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Solar-like reterence model

=2 Based on 1D model
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Radial velocity

Thin concentric “circles” -> wavefronts of IGW o
L Dispersion relation for IGW Rz oSN\«
More inclined = higher frequencies — '
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Comparison with GYRE (version 6.0)
(Townsend et al., 2013, 2018)
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Radial WAave ﬂllX = Depends on the excitation mechanism

Stein (1967),

Press (1981),
Goldreich & Kumar (1990),
Garcia-Lopez & Spruit (1991),
Kumar et al. (1999),
Lecoanet & Quataert (2013)

Reynolds stress excitation

Townsend (19606),
Rieutord & Zahn (1995),
Montalban & Schatzman (2000),
Pincon et al. (2016)

Plumes excitation



Radial WdAVC ﬂllX = Depends on the excitation mechanism

Lecoanet & Quataert (2013) Pincon et al. (2016)
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Radial wave flux

ref, r=0.662
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Radial wave flux
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Wave damping

IGW can transport angular momentum, through 3 processes:
- Radiative damping (Press, 1981; Schatzman, 1993; Zahn, 1997)
» Critical layers (Alvan et al., 2013)
- Non-linear wave breaking (e.g. Gervais et al., 2018)

From Press (1981), wave amplitude = V, & p~'/* X (geometric term) X e~"*
st N° dr
= 7(r,l,w)=[+1)] Kead—7
- W r
~7D o A2 —1(r,C,m)
In MUSIC Ptheory[Vr](r9 f()’ a)) = P[Vr](rconv = lma)v fO’ a)) X e :
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Wave damping
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Very important to increase the radiative diffusivity by the same
coefficient as the luminosity!
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Plume characterisation
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ldentification of convective plumes using Lagragian particule tracers
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IGW excitation by convective plumes

Position of the penetrative plume identified

* r=0.628

120

Comparison with theoretical H0

dispersion relation for IGW 80
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Plume characterisation
r=0.67 R,

Good match between position of
convective penetration and plumes
excitation region
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Impact of radial truncation

e |nternal gravity waves (IGWs)

* 7.« dependence

e @, . increases

e slope flattens

e amplitude grows

* 7., dependence

e change of g-mode frequency with
height of resonant cavity
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Acoustic modes

= p modesforn=0to 5

Ongoing work with Jane
Pratt (Georgia State Uni.):
model and identify mixed
modes in a Red Giant star
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5 solar mass star

Analytical expression
from Press (1981)
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5 solar mass star
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5 solar mass star
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w=30.0uHz-2=5
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3D models

Intrinsically 3D effects:
e rotation

e magnetic field

e quantitative analysis

e length and time scales of
convective structures

e plume lifetimes
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3D models

Convection Zone Interface Radiative Zone

3m/4

Credits A. Leclerc
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3D models

Ongoing work study of
IGW in a 3D solar-like
star and comparison
with 2D

Power, v = 21uHz

¢ Credits A. Leclerc
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