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2. RRAD Closure Relation 2 u

(9 .
What is
in subrelativistic to relativistic regimes |
*://elocity-dependent N
variable Eddington factor 08 (1i2p)3 ¥

0.2

0.6 s ozl

P, =f(H)E, o s ol

eplane - parallel o T,
oL 3BBBIA 3 3B+ /

1+2 V 0 02 04 06 08 10
£(B) = ﬂ . p=Y  Fukue 2006

.spherlcal
(o= Lot ) T
1+3c /[y 1+ B)]
* Numerical simulation Koizumi,
f(z, B) Umemura 2007

*Velocity - gradient-dependent

'i/* variable Eddington factor Fykue 2007
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Relativistic Formal Solutions of

Relativistic Radiative Transfer Equation in
Relativistic Plane-Parallel Flows
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relativistic peaking
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u’f 1 70 =P
= po— ko+0o)log+09Jo|, | IEER
Haz P03 (1= 6p)? LH (0 +00) Jo+ 0 “}
Io=~*1-pBp)*l. (2)
OIS |
L4 &*ﬁ vo =~(1—Bp)ro, (3)
1 — 3
Jo =72 (J —28H + .32[{) : (5)
Ho=~*[(1+5*)H - B(J+K)]. (6)
Ko = (32J 23H+Ix) (7)
In addition, the Eddington factor f is defined as
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Integrating from 7, to 7. we formally have the upward
intensity I7 (7, > 0) as

I—I— (T”u) _ E:_ G(Tb),u_ G(T) n LT(Tb) . [/'T(’T)

I (p. 1)
- GO —C@) L y(t) - U(r)

™ ¢ Fi
N / | _ Sod#(22)
; py? (1= Bp)?

whereas integrating from 0 to 7, we have the downward
intensity 1= (7, <0) as

GO =G0 ()~ Ut)] pr
T (r.p1) = / e 7
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Relativistic Radiative Transfer In
Relativistic Plane-Parallel Flows and

Behavior of the Eddington Factor
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B ELD A (RE)

e ELELD A (RE)

Sf[} — Jﬂ: (2_1)
As boundary conditions for the RE case, we set
I (0,p<0)=0 (25)

at the flow top of 7=0 (no irradiation), which was already
used in equation (23), and

I+(Tb,;¢) =I"+1 (1h.—p) (26)

at the flow base of m,, where I* 1s the uniform incident

A Intensity at the flow base.
7
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BELLL (LTE)

e AXEL7EL (LTE)

So = Bg = BU(O) + bD’T,_ (28)

As boundary conditions for the LTE case, we set
I=(0,0 < 0) =0 at the flow top of 7 =0 (no irradiation).

which was already used in equation (23), and
I (7o, ) = I (70, —p1) (29)
at the flow base of 7,; we set no incident mtensity at the

flow base.
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U Eddington factor in an optically thin regime

2. RRAD  Eddington Factor @

o plane-parallel
plane - parallel
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It (r.0 > 0) = S, (1 - e—(fh—""w) | (33)
I~ (r.0<0)=Sg (1 _ e""fﬂ-) | (34)
Except for the boundaries of 7 ~ 0 and 7 ~ 7,. the expo-

nential terms can be dropped, and the leading terms are
So. Thus, the moment quantities become. respectively.

e 1 [°
J=— Itdpu+ = I du=295. (35)
2 Jo 2/ 4 o

I"—l lI+ %d : DI_ d —15’
1\ —51 . 7 .z..,u.—l—E - 7 (.,u.—g 0>

2034/0/14 : -
DU and the’Eddington factor is shown as 1/3.
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iSTD |
A= a7 e~ (43)

In this case, the moment quantities in the inertial frame
are roughly estimated as

I+

. 2347 So  Ap -
J = So~* 3 (1—Ap)+ -5 2 (T — 7).(44)
L o4p So Ay .
H = Sy~? 3 —(1—Ap)+ BA-57 4 (Th — 7).,  (45)
1 S A
- o 2 N 0 f
o K = 5pn _3(1 — Ap) A7 G (T — 7).
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p=Bo_(1—Ap)/3+AAN1—-35+ 35%) (47)
o (1—Ap)+AAp(3 —33+p32) ~

where
™ — T
6v(1—3) '

Thus. under this simple model and estimation. in the
limit of 5 ~ 1, the Eddington factor approaches unity. It
is Interesting that the same factors with the optically thin
limit (32) also appear in this equation (47).
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