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Introduction 
The outflow which is driven by radiation-pressure has been observed in luminous Galactic black-hole 
candidates, active galactic nuclei (AGNs), and distant quasars.

When we observe such objects, the last scattered surface of photons may be changed by the wind, 
i.e., the disk is concealed by the wind when the wind matter is highly optically thick. 
In that case, we can obtain the information of the photosphere. 

If a relativistic spherical wind blows off at a constant speed, the shape of the photosphere 
appears convex in the nonrelativistic case, and concave for higher outflow velocities 

(Abramowicz et al. 1991). The optical depth in a relativistically moving media becomes small 
in the moving direction, while it becomes large in the opposite direction. That is, the optical 

depth depends strongly on the viewing angle.   
In this paper, we calculate the temperature distribution and luminosity of the photosphere in the 

comoving and inertial frames. 
We found that the luminosity in the inertial frame is higher than that in the comoving frame. 

This result suggests that there is a possibility of overestimation 
for the temperature of the object that has large brightness, and relativistic wind blows. 

Abstract

Model for Relativistic Outflow
We assume a spherically symmetric, relativistic wind.
The wind velocity is assumed to be constant at large radii.
Comoving rest mass density is given by

All quantities with a subscript 0 refer to physical quantities 
as measured in the comoving system. 

Black hole mass = 107 M
Temperature (at the central region) = 107 K

The parameters were the speed and a mass-loss rate of wind.  

************ Calculation Method ***********

: the mass-loss rate
R: a distance from the 
central object

Schematic picture of the present 
calculation. The spherical wind is 
assumed to blow off from the origin
at a relativistic speed. The observer is 
located at infinity in the z-direction



○Location of the Photosphere ○Temperature Distribution 
and Luminosity

The luminosity in the observer’s frame

The temperature in the observer’s frame

The temperature in the comoving frame

z : redshift

F : flux

σ: Stefan-Boltzmann constant

Result 1
Location of the photosphere for various wind velocities β (from 0.95 to 0.2). 
The speed is plotted by 0.05 step. 

When the angle decreases, the photosphere approaches the center. 
When the wind velocity increases, the photosphere approaches the center, and the section of the 
photosphere looks like concave shape.

************************* Results ************************

The optical depth of a moving atmosphere

θ: the viewing angle measured from z axis
β: wind velocity

Nonrelativistic and moderately 
relativistic winds have convex 
photospheres. 
However, the photosphere of 
relativistic winds becomes concave 
for β> 2/3. 

Abramowicz et al. (1991)

The optical depth to photosphere

The optical depth of a static atmosphere

ds : the small distance along the light path 
κ: the coefficient of opacity for electron scattering
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Result 2

The temperature at the center in the inertial frame is higher than that in the comoving frame.

These facts become remarkable as the wind velocity increases.

The center of the apparent image is brighter than the surrounding.
This is because the optical depth becomes small when the wind 
velocity increases, and when θ becomes small. 

This is the relativistic beaming effect. 

Temperature distribution of the  photosphere
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Discussion & Summary
When the wind velocity is fast or when mass-loss rate is small, the radius on a bright photosphere 

becomes small and the temperature and luminosity become high. 
Therefore, when the speed of wind is very large, it is necessary to consider the effect such as redshift. 
The radius on a bright photosphere grows, when the speed is small and the mass-loss rate increases. 

Therefore, the disk is concealed by the wind in such a case. And there is a possibility of observing not 
disk but wind. For instance, when the speed is about 0.1c like broad absorption line (BAL) quasars. 

There is possibility that the estimate of luminosity and black-hole mass would be different from those 
of actual values. 

＊Luminosity in the comoving frame (dashed lines) and seen from the observer (solid lines) 
as a function of wind velocity.

○The luminosity increases as the is small, in the comoving frame and the inertial frame.

That is, we can see the more center of photosphere.

○ The luminosity in the inertial frame
・for low β(=0.1-0.2)  → a factor of a few higher
・for high β(>0.9)       → one order higher than that in the comoving frame. 

We may overestimate the comoving temperature in luminous objects with relativistic velocities! 

This is the relativistic beaming effect. 

Result 3

＊ are 10, 100, 1000, 10000   
from top to bottom.     

: the mass-loss rate 
standardized at the 
critical mass-loss rate


