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THE EBLM PROJECT

ECLIPSING SINGLE-LINE BINARIES

I he goal I1s an empirical

mass - radius - luminosity - metallicity relation

for stars < 0.2 Mo

We will also study the Rossiter-Mclaughlin effect on binaries



THE EBLM PROJECT: ECLIPSING SINGLE-LINE BINARIES
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FE EBLM PROJECT: ECLIPSING SINGLE-LINE BINARIES

campaign rules

eclipse depth compatible with Ry < 2.1 Riyp
all SB2s are removec
follow-up all objects showing K; < 50 km/s

rough stats (\WASP-5outh)

|40 hot Jupiters - 2 brown dwartfs - 220 low-mass binaries

6 papers so far: EBLM | - V|

Triaud+201 3, Gomez Magueo Chew+ 2014, von Boetticher+ 2017/,
Triaud+ 2017/, von Boetticher+ 2019, Gill4+2019




THE EBLM PROJECT: ECLIPSING SINGLE-LINE BINARIES
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E EBLM PROJECT: ECLIPSING SINGLE-LINE BINARIES
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Gas Giant Gas Giant Low Mass Star Low Mass Star

|OA/A. SMITH



THE EBLM PROJECT: ECLIPSING SINGLE-LINE BINARIES

UPDATE ON THE
BROWN DWARF DESERT

& spectroscopic orbits for
118 binary systems
composed of a Sun-like star,
and a very low-mass star
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FE EBLM PROJECT: ECLIPSING SINGLE-LINE BINARIES
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THE EBLM PROJECT: ECLIPSING SINGLE-LINE BINARIES
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Kunovac-Hodzi¢, Triaud et al. In prep

Applying for time on IR spectrographs SPIROU, CARMENES and NIRPS
to transform our SB1| into SB2 (flux ratio < 0.1%)
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CIRCUMBINARY LANETS




LESS EFFICIENT FORMATION
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CIRCUMBINARY GAS-GIANT OCCURRENCE*

> 0.15 MJupP, >8 REARTH

Assuming coplanarity (Al = 0° £ 0°)

Armstrong et al. 201 4: ~9.8% (P< 300 days)
Martin & Triaud 2014 ~ [o76dP< |0 yean@s

SINGLE SUN-LIKE STARS:

Mayor+ 201 | | 3.7%6 (P< |0 years)
7% (P< 400 d)
SamieERe+ 0| 6: S50 (Mgt d)

*after removing triples
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EFFECT OF ORBITAL INCLINATION
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MARTIN & TRIAUD 2014
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EFFECT OF ORBITAL INCLINATION
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EFFECT OF ORBITAL INCLINATION
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LET'S SEARCH CIRCUMBINARIES FROM THE GROUND

RVs are more efficient, however, problem with SB2s
A noise floor of 15-20 m/s Is found (Konacki+ 2009)
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°roblems solved by considering single line binaries.




LET'S SEARCH CIRCUMBINARIES FROM THE GROUND

ERAFEIGNACK] ET AL. 2010

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

°roblems solved by considering single line binaries.



PROOF-OF-CONCEPT: EBLMS
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BEFEMRIDI® BINARIES ESCORTE
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BFIR4IDI® BINARIES ESCORTED BY ORBITING PLANETS

Yield if all circumbinaries are coplanar
Yield if mutual inclination scatter is 5°

0.15

probability
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orbital period [days]

0.05

BSEBOP might find more

circumbinary gas glants
than KEPLER
using 2.5% of the time, °% | : b ¥ " =
and O.Z% Qf the GOST expected number of binaries with planets
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BFIR4IDI® BINARIES ESCORTED BY ORBITING PLANETS

Want to compare |:| the distributions in

Mass
period
eccentricrty
inclination
multiplicrty
metallicity

of gas-giants orbiting single Sun-like stars to
close binaries including one Sun-like star.



BFIR4IDI® BINARIES ESCORTED BY ORBITING PLANETS

data allocation

30 nights on HARPS @ ESO-3.6m
|98 nights on SOPHIE @ OHP-193cm
photometric follow-up using an Antarctic telescope (AST
TESS short cadence

funding
erc EENEERRIERD L M E
R TRUST
UK Research

Science & Technology

@ Facilities Council and Innovation
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THE PLAN

-Ind planets using the radial-velocity method
then

find them In transit, and recover their elemental abundance.

WE EXPECT THAT 95% OF BEBOP DISCOVERIES WILL TRANSIT

MARTIN & TRIAUD 2014



PROBABILITY OF TRANSIT REACHES 100% N
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ACCESSING WARM JUPITERS

X
o

Planet radius (Earth radii)

Stars Brighter than J=10

_I'I'I'I'ITI—I_I_I‘I'IHl' 1 lI"TTl||
Known Planets, May 2014 -

- C o
J
-
o R 4P
o) ®e "3’“&
':)CJ)L‘% )
0 et
@) O )
09% O ( .
— @ ;‘} O -
- O -
— O —
- -
O
O
Qa
_________________________
Sub-Neptunes
o ® ©
o N
9] ® O
e mn e e e e mee e e e e see mee e e e e (:)— ———————
Super-Earths
D
0 e
O ®
o)
® Earth-sized
p— 1") O —
llllllI 1 |||||||| Pllllllll L1

Orbital Period (days)

RICKER+ 2014



ACCESSING WARM JUPITERS

Planet radius (Earth radii)
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Stars Brighter than J=10

Known Planets, May 2014 -
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Projected results by TESS

very few warm giants for single stars
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