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* Do black holes have charge? NO
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The analogy with pulsars

* Do black holes have charge?

* Do black holes have magnetic fields?

* Do black holes have jets?
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The analogy with pulsars

Many astrophysicists feel uncomfortable in curved
spacetime...

Macdonald & Thorne reformulated electrodynamics
with the hope that it may catalyze pulsar-experienced
astrophysicists to begin research on black-hole
electrodynamics and to bring to bear on this topic their
lore about the ‘axisymmetric pulsar problem’...

Macdonald & Thorne 1982
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The analogy with pulsars
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Electrons and Positrons

Contopoulos, Kazanas, Harding, Kalapotharakos



Blandford-Znajek

Blandford & Znajek 1977



Blandford-Znajek

» Radio loud/radio quiet AGN
» Jet formation and disruption in X-ray binaries

* No relation between BH spin and jet power?!!
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The GR pulsar equation

ds* = g, dz"dz”
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Contopoulos, Kazanas & Papadopoulos 2013



The GR pulsar equation

ds* = g, dz"dz”

_ —a2dt2+ASIH29(dq§—th)2—I—%dr2+2d92
V-B = 0
V-E = AT P
V x (aB) = 4naJ
Vx(aE) = 0.
E-B=0

Contopoulos, Kazanas & Papadopoulos 2013



The GR pulsar equation
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The GR pulsar equation
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The GR pulsar equation
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The GR pulsar equation
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* The pulsar light cylinder: 1 sinf = c/o®

* The electric current /(') must be determined self-
consistently

Contopoulos, Kazanas & Fendt 1999



The GR pulsar equation
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The black hole possesses two light surfaces

The electric current /(¥) must be determined self-
consistently together with the angular velocity of the
magnetic field o('P)

Contopoulos, Kazanas & Papadopoulos 2013



The GR pulsar equation
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Blandford-Znajek revisited

0=0.7-0.9999M, w~0.5 QH
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X-Axis (M)

Alic, Moesta, Rezzolla,

Palenzuela, Bona, Lehner, Jaramillo, Palenzuela,
Reula 2011 Zanott1 2013

Contopoulos et al. 2013 (in
preparation)



LY

-
T

'
-

'
™

X-Axis (M) | \ \

Alic, Moesta, Rezzolla, * l *

Palenzuela, Bona, Lehner, Jaramillo, Palenzuela, Contopoulos et al. 2013 (in
Reula 2011 Zanotti 2013 preparation)
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Alic, Moesta, Rezzolla, * l *

Palenzuela, Bona, Lehner, Jaramillo, Palenzuela, Contopoulos et al. 2013 (in
Reula 2011 Zanotti 2013 preparation)
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The magnetic black hole
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The magnetic black hole




The magnetic black hole
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The magnetic black hole
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The magnetic black hole
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The Kerr-Newman black hole




The magnetic black hole

C

The Kerr-Newman black hole
Brn ~ 10" G




The magnetic black hole
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The Kerr-Newman black hole

By ~ 10" G
Buygg ~ 107° G




The magnetic black hole

C
The Kerr-Newman black hole
Brn ~ 10" G
Bygn ~ 10 G
Bey ~1077° G




The magnetic black hole

* A Kerr black hole with its own magnetic field

 Pulsar-like boundary conditions on the horizon
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The magnetic black hole

Ei—o ~ 10°! erg/sec

Contopoulos, Nathanail, Pugliese 2013
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The magnetic black hole

Ei—o ~ 10°! erg/sec

Is it relevant for GRB?

E ~ ww ~ (Br, )2w?

EBZ N w2 N G_t/T

EMBH ~ WS ~ (t/T)_4/3

Contopoulos, Nathanail, Pugliese 2013



XRT and (extrapolated) BAT light curves two_breaks
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XRT and (extrapolated) BAT light curves two_breaks
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XRT and (extrapolated) BAT light curves two_breaks
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XRT and (extrapolated) BAT light curves two_breaks
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Conclusions

The black hole magnetic field may be generated
in the accretion disk (Cosmic Battery)

Stellar mass black holes gain charge and
magnetic field during their formation (MBH)

MBH: an “orthogonal

" GRB model?

Isolated black holes

0 not produce jets



