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Abstract face types and clouds. A number of numerical codes
have been developed to calculate spectral signatures
We present LOUPE, a novel type of spectropolarime- of atmospheric and surface features, and the further
ter to measure the flux and state of polarization of sun- development and validation of these codes and that
light that is reflected by the Earth from 0.4 to Q.8. of retrieval algorithms will benefit enormously from
LOUPE has been designed as payload of a lunar lan-benchmark data such as disk-integrated observations
der. From the moon, the Earth can be observed as a0f the Earth itself. An excellent location for perform-
whole, during its daily rotation and at all phase angles, ing such observations is the lunar surface facing the
just as if it were an exoplanet. LOUPE will provide Earth. Thanks to the monthly orbit of the Moon around
benchmark data for the development of instruments the Earth and the tidal locking of the Moon with re-
for Earth-like exoplanet characterization, and for the spect to the Earth, a spectropolarimeter on the lunar

testing of numerical retrieval algorithms. surface could in principle observe the whole Earth,
during each day, at all phase angles, and throughout
1. Introduction the seasons.

As of today, more than 700 exoplanets have been de-2 Signals of Earth-like exoplanets
tected. Even though most of these exoplanets are gas

giants, the number of smaller mass planets is increas-In [3] we describe our algorithm to calculate the re-
ing [9]. A near-future detection of an Earth-sized exo- flected flux and polarisation signals of horizontally
planet in its star’s habitable zone seems unevitable.  and vertically inhomogeneous planets. Figure 1 shows
To confirm that a planet in a habitable zone is ac- calculated polarisation signals of a model Earth-as—
tually habitable, we need information about the prop- an—exoplanet as could be observed from the Moon at
erties of its atmosphere and surface. For Earth-sizedphase angles fronfGo 180" and including diurnal ro-
planets orbiting solar-type stars, the direct detection of tation. Our model Earth has ocean, ice, sand and forest
starlight that is reflected by the planet or of thermal ra- surface types and has clouds made of model A parti-
diation that is emitted by the planet, appears to be thecles of [2]. The rainbow, visible mostly in the polar-
best tool to get such information. Since the starlight ization around a phase angle of4Qniquely indicates
that is reflected by a planet is usually polarized, the the presence of liquid water clouds.
characterization of planets can be done with polarime-
try. Additionally, as known from Solar System planets 3. TheLOUPE instrument
[1, 4], polarimetry could provide unique information
on the composition, sizes and shapes of aerosol andL.OUPE, the Lunar Observatory for Unresolved Po-
cloud patrticles, that cannot be obtained from flux mea- larimetry of Earth, fulfills the following requirements:
surements alone [1, 7, 2, 3]. It could also help detect- 1) It performs flux and polarization measurements of
ing the glint of starlight reflected on liquid surfaces, the sunlight that is reflected by the Earth from 0.4
such as oceans, of exoplanets [8]. Such a detectionto 0.8 um. 2) The spectral resolution for the flux
would be major step forward in the search for life. measurements is such that the ®-absorption band
If we observe an exoplanet directly, the planet itself (around 0.76um) is resolved. 3) The spectral reso-
will be unresolved. Thus, a major challenge for the lution for the polarimetric measurements is such that
interpretation of future exoplanet observations, will limited spectropolarimetry across the/® and other
be disentangling the contributions from different sur- bands can be done. 4) Measurements will be done that
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Figure 2: Schematic design of LOUPE with linear
spectropolarimetry and no spatial resolution. This in-
strument only needs to be roughly pointed towards
Figure 1: Numerically calculated signals of a model the Earth as it accepts light from all angles within the
Earth as could be observed from the Moon at Q.66 range determined by the lunar libration.
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