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➤ ~50% of the Sun-like stars have a 
stellar companion

Planets in binaries

P-type
S-type

triple

NASA Archive, Mugrauer+2021,2023, Behmard+2022, Lester +2022

S-type or circumstellar

P-type or circumbinary

247

361

TodayBefore 2021

79

346

496

S-type planets:

229

TOI candidates
Confirmed/validated

x 2.7 

this means the equilibrium pseudosynchronous spin period
(Hut 1981) is only about 8.3 days. The correspondingV isinrot is
8.4 km s−1 for the primary star. This somewhat relatively rapid
spin may induce stellar activity that could be detected (e.g.,
starspot-induced photometric modulations, or the Mount Wilson
Ca II H and K S-index). Such enhanced activity, persistent on a
long timescale, is reminiscent of the “forever young” effect
(Mason et al. 2013), where the stars remain more rapidly
rotating, and hence active, than their ages would imply.

The observed far-ultraviolet excess in the SED (Figure 22)
can be used as a check on these ideas. For simplicity we
assume that both of the (nearly identical) stars in the system
contribute equally to the observed excess. We then infer a
chromospheric activity of ¢ = - Rlog 4.8 0.2HK via the
empirical relations of Findeisen et al. (2011), which in turn
predicts a rotation period of 10.8± 2.0 days via the empirical
rotation−activity relations of Mamajek & Hillenbrand (2008).
The latter relations also imply an age of 3.5± 1.4 Gyr,
consistent with that determined above.

4.2. Apsidal Motion, Transit Durations, Gaia EDR3
Astrometry

Based on the analysis of all available data, the observed
phase change amounts to a change in the binary’s argument of
periastron of 2.88× 10−3 degrees per cycle. Precession due to
the effects of General Relativity accounts for a change of
1.70× 10−4 degrees per cycle, and precession due to tidal
bulges (assuming zero obliquity) accounts for 2.32× 10−5

degrees per cycle, assuming apsidal constants of k2= 0.01 for
both stars (Torres et al. 2010). Thus we see that most of the
apsidal precession must be accounted for by another source,
which is the circumbinary body of planetary mass.

As mentioned above, the measured times of the two CBP
transits, combined with the RV-derived stellar masses and EB
orbital parameters, allow an analytical estimate of the planet’s
orbital period (e.g., Kostov et al. 2020b) independent of the
photodynamical analysis. Assuming e3= [0.0, 0.2] for the
eccentricity of the planet—the range for the known transiting

Figure 25. Planet radius vs. insolation, using the NExSci Exoplanet Archive confirmed transiting planet sample (as of 2021 June 27). The transiting circumbinary
planets are shown as diamond symbols, and tend to lie in the large-radius and low-insolation portion of the diagram. Shown in green is the approximate position of the
habitable zone, based on the “late Venus” and “early Mars” insolations (Kopparapu et al. 2014). Note that the insolation increases toward the left. For comparison,
non-CBP planets that reside in binary star systems are outlined with circles, and planets in triple or higher systems are outlined in squares.

Figure 26. Conservative (dark green) and optimistic (light green) habitable
zones of the TIC 1729 system. The orbit of the CBP is shown in blue. The
dashed black circle represents the planet’s critical instability orbit. (Figure
obtained using Binary-HZ calculator; http://astro.twam.info/hz/, Mueller &
Haghighipour 2014.)

28

The Astronomical Journal, 162:234 (42pp), 2021 December Kostov et al.

Kostov et al. (2021)
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➤ Photometric surveys observe plenty 
of binaries => many transiting planets 
were detected in systems which were 
later revealed as binaries by Gaia.

Raghavan+2010
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S-type planets: what do we know?

Observed statistical differences between S-type planets and single stars:

➤  Distribution of planet mass and semi-major axis is different from single-stars for abin≲1000 au (Fontanive et al. 2021). 

➤  Occurrence rate of giant planets drastically decreases for abin ≲100 au (from 20% to 4%) (Hirsch et al. 2021). 

➤ Binaries hosting S-type planets (with abin<1000 au) have the peak of binary separation at 100 au, while for field binaries the 
peak is at 50 au (Lester et al. 2021). 

➤  The population of mini-Neptunes seems to be suppressed for abin ≲100 au compared to single stars (Sullivan et al. 2024).

Tides

➤ The environment where S-type planets form can be very different from the 
single-star case:  

➤ Disc truncation and heating induced by the tides of the stellar 
companion. 

➤ Gravitational perturbation from the stellar companion.

Affects the outcome of planet formation 
and the long-term dynamical evolution
(e.g. Kley & Nelson 2007, Alexander et al. 2011, Zagaria et al. 2021, 
Ronco et al. 2021, Venturini et al. subm., Nigioni et al. subm.)
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Sigma Gas
abin = 20 au abin = 100 au

Fig. 2. Evolution of the gas disc as a function of orbital distance from the primary, for the nominal disc with binary separations of abin = 20 au
(left) and abin = 100 au (right). The grey background curves correspond to the single-star case. The disc’s profiles are shown every 105 years. Top
panels display the evolution of the gas surface density, bottom panels the evolution of the disc midplane temperature.

Table 2. Initial conditions for our simulation presented in Sec. 3.3 (left
column) and in Sec. 3.4 (right column).

simulations 3.3 simulations 3.4
Disc parameters

Md,0 [M�] 0.1 0.1
fD/G 0.01 0.01
↵ 0.001 0.001
rc [au] 50 50
 0.01⇥BL94 0.01⇥BL94

Binary parameters
M1 [M�] 1 1
M2 [M�] 0.5 U[0.1, 1]
ebin 0 U[0, 0.9]
abin [au] 20, 50, 75, 100, 300 U[10, 1000]

Planet parameters
Np 1 1
ap,0 5, 20 [au] U[1 au, Rtrunc - 1 au]

Notes. BL94: Bell & Lin (1994), Md,0 is the total disc mass before trun-
cation.

photoevaporation. External photoevaporation produces discs that

abin Rtrunc Mg,0 Ms,0 ⌧disc
[au] [au] [M�] [M� ] [Myr]
20 7.7 9.5 ⇥ 10�3 31.57 2.1
50 19.3 2.5 ⇥ 10�2 84.54 6.3
75 26.9 3.7 ⇥ 10�2 123.41 4.8

100 38.5 4.7 ⇥ 10�2 157.13 4.3
300 116 8.5 ⇥ 10�2 282.14 3.9

single-star - 9.3 ⇥ 10�2 307.68 3.9

Table 3. Disc properties for di↵erent binary separations for ebin = 0.
From left to right: binary semi-major axis, truncation radius, initial gas
disc mass after truncation, initial solid disc mass after truncation, and
disc lifetime.

evolve "outside-in" (e.g. Coleman & Haworth 2022), i.e, exter- 440

nal photoevaporation e�ciently removes material from the outer
edge, dragging along gas from the inner orbits until R⇡20 au.
When a disc gets truncated within this radius, external photo-
evaporation will not a↵ect the disc evolution, rendering longer
disc lifetimes. We analyse this e↵ect in more depth in Appendix
B.

In any case, we find that the limiting factor for planetary
growth is not the gas disc lifetime but the pebbles’ disc lifetime.

Article number, page 6

Rtrunc = 38.5 au

single star

abin = 100 au

Tides

Arianna Nigioni

Goal: to adapt the Bern Model of planet formation and evolution (Alibert 
et al. 2005, Mordasini et al. 2009, Fortier et al. 2013, Emsenhuber et al. 
2021) to binary stars to conduct population synthesis studies.

M2 = 0.5 M1

ebin = 0

➤ Tidal disc truncation and heating induced by the stellar companion (Venturini et al. subm.) 

➤ Gravitational interaction with the stellar companion (Nigioni et al. subm.)

Physical effects included: 

Gravitational interaction

The PAIRS project: Planet formation Around bInaRy Stars 

Fits from Manara 
et al. 2019, based 
on calculations of 
Artymowicz & 
Lubow 1994

Circumprimary disc

Circumsecondary disc

Disc truncation for ebin = 0

Venturini et al. (submitted)
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ap = 20 au

single 
star

abin = 100 au

abin = 75 au

abin = 300 au

Planet grows in-situ at 20 au

abin = 75 au

abin = 50 au

abin = 20 au

ap = 5 au

abin = 300 au

single star

abin = 100 au

Effect of disc truncation on planet growth: shut-off of pebble supply

M1 = 1 M☉
M2 = 0.5 M☉

α = 10-3
Mdisc = 0.1 M☉ 

The closer the two 
stars and the further 
the planet in the disc, 

the stronger the 
suppression of planet 

formation

Planet grows in-situ at 5 au 

➤ Disc gas evolution with disc truncation + tidal heating + 
direct irradiation from secondary. 

➤ Dust evolution (from μm- to pebble-sizes, Birnstiel+2011). 
➤ Moon-mass embryo grows by pebble and gas accretion 

(envelope opacities: 0.01x BL94). 
Tides

Venturini et al. (submitted)
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Truncation only

M1 = 1 M☉ α = 10     1 embryo−3Mdisc = 0.1 M☉ M2 = 0.1 - 1 M☉  = 0 - 0.9ebin = 10 - 1000 auabin

• In-situ, grid of 5000 simulations, 1 embryo per system.

Effect of gravitational perturbation from the secondary

Truncation + gravitational interaction

Unstable/Unbound
Stable/Bound

Nigioni et al. (submitted)

No stable planet 
beyond 0.3 x Rtrunc!

=> For an equal mass binary and 
abin=100 au, no planet should 
exist at orbital distances > 0.3 x 
1/3 x 100 au = 10 au. 
➤
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Population synthesis: distributions of binary parameters (initial conditions)

๏ Still running: 84 systems 

๏ No gas disc: 128 simulations —> abin < 3 au.

๏ 81 simulations with errors

๏ 707 analysed systems -> 14048 planets (all Mp, stable or 
ejected) —> 2049 planets (with Mp > 0.1 ME and stable)

1000 systems, 20 embryos per system:

Raghavan et al. (2010)
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Population synthesis: output after formation + evolution 

16.5 % of systems are missing

➤ Formation until disc dispersal 
➤ 20 Myr of N-body 
➤ 10 Gyr evolution with photoevaporation

Nigioni, Venturini et al. in prep.

abin < 1e5 au
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Population synthesis: output after formation + evolution 

All binaries (initial conditions) Binaries that formed planets

1000 binary systems, 20 embryos per system

Distribution of binary semi-major axis

16.5 % of systems are missing Nigioni, Venturini et al. in prep.

peak 
~50 au

peak 
~300 au
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Population synthesis: output after formation + evolution 
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Population synthesis: output after formation + evolution 
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Population synthesis: output after formation + evolution 
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Population synthesis: output after formation + evolution 
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Population synthesis: output after formation + evolution 
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Population synthesis: output after formation + evolution 
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Population synthesis: output after formation + evolution 
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Population synthesis: output after formation + evolution 
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Population synthesis: output after formation + evolution 
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S-type planets with NIRPS  &  PlanetS catalog

PlanetS catalog  
[Parc et al. 2024]

Lina Messamah

➤ Ongoing efforts to expand the planets in binary sample at 
angular separations < 2’’ with NIRPS. 

➤ Targets: transiting S-type planet candidates around K- to 
M-dwarf hosts. 

➤ High-resolution follow-up to confirm new S-type planets.

F. Bouchy

σR/R < 8%
σM/M < 25%

Messamah et al. (in prep.)
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Summary

Thank you for 
your attention! 

➤ WG on S-type planets within the PLATO 
Consortium: synergy with GAIA DR4.

➤ CHEOPS is allowing to identify the planet-hosting star in S-
type binaries and to refine the planet radius. 

➤ Ongoing efforts with NIRPS to confirm S-type planets around 
M- and K-dwarfs for angular separations < 2’’.

Theory:

Observations:

➤ S-type planet formation by pebble accretion is severely affected by disc 
truncation for abin < 50-100 au.   

➤ During formation, the S-type planets become unstable if located beyond  
~0.3 x Rtrunc. => Outer limit to S-type planetary systems that can be tested 
observationally. 

➤ (Preliminar) Pop. Synthesis: 
➤ min. abin to form Earth-mass planets:~30 au 
➤ min. abin to form giant planets (Mp>100 ME): ~ 80 au 
➤ Far-out giant planets (ap ~ 50 -300 au) appear for abin~ 1000 -10’000 au  

—> to be investigated!


