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(' for Earth-sized Planets
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How to characterize second Earths ?
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0.6 _ Reflection Spectra of Earthshine
Z Courtesy of E. Palle
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Planet - Star Contrast
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Spectroscopic Direct Detection
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CO & H20O were detected for hot Jupiters (C = 10_4) (Brogi+12, Rodler+12, Birkby+13 etc)



~50 O lines V=110 = 3 km/s

s 2 (VLT/CRIRES: R~87,000)
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Brogi+2012, Nature

molecules

planet (band) instruments

tau Boo b CO(K) CRIRES/VLT Brogi+12,Rodler

+12
H MIFEIFIEES Lockwood+14
KecK
Rl M CO(K) CRIRES/LT Hodler+13de
Kok+13
H CRIRES/VLT  Birkby+13

51 Peg b CO (K) CRIRES/VLT  de Kok+13

HD 179949b CO(IL-)l CRIRES/VLT Brogi+ in prep

Cross-correlation analysis of spectra and molecular line template
1. high dispersion observation (R~10°) @NIR
2. a lot of molecular lines (N > 50)



Line Intensity [cm/mol]
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High Contrast + High Dispersion
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Snellen+2014, Nature

using CRIRES/VLT



Doppler Imaging of Brown Dwart

Crossfield+2013, Nature

using CRIRES/VLT

INZEERRUCRARXRETPSIEZH>TWS |




High Contrast + High Dispersion: #9307+ 2727

Kawahara+2014, accepted in ApJS, arXiv:1404.5712 RS EE S A A —
/\\\/\\\
Star 10 Planet
27 360
24 320
21 280
18 40
15 200
12 160
09 120
0.6 80
0.3 40
0.0 - 0
Extreme Adaptive Optics 30 et
2.7 400
24 150
21 300
;2 250
.:) 200
09 150
0.6 100
03 50
00 -1085""50 0 S0 100 °
L 10 100 Planet
Visible Nuller 27
24
$5E 21
/\Ell\\/\\\ﬁ4X / ‘? o
Star Planet 12
100 4.5 100 400 gg -
4.0 350 03
50 35 30 300 0.0 -100'
—_— 3.0
@ 250
g 0 ;2)3 0 200 ®
_ 15 _ 150
50 1o 50 100 ’
. 0.5_ 50
lo—QlOO -50 O 50 100™po 100100 -50 0 50 100%™ .
[mas] [mas]

ZENICIEDETETBRVWKETH, BEDXF /A XZzHITE S



1. BAAXEXTvyZ 75 IE—
EAVRKSAMN+EDBODOTE S

I CcEWNWT
*BEDEEMG

2. MLLU3.8MFTE =R c_l_ﬁfl:ﬂ%_ﬁ\%%]\%%%%
L7z

2ELS AU Y b 5ICE
(7 L 77 2 @Bt EREL - 5R;AL

I:lll

= EUCH [T HEXAODEERIE

|>

ﬁ

S

=

JEETIE?)

I\ EE




