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Why is it so important to understand how rotation 
evolves along a stellar lifetime ?
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(García et al. 2007)

Strong angular momentum 
transport in radiative interiors

Weakened surface 
magnetic breaking as 

the star evolves 

Radiative zone flat rotation profile 
not reproduced by evolution models.

Surface rotation as 
the main probe for 

the convective 
envelope

Crucial for the interaction 
with the environment



In solar-like main-
sequence pulsators

p modes 
High-frequency, trapped between 

the surface and an inner turning 
point

g modes 
Low-frequency, trapped inside an 
internal resonant stratified cavity 

(evanescent in convective zone)

Probing internal and differential rotation
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  Mode              Restoring force 
      p               compressibility
      g               buoyancy

Problem  
g modes or mixed modes are needed to 

constrain the rotation profile of inner regions !

Several techniques to measure surface rotation but 
only asteroseismology for internal rotation. 

Rotational splittings  
+  

radial/latitudinal mode 
sensitivity 

 Solar/stellar rotation 
profile

p and g modes 
can mix

(adapted from Alvan 2014)

p mode g mode
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Surface stellar rotation with ROOSTER

3D simulation of gravity waves in F-type stars

« From the surface to the core »
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Surface stellar rotation in photometric surveys

Kepler and surface 
rotation

Adapted from Berger et al. 
(2020), Santos et al. (2021)

Main objective of this work: extract 
reliable stellar rotation periods from the light 

curves.

Develop a method for Kepler that 
could be adapted for TESS and 

PLATO

How to combine state-of-the-art analysis 
methods with machine learning 

techniques ?

~ 200,000 stars observed by Kepler.
(Borucki et al. 2010)

(Rauer et al. 2014, Ricker et al. 2015)
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Rotation analysis framework

(Mathur et al. 2010, McQuillan et al 2014, García et al. 
2014, Ceillier et al. 2016, 2017, Santos et al. 2019)

Composite 
spectrum

Wavelets

ACF

KEPSEISMIC calibration + 3 high-pass 
filters

9 potentially 
different values 

for Prot

Light curve
20 days 55 days 80 days

(García et al. 2011) + PDC for 
verification
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The ROOSTER methodology

(Santos et al. 
2019)

10 % 
tolerance 

region

95.3 % accuracy
(99.5 % after 

visual inspections)

Instrumental 
modulations

Harmonics 
of real 

rotation 
signal

(Breton et al. 2021a)

(Breton et al. 2021a)

691 stars with more than 10% difference 
between ROOSTER and S19

3 RF classifiers

Validation sample: the K&M 
dwarfs from Santos et al. 

2019 (S19). ~ 14,500 stars 



55,232 stars with Prot   
(24,182 new detections in comparison with 

McQuillan et al. 2014)

8

Applying ROOSTER on the Kepler F&G dwarfs and subgiants

(Santos, Breton, Mathur and García, 2021) More slow rotators in 
the new catalog

E.g. testbed for stellar-wind braking 
laws

(e.g. Matt et al 2015, 
Réville et al. 2015)



Beyond the Sun: the F-type stars paradigm
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Detecting g modes ?  
The Sun is not the only main-sequence solar-like 

pulsator !

F-type solar-like stars have thinner convective 
zones and fast convective flows: stochastic g-

mode excitation

R/R⋆

N
(μ

H
z)

Therefore, what are the g-mode surface 
amplitudes for solar-like F-type stars ?

F-type Gamma Doradus interior 
rotation is characterised thanks to g modes 

excited by  mechanismκ
(Van Reeth et al. 2016, 2018)



Gravity wave in a solar model
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(Alvan et al. 2014)
Sun modelled from r = 0 to 0.97 R⊙

Coupling between convective and radiative zones: 
gravity waves excitation by convective plumes

Need to extend the conclusions by 
performing similar studies with F-type 

stellar models

(Pinçon et al. 2017)

(Alvan et al. 2014)

(Brun et al. 2011,  
Alvan et al. 2014, 

2015)



F-type star modelling

11

Star modelled from 

r = 0.06 to 0.98 R⋆

M = 1.3 

Teff = 6340 K

log g = 4.2

M⊙

Ω = 1 Ω⊙

Edge of the 
convective core taken 

as an impenetrable 
boundary

Dealing with fast convective 
flows: 3D simulation constraints 

on turbulence

Model resolution

1205 x 512 x 1024 Prot (days)
Fr

ac
tio

n
(Santos et al. 2021)

R/R⋆

N
(μ

H
z)

v ∝ M3
⋆

(Brun et al. 
2017)

Rotation of main-
sequence Kepler F-

type stars



3D simulation with the ASH code
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(Clune et al. 1999, Brun et al. 2004)

Convective 
plumes excite 
gravity waves 
at the CZ/RZ 

interface

R/R⋆

R o
f

(Brun et al. 2017)

Shellular 
rotation

High Rossby 
number 

Rof =
v

2Ω⋆R⋆

Solar

Cylindrical

Antisolar



r = 0.07 R⋆
ℓ = 1

Gravity wave power spectrum
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Progressive 
waves

g modes

Power spectrum from ASH vs 
mode frequencies computed with 

GYRE. (Townsend & Teitler 2013, 
Townsend et al. 2018, Goldstein 

& Townsend 2020)

r = 0.36 R⋆

292-day time series

ΔPℓ =
π

ℓ(ℓ + 1) ∫ r2

r1

N
r dr

Expected value

 = 47.0 minΔP1

 signature at 
44.6 min

ΔP1

Work in progress !



• Machine learning technics are key to improve the analysis of large 
scale photometric surveys. ROOSTER could be used for TESS and 
PLATO. 

• F-type solar-like stars constitute a fascinating case-study for 
gravity-wave behaviour: this is the first step towards a parametric 
exploration focused on mass and rotation rate. 

Conclusion and perspectives
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