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Using data from Ho, L. C. 2002, ApJ 564, 120
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Q@ First mentioned by Zel-

dovich & Schwartzman
and quoted in Thorne
1974, may occur and
change  the  energy-
angular-momentum
balance of the accreted
gas in the disk, and then
by Thorne et al. (1986),
Blandford (1999)

Li 2002 ApJ 567, 476

Li (1999-2002) — first detailed and quantitative derivation of
energy and a.m. transferred by magnetic connection from
BH to accretion disk; closed magnetic field generated by a

current loop at the edge of the disk




@ Uzdensky (2004, 2005) — magnetic connection structure by
solving Grad-Shafranov equation (Schwarzschild & Kerr
BHs)

@ Wang et al. (2002, 2007) — toy model for magnetic

connection in a black hole accretion disk based on a

poloidal magnetic field generated by a single electric current

flowing, in the equatorial plane, around a Kerr BH




@ Kerr BH of M ~ 10° Mg+ thin
accretion disk

Q@ inner disk extends from the
static limit to the innermost sta-

ble orbit 5
I 1 . g f I
Q@ BH rotational energy is ex- inner disk BH MmN ghiclimit
tracted through the closed mag- Q,>Qp stable orbit |
netic field lines that connect the - locus of frame dragging
BH to the accretion disk, in- spin parameter a.

creasing the energy released by
the inner disk; this energy is
used to launch the jets

@ accretion process in the inner disk occurs mostly due to the BH magnetic
torque on the disk; the removed disk angular momentum is carried away
by the jets

Q@ particles from the disk flow along the closed magnetic field lines and
eventually cross them




Q@  vertical mass flow M
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Use the conservation laws derived by Page & Thorne (1974) including MC
and jet launching:

@ angular momentum consevation law
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@ MC torque and flux of a.m. transferred from BH to disk (Li 2002)
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@ angular momentum consevation law

d .
o [(1 — Qjets) MDCLT} + 4nrH = 4nrJLT

a.m. carried by accreting mass of the inner disk + a.m. transferred from
the BH to the inner accretion disk = a.m. carried away by jets
@ energy consevation law

d

o [(1 — Qiets) MDCQET} + 4nrHQp = 4nr JET
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energy transported by accreting mass + energy transferred by MC =
energy flow along the jets
Q@ launching power of jets
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. T'sl
Rjets = (]_ — Qjets) MDCQ (Egl — EJHS) + 47'('/ THQDCZT

@ magnetic flux threading the inner disk surface

Up = /BD(dS)z:Oa (dS)z=0 = \/det I(re) dr do

Q@ poloidal magnetic field threading the inner disk surface

Bp = Bp(Tms) (TL>_ = % : (TT >_

@ resistance between two magnetic surfaces threading the
horizon dRy = Ryy=2, Ry = A1 /c = 377ohm

2Try




BH generates a potential difference driving electric current
around a circuit and the energy to do this comes from the
BH rotation (Znajek 1978)

Q@ set the potential drop to the energy of the particles carried
into BH, in an early epoch when the BH accretes at the
Eddington limit; gives the maximum value of the magnetic
field threading the horizon
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@ continuum of the magnetic field (Wang et al. 2006)
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Pjets = mM]];)ddC25_1(1 — Qjets) (Eil* - E;rns*)
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¢ = 1, gives the maximum for P
n = 2, frozen magnetic field
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change of mass and a.m. of BH by accretion (Bardeen
1970) dM = E)ysdMy and dJ = Jihs dMo

da C dJ 5
p— —_ CL*
dinM ) . iier GM \dM

@ equations for the evolution of the mass and angular
momentum of the BH with MC
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@ total spin evolution of BH
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The factor between the Poynting flux transported by the
jets and the particles maximum energy (Lovelace 1976):

P~ E?

max

to 10%7 erg/s corresponds 10%! eV
Cen A: 10%3 erg/s and M87: 10*? erg/s — cannot
accelerated protons to 102! eV?

PP



Jets launched in the context of the magnetic connection !7?
Crossing of the magnetic fieled lines...

Angular momentum transported by the jets?

Just a toy model...

Reasonable?




UHECR contribution from spin-down power
of BH




GRMHD simulations of jets formation from
Kerr BH
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