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1. RHD Radiation Hydrodynami@
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1. RHD Fundamental Equation@

Q >
1 Boltzman equation | |
for matter
10l 1 .
LIV L. “Ce L (V) = pi, - px, 1,
ot or ov & c o 4r

f(r,v,t):distribution function
r : position
Vv :\velocity
t:time

o

- po, [4,1,4Q' + po, [ 4,1,dQ
| (r,l,t,v):radiation intensity

I : position

| : directioncosine

t:time

v . frequency




X7 p= (v, W, Vo)

» nental Equationu

! D
‘ Boltzman equation | |
for matter J
1 ol 1 .
ﬂ+vﬂ+aﬂ o —— , =——p) —pKxl,
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f(r,v,t):distribution function
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BA%L f(r, v, 1) DIRD
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HiEK
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- po, [4,1,4Q' + po, [ 4,1,dQ
| (r,l,t,v):radiation intensity

I : position

| : direct) Arfpdele]

t:time X ‘

v:frequency- ‘




1. RAD - Moment Formalism @

0 o
" Moment quantities i
for matter J )
frequency - integrated
density radiationenergydensity
p = f(r,v,t)dv,dv,dv, CE = j 1dQ
bulk velocity radiative flux
ou' ='[v‘f(r,v,t)dvxdvydvZ F :J'H‘dg
pressure stress tensor radiationstresstensor
p" :'[(v‘—u‘)(vj —u’) f(r,v,t)dv,dv,dv, cp :J'||i|kdg
MADE—AVNE(HRABE., FIEREAIML EARLRATUYIL) E
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1. RAD - Moment Formalism @

©

Moment equations
for matter
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continuityequation

op O K

4 v')=0
o "o V)
momentum equation
ﬂﬁ_vk ikv' __a_lﬂ__ia_p_ K_FF'
ot OX ox' pox cC
energyequation

o

frequency - integrated

Othmoment
OE OFF* .
+ = —Ck:E
61: an p(J E )
1stmoment
1oF' oP" _ 1 i
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1. RHD  Moment Formalism u
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1. RAD  Closure Relation 1 @

@

o)

Eddington approximation
radiation fields = isotropic

Pik_5_ik
3

Diffusionapproximation
radiation fields = isotropic
+ optically thick
c oP* ¢ OE
Ko p OX" __3KR,0 ox'

F'=-

IFq4bhaléE
PR EGA L




1. RAD Closure Relation 2 @

S

in optically thick to thin regimes

Variable Eddington factor

Pik — fikE;

Tamazawa
etal. 1975

f ¥ =(f(r),%—% f (2'),%—% f(r)j

1+7 f-Z8T T4 HF
1+ 37 | (variable Eddington factor)

f(r) =

Flux—limiteddiffusion
c oE
Ko OX'

_ 2+R .
 6+3R+R?’
f =1+ A°R?

F'=-2

Levermore and
Pomraning
1981

_ Vg
- K PE

A i 2R il R (flux
limitter)

0.6

EENTToob Rl
Pk L [VEE Y ik

0.4

[ solid curve: our case replaced

02k by 5 ~1/(1+7) -

i dashed curve: Tamazawa-VEF ]
dashed curve: TLD case
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2. RRAD Moment Formalism u

@
Moment equations () = = (V=) = 0. (553
for matter |
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ﬁ 2. RRAD Moment Formalism @
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Moment equations

REIRDE—FAUEK IRDE—AVEKD3ITE
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4@ 2. RRAD Moment Formalism @
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2. RRHD — Closure Relation 1 @

D

o)

Usual

\/

In the comoving frame
Eddington approximation

ik
I:)ciok = 5— Eco
3

Diffusionapproximation

c oPX ¢ OE,
Ko OX" __3KR,O ox'
Flux- limiteddiffusion
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2. RRHD — Closure Relation 1

%

Usual

\_/

In the comoving frame

Eddington approximation
ik
F)ciok = 5— Eco
3
Diffusionapproximation
c Py ¢
Kop OX 3K, A
Flux- limiteddiffusion

|:cio ==

| e IT4bRF @

Isotropic assumption may break down
In the relativistic regime
even in the comoving frame.

INUJIIT T LJJdy, LJIJI=T

J
e 3al—i3v @

o) C

Diffusion assumption may break down
In the optically thin and/or relativistic regimes

T =TT
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i What is
in subrelativistic to relativistic regimes

\—/

* \Velocity- dependent
variable Eddington factor

I:)co = f(IB)Eco Fukue 2006,
eplane -parallel Fukue, Akizuki
1+2 v 2006, 2007
(o)=L p=t
_ ¢ Akizuki, Fukue
espherical 2007

t(r, ) = 28+ P Abramowicz+
7 1+3/[y(1+ B)] 1991

* Numerical simulation Koizumi
f(z,) Umemura 2007
*\elocity- gradient- dependent
variable Eddingtonfactor Fykue 2007

f(r,8,d3/d7)
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(Milne-Eddington solution)

T* = 3T;f‘f (T—I— 2)
4 3
HE D ER 5T ¥ 1%
E’] /)ilf.*la Ta) $EEI %T $HU
‘*&UIL (BII‘- 1 u%ﬂ)

17

SERDZRE
2008/6/25

Kayo Seminar 2008/06/24 51 g




@
L2
&
&
&

EEXR[EEFEABERR

HEXS
E1T AR
IRILEF— ﬁliﬂll}
B NtgldE—
+ 5 BE——E
AL ESICER

3]

.............

............

RE
D

fEEMBEAS
AT HRITEL
MERIT 2K
FEHGHITIEILTS
HEHEHITER
BELIZT=LVTLVE

& & & & O

||un

10 Seminar 2008/06/



%

BEatE X0 E g
2 WEPITPRAL
Bl AZRBIT REE—F T X F
Radiative Transfer

2 Plane-Parallel Atmosphere
Limb-Darkening and Peaking
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o BEETHE 05050 = L~ (b ) I+ ca ]
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o Eddingtonifft 1
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BOTTERAS e
Milne-Eddingtonf#

o IEREH 3¢P, = ¢l =2F. at T=0,

F=F,
2
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31 /2
o BRETIRE I(r,1) = 7~ <3

o RME TODR 35
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E& % % : Hopf function q(t)

e Hopf function q (1)

q(z) = 0.71048—0.25973%, (7) + 0.323258E, (r) — 0.10258 2, (7)

q(0) =1/~/3 =0.577350
q(0) = 0.710446

cE =3F 7 +q(7)]
F*=F,
P = F,[r +q(e)]

P = cPY = FS[ng(r)—%q(oo)]

A == .577
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E& % % : Hopf function q(t)

e Hopf function q (1)

q(z) = 0.71048—0.259739%, (r) + 0.323258E, (r) — 0.102582E, (7)

q(0) =1/+/3 =0.577350
q(0) = 0.710446

¢ 7 _17+q(x)
3 7+q(7)

3 1
+ — _
------------------------ fXX:fW:ET 2q(z—) 2CI(OO)

----------- = 3 r+a()
f#(0) =0.410176
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Relativistic Radiative Transfer

Radiative Transfer in Relativistic
Flows
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Radiative Transfer in Relativistic Flows

3 Milne-Eddington Solutions for
Relativistic Plane-Parallel Flows
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f‘ 2008, PASJ 60, In press
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Inertial/fixed frame

cE:jldQ, F =j||‘dQ, P =j||‘|de
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Inertial/fixed frame
FRlL R TOERFEE 1(2)
$R1E B4R 2

A AR 5% p=cos 0

R[E p=v/c; 4TtiEEU
ZE p

HEFHIEA 1=-Kpdz

EatEE AER
dl 1 o . 4 4 KEH 3, (p—=p5)7° o (1=p58%)21-pu?
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pew = pyfFe=J (= const.),

du \ dj3 d) ¢ dp  pc® KAPS 4 kSR .
20 g B [ P48~ (eB 4 eP)3 ).
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0=21__ ( jo — kB e By? — kBP% e Pu? 4 2K3°8 Fyu )
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T E—AULEERX O
dF 5 9 9y D .
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Introducing the optical depth defined by
dr = — (k3™ + k5°) pdz, (10)
the transfer equation (9) finally becomes
dr 1 1 w3

4 . 4 ¥
p—= [ (1= Bp)t T — — v2(eE —2F3 + 8%cP)
dr 431 —Bu)? B
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Observational Appearance of Black-Hole
Winds
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Observational Appearance of Black-Hole
Winds

2 Optical Depth in Relativistic Regime

.~ Sumitomo, N. et al. 2008, PASJ, 59, 1043¥
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Abramowicz, Novikov, Paczynski 1991
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Abramowicz, Novikov, Paczynski 1991
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