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• Late-type stars = 0.3 - 1.2 Msun !

• Lots of rotational period measurements!
• CoRoT, Kepler, K2 !
• Gaia DR2 (DR3/DR4) !
• Future => PLATO, JWST!

• Strong observational constraints!

• Two ways to model Prot!
• Stellar model (ab-initio modeling)!
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Goal!
Use these observations to 

understand the general 
mechanisms involve in the 

AM evolution
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Solar mass stars
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• 1st, 2nd and 3rd quartiles!
• 25th!

• median!

• 90th
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• 1st, 2nd and 3rd quartiles!
• 25th!

• median!

• 90th

• PMS!
• Early PMS : rotation period ≈ 

constant!

• Late PMS : spin-up due  
to contraction (up to 200 km/s)
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• 1st, 2nd and 3rd quartiles!
• 25th!

• median!

• 90th

• PMS!
• Early PMS : rotation period ≈ 

constant!

• Late PMS : spin-up due  
to contraction (up to 200 km/s)

• ZAMS!
• Stabilisation of the stellar structure
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• 1st, 2nd and 3rd quartiles!
• 25th!

• median!

• 90th

• PMS!
• Early PMS : rotation period ≈ 

constant!

• Late PMS : spin-up due  
to contraction (up to 200 km/s)

• ZAMS!
• Stabilisation of the stellar structure

• MS!
• Rotational convergence
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Observed rotational evolution
Low mass stars

OD

PMS MSZAMS

OD

PMS MSZAMS

1 M⦿

0.8 M⦿

0.5 M⦿

AM evolution models must reproduce these observations
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• Stellar angular momentum:  
AM evolution model = Stelar evolution model + AM evolution mechanisms 

See also Keppens+95, Krishnamurthi+97,  
Somers & Pinsonneault15, Lanzafame & Spada15, 

Sadeghi Ardestani+16, …

Physical ingredients
J* =Ω*I*
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• Surface (mandatory): Wind braking
dJ
dt wind

≈ Ω*
!MwindrA

2

Weber & Davis (1967)

• Internal (option): Redistribution of AM

• Environment (extra): Disk + Planet ?

• Stellar angular momentum:  
AM evolution model = Stelar evolution model + AM evolution mechanisms 

-ideal MHD !
-spherical symmetry

See also Keppens+95, Krishnamurthi+97,  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• Surface (mandatory): Wind braking
dJ
dt wind

≈ Ω*
!MwindrA

2

Weber & Davis (1967)

• Internal (option): Redistribution of AM

• Environment (extra): Disk + Planet ?

• Stellar angular momentum:  
AM evolution model = Stelar evolution model + AM evolution mechanisms 

-ideal MHD !
-spherical symmetry

See also Keppens+95, Krishnamurthi+97,  
Somers & Pinsonneault15, Lanzafame & Spada15, 

Sadeghi Ardestani+16, …
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Modeling
Envelope

Core4 free parameters:!

Initial: Pinit → obs !

Environment: 𝜏disk → obs!

Internal: 𝜏c-e → obs!

Wind: K1(dJ/dt) → num+obs!
!
!
No tidal interaction

0.9-1.1 M⦿

Gallet & Bouvier (2013)

Envelope

Core

Ωconv = Ω init = 2π / Pinit = cstΔJ =
IenvJcore − IcoreJenv
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Models in literature 

OD 

Envelope
Core

Gallet & Bouvier (2015)

Sadeghi Ardestani+16

Figure 4. from Fast Star, Slow Star; Old Star, Young Star: Subgiant Rotation as a Population and Stellar Physics Diagnostic
van Saders & Pinsonneault 2013 ApJ 776 67 doi:10.1088/0004-637X/776/2/67
http://dx.doi.org/10.1088/0004-637X/776/2/67
© 2013. The American Astronomical Society. All rights reserved.

Figure 2. from Radius-dependent Angular Momentum Evolution in Low-mass Stars. I
Reiners & Mohanty 2012 ApJ 746 43 doi:10.1088/0004-637X/746/1/43
http://dx.doi.org/10.1088/0004-637X/746/1/43
© 2012. The American Astronomical Society. All rights reserved.

Reiners & Monhanty (2012)

Johnstone+15

Figure 3. from The Mass-dependence of Angular Momentum Evolution in Sun-like Stars
Matt et al. 2015 ApJL 799 L23 doi:10.1088/2041-8205/799/2/L23
http://dx.doi.org/10.1088/2041-8205/799/2/L23
© 2015. The American Astronomical Society. All rights reserved.

Matt+15

Van Saders & Pinsonneault (2013)
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Observations quite well reproduced!



What’s next?

Stauffer et al. (2016)

K2
=> footprint of interaction between a star 
and companion (massive planet or star)? 
 - not clear yet 
 - but seems to be probable/possible 
 - magnetic and/or tidal interactions 

Stugarek et al. (2016)
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On going work ✓



Conclusion
1. Parametric models grasp the main trends of AM evolution!
! - fast, robust and simple: perfect for large exploration of initial conditions!
! - strong complementarity with stellar models!
! - choose model according to the mix of ingredients 

2. Some obs. suggest the need for an additional ingredient!
! - add tidal interaction (star-companion)? !
! - probably yes! 

3. Open questions? !
! - star-disk interaction: what mechanism?!
! - magnetic braking: what quantity?!
! - internal transport of AM: magnetic field? internal gravity waves?
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