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We present both dynamics and radiation properties of radiatively inefficient accretion
flows (RIAFs) and jets around black holes by using three-dimensional (3-D) magnetohy-
drodynamical (MHD) simulations. We start calculations with a rotating torus threaded by
localized, subthermal, poloidal magnetic fields. When the bulk of torus materials accrete
toward a central black hole as a reuslt of magneto-rotational instability (MRI), an magnet-
ically driven jet emerges. The magnetic jet is derived by vertically inflating toroidal fields
(“magnetic tower”). The collimation width of the jet depends on external pressure of ambi-
ent medium: the weaker the external pressure is, the wider and the longer-lasting becomes
the jet. By using Monte-Carlo radiation transfer simulation of magnetized accretion flows
and jets, we find the emergent spectral energy distribution (SED) can basically explain the
SED of Sgr A* in the flaring state. We conclude that MHD simulations of RIAFs is a key
to understand the nature of high energy emissions in accretion flows and jets.

Introduction

Global 3-D MHD simulations have revealed that the accretion flow pattern is
complicated and intrinsically differs from that of the steady flow models, such as
advection dominated accretion flow (ADAF) or radiatively inefficient accretion flow
(RIAF). In particular, some of simulated MHD flows emerge magnetically driven
outflows and jets, that are not taken into account by ADAF/RIAF model. Although
ADAF/RIAF could nicely fit the observed SEDs both in low/hard state of galactic X-
ray binaries and in the Galactic center source Sgr A* (Narayan et al. 1995; Manmoto
et al. 1997; Yuan et al. 2003), the simple treatment of magnetic fields arise vital
self-inconsistency. For example, the angular momentum transport in accretion flows
is regulated by magneto-rotational instability (MRI: Balbus & Hawley 1991), the
magnetic fields are treated by a uniform plasma-β in the flow. Obviously, it is
problematic to predict synchrotron emissions. MHD model seems to be better than
the ADAF/RIAF models since the dynamics of the magnetized accretion flow is fully
solved. However, the relevance of simulated 3-D MHD flows is not well examined.

In the followings, we reviewd the dynamics and the radiation properties of mag-
netized accretion flow of our 3-D MHD simulations (Kato, Mineshige, Shibata 2004;
Ohsuga, Kato, Mineshige 2005).

Dynamics of MHD accretion flows

In upper panels of figure 1, time evolution of the density contour of MHD simu-
lations with velocity vectors being overlaid (Kato et al. 2004).t corner of each panel.
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A magnetic jet first grows at t = 1000 ∼ 1800 but loses power at latter times. In
lower panel of figure 1, complex flows are illustrated in a snapshot of the density
distribution overlaid with mass flux vectors. These fluctuated flow patterns are not
represented by ADAF/RIAF models.

Radiation properties of MHD accretion flows

In figure 2, we illustrate the 3-D distribution of photon emissivity in our MHD
models. Synchrotron emissivity is presented by light-blue and green colors. Brems-
strahlung emissivity is presented by yellow and red colors. Synchrotron emission
dominates inside the jet and in the corona above the disk. On the other hand,
Bremsstrahlung emission dominates inside the disk only. We calculate the emergent
spectra of the 3-D MHD accretion flows by using 3-D Monte-Carlo radiative transfer
simulations. By comparing between the resultant SED and the observed SED of Sgr
A*, we examine our MHD models.

In figure 3, calculated SED at the different times are presented. We can repro-
duce the observed SED during the flaring state, if the emitting region of the flow is
limited within a relavively small region (R < 10rs). We also reproduce incoherent
flux variation at wide range of the frequency ranging from radio to X-ray. On the
other hand, the MHD flow can not reproduce the spectrum in the quiescent state
for any choice of parameters.

Summary

The 3-D MHD flow predicts substantial and incoherent time variations in the
emergent spectrum as a result of the dynamics of magnetized flows. However, the
predicted variation amplitude is too small to account for the large-amplitude X-ray
burst in Sgr A*. This result indicates that we need to take into account the effect
of radiative feedback to MHD flows and that of non-thermal electrons as a result of
particle acceleration inside the jet and the corona. We left these as our future work.
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Fig. 1. The density contours with colors are equally distributed on logarithmic-scale. The elapsed

times are indicated in the upper left corner of each panel. The unit of time is rs/c =

10−4MBH/10M¯ s.
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Fig. 2. 3-D visualization of the isovolume of emissivity with colors at jet phase (left panel) and

quasi-steady phase (right panel) are presented. Solid red wound lines indicate magnetic field

lines. The velocity of the jet is about 30% of the speed of light.
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Fig. 3. Spectral energy distribution (SED) of photons emitted in the MHD accretion flows and jets

are presented. Resultant spectra at t = 1200 (solid line), 1560 (dotted line), 1800 (short-dashed

line), and 2210 (dot-dashed line).


