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A complementary approach: CCSN models and PNS models

CCSN simulations 10 km 3D-MHD PNS models

e Magnetorotational explosions Study magnetar formation

& long GRBs "3

Next talk by Matteo Bugli

e Nucleosynthesis

 Fine characterisation of
dynamo processes and large

. . . .
e Multi-messenger observables .. scale field generation
o= =
s » Extensive parameter studies

"M

e Derivation of physics
Bugli+21

informed scaling laws
10 s
Bounce _ _
g-modes, GW PNS convection signal ?
SASI

Raphaél Raynaud (UPCité / CEA) AG GdR OG - 15/10/2024



3D modelling with the MaglC code

Input: Hypothesis:
e Temperature profile * Spherical geometry
e Density profile | e Adiabatic stratification

e Low Mach convection

o 2ndorder diffusion
approximation for the
neutrino transport

 Electrical conductivity
of degenerate,
relativistic electrons

Transport coefficients:
e Kinematic viscosity v

e Thermal diffusivity x
* Magnetic diffusivity n

- - #
-
Ty
e O
\ ' /4

github.com/magic-sph/magic

Taken from 1D CCSN

* Orders of magnitude
®, ~ 10°? erg/s

ro ~ 25 km
T, ~ 10" K
o™ 10" g/cmS

Boundary conditions: _ o
e Mechanical: stress-free S~ v, ~ 10*" cm*/s
e Thermal: fixed entropy flux Ko ~ 102 cm? /s
e Magnetic: perfect conductor (B/)

No ~ 1075 cm? /s
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Protoneutron star structure
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PNS convective dynamos
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GW counterpart of PNS convective dynamos
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Amplitude scaling

10721 -
| [ Hydro ® 103 -
10-2{ O MHD o :
: H N
10723 °8 o 102
) | t=0.2[s] r e © E
Q‘é 10 24_ ' O ' o O. Sg o _E
10725 - /h . IS
E 1 Slow
10726 - t=>5 [s] R ﬁ 10°: -
| o ' S D =10 [kpc] —8 o
10727 - ‘ 4y T T T 7 _ Raynaud+21
10! 102 103 01+
angular frequency Q [rad/s] 107 107+ 10° 10° 10

1/Ro
State-of-the-art rotating convection scalings (Aurnou+20)

- Slow rotation: f .. >/ . < Ro> 1
- Fast rotation: f . </, <= Ro<k1

with the Rossby number Ro = =

2d o
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Frequency scaling: slow rotation
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Frequency scaling: fast rotation
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Strong field dynamo growth
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Detectability 7

Compute Raw spectrogram
Hypotheses

e From the 3D models

Rescale PSD
e Self-similarity of the PSD J

Preliminary !
\J
* Frequency & amplitude scaling relations i X )

Slow rotation Fast rotation
e From the 1D model

e PNS evolutionfrom0.2sto7 s

HYDRO —*~— MHD

f scale — f turn

hsca.le fo— hslow

Angular momentum conservation =—> €2(7)

f scale — f rot

hscale — hf ast

fscale — fi/frot

hscale - hfast

* Asymptotic regimes :
 Slow rotation (Ro > 1)
 Fast rotation (Ro < 1)

\f

Compute rescaled spectrogram

I}

Compute SNR | SNR? = ZJ
0

T

00 SheVOI(f, t) JT
d d = d
t[o f Sn(f) O o(t)dt
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Preliminary proof of concept
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Rescaled spectra

Slow rotation

Fast rotation
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SNR estimates with current and 3rd gen. Detectors
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Conclusion

Slow rotation Ro > 1

» Broad spectrum

’ fmax Ocfturn
» Weak impact of magnetic field

. SNR ~ 0(0.1) @ 10 kpc with ET
Fast rotation Ro << 1

- h_ . strongly increases
« Complex spectra with inertial modes

- Possibly low frequency, strong field dynamo signature

. SNR ~ O(10) @ 10 kpc with ET

Perspectives

» Coupling with a stable zone to study
the excitation of g-modes by turbulent
convection

« Characterization of the different PNS
dynamo scenarios
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Appendix

[dl =ro—n, [t]=d?/ve, [S]=d85/0r|, , [p]=Qoore, [B]= VS20Hiomo |

V-B=0
0B 1
- =V x(uxB)~ 2V x (1V x B)
Induction i 5
Dissipation
0=V (u)
Pressure Coriolis Buoyincy Viscosity Lorentz
Du p 2 Ra o] ~ = 1 1
Pu_ w(P)_ 2 Se,+ F, - - (V x B) x B
Dt (E@') ES Y P ar ot T EPmg 'V < B
DS 1 ~ P
= = ~~\7-(,<§TV5): r( = (VxBY+  Q )
Braginsky+95 Dt PrgT . , RagT\PmE ", =~~~
Lantz+99 Heat flux Ohmic heating Viscous heating
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