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Circumbinary planets  —  P-type

Planets in binaries  —  S-type

Stellar obliquity vs orbital orientation  —  Rossiter-McLaughlin

Short-period but cool  —  volatile-rich planets in M dwarfs
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CIRCUMBINARY PLANETS

G E O R G A K A R A K O S +  2 0 2 4
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s-type
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KEPLER-444A BCDEF
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WASP-94AB AND BB

C A M PA N T E +  2 0 1 5 ,  Z H A N G +  2 0 1 7

11 Gyr (thick disc)

5 sub-Earth planets
4:5, 3:4, 4:5, 4:5 chain

secondary star’s
periastron: 5 AU

M. Neveu-VanMalle et al.: WASP-94 A and B planets: hot-Jupiter cousins
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Fig. 2. WASP-94Ab spectroscopic data and fitted MCMC model. Top:
the CORALIE radial velocities phased at the transit period over-plotted
with the best-fit solution. Second panel: the residuals of the fit. Third
panel: the bisector spans. Bottom: zoom on the CORALIE radial veloc-
ities taken during the transit over-plotted with the best solution for the
Rossiter-McLaughlin e↵ect.

From a couple of serendipitous measurements on WASP-94B,
we detected a radial velocity variation of 159 m s�1. That trig-
gered intensive observations of the star with CORALIE to con-
firm its variability. Interestingly, the FWHM of the CCF of
WASP-94B is smaller than WASP-94A, suggesting a weak ro-
tational broadening of the spectral lines (v sin i?). Twenty-one
spectra were obtained between 2012 Aug. 18 and 2014 May 5.
A spectral analysis was performed on WASP-94B similarly to
WASP-94A. The results are shown in Table 1.

The FWHM and the bisector span of the CCF of the fainter
component are scattered. Since there is no correlation with the
radial velocities (see Fig. 4), the possibility that stellar activity
might have induced the signal is rejected (Queloz et al. 2001).

We unsuccessfully searched for a transit of WASP-94Bb.
First we used the WASP light-curve that includes the light of
both stars. We phase-folded the WASP photometric data using
the period and phase obtained with the radial velocities. No tran-
sit signal was detected. Later, the TRAPPIST telescope observed
WASP-94B on 2014 May 10 and 14, excluding a transit down

Table 2. Parameters for WASP-94Ab from the MCMC analysis.

Parameter Value Parameter Value

P (d) 3.9501907(+44)
(�30) M? (M�) 1.45(+9)

(�9)

Tc (HJD) 2 456 416.40138(+26)
(�26) R? (R�) 1.62(+5)

(�4)

T14 (d) 0.1870(+9)
(�7) log g? (cgs) 4.181(+13)

(�17)

T12 = T34 (d) 0.0189(+9)
(�5) ⇢? (⇢�) 0.344(+11)

(�20)

�F = R2
P/R

2
⇤ 0.01197(+17)

(�15) Te↵ (K) 6153(+75)
(�76)

b 0.17(+9)
(�8) MP (MJup) 0.452(+35)

(�32)

i (�) 88.7(+7)
(�7) RP (RJup) 1.72(+6)

(�5)

K1 (km s�1) 0.0454(+28)
(�27) log gP (cgs) 2.542(+30)

(�33)

� (km s�1) –8.82313(+48)
(�46) ⇢P (⇢J) 0.089(+8)

(�8)

e <0.13 at 3� TP,A= 0 (K) 1604(+25)
(�22)

a (AU) 0.055(+1)
(�1) � (�) 151(+16)

(�23)

Errors are 1�; Limb-darkening coe�cients were:
(Euler r) a1 = 0.630, a2 = –0.094, a3 = 0.478, a4 = –0.276
(Trap I + z) a1 = 0.723, a2 = –0.450, a3 = 0.685, a4 = –0.333

Table 3. Parameters for WASP-94Bb from the single Keplerian orbital
solution.

Parameter Value Parameter Value

P (d) 2.00839(+24)
(�24) MP sin i (MJup) 0.618(+28)

(�29)

K1 (km s�1) 0.08648(+265)
(�275) a1 sin i (10�3 AU) 0.01594(+50)

(�49)

e 0 (adopted) f1(m) (10�9 M�) 0.134(+13)
(�12)

T0 (BJD) 2 456 574.359(+23)
(�22) a (AU) 0.0335(+6)

(�5)

Nmes 21 �O�C (m s�1) 7.16
�T (years) 1.71

Notes. T0 represents the time of largest amplitude of the radial
velocities.
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Fig. 3. WASP-94B periodogram. The dotted lines correspond to a false-
alarm probability of 0.1%, 1% and 10%.

to 1.5 mmag depth. From this non-detection, we can estimate an
upper limit for the inclination of the orbital plane of WASP-94Bb
as i <⇠ 79�. It is interesting that the orbital planes of the two plan-
ets are inclined relative to each other, which indicates that at least
one of them is inclined relative to the plane of the stellar binary.

We only analysed the radial velocities because we did not
detect any transit. The Lomb-Scargle periodogram of the veloc-
ity data plotted in frequency is displayed in Fig. 3. There is a
significant peak (false-alarm probability lower than 0.1%) corre-
sponding to a period of 2.008 d. The fitted eccentricity is much
lower than the error bar (e = 0.13 ± 0.20). Thus we assumed
a circular orbit. The Keplerian solution is plotted in Fig. 4. The
system parameters are listed in Table 3.

A49, page 3 of 5
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Binary  sys tem geometr ies  i so late  some p lanet  fo rmat ion  processes

They  in form us  where  p lanets  l i ke ly  did not  fo rm

S E E  K R A U S +  2 0 1 6T A L K  B Y  V E N T U R I N I



see also Kley & Haghighipour 2014
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More massive planets are expected further out (Pierens & Nelson 2008)
The orbital parameters consistent with low h/r and low alpha discs 
            (Pierens & Nelson 2013, Penzlin, Kley & Nelson 2020)
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global trends
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BINARITY AFFECTS OCCURENCE RATES

S E E  R A G H A V A N +  2 0 1 0 ,  K R A U S + 2 0 1 6 ,  M A R T I N ,  D . V.  2 0 1 8 ,  M O E  &  K R AT T E R  2 0 2 1

L a c k  o f  b i n a r i t y  e x p l a i n s  h a l f  o f  t h e  i n c r e a s e d  p l a n e t  o c c u r e n c e  i n  M s

for , planet occurence rates decrease by factor 3 (Kraus+ 2016)abin < 50 AU
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circumbinar y
exoplanets

where 
observations 
require dynamics
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TIMING & DURATION VARIATIONS APSIDAL PRECESSION

 photo-dynamical modelling⇒
K O S T O V +  2 0 2 0 ,  B AY C R O F T +  2 0 2 3 ,  T R I A U D +  I N  P R E PO R O S Z +  2 0 1 2

transits can be severely asymmetric

Fig. 1. Light curves and velocity curve data with model fits.
(Top) Normalized and detrended flux is plotted versus orbital
phase for the primary (left) and secondary (right) eclipses, along
with the binary star model. (Middle) The radial velocities of the
primary star and the best-fitting model are plotted versus the
orbital phase. The expected radial-velocity curve of the second-
ary star is shown with the dashed line. (Bottom) The normalized
and detrended flux near five representative transits of the inner
planet (upper) and all three transits of the outer planet (lower)
are shown. See figs. S13, S14, and S15 for plots of all 18 transits
of the inner planet and plots of the residuals of the various
model fits.

Fig. 2. Planetary transit time and duration variations. (Left)
The observed minus expected times of transit computed from
a linear ephemeris are shown versus time (an “O-C” curve).
The triangles show the measured deviations, and the filled
circles are the predictions from the photometric-dynamical
model. Four transits of the inner planet occurred in data gaps
or regions of corrupted data. (Top right) The O-C values of
the inner planet are shown as a function of the binary phase,
where the primary eclipse occurs at phase 0.0 and the
secondary eclipse is at phase 0.487. Two cycles have been
shown for clarity. The solid curve is the predicted deviation
assuming a circular, edge-on orbit for the planet. The lateral
displacement of the primary near the eclipse phases is
minimal, and therefore the deviation of the transit time from
a linear ephemeris is near zero. The primary is maximally
displaced near the quadrature phases, so transits near those
phases show the most offset in time. (Bottom right) The
durations of the transits for the inner planet (filled circles)
and the outer planet (filled squares) as a function of the
orbital phase of the binary. The solid curves are the predicted
durations assuming a circular, edge-on orbit for the planet.
At phases near the primary eclipse, the planet and the
primary star are moving in opposite directions, resulting in a
narrower transit. At phases near the secondary eclipse, the
planet and the primary star aremoving in the same direction,
resulting in a longer transit. The outer planet is moving slower than the inner planet, resulting in longer transits at the same binary phase.

21 SEPTEMBER 2012 VOL 337 SCIENCE www.sciencemag.org1512

REPORTS

 o
n 

Fe
br

ua
ry

 6
, 2

01
3

w
w

w
.s

ci
en

ce
m

ag
.o

rg
D

ow
nl

oa
de

d 
fro

m
 



C I R C U M B I N A R Y  G A S - G I A N T  O C C U R R E N C E

Armstrong et al. 2014:

Assuming coplanarity ( )Δi = 0∘ ± 0∘

Martin & Triaud 2014: ~15% (P< 10 years)
~9.8% (P< 300 days)

Mayor+ 2011: 13.7% (P< 10 years)
5.4% (P< 400 d)

Santerne+ 2016: 4.6% (P< 400 d)

S I N G L E  S U N - L I K E  S TA R S :

> 0.15 Mjup, > 6 R⊕, Pbin > 5 days

17

N O  C I R C U M B I N A R Y  P L A N E T S  W H E R E  Pbin < 7 days
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M A R T I N  &  T R I A U D  2 0 1 418

ORBITAL INCLINATION = LARGE SOLID ANGLE



E F F E C T  O F  M U T U A L  I N C L I N AT I O N

M A R T I N  &  T R I A U D  2 0 1 4 , 1 5 ,  A R M S T R O N G +  2 0 1 4 ,  L I +  2 0 1 6
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R I C K E R +  2 0 1 4

Projected results by TESS
very few temperate planets

Compared to the natural frequency 
of eclipsing binaries, circumbinary 

planets are over-represented.

20

C I R C U M B I N A R Y  P L A N E T S  A R E  O V E R - R E P R E S E N T E D
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very few temperate planets
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planets are over-represented.

20

C U R R E N T LY  O N  N A S A  E X O P L A N E T  A R C H I V E  
F o r  K  <  1 1 ,  7 5  d  <  P  <  1 0 0 0  d ,  a n d  r a d i i  >  2  R e  

4 5  p u b l i s h e d  e x o p l a n e t s ,  i n c l u d i n g  4  c i r c u m b i n a r y  p l a n e t s

C I R C U M B I N A R Y  P L A N E T S  A R E  O V E R - R E P R E S E N T E D



v e r y  p r e l i m i n a r y  r e s u l t s
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THE BEBOP SURVEY: results, so far
BINARIES ESCORTED BY ORBITING PLANETS T A L K  B Y  A D A M S O N



THE BEBOP SURVEY: preliminary results
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BINARIES ESCORTED BY ORBITING PLANETS

Occurrence rate

Circumbinary planets  are rarer than for single stars> 3 MJup 5 ×
Physical properties

RV and transit circumbinary planet population are different.
         Solution? Exoplanets with low masses and large radii

Correcting for completeness, ~ 12% of binaries have a gas giant

Puzzling result

T A L K  B Y  A D A M S O N

C O N S I S T E N T  ,  C O N S I S T E N T  W I T H  L O W  H / RσΔi = 0∘

W I T N E S S I N G  T H E  E F F E C T  O N  T H E  S A F R O N O V  N U M B E R ?   L AT E  S O L I D  A C C R E T I O N ?  S L O W E R  G A S  A C C R E T I O N

I S  T H I S  A  F O S S I L  T R A C E  O F  F O R M AT I O N  B E Y O N D  T H E  S N O W  L I N E ?



Z Ú Ñ I G A  F E R N Á N D E Z +  2 0 2 1 ,  K E N N E D Y +  2 0 1 923

outer pair is about to be eclipsed by the disc during 2026-27!
A  P O L A R  C I R C U M B I N A R Y  D I S C :  H D 9 8 8 0 0



A  P O L A R  E C C E N T R I C  O R B I T :  2 M 1 5 1 0  D

24

in principle, obliquities and orbital inclinations to be measured!

A L S O ,  TA L K  B Y  P O O N

two other similar objects:  VHS1256 and Delorme-1
T R I A U D +  2 0 2 0 ;  B AY C R O F T +  2 0 2 5 ;  B AY C R O F T ,  S M A L L W O O D  &  T R I A U D  I N  P R E P
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cool giant
exoplanets

at the 

origin of 
hot Jupiters



E V I D E N C E  R E L AT E D  T O  H O T  J U P I T E R S
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They tend to have lower masses (amplified by transit method)

E X O P L A N E T . E U

http://exoplanet.eu
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There is a peak around 3 days (consistent with circularisation)

E V I D E N C E  R E L AT E D  T O  H O T  J U P I T E R S

They tend to have lower masses (amplified by transit method)
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There is a peak around 3 days (consistent with circularisation)

E V I D E N C E  R E L AT E D  T O  H O T  J U P I T E R S

S A N T E R N E +  2 0 1 6

~0.5% ~5%

T A L K  B Y  M I G N O N



Warm Jupiters (> 10 days, for solar type stars) have companions
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E V I D E N C E  R E L AT E D  T O  H O T  J U P I T E R S

H U A N G ,  W U  &  T R I A U D  2 0 1 6

~1%
with companions

~50%
with companions

S E S S I O N  O N  C O L D  G I A N T S  W I T H  C O M PA N I O N S



The orbit of many hot Jupiters is misaligned to the stellar axis

30

E V I D E N C E  R E L AT E D  T O  H O T  J U P I T E R S

T R I A U D  2 0 1 8



The orbit of many hot Jupiters is misaligned to the stellar axis

Warm Jupiters have companions, many are eccentric

31

They tend to have lower masses (amplified by transit method)

There is a peak around 3 days (consistent with circularisation)

E V I D E N C E  R E L AT E D  T O  H O T  J U P I T E R S

Systems in tight configurations break linearly with log time.

T A L K  B Y  M O R G A N

Anecdotally, many transiting gas giants are in pairs, and show TTVs
T A L K  B Y  G U I L L O T



Systems in tight configurations break linearly with log time.
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E V I D E N C E  R E L AT E D  T O  H O T  J U P I T E R S

varied spacing, Keff acts as an equivalence of K in systems with
a uniform spacing. Such a combination can also explain the
results in Chambers et al. (1996) where they made some
preliminary explorations on the impact of a K dispersion.

We can now fit the survival probability reported in Figure 2
as a function of Keff (the functional form being somewhat
arbitrary):

{ }[ ]( )s K K, 1 exp 0.5 0.6 0.35 log ,

(11)

eff eff
2t t= - - - -

for K 1.2 0.7 logeff t+⩾ and 0 otherwise. Here the dimen-
sionless time t T1t = , and T1 is the orbital period of the
innermost planet (∼12 days in our case). We now define a
threshold spacing, K t( )50 , as the smallest Keff necessary to
achieve a survival probability of 50% at time t. This spacing
has a similar functional form to that presented in Chambers
et al. (1996), Smith & Lissauer (2009), and Funk et al. (2010),
but with different numerical coefficients,

K t( ) 0.7 log 2.87. (12)50 t» +

We compare our critical spacing with those from previous
works in Figure 3. Our results, with a spread in K and in
planetary masses, have to be characterized by K50. This differs
from the definition of Kcrit for other groups, which typically
adopt a uniform K and mass. However, results broadly agree
within error bars (as given by Funk et al. 2010), but ours tend
to fall below. In other words, at the same spacing (measured by
Keff in our cases), inhomogeneous systems (with mass and
spacing dispersions) remain stable slightly longer than
homogeneous systems do. We note that homogenous systems,
with their uniform period ratios, tend to be strongly affected by
the presence of mean-motion resonances (Smith & Lis-
sauer 2009; Funk et al. 2010, see, e.g.,). This may partially
explain the difference. A more important difference between
homogenous and inhomogeneous systems is that the former
may reach eternal stability at a finite spacing (as suggested by
Smith & Lissauer 2009), while we do not observe this for the

latter (see Section 2.3). From now on, we consider that our
results (Equation (12)) supercede Equations (6) and (7).
Our scaling is valid for four orders of magnitude in τ

( 105.5t = –109.5, Figure 2). In subsequent sessions, we assume
that it remains valid for another order of magnitude, to

1010.5t = (or t = 1 Gyr). At this epoch, the critical spacing is
K 10.250 ~ .

2.2.3. Results for Eccentric, Inclined Systems

Here, we explore quantitatively how eccentricity and
inclination affect the critical spacing. We generate 12,000
artificial seven-planet systems with a normal distribution in
spacing, K6.0 20.0mean⩽ ⩽ , 3.0 4.0Ks⩽ ⩽ , and a Rayleigh
distribution in eccentricity and inclination. The scale factors are

es and incs , e.g.,

P e de
e e de( ) exp

2
. (13)

e e
2

2

2s s
=

ì
í
ïï

î
ïï
-

ü
ý
ïï

þïï

We explore the range [0, 0.05]es Î , and [0, 0.16]incs Î (in
radian, corresponding to a range of [0 , 9 ]n n ). The initial
longitudes of ascending nodes are randomly distributed
between 0 and 2p.
Given the extra dimension in orbital parameters, it is only

feasible to integrate these systems up to a time of 1 million yr
( 107.5t = ). The survival probability for different types of
orbits are shown in Figure 4.
Individually, mutual inclination and initial eccentricity each

has a strong destabilizing effect on stability. For the range of
parameters that we explore, the critical spacing can be

Figure 2. Same as Figure 1 but with the results plotted against
K K 0.5 Keff mean s= - . This combination of parameters is found to describe
the numerical results succinctly. Different solid lines represent Equation (11),
evaluated at their respective times. The dashed curve shows the extrapolation of
Equation (11) to t 109= yr (or 1010.5t = ).

Figure 3. Critical K spacing required to maintain stability over time τ (x-axis,
in logarithm), as obtained by different groups. The Funk et al. (2010) results
(in red, Equation (6), with vertical error bars) are for 5 10 5m = ´ - ; the Smith
& Lissauer (2009) results (in blue, Equation (7)) apply to 3 10 6m = ´ - ; we
insert 2 10 5m = ´ - into the fitting formula of Zhou et al. (2007), and modify
their expression to suit the present notation, to obtain the magenta line. All
these simulations are of uniform mass and uniform spacing and therefore are
not statistical in nature. Our results, K50 (Equation (12)), are plotted as a black
curve. The horizontal extent of each curve also delineates the respective time
range probed by different studies—the present study probes up to 108.5t = , 10
times longer than previous ones. Our critical spacing is broadly consistent,
though somewhat smaller, than that of previous studies.
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Systems in tight configurations break linearly with log time.

33

E V I D E N C E  R E L AT E D  T O  H O T  J U P I T E R S

D A I +   2 0 2 4

disrupts the disk accretion flow (e.g., S. L. Shapiro &
S. A. Teukolsky 1986). The theory of “disk locking” further
posits that material at this truncation radius corotates with the
star (e.g., P. Ghosh & F. K. Lamb 1979; A. Koenigl 1991;
E. C. Ostriker & F. H. Shu 1995; M. Long et al. 2005;
M. M. Romanova et al. 2008). The light curves of young
“dipper stars” appear to trace disk material rotating with the
same periods as their stars (e.g., J. Stauffer et al. 2015).
K. Batygin et al. (2023) further suggested that the inner disk
edge has a similar Keplerian period of about 2–12 days across a
wide range of host star masses.

E. J. Lee & E. Chiang (2017) explained how the occurrence
rate profiles of Kepler planets (as measured by, e.g., F. Fressin
et al. 2013; C. D. Dressing & D. Charbonneau 2015;
E. A. Petigura et al. 2018) can be understood in terms of the
inner disk edge: exterior to the disk edge, in the disk proper,
planets are abundant, whereas interior to the disk edge, in the
magnetospheric cavity, planets are rare. Under the assumption
of disk locking, E. J. Lee & E. Chiang (2017) utilized the
observed rotation periods of pre-main-sequence stars in stellar
clusters to establish that orbital periods at the inner disk edge

range from ∼0.3 to 20 days. Here, we follow their reasoning
and compare, in Figure 9, the stellar rotation periods in the
∼1Myr old cluster rho Ophiuchus (L. M. Rebull et al. 2018),
to the orbital periods of the innermost planets in resonant
chains. There is generally good overlap. Within rho Oph,
∼94% of stars rotate faster than 10 days, and the longest
rotation period is ∼14 days. Among the innermost planets of
resonant chains, ∼90% have orbital periods shorter than
10 days, and the longest period is that of Kepler-127 at
14.4 days. We contrast these distributions with the period
distribution of the innermost planets of generic multiplanet
systems (gray points in Figure 9). The latter exhibit a broader
range of periods: e.g., 14.5% lie outside 15 days, with some
exceeding 100 days. There are 30 resonant-chain systems
known; if their innermost planets were distributed like those in
generic multiplanet systems, we would expect, in a sample size
of 30, an average of 4 planets to have orbital periods >15 days.
Yet none are observed.
While we have shown that the observed orbital periods of

resonant chain systems are consistent with being parked at inner
disk edges (e.g., C. Terquem & J. C. B. Papaloizou 2007;
K. H. Wong & M. H. Lee 2024), there remain unresolved issues.
Observationally, transit surveys are biased toward finding
shorter-period planets (J. N. Winn 2010), and we may be
missing resonant chains parked farther out. R. Miranda & D. Lai
(2018) suggested that planets may halt their migration farther out
from the inner disk radius, by a factor of 3–5, if the Type-I
migration torque is calculated including wave reflections at the
inner edge. At these close-in distances, the disk may be
magnetically turbulent (e.g., S. J. Desch & N. J. Turner 2015;
M. R. Jankovic et al. 2021, 2022), and stochastic forcing may
prevent planets from parking (Y. Wu et al. 2024a). Even if the
innermost planet parks initially, continued angular momentum
transfers up and down the chain, and with the disk, may push the
inner planet further in, depending on the details of disk transport
(S. Ataiee & W. Kley 2021). Staging the creation of chains at the
tail end of the disk’s life, when gas surface densities are low
(e.g., E. J. Lee & E. Chiang 2016), may alleviate these concerns.

4.5. Resonant Repulsion

“Resonant repulsion” refers to the process where the
deviation from perfect period commensurability Δ near first-
order resonance increases over time due to some dissipative
process (J. C. B. Papaloizou & C. Terquem 2010; Y. Lithwick
& Y. Wu 2012; K. Batygin & A. Morbidelli 2013a; J. B. Deli-
sle & J. Laskar 2014). Eccentricity tides raised on the planet by
the star provide one source of dissipation. Under the
assumption that tidal dissipation in the planet drives resonant
repulsion, and that a pair starts at exact period commensur-
ability (i.e., Δ= 0 at t= 0), Y. Lithwick & Y. Wu (2012)
derived that Δ evolves as

⎜ ⎟ ⎜ ⎟ ⎜ ⎟

⎜ ⎟ ⎜ ⎟ ⎜ ⎟

⎛⎝ ⎞⎠ ⎛⎝ ⎞⎠ ⎛⎝ ⎞⎠⎛⎝ ⎞⎠ ⎛⎝ ⎞⎠ ⎛⎝ ⎞⎠
( )

( ) ( )


b b

D »
¢

´

´ +

-

Å Å

- -


t
Q M

M

R

R

M
M

P t

0.006
100 10 2

5 days 5 Gyr

2 2 , 2

p
1 3

p
1 3

p
5 3

8 3
p

13 9 1 3

2 1 3

where ¢Qp is the reduced tidal quality factor of the inner planet;
Mp, Rp, and Porb are the mass, radius, and orbital period of the
inner planet; Må is the mass of the host star; and

Figure 7. Top: the incidence of first-order resonant pairs (blue curve) and the
incidence of planetary systems with at least one resonant pair (first- or second-
order; orange curve) across three age bins: (1) “young” (<100 Myr), (2)
“adolescent” (100–1000 Myr), and (3) “mature” (>1 Gyr). The young
planetary systems abound in resonances, which appear to disintegrate over a
timescale on the order of 100 Myr. The age bins have been offset for clarity.
Bottom: cumulative distributions of Δ near first-order commensurability across
different age groups. Data are plotted for all pairs, resonant and nonresonant;
the red and black curves saturate at largeΔ values not plotted. We see evidence
of the Δ distribution broadening with time, in particular within the first 1 Gyr.
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I think hot Jupiters are former, broken pairs of warm Jupiters

E X O P L A N E T . E U

http://exoplanet.eu
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Rossiter-McLaughlin measurements for young planets

Improved statistics on the occurrence of gas giants

Studying volatile-rich planets in low mass stars

H O W  T O  T E S T  T H I S  S C E N A R I O ?  A n s w e r  a t  5 1  P e g  4 0 t h?

Orbital inclinations for long-period gas giants (RM, or Gaia)
T A L K S  B Y  S A H L M A N N ,  S M I T H ,  M I R E L E S ,  U L M E R - M O L L

T A L K S  B Y  H É B R A R D ,  O S B O R N ,  W E I S S ,  U L M E R - M O L L ,  G U I L L O T  +  G A I A  S E S S I O N

Occurrence rate as a function of time
T A L K  B Y  S C H M I D T

Composition of hot Jupiters should be similar to warm Jupiters
T A L K  B Y  B I R K B Y ,  G U I L L O T

S E S S I O N  O N  M  D W A R F S  H O S T I N G  G I A N T S

Checking the incidence of gas giant pairs, particularly at long P.
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Mutual inclinations, some intriguing clues

G A I A ’ S  O R B I TA L  I N C L I N AT I O N S

how regular? mixing transit & Gaia for inner vs outer systems
P O S T E R  B Y  B O U R R I E R  &  2  S E S S I O N S  O N  G A I A  D ATA

X U A N  &  W YAT T  2 0 2 0

 Men has an inner transiting planet, and outer inclined giantπ
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MANGOs & GEMs: two dedicated programmes to detect gas 
giants transiting M dwarfs

TOI-6478b: a 34d period Neptune, beyond the ice-line (200K)

M A N G O S ,  G E M S  &  T O I - 6 4 7 8 B

mass? stellar obliquity? atmospheric composition? planet near MMR?

S E S S I O N  O N  M  D W A R F S  H O S T I N G  G I A N T S

S C O T T +  2 0 2 5

Is the 3d peak the same? the period valley? eccentricity? atmosphere?
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young planets
hot Jupiters

& 

brown dwarfs
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C O L O U R - M A G N I T U D E  D I A G R A M S

718 A. H. M. J. Triaud et al.

Figure 5. Same diagrams as the top line in Fig. 3 but showcasing the behaviour of blackbodies at 10 pc, whose effective temperature is changed while keeping
its size constant. The plain black line is for a 0.9RJup object, similar to the radius of a brown dwarf, and the plain grey line represents a 1.8RJup, the size
of WASP-12Ab. The white filled diamonds (0.9RJup) and dots (1.8RJup) along the blackbodies indicate the location of a 4000, 3000 and 2000 K object. For
reference, the blue, empty diamonds highlight the position of young, directly detected exoplanets whose data are given in Table B1.

Figure 6. Same diagrams as the top line in Fig. 4 but showcasing the behaviour of blackbodies at 10 pc whose effective temperature is changed while keeping
its size constant. In plain black, is drawn a 0.9RJup object, similar to the radius of a brown dwarf, and in plain grey a 1.8RJup, the size of WASP-12Ab. The
two bottom panels have an added dotted grey line, which is a blackbody with the size of GJ 436b (0.38RJup). The marks along the blackbodies indicate the
expected location of a 4000, 3000, 2000 and 1000 K object.

MNRAS 444, 711–728 (2014)
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To compare hot Jupiters to Brown Dwarfs and directly imaged planets

T R I A U D  2 0 1 4 ,  T R I A U D + 2 0 1 5 ,  D R A N S F I E L D  &  T R I A U D  2 0 2 0
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Exoplanet properties 
IN DYNAMICALLY RICH  ENVIRONMENTS 

help understand formation
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Comparing sub-populations is key to progress
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BINARIES ESCORTED BY ORBITING PLANETS
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BINARIES ESCORTED BY ORBITING PLANETS
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AN IMPROVED PROBABILITY OF TRANSIT
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