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Radiative stars

Astrophysics :
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Physics : Subcritical transition to turbulence scenario
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The Tayler-Spruit dynamo
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Figure 1 — Time evolution of the dimensionless magnetic energy
A = [ B?/puQndV for different values of fluid conductivity (Pefitdemange et al.

2023)
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Simulations

' Solve for u, B, ©
X = :—D =0.35
T @ Boussinesq
AT =T,—-T;
1 ‘V’ H’ 77

Figure 2 - Geometry

@ BC for u : no slip

@ BC for B : insulating at r = r,, conducting at r = r;
@ Initial B : arbitrary weak

@ Imposed (and maintained) inner rotation AQ
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MHD equations for a stably stratified incompressible fluid in rotation

under Boussinesq approximation (PaRoDy code)
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@ Fixed Ek=10° Pr=0.1and § = 1.24
@ Varying Ro and Pm

_ r_B?
@ Lookat A= TS dV
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Subcritical Supercritical
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Bifurcations
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Subcritical Supercritical
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Figure 3 — Bifurcation diagram of the Elsasser number A = [ B2/puSindV versus Ro for
Ek =1075 N/Q = 1.24, Pr = 0.1 (Daniel et al. 2023).
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Bifurcations
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Figure 4 — Bifurcation diagram of the Elsasser

number A = [ B?/puSindV versus Ro for

Ek =10"°,N/Q = 1.24, Pr = 0.1
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Figure 5 — siturcation diagram of the
fluctuations of the velocity field uj versus Ro for

Ek =10"°,N/Q = 1.24, Pr = 0.1




Spectra

R,=0.14,P, =2
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Figure 6 — Main : Power Spectrum Density for the run Ro = 0.14, Pm = 2, both for the velocity and magnetic
field, computed in the active dynamo region (0.4 < r < 0.6) and fime-averaged over the saturated phase. Inset :

PSD for two runs af the same Ro = 0.78, but for different Pm (strong and weak branches).
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Effect of the turbulence on Angular momentum
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Figure 7 — Angular velocity profile Q before the turbulence sets in (11)
and right after (12) (Petitdemange et al. 2023)
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Derivation

Reduced model involving (only) 3 modes :

@ m = 0 Magnetic mode B (Dominant part of B)

@ m # 0 Magnetic mode P

@ m # 0 Hydrodynamic mode V (coupling via induction term)
Symmetries

@ (B,P)—~ (—B,-P)
Rotational invariance

@V — Veim?, P — Peim?
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Reduced model

V grows
B=(-n )B
P =(—v )P 3
V= A W
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Reduced model

V grows, B grows

B=(—p+|VI*)B
P =(—v )P D
V= A\ )%
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Reduced model

V grows, B grows, P grows
B=(—p+|VI*)B
P =(—v+|B*)P ®)
V= A\ W

FEDaniel (LPENS/LERMA) Subcritical transition to turbulence SFP 2023



Reduced model

V grows, B grows, P grows
B=(—p+|VI*)B
P=(—v+|B*P+VB ©)
V=( A )V +~BP
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Reduced model

V grows, B grows, P grows, saturation
B=(—u+|V]*)B - |B’B
P =(—v+|B*)P+VB - |P]*P @)
V= A\ )W +~BP — |V|*V
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B=(—p+al|V[))B—a|B’B
P =(—v+Ba|BP)P + VB — Bi|P'P ®
V = AV ++4BP — c3|V |’V
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Time series

Amplitudes based on dimensionless energies
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FIgU re 8 — Timeseries from our DNS (eft) compared to the ones from the model derived here (right) for the weak

(top) and the strong (bottom) dynamo branches. The horizontal dashed lines corresponds to Tayler instability threshold.
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Bifurcation

IBI, 1Pl IVI
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Take-home message

magnetic instability

N\

« Small scale magnetic
Large scale magnetic perturbations P
field B
* turbulent velocity modes V

Mean-field
Dynamo
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