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“Black Hole Magnetosphere” =—

Loop (bag) + Disk—-BH (inflow) + BH — r, (outflow)
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outside the inner-light surface = Flare-like mass-ejection ?

* For high accretion rate inflow (fluid-dominated case), the bag would reduce the size.

* Fast /Slow MHD shocks are possible near the event horizon. = Hot plasma region !

* Outgoing magnetically-dominated wind =

(energy conversion from ME to KE)

= Relativistic Jets !



H2-A B —RENFEHNEIREHFLE TSI ;

HERAEN
* The ideal MHD condition uﬁFag =0
* The particle conservation law (nu®). =0
* Maxwell equations FiY = —dmjt . Flue =0
* Polytropic relation (Tooper 1965) P = Kp}
* The equation of motion T%ﬁ =
where . . u® : the fluid 4-velocity,
T = nuu®u® — Pg*® + = (F“AFW + igaﬁF2> : the energy-momentum tensor I : the adiabatic index,
p = po+ ﬁP : the total energy density n : the number density,
po = nmy : the rest mass density P : the gas pressure,
p+ P r P L F?=F, Fmw,
woo= = my+ T—1in : the relativistic entalpy
" m, : the particle’s mass
MRl o 7= T5 DDRFE] ( Flow’s parameters ) E5 - BT RE
* Number flux per unit magnetic flux n(¥) = %5
* Angular velocity of the field lines Qp(V) = —F,/Fyp = —Fig/Fyo
* Total energy of the magnetized flow E(V) = pu; — 47mB¢
* Total angular momentum L(V) = —puy — mBqﬁ
* Entropy S(¥)  (or fhOELHAAEDLET M LER)
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Black Hole B&&EiRDR Takahashi (2002)

% Magneto-like flow @ BIBNRVEGEICEKSE
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H 3B —HEx:HEH MHD Shock

VDL s

Sy v=ad"4%E:
YayJETE S (or M) OHFELT S, E, L, Qp, n &3y JETERET 5.

* The particle number conservation [nu)l, =0
* The energy momentum conservation [T°]¢, = 0
* The magnetic flux conservation [*FF), =0

BEDEMEICODWTHaARX VB

*

% Plasma comoving frame : bo = “Fopu® , ey = Fupu”

% Lab-frame (BL-coordinate) : B, = "F, 3k, E,= F,3k°

vay JETE
® [B.]=0 (BL=DB")
® (b =0 (bL=0"0)
# non-relativistic limit — p=m,c* (EF) BDT[DH,]=0
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Takahashi et al. (2005)

EER . BEOBEEEA (S) => TATIVA (A) => BOREEEA (FOU) =
=> Fast Magnetosonic Shock & TES (FY) => I3y ok—
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® /2: Alfvén Mach number

@ m: black hole mass (¢c=G=1DHEFREA : r=2m [T BHFEFERY)

® B;: toroidal magnetic field ( BHDHEFREMA LY. B [SHESEOREAREICHETRE-TLED)
@ EET AN —1F. ST RANFT— AT RILI—ICHE ()



. 4:-B . BH ﬁ%;ﬁ,@{,ﬁé ShOCk Takahashi et al. (2005)

TR : EBUOBEKEES (S) => Slow Magnetosonic Shock => EBUOEKEES (S) =>
=> FINIzVR (A) => BOEKEER (F") => IS5y K-
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® /% Alfvén Mach number
@ m: black hole mass (c=G =1DHEAMRFEMH : r=2m | BHEEZERT)
® B,: toroidal magnetic field
@ EE TN BHBEIRILF—F. BT RILFT—IIHE
( By D%, BBOITRILVF—3BLT S, )
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@ Entropy related accretion ratio: M =K 1/ (F_l)mpn
@ EHELEMNKREZVDIE TP7LT 2 VFEF] (P72 VRATIEHERNY) D,
@ CD:aYnYayuh, &Y Hot % plasma fEEk ZK =5 DD ?
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@ SENSA-F: O= @ EEDE: Au =(u) —(u)

my,c?
@ RSA X VEFEDY 39 U1, Hot 7 plasma BE &4 3,
ZDVayIlE. KER E, NS nDTTEREL T, BRSNS,

@ UEITANFT—"NDIRIIVF—ERICIEIFENAH S, <« GR-effect
BH OERFZHELY. B, DEF F BEICEKSTRESTLSBRH,



HB6E o3y IfE ( physical / unphysical )

FIVICHE S

~
~
~

RREEMRT. 47

=>

@® Shock-free fRDEJREME
@ KYHICUVayIIIRETHMN?



B 7H Summary 15
—RIAFBIERRENFEE (TS5 v v R—IVEEKED ISER L.

B EENGEOLH. ARZORNICHLTTIVI 2 VaPREVERETESNF
9%
(LAt, ChoZ@BLARWE TSy IR—IVICEET BRRICH SR,
@® Trans-magnetosonic flow DT DT (Turahasni 2002, Takanashi and Tomimatsu 2005)

‘ MHD shock %‘L:,‘_&._ @%{4: (Takahashi et al. 2005)

B ayy (ERELEADKEN) BRETEDIE, “7IVD = VFEFR” G
ISV ay ONRELERTH S, HEOTRZE(LSETHETSET A ~3 12
EDREHBTWEN., RKEZMBEHICIEIYENVAIA—FH—FNHET
H5 (FERDOFE).
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