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Everything that breaks the symmetry in a

radiative source or between the source
and the observer produces polarisation
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http://background.uchicago.edu/~whu/intermediate/polarization/polar] .html



http://background.uchicago.edu/~whu/intermediate/polarization/polar1.html

Contrast enhancing technique

Polarimetry may reveal
features that, if observed in

“natural light”, would be
washed out by some effect
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Light emitted by the star is not polarised, while the
light reflected by the planet is polarised.
By suppressing the unpolarised light one may be
able to see the planets orbiting around the star.
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Polarimetry brings
information in addition to

intensity rather than
alternative to intensity
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SPHERE-IRDIS




Cassegrain mounted —> no oblique reflections —> no
spurious polarisation from the telescope

Beam swapping technique —> (most) instrumental
effects cancel out (optical scheme from Appenzeller
1967)

Multi mode: Imaging polarimetry and spectra-
polarimetry

Attached at a large telescope —> faint objects

Service mode operations —> monitoring programmes
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“Traditional” polarimetry of
solar system objects
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“Traditional” polarimetry of
solar system objects:
BBLP vs. phase-angle

Incident light Reflected light
(unpolarized) (polarized)

PHASE
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(1) Ceres
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ASTEROIDS POLARIMETRIC CURVES:
ALBEDO + SURFACE STRUCTURE & COMPOSITION

C-type (carbonaceous) S-type (silicaceous) E-type
low albedo (0.03 — 0.10) albedo ~0.1-0.2 albedo : 0.25 - 0.60

large amount of carbon Iron- or magnesium silicates  (enstatite (MgSiO,) achondrite)




Photometry alone cannot tell us whether a spatially unresolved
asteroid is bright and small, or dark and big

However, polarimetry allows us to measure the albedo, and
combined with photometry we can measure also the asteroid size
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Plot prepared by the Minor Planet Center (2008 June29).
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PHASE ANGLE (°)
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BBLP of TNOs

2
PHASE ANGLE (°)

Boehnhardt et al. (2002)
Bagnulo et al (2008)
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measurements are accurate?




BBLP of TNOs + MB asteroids
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Venus

Earth

Mars
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MISSION NEWS TIMELINE GET INVOLVED GALLERIES

BENNU

Scientists chose Bennu as the target of the OSIRIS-REx mission because of its composition, size,

and proximity to Earth{Bennu is a rare B-type asteroid (primitive and carbon-rich) which is

expected to have organic compounds and water-bearing minerals like clays.

Bennu
Equatorial Diameter: ~500 m _
i Empire
Polar Diameter: ~510 m “| State.
Average Speed: 63,000 mph i ‘7?’ i BUIldIng
Rotation Period: 4.3 hrs | ?Ei“
Orbital Period: 1.2 yrs 7N Eiffel
510m 43m 324m Tower
Orbital Inclination: 6 degrees : -

Earth Approach: Bennu comes close to Earth every 6 yrs

Primitive asteroids have not significantly changed since they formed nearly 4.5 billion years ago. Because of this, we hope to find organic
molecules on Bennu like those that may have led to the origin of life on Earth.

Learn more and watch the story of Bennu'’s Journey.




Reflectance spectra of asteroids
are classified in taxonomic classes
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SMASS classification of
reflectance spectra of asteroids

|

' Taxonomic

ﬁ classifications
have been

rapidly evolving
with time




The modern B class of asteroids has
incorporated the older F taxonomic class
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Bus & Binzel (2002), DeMeo et al. (2009)




e F-type differ from B-type
at A< 400nm

e F and B not distinguishable
with the criteria used in the
SMASS classification (where
they are grouped together
under the B-type umbrella)

Tholen (1984)

Polarimetrically
)2 0.4 0.6 0.8 1.0 1.2 it’s a different story

WAVELENGTH (MICRONS)
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research highlights

ASTEROIDS

Cometary Bennu?
Mon. Not. R. Astron. Soc. Lett, 481, L49-153 (2018)

Credit: NASA/Goddard/University of Arizona




Dec. 10, 2018
RELEASE 18-114

NASA’'s Newly Arrived OSIRIS-REx Spacecraft Already
Discovers Water on Asteroid

This mosaic image of asteroid Bennu is composed of 12 PolyCam images collected on Dec. 2 by the OSIRIS-REx spacecraft from a range of 15 miles (24 km).
Credits: NASA/Goddard/University of Arizona
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spectropolarimetry of scattering surfaces
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Bagnulo et al. (2015)
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Spectropolarimetry of atmosphere-less
bodies is trying to tell us something
(but we do not know yet exactly what)

It provides constraints that cannot
longer be ignored

SR




Polarisation is produced also when light is scattered by dust

even in transmission

e The component of the electric field along
the elongated dust grain is absorbed, and
optical light is polarised in the direction
perpendicular to the long axis of the dust
grain

e At longer wavelengths, emitted light is
polarised in the direction parallel to it
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Can polarimetry help us to find extra-terrestrial life?
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Circular dichroism (m®)

650 700
Wavelength (nm)

Gregory & Raps (1974)
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DR-CD of Healthy Leaves




DR-CD of Unheaithy Hebe Leaves
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FONDO DE PROTECCION AMBIENTAL 2008
AQUI SE EJECUTA EL PROYECTO DE ESTUDIO:
Biodiversidad del Salar de Llamara

FINANCIAMIENTO CONAMA

$ 9.000.000

OBJETIVO: Desarrolar una inea base sobre biodiversidad de la flora y fauna
ferrestre y acudtica del Salar de Llamara. Esto permitird tener las bases para
proponer este lugar como Sitio Prioritario para la Conservacion de la
Blodiversided y como sitio de interés turistico.

ORGANISMO EJECUTOR
Universidad Arturo Prat

ORGANISMOS ASOCIADOS
Universidad Catolica del Norte
Universidad Austral de Chile
Civet Adventure
Sernatur

* SOM S.A.

: .
Fuerza Aérea de Cjlle!
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Sterzik et al. (2010) Bagnulo et al. (2015)
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Distant trees

650 700 750
Wavelength [nm]

Lucas Patty et al. (2019)
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Distant trees

600 650 700 750 80( 650 700 750 800
Wavelength [nm] Wavelength [nm]

Lucas Patty et al. (2019)
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SEARCH FOR CHIRAL SIGNATURES ON MARS

FIG.4. Images of circular polar-

ization: Blue data. Average blue

Stokes-v images were smoothed

with Gaussian o¢ = 1.0 pixels dis-

played *3.5¢. The upper image is

the Stokes-v image, and the lower,

its zero-point adjusted absolute

value. The data are displayed from

polarization degree —0.003 (black) _ ,,,j‘ﬂ;.'
to 0.0023 (white) and —0.001 to sl T Al v":-"':'l:.'--"g’
0.0022 (upper and lower panels, ' R RS
respectively), with the global

mean of 3.52 X 10~4 added to the

image of absolute value. (The

]faatch center top is due to imper-

ect cancellation of artifacts in a re-

gion of steep intensity gradients.)

Sparks et al. (2005) failed to detect circular

polarisation on the surface of Mars
(V/1I<0.1%)
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Phase angle ~ 90°




25 April 2011, 09:00 UFC

SCIENCE EXPLORATION WITH
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25 April 2011, 09:00 UTC
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25 April 2011, 09:00 UPC
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cos (2x) Pg + sin (2x) Py
—sin (2x) Pg + cos (2x) Pu

P ) collimator
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25 April 2011, 09:00 UPC
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Degree of polarization P

03 04 05 06 0.7 0.8 09 1.0
Wavelength A (in pm)




25 April 2011, 09:00 UTE
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Sterzik et al. (2012)
for detailed modelling see also
Emde et al. (2017)
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