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GJ 504 b Έ  
A Γ2nd JupiterΔ imaged 
By SEEDS project 
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Various techniques have discovered  

More than 5000 planets (candidates), ~2000 confirmed 
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Gas Giants 
Wide-Orbit Planets 

(Directly Imaged) 

ẉ Ǳ Ʋẉ ǵ    

Earth 

Direct Imaging for Detection of Wide-Orbit Giant Planets 

Jupiter 

Rocky Planets 

Neptune 

Icy Giants 
Radial velocity 

Transit 

Direct Imaging 

Microlensing 
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Hot 
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Super-Earths 

Kepler Planet Candidates 

(transit / no mass data) 

Various techniques have led ~2000 planet discovery in 20yr 

& exoplanets are òdiverseó !   

http://upload.wikimedia.org/wikipedia/commons/e/e1/Jupiter_(transparent).png
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Kepler Planets 
Many are NOT plotted in the mass-period daiagam  in previous slide 



Brief Research Status 
¸Statistics  and population data by Kepler  

¸So many mini- Neptunes and super- Earths  

¸Earth- size planet freq. in HZ around G star  

¸>60% of  G stars  have planets from RV+Kep 

¸Transit  characterization of Jovian and a 
few super - Earths  

¸Multiple  planet  systems by Kepler  

¸Direct images of Solar - system scale  
Jovian planets by DI survey ( SEEDS)  

¸Direct characterization of Jovian 
planets ( ExAO+IFU)  



Next Steps 
¸Direct imaging and characterization of 

smaller planets (super - Earths & Earths)  

¸TMT+SEIT 

¸Space coronagraph 

¸No exoplanet mission at JAXA at present  
(inc.  SPICA) 

¸To search for the best targets for these 
studies (nearby small exoplanets)  

¸Subaru IRD 

¸K2, TESS 

¸Long term monitoring with other smaller 
telescopes  
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Ǔ֓қɵ ǮǔǤǍǱȉǵǶ  

-  2. 4 m WFIRST AFTA coronagraph 
-  Other Probe missions?  
ǚȓȅǮǵ ǵ  
-  USA decadal report ǲ ǞǦƳ 
- ESA Cosmic Vision ǲ ǞǦƳ 
- ֺ ǵȱɫɈȮɧɓὙКὕ ș Ƴ 
  

Terrestrial Planet Finder  

Coronagraph (TPF-C) 

Darwin IR 

Interferometer 



WFIRST- AFTA  WACO  

- Wide-Field InfraRed Survey Telescope 
Astrophysics Focused Telescope Assets 
- 2.4m aperture on-axis obscured telescope, 270K 
- Two-channel wide-field instrument with IFU 
channel 0.6 to 2.0 ˃ Ƴ for Dark Energy, NIR 
Surveys, and Exoplanet Microlensing 
- FPA: 6x3 4kx4k HgCdTe detectors, 0.76 to 2.0 ˃ Ƴ 
- Coronagraph instrument for Exoplanet Direct 

Imaging and characterization   

 
         WACO (WFIRST-AFTA COronagraph)   

2014  WACO WG   



WFIRST- AFTA BRIEF SPEC 



AFTA coronagraph sensitivity 

12 

550 nm 
м˂κ5Ґпт mas 

WFIRST vs
30 200

 

Transit planets 3 au @ 30 pc 


