


2008/6/25 Kayo Seminar 2008/06/24 2







astrophysical )

s (YSO)

s (CVs, SSXSs)

s Crab pulsar

s SS 433

s microquasar

s AGN

s quasar

s gammaray burst

S“f 2008/6/25

Kayo Semin




s 1918 M87 s 1969
Curtis LyndenBell
s 1963 s 1973
3C273 Shakura and Sunyaev
Schmidt < 1986
s 1978 SS433 Paczynski
Margon
M87
s 1994
Mirabel
s 1997
BeppoSAX

NOAO/AURA/NSF

‘“{ 2008/6/25 Kayo Seminar 2008/06/24 5



Chandra X-Ray

VLA Radio| |

L

HST Optical

=

&

o

Galaxy M87

4000 light vears

2200 Tight years

VLA
Radio

VLBA !
Radio |

0.1 ight years

MACA MEAD and 1 Rirets (BTS20« 2T2-~.PRCOC. A3

HST -WFPC2
Visible




Cen A

A/NGC5128 http://
physics.gmu.edu/ ~rms/ astro113/
myimages/ cenacomp.jpg

2008/6/25

X-Ray (NASA/CXC/SAQ)

S

Radio (NRAOJ/AUI)

Optical (AURA/NOAO/NSF)

Infrared (2MASS)



quasar

3C273
NASA/STScl/JAXA 0
X

10 milliarcseconds

Space VLBI



AGN~7-

BAL broad absorption line -

0] -

3 o1

o 304

) J

10 cb:;ca"ﬂ

30"

]

NV CIV SilV
I 5253'30™L, - 5 =
08"28™0s* o3* 28c0* 57 54° 51*

a (31950)

S PCyg

10000 30000km/s 0.1c e

== g H

‘M
o

e J /1 -

BAL
APM0827 z=3.78

http://
www.astro.keele.ac.uk/a
dusers/ejt/quasar.html

|

1073 1C4gleny iF
1
BAL PC 2330+0125=3.28 < |
deepuniverse.net/q38.html =l
Uuciv Ccli -
U cClIv u [

C IV 4000 II : : EI]II]I] : : :

2008/6/25 Kayo Seminar 2008/06/24

S

‘Wareicaghh (K}

S\



&

AGN 73 HTEH %

PG1211+143
X 8
0304 [ .. ..
1 NLSy1
1HO707 495
X

Kayo Seminar 2008/06/24 10

P o
‘“{ 2008/6/25

PG
1211+143 X

http://cxc.harvard
.edu/newsletters/n
ws_13/ letg.html

2

25 Fe
XXVl LyU




Scale: 1,000 times the Sun-Earth distance

%

X
SS433
http://www-cr.scphys.kyote
u.ac.jp/ 26
X
S$433

g |ocation of http://mww.nraozedu/pr/2004;

binary

star system ss433corkscrewiSS433

20
163

b 4

SS433




microguasar

GRS1915+105
92

GRS 1915+105
http://universereview.ca/ 10817-
microquasar.gif
5 0 0

4 8

‘“‘f‘ 2008/6/25 Kayo Se

2 Nov -3

6 Nov

9 Nov§




Fhv=v b 4/

W % | @ | sl k| A
i 0184461
7)
W
BE L
7
g [HeII 468
i 197943 A20 B
4000 5000 6000 7000 8000
i1 [A]
o
E
N
0.2t 1
03L Legn | 1 %
3900 4000 4100 4200 4300
=Y RHE

X
SS433
http://www-
cr.scphys.kyotau.ac.jp/
26

$5433

http://wailw:nrao.edu/pr/2004
ss433corkscrew SS433

20
63




BATSE Trigger 7906

L 4
&
S
& E
4
3
R : LU\
gammaray burst .
0 10 20
Refl [(#]
IshortIGRB | | IonglGRB

. t

. 2 ++ .

® |

%3— LO

: by 4

Short GRB/Long GRB SO
199 1 2704 BATSE Gamma-Ray Bursts
BATSE
GRB
NASA
2008/6/25 Kayo Seminar 2008/06/24 1

Fluence, 50-300 keV (ergs cm™)



1997

100 —
GRB970508 70 BeppoSAX X

GRB970228 http:// heasarc.gsfc.gasa.gov/
docs/objects/ grbs/ grb970228.html 199¢ 2 28
3 3

2003 ST MMM
GRB030329/ SN2003dh
_‘_!__J 201 J
2D ]
GRB030329 2ok R S11ER E
GRB030329 SN2003dh R SN1998bW DB LB BN E = ]
2 ;
L K el ]
iz i ]
"l"f' 2008/6/25 Kayo Seminar 2008/06/24 R R — —

EE [A]



Rees&Meszaros 1992

Paczynski 1986
99.99

9 99.99
\f

‘“‘f' 2008/6/25

Kayo Seminar 2008/06/24

NASA
16

=)

LK NEHEER
TZvhk—iLz (GRB)




%

SS433 L ep cont/blob 0.26c/1.04
1E1740.7 2942 ee? 0.26c/1.04
GRS 1915+105 Lg ee? bloby 0.92Z/2.55
GRO J1655 40 L= ee? Dbloby 0.82.55
XTE J1748 288 Lg ee? bloby 0.92/2.55

3C 273 L 0.9 /10
M87 <<l 0.9 /10

)4

S

GRB030329/SN2003dh>L. ee? fireball 0199

‘“{ 2008/6/25 Kayo Seminar 2008/06/24 17




2008/6/25 Kayo Seminar 2008/06/24 18

%

[

ep ee
continuous / periodic / intermittent
mi |l dly rel ad+ili
highly reladsz2i53

ul tra rel atd vl .
extremely relativistic w» °
b 0.9999 o






=

o

o

COR

2008/6/25

Kayo Seminar 2008/06/24

20




Relativistic Radiation Hydrodynamics
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| r, t, [erg/cnd/sr]
E r,t [erg/cn¥]
F r,t [erg/lcnt/s] c [erg/cn?]

P r,t [dyn/cn?] [erg/cn?|

E, = L[r1do, E = [E,dv,
F, = [1,ldQ, F = [F,d,
Lo B = L[Livde,  PY o= [Pidy,
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RRHD Moment Formalism@
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Moment equations (nu) = \/—W (V=gnu*) =0, (B.53)
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RRHD  Closure Relation j@
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Usual
: | s Q)
In the comoving frame
Eddington approximation Isotropic assumption may break down
Y In the relativistic regime
Py = 3 E. even in the comoving frame.

Diffusion approximation NS T %
—/ s @

Fi = - =
© kyr puxt 3k | Diffusion assumption may break down
Flux - limiteddiffusion In the optically thin and/or relativistic regimes
even in the comoving frame.
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What Is
In subrelativistic to relativistic regimes

J

\—/

* Velocity- dependent
variable Eddington factor

I:%:o = 1:(b)Eco Fukue 2006;
fiplane-parallel Fukue, Akizuki
f(b):1+2b; b=V 2006, 2007

_ C  Akizuki, Fukue
fspherical 2007:

t(¢,b) = 290+ D)l Abramowicz+
7 143t g1+ b)] 1991

* Numerical simulation Koizumi

f(¢,0) Umemura 2007
* Velocity- gradient- dependent

variable Eddingtonfactor Fykue 2007
f(r,b,db/dt)
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S COSQ% — P _7'[' — (Kfabs + ’{sca) [+ ’{sca_E]
dF .
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Milne-Eddington
3cP, =ck, =2F, at =20,

F = F

2
3cP =clF = 3F, (§ —|—’T>

3F, /2
e = (57 +n).

35, /2
10.0) =" (§+”)' |
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Milne-Eddington

3L /2
! === (2 .
3F, /2
0.0 = 22 (24,).
(Op) = —5+n

20— 17—

12l ~\/ |12 _edge

Intensity

1‘0/

0 0.2 04 06 08 1.0
1

00 edge pole




1.2

2008/6/25

I(O,M)—i—f(%ru)
i 3F, 1 /2 7
WA GO
i 3F. 1 /2 1 17
22 (o) o
| e ) \g e ptde = g3t
P 11T
10 E 314

Kayo Seminar 2008/06/24 59




Hopf functiong U

s Hopf functionq U

q(¢) =0.71048 0.25973&,(t) +0.32325&,(t) - 0.10258E,(¢)

q(0) =1/4/3=0.577350

g(n) =0.710446
CE=3F [t +q(¢)]

FZ=F
cP* = F¢ +q(=)]

1.2

1.1
0

3f 1.0 I

0.9

cP™ =cP” = K[t +gCI(l‘) > %Q(Q )]

0 -
0.577 |
: :
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Hopf functiong U

s Hopf functionq U

q(¢) =0.71048 0.25973&,(t) +0.32325&,(t) - 0.10258E,(¢)

q(0) =1/4/3=0.577350

77 17 +q(m
g(a)=0.710446 prz= 2070A0)

3¢ +q(t)

L£+a0)- o)

b 4

f= 0 =

------- == 3 t+q@)
f #(0) =0.410176
----- ST £7(0)=£7(0)=0.294912
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Radiative Transfer in Relativistic Flows

3 Milne-Eddington Solutions for
Relativistic Plane-Parallel Flows

by
Fukue J.

f‘ 2008, PASJ 60, In press
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inertial/fixed frame

CE=pfjdwW, F' =j1'dw, cP* =i 1'1"dw
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Inertial/fixed frame

1(2)
Z
e=cos d
b ¥/c 4 u
J. ,r
U= gz

(1-
(1—Bp)
_[”((1” ﬁﬁ);]” ’ +[’f32+((1# ﬁ?)ﬂ = g: ] H
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peu = pyfBc=J (= const.),

du ,Eb' di) c? dp  pc? kEPS L RER
2, 4% _ 2 4 _ay 0 2y
“Yz T CT’& dz ! £+pdz+5—|—p c [F(l—l_ﬂ] {GE—I_CPW]’

0= g_ — ( jo — kB e By? — kBP% e Pu? 4 2K3°8 Fyu )
£

_ >

dF
dz = py |:j't] —EEbSEE+ESCE’(EE+cP) 2ﬁ2+HE’bSFﬂ—HSCE’ (1+,82)'}“2ﬁ:| !

d-P - 8 abs BCA BCa
== | GoB = k3P F 4 KEePB - kEUFA (14 B) + k(B +cP)y8 |,

cP(1—f3%) = cB(f - B*)+2FB(1- f),

CE=fjdW F' =f1'dw, cP* = 1'1"
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abs

+
I ;[—( abs 4 esen) 44 (1= Bp)* T+ p+";°—?r~,-‘-’(c5—2F,3+,3‘-’cP)

=
sCa __,32 . _oanz2 g _ 2
i §A.z{[1+[(ﬂ ) o A2 H“E

dz ~ "R Bp)®
am 4" 1—Bp)2” (1-p5p

(n—p5)* (u—=B)* (1-p%*1-p
[H( ]2F9+[ (1—,3,u) C(1-pp)? 2 ]“PH' (9)

_|_

[E

Introducing the optical depth defined by

dr = — (k3™ + k5°) pdz, (10)
the transfer equation (9) finally becomes
dl 1 4 _ 1 k3P PR
;55_7—'3(1—,-3,1]3 0 (l—ﬁ,u I_E—habs-l-hsca 2(eE —2F8 + B%cP)
A (k=0)" o, (=5 1-p’
_4:'”{:8'33—1—&%‘35‘47 {[1+ (1—,6',(5)2;3 +(1—f3,u)’-’ 2 cE
(1 —p) (u=5) (=) 1=y’
[H(l—ﬁ,u) 200 + |8+ (5,2 =gz 2 |
—~(1—9;)f—1_‘4 ! (cE —2F3 + 3%cP)
T T T (= By o
A3 1 (p—5)7% . (1—=5%H%21—p?
411'41;-[1—,3;.'.)3{[1—1_(l—"?,u]z'ﬁ a2 |°F
(n—1)° (k=B (1= 1-p
14— |2F3+|p3° P 11
[ i) PP e e 2 ) W
where
h‘%ca' -
= "L‘.'S'bs +haca (12]
dF 32} — cP(1
= BE 1+ 57) = (b eP)p) =y T =T (13)
!
3% —
F(f+1 cP(1+4 f)B _ (14)

200¢ CZ—P—*E[F(1+-32) (cE+cP)p] =7 —
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emergent intensity
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