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Space-based survey data

HAT-P-7b
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Photometric variability 
correlated with the orbit:
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Photometric variability 
correlated with the orbit:

• Beaming

• Tidal ellipsoidal deformation

• Reflection/heating
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The Beaming Effect
aka Doppler Boosting

• Aberration

• Arrival rate

• Doppler shift

Fν = Fν0[1 + (3− α)
vr

c
]

vr � c

α ≡ d log Fν

d log ν
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KRV
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radial velocity 
variation

variation in 
observed flux

The Beaming Effect
aka Doppler Boosting

Photometric variation following orbital motion
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Tidal Ellipsoidal Deformation
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Reflection/Heating
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Reflection/Heating
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•Thermal emission
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Reflection/Heating

•Reflected light
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Maxted et al. 2000         sdB + WD
van Kerkwijk et al. 2010    A + WD
Bloemen et al. 2011       sdB + WD
Carter et al. 2011             A + WD
Breton et al. 2012             F + WD
Silvotti et al. 2012          sdB + WD

Kepler
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Orbital Modulations and Exoplanets
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Orbital Modulations and Exoplanets

Mazeh & Faigler 2010
Welsh et al. 2010
Faigler & Mazeh 2011
Shporer et al. 2011
Kipping & Spiegel 2011
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.
Quintana et al. 2012, in prep.

Mazeh & Faigler 2010
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“Orbital Photometry” as a tool
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•Detailed study of transiting objects:

-Beaming (and ellipsoidal): photometric mass measurement
•stars with no high-precision RV
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“Orbital Photometry” as a tool
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•Look for non-transiting companions
➡BEER, Faigler & Mazeh 2011, Faigler et al. 2012

•Detailed study of transiting objects:

-Beaming (and ellipsoidal): photometric mass measurement
•stars with no high-precision RV

-Reflection/heating: Albedo and day-night difference
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Shporer et al. 2011
Detection of KOI-13.01 with the photometric orbit 
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Detection of KOI-13.01 with the photometric orbit 
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Detection of KOI-13.01 with the photometric orbit 
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Double harmonic period analysis

Shporer et al. 2011
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Jackson et al. 2012: Allowing non-synchronization and misalignment
(see also Pfahl et al. 2008)
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Scalogram - time evolving periodogram
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The cold star opportunity

LHS 6343 (Johnson et al. 2012)
Brown dwarf + M-star, P = 12.7 d
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The RM effect The beaming effect

+

The Photometric RM (PRM) effect
Shporer et al. 2012 

see also: Groot 2012, Hills & Dale 1974

Doing Even More with Photometry
Photometric spin-orbit alignment measurement

Tuesday, July 17, 2012



The Photometric RM (PRM) Effect
Shporer et al. 2012

0.6

0.8

1

Primary eclipse

a

5

0

5

x 10 5

b

5

0

5
x 10 5

   
   

   
   

   
   

   
   

   
   

  R
el

at
iv

e 
Fl

ux

c

0.2 0.15 0.1 0.05 0 0.05 0.1 0.15 0.2

5

0

5

x 10 5

Time from mid eclipse [day]

d

R
el

at
iv

e 
Fl

ux

Eclipse light curve

PRM effect

λ = 0

0.6

0.8

1

Primary eclipse

a

5

0

5

x 10 5

b

5

0

5
x 10 5

   
   

   
   

   
   

   
   

   
   

  R
el

at
iv

e 
Fl

ux

c

0.2 0.15 0.1 0.05 0 0.05 0.1 0.15 0.2

5

0

5

x 10 5

Time from mid eclipse [day]

d

Tuesday, July 17, 2012



The Photometric RM (PRM) Effect
Shporer et al. 2012

Primary eclipse 
0.6

0.8

1

Primary eclipse

a

5

0

5

x 10 5

b

5

0

5
x 10 5

   
   

   
   

   
   

   
   

   
   

  R
el

at
iv

e 
Fl

ux

c

0.2 0.15 0.1 0.05 0 0.05 0.1 0.15 0.2

5

0

5

x 10 5

Time from mid eclipse [day]

d

R
el

at
iv

e 
Fl

ux

Eclipse light curve

PRM effect

λ = 0

0.6

0.8

1

Primary eclipse

a

5

0

5

x 10 5

b

5

0

5
x 10 5

   
   

   
   

   
   

   
   

   
   

  R
el

at
iv

e 
Fl

ux

c

0.2 0.15 0.1 0.05 0 0.05 0.1 0.15 0.2

5

0

5

x 10 5

Time from mid eclipse [day]

d

Tuesday, July 17, 2012



The Photometric RM (PRM) Effect
Shporer et al. 2012

Primary eclipse 
main sequence binaries 0.6

0.8

1

Primary eclipse

a

5

0

5

x 10 5

b

5

0

5
x 10 5

   
   

   
   

   
   

   
   

   
   

  R
el

at
iv

e 
Fl

ux

c

0.2 0.15 0.1 0.05 0 0.05 0.1 0.15 0.2

5

0

5

x 10 5

Time from mid eclipse [day]

d

R
el

at
iv

e 
Fl

ux

Eclipse light curve

PRM effect

λ = 0

0.6

0.8

1

Primary eclipse

a

5

0

5

x 10 5

b

5

0

5
x 10 5

   
   

   
   

   
   

   
   

   
   

  R
el

at
iv

e 
Fl

ux

c

0.2 0.15 0.1 0.05 0 0.05 0.1 0.15 0.2

5

0

5

x 10 5

Time from mid eclipse [day]

d

Tuesday, July 17, 2012



The Photometric RM (PRM) Effect
Shporer et al. 2012

Primary eclipse 
main sequence binaries
low mass ratio

0.6

0.8

1

Primary eclipse

a

5

0

5

x 10 5

b

5

0

5
x 10 5

   
   

   
   

   
   

   
   

   
   

  R
el

at
iv

e 
Fl

ux

c

0.2 0.15 0.1 0.05 0 0.05 0.1 0.15 0.2

5

0

5

x 10 5

Time from mid eclipse [day]

d

R
el

at
iv

e 
Fl

ux

Eclipse light curve

PRM effect

λ = 0

0.6

0.8

1

Primary eclipse

a

5

0

5

x 10 5

b

5

0

5
x 10 5

   
   

   
   

   
   

   
   

   
   

  R
el

at
iv

e 
Fl

ux

c

0.2 0.15 0.1 0.05 0 0.05 0.1 0.15 0.2

5

0

5

x 10 5

Time from mid eclipse [day]

d

Tuesday, July 17, 2012



The Photometric RM (PRM) Effect
Shporer et al. 2012

Primary eclipse 
main sequence binaries
low mass ratio

0.2 0.1 0 0.1 0.2

60

40

20

0

20

40

60

Time from mid eclipse [day]

Re
la

tiv
e 

Fl
ux

 [p
pm

]

 

 

F8V+K0V          
P=10.0 day       
b=0              
Primary eclipse  

=0°

=45°

=90°

=180°

InOrB

0.2 0.1 0 0.1 0.2

60

40

20

0

20

40

60

Time from mid eclipse [day]

Re
la

tiv
e 

Fl
ux

 [p
pm

]

 

 

F8V+K0V            
P=10.0 day         
b=0.2              
Primary eclipse    

=0°

=45°

=90°

=180°

InOrB

0.6

0.8

1

Primary eclipse

a

5

0

5

x 10 5

b

5

0

5
x 10 5

   
   

   
   

   
   

   
   

   
   

  R
el

at
iv

e 
Fl

ux

c

0.2 0.15 0.1 0.05 0 0.05 0.1 0.15 0.2

5

0

5

x 10 5

Time from mid eclipse [day]

d

R
el

at
iv

e 
Fl

ux

Eclipse light curve

PRM effect

λ = 0

0.6

0.8

1

Primary eclipse

a

5

0

5

x 10 5

b

5

0

5
x 10 5

   
   

   
   

   
   

   
   

   
   

  R
el

at
iv

e 
Fl

ux

c

0.2 0.15 0.1 0.05 0 0.05 0.1 0.15 0.2

5

0

5

x 10 5

Time from mid eclipse [day]

d

Tuesday, July 17, 2012



The Photometric RM (PRM) Effect
Shporer et al. 2012

Primary eclipse 
main sequence binaries
low mass ratio

0.2 0.1 0 0.1 0.2

60

40

20

0

20

40

60

Time from mid eclipse [day]

Re
la

tiv
e 

Fl
ux

 [p
pm

]

 

 

F8V+K0V          
P=10.0 day       
b=0              
Primary eclipse  

=0°

=45°

=90°

=180°

InOrB

0.2 0.1 0 0.1 0.2

60

40

20

0

20

40

60

Time from mid eclipse [day]

Re
la

tiv
e 

Fl
ux

 [p
pm

]

 

 

F8V+K0V            
P=10.0 day         
b=0.2              
Primary eclipse    

=0°

=45°

=90°

=180°

InOrB

Kepler GO30029

0.6

0.8

1

Primary eclipse

a

5

0

5

x 10 5

b

5

0

5
x 10 5

   
   

   
   

   
   

   
   

   
   

  R
el

at
iv

e 
Fl

ux

c

0.2 0.15 0.1 0.05 0 0.05 0.1 0.15 0.2

5

0

5

x 10 5

Time from mid eclipse [day]

d

R
el

at
iv

e 
Fl

ux

Eclipse light curve

PRM effect

λ = 0

0.6

0.8

1

Primary eclipse

a

5

0

5

x 10 5

b

5

0

5
x 10 5

   
   

   
   

   
   

   
   

   
   

  R
el

at
iv

e 
Fl

ux

c

0.2 0.15 0.1 0.05 0 0.05 0.1 0.15 0.2

5

0

5

x 10 5

Time from mid eclipse [day]

d

Tuesday, July 17, 2012



Doing More with Photometry
Studying binary companions with 

photometric orbital modulations
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