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1. Wind Model 2. Relativistic Optical‘

-steady : | Due to the Loreatz=Fitzgerald contraction, the relativistic optical depth in the fixed frame is
spherical . modified. And we define an “z2 00z rent photosphere” of the optically thick wind as the -
~velocity vW(R)=c B(R) B surface, where the optical depth measured from an observer at infinity becomes unity. The
black hole mass M=10 Msun : observed temperature is also changed. '
constant mass loss rate
dot{m} (normalized by Le/c"2)
~constant comoving luminosity
dot{e} (normalized by LE) =1

3.1 Cohstant— Speed Wind
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LEFT: Shape of the apparent photosphere. In the highly ¥ apparent photosphere ) 7
becomes a concave shape for an observer in any directior N
MIDDLE: Temperature distribution at the apparent phe rallius r. The dashed log v
curves are the comoving temperatures, while the solid ok atures. =xpected spectra of for several cases.
RIGHT: Expected spectra of black hole winds. The das ) spectra, while the sol 000 (thin curves), 100 (thick curves),

ones are the observed ones. thick curves). ve = (a) 0.1 and (bz
dot{m} = 1000.vwe =0.1, 03, 0.5, 0.7, 0.9, 0.99, and 0.£

In the highly relativistic limt of 3 — 1, the effective
. . emitting region concentrates in the very center of r ~ 0,
3 i 2 Accel erat| n g Wl nd . while z}, 1s finite. In this case we expand (10) under the
‘ | condition of zyp/r > 1, and we obtain the approximate
» relations as

| | | (11)

<i~2+99 Eﬁ-'llere the hat means that the length 1s normalized by the
Y Schwarzshild radius.

Using these approximate relations, the comoving tem-

perature distribution at around the very center 1s approx-
imately expressed as
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log V | Similary, the observed temperature distribution at around
the very center of r ~ (0 (# ~0) 13 approximately expressed
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LEFT: Shape of the apparent photospher lick curves) and constant cases (thir Ty ~ = 1 Ty~ T o 2 (I) Ry (14)
MIDDLE: Temperature distribution of es) and constant cases (thin cur T R
This 1s just the relation for the highly relativistic case
RIGHT: Expee’ted Speetfa Of blaek hﬁle ‘ , CUIVE ' ﬁﬂd constant found 1n the present study and shown in figure 2. For
- i — this temperature distribution, the observed spectrum au-
dOt{m} 1000. V_tel"mlﬂ.al//@ 0'1” 0'3’ 9 . tomatically becomes as S, o< v at its shoulder.

4. Concluding Remarks

In this paper we have assumed the gray atmosphere, where the opacity does not depend on frequency. Strictly speaking, the temperature should be
evaluated not at the last scattering surface, but from the surface, where the effective optical depth equals to unity. In a high temperature plasma,
the effective optical depth is often smaller than the total optical depth, and the gas becomes scattering dominant. In such a scattering dominated
plasma, the emergent spectrum iIs not a simple blackbody but a modified blackbody. We should consider such a scattering effect.

In addition, In the present study we did not consider the general relativistic effect. Since the present black hole wind is optically thick, the general
relativistic effect can be safely ignored in many cases. However, when the mass-loss rate is sufficiently small and/or the wind speed is very close to
the speed of light, the apparent photosphere at the center shrinks down to the order of the Schwarzschild radius, and the general relativistic effect

becomes important.




