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This talk ¥
MAGNETIC RECONNECTION an alternative: - -

- Powerful felativistic particle acce,leration .-

" -
. Efficient conversion of magnetlc energy o>
into kinetic energy M

- May explain very-high energy emission

- specially in BH sources and«elativistigjets in -
magnetically dominated regions solvmg |
current puzzles .



How particles are accelerated in

reconnection sites?
Shock Acceleration Reconnection Acceleration

As in shocks: 1st-order Fermi (de
Gouveia Dal Pino & Lazarian,
1st-order Fermi (e.g.Bell+1978; A&A 2005):

Begelman & Eichler 1997) particles bounce back and forth
between 2 converging magnetic flows
<AE/E> — VSh/C

<AE/E>~vV, _/C

rec
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Particles are accelerated in

reconnection sites in 1s'-order Fermi
Reconnection Acceleration

Kowal’s talk

Energy
= N W o m N

= . 1st-order Fermi (de Gouveia Dal
o4 -0z 00 o0z o4 Pino & Lazarian, A&A 2005):
particles bounce back and forth
between 2 converging magnetic flows

(Kowal, de Gouveia Dal Pino &
Lazarian, ApJ 2011) <AE/E>~ v, /C



1st order Fermi Reconnection Acceleration:

successful numerical testing in 3D MHD

. Reconnection 3D
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1st order Fermi Reconnection Acceleration:

successful numerical testing in 3D MHD

. Reconnection 3D
[ =107, P=1.0, k=8, B,=0.1

120 10,000 test particles
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. ‘Implication to’

- BHs_and relativistic jets




“Blazar”

Viewing down the jet !

“Quasar | Seyfert 1"
\ Viewing at an angle o the je!
-
. g

3 ‘ -7 “Radio Galaxy / Seyfert 2"
| Viewing at 907 from the jet

Black Hole ___

jet emission produced near the
jet basis and is magnetic, then
reconnection acceleration may

Accretion Disk = prevail



Very-rapid TeV Flares in Blazar Jets hard

to explain with standard acceleration

- Variation timescale: PKS2155-304 (Aharonian et al. 2007)
See also Mrk501, PKS1222+21, PKS1830-211

t,~200 s < r/c ~ 3M, hour

d

 For TeV emission to avoid pair
creation y,.,>50 (Begelman,
Fabian & Rees 2008)

1(>200 GeV) [ 10° cm?s™]
N
- N ur W o A

+ But bulk jet y ~ 5-10 " E
0-5% .. TR Y _
« Emitter: compact 0 e 80 100 120
and/or extremely fast PN Time - MID53944.0 [min]
A proposed Model: ><
Reconnection R
inside the jet (Giannios et al. 2009;

Kushwaha et al.,, MNRAS 2017 )



GRB jet prompt gamma-ray emission may

require reconnection acceleration too

Internal collision-induced magnetic reconnection turbulent
model (ICMART) (Zhang & Yan 2011):

GRB %
» GRB prompt emission: ke s LT )
turbulence, magnetic energy released  energy releasg energy released "

reconnection, and particle
acceleration via internal

collisions of multiple launched
parcels

(See also Giannios 2008; McKinney & Uzdensky 2012)



Inner Regions of AGN & GRB Jefts:

Magnetically dominated

Modified from D. Meier &
Y. Mizuno (courtesy)
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Current Driven Kink Instability
(Mizuno et al. 2012)




CD Kink Instability drives reconnection

Pirch
: = INSTABILITY
LINEAR KINK NONLINEAR KINK

Schematic picture of CD 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

QTTRj Bp
C B{;{,

lkink =

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

Distorted magnetic field structure may
trigger magnetic reconnection



MHD Simulations of Reconnection driven by Kink in

Magnetically Dominated Relativistic Jets (GRBs & AGNs)

DB: bin_ok005.vtk

Cycle: 5 Time:5
wontour DB: Ok045.VTk
Cycle: 45 Time: 90

vardn
- 05212

— 04285
0.2358

0.2431
0.1503 a‘{

Singh, Mizuno, de Gouveia Dal Pino, ApJ 2016
Torrejon, de Gouveia Dal Pino, Mizuno, Kadowaki, Singh in prep.



MHD Simulations of Reconnection driven by Kink in

Magnetically Dominated Relativistic Jets (GRBs & AGNS)

* Precession
perturbation allows
growth of CD Kkink
instability with helical
density distortion.

oooat H

Kinetic energy

« Helical kink : I'll / density

advected with the flow
with continuous
growth of kink
amplitude in non-
linear phase.
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Singh, Mizuno, de Gouveia Dal Pino, ApJ 2016
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Reconnection driven by Kink in Magnetically

Dominated Relativistic Jets (GRBs & AGNSs)

&= s =)

Singh, Mizuno, de Gouveia Dal Pino, Ap] 2016

curl B = max

Sites for
magnetic
reconnection,
dissipation,
particle
acceleration
(and gamma-
rays)!




In situ Particle Acceleration by Reconnection in
Relativistic Jets

Kinetic Energy [MeV]

Injected 1000-
10,000 test
particles
accelerated in
current sheets:

10 MeV ->
1011 MeV
very fast

-> may produce
Gamma-rays!

I 1 L
10° 10! 102 10°
Time [h]

~TiE

Medina-Torrejon, de Gouveia Dal Pino, Kowal, Mizuno, Kadowaki, Singh, in prep.



“Blazar”
Viewing down the jet l

“Quasar | Seyfert 1"
Viewing at an angle lo the jet

4

3 | , _. -~ “Radio Galaxy / Seyfert 2"
. | e Viewing at 90° from the et

Biack Hole

Accretion Disk =



.F'ew Low. Luminous AGNs: gqmma-.'r'ay'em'i'r‘rer's

k- & , .  Ex. CenA

v'_Is emission from core or jet ?

v' Rapid variability emission:
size~ct, ,~100r,

b
N
[
&

.~ -> compact emission: core?

Declination (J2000)
' b
[
o

v’ If core: magnetically dominated

-> Reconnection acceleration?

13"30™ 13"25™
Right ascension (J2000)

13"20™



Radio and Gamma-Ray Power versus Mass
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Kadowaki, de Gouveia Dal Pino, Singh, ApJ 2015
Singh, de Gouveia Dal Pino, Singh, ApJ Lett. 2015 99



Gamma-Ray Power versus Mass

Correlations
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Kadowaki, de Gouveia Dal Pino, Singh, ApJ 2015
Singh, de Gouveia Dal Pino, Singh, ApJ Lett. 2015 54



Reconnhection acceleration in the surrounds of BHs ?

Accretion disk/jet systems (AGNs & galactic BHs)

AGNs and microquasars

de Gouveia Dal Pino & Lazarian 2005; de Gouveia Dal Pino+2010
Kadowaki, de Gouveia Dal Pino, Singh, ApJ 2015 o5



Reconnection acceleration in the surrounds of BHs ?

Accretion disk/jet systems (AGNs & galactic BHs)

v /
R,

de Gouveia Dal Pino & Lazarian 2005; de Gouveia Dal Pino+2010
Singh, de Gouveia Dal Pino, Singh, ApJ Lett. 2015 88

AGNs and microquasars



Evidence of Reconnection in MHD Simulations of
accretion disk/corona around sources

=

AGNs and microquasars

Kadowaki, Master thesis 2011 (also Zani & Ferreira 2013; Romanoy_/a+)



Evidence of Reconnection in MHD Simulations of
accretion disk/corona around sources

Kadowaki’s Master thesis 2011 (also Zani & Ferreira 2013; Romanova+)

39




Evidence of Reconnection in MHD Simulations of
accretion disk/corona around sources

0
s[6][0 C C C C ' C U C O C C C . .. C OV



Evidence of Reconnection in MHD Simulations of
accretion disk/corona around sources




Evidence of Reconnection in MHD Simulations of

accretion disk/corona around sources

1500 | Medion: 0.15 -
Mean: 0.17
stddev: 0.09
>
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Reconnection velocity

5 10
y(R#)

-> Average reconnection velocity: 0.15 v,

(3D MHD simulations with ATHENA - Kadowaki, de Gouveia Dal Pino, Stone, in pyep.)



Evidence of Reconnection in MHD Simulations of
accretion disk/corona around sources

Reconnection seen in GRMHD simulations (Parfrey, Giannios, Beloborodov 2015;
also Dexter, McKinney, Tcheckovskoy2014: Koide & Arai 2008; Pohl et al. 2016) *°



Reconnection acceleration in the surrounds of BHs

Magnetic Power released by fast reconnection

. _3
Wg ~ 1.66 x 105721, ¥ [ % lyq2mim erg/s

AGNs and microquasars

Kadowaki, de Gouveia Dal Pino, Singh, ApJ 2015
Singh, de Gouveia Dal Pino, Singh, ApJ Lett. 2015 o5



Magnetic Reconnection and Gamma-Ray

emission around BHs
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Magnetic Reconnection and Gamma-Ray

emission around BHs
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Reconnection Acceleration & Radiative Losses

v Cooling of the accelerated particles -> emission: Wicroquasar

t..c ~ t.(Synchrotron, SSC, pp, py)

Ex.: Galactic Black Hole Cyg X3

-6
Synchrotron-e
SSC
Bremsstrahlung
8 Synchrotron-p
— P-P
o P-Gamma 0
1
g L ] ab:ell‘velﬂ data i —— Acceleration (Reconnection)
= ——— odel —— Acceleration (Shock)
vty -10{ ¥  Upperiimits —— Synchrotron
— P- Gamma
o 81 —pp t -1
2
L)
mﬂ _12 . _"-" 5 N
= ®
oy E
k=]
S S 4.
14 -
& 4
'16 I T T 1 1
-10 -5 0 5 10 15 0 :
12 13 14 15 16 17

Log(Energy /eV)

Spectral Energy Distribution (SED)

Log(Ep /eV)

Khiali, de Gouveia Dal Pino, del Valle, MNRAS 2015



. .'Su.mmary "' P

v' Particles mserted in MHD current sheets with fast reconnection (e.g. driven
by turbulence): exponential increase of energy in a 1¢t order Fermi
acceleration: N(E) ~ E-1  (similar to collisionless results)

v' Acceleration by magnetic reconnection (numerically tested): may explain .
‘gamma-ray as o ing from near core of BA binaries and low luminous AGNs

v s Reconnegtlon power matches well with the ohserved correlatlon of gamma-
ray luminosity versus BH mass of mlcroquasars ag low-luminous (noh-
bIazar) AGNSs over 10 orders of magnitude in mass

/ Reconnectlon acceleratlon also important along AGNs and GRBs jets to explain

" bursty gamma- ray emission
L

; , R , - 4 | - - 2
v Reconnectlon can be important in accretion/jet systems for particle .
acceleration, dissipation of magnetic energy and conversion into -> Kinetic
energy _ . | . .



Extra bonus: neutrino emission from cores of low luminous

AGNs (z ~ 0 - 5.2) due to reconnection acceleration
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Khiali & de Gouveia Dal Pino, MNRAS 2016



