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Studying angular momentum evolution? Why?

Study and understand stellar physics 
1- wind braking 
2- internal redistribution of AM 
3- environmental interactions

Sun : the angular moment paradox!
!
Mass of the Sun = 99% mass of the solar system!
!

BUT!
!

Angular momentum of the Sun = few % of total 
angular momentum (70% in Jupiter!!!!)!
!
J⦿ (1 Myr) = 100-1000 J⦿ (4.6 Gyr)!
!
Why Sun’s angular momentum so low? Physical 
mechanisms responsible for these huge losses 
between 1 Myr and 4.6 Gyr? 2



Outline
❖ Observational context !

• Observed rotational evolution!

❖ Numerical models!

• Parametric model!

❖ Rotational evolution!

• Solar type stars : 1 M⦿!

• Low mass stars : 0.5 and 0.8 M⦿!

• Implication for stellar physics!

❖ Conclusion and perspectives
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I - Observational context

• Observed rotational evolution
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Observed rotational evolution
Evolution as a function of time
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Observed rotational evolution
Evolution as a function of time
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Observed rotational evolution
Evolution as a function of time
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Observed rotational evolution

❖ 1st, 2nd and 3rd quartiles!
• 25th!

• median!

• 90th

Evolution as a function of time
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Observed rotational evolution

❖ 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)

Evolution as a function of time
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Observed rotational evolution

❖ 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)

Evolution as a function of time
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Observed rotational evolution

❖ 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)

Evolution as a function of time
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Observed rotational evolution

❖ 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

Evolution as a function of time
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• 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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• 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

❖ 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
Evolution as a function of mass

Same evolution!

but!

Longer convergence for 
lower mass stars!
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Observed rotational evolution
Evolution as a function of mass

Model must reproduce these 
observations

Same evolution!

but!

Longer convergence for 
lower mass stars!
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II - Numerical models

• Parametric model
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Parametric model

❖ wind braking!

!

!

❖ core/envelope decoupling!

!

!

❖ star/disk interaction

Physical mechanisms

Parametric model => free parameters adjusted from observations
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❖ wind braking!

!

!

❖ core/envelope decoupling!

!

!

❖ star/disk interaction

Physical mechanisms

Parametric model => free parameters adjusted from observations

8

r
A
= K

1

B2
p
R2

*

!M
wind

K 2
2
v2

esc
+Ω2

*
R2

*

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

m

R
*

K1 = 1.3!
K2 = 0.0506!
m = 0.22

Matt et al. (2012a)

dJ
dt wind

≈ Ω*
!MwindrA

2

Weber & Davis (1967)



Parametric model

❖ wind braking!

!

!

❖ core/envelope decoupling!

!

!

❖ star/disk interaction

Physical mechanisms

Parametric model => free parameters adjusted from observations

8

r
A
= K

1

B2
p
R2

*

!M
wind

K 2
2
v2

esc
+Ω2

*
R2

*

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

m

R
*

K1 = 1.3!
K2 = 0.0506!
m = 0.22

K1 (free parameter)

Matt et al. (2012a)

dJ
dt wind

≈ Ω*
!MwindrA

2

Weber & Davis (1967)



Parametric model

❖ wind braking!

!

!

❖ core/envelope decoupling!

!

!

❖ star/disk interaction

Physical mechanisms

Parametric model => free parameters adjusted from observations

8

r
A
= K

1

B2
p
R2

*

!M
wind

K 2
2
v2

esc
+Ω2

*
R2

*

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

m

R
*

K1 = 1.3!
K2 = 0.0506!
m = 0.22

Two unknown => Bp and Ṁwind

K1 (free parameter)

Cranmer & Saar (2011) BOREAS routine

Matt et al. (2012a)

dJ
dt wind

≈ Ω*
!MwindrA

2

Weber & Davis (1967)



Parametric model

❖ wind braking!

!

!

❖ core/envelope decoupling!

!

!

❖ star/disk interaction

Physical mechanisms

Parametric model => free parameters adjusted from observations

8

r
A
= K

1

B2
p
R2

*

!M
wind

K 2
2
v2

esc
+Ω2

*
R2

*

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

m

R
*

K1 = 1.3!
K2 = 0.0506!
m = 0.22

Two unknown => Bp and Ṁwind

K1 (free parameter)

Cranmer & Saar (2011) BOREAS routine

Matt et al. (2012a)

dJ
dt wind

≈ Ω*
!MwindrA

2

Weber & Davis (1967)

Envelope

Core



Parametric model

❖ wind braking!

!

!

❖ core/envelope decoupling!

!

!

❖ star/disk interaction

Physical mechanisms
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III - Rotational evolution
• Solar type stars : 1 M⦿!

• Low mass stars : 0.5 and 0.8 M⦿!

• Implication for stellar physics
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Low mass stars
The mass dependance

1 M⦿

0.8 M⦿

0.5 M⦿

Gallet & Bouvier (2015)
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«That’s all folks! » 

ANR 2011 Blanc SIMI5-6 020 01 ``Toupies: Towards understanding the spin evolution of 
stars" (\url{http://ipag.osug.fr/Anr_Toupies/})
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