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Our aim 1s to understand:

The origin of cosmic magnetic fields
Cosmic Battery
The Blandford & Znajek mechanism

What is the structure of the black hole
magnetosphere

The analogy with pulsars
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The Cosmic Battery



The Cosmic Battery



Blandford & Znajek mechanism (1977)

Epm X w(Qpg —w)¥2 ~ Q502

 Rotating black hole

« Magnetic field supported by external
currents

» Pair production & force free
magnetosphere

* Intense flux of electromagnetic energy



Blandford & Znajek mechanism (1977)




MacDonald & Thorne (1982)

Things look
familiar

All the Insight from
pulsar electrodynamics
and other astrophysical

problems
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GR Pulsar equation
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GR Pulsar equation
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The “Huge” GR Pulsar equation
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The “small” Pulsar equation
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Pulsar Light cylinder: rsin g=c/

The electric current I (W) must be determined self-
consistently



The Pulsar Problem
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GR Pulsar equation
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Two light surfaces one inside the ergosphere and one
similar to the light cylinder

Two free functions to find self consistently :
I[(v) and ()

The current and the angular velocity of the
magnetic field



Black hole monopole solution
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GR Pulsar equation
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No jet found In these solutions

Something Is needed to collimate
the jet
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Not real, jets




Not real jets
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Vacuum Solutions
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It Is the same
IT you put In
the equation [=0, »=Q everywhere



Vacuum Solutions

a=0.9999M, vacuum




Vacuum Solutions

a=0.9M, vacuum




The analogy with the pulsar

When the accretion disc Is starting to disperse
a magnetospheric charge Is there rotating

This charge can support a dipole magnetic
field distorted by the rapid rotation

We have a magnetosphere with closed and
open field lines

Neither system forms relativistic jets on its
own



The magnetic black hole
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The orthogonal GRB model
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The orthogonal GRB model

 As iIn pulsars, high energy radiation Is
generated In the equatorial current sheet
e Our model 1s ‘orthogonal’ to the standard GRB

model where all the action takes place along a

relativistic jet emitted along the rotation and
magnetic axis



The orthogonal GRB model

GRBO60614A
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The end

Thank you
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