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With this large horn antenna, Arno Penzias and Robert Wilson
discovered the cosmic background radiation in 1964. This unexpected
discovery, the first evidence that the universe began with the Big

Bang, ushered in experimental cosmology
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“AMERICAN PHYSICAL SOCIETY
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HST detects Wavelength (nm)
additional sodium

= > \ absorption due to Normal
A= k _\' J-sz ]j light passing through Additional abSOFDtIOT1
—= PEGEEGEN R N absorption due Spiko dept

to planetary
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not to scale)
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) Additional light
by planet itself : absorbed by
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Secondary eclipse of HD209458b

Lix

;

i .
. . o
- .
.
. .
.
.
.
.
.
.
.
.
.

http:/ /www.spitzer.caltech.edu/Media/releases/ssc2005-09/release.shtml



RE QRS (A[R) DR

B = CoROT-1b: k52T
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= Convection,
Rotation and
planetary Transit
(2006E12H27847
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Mass of star relative to Sun
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Gliese 581

Mass of star (in solar masses)
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Kepler 22b: habitable earth-like planet?

Kepler-22 System

Solar System
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Kepler-22b
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ASTROPHYSICAL L:.rl..'Rr-.'.z.L.., 622:1118-1135, 2005 1M‘*l‘l] I
All right

Ohta, Taruya & Suto' ApJl 622(2005)1118

THE ROSSITER-McLAUGHLIN EFFECT AND ANALYTIC RADIAL VELOCITY CURVES
FOR TRANSITING EXTRASOLAR PLANETARY SYSTEMS

Y asuHro Outa, ATsusHl TARUYA, AND Y ASUSHI Suto

= In the final section of the paper, I wrote

= Although it is unlikely, we may even speculate that a
future RM observation may discover an extrasolar
planetary system in which the stellar spin and the
planetary orbital axes are antiparallel or orthogonal.

= While it is premature to discuss such extreme
possibilities at this point, the observational
exploration of transiting systems using the RM effect
IS one of the most important probes for a better
understanding of the origin of extrasolar planets.



I was totally wrong !
spin-orbit misalignment turned out to be
fairly common

spi _
Flg. 7 Stellar | ® Multi-transiting system

Spin d6 ibit-.._ g ¢ Solar systé‘m,.n‘

in Xue et a1.1 (2013) g

axis

® Innermost planet
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HD209458 oy o 25 Kepler-30c

s We were able to see a bit more of the world

= Unsolved problems: formation, evolution, and
migration mechanism of planets
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The New Worlds Mission
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New Worlds Mission:

simulated image
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O,: The Occulting Ozone Observatory

O3: The Occulting Ozone Observatory

N. Jeremy Kasdin!, David N. Spergel!, P. Doug Lisman?, Stuart B. Shaklan?, Dimitry Savransky!, Eric Cady!, Edwin L. Turner!?,
Robert Vanderbei!, Mark W. Thomson?, Stefan R. Martin?, K. Balasubramamian?, Steven H. Pravdo?, Yuka Fujii3, Yasushi Suto?

Princeton University, 2let Propulsion Laboratory, 3University of Tokyo

o
grass+atmos

24 petal starshade with
30m tip-to-tip diameter
1.1Im telescope with _
deployable sunshade
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View from Saturn (Cassini)
900 million miles away
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Extrasolar plants on extrasolar planets
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Vesto Melvin Slipher (1875-1969)
LYRIyOFENAFI—H—ELTHES EERLG A

= “spiral nebulae” (S TESHRA) DFARBEER
s N\YIIZEEFERROERICAKENTS
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“Observations of Mars in 1924 made
at the Lowell Observatory: II
spectrum observations of Mars’’
PASP 36(1924)261

reflection spectrum. The Martian spectra of the dark regions
so far do not give anv certain evidence of the typical reflection
spectrum of chlorophyl. The amount and types of vegetation

required to make the effect noticeable 1s being investigated by
suitable terrestrial exposures.




RN REDHE

e

= The color of plants on other worlds
= Nancy Y.Kiang
= Scientific American April 2008
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Earth observing satellite Trace (Transition
Region and Coronal Explorer)
+ detector Modis (Moderate Resolution
Imaging Spectroradiometer)
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