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Supernova is one of the most powerful explosion in the
Universe, energy (radiation and kinetic) about 10^51 egr
(DE cosmology, NS, BH formation, SNR- CR, etc.)

End of the evolution of massive stars, with initial mass more than
about 8 Solar mass.

Tracks in HR
diagram of a
representative
selection of stars
from the main
sequence till the
end of the
evolution Iben
(1985)

Explosion mechanisms of

spherically symmetric star

1. Thermonuclear explosion of C-O degenerate core (SN Ia)
1. Core collapse and formation of a neutron star, neutrino
deposition
53

gravitational energy release up to 5 10 erg, carried away by
neutrino (SN II, SN Ib,c)

Equal to binding energy of the neutron star

In a simple 1-D model neurino deposition cannot
give enough energy to matter (heating) for SN
explosion
Neutrino convection – Epstein (1979)
leads to emission of higher energy neutrino, may
transfer more energy into heating
Results are still controversial
2D and 3D calculations
3D calculations give less effective explosion
because of opposite energy fluxes in 2 and 3 D
formation of larger eddies in 2D (artificial)
formation of smaller eddies in 3D (real),

1968: PULSARS – rapidly rotating, strongly magnetized
neutron stars
Most of supernova explosions and ejections are not spherically
symmetrical. Stars are rotating and have magnetic fields.
Often we can see one-side ejections.

Magnetorotational mechanism: transforms rotational energy of
the star to the explosion energy.

In the case of the differential rotation the rotational energy
is transformed into the explosion energy by magnetic fields.
.
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1-D calculations of
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The main results of 1-D calculations:
Magneto-rotational explosion (MRE) has an efficiency about 10% of
rotational energy.
For the neutron star mass the ejected mass  0.1М,
Explosion energy  1051 erg
Ejected mass and explosion energy depend very weekly on the parameter 
Explosion time strongly depends on  .
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Explosion time =

tвзрыва~ 

Small  is difficult for numerical calculations with EXPLICIT numerical schemes
because of the Courant restriction on the time step, “stiff” system of equations:
 determines a “stiffness”.

2D: Lagrangian, on triangular reconstructing grid, implicit, fully conservative
numerical scheme
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Equations: MHD + self-gravitation, infinite conductivity.
Axial symmetry (
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) , equatorial symmetry (z=0).

Initial magnetic field –quadrupole-like symmetry
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The period of rotation at the
center of the young neutron
star is about 0.001 sec
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Distribution of the angular
velocity after collapse
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Toroidal magnetic field amplification.
pink – maximum_1 of Hf^2
blue – maximum_2 of Hf^2
Maximal values of Hf=2.5 10(16)G
The magnetic field at the surface
of the neutron star after the
explosion is H=4 1012 Gs
TIME= 0.00000779 ( 0.00000027sec )

0.02

Z

0.015

0.01

0.005

0

0

0.01

0.02

R

Temperature and velocity field

Particle is considered “ejected” if its kinetic energy is greater than its
potential energy (alpha=10^{-6})

Ejected energy

Ejected mass 0.14M
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Jet formation in MDRE
Dipole-like initial magnetic field
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Composite Optical/X-ray image of the Crab Nebula,
showings ynchrotron emission in the surrounding
pulsar wind nebula, powered by injection of magnetic
fields and particles from the central pulsar.

X-ray images of Cassiopeia A, taken by
the Chandra satellite

The Vela Pulsar and its surrounding
pulsar wind nebula.

NASA's artist impression of SN 2006gy,
one of the most luminous hypernovae seen

MR supernova – different core masses
BK, SM, NA, Astron. Zh. (2008), 85, 1109

Dependence of the MR supernova explosion
energy on the core mass

Dependence of the explosion time on

1-D calculattions:
Explosion time

t

взрыва

~
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  10  texplosion  10,
  1012  texplosion  106 (!)

Result of development of
Magneto-differentiallyrotational instability MDRI:
See poster of Moiseenko et al.
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2-D calculattions:
Explosion time

tвзрыва ~  log( )
(for small )

  106  texplosion ~ 6,
  1012  texplosion ~ 12.

Asymmetry of explosion
Violation of mirror symmetry of magnetic field
(BK, Moiseenko, 1992 Astron. Zh., 69, 563 (SvA,1992, 36, 285)

BK, 1993, Astron. Ap. Transact. 3, 287

Interaction of the neutrino with
asymmetric magnetic field

Neutrino heat conductivity
flux:

lT~ 1/Wn

The anisotropy of the flux

a. Initial toroidal field
b.Initial dipole field
c. Generated toroidal field
d. Resulted toroidal field

Kick velocity along the rotational axis
=150 - 3000 km/s
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Evidence for alignment of the rotation and velocity vectors inpulsars
… we conclude that the velocity vector and the rotation axis are aligned at birth.
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S. Johnston, et al. MNRAS, 381, Issue 4, pp. 1625 (2007)

Evidence for alignment of the rotation and velocity vectors in pulsars. II. Further data
and emission heights
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A. Noutsos, M. Kramer, P. Carr and S. JohnstonMNRAS 423, 2736 (2012)
Pulsar Spin–Velocity Alignment: Further Results and Discussion

We estimate that the observed alignment is robust to within 10%
systematic uncertainties on the determination of the spin-axis direction
from polarisation data.

Conclusions
1.

In the magnetorotational explosion (MRE) the efficiency of
transformation of rotational energy into the energy of explosion is 10%.
This is enough for producing core – collapse SN from rapidly rotating
magnetized neutron star.

2.

Development of magneto-rotational instability strongly accelerate MRE,
at lower values of the initial magnetic fields.

3.

The new born neutron star has inside a large (about 10^14 Gauss) chaotic
magnetic field.

4. Jet formation is possible for dipole-like initial topology of the field:
possible relation to cosmic gamma-ray bursts; equatorial ejection happens
at prevailing of the quadrupole-like component.
5.

MRE explosion energy is not sensitive to the precision of the input
microphysics, and to the numerical scheme.

6. Anisotropy of MRE leads to formation of rapidly moving NS (pulsars),
with a velocity vector long the pulsar rotational axis.

