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Particle Acceleration by Magnetic Reconnection
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Gamma-Ray and Neutrino Emission |
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WHATTS MAGNETIC. RECONMECTION ?

Appro;ch ofsmagnetic flux tubes of opposite polarity with finite

resistivity (n ~1/conduction): RECONNECT . P
Earth magnetotail
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Solar corona
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Reconnection is FAST in these enviroffmen
=> Voo~ V, = B/(4np) 1/
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Particles are accelerated in

reconnection sites in 1sT-order Fermi
Shock Acceleration Reconnection Acceleration

l As in shocks: 1st-order Fermi

(de Gouveia Dal Pino & Lazarian,
1st-order Fermi (Bell 1978; A&A 2005):
Begelman & Eichler 1997) particles bounce back and forth

between 2 converging magnetic flows

<AE/E>~v,/c <AE/E>~v__/C

rec



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
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“Blazar”

Viewing down the jet !

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

© 4

“Radio Galaxy / Seyfert 2"
Viewing at 907 from the jet

Accretion Disk =



Reconnection Acceleration along
BLAZAR Jets
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If jetﬁamma emission produced near the
jet basis and is magnetically dominated,
then reconnection acceleration may
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 7,,.>50 (Begelman,
Fabian & Rees 2008)

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

+ But bulk jet 7"~ 5-10 " E
0-5% .. TR Y _
« Emitter: compact 0 e 80 100 120
and/or extremely fast PN Time - MJD33944.0 [minl
 Only acceleration model able to
explain: -
Reconnection e
inside the jet (Giannios et al. 2009)

(Kushwaha et al., MNRAS 2017 )



Gamma-ray flare and neutrinos in blazar

TXS 0506+056

v" Neutrinos and gamma-rays are produced by high energy CRs :

009 N0 AU N2 AB W4 B NG AN 15 September, 2017 1 October, 2017 15 Qctober, 2017
p + photons > n+p W Oh OMAGIC(E>90 GeV) W VERITAS (E5175 GeV) & HESS (E5175 GeV) } A-

Flu=
R = T
o

noéyy

1o

0o
s . . . LT . 3 oo

= = T T T T T T T T T T T
T > [T || ®FemisLAT(E100 NeV) i AGLE (E>100 Nel) — B
o ﬂ- e
H: | } ——
g { e
L pihdh ; ot | —H
° 0 R i g tan s sttt . ’

A original GCN Notice Fri 22 Sep 17 20:55:13 UT 10 B
d B refined best-fit direction IC170922A 6.6°
) —— |C170922A 50% - area: 0.15 square degrees 9 ’ / O bse rved by
= |C170922A 90% - area: 0.97 square degrees 8
o3 ez 5 IceCube, Fermi -
o )
: s 2 g : LAT, MAGIC, HAWC
(<] c (<]
= 5.8° = s 3 §5F . 8 ! ’ !
£ e 2 £ r»o“ 5
= TXS 0506+056 = TXS 050
8 s & g — g H.E.S.S, VLA, etc
o 4 J ) o
= 2 (Science ju
> § 11 july
8 < /4 /
? 2018
50 1 50 PKS o.st.::rmoa@
0
4.6° 4.6°
77.6° 77.2° 77.6° 720 76.8° 76.4°
Right Ascension Right Ascension

u
u



Are these Gamma-ray flare and neutrinos in
blazars produced by accelerated CRs in
maghetically dominant regions by reconnection?

v' Observed by
IceCube, Fermi -
LAT, MAGIC, HAWC,
H.E.S.S, VLA, etc
(Science, 11 july,
2018)

E

MAGIC significance




MHD Simulations of Reconnection driven by Kink in

Magnetically Dominated Relativistic Jets (A6Ns & GRBs)

Precession perturbation
causes lateral kink that

distorts the plasma i
column -
-> Reconnection! 1

| «
lime=17.5

Singh, Mizuno, de Gouveia Dal Pino, ApJ 2016
(also Torrejon, de Gouveia Dal Pino, Kowal, Mizuno, Kadowaki, Singh, in prep.)



Identification of Fast Reconnection driven by

Kink in Relativistic Jets

Contour
DB: bin_ol ,
Cycle: 70 Tim
Var. density
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Kadowaki, de Gouveia Dal Pino, Medina-Torrejon, Mizuno, in prep



Dominated Relativistic Jets

@lg oo = B2 /4% ph / =
.om . . | - -

: t 3.0
.-oas

2.0

10

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

Reconnection driven by Kink in Magnetically

curl B = max

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

Medina-Torrejon, de Gouveia Dal Pino, Kowal, Mizuno, Kadowaki, Singh, in prep
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Test Particle Acceleration by Magnetic

f,_ =
CR energy distribution evolution — =

10
101
107
108
107
100
10°
104 F

10°% |

Kinetic Energy [MeV]

10% |

10! e

10°

10-1f

102 F

10 3L

104

10°

10! 102 10°
Time [h]

Reconnection in Relativistic Jets

Injected 1000
test particles
accelerated in
reconnection
sheets:

104 MeV ->
1017 - 1019 eV
very fast at
sub-pc
distances
(B=0.13 -13 G)

=

These CRs -> have energy enough to produce Gamma-Rays and]

Neutrinos !!

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




“Blazar”

Viewing down the jet !

“Quasar | Seyfert 1"
\ Viewing at an angle o the je! é
-
.
3 ‘ -7 “Radio Galaxy / Seyfert 2"

Viewing at 907 from the jet

Black Hole

Accretion Disk =



Radio and Gamma-Ray Power versus Mass
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Proposed Magnetic Reconnection acceleration model

in the surrounds of BHs to explain VHE

Accretion disk/jet systems (LLAGNs & galactic BHs)

X - Region / LLAGNs and BHBs

de Gouveia Dal Pino & Lazarian 2005; de Gouveia Dal Pino+2010

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

47



Evidence of Fast Reconnection in GR-MHD

Simulations of accretion disk/corona around BHs
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Proposed Magnetic Reconnection Model

around BHs for Gamma-Ray emission
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VHE emission due to CR acceleration by

reconnection in the surrounds of BHs

We combine 3 techniques (to deal with full emission and also gamma-
ray absorption by pair production)

GRMHD:

Axi-symmetric
HARM code
Gammie et al. (2003)
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HARM code

Radiative Transfer:

GRMONTY code
Dolence et al. (2009)

40
g GRMONTY code

Dolence et al. (2003}

Propagation of CR
Accelerated by
Reconnection :

CRPropa3 code
Alves Batista
et al. (2016)

To probe hadronic
Emission/absorption
(TeVs)

(Rodriguez-Ramirez, de Gouveia Dal Pino, Alves-Batista 2018, in prep.)



Reconnection acceleration and Hadronic-

Leptonic Emission of CenA core

This comes from the jet not treated here

— —101 Hadronic
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(= 11 L P+ py —
= % 7 — 2.
.E.
< _ *3
= =12 4 leptonic 8 =75 Deg
hadronic-casc Kk = 1.2 /

hadronic-casc k= 1.8
hadronic-casc k =2.4
hadronic-casc Kk = 3
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e
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background II
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(Rodriguez-Ramirez, de Gouveia Dal Pino, Alves-Batista 2018, in prep.)
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Production of IceCube neutrino emission in cores of low

luminous AGN due to particles accelerated by reconnection -
Cen A contribution alone

GRMHD + Radiative Transfer + CR cascading simulations
p + photons - n + p
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Origin of Gamma-Ray in our
Galactic center region -SgrA* ?

5 sigma contours

Gamma-ray emission at the Galactic center region:
Where and how ?




Reconnection acceleration and electron and ion

vF, [erg cm™2 571]
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-14

emission at our Galactic Center ?

GRMHD + Radiative Transfer + CR cascading simulations
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TeVs explained by protons accelerated by reconnection interacting

with photons!

(Rodriguez-Ramirez, de Gouveia Dal Pino, Alves-Batista 2018, in prep.)



cta

cherenkov telescope array

Exploring the Universe at
the Highest Energies

. e : - ( AKL :vp :;: - = et
ea »i 'l.a

2 10 foId mcreased sen5|t|V|ty at TeV energles
= 10-fold increased effective energy coverage
= Full sky coverage: an array in €each hemlsphere
= 31 countries in the Consortium S W



The ASTRI Mini-Array: CTA precursor

Mini-array with 9 SST-2M telescopes at the
CTA south site (Chile): our 3 telescopes are
currently in construction -> in 2019 *

' -South

Africa
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Theme 1. Cosmic Particle Acceleration
= How and where are particles accelerated?
= How do they propagate?
= What is their impact on the environment?

Theme 2: Probing Extreme Environments

= Processes close to neutron stars and black holes?
* Processes in relativistic jets, winds and explosions?
= EXploring cosmic voids

« Theme 3: Physics Frontiers — beyond the SM
= What is the nature of Dark Matter? How is it
. distributed?
= |sthe speed of light a constant for high energy
photons?
= Do axion-like partlcles eX|st’>

CTA SCI E CA

)l A > i
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THANKS!



