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Abstract. We examine observational properties of relativistic black hole winds as an origin of
high luminosity sources such as microquasars and ultra-luminous X-ray sources (ULXs). When
strong relativistic wind/outflow happens in the vicinity of the black hole, the wind might form
the optically-thick photosphere. Therefore the emission observed in ULXs might come from the
photosphere of the wind, not from the accretion disk.

We found that the location of the photosphere is larger than the disk thickness for super-
Eddington mass-outflow rates and sub-relativistic wind velocities (v ∼ 0.1–0.2 c). To understand
the radiative structure in the high luminosity sources, we should take into account not only the
emission from the accretion disk but also the emission from the outflow at the same time.
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1. Introduction
As for observed thermal spectral components in Galactic black hole candidates, it

generally seems that accretion disk is the origin. However, if strong, radiation-pressure
driven wind blows in a luminous black hole candidate, how do we observe the wind? King
& Pounds (2003) have recently proposed the black hole wind scenario in order to explain
the origin of the high luminosity in ULXs and a few PG quasars. Here we will discuss the
observational properties using a simple relativistic wind model for a stellar mass black
hole.

2. Model for Relativistic Black Hole Winds
Our model for relativistic black hole wind is based on Abramowicz et al. (1991). As-

sumptions of the model are steady, spherical symmetry, special/general relativity. From
mass conservation equation, the density distribution in co-moving frame is given by

ρ =
Ṁ0

4πR2vY ∗ , (2.1)

where Ṁ0 is the mass-outflow rate, and v is the wind velocity, and R is the distance
from a black hole, R =

√
r2 + z2, respectively. The relativistic corrections are included

in Y ∗ = γg
1/2
00 , where γ = (1 − β2)−1/2, and g00 = (1 − rg/R). Here β is the wind

velocity normalized by the speed of light, β ≡ v/c, and rg is the Schwarzschild radius,
rg = 2GM/c2. We assume that the wind velocity β is constant, and a 10 solar mass black
hole.
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Figure 1. Location of the photosphere for various wind velocities β. Mass loss rates,
ṁ0 = Ṁ0/ṀEdd, equal to 1, 10, and 100 from left to right.

3. Calculation Method & Location of the Photosphere
To calculate flux around a Schwarzschild black hole, we adopt the “Ray-Tracing

Method” including special/general relativity (Luminet 1979). Total optical depth of mov-
ing media from an observer at infinity to the location of the “photosphere” is given by

τph =
∫ ∞

Rph

κργ(1 − β cos θ)ds = 1 (3.1)

where θ, κ, ds are the viewing angle to the observer, opacity for electron scattering, and
small distance along the null geodesics. We obtain the location of the photosphere, Rph,
from the τph = 1 condition. The location of the photosphere is shown in figure 1.

Increasing of ṁ0 (� 10) leads to high-density wind, and the Rph also be large. On the
other hand, when the wind velocity closes to the light speed for high-ṁ0, the density
of the wind decreases because of the mass conservation. Thus we obtain small emitting
region. The Rph is given by the combination of these parameters. We note that the
location of the photosphere is larger than the disk thickness in high-ṁ0 and low-β cases.

4. Conclusions
According to Begelman et al. (2006), mass-loss rate in SS433 is extremely high,

dM/dt = 5 × 10−4M�yr−1. In this surroundings we can no longer see the inner ac-
cretion disk, the emission from the photosphere of the outflow will be observed. As for
ULXs, if the super-Eddington mass outflow occurs, the size of the photosphere increases,
but the temperature of the outflow decreases as increasing Rph. Thus this feature conflicts
with the observations in several ULXs. Comparing time-dependent spectral properties
with various models will be important in the future, and it will help to understand real
nature of ULXs.
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