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The galactic microquasar SS 433 is a super-critically accreting black hole candidate and their

relativistic jets have been interpreted to originate in the acceleration by the radiation pressure in

the inner accretion disk. Based on the initial 1D models of supercritical accretion disk with mass

loss and advection, we examine the disk and jets of SS 433 with �M = 103 �Mc by two-dimensional

radiation hydrodynamical calculations. Depending on the viscosity parameter α , we obtain the

total luminosities more than 10 times higher than the Eddington luminosity, the jets mass-out�ow

rates of � 10�6 � 5 �10�5M� yr�1, and the wind mass-out�ow rates of � 10�6 � 10 �4M� yr�1,

which are generally compatible with the observed rates of SS 433. In addition, for a case of large

viscosity parameter α , we �nd a new type of instabilities of the accretion rates nea r the inner edge

and the disk luminosity. These instabilities grow into recurrent hot blobs which develop outward

and upward, and result in QPOs of the total luminosity with an amplitude of a factor 1 � 2 and

a quasi-period of � 30 sec. This may explain a massive jet ejection and QPOs-like phenomena

observed recently in SS 433.
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Simulations of SS 433 Jets

1. Introduction

When the accretion rate is not too high, the accretion disk luminosity is directly proportional
to the accretion rate and can be successfully described by the Shakura-Sunyaev model[1]. How-
ever, for the supercritical accretion �ow, matter �ows out o f the disk and the rate of accretion onto
the central black hole is reduced, repressing the luminosity to the Eddington limit. Such super-
critical accretion disk models around black holes have been developed together with discoveries
of very luminous accreting objects whose luminosities exceed the Eddington luminosity. The X-
ray source SS 433 is the promissing super-critically accreting sterllar-mass black hole candidate.
The supercritical disk models have been examined by two-dimensional radiation hydrodynamical
calculations[2, 3, 4, 5], especially focussing on the very puzzling X-ray source SS 433. These
works leave something to be desired as far as SS 433 is concerned, because the accretion rates
adopted in the calculations are still very small compared with that expected for SS 433. Therefore,
it has still open questions of the disk and jets.

2. Supercritical accretion disk models with mass loss and advection

The previous our works of SS 433 [4, 5] are based on the initial disks by the standard Shakura-
Sunyaev disk model with �m0� 10. Here, �m0 is the input accretion rate normalized to the Eddington
critical accretion rate �Mc (= 48πGM=cκ), G the gravitational constant, M the black hole mass, κ the
Thomoson scattering opacity. We consider here M = 10M� and a more plausible value of �m0 = 103

for SS 433. The Shakura-Sunyaev disk model with such high accretion rate is too geometrically
thick and becomes invalid against assumptions used. In this respect, the supercritical disk models
with mass loss and advection were proposed and discussed on SS 433 and the ULXs[6, 7]. In their
models with mass loss, it is assumed that a fraction εW of the radiation energy �ux is spent on
the production of the out�ow below a spherization radius rsp. For εW = 1, we obtain analytical
solutions of the disk variables on the disk plane, where rsp=3rg is estimated to be � 5

3 �m0. The
disk solutions correspond to the S-S model above the spherization radius. On the other hand,
the disk models with advection are numerically obtained. Based on these initial 1D models of
the supercritical accretion disks, we examine actual properties of SS 433 jets by two-dimensional
radiation hydrodynamical calculations.

In Table 1, we show the parameters of the models with mass loss (ML) or advection (AD).
Under these disk models, we investigate the time evolutions of the disks and jets until a quasi-
steady solution is obtained. The numerical schemes used are basically the same as that described
previously[4, 5].

3. Numerical Results

Table 1 also shows the numerical results and the observations[8, 9, 10, 11, 12], where L, Ld,
�Minput, �Mwind, �Mjet, and �Medge are the total luminosity emitted from the outer boundary surface, the

disk luminosity emitted from the disk surface, the mass-in� ow rate through the outer disk boundary,
the total mass-out�ow rate through the entire outer boundar y, the mass-out�ow rate from the outer
surface between the rotational axis and the centrifugal barrier region with an opening angle of
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