Where does the magnetic
field come from?
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Magnetic field ‘reservoir’?

Narayan and collaborators
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ABSTRACT

Activity of the nuclei of galaxies and stellar mass systems involving disk accretion to black holes is thought to
be due to (1) a small-scale turbulent magnetic field in the disk (due to the magnetorotational instability, MRI),
which gives a large viscosity enhancing accretion, and (2) a large-scale magnetic field, which gives rise to matter
outflows and/or electromagnetic jets from the disk which also enhances accretion. An important problem with
this picture is that the enhanced viscosity is accompanied by an enhanced magnetic diffusivity, which acts to
prevent the buildup of a significant large-scale field. Recent work has pointed out that the disk’s surface layers
are nonturbulent, and thus highly conducting (or nondiffusive) because the MRI is suppressed high in the disk
where the magnetic and radiation pressures are larger than the thermal pressure.

‘Enhanced viscosity is accompanied by an enhanced
magnetic diffusivity, which acts to prevent the
buildup of a significant large-scale field’
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“There are currently 27 reports of
monotonic RM gradients with
significances >30 in the literature,
of which 20 are CW (1% probability
that this came about by chance!)”

The electric current flows mostly
toward the origin of the jet
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Gargantua is a massive, ‘gently spinning’ black hole (Interstellar)
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Younsi, Wu & Fuerst 2012

Koutsantoniou & Contopoulos 2015 (in prep.)
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Koutsantoniou & Contopoulos
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Radiation dynamics
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A Cosmic Battery
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Figure 3. Evolution of the magnetic flux ¥ accumulated on the
central object (in units of ¥,..) for various values of the magnetic
Prandtl number (from top to bottom: P,, = 0.2,0.4, 1, 10, 100, and
100 with finite optical depth in the disk). Time in units of t,cc

Contopoulos, Nathanail & Katsanikas 2015



A Cosmic Battery

oA\
153§:27T7“C(UXB —£)¢

Figure 3. Evolution of the magnetic flux ¥ accumulated on the
central object (in units of ¥,..) for various values of the magnetic
Prandtl number (from top to bottom: P,, = 0.2,0.4, 1, 10, 100, and
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Figure 3. Evolution of the magnetic flux ¥ accumulated on the
central object (in units of ¥,..) for various values of the magnetic
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Figure 3. Evolution of the magnetic flux ¥ accumulated on the
central object (in units of ¥,..) for various values of the magnetic
Prandtl number (from top to bottom: P,, = 0.2,0.4, 1, 10, 100, and
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The magnetic field in the jet:

® Significant! Probably yes
® Organized! Probably yes (but hard to see)

® Origin! Battery at the inner edge of the accretion disk
(one polarity is held around the central black hole, the
other diffuses outward). Generates naturally a core-jet/
sheath/disk-wind structure

® Axial field? || 2 in the jet. Closes outside

® Axial electric current (toroidal field)? Towards the
origin of the jet. Closes along the surface of the jet
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