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Abstract. The results of 2D numerical simulations of magnetorotational supernova ex plosion
are presented. The shape of the explosion qualitatively depends on the initial con guration of the
magnetic eld. In the case of the quadrupole-like initial magnetic el d the supernova explosion
develops mainly along equatorial plane. The initial dipole like magnetic eld leads to the mildly
collimated axial jet. Magnetorotational instability (MRI) was found durin g simulations of the
magnetorotational supernova explosion. MRI leads to the exponential grow th both poloidal and
toroidal magnetic eld.
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1. Introduction

The problem of explanation of the core-collapse supernova event is one of the interésg
and long standing problems in astrophysics. Mechanisms, based on the bounce shock
energy or neutrino interaction with the matter of pre-supernova star do not lead to the
supernova explosion.

The MR mechanism for core collapse supernova explosion was suggested by Bisai-
Kogan in 1970 [Bisnovatyi-Kogan (1970)]. The main idea of the MR mechanis is to
transform part of the rotational energy of presupernova into the radial kinetic energy
(explosion energy). Due to the not uniform collapse the iron core rotates di erettially.

Di erential rotation leads to the appearing and ampli cation of the toroida | component
of the magnetic eld. Growth of the magnetic eld means ampli cation of the magneti ¢
pressure with time. A compression wave appears near the region of the extremum tie
magnetic eld. This compression wave moves outwards along steeply decreasing density
prole. In a short time it transforms to the fast MHD shock wave. When the shock
reaches the surface of the presupernova it ejects part of the matter and energy of the
presupernova star. This ejection can be interpreted as an explosion of the core tapse
supernova star. First 1D simulations of MR supernova explosion were represégd in
Bisnovatyi-Kogan et al. (1976), see also Bisnovatyi-Kogan (2001).

Our results of simulations of MR supernova explosion mechanism show that this mée
anism allows to produce 06 10°! erg energy of explosion. These values of SN explosion
energy correspond to estimations made from core collapse SN observations.

It was found, that the shape of the MR SN explosion qualitatively depends on the
con guration (symmetry type) of magnetic eld. The initial eld of quadrupole ty pe
of symmetry leads to the MR explosion which develops predominantly near equatoria
plane, while the initial dipole type eld results in SN explosion as mildly collimated jet
developing along axis of rotation.

MR instability was revealed in 2D simulations of MR SN mechanism. MR instabiity
leads to the exponential growth of both poloidal and toroidal components 6the magnetic
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Figure 1. Time evolution of the velocity eld (left column) and the temperatu re (right
column) for the time moments t =0:07 s, Q20 s, Q30 s for the initial quadrupolelike magnetic
eld.

eld and signi cantly reduce time of the MR supernova explosion in comparison with 1D
simulations Bisnovatyi-Kogan et al. (1976).

For the 2D MHD simulations we used specially developed numerical code based on
the implicit completely conservative Lagrangian scheme on triangular grid é variable
structure [see Ardeljan & Kosmachevskii (1995) and references therein].
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Figure 2. Time evolution of the velocity eld (left column) and the temperatu re (right
column) for the time moments t =0:075 s, Q1 s, 025 s for the initial dipole -like magnetic eld.

2. Results of 2D simulations of MR supernova explosion

MR explosion with the initial quadrupole-like magnetic eld was described in detail in
the paper Ardeljan et al. (2005). After the core collapse the pre SN rotates di eentially.
The toroidal component of the magnetic eld appears and grows linearly with time at the
initial stage of the MR explosion. When the toroidal magnetic eld reaches somecertain
value its linear growth changes to the exponential growth of the toroidal and poloidal com-
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ponents due to the appearing of the magnetorotational instability (MRI). A t oy model
for the qualitative explanation of the MRI in MR supernova was suggested inArdeljan
et al. (2005). MR supernova explosion with initial quadrupole-like magnettc eld results
in explosion which develops mainly near equatorial plane. In Fig. 1 the time evaltion
of velocity eld (left panel) and temperature (right panel) for the initial quadrup ole-like
eld. At the end of our simulations we have found that MR supernova with the initial
quadrupole-like magnetic eld produces 0.6 10°! erg of explosion energy and ejects
0.14M of mass.

Simulations of the MR supernova with the initial magnetic eld of dipole-like s ymmetry
leads to the qualitatively di erent result in the shape of explosion Moiseenko etal. (2006).
In this case the MR explosion develops mainly along the axis of rotation and drms
mildly collimated proto jet (Fig. 2). The amounts of the ejected mass and energyare
approximately the same as in quadrupole case i.e., the ejected energy0.5 10°* erg,
the ejected mass 0.14M . The protojet found in our simulations could be collimated
when it develops in the extended envelope of the massive star - the progenitor of the i
collapse supernova.

MRI leads to the formation of chaotic magnetic eld structure. | the case of nit e con-
ductivity the reconnection of the magnetic eld could be important. We have estimated
characteristic time of the reconnection of the magnetic eld using results of our gnula-
tions Moiseenko et al. (2006). We found that characteristic time for the recmnection of
the magnetic eld for supernova parameters used in our simulations is 5 s. The MR
supernova explosion time in our simulations is 0:5{1 s what is signi cantly less then
characteristic time of the magnetic eld reconnection development, and do not in uence
the MR supernova signi cantly.

3. Conclusions

The results of 2D simulations of MR supernova explosion mechanism show that it
allows to get the explosion energy which corresponds to observational values tie ex-
plosion energy for core collapse supernovae. The magnetorotational instalifi appearing
in the simulations of MR supernova signi cantly reduces explosion time, and increas the
chaotic magnetic eld in the young neutron star Toropina et al. (2006). The jet formation
may be related to cosmic gamma ray burst, connected with supernova.
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