
“The Photometric Method of Detecting Other 
Planetary Systems”

Borucki & Summers, 1984

“Two methods for selecting stars… #2 eclipsing binary stars”

Pro: increased transit probability 

Con: … dilution?



The #1 Problem: Geometry
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The #1 Problem: Geometry



1. Orbital timescale

Kepler

The #2 Problem: Dynamics



Kepler

The #2 Problem: Dynamics

2. Secular timescale

1. Orbital timescale



Finding Circumbinary Planets with Orbital Dynamics

David V. Martin

and Geometry 



Boston

A bunch of other 
universities that 
you’ve probably 
never heard of

Cambridge



Problems

1. Geometry

2. Dynamics

Goal

Find CBPs as easily as 
single star planets

Status
12 Kepler, 2 TESS

Solutions

…



Solutions?
Phase-fold on strict periodicityKovacs+ 2002 - BLS



Solutions?
Phase-fold accounting for 

binary movement, not 
dynamicsOfir 2008 - CB-BLS

Kovacs+ 2002 - BLS



Solutions?
BLS but allows for quasi-
period transit intervals.  

Not physically motivated but 
can find planets with large 

TTVs

Transit timing

Carter & Agol - QATS

Ofir 2008 - CB-BLS

Kovacs+ 2002 - BLS



Solutions?
BLS in 2-transit segments

Flip light curve and run BLS 
again - did you just find noise?

Carter & Agol - QATS

Ofir 2008 - CB-BLS

Kovacs+ 2002 - BLS

Kostov+ 2013/14



Solutions?
Phase-fold into window of 

possible times, account 
apsidal for precession

Carter & Agol - QATS

Ofir 2008 - CB-BLS

Kovacs+ 2002 - BLS

Kostov+ 2013/14

Armstrong+ 2013/2014



Solutions?
QATS within a window defined 

by Armstrong+ 2013

Transit timing

Carter & Agol - QATS

Ofir 2008 - CB-BLS

Kovacs+ 2002 - BLS

Kostov+ 2013/14

Armstrong+ 2013/2014

Klagyivik+ 2017



Solutions?
“Regularized light curve” from 
2 Keplerians. Then run QATS.

Carter & Agol - QATS

Ofir 2008 - CB-BLS

Kovacs+ 2002 - BLS

Kostov+ 2013/14

Armstrong+ 2013/2014

Klagyivik+ 2017

Windemuth+ 2019 - QATS-EB

Transit timing



Solutions?
Perhaps “easy” for Kepler-16

Carter & Agol - QATS

Ofir 2008 - CB-BLS

Kovacs+ 2002 - BLS

Kostov+ 2013/14

Armstrong+ 2013/2014

Klagyivik+ 2017

Windemuth+ 2019 - QATS-EB

The Human Eye



Solutions?

Carter & Agol - QATS

Ofir 2008 - CB-BLS

Kovacs+ 2002 - BLS

Kostov+ 2013/14

Armstrong+ 2013/2014

Klagyivik+ 2017

Windemuth+ 2019 - QATS-EB

The Human Eye

Gets tough for Kepler-47 and 
others



More recent approaches

TESS

Kostov+ 2020 “1-2 punch” 
Dominic Oddo “FORCES” 

Benjamin Davies [catchy name TBD]

Large Numbers of Large Planets

Martin & Fabrycky 2021 “Stanley” 
+ new students

Kepler

Small Numbers of Small Planets





STANLEY IS AN N-BODY SEARCH GRID



time

data
N-body model



data
N-body model

time

SCALED TRANSIT DURATION 



DIFFICULTIES



1. SPEED

Difficulties



Binary Planet Bodies

Period, P 

Eccentricity, e 

Argument periapse, ω 

Orbital phase, ϑ 

Inclination, I 

Long. Ascending Node, Ω

Period, P 

Eccentricity, e 

Argument periapse, ω 

Orbital phase, ϑ 

Inclination, I 

Long. Ascending Node, Ω

MA 

MB 

Mp 

RA 

RB 

Rp

Up to 18 parameters 
10,000,000 N-body sims per target

Parameter List



1. SPEED 
2. PRECISION

Difficulties



time

data
N-body model



data
N-body model

TTVs from n-body: ~ 90% 
TTVs from sliding: ~ 10%

time



1. SPEED 
2. PRECISION 
3. DETRENDING

Difficulties



Be careful what you get rid of

• ECLIPSES 

• STELLAR VARIABILITY/ROTATION X2 

• DOPPLER BEAMING/BOOSTING 

• ELLIPSOIDAL VARIATION 

• REFLECTION 

• VARIABLE TRANSIT DURATION



1. SPEED 
2. PRECISION 
3. DETRENDING 
4. FALSE-POSITIVES

Difficulties
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Finding Kepler-16 (8 R⨁)

SDE > 8 for detection



SDE > 8 for detection

Finding Kepler-47b (3 R⨁)



Finding Kepler-47b, c and d

“b” 
49 days

“d” 
187 days

“c” 
303 days



Pushing detection limits



Finding Kepler-16 @ 2R⨁



Finding Kepler-16 @ 1R⨁



“do a literature review before starting a project”

Echoes of the past…

Suggestion for students

I have a confession to make…

“… I did the literature review when I wrote the paper”



1996





~200 best eclipsing binaries

A Preliminary Search By Stanley



Number known pre-search: 12

David

Kepler 
Jesus

A Preliminary Search By Stanley



Number known pre-search: 12

Number known post-search: 13

David

Kepler 
Jesus

A Preliminary Search By Stanley
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8 1:

The size distribution of 
planets differs!

Injection-Retrieval

Real Single Star

Planets

Real Circumbinary

Planets

Injected & 

Retrieved

Planets



Transiting CBPs slowed down a tad
1. Found CBPs with RV’s and ETV’s 

2. Did some theory (DO small CBPs exist? Multis? Moons?)

3. Did some *shock horror* non-CBP stuff 

4. But now… we’re back!



Improved Kepler search

What’s been added: 

1. Improved detrending 

2. Smarter injection/retrieval 

3. Interpolated search grid 

4. Larger sample 

5. Preliminary results: still a lack 

of small planets
Wata Tubthong 

4th year PhD student



Applications to TESS

Tess Kleanthous 

(Masters)

Noah Stiegler 

(Undergrad)

Arielle Weinstein 

(Undergrad)

Izzy Ward 

(Undergrad)

Casey Hartman 

(Undergrad)



Early TESS results



Early TESS results



Early TESS results
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Stanley finds TOI-1338 “easily” 

Next step: entire EBLM/BEBOP sample



Conclusions

1. Automatic methods of CBP detection are challenging 

2. Community effort 

3. Small circumbinary planets are genuinely “rare” 

4. TESS is a different beast 

5. Improved Stanley results and code on the way
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2. Community effort 
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4. TESS is a different beast 

5. Improved Stanley results and code on the way



270 ECLIPSING BINARIES 9 DEEPEST FLUXES PER TARGET

Common false positives


