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Outline

By way of relevance to observations, the importance of
magnetic fields and reconnection in accretion disks was
perhaps first recognized by Galeev, Rosener & Vaiana (1979)
who invoked a magnetically structured accretion disk corona
to explain soft X-ray emission.

This will be a subjective sketch of magnetic fields in accretion
phenomena, with an emphasis on black hole disks

Specifically,

The accretion disk “battery” - origin of large scale magnetic
fields (Contopoulos & Kazanas 1998)
Poynting flux dominated jets from accretion disks (e.g.,
Lovelace 1976; Blandford & Znajek 1977; Lynden-Bell 1996)
The magnetorotational instability - accretion disk turbulence
and viscosity (Balbus & Hawley 1991)
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Accretion disk - jet: schematic from Hawley & Balbus 2002
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The accretion disk battery - Contopoulos & Kazanas

A variant of the famous Biermann battery (Biermann 1950)

Poynting-Robertson drag on a charged particle in optically
thin accretion disk plasma

FPR = − LσT
4πr2c

vφ
c

Drag on protons smaller by a factor of (me/mp)2, (why?) so
electrons will lag protons and there will be a net azimuthal
current.

Include azimuthal (φ̂) current in induction equation, obtain
z-directed/poloidal large-scale field; we need those to confine
outflows
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Poynting-Robertson drag

What is it?

Credit: Michael Schmid/Wikipedia

Why is the drag force on a proton (me/mp)2 times smaller
than that on an electron?

The key is the Thomson scattering cross-section σT ≡ 8/3πr2
0

r0 is the classical particle radius, ≡ e2/mc2

Equivalently, angular distribution of power (Thomson)
scattered by a charged particle dP/dΩ ∝ the double
derivative of the dipole moment: d̈2, and d ≡ er ∝ m−1
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Accretion disk battery - further details (Contopulos et al
2015)

Poloidal magnetic fields “open up” due to differential rotation
of footpoints, separate into an “inner” (radius) component
and an outer one,

Inner field continuously advected inward, outer (return) field
diffuses outward;

This proceeds all the way to equipartition, generating
astrophysically relevant fields on (astrophysically relevant)
timescales (Contopoulos et al 2015)
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Poynting flux dominated jets

The core issue - how to extract energy outward into jets -

what kind of energy? - in this case, Poynting flux

How to launch particles/plasma outward (for they are the
ones who radiate!) is equally important, but this class of
theories actually prefers particle/matter starved jets

In MHD, E = −v×B/c (in fact, this is why one doesn’t need
to worry about electric fields in nonrelativistic flows)

The electric field in the frame of the (moving) fluid is zero -
for its perfectly conducting but there’s a magnetic field. In the
frame of a static observer (who somehow uses a measuring
instrument that is insulated from the plasma) the (fluid frame)
magnetic field appears as an electric field via the standard
Lorentz transformation, which looks like E = −v × B/c

You can also understand it via the induction equation
Ḃ = −c ∇× E = ∇× (v × B)
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How to get the Poynting flux point ẑ-wards?

So the Poynting flux S = (c/4π)E× B becomes
S = (1/4π)B× (v × B)

We saw how dipolar fields can be generated (think Bz), and
how differential twisting of footpoints cause them to generate
Bφ

Lynden-Bell 1996

The fluid velocity is primarily azimuthal (vφ)

So Bφ × (vφ × Bz) gives rise to a z-component of S (not that
there aren’t other components of S)

Maybe there is some way of channeling the Poynting flux into
particles; also, magnetocentrifugal acceleration
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The magnetorotational instability

Another kind of accretion disk dynamo -

converts rotational
energy into magnetic

..except, this proceeds via a fast instability, converting Br into
Bφ and vice-versa

..and the instability saturates via magnetic reconnection,
yielding a saturated state of tangled B fields

Main motivation - generate viscous stress wr φ from magnetic
fields ∼ BrBφ/4π that will enable accretion to proceed
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The instability
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MRI: procedure

Perturb the Euler equation

ρ
Dv

Dt
= −∇

(
p +

B2

8π

)
+ (B .∇)B/4π

and look for axisymmetric modes (∂/∂φ→ 0) of the form
exp(λt + ikr r + ikφφ) with positive λ (growing modes).

Dispersion relation → growth rate ∼ rotation rate Ω, so its a
very fast instability

In simulations, reconnection annihilates fields to maintain
BrBφ/4π to about a tenth of the gas pressure

Further issues explored with MRI - how do particles (especially
collisioness ones) impact the instability, how does magnetic
reconnection involved in MRI impact particle acceleration
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