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In this report we outline our work on spectral libraries of solar system planets and moons and the possible
applications to exoplanets.

The primary goal of our research group is to conduct astronomical observations from Dome Fuji (also
known as Dome F) in Antarctica. In 2010, we successfully deployed AIR-T-40: The 40 centimeter Antarctic
Infra-Red Telescope. With AIR-T-40, it will not be possible to observe faint objects, such as high redshift
galaxies. As such we will focus our observations on bright objects such as planets.

However, we learned through reviewing the literature that the data for planet spectra observations are not
well organized. While all of the planets, and many smaller objects within the solar system, have been ob-
served, these observations were carried out by dozens if not hundreds of separate research groups. The most
complete libraries we were able to find contain data for at most four planets. Simply gathering together spec-
tra for all of the planets from the available literature is difficult. Moreover, observing techniques vary from
one group to the next. The resolution, wavelength coverage, response vary from one group to the next. Per-
haps more importantly the data processing also differs slightly from one group to the next. (For example,
some researchers publish spectra data, some publish reflectivity data, and some normalize to a continuum to
highlight particular spectral features). Even within a single observation group, observation techniques change
with time.

All of these factors make it difficult, and potentially misleading, to compare data from different reports. In
addition, in many cases we had to consult data from the 1970's and 1980's.

To prepare for our Antarctic research, we needed a comprehensive planet spectra library. Therefore we un-
dertook to compile such a library. The Tohoku-Hiroshima-Nagoya Planet Spectra Library (THN-PSL) is the
world's first comprehensive library containing data for all of the planets taken with the same instrument and
telescope combination. The THN-PSL covers a wavelength range from 0.45 #m to 2.5 um. Data for dwarf
planets and moons was also included where available. We show that on the basis of infrared color alone it
is possible to classify the planets as either gas, ice or soil planets.

In addition to our Antarctic research, recently there has been renewed interest in planet spectra, as a refer-
ence for exoplanets. Researchers have succeeded in obtaining photometric and spectroscopic data for a small
number of exoplanets. We analyze this data in the context of the THN-PSL.

Our work on the THN-PSL proved the merit of spectral libraries. We extended our work further into the
visible with observations at Gunma Observatory. These observations form the Tohoku Gunma Planet Spectra

Library (TG-PSL). The TG-PSL covers a wavelength range from 400 nm to 800 nm. In addition to all of



the planets, data for Ceres, Luna and Saturn's Ring are also included.

We are able to compare the TG-PSL to results from the EPOXI satellite. While the overall agreement is
good, the EPOXI direct observations of Earth are significantly redder than the spectra we calculate from
earthshine observations. We explore the possible reasons for this difference. We confirm the findings of other
researchers that visible colors can be used to classify the solar system planets and exoplanets. However, the
TG-PSL data introduces new data points (Ceres and Saturn's Ring) which cause degeneracies in the classifi-
cation scheme. Fortunately, most of these can be resolved with supplemental data from the near infrared.

We searched for the answers to two specific questions in the TG-PSL: using visible light is it possible to
distinguish between cloudy gas planets (Jupiter, Saturn, Titan) and hazy gas planets (Uranus, Neptune)? And
using visible light is it possible to distinguish between Venus like planets and ice planets? We determined it
is possible to distinguish between cloudy and hazy gas planets. However, the difference between Venus's col-
ors and ice planet colors is minimal at best.

In addition to their own scientific merits, these spectral libraries have succeeded in inspiring observations
for AIR-T-40 at Dome Fuji. Our Antarctic observations offer unique advantages to study topics of current in-
terest in planetary science.

From Dome Fuji it is possible to observe Venus uninterrupted for weeks during the White Night. This is
an advantage no other observatory can match for studying the superrotation of Venus's atmosphere.

Methane of an unknown, possibly biological, origin appeared on Mars in 2003. The key to studying this
CH., is by observing its absorption band at 3.31 #m. Unfortunately this falls between the K and L bands,
but simulations show that the Antarctic atmosphere is exceptionally clear at these wavelengths. We are devel-
oping the Antarctic Infra Red Camera, AIR-C, to take advantage of this new observation window.

While these questions are scientifically important in their own right, understanding Venus's superrotation and
the origin of Mars's CH,have broader implications for our understanding of exoplanets.

Using AIR-T-40 we plan to observe secondary transits to gather photometric data in the Rc-J bands. While
the THN-PSL shows this color to be useful for characterizing planets, we have not been able to find this

color data published for any exoplanets.



MXBEDHEROES

AR KERAREOILEFHIC b 72 5 A & FRIMR O LR 2 B o, KERREO S REEZ LT
BLEbic, 2ONFEEEARKGRAZRBICIGHA L. 2h 5 0YENHEAEET 2 FEE2RB LTV 5,
KEZAFREOER 7 — 7 3BE, BHESNTETVWEHOD, IhE TOBRRREEPLHLIEEED
BRABARBAZEBEAAVCRAIS N b0 THD, KEZRREEH— L TEIET 2D 7 — 7 I13H
SNTVIEVI EERB/IBIHL T3, Fic, ARINW TV EHH « FIREF — ¥ OKBHRHET -
S RDTH4ODBEDATH -1, THE, FAZREOBAINES, ThoOWEL2ERTZ 12D}, £
DEREILZNERKBRREOHNY VI NVBUBETH B ECEARXIBRLTWS, 2 THERYT
AR E RAR O EIRIC AN TE B 2 = — 7 SEHIEE (TRISPEC) HW T, HIkEEL KERKRE
DERETRTCLAEZEUCHEOL K OGRBREZTV. TOMETF -5 2RER LI, OVEDDEE, V&
> O FETABROLBRELZBN L ORI TH D, 2OEHERB MBS Nco & 5 AHR
DEREM I SBRELRT, KERAREODNT A 75 ) 25EH LI, BNT4 75 %2> TRXFE
TIEL HbN TV A ARG EFRAMRTORN S v FicER L - B-aRERD, £ OB#» S KBGREME
3. TORE, KOKE, "ROREBICHETEZ I L2PHTRL, ZOERAZRBL TV S, &5
KRN TR INSOREHENFANBREOSRRCICHTE S T LARL TV S, RAREOHEHBERBE DR
B, BRAKBRRED & 5 BEONERESRKE L% & S ZX BRIV, UL, [k,
REOM FEEFPLRABREOBBICRH L L - BEEERE L S TRAREORG %2 L 525 TSE
i, KX CcoNEH LR, IBHTE2 b0 L ifFsh 3,

PUEOBIXONBR. EEVPBYLL THEEH 21T CHESSEOMERALEHEE T L%
ARLTW3, L7d-> T, Lundock Ramsey Guy fRHDELIH/HICIE, 1 EF) OFEMBXE LTEHE
EEEH B,





