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Polarimetry is potentially a very useful tool for  the search and characterization of 
extra-solar planets.
Planet search:

Planet characterization:

The reflected light from planets is generally polarized. This property can be used 
to distinguish polarimetrically a very faint signal from a planet from the 
unpolarized light of the parent star. Instruments were used (e.g. PLANETPOL, [1]) 
or  are currently  build (e.g. SPHERE/ZIMPOL, [2]) which use this technique. 
However, up to now no detections have been made. The expected phase 
dependence of the polarization for  a Rayleigh scattering atmosphere is shown in 
figure 1. 

The polarization signal from extra-solar  planets will depend strongly on the 
atmosphere properties and can therefore be used for  the characterization of the 
planets:
‣ Rayleigh scattering produces a positive polarization (perpendicular  to the line 

star-planet) and is much stronger for shorter wavelengths (e.g. blue sky)
‣ Like Rayleigh scattering, the polarization from small and aggregate haze 

particles is also positive but it depends less on wavelength.
‣ The polarization from large haze particles or  cloud droplets is typically low and 

negative.
‣ The colour  dependence of the polarization characterizes the column density of 

a scattering layer above a diffusely scattering atmosphere.

Figure 1:  Polarization of a Rayleigh scattering 
planet for an arbitrary inclination, depending on 
the phase. The shaded area is the illuminated part 
of the planet seen by the observer. The lines 
indicate the orientation and strength of the 
polarization.

Learning from solar system objects
We investigate the polarization of solar  system objects for 
the future interpretation of polarimetric measurements of 
extra-solar  planetary systems. Bernhard Lyot made the 
first polarimetric observations of solar  system objects in 
his seminal Ph.D. thesis (1929). Among many other  detec-
tions he described the polarization of Jupiter  which shows 
a high polarization at the poles due to haze scattering and 
a low polarization near  the equator  because the light is 
reflected from clouds (Fig. 2).

Figure 4: Schematic of the scatterings that lead 
to a net radial polarization at the limb. This 
second order effect can only be seen in resolved 
planetary images.

Figure 3: Observed 
limb polarization for 
Titan. The arrows   in-
dicate (only qualita-
tively!) the direction 
and strength of the 
polarization.
Greyscale: ±3% of cen-
tral intensity.

HST polarimetry of Titan
Titan is an excellent case for  detailed studies of the scattering polarization from a 
hazy atmosphere. For  phase angles near  α = 90°, Titan has a very high fractional 
polarization of p∼50% as measured by Pioneer  11 [4] and Voyager  2 [5]. 
Furthermore, the Huygens probe revealed accurate scattering parameters for  the 
haze particles. Titan can therefore be used to test model calculations for  the limb 
polarization of a hazy atmosphere. For  this reason we have reduced unpublished 
HST polarimetry of Titan from 2002 taken in 8 filters from the UV (220 nm) to the 
near-IR (2.0 μm).

Figure 2: Linear polarization image of Jupiter 
[3] showing a strong limb polarization at the 
poles of up to 10% attributed to atmospheric 
haze. This was first observed by Lyot in 1929.

Introduction: Planetary polarization

Planet

LIMB POLARIZATION

SUN / OBSERVER

unpolarized irradiation

absorbed

escaped forward scattering

side scattering

backscattering

unpolarized irradiation

Prospects for extra-solar planets with hazy atmospheres

References

Figure 5: Intensity (left) and radial polarization images (right). 
Top to bottom: 445nm, 632nm, 990nm, 2010nm. Intensities are 
normalized to 0 
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The greyscale for the polarization images is scaled to ±3% of 
the central intensity Icenter.

With earth-bound observations the 
outer  solar  system planets are only 
visible at small phase angles in a 
backscattering situation. Backscattering 
produces no polarization signal except 
if one can spatially  resolve the object 
and measure the limb polarization 
effect (Fig. 3 and 4). 
From the limb polarization it is rather 
straight forward to predict the 
polarization at large phase angles which 
is the typical situation for  observations 
of extra-solar planets. 

The observations show  a clear  limb polarization signal in all filters (except for  the 
underexposed 220nm filter). Examples of the observed limb polarization are 
shown in Fig. 5. The disk-integrated polarization values are tabulated in Tab. 1.

Table 1: Measurement results for Titan. The columns give 
the HST filter wavelengths, the geometric albedo Αg, the 

disk-integrated radial fractional polarization plimb, the disk-
integrated radial polarization flux Qlimb (=Αg∗plimb), and the 

maximum radial polarization pmax.

Titan shows that planets with thick haze layers produce a very strong polarization 
signal of p∼50% for  a phase angle of α = 90° over  a wide wavelength range from 
the UV (280nm) to the I-band (750nm). Also for  the near-IR at 990nm we measure 
a strong signal. In combination with the very detailed Huygens study, our 
measurements are very well suited to investigate and model the polarization 
properties of a hazy planetary atmosphere.
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Since the scattering parameters (single scattering albedo ω, surface albedo As 
and optical depth τ) for  Titan are very well constrained by the Huygens 
measurements [7], our  data are well suited to test polarization models for  a haze 
scattering atmosphere.

However, Rayleigh scattering 
models underestimate the single 
scattering albedo ω because the 
haze has a phase function with 
much more forward and less 
backscattering compared to 
Rayleigh.
We can fit the two near-IR data 
points to the case of ω≈0.9  and 
a finite τ (0.5 for  990nm and 0.2 
for  2010nm). In the case of 
2010nm this fit agrees well with 
the Huygens study whereas for 
990nm we would expect a value 
of τ≈3.

Figure 6: Geometric albedo vs. disk-integrated radial limb 
polarization for Titan. The data are compared to Rayleigh 
scattering models from [6]. See text for more details.

Planets with hazy atmospheres could be particularly good candidates for 
detection with SPHERE/ZIMPOL because of their  large polarization over  the entire 
range of the instrument (570-880nm).
The polarization signal of a Rayleigh atmosphere would be different with a high 
signal in the short wavelength filter  (R: 550-700nm) and a significantly lower 
signal for the longer wavelength filter (I: 700-800nm).
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2010 0.093 1.95   1.8∗10-3 3.49

*Title image: NASA/courtesy of nasaimages.org
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For  the moment, we simply fit our  data to the Rayleigh scattering models for 
planetary atmospheres presented in [6]. By comparing the obtained scattering 
parameters with [7] one can see that these Rayleigh scattering models are 
already a reasonable first approximation (Fig. 6). 
From the Huygens probe we expect τ>10 and ω≈0.9 for  the blue and visual 
wavelengths which agrees with our  data since they lie on the line for  semi-infinite 
(τ=∞) scattering models.
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