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CORE COLLAPSE SUPERNOVAE

* Final stages of the evolution of massive stars;

» Formation channels of black holes (BH) and
neutron stars (NS);

» Multimessenger sources: electromagnetic
radiation, neutrinos, and gravitational waves
(GWSs), emitted from the proto-neutron star
(PNS).
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NUMERICAL SETUP

+ Five full-3D simulations;

» Code: Aenus-ALCAR (Obergaulinger 2008);

* Numerics: Special-relativistic magneto-hydrodynamics
(SRMHD) coupled with energy dependent two-moment
scheme (M1) with three species v, ., vy = (Vy, Uy, Vs, U7 );

« Grid: r € [0,10'%cm (lin/log-spaced, n, = 340,/240),

0 € [0, 7] (no=64), ¢ € [0,27] (n4=128), E,, € [0,340]MeV
(n, = 10);
* Model: 35 M., Wolf-Rayet star (Heger et al. 2006).
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MODEL AND EOS SELECTION

» Original initial fast rotation profile
(= 2rad/s));
« Original magnetic field replaced with
weak dipolar field (Bpo = Bior = 10°G);
 Five nuclear EOSs: BHBA ¢, BBSk3,

= BHBA® LS220

0.5 =——1Ts0 = BBSk3
, SLy4, and TSO, compatible oo oy | . . : . .
with astrophysical constraints. 8 9 10 1112 13 14 15 16
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HYDRODYNAMICAL EVOLUTION OF THE PNS

« All models have a massive PNS
(2 2.2Mg), with Ls is ~ 0.1 Mg, lighter
than the others;
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PNS ROTATION AXIS AND STRUCTURE OF THE MAGNETIC FIELD

» PNS rotation axis changes
orientation over time (defined as
fipns = A251), and the magnetic

[Tens|
field changes accordingly;

+ Rotation around original rotation
axis (z);

Deviation;

» Reaching maximum deviation;

Drift towards the original position.
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NON-AXISYMMETRIC INSTABILITIES DEVELOPMENT

Spherical harmonics decomposition of the
density, and analysis of the £ = m = 1 mode;
Low-T/|W| instability (LTWI)

» Nearly constant mode frequency;

» Development on the equatorial plane;

» Large amount of differential rotation

available;

» Second non-axisymmetric instability (SNAI):
* Nearly constant mode frequency;
« Axis tilting, not restrained to the equator;
* PNS nearly rigidly rotating;
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* Fourier transform of the density decomposition at
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spectrum, and uncertainty estimated via the full
width at half maximum (FWHM);

+ Corotation points:

+ LTWI: far from maximum rotation (f mode
Passamonti et al 2015);

» SNAI: close to maximum rotation (i mode,
Passamonti et al 2020);
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LS — BH —— BB TS — SL

The instabilities impact the GW
emission;

Each model develops the two
instabilities;

Different onset times;

Different strengths.
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INFLUENCE OF THE INSTABILITIES ON THE NEUTRINO AND GWS SPECTRA

« Spectrograms of the isotropic equivalent
neutrino luminosity shows contribution from
(¢,m)=(1,1) and (2,2);

» Spectrograms of the GWs shows contribution
only from (¢,m) = (2,2);

* Instabilities imprint a clear signature on the
multimessnger emission.
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10-22

» Detection distance estimated with an optimal
signal-to-noise ratio (SNR) of 8;

H
2

+ Clear signatures of the two instabilities at
~ 300 and ~ 600 Hz;

« Detection up to 3 — 4 Mpc (model dependent) e
along the polar direction in LIGO.

H
S

Resar, gor/ VT [z

10728




Conclusion



Conclusion
oe

CONCLUSION

» The EOS impacts the evolution
during collapse;

& marco.cusinato@cea.fr
& marco.cusinato@uv.es 15



Conclusion
oe

CONCLUSION

» The EOS impacts the evolution
during collapse;

» Two corotation instabilities develop
forming large scale structures;

& marco.cusinato@cea.fr
& marco.cusinato@uv.es 15



Conclusion
oe

CONCLUSION

» The EOS impacts the evolution
during collapse;

» Two corotation instabilities develop
forming large scale structures;

» The instabilities influence the
neutrino and GW emission.

& marco.cusinato@cea.fr
& marco.cusinato@uv.es 15



CONCLUSION

» The EOS impacts the evolution
during collapse;

» Two corotation instabilities develop
forming large scale structures;

» The instabilities influence the
neutrino and GW emission.

& marco.cusinato@cea.fr
& marco.cusinato@uv.es

Conclusion

oe

For more information
on the first 250 ms
of evolution.



CONCLUSION

» The EOS impacts the evolution
during collapse;

» Two corotation instabilities develop
forming large scale structures;

» The instabilities influence the
neutrino and GW emission.

& marco.cusinato@cea.fr
& marco.cusinato@uv.es

Conclusion
oe

For more information
on the first 250 ms
of evolution.



CONCLUSION

» The EOS impacts the evolution
during collapse;

» Two corotation instabilities develop
forming large scale structures;

» The instabilities influence the
neutrino and GW emission.

& marco.cusinato@cea.fr
& marco.cusinato@uv.es

Conclusion

For more information
on the first 250 ms
of evolution.



	Introduction and numerical setup
	Results
	Conclusion

