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Entropy/Nucleon

70 94 11.8 142 16.5

Summa et al (2018) Foglizzo et al (2015)

Agreement on the crucial role of neutrinos and hydrodynamic instabilities
but no consensus yet on detailed modelling
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Explosion kinetic energy :
— Typical supernova 10°" erg — Neutrino driven explosions ?

— Rare hypernova & GRB 10°2 erg
aka type Ic BL

— Magnetorotational explosion ?
e.g. Burrows+07, Takiwaki+09,11
Bucciantini+09, Metzger+11, Obergaulinger+17

Total luminosity :
— Typical supernova 10% erg
— Superluminous supernovae 10°' erg
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Light curves can be fitted by millisecond magnetar
- strong dipole magnetic field: B ~ 1074-101° G
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- fast rotation: P ~ 1-10 ms
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e.g. Kasen+10, Dessart+12, Nicholl+13, Inserra+13

N
—
()]

0 100 200 300 400
Days since explosion

Jérébme Guilet (Dap, CEA Saclay) — Extreme supernovae 4/20



=

=

Magnetars
Anomalous X-ray pulsars (AXP)
Soft gamma repeater (SGR)
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Strong dipole magnetic field:

B~101-10"G
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Which supernovae are associated to magnetar birth ?
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3 possibilities :

stable neutron star

Formation of a magnetar ?

direct collapse to a black hole

hypermassive NS stabilized by
rotation : delayed collapse

Signature in future joint gravitational wave

— electromagnetic obervations ?

Launch : end of 2021
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From Gompertz+2014

Zhang+2001, Fan&Xu2006, Metzger+2008, Rowlinson+2010,
2013, Gompertz+2013,2014, Lu+2015, Gao+2016
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Strong magnetic field: B ~ 10"° G
+ fast rotation (period of few milliseconds)

=> powerful jet-driven explosions !

e.g. Sibata+06, Burrows+07, Dessart+08, Takiwaki+09,11,
Winteler+12, Obergaulinger+17

But in 3D, jets may be unstable to kink instability
Moesta+2014

Caveat: origin of the magnetic field is not explained
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Compression of stellar field in core collapse supernovae: <1012-103 G ( ?)

Magnetic field of NS before merger: 108-1012 G

Magnetar: 10" G

Amplification mechanism ?

Magnetorotational instability Convective dynamo
Similar to accretion disks Similar to planetary & stellar dynamos

Talks by Jean-Pierre Lasota
Nicolas Scepi
Antoine Riols
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MRI in its simplest form (ideal MHD):

o d2
Instability criterion — <0 =

Rotation profile

dr

Growthrate: o0 = %Q (with Q oc r™9)

— Fast growth for fast rotation

Wavelength : )\ i

V2

— Short wavelength for weak magnetic field

Impact of conditions specific to neutron stars ?
— neutrinos
— buoyancy (entropy & composition gradients)
— spherical geometry
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Diffusive regime:
Neutrino viscosity 10" cm?/s
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Slow growth for weak initial magnetic field < 10'? G

Guilet et al (2015), Guilet et al (2017)
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Fast growth near surface
independently of field strength
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Neutron star mergers Core collapse SN
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=> Very similar physical conditions in NS mergers and supernovae

Guilet+2015, 2017
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- Small box : at a radius r = 20 km NEp,
size 4x4x1 km

- Differential rotation
=> shearing periodic boundary conditions

- Entropy/composition gradients in Boussinesq approximation

Code: Snoopy (G. Lesur)

Fiducial parameters :

p=108g.cm™
Obergaulinger+2009, Masada+2012, B=2x101¢C
Guilet+2015, Rembiasz+2015,2016 Q=9 x103s]

v=2x 1010 cm?.s~1
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unstable buoyancy

color: azimuthal
magnetic field

stable stratification
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Pm =103

Magnetic energy
units of (10" G)?
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See also: 1 10
Fromang+2007, Lesur+2007, Pm = viscosity/resistivity

Meheut+2015, Potter+2017

Behaviour at realistic values: very large magnetic Prandtl number Pm ?
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Simplest model of MRI in spherical geometry : incompressible,
differential rotation profile forced at outer boundary

Pseudo-spectral code : MaglC wicht (2002), Gastine & Wicht (2012)
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Energy (in units of (10™15)"2 Gauss)

Magnetic energy evolution Magnetic energy spectrum
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Latitude

Physics included:

- Realistic equation of state &
proto-neutron star structure

- Anelastic approximation

- Only the convective zone
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Raphaél Raynaud
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Physics included:

- Fully compressible MHD
- Special relativity

- Neutrino transport

- Realistic equation of state
-2D

B field amplification not described:
-> test the influence of initial B field
geometry & intensity

Matteo Bugli, collaboration with Martin Obergaulinger (Valencia)
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Step 1: local MRI model Step 2: global simulations Step 3: hypernova & GRB Jet

1.62e-04

2.62e-05

4.23e-06

B X
0 250 500 750 1000
X [km]

~1-5 km ~ 10-50 km _ ~ 1_03-105 km
Amplification & saturation ? Magnetic field geometry ? Explosion diversity ?
High Pm regime? Drag force? MR vs convective dynamo Energy, jet properties etc.
ERC project MagBURST Raphaél Raynaud Matteo Bugli
s Pl Jerome Guilet Alexis Reboul-Salze
HerC .
Merci !
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