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FIRST, A BIT OF HISTORY AND CONTEXT
CIRCUMBINARY GAS-GIANT OCCURRENCE

S . MJOR & =8V REARTH

Assuming coplanarity (Ai = 0° £ 0°)

Armstrong et al. 20| 4: ~6.47% (P< 300 days)
Martin & Triaud 2014; ~ | 0%(FP< |0 yean@

SINGLE SUN-LIKE STARS:

Mayor+ 201 | e o(P< |10 years)
7% (P< 400 d)

Santerne+ 2016 4-6/0.(P=agb) d)




DETECTING CIRCUMBINARY PLANETS
in double-lined systems
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DETECTING CIRCUMBINARY PLANETS
in double-lined systems
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DETECTING CIRCUMBINARY PLANETS
in double-lined systems

RN ONACK] ET AL .42 SHES

Current state-of-the-art precision is at the level of ~1 m s™!.
It 1s however important to note that such a precision refers to
single stars or at best single-lined spectroscopic binaries where
the influence of the secondary spectrum can be neglected. In

can be determined. It 1s quite surprising that the RV precision
of double-lined binary stars on average has not improved much
over the last 100 years (see Figure 1). With the exception of
our previous work (Konacki 2005, 2009), the RV precision for
such targets typically varies from ~0.1 km s™' to ~1 km s™!
and clearly 1s much worse than what has been achieved for stars
with planets or single-lined binary stars. The main problem with



|HE START OF BEBO®P, AS AN RV SURVEY

BINARIES ESCORTED BY ORBITING PLANETS

The main premises

A focus on eclipsing SBI (to avolc

Binaries with period > > days
Binaries without obvious tertiary stars

Two main initial assumptions
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[HE START OF BEBODI, AS AN RV SURVEY

BINARIES ESCORTED BY ORBITING PLANETS
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|HE START OF BEBRO®P, AS AN RV SURVEY

BINARIES ESCORTED BY ORBITING PLANETS

IPbM[days]

A pile-up at 6 Py,

C T T ] T T ] |||°'
10.0 f
<10 |
7)) |
3 C
E |
| L
S 01 -
0.01

| I I N

10.0 100.0 1000.

9 orbital period [days]

50.

10.0

Instablllty re'glon

O

O Kepler-47
IR R R B

200.

500.
Ppi [days]

1000.

2000.




LARGE SOLID ANGLE

ORBITAL INCLINATION
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e SSING | BEMPERALE PLANETS
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e SSING | BEMPERALE PLANETS

Planet radius (Earth radii)
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EEeESSI NG | BEMPERALE PLANETS

Stars Brighter than J=10

Known Planets, May 2014
Predicted TESS Yield

Projected results by TESS
very few temperate planets

th radii)

CURRENTLY ON NASA EXOPLANET ARCHIVE
For K < 11, 75 d < P < 1000 d, and radii > 2 Re

36 published exoplanets, including 4 circumbinary planets
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THE BEBOP SURVEY: THE GOALS

BINARIES ESCORTED BY ORBITING PLANETS

demonstrate circumbinary planets can be detected with RV
for SBI and SB2

complete a first survey and measure occurrence rates

attempt to get dynamical masses of the binary
to get absolute planet masses

—8o——

Compare the properties of circumbinary planets to
circumstellar planets In order to distinguish various
bathways of planet formation

To have the precursor population to post-AGP planets
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MaSS (Mjup)
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THE BEBOP SURVEY: WHAT DID WE DO

BINARIES ESCORTED BY ORBITING PLANETS

We monitored intensively ~1 10 binaries with 5 < P, . < 70d

We collected 3700 spectra with SOPHIE (North) anc
2300 with HARPS (South)

VWe also monitored |10 SB2 systems
(6 from Konacki, T1C [/72,and 3 Kepler ETV systems)
to do some R&D and solve the SB2 problem




BEBOP MILESTONES: KEPLER-16

BINARIES ESCORTED BY ORBITING PLANETS
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BEBOP MILESTONES: TOI-1338 / BEBOP-1

BINARIES ESCORTED BY ORBITING PLANETS
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BEBOP MILESTONES: CIRCUMBINARY TRANSITS
[10I-1338 / BEBOP-1b - from Antarctica

Relative flux
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BEBOP RESULTS: BEBOP-3 - ECCENTRIC

BINARIES ESCORTED BY ORBITING PLANETS
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BEBOP RESULTS: BEBOP-4 - A BROWN DWARF

BINARIES ESCORTED BY ORBITING PLANETS
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BEBOP RESULTS: THE EMERGING POPULATION

BINARIES ESCORTED BY ORBITING PLANETS
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BEBOP - PHASE |: PRELIMINARY RESULTS

BINARIES ESCORTED BY ORBITING PLANETS

Circumbinary planets can be detected with RVs in SBls

Physical properties
Circumbinary planets > 3 My, are S X rarer than for single stars

Orbital properties
Circumbinary planets can have significant eccentricrties
Circumbinary planets are most not at ~ 6 Py .

Big result
RV and transit circumbinary planet population are different.
Solution? lcy planets with low masses and large radii

Occurrence rate
Correcting for completeness, ~ | 2% of binaries have a planet

Nl



BEBOP - PHASE |: PRELIMINARY RESULTS

BINARIES ESCORTED BY ORBITING PLANETS
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BEBOP - PHASE |: PRELIMINARY RESULTS

BINARIES ESCORTED BY ORBITING PLANETS
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BEBOP GOING INTO PHASE |

BINARIES ESCORTED BY ORBITING PLANETS

New goals

A survey of SBI and SB2 to compare their planet populations.
Do higher mass systems, have higher mass circumbinary planets!
Solve the transit/RV population dichotomy

Demonstrate a sensitivity to rocky planets

How to reach those goals
High cadence RV observations => remove stellar activity
Observe 5B2 at high RV precision and accuracy (brighter systems)

27



DETECTING CIRCUMBINARY PLANETS
in double-lined systems
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DETECTING CIRCUMBINARY PLANETS
in double-lined systems
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DETECTING CIRCUMBINARY PLANETS
in double-lined systems

—— Binary orbits NnaLe4d-SpD

—— Planet (this work, stable)
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DETECTING CIRCUMBINARY PLANETS
in double-lined systems
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D BY ORBITING PLANETS
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