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A complementary approach: CCSN models and PNS models

10 km104 km  3D-MHD PNS models 

Study magnetar formation 

• Fine characterisation of 
dynamo processes and large 
scale field generation 

• Extensive parameter studies 

• Derivation of physics 
informed scaling laws

CCSN simulations 

• Magnetorotational explosions 
& long GRBs 

• Nucleosynthesis 
• Multi-messenger observables

Next talk by Matteo Bugli 
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3D modelling with the MagIC code
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Dipole field strength

PNS convective dynamos

Strong field dynamo
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P = 175 ms P = 2.1 ms

 ~ “ ” dynamoαΩ Strong field dynamo

Bdip ∼ 1015 G
Btor ∼ 1016 G

Raynaud+21

Raynaud+20

EB

Ekin
∝ ( U

Ωd )
−1

≡ Ro−1 ≫ 1

GW counterpart of PNS convective dynamos

EB

Ekin
≲ 1
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Slow Fast

Hydro
MHD

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

• Slow rotation:    
• Fast rotation:    

with the Rossby number 

fturn ≫ frot ⟺ Ro ≫ 1
fturn ≪ frot ⟺ Ro ≪ 1

Ro ≡
U

Ωd
≡

fturn

frot

Raynaud+21

Amplitude scaling
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fmax ∝ fturn ≡ urms/d

MHD

Hydro

Raynaud+21

Frequency scaling: slow rotation
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Ω

fpeaks ∝ frotInertial modes

Raynaud+21

Frequency scaling: fast rotation
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Ω

Rossby 
mode modified by 
magnetic effects 

m = 1

f ∝ f2
A/frot Raynaud+21

Strong field dynamo growth
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Hypotheses 

• From the 3D models

• Self-similarity of the PSD

• Frequency & amplitude scaling relations


• From the 1D model

• PNS evolution from 0.2 s to 7 s


• Angular momentum conservation 


• Asymptotic regimes :

• Slow rotation ( ) 
• Fast rotation ( )

⟹ Ω(t)

Ro ≫ 1
Ro ≪ 1

SNR2 = 2∫
T

0
dt∫

∞

0
df

Sevol
h ( f, t)
Sn( f )

= ∫
T

0
σ(t)dt

Preliminary !

Detectability ?
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Preliminary proof of concept
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Rescaled spectra

Fast rotation

Late time raw

Late time rescaled

Early time rescaled

Early time raw

Slow rotation

Early time 
rescaled

Late time 
rescaled
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SNR estimates with current and 3rd gen. Detectors  

ET (filled)

aVirgo (empty)

Late time background

Early time background
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Slow rotation  

• Broad spectrum

• 

• Weak impact of magnetic field


• SNR ~ O(0.1) @ 10 kpc with ET

Ro ≫ 1

fmax ∝ fturn

Fast rotation  

•  strongly increases

• Complex spectra with inertial modes

• Possibly low frequency, strong field dynamo signature


• SNR ~ O(10) @ 10 kpc with ET

Ro ≪ 1

hrms

Perspectives 

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


• Characterization of the different PNS  
dynamo scenarios

Dynamo scenarios:  
Barrère+22,23,24 (submitted) 
Reboul-Salze+21,22

References 
Raynaud+20,21


Conclusion
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Lantz+99
Braginsky+95
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