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e hot Jupiter occurrence rate discrepancy:

+ Jransit Surveys
Bayllss & Sackett (201 1) 0. 10*8 gg% (SuperLupus Survey)

2 HJ rate from RV

2 X HJ rate from transﬂzs
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Marcy et aI (2005) 1. 2+/ 0. 2%
Wright et al. (2012): 1.2+/-0.38%

Mayor et al. (2011): 0.89+/-0.36%
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e different target star populations:

+ RV Surveys — solar neighborhood

+ Transit surveys — tilted above galactic plane
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 Stellar metallicity and HJ rate are
positively correlated.
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Assumption:
Transit surveys report
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Assumption:
Transit surveys report lower HJ rate
because their target stars are slightly more metal poor.

Test: l

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




« Sample
Instrument: Hectochelle(240 fibers) on MMT.

776 Kepler Stars
four‘nights’ observation
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« Sample
F/G/K stars, 4000~7000 K

=== Hectochelle sample

— all Kepler stars Our Sample
/
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« Sample

K <15, SNR: 15~80

SNR

0.09 294.7 191.6 1246 81.0 52.7 342 223 145 94

— Hectochellesample [ Kapler stars with Kp<15
0.0a| — all Kepler stars
- Kepler stars with Kp<15 /
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« Spectral fitting...
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» Spectral fitting...
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« Spectral fitting...

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

| Olog(g) = 0.1 |
= 0.1

L O [M/H

(will be on Github soon...)



 Results

Metallicity distributions of the two
populations are distinct
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 Results

Metallicity distributions of the two
populations are distinct

Hectocnelle sample ' Hectocnelle sample
—  LAMOST sample — CPS zample

p-valuc = 0.931 n. p-valuc = 7.2¢ 06

KS statistics = 0.022 . KS statistics = 0.128

cumulative fraction

Hectochelle sample vs. Kepler stars vs.
LAMOST sample solar neighborhood stars
p-value = 0.93 p-value = 7.2e-6




 Results

But, the metallicity difference is not big

enough to explain the HJ rate
discrepancy.




Results

RV sample mean [M/H]: -0.005
Kepler sample mean [M/H]: -0.04

U.14

mmm Hectochelle sample, mean: -0.045
—  LAMOST sample, mean: -0.04
— CPS sample, mean: -0.005

fraction
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 Results

T The expected HJ rate using
f 101-2[M/H]

[Kepler: 1.27+4/-0.33%

fops: 1.34+4/-0.36%
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 Results

The expected HJ rate using
o 102 1M/H]

[Kepler: 1.344/-0.55%
fops : 1.38+/-0.54%
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 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
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 Results

The metallicity difference is not big enough
to explain the HJ rate discrepancy.
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« Conclusion

Metallicity distributions of Kepler stars and
solar neighborhood stars are distinct

But, the metallicity difference is too smali
to explain the HJ rate discrepancy.
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* Other possible factors

*x 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 dwarfts.—» negligible effects

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

* [naccurate occurrence rate measurements

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



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

The occurrence rate of hot Jupiters from the Kepler transit survey is roughly half that of radial velocity surveys
targeting solar neighborhood stars. One hypothesis 1o explain this difference is that the (wo surveys target slars
with different stellar metallicity distributions. To test this hypothesis, we measure the metzllicity distribution of the
Kepler targels using the Hectochelle mult-fiber, high-resolution spectrograph. Limiting our spectroscopic analysis
to 610 dwarf stars in our sample with log g > 3.5, we measure a metallicity distribution characterized by a mean of
[M/H]mean = —0.045 £ 0.009, in agreement with previous studies of the Kepler field target stars. In comparison,
the metallicity distribution of the California Planet Search radial velocity sample has a mean of
[M/H]cps, mear = —0.005 = 0.006, and the samples come from different parent populations according to a
Kclmogorov—-Smirnov test. We refit the exponential relation between the fraction of stars hosting a close-in giant
planet and the host star metallicity using a sample of dwarf stars from the California Planet Search with updated
metallicities. The best-fit relation tells us that the difference in metallicity between the two samples is insufficient to

explain the discrepant hot Jupiter occurrence rates: the metallicity difference would need to be 2=0.2-0.3 dex for
perfect agreement. We also show that (sub)giant contamination in the Kepler sample cannot reconcile the two

occurrence calculations. We conclude that other factors, such as binary contamination and imperfect stellar
properties, must also be at play.

Key words: catalogs — mcthods: statistical — plancts and satellites: detection — stars: abundances — stars:
fundamental paramelers — lechniques: imaging spectroscopy

Supporting material: machine-readable table




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

Xueying Cuo!, Sarah Ballard!, Diana Dragomir!

Affiliation: 1. MIT 2. Harvard Exolab

o Motivation and plan o Result: transit depths
T ) s W e o X
+ hot Jupiters exhibit diverse atmosphere | } | We have calculated the Spllzlc.)l‘tmnall depth with uncertainties for 28 Kepler/K2 planets.
composition with both clear and cloudy/ Tl R « Figure1: Spitzer depths of I
hazy atmosphere possihle. W '_‘“ about S wm'r b MJ"‘\* different observations ofa
small planets (Earth analogs)? : 'J—W}——A“M same planet are g . |
—= stuclies on clouds and hazesonsmall (.= 1 ST consistent. Z e -
planets have been held up due to the LR | - s i pene_ o | = Figure2: Kepler and 7 = 2
P /T U] N o : 3 -
faintness of host stars. : L " Spitzer depth differences =2 * =
* our plam: analyze an ensemble of Keplery/K2 | “waglagr s oy o Joe B | qran 2 Sigma for 88 5 o4 ‘i f “.' o
Earth analngs with Spitzer nbservations. Rt S PP REP R planets; = 3 Sigma for = e t 9828 191 it 'S T J
—:= measure effective radius on Spitzer ey 9595 planets. .Jt"**"* AT M ]
band. —= Obtain haze slope distribution - N ;'.;"-"“ " v 5 ' S T T :
for an ensemhle of similar planets! R W R . JJ'J’M‘ ' F lglll‘e 1 c:rdlchtc n lmt‘o Figure 2 urcertsinty/zigma
o - A : i L e Result: atmosphere Slopes . Rp<2 R_Earth | 0 vt
e baeeh L k::;;v:;u 1 Y . ”.: ¢ ‘A . 1 "; .;‘
m Co . " ,"‘ ] Sing el al 2016, =Nature=: 10 hol  |[|# Larger slape: no haze/cloud + higher H20 = " | ' Rp=2 R_Earth
§ woer 5 4w )N bt M Jupiters with well fitted haze/ absorption = o 1 ’) :
| AR IR, ) tloud slupes. Smaller slope: hazy/cloudy + lower/obscured = :
| B mana c Al dtianal HZ0 absortion £ ;
ot e : Figure3: = ; I
- : f")l(r:;‘]r t}: ::fifr]gg :' T:"h « Smaller planets (1-2 R_Earth) show larger slopes » :
L < S bt than bigger planets (2-3 R_Earth). Figure 3 :
* K2 planets’ trend traces Kepler planets’ trend. 22 % e 13 i 3 s
Sample planets panel raviusti, |
Fit the slope probability distribution with:
« Radius: 1-3 R_Earth 28 planets In total: + One Gau?:sll)an (Flguz4)
« Temperature: 300-500 K i ;OK!Z(Q]:'“ ]t)lanels « Two Gausslans: one for Rp<2 R_Earth, one for Rp> 2 R_Earth.
« Host star: M Dwarf > - gmania === The probability that smaller and bigger planets follows 2 different Gaussians
* Ohserved by hoth Kepler/KZand  * 2 of the 28 also have lis around 88%.
Spitzer Spizter ch1 transltc
Spitzer transit depth measurement: FALY S [aan L SR ™ |
Pixel Level Decorrelation + Gaussian Process a1 " p max(log{likeho | 1430
g Il T4 vs i udl)): -10-44 s o Gaussian center for |
« PLD free parameters: weight of cach pixel (ci), (917 [ T - H RBpsZR Eantk
- Il s | (rh ¥ - S S|
transit depth, transit epoch, temparal ramp. "‘.f :’i:;\:, A qu_:-{: ) i ’ i B 5 ikehood |
* Gaussian Process; use Malern-3/2 Kernel lunction, L ?’.: £l %} g ' ¥ ' P934
carrelation time scale =rha (see right figure) o} i g ' 3? A ‘ Y . ’ 1
+ Test: simulate lipht curves with correlated noise, —= ' 4 - i e W A%
our GP reproduced the correlation time seale corcectly. @ m ‘ @ pw"a", - . 7 \wu_,,_ |
» run an real light curves: real Spitzer light curve noises | s S04 |k P || | e ® amumrpim
show very mild time correlation. (<3 sec) e s s e s sass - |Figure 4 Figure 5







fraction

C
O
)

o

©

| -
Yy—

fraction

— reference value

Mean:0.000
StdDev:0.015

Mean:5777.0
StdDev:30.9

0.00
5600 5650 5700 5750

Tu(K)

e
0.35

— reference value

0-30 Mean:4.43
0.25 StdDev:0.04

0.20

0.15




7000} f/////f
s
® Kepler stars by SPC
6500} A HD stars from VizieR 'y _
6000}

5500

5000

b

T.(K)(other studies)

4500+ -

4500 5000 5500 6000 6500 7000

T.(K)(Hectochelle)




5.0 ; I r

4.8 eKepler stars by SPC
A HD stars from VizieR

Q) 46!

O A
)

2 4.4}

V)

—

0,

c 42| [
e

Seol
85 o/
— 3l Q

1

3.6 3.8 4.0 4.2 4.4 4.6 4.8

log(g)(Hectochelle)




[M/H](other studies)

0.6

0.4

0.2

0.0

-0.2

-0.4

® Kepler stars by SPC
. A HD stars from VizieR

-0.4 —-0.2 0.0 0.2 0.4

[M/H](Hectochelle)







Hectochelle log(g)




KIC [Fe/H]

Hectochelle [Fe/H]




