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Observation of Earth.

From Earjr’h.

Sterzik, M. F., Bagnulo, S. & Pallé, E. Biosignatures as revealed by spectropolarimetry of Earthshine. Nature 483, 64—66 (2012). http://vwvw.eso.org/public/news/eso 1210/
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Earthshine reflects




moon (dark side)

sky

Spectropolarimetry of ES:
The Saga part I (2006)
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@ instead of re-covering chiral signatures in ES...



.. we found Instrument X-talk

.. prompted ifs
own study ...
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FoV Center — Position Angle on sky: 171°
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FoV Center — Position Angle on sky: 126°
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*ig. 10.— Observations of linear and circular polarization of Ve-6-23 obtained with grisms 300 V
wnd 3001 at different positions of the FoV and different values of the instrument position angle,

BagnU|O S. et al. Stellar Sp@thOpOl arimetry with s indicated at the top of each panel. Different lines represent Py (blue), Py (green), Py (red),
Retarder Waveplate and Beam Splitter Devices. PUBL

ASTRON SOC PAC 121, 9931015 (2009).

xpressed in %, and Stokes I (dotted lines, in arbitrary units). The null spectra Ny (black solid
ines) are also expressed in %, and offset by +3 % for display purpose.




Polarimetric Signatures of Planet Earth

Polarization Fraction
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McCullough, P. R. Models of Polarized Light from Oceans and Atmospheres of Earth-like Extrasolar Planets. arXiv astro-ph, (2006).

Williams, D. M. & Gaidos, E. Detecting the glint of starlight on the oceans of distant planets. Icarus 195, 927-937 (2008).



Spectropolarimerry or ES:

The Saqa part II (2011/12)
. 5-Apr-2011:UT9 .

View of Earth as seen from
the Moon
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fraction of polarization P, [%]
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Lunar Depolarization

Ce colewl trés sommeire @ sevlement le veleur d'une estimaticn, Lo courbe de pola-
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Dollfus, A. Etude des planétes par la polarisation de leur lumiére. Supplements aux Annales d'Astrophysique 4, 3—114 (1957).

3.2 Depolarization factor

A simple model that has been used successfully to explain

- We used some
the polarization of solid bodies is the puka (pit) model by
ﬂClVOr OF Fox et al. Steigmann (1978). Steigmann (1978) showed that for a

Fresnel reflecting surface, when only single or double scat-
tering is important, the polarization could be written in the
form of

P P
po PO P 5

S\ JACA
1+R2<—> 1+<—)
Ao /o

Fox, G. et al. Solar system observations by the Wisconsin Ultraviolet Photopolarimeter Experiment—Ill. The first ultraviolet linear
spectropolarimetry of the Moon. Monthly Notices of the Royal Astronomical Society 298, 303—309 (1998).

efficiency log € as function of log ago3, the albedo at 603 nm, and
T Bazzon ell- al' log A for the wavelength

IOg 6(/1, a603) = —-0.61 IOg aen3 — 0.291 IOg /l[,um] —0.955. (9)

Bazzon, A., Schmid, H. M. & Gisler, D. Measurement of the earthshine polarization in the B, V, R, and | band as function of phase.
A&A 556, 117-131 (2013).



Backscatter on the Moon
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Fig. 5. Apparent albedo (a) and equigonal albedo (b) maps for phase angle 22.2° and

/Vdl C1]1%

Velikodsky, Y. I. et al. New Earth-based absolute photometry of the Moon. Icarus 214, 30—45 (2011).



Impact on Earthshine SP
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Impact on Earthshine SP
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Impact on Earthshine SP
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Impact on Earthshine SP
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Lunar Depolarisation...

@ wavelength (and albedo) dependance is poorly
understood

o A Albedo of 0.1 could explain about 25%
differences in the Earths cloud coverage

@ but it is unlikely that E and W lunar limbs
have that large differences.

@ can NOT explain the “red” continuum excess

@ we would like to apply a “realistic” lunar
depolarisation law... (KM??)



(Spectro-)Polarimetry of ES
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Sterzik, M. F., Bagnulo, S. & Pallé, E. Biosignatures Takahashi, J. et al. Phase Variation of Earthshine Bazzon, A., Schmid, H. M. & Gisler, D. Measurement of
as revealed by spectropolarimetry of Earthshine. Polarization Spectra. Publications of the the earths.hlne polarization in the B, V, R, and | band
Nature 483, 64—66 (2012). Astronomical Society of Japan 65, 38 (2013). as function of phase. arXiv astro-ph.EP, (2013).
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Karalidi, T., Stam, D. M. & Hovenier, J. W. Looking for the

rainbow on exoplanets covered by liquid and icy
water clouds. A&A 548, A90 (2012).
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Emde, C., Buras, R. & Mayer, B. ALIS: An efficient
method to compute high spectral resolution

polarized solar radiances using the Monte Carlo
approach. Journal of Quantitative Spectroscopy and
Radiative Transfer 112, 1622—-1631 (2011).




SP of ES

@ (+) robust tool to retrieve integrated surface
and atmospheric properties

@ (+) sensitive on biosignatures (VRE, O3, H:0)
@ (-) restricted phase coverage
@ (-) improve lunar depolarisation models

@ (-) improve Earth VRT atmosphere/surface/
haze modeling



