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Black Holes and associated Jets:
are cosmic accelerators and VHE emitters

AGNs (blazars, radio-galaxies, seyferts)

Black Hole Binaries
(Microguasars)

GRBs




Jet Formation

Collimated jets formed near the central BH accelerate to Lorentz factor >> 1
from the BH scale to Mpc scales

Magneto-centrifugal acceleration by helical field
arising from the accretion disk (e.g. Blandford &
Payne 1982)

Or powered by BH spin (e.g. Blandford & Znajek
1977)

Major problem-> Need rapid conversion (dissipation)
to kinetic energy:
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GRMHD simulations (e.qg., McKinney 06)



Particle acceleration & emission:
challenges

Standard processes — e.g. 1st order Fermi in shocks: difficulties to
explain particle acceleration and very high energy emission (up to
TeV) in very compact regions in:

pulsars

AGN cores

BHBs (microguasars)

GRB and AGN relativistic jets

specially in magnetically dominated regions -> where shocks are
weak



Magnetic Reconnection

Approach of magnetic flux tubes of opposite polarity:

Reconnection is FAST !
Vi.~0.1V,



First-order Fermi Acceleration

Shock Acceleration Reconnection Acceleration
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1st-order Fermi (de Gouveia Dal Pino &
1st-order Fermi (Bell+1978): Lazarian 2005):
particles bounce back and forth between 2
<AEIE> ~vlc converging magnetic flows

<AEIE>~ Vv, cC



First-order Fermi Reconnection Acceleration:
successful numerical testing in 3D MHD
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Accretion diskl/jet systems
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Magnetic Reconnection Power (erg/s)

1 054
1 052
1 050
1 048
1 045
1 044
1 042
1 040
1 038
1 035
1 034
1 032
1 DSO
1 028
1 026

Accretion flow and Reconnection

|I|]|l||‘||1||l!l|[

T

Turbulence (P, 4
m Turbulence
GRBs (Orange)

T B I |

Blazars (Blue)

el taTail o™l

+%

W oo + Radic emission
® Garmma emission
| Upper Limits 7
L) Ll sl

| L | L

| | el Ll | Lol |

10 90 T 30 1 ¢ ¢ T A0Y 1f g
Source Mass (Solar Masses)

Thin accretion disk+corona

Kadowaki, de Gouveia Dal Pino, CBS,

ApJ, 2015

Magnetic Reconnection Power (erg/s)

10*
1052‘
H:I.':IJ
1045
108
10"
1042
]GAEI
1{]35
1{]55
1{]31-
1{]32
H:I.EU
H:]ZE
1078

- GRBs (Orange) —:

C T

= Cgy=43 -

- Lgy—x1 -

L W SEH (Sven] + Radio emission g

C ® Gammag emission

L i Upper Limits 1

51wl il i assl sl sl sl powaal i ool i1l s sl PR
0° 10" 10* 10° 10* 10® 10%° 107 10° 10* 10"

Source Mass (Solar Masses)

Thick accretion disk

CBS, de Gouveia Dal Pino, Kadowaki,
ApJL, 2015

1[}11



Blandford-Znajek mechanism and
magnetic reconnection
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Powers from Blandford-Znajek (BZ)
process (P,,) and fast magnetic

reconnection(P,,.) are comparable.

l0g19(Pwg, Pg2)

BZ mechanism dependent on the black

hole spin while fast magnetic 2
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Current Driven Kink Instability

Well-known instability in laboratory plasma (TOKAMAK) and astrophysical
plasmas (Sun, jets, pulsars)

* In configurations with strong toroidal magnetic fields, current-driven (CD) kink
mode (m=1) is unstable

 This instability excites large-scale helical motions that can strongly distort or
even disrupt the system

 Distorted magnetic field structure may trigger magnetic reconnection

Kink
Tnstabilty for q <2 Schematic instability
picture of in lab
Fpch . CD kink plasma
........ instability (Moser &
Bellan
2012)
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Kink Instability and
Reconnection

=

Heavy jet: Q, =2
Density + field lines (left panel)

Light jet: Q,= 2
Density + field lines (left panel)

» Localized large values
of curlB: sites of
reconnection driven by
Kink instability.

CBS, Mizuno & de Gouveia Dal Pino, ApJ,
2016
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Magnetization and Current Density
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(Bromberg, CBS, Davelaar, Philippov, ApJ, 2019; Davelaar, Philippov, Bromberg, CBS,
ApJL, 2020)
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In situ acceleration of test particles by
Magnetic Reconnection

Injected 1009 test partlc!es o — B2 /nfgph ~1
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a= Alog t/ Alog E

Acceleration time of particles by

Magnetic Reconnection
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Accelerated Particles Spectrum
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Summary

Reconnection can be important in accretion/jet systems for particle
acceleration, dissipation of magnetic energy and conversion MDF ->
KDF.

Fermi particle acceleration by magnetic reconnection can explain
gamma-ray of microquasars and non-blazar AGNs as coming from the
jet base.

Black hole rotation and magnetic reconnection can drive jets of
comparable power and even compete with each other.

Reconnection in magnetically dominated relativistic jets can be triggered
by CD kink instability, possibly drive Fermi acceleration and lead to
gamma-ray emission.
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