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Ground-based survey data

Pal et al. 2008

HAT-P-7b
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Space-based survey data
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Photometric variability

correlated with the orbit:

Loeb & Gaudi 2003, Jenkins & Doyle 2003,
Zucker et al. 2007, Pfahl et al. 2008
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Photometric variability

correlated with the orbit:

Loeb & Gaudi 2003, Jenkins & Doyle 2003,
Zucker et al. 2007, Pfahl et al. 2008

e Reflection/heating
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Photometric variation following orbital motion

Tuesday, July 17, 2012



radial velocity :l/l\ variation in
variation observed flux
Photometric variation following orbital motion

Tuesday, July 17, 2012



radial velocity :l/l\ variation in
variation observed flux
Photometric variation following orbital motion

Tuesday, July 17, 2012



radial velocity :l/l\ variation in
variation observed flux
Photometric variation following orbital motion

Tuesday, July 17, 2012



radial velocity :> variation in
variation observed flux

Photometric variation following orbital motion
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Reflection/Heating

*Reflected light
* Thermal emission
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Reflection/Heating

*Reflected light
* Thermal emission
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Amplitude vs. Period
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Orbital Modulations and White Dwarfs
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Orbital Modulations and White Dwarfs

The observed radiation flux from ultra-short peri- NLTTI 1748
od binaries must be modulated due to Doppler effect. He WD
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Orbital Modulations and Exoplanets

Corot-3 red-channel lightcurve

Mazeh & Faigler 2010

Tuesday, July 17, 2012



Orbital Modulations and Exoplanets

MEVA I -4 Faigler 2010 ot Cor.ot-3 r.ed-ch.annel‘lightCt.Jrve |
Welsh et al. 2010
Faigler & Mazeh 201 |
Shporer et al. 201 |
Kipping & Spiegel 201 |
Faigler et al. 2012
Mislis et al. 2012
Jackson et al. 2012
Mazeh et al. 2012
Mislis & Hodgkin 2012

Barclay et al. 2012, in prep. Mazeh & Faisler 2010
Quintana et al. 2012, in prep. i e
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“Orbital Photometry” as a tool

*Look for non-transiting companions
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“Orbital Photometry” as a tool

*Look for non-transiting companions
"™ BEER, Faigler & Mazeh 201 I, Faigler et al. 2012

*Detailed study of transiting objects:

- (and ): photometric mass measurement
estars with no high-precision RV

-Reflection/heating: Albedo and day-night difference
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Kepler Jisp

Detection of KOI-13.01 with the photometric orbif
Shporer et al. 201 |




Kepler NasA

Detection of KOI-13.01 with the photometric orbif
Shporer et al. 201 |
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Kepler NasA

Detection of KOI-13.01 with the photometric orbif
Shporer et al. 201 |

detrended light curve, Q0-Q5
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Kepler Jisp

Detection of KOI-13.01 with the photometric orbif
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Kepler N(Qsp

Detection of KOI-13.01 with the photometric orbif
Shporer et al. 201 |

Double harmonic period analysis

2T . 2T 2T .2
f(f) = ag + a1ccos(Fz‘) + a1ssm(?z‘) + élchOS(P—/Zl‘) + agssm(P—/2 )
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Kepler NasA

Detection of KOI-13.01 with the photometric orbif
Shporer et al. 201 |

Double harmonic period analysis

21T . 2T 21T .2
f(f) = ag + a1ccos(Fz‘) + a1ssm(?z‘) + achOS(P—/Zl‘) + 3258IH(P—/2 )

1 1.5 2

Frequency [1/day]
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Kepler N(st\

Detection of KOI-13.01 with the photometric orbit
Shporer et al. 201 |

Double harmonic period analysis

21T 21T 21T 21T

f(f) = ag + a1ccos(Fz‘) + a1ssm(?z‘) + agccos(P/2 f) + ezgssm(P/2 )

AXQ _ X72nean N X2

Parameter Value

Orbital period, P, (days) 1.7637 £+ 0.0013
Inferior conjunction time, 7, (BJD) 2455138.7439 + 0.0013

Consistent with transit ephemeris

1 1.5 2

Frequency [1/day]
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Kepler N(st\

Detection of KOI-13.01 with the photometric orbit
Shporer et al. 201 |

Double harmonic period analysis

21T 21T 21T 21T

f(f) = ag + a1ccos(Fz‘) + a1ssm(?z‘) + agccos(P/2 f) + ezgssm(P/2 )

AXQ _ X72nean N X2

Parameter Value

Orbital period, P, (days) 1.7637 £+ 0.0013
Inferior conjunction time, 7, (BJD) 2455138.7439 + 0.0013

Consistent with transit ephemeris

1 15 2
Frequency [1/day]

Non-transiting KOI-13.01-like planets can be detected
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Kepler NasA

Detection of KOI-13.01 with the photometric orbif
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Kepler NasA

Detection of KOI-13.01 with the photometric orbif
Shporer et al. 201 |

Phase folded light curve Fitted effects
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Detection of KOI-13.01 with the photometric orbif
Shporer et al. 201 |




Kepler .
Detection of KOI-13.01 with the photometric orbit
Shporer et al. 201 |

Fitted coefficients

Realistic error estimate:
Cyclic residuals permutations.
2 X “formal”’ estimate.
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Kepler .
Detection of KOI-13.01 with the photometric orbit
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Fitted coefficients

Photometric mass
measurement:

Realistic error estimate:
Cyclic residuals permutations.
2 X “formal”’ estimate.
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Kepler

Detection of KOI-13.01 with the photometric orbltm 1
Shporer et al. 201 |

Fitted coefficients

Photometric mass
measurement:

Masini = 9.2 £1.1 M,

see also: Mazeh et al. 2012

IS [— | 0.0+0.5]

Realistic error estimate: Mislis et al. 2012
Cyclic residuals permutations.
2 X “formal”’ estimate.

Tuesday, July 17, 2012



Kepler

Detection of KOI-13.01 with the photometric orblt' |
Shporer et al. 201 |

Fitted coefficients

Photometric mass
measurement:

Masini = 9.2 £1.1 M,

see also: Mazeh et al. 2012

IS [— | 0.0+0.5]

Realistic error estimate: Mislis et al. 2012

C)’C‘|‘IC reS|d”uaIs .permutatlons. Massive planet
2 x “formal” estimate. »
orbiting A-type star
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Beaming planets
ongoing work...
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Full light curve analysis
Extended EXOFAST (Eastman et al. 2012)
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Beaming planets
ongoing work...

HAT-P-7b:
P=220d g
T
>
See also: § e :
Borucki et al. 2009 i + 0.58 .

Welsh et al. 2010 '

Mislis et al. 2012

Jackson et al. 2012 - . 0.4 0.6
Orbital Phase

Full light curve analysis
Extended EXOFAST (Eastman et al. 2012)
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Mass-ratio inconsistency for early-type primaries
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Mass-ratio inconsistency for early-type primaries
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Mass-ratio inconsistency for early-type primaries

KRy

C

A-star-primary systems:
van Kerkwijk et al. 2010 KOI 74

 Mysini (Ry\°. . Carteretal.20l KIC 10657664
Aellip = Qelli — | sin?
PM, a Mazeh et al. 2012 KOI 13

Abeam — Ckbea,m4
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Mass-ratio inconsistency for early-type primaries

KRry
Abeam — &beam4 -

A-star-primary systems:
van Kerkwijk et al. 2010 KOI 74

 Mysini (Ry\°. . Carteretal.20l KIC 10657664
Aellip = Qellip — | sz
M Mazeh et al. 2012 KOI |3

GM,
(A2 —2R,Acos ¥ + R?)
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Mass-ratio inconsistency for early-type primaries

Abeam = &beam4@ A-star-primary systems:
< ; van Kerkwijk et al. 2010 KOI 74
B My sini [ Ry .- Carteretal. 2011 KIC 10657664
Aellip — aellip —_ S111 7
M, a Mazeh et al. 2012 KOI |3

GM,

(A2 —2R,Acos ¢ + R2)"/*

Approximations assume:
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* Synchronization
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Mass-ratio inconsistency for early-type primaries

Abeam = &beam4@ A-star-primary systems:
< ; van Kerkwijk et al. 2010 KOI 74
B My sini [ Ry .- Carteretal. 2011 KIC 10657664
Aellip — aellip —_ S111 7
M, a Mazeh et al. 2012 KOI |3

GM ,
- + —w>R*(1 — cos®* A

(A2 —2R,Acos ¥ + R2)* 2
Adopted from Jackson et al. 2012

Approximations assume:
* Synchronization
* Alignment
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Mass-ratio inconsistency for early-type primaries

Abeam = &beam4@ A-star-primary systems:
< ; van Kerkwijk et al. 2010 KOI 74
B My sini [ Ry .- Carteretal. 2011 KIC 10657664
Aellip — aellip —_ S111 7
M, a Mazeh et al. 2012 KOI |3

GM ,
- + —w>R*(1 — cos®* A

(A2 —2R,Acos ¥ + R2)* 2
Adopted from Jackson et al. 2012

Approximations assume:
* Synchronization
* Alignment

Jackson et al. 2012: Allowing non-synchronization and misalignment
(see also Pfahl et al. 2008)
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Assuming tidal locking and no “hotspot”
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Asymmetric light curve:
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Asymmetric light curve: hotspot!?
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Stellar activity
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Stellar activity

Kepler-14 (KOI-98)
Buchhave et al. 201 |
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Stellar activity

Kepler-14 (KOI-98) : o P, =6.79 d

Buchhave et al. 201 | e Ponot = 2.92 d
s B activity?
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The Photometric RM (PRM) effect

Shporer et al. 2012
see also: Groot 2012, Hills & Dale 1974
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