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Abstract: <p>There is observational evidence that the X-ray continuum source that creates the broad fluorescent emission lines in some
Galaxies may be compact and located at a few gravitational radii above the black hole. We consider two scenarios for the
emission.&nbsp;The first possibility is that the X-rays may be produced by particles accelerated in an electrostatic gap at the base of a pute
However, our detailed study of the gap kinetic physics and scaling suggests that the energetics is not enough in these environments.&n
second possibility is that the compact X-ray emitting source may be powered by small scale flux tubes near the black hole that are attache
orbiting accretion disk. Our force-free simulations show that the field linking the black hole and the disk can get twisted up by the differ:
rotation to form a magnetic tower. When the confinement provided by the field from the outer disk is strong, the built-up magnetic towe
quickly become kink unstable, which leads to continuous reconnection and dissipates most of the energy extracted from the rotating black hc
could in principle power a hot X-ray emitting region above the black hole.</p>
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Formation of lamp-post coronae in
Seyfert Galaxies

Yajie Yuan (Spitzer Fellow, Princeton)

In collaboration with: Roger Blandford, Dan Wilkins (Stanford)
Alex Chen, Anatoly Spitkovsky (Princeton) and Huan Yang (PI)
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NGC 4151, HST NGC 4051, Liverpool Telescope

.

NGC 5548, HST

NGC 4593, HST
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Radio Quiet
QSO

Urry & Padovani
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QOutline

= The puzzle from observations: compact and bright
X-ray corona

= Possible scenarios for the compact X-ray corona:
« Gap at the base of the jet (?)
= Tangling of small scale flux tubes near the axis

= Summary and perspectives

picture credit: XMM-Newton, ESA, NASA
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X-ray coronae in Seyfert Galaxies

Spiral galaxies, M ~ 106-108 Mo, Radio quiet
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X-ray coronae in Seyfert Galaxies

Spiral galaxies, M ~ 106-108 Mo, Radio quiet
L ~0.01—1 Ledd
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Lamppost coronae?

Reverberation mapping
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Iron K lag in NGC 4151
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Lamppost coronae? . —

Different height 1= 15,
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Lamppost coronae?

Microlensing

Credit: X-ray: NASA/CXC/Penn State/G.Chartas et al; lllustration: NASA/CXC/M.Weiss
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Lamppost coronae?

Microlensing
Object log(Mpu/ Mp) L/Lgaa Log(Size/cm)
(1) (2) 3) (4)
Q 223740305 8.68+036  0.44 15.46*92%%
RX J1131—1231 832+0.62  0.03 14.04-14.68
Q J0158—4325 8.2+ 0.2 0.4 143555
HE 1104—1805 937+033  0.36 14.2-15.0
HE 0435—1223 876 £ 044  0.11 <15.07
PG 1115+080 9.1+0.2 0.37 15658

Morgan+2008; Chartas+2009; Mosquera+2013; Reis&Miller2013
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Questions to answer

Why is the corona so compact, and located at such a special
place (a few gravitational radii above the BH)?

Why is the X-ray luminosity so high?

Is this relevant to the radio loud/quiet dichotomy?
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On jet formation...

McKinney et al 2012
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Scenario 1: gap at the jet base
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Physics of the gap

In black hole jets, the plasma
supply in the funnel region has
been a long standing problem.

Centrifugal barrier prevents
accretion material to penetrate
into the jet. But plasma is
required to conduct the BZ
current.

5

i
6 .
r -m

Moscibrodzka et al 2011
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Physics of the gap

e +et

soft photon

Black Hole T —— EE— soft phUlOTl

MAGI collboration

Where does pair creation happen? What is the dynamics of the gap?

How much energy is dissipated in the gap?

cf. Beskin et al. 1992; Hirotani & Okamoto 1998; Broderick & Tchekhovskoy 2015

Pirsa: 19010070 Page 16/101



Background: force-free magnetosphere
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen
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Chen, Yuan & Yang 2018
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen

t=9090.0

BOO0D

j M {[\ i
05 k B
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen

t=13350.0
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen

t=14400.0
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen

t=15390.0
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen

t=16440.0

Chen, Yuan & Yang 2018
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen

t=18480.0

Chen, Yuan & Yang 2018
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen

t=19230.0
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen

t=21900.0

Chen, Yuan & Yang 2018
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen

t=23100.0

Chen, Yuan & Yang 2018
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen

Chen, Yuan & Yang 2018
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen

t=27000.0
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen

Chen, Yuan & Yang 2018
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen

Chen, Yuan & Yang 2018
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen

t=31800.0

Chen, Yuan & Yang 2018
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen
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Physics of the gap

1D simulation using the PIC code Aperture developed by Alex Chen
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Analytical scaling relations

E field at the center of the gap grows as t2, and the growth rate
IS proportional to dpgu/dx

The primary particles are able to reach radiation reaction limit,
acceleration balancing inverse Compton loss”.

Maximum Ej before the gap starts to be screened:

1

1 2 oy f ) —a\ afl
ﬂ _ SH{IC' '3(”j - ]) '(!(f.’ €min
Ey 8 Apry 4o Ap MieC?

* This is true in Thomson regime.
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Analytical scaling relations
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Gap physics applied to low luminosity AGN

Parameters for M87 and Sgr A*

M87 Sgr A*
M (M) 6.6 x 10° (4.3 + 0.4) x 10°
r, (cm) 10" 6.4 x 10"
Lg/Lgad" Jig— 1077
Emin /MeC? 23 x 1077 2.3 x 107°
e 1.2 1.25
be/r, 1.5 x 107* 0.12
E|/B 3.6 x 107° 0.075
oA 2.7 x 107 3 x 10°
Lgap (erg s 3.6 x 10 4 x 10*

Pirsa: 19010070

Chen, Yuan & Yang 2018
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Now, what about high luminosity Seyferts?
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Scenario 1: gap at the jet base
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If there are already plenty
of MeV photons, gaps may
not need to form

What if gap is the sole
source for X-rays and MeV
emission?

Does the strong
radiative drag on

particles help enhancing
the dissipation?
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Scenario 2: tangling of small scale flux
tubes near the axis
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Scenario 2: tangling of small scale flux
tubes near the axis
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Solar corona analogy?
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Scenario 2: tangling of small scale flux
tubes near the axis
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