optimal extraction

log(contrast)
log(contrast)

0.1 0.2 0.3 0.4

0.1 0.2 0.3 0.4
separation from central star (arcsec)

separation from central star (arcsec)
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hi-res spectroscopy 0 8-m VLT, solar system at 10 parsec, A=600 nm

g <

! » . 1]
1 ) L é Jd

'y £ -
ooccccccoo999000 3 g
-

2

cross-correlation technique

2310 2312 2314

Snellen et al. Wavelength (um
: . X A 0.2 (] 0.4
figure from Birkby et al. (2013) separation from central star (arcsec)

8-m VLT, solar system at 10 parsec, A=600 nm o 0 8-m VLT, solar system at 10 parsec, A=600 nm

log(contrast)
log(contrast)

dual-beam polarimetry + fast modulation

0.2 0.3 04 5 X . . 0.2 0.3 0.4
separation from central star (arcsec) separation from central star (arcsec)

ExPo polarimetry

E P - MWC 147

courtesy: Michiel Rodenhuis
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ESO&FS

Titan with SPHERE-ZIMPOL IR polarimetry of companions

intensity polarization
—

'-1_-., .

Stolker et al. (2017) de Kok et al. (2011)

IR pOIarimetry of companions the European Extremely Large Telescope

HR8799

van Holstein, Snik et al. (2017)

13



credit: Ken Duncan
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m{i’ ’m/
| "ﬂlﬂm

J

j 5
Ly v

MICADO

also 360-vAPP
with huge outer
B working angle for
- crowded-field
observations

courtesy: David Doelman
_ optimal phase pattern design code by Emiel Por
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NMETIS L/'M vAPP NETIS
L/M vAPP
: | e

E-ELT Primary PP1 FP1 FP2 ] WU o 0

" Cold Stop ' 1 PP3 >

ORI ATEANS - B S ] oo ")O)C* ' | C@oﬂmﬂ

= ﬂ Long Sii (‘|’-|l\\/\7:) QWP  Pol IFS
wavelength-selective vAPP? heritage from MagAO, LET, RIS
courtesy: Matthew Kenworthy + METIS HCl team courtesy: Steven Bos

40-m ELT, solar system at 10 parsec, A=600 nm

MNMETIS wavelength-selective vAPP
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log(contrast)

Transmittance [%]

0.1 0.2 0.3 0.4
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courtesy: David Doelman

40-m ELT, solar system at 10 parsec, A=600 nm
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Planets detectable withEPOL IWA = 0.027
10000.0 T T T T
cms’y® o . .
-» L] L]
1000.0 . °e © E
.
.
2 100.0f E
H 00.0
=
=3 LN (] .
. A ¥ R
£ 100f o o S e E
1.0 Warm Jupiters m _|
Cold Jupiters
Neptunes m
Habitoble Rocky
0.1 . 1 . .
200 400 600 800 1000
Temperoture (K)
Keller et al. (2010)

VAPP + holographic modal WFS

Monochromatic, in focus Monochromatic, defocussed

7z

"4

Wilby et al. (2017)
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adaptive
coronagraphy

hybrid
coronagraphy

focal-plane
wavefront
sensing

g 0_9
overall
contrast

vector-Zernike \WFS

0 0 Az+.2¢+¢z
0
A+ 20 +¢?

e | a2-4y

/2 - Z:AZ
SRS WA N L

HWP
microscope image of prototype

vector-Zernike \WFS

ND1 M2
- L3
Polarizer mu—"

Diaphragm = ==

- L2 Liquid-crystal
Zernike mask

Pupil

Al Y

Polarizer SLM

QW plate - st
== Pinhole - u

- u Wollaston | B
| Camer

Doelman, Snik, et al. (to be submitted)
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General Optical Differentiation WFS General Optical Differentiation WFS
4 Measured
_ N7 Gradients
X = =3 A
Ir;1put - l . Reconstructed
Phase . _ / ‘7‘ i Wavefront
@ I-as. .. e
. " _B '
N -
z Reconstruction
L F)
Haffert (2016) courtesy: Sebastiaan Haffert

VAPP + dual-beam polarimetry VAPP + dual-beam polarimetry

2A

2B

| polarimetry upgrade!

Al AVY
v (VAAVIA | i)
_s‘:f'. ; f :

[ Ideal for SPHERE IRDIS & ZIMPOL

TR 00| B

Snik et al. (2014)

Single-mode Complex Amplitude Single-mode Complex Amplitude
Refinement coronagraph Refinement coronagraph
] Matched mode : F"s':_ﬁuw . S«cf‘v:w;"udr/ Phase

coupling from 3 Plate A\

focal plane into ; ‘ “‘* WAT / 0

single-mode e \ A

fiber(s) ‘ 0
AL ><
v l [ 4 [ — \ / 6 Spectrograph
: | ; I 1 v

courtesy: Sebastiaan Haffert courtesy: Sebastiaan Haffert
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g, courtesy: G. Kénneg

the polarization grating

courtesy: Michael Escuti (NCSU|
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studio Roosegaarde with Frans Snik & Michiel Rodenhuis Rainbow station (2014)
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finding extraterrestrial life

025,
020

015

o0k

rainbow: oo
liquid water
droplets "

008
0.06
004

002

000UV

) 90 120 150 180
se anghe (0eg)

’\\ Rayleigh
| scattering
% 6 9 120 150 180
planetary phase angse (0eg)

Karalidi et al. (2012)

finding extraterrestrial life

red edge [

N

N

green
bump‘

Stam et al. (2008)

polarization spectrum of the Earthshine

25 1.0

Fraction of polarization, P, (%)
S P (%)

500 600 700 800 900
Wavelength, 4 (nm)

Sterzik et al. (2012)

polarization spectrum of the Earthshine

Lunar
Observatory for
Unresolved
Polarimetry of
Earth
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Science frame of test sphere at ¢~90 deg. Polarization fraction - LOUPE
1000~ ¥ ¥ T 1000F
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Hoeijmakers, Snik, et al. (2017), Hoeijmakers, Snik, et al. (2017)

circular polarization as a biomarker

pathology of a dying leaf detecting life in Amsterdam...

0010 '_o“ys : : = |
0.0084| ——2days F

——4 days
00064 ~———7days L

——— 10 days
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—— 22 days =3
0.000 (22X N
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Patty, Snik et al. JQSRT (2017)
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cosmic origin of homochirality?

Orion OMC-1 (2.2 pm)
intensity fractional circular polarization

Dec Offset (arcsec)

circular polarimetry with SPHERE-IRDIS

0.0 225 45.0 615 90.0 125 1350 1575 1800
)

van Holstein et al. (to be submitted),
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