/The Building Blocks of Life \

COHN

D - sugar, phosphate, base L - amino acids
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RNA, DNA (information)

K ... are chiral (on Earth) /

Search for Chiral Signatures \
on Mars

NB imaging-polarimetry w/ FORSI during
2003 Mars opposition

proteins (structure)

43% coverage
210km resolution

V/1<0.1%

Sparks, Hough, Bergeron, 2008, Astrobioogy 5, p73T

S
D

- dark limb (earthshine) and bright limb (moonshine)
26-Nov-2006UTOL:00  15-Dec-2006UTO8:00 phase

Cpecfropolarimefry w/ FORS

- wavelength coverage 600 - 1000nm
- spectral resolution R ~ 660

phase = 131deg FLI=17% = 120deg FLI=25%
waxing waning
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KC.D. Spectra: Earthshine \

15-Dec-2006UT08:00

26-Nov-2006UTO01:00

VRE ~ 2.9% VRE ~ 4.2%

k V/I<2%10°

Search for Chiral Signatures

in the Earthshine

Michael Sterzik & Stefano Bagnulo
European Southern Observatory, Chile

/ Signatures of Life \

Vegetation Red Edge (VRE) circular dichroism
— of chloroplasts

Armold et al, 2002,
Proc. 36, €518
Symp. 5259

diffuse reflectance of plant leaves

Gregory et ., 1975,

‘ X Blodhem1, 148, p487
e - Euergreen

Hyposstes Senguinlenta -
Polka-ot Plant

/Chiral Signatures on Earth? \

- compare two phases w/ different vegetation cover
- search for a differential signal in Stokes V/I
with a presicion of < 104 @ 750nm (VRE)

Earth as seen by the Moon
26-Nov-2006UTO1:00 15-Dec-2006UT08:00
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Caveats

- linear to circular crosstalk model and/or calibr.
- V/1 noise and error budget analysis

- quantitative analysis of cloud coverage

- rigorous VRE analysis

- “Moonshine” should be parallel to “Earthshine”
- data from Dec. are of lower quality (CCD 4x4)
- reproducibility?
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/ Remote Sensing \

Atmospheric Biosignatures

Galileo: Oz and CHs not in chemical equilibrium
oot o1 1993 ture 365, p715

Surface Biosignatures
VRE sensing of the Earthshine: infegrated diffused reflectance spectra
Ao, 1512, At S roch Chop P
Wodf e . 202, A 574, 30

maybe?
Wontanes-Rodriguez e o, 2005, A3 629, pIITS
no!

Montanes Rodgiez o o, 006, AP 651,544
ves, time/phase variability !
Handan of o, 2006, A 460, p.67

yes, but careful modeling

i is needed
Seager et al., 2005, Astrobilogy 5, p372
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/Sources of Circular Dichroism \

C.D. Expectation in the Earthshine

- assume 1% C.D. from diffuse reflectance of leaves @ VRE: 10-2

- assume a dilution factor of 10 (from VRE experiments): 10
- depolarization by lunar diffuse backscattering: 10~
Duton f e 2005, Ap. Op. Vo, 44 . 26, p343¢

C.D. other sources (“dirt effects”)

- scattering from lunar surface (IV/Il < 3-4:10°% at the poles)
Mlerhenic o ., 2002, E5A 9-51, 253
- zodiacal dust scattering, aerosols: negligible < 10

Wolstencroft, 1985, 1AU Symp. 112, pA7L

- instrument! crosstalk from linear polarization: spatial + chromatical
< 1% requires careful calibration, characterization, MM modeling J

/ Data Signatures \

V/1 = 05 (Fo—ful ot fo)~(Fo=Fu/Fotf).]
combine (coadd) region by region

#wo retarder positions: +45° and -45°
observe several cycles +-

moon (dark side)

sky

wavelength s
V/I curvature caused by spatial and chromatic
9 dependent crosstalk from linear polarization

Conclusions

- Precision measurements of circular polarization
of the Earthshine are possible

- V/1 < 107 can be achieved in low-res. spectra

- Significant levels and variation of circular
polarization appear related to the VRE (800nm)

- Circular polarization levels measured depend
on the phase of Earthshine observations

- Relatively higher levels of C.D. are correlated
with a higher fraction of vegetation coverage
as seen in the Earthshine

- First things first:

Find Life on Earth, then elsewhere ...
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