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1. Confirmation of hot Jupiter Kepler-41b via 
phase curve analysis 
 ・A new method to confirm giant planets by 
   - modeling the whole phase curve 
   - eliminating all the possible  
     false positives w/o the need for  
     follow-up observations 
                                      
 
・Demonstration in Kepler-41system  
  - Kepler-41(KOI-196): G6V star, Kp = 14.465 
  - Kepler-41b: recently confirmed by RV 
                     P = 1.86d, Mp = 0.55 ± 0.09 MJ 

http://www.nasa.gov/mission_pages/kepler/
multimedia/images/aas_conference.html 

common"false"positive""""""""""""""""→"
(background"eclipsing"binary) 
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Phase curve modeling 
・Transit" 　             →  P, Tφ, Rp/R*, b, ρ*"

・Occultation"""""""""""""""""""→  ED (secondary eclipse depth)  
"""""""""""""""""""""""""""""""+""""""""""""""""""""""""""""
・Ellipsoidal"variation""Fell""""""""""""""""""""→  Aell "
"""""""""""""""""
"

・Doppler"beaming""""""Fdop"""""""""""""""""→  K (RV semi-amp.)"
"
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

・Reflected/emitted"light""Fref""""""""→  AG "

3"



Phase curve modeling 

Mp = 0.598+0.384-0.598 MJ 
 
Rp = 0.996+0.039-0.040 RJ 
   
ED, Aell, Aref detected 
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Centered"on"transit 

Centered"on"occultation"
(vertical"scale"magnified) 



Confirmation method 
・Diluted models w/ dilution factor D = 1-100 % 
  → Fit for the same parameters 
  → Set limits on system parameters based on Δχ2 

←Δχ2 

    D = 0.5(1σ), 0.6(2σ), 0.67(3σ) 

ρ*→ 
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Confirmation method 
・Stellar models (Yonsei-Yale)  
  → (Teff, R*, ρ*, log g) for full range of input (M*, Z) 
  → extract models w/ ρ* within 3σ constraint + age < 14Gyr 
  → (ρp, Teff,p) for each model compared to the stellar models 

stellar"models companion 

Lp/L*"by"SB"law Lp/L*"by"integrating"Planck"func. 

Companion"cannot"be"a"star Consistent"w/"blend"
scenario 
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Confirmation method 
・Fig. 6: Teq,p ～ Teff,p →  companion still consistent with planet 
 
・Fig. 7: Mp < 0.005M! in all the cases → cannot be a star ! 
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2. Giant planets orbiting around metal-rich stars show 
signatures of planet-planet interactions 
 ・“Valley” planets 
  - a = 0.1-1 AU 
  - also have migrated 
  - outside the reach of 
    tidal damping force 
   → trends interpreted 
      more easily 
 
・Valley houses giants with a wide range of eccentricities 
   → intermixing between two migration mechanisms 
   → disk metallicity may determine which is triggered 
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Hot"Jupiters 

Valley 
birthplace"



Eccentricities of giant Valley planets 
"
""""""""""""""""""""""""""""""
"
"
"
"
"
"
 
    
 
・Only metal-rich stars host eccentric 
  Valley planets (e > 0.43) 
  → Closely packed multiple giants can  
 only be formed around metal-rich stars ?                                                                                 
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large"e 

small"e 

Valley 
17 
61 

Bold:"log"g"<"4"
omitted 

・Gas giants discovered by RV  
   (m sin i < 0.1 MJ) 
 
・FGK stars (M* = 0.4 -1.4 M!)  

metal"rich 

metal"poor 



Eccentricities of giants under tidal circularization 
"
"
"
"
"
"
"
"
"
"
・Most observed eccentric planets 
  orbit metal-rich stars 
  → Only giant planets in metal-rich  
  systems can be scattered onto eccentric orbits 
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・Giant planets detected by 
non-Kepler transit surveys 
 
・FGK stars (M* = 0.4 -1.4 M!)  

eccentric 
planets"undergoing"
tidal"circularization 

e > 0.2 

e < 0.2 



Giant planet period distribution 
・fHJ,Kepler (Hot Jupiter occurrence  
  rate in the Kepler sample) 
  is smaller than fHJ,RV (in RV samples) 
  ← due to systematically lower  
     metallicities of Kepler host stars ? 
 
 
 
 
 
 
・Kepler period distribution lacks 
   a short period pile-up 

11"

Period distribution of transiting giant planet 
candidates (Rp = 8 ‒ 20 RE) detected by Kepler 

That expected from the RV sample 
(taking account of different fHJ, transit prob.) 



Giant planet period distribution 
"
"
"
"
"
"
"
"
"
"
"
・Short-period pile-up is recovered in metal-rich samples 
 
・Smaller discrepancy in metal-rich comparison (Fig. 5, left) 
  → detailed follow-up motivated (precise estimated of fHJ) 
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Kepler"vs."RV"for"
"""""""""""""""""metal]rich"/"metal]poor"samples 



Possible challenge for their interpretation 
・Lack of the correlation between spin-orbit alignment  
  and metallicity 
  - not necessarily caused by dynamical perturbations ? 
  - close-in planets are subject to tidal realignment 
 → spin-orbit measurements of the Valley planets 
   
・Further tests 
  - Assessments with a careful  
   treatment of detection  
   threshold 
  - Theoretical assessments 
    whether P-P scattering can also reproduce the  
    Valley planets"
"
"
"
"
"
"
"
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3. A simple, quantitative method to infer the minimum 
atmospheric height of small exoplanets 
 ・Mass-radius relation  

  → two boundary conditions: 
  1. maximum Rp - Mp contour 
  2. minimum Rp - Mp contour 
     for a pure-water planet 
 
・Condition 2 can be violated 
  if (and only if) a planet  
  maintain an atmosphere 
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100%H2O 

75%H2O"
+25%MgSiO3 

75%Fe"
+25%MgSiO3 

100%Fe 



Method 
・Minimum atmospheric height: 
  
 
 
 
・Confidence of the planet in question maintaining an  
   atmosphere (i.e. RMAH > 0): 
"
"
 
   where Rp, Mp are drawn from the posterior joint probability  
   distribution 
"
"
 

15"

Observed radius / mass of the planet 75%H2O-25%MgSiO3 



Example 
・GJ1214b 
  - 2.8 RE planet orbiting a nearby M4.5 dwarf 
  - most well characterized 
    small planet  
  - RMAH for 105 realizations  
   → P(RMAH > 0) = 97.2%  
 
 
・Other examples"
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