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Ultra-Luminous X-ray sources (ULXs) are bright,
point-like X-ray sources whose luminosity exceeds
103° erg s~1. To understand the powering mechanisms
of the ULXs, we have performed three-dimensional
general relativistic radiation magnetohydrodynamic
simulations of supercritical accretion flows onto a
neutron star (NS) with dipole magnetic fields. Our
models show that non-axisymmetric flows develop
around the magnetized NS (Figure 1), which may
originate from the magnetic Rayleigh-Taylor instability.
The resulting radiation luminosity can explain a large
luminosity observed in ULXSs. In this talk, we also show
that the NS acquires a large angular momentum from the
accretion disk, which leads to a significant spin-up of the
NS.

The large luminosity in the ULXSs indicates that they are
powered by either subcritical accretion onto
intermediate-mass black holes, supercritical accretion
onto stellar-mass black holes, and/or supercritical
accretion onto neutron stars (NSs). [ Some ULXs
exhibit coherent pulsations with a period of ~1 s. 2]
These pulsations indicate that a fraction of ULXs is
powered by the supercritical accretion onto a magnetized
NS.

Several studies investigated the NS-powered ULXs
through two-dimensional general relativistic radiation
magnetohydrodynamic simulations. (68 3%3] These
studies revealed that the supercritical accretion onto a
magnetized NS can explain the observations. However, it
has been pointed out that the accretion flows around the
magnetized star is unstable for the magnetic
Rayleigh-Taylor instability. [~ ® The instability will
lead to the non-axisymmetric accretion flows. Therefore,
three-dimensional simulations are necessary for
understanding the ULXs.

The simulation setup is as follows. We have initialized
the system with an axisymmetric equilibrium torus
whose rotation axis coincides with the NS’s magnetic
axis. We set a maximum gas density of the initial torus of
0.1 g cm™3. We investigate two cases where the dipole
field strength at the NS surface is Byg = 10'° G and
1011 G. These setup result in the supercritical accretion
flows with a mass accretion rate of ~ 102° gs™1.

Figure 1 illustrates the volume rendering of the gas
density for Byg = 10! G. White lines stand for the
magnetic field lines. The non-axisymmetric accretion

Figure 1. Volume rendering of the gas density and magnetic
field lines (white lines). The white sphere represents the NS
surface. We illustrate the case of Byg = 10'! G. Non-
axisymmetric flows appear around the NS.

flows appear inside the inner edge of the disk. At the
vicinity of the NS, column accretion flows also form
along the dipole field lines. The flows are called
accretion columns and are the main radiation source. The
resulting radiation luminosity is ~ 10%° ergs™1.

We have compared the three-dimensional models with
the two-dimensional models. We have found that the
angular momentum flux transported to the NS is greater
in the three-dimensional model than in the
two-dimensional model.
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