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HJ rate from RV

⇡ 2⇥HJ rate from transits
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metal poor?

(SuperLupus, Kepler)
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• Stellar metallicity and HJ rate are 
positively correlated.

Johnson et al. (2010):
f / 101.2[Fe/H]
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Assumption: 
Transit surveys report lower HJ rate  
because their target stars are slightly more metal poor.

Test:  
by measuring the stellar metallicity distribution of 
the Kepler field, and comparing with that of the 
solar neighborhood.



• Sample

776 Kepler stars
four nights’ observation

Instrument: Hectochelle(240 fibers) on MMT.



• Sample
F/G/K stars, 4000~7000 K

our sample
all Kepler stars



• Sample
<15, SNR: 15~80Kp

our sample

Kepler stars with Kp<15
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• Spectral fitting…

Fit Hectochelle spectra with: 
calibrated Kurucz synthetic library 
+ Hectochelle instrumental profile 

�Te↵ = 100 K
�
log(g)

= 0.1

�[M/H] = 0.1

(will be on Github soon…)



• Results
Metallicity distributions of the two 

populations are distinct

Hectochelle sample

LAMOST sample

CPS sample using 
SME parameters



• Results
Metallicity distributions of the two 

populations are distinct

Hectochelle sample vs. 
LAMOST sample 
p-value = 0.93



• Results
Metallicity distributions of the two 

populations are distinct

Hectochelle sample vs. 
LAMOST sample 
p-value = 0.93

Kepler stars vs.  
solar neighborhood stars 

p-value = 7.2e-6



• Results
But, the metallicity difference is not big 

enough to explain the HJ rate 
discrepancy.



• Results
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• Results
The metallicity difference is not big enough 

to explain the HJ rate discrepancy.

       
                                                      fKepler

fCPS

The expected HJ rate using 
                                                            f / 102.1[M/H]

: 1.34+/-0.55%                    
: 1.38+/-0.54%     

fKepler
fCPS



• Results
The metallicity difference is not big enough 

to explain the HJ rate discrepancy.

The expected HJ rate when 
shifting Kepler stars’ [M/H] lower



• Results
The metallicity difference is not big enough 

to explain the HJ rate discrepancy.

need to lower Kepler star metallicity by 
0.3~0.4 dex to match the observed value
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✴Kepler sample has higher stellar multiplicity 
 — planet formation is highly suppressed in ~23% 
Kepler stars. (Kraus et al. 2016) But the effect is unclear.  

✴Subgiant/Giant contamination 
— only ~2% stars in the Kepler sample are giants 

misidentified as dwarfs.       negligible effects 

✴Underestimated depth       planet radius 
 — blending source (Furlan et al. 2017) and etc. 

✴ Inaccurate occurrence rate measurements 
 — “Inverse detection efficiency” bias occurrence rate 
estimate, etc.



Check out our paper! (2017APJ, 838, 25G)



Poster: Ensemble Atmospheric Properties of Earth-
Analogs around Kepler M Dwarfs


















