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Keck JHK-bond (July—Sept. 2008)

Introduction

More than 500 planets have indirectly
been discovered by radial velocity, transit,
and microlensing techniques.

} . . Near infrared Image of the exoplanets HR8799 b, c, d
The first direct images of exoplanets were o veck telescope (Marois et al. 2008)

published in 2008, fully 12 years after the <A T
first indirect detection. Subaru/HiCIAO has %{% L
revealed a companion around Sun-like Rty
star in 2009.

CoRoT-7b has been confirmed as the first
super Earth in 2009.

The next milestone is to characterize gas

H band image of GJ758 with
HiCIAO
(Thalman et al. 2009).
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Light curve of CoRoT-7 (Leger et al. 2007)



Missions for direct detection of exoplanet
Now 2014 2018 2025~
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 SPACE

JWST SPICA
° Ground Detection and Characterization of older planets
2018
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=ty (in near future)
8m-class telescopes TMT E-ELT
(Subaru/HiCIAO, Gemini/GPI etc) 30m-class telescope

Detection of self-luminous planets. Detection of “Earth-like” planets?
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James Webb Space Telescope (JWST)

* 6.5m segment mirror;
* Three modes for JWST coronagraphy

lambda IWA OWA | Dynamic Range Filter (1 / dl)
NIRCam/ 0.6-5.0 ~41/D ~10” |12.5mag 4,10, 100
Coronagraph (Lm) (500-750
(Krist 2007) mas)
TFI/NRM 1.6-4.9 ~ 0.51/D ~0”.5 | 10mag using closure 100
(Sivaramakrish (75 mas) phaseup to 12.5 mag
nan et al. after vis. cal.
&AB9) 4aaPm | 10.65, 116, |~ 21/D ~0".4 | 10 mag 20

15.5, 23.0

@ Combination of TFI/NRM with NIRCam/Cor. is very powerful method.

NIRCam : Near Infrared Camera (Univ. of Arizona)
TFI/NRM: Non Redundant Mask with Tunable Filter Imager
MIRI : Mid Infrared Instrument (ESA and JPL)
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Strategy for JWST e ————

* Planet survey at 4.6pum is
suitable for study on
emission from gas giants.
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100 MYT

* NirCam coronagraph and
NRM with TFI at 4.6pum will©

hotons/cm”2 /sec /m

0.05 |

be used for JWST planet 0005 20 45 50

search. Wavelength(um)
Spectrum of 100Myr-old, 2MJ planet,

e Ta rgets: from Baraffe et al. (2003)

a. 100 nearby (<10pc) M-type stars with <1 Gyr

b. 650 young stellar objects (mainly FGK-type)with
1-100Myr based on Spitzer FEPS and SIM database



JWST Coronagraphy @ I<5um

* NIRCam/Coronagraph

- High contrast but limited IWA

(With roll su btracl'ion) Lyot Coronagraph@ Occulting Spot
w' ' S (BB (%
b - EI%E.

B mEIZEE
No Coronagraph Coronagraph + roll subtraction

- Small IWA but not high contrast

- Not high sensitivity
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JWST Coronagraphy @ [>10um

e JWST/MIRI
- Four Quadrant Phase Mask

(imposes destructive phase shifts in image plane to suppress on axis
source)

The 4QPM coronagraph

- unsuitable to segment mirror |

- Tip-tilt error is very sensitive
- Small IWA but low contrast

* 2010 D EL[ET2HTD
A RS R NEZEEE
(T —)LILa#HT)




lambda/D

SCl at 10 and 15um
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James Webb Space Telescope (JWST)

* 6.5m segment mirror;

* Three modes for JWST coronagraphy
lambda IWA OWA | Dynamic Range Filter (1 / dl)
NIRCam/ 0.6-5.0 ~41/D ~10” |12.5mag 4,10, 100
Coronagraph (Lm) (500-750
(Krist 2007) mas)
TFI/NRM 1.6-4.9 ~ 0.51/D ~0”.5 | 10mag using closure 100
(Sivaramakrish (75 mas) phaseup to 12.5 mag
nan et al. after vis. cal.
fARP) aapm | 10.65,11.6, |~ ~0”.4 | 10 mag 20
15.5, 23.0

@ Combination of TFI/NRM and NIRCam/Cor. is very powerful method.

NIRCam : Near Infrared Camera (Univ. of Arizona)
TFI/NRM: Non Redundant Mask with Tunable Filter Imager
MIRI : Mid Infrared Instrument (ESA and JPL)




Flux density (mly)

Wavelength coverage

JWSTIZH20(6pm). CH4(7.4pm). NH3(10.5um)IZER8]/ N\ K AVEELY
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JWST/NIRCam, JWST/TFI l\j\l-IIV3ST/MIRI 7K : 100Myr
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1.00E400 120 ¢ 1"_%‘:1Gyr
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1.00E-04
1.00E-05
1.00E-06 = SPICA/SCI
1.00E-07 (3.5-27um)
1.00E-08 &
1.00E-09
1.00E-10 :

1.00E+00 1.00E+01
Wavelength (um)  E{EET JL :Burrows et al. (2003)
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