High-Contrast
Polarimetry:
| essons Learned

Christoph U. Keller, Leiden Observatory,

Michiel Rodenhuis, Hector Canovas, Sandra Jeffers, Michiel Min, Frans
Snik, Maria de Juan Ovelar, Gerard van Harten, Tim van Werkhoven,

Felix Bettonvil, Jos de Boer, Laurens Homs, Sebastiaan Haffert



Leiden Observatory Expertise

Polarimetry HARPSPol, SPEX,
ExPo, SPHERE, iSPEX,
EPICS LOUPE, ...

Adaptive optics J=G{e}
Fast & Furious

Image phase diversity,
Reconstruction deconvolution

Hyperspectral pIFU
Imaging

looking for
opportunities

2-photon
microscopy

looking for
opportunities




Direct Imaging of Exoplanets

* Contrast: 1079 and better

* Confirmation: distinguish from background

* Characterization: atmosphere, surface,

weather, life?



Contrast; 10°°




Polarization Contrast

* Central staris unpolarized

 Scattered/reflected light is linearly polarized



Dual Beam Exchange

Modulator states
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(Semel et al. 1993; Kuhn 1995; Keller 1996)

* combines temporal and spatial modulation

* strongly reduces effects of detector gain

variations and scene changes



left beam right beam

FLC state A . -~




FLC states (A-B)

left beam right beam




(A- B)Ief’c — (A- B)right




+ 0.7% * Intensity




Division by Intensity
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Scattering Polarization ‘Butterfly’
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Extreme Polarimeter (ExPo)

 imaging polarimetry testbed

at 4.2-m William Herschel Telescope
« 500-goonm dual-beam, FLC
« EM-CCD, <35 frames/s, <ie- RON
« sCMOQOS, 5o frames/s, ~1e" RON




Contrast

T PR Y Yepey o ===SNNSNMASASAY NN
VP R R e b el e TP R S RN N™ 5\ A
S Al P~ 1-‘.\\‘/7/1////#////// N X\
1 W \\\\\\.\.l\l."'-ll////////o///////////
Lk & A \.\-\\\L-‘ 1...(/../.\(/////,0/./////////
o | o i J.i//f/////-/(Y/////
T/ Y . O N N e A\
! 1/ % : ! 2w \
772/ 7% nry UN
77 ¥ Rt 1A
777 A4
I bl e E
/

\
\ A\

AL b
\ U 7
VR .
VAR A d
T "/
iy ALY e L7
A\ VI el
NNARS LAY /4
Vaaa S oo Wi EYL
NN\ N J N ST

i NALY g?k gL S
SAAASE .

AR Ull..ﬂ\\\\\\\\\ e ~/

SNAA N ¥ - - 7/“-\1\-\‘\\\\\\\\\ Y Lo
N NANASY TS~ F g T -/ A e

/

y o
- A L

4 T
v S AN -
\\\\\.\\\ ' & " -y

-

~ - —_——— Y ~ 7
e e 7
= —
~ — —— = - s

- ~ —d - — — - — —



ExPo Contrast

MWC480 Tangential Contrast tanP/max(l)
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Rodenhuis et al. 2012

Radial distance (arcsec)




Confirmation (R Coronae Borealis)

Cloud S

Intensity (HST) Linear Polarization (WHT)
(Jeffers et al. 2012)



Characterization
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BD 303639 (Canovas 2011)

SU Aur (Jeffers et al. 2013)



Characterization




Problems



Relative Polarimetry

full resolution ro= 10 cm (good seeing)

P=40%




Instrumental Polarization

SPH-ZIM M3-HWP1-M4 Test Setup
M3 Rotating & HWP1 Compensating

~-Q_550/80
-%-Q_655/60
Q_717/20
—<Q_750/150
~-Q_770/20
Q_820/20

Q_820/80
Q_870/60

36 45 54 63 72
M3 Rot - Adding to Crossing (deg)

Roelfsema et al. (2012)




FLC Polarized Interference Model

M3-HWP1-M4 + ZIMPOL normalized Stokes components

® -® Mnms Q/I conv.
®—® Mnms Q/I not conv.
®—@® ZIMPOL z=90 Q/I

700 750
wavelength (nm)

de Juan Ovelar et al. (2012)



Polarized Airy Rings

Unpolarized Star | Unpolarized Star Q/I Simulated Airy Pattern Q/I

FLC induces strongly A-dependent polarization up to 1%
chromatic aberrations, diffraction make A-dependent structures
instrumental polarization no longer proportional to intensity

expect polarized Airy rings at 1*1073 level



Polarized Smeared Light

* only partial AO correction =» PSF has significant wings

* polarized light from inner disk is smeared over very large area




L essons Learned

huge intensity gradients + beam shifts =
significant problem

optical elements = more problems than solutions
dual-beam exchange removes many problems
non-common aberrations between beams matter
absolute polarimetry is difficult

broadband polarimetry is difficult

unknown polarization noise at 10 contrast in lab



