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Abstract

Astrophysical phenomena are commonly regulated by hydrodynamical, radiative, and gravitational
processes. In particular, radiative processes, which are often coupled with non-equilibrium chemical
reactions for atoms and molecules, are the key physics for energy transport. Astroniomical objects fre-
quently exhibit a wide range of optical depth and thus the issue of radiative transfer should be properly
addressed. For deep understanding of the underlying physics immanent in intricate phenomena, em-
ployment of the integrated scheme for radiation-hydrodynamics (RHD) including the radiative transfer
seems indespensable. The recent attempts for RHD in astrophysics are reviewed, and the future issues
concerning multi-dimensional RHD are addressed. Finally, the staple role of the experimental astrophysics

using laser plasma is stated.
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Radiative Transfer Equation Opacity
_l_aItV +n.VIV :XV(SV _Iv) ‘ ZV’T}'V’wV’¢’Rij'
c

I, (r,t; n): specific intensity

o . .
%, (r,t;n) = p—-:extinction coefficient
m

S. (r,z; n): source function R
v ) Source Function

S, =1, +@, §p(m;n)1, (n)dQ’

7, (r,2;n) : emissivity

o, :scattering albedo
¢(n;n"): phase function

Moment Equations

4
oE =
> +V-F= Jod"§xv (S, —1,)d2 Rate Equations
1 oF 1 9y SR AC)+ S0 (R 4C
?5;+V-P—;J(;ZV§XV(SV—IV)ndQ dt ‘; §o 2}2 iRy +Cy)
~ 1 mn R; :1adiative processes
{E.F.P}= J:Zi v §1 v {;,n,—c-}dﬂ C, : collisional processes

E :radiation energy density
F:radiation flux

P:radiation stress tensor

Poisson Equation for Gravity
AD =47Gp

Energy Equation

p d T oFE 1 oF
AN = Z4V.F |+v.|=Z+V.P
r-1d: [p“j (at )H (cz o )

Radiation Hydrodynamical Equation of Motion

dv 1 JoF v (0E
= Vp-pVO®—| ——+V-P |+—| —+V-F
P p=p (cz ar )+c2(az ¥ j

Fig. 1 The basic algorithm for radiation hydrodynamics in astrophysics.
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Fig. 2 6D radiative transfer calculations on the reionization of the clumpy universe. The ionization structure at redshift epoch
z = 4 is shown. The dark gray areas are low ionization regions due to the self-shielding or shadowing effects. The cal-
culations were performed by CP-PACS at Center for Computational Physics, University of Tsukuba.
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The present status of radiation hydrodynamics in astrophysics and future issues. 1D, 2D, or 3D denotes spatial

dimensions. FLD is the radiation hydrodynamics with the flux limited diffusion, RT is the radiative transfer calcula-
tions, and RHD is the full radiation hydrodynamic calculations with including the radiative transfer.

Fields Targets

Present Status

Issues

Stellar Evolution Stellar Winds

Planetary Nebula
Star/Planet Formation Protostar Formation
Protoplanetary Disk
Supernova Explosion
Remnants

Neutron Star/Black Hole Accretion Disk

1D FLD/RT/RHD

1D FLLD/RHD

1D FLD/RT/RHD

1D RT/RHD, 2D FLD/RT/RHD

1D FLD/RT/RHD, 2D FLD/RT

1D FLD/RT/RHD, 2D FLD/RT

1D FLD/RT, 2D FLD/RT

2D/3D, Resolution

Resolution, Frequency
Resolution, Frequency
Scattering, Resolution, Frequency
Resolution, Frequency, Line
Frequency, Line

Resolution, Frequency, Line

QSO/AGN Accretion Disk 1D, 2D FLD/RT Resolution, Frequency, Line
Galaxies Starburst 1D FLD/RT 2D/3D, Resolution, Frequency
Cosmology Reionization 3D RT Hydro., Resolution, Frequency

Pregalactic Clouds

Cosmic Abandance

1D, 2D RT/RHD

1D RT

Resolution, Line

Frequency, Line
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HLAATRCEBEMICHSEEDHB) BRI AV F—
E, B 79 v 2 AF, BEEHTYV VP, BLUR
BT X, €— A bR (Moment Equation) & T
F N F—FA (Energy Equation) IZX - CTIRESH
505, ZhooRoFE, BEHOBICKPOEST
H56MHZ TSR, #oT, Z0OF T TCEIHER
BELTWRY, LS50, T2 aH
& (Closure Relation) 2S5, HEBEKRELT,
LiZLiEBEwsnsDiEe74 » Y EF f=(P/E)T
H5. BEEELEHFREREHILICXY, =71 b
R fERD, Ihzfo CREEEATERREFVT
FLHFEER, =71 ¥ b YETZE(L (Variable Edding-
ton Factor) & IHEN, BWHRAEFTEABEOER 2
HiEthoTwa, 72, COFEEFRBLLER
E,FEHD, JORBEISARETELZ LD
TWab.,

MEI—F%, JVEREOEVNIOIILTVZE
WTEBPEIPNE, FOaA—FR2EDL S LRBEIHD
P H o T AE, FEHWHEICH b 2 BERA %
HBWE, BEREL—Y -7 A HbNLIBR LIkA
LGB R EO[11]. Lo T, Mea—FzHw/
BEYI2V—Yarbkl—¥—75 AxEREEEL
BT A2 T, FHYWHFEIZL - THAEMREHTEHE
I— FZ2HBLTWL ZENTELTHAS).
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3. £&O

PERTEZ L), FHWERICBT 5L RTEST
HmHEE, FEREHTHY, FYOBZ T REHRE
LV, ZRTEHRANZE2ERTH20ICERS I
ATl HHRICEAEa) LAk E BEICHR
L, b) BHENLRSMEET, ¢) BENLZRBNICEE
T5, EWHIETHAHE. a) i, ARV TF4TF-FD
BERIPERICRBTHAIL, b) ) i, BHETHE
ORVEIHIEORREL, TNE2ETTEIN—FIZT7OD
HRPRIZ A ) BREL T F AT 2T E
BETHEYHE OEBE, FVF 4 F-F 0EBOA
6T, MEI— FHARBRCBVTCHEERK&H % R/-§
LRbNA.

BB, 21 OBIIIRXZOKBEEICL > TH D
ENBETHAIBRRBHT—5 @HEHR »5, &
BHHE %25 & M3 720, \EtiAhFERIcE L,
INFTOL) REOAEBRIBRTIER L, RWAEE
BELIMAEREINE I ERROTHALTB X\,
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