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1. ASTROPHYSICAL MOTIVATION




RECONNECTION IN THE SOLAR SYSTEM
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PROPOSITION OF MAGNETIC RECONNECTION

~| Parker (1957)

A mechanism is proposed here for the production of
these flares based on the energies acquired by charged ST PHOTOS e pet
particles moving in induced electric fields assoclated H—ire X LyERelt
with sunspots.

Apart from a general magnetic field, fields from
other sunspots may still be of appreciable size in the
neighbourhood of the spot under consideration. It is
thus to be expected that there will be places where
actual neutral points exist and where conditions are
thus suitable for the excitation of atoms by collision.

Giovanelli (1946)
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The Crab Nebula as a standard candle
in very high-energy astrophysics

M. Meyer, D. Horns, and H.-S. Zechlin
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gamma-ray flares from the Crab Nebula

Science

Tavani et al. (2011)
Abdo et al. (2011)
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* emission peak at ~400 MeV
e variability time scale of a few hr

 must be synchrotron radiation from PeV
electrons

e exceeds the synchrotron limit
MeC“/a ~100 MeV

Uzdensky et al. (2011), Bednarek & Idec (2011)
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GAMMA-RAY VARIABILITY OF BLAZARS
AND MISALIGNED AGNS
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Fig. 4. Light curve of IC 310 observed with the MAGIC telescopes on the night of 12/13 November

2012, above 300 GeV. As a flux reference, the two gray lines indicate levels of 1 and 5 times the flux level of the

Crab Nebula, respectively. The precursor flare (MJD 56243.972-56243.994) has been fitted with a Gaussian

distribution. Vertical error bars show 1 SD statistical uncertainity. Horizontal error bars show the bin widths.

IC 310
MAGIC Collaboration (2014)
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rapid GeV variability in 3C 279

emitting region size 10 pc

dissipation region may be larger by tactor 10-100
distance scale as short as 100 Mg

gamma-ray opacity (15 GeV)

[ > 25 from intrinsic opacity, [ > 35 for sub-Eddington jet

ERC scenario: [ > 50 from SSC constraint
[ > 120 from equipartition

synchrotron scenario: kG B-field, y ~ 10°

cf Crab flares

(Ackermann et al. 2016)

input from M. Hayashida, G. Madejski, M. Sikora, R. Blandford

hadronic models: disfavoured
(Petropoulou, KN, Hayashida & Mastichiadis, submitted)



2. KINETIC SIMULATIONS OF RELATIVISTIC
MAGNETIC RECONNECTION:

A) PARTICLE ACCELERATION




MAGNETIC RECONNECTION

magnetic diffuion region (X-point)

E ~ (vin/c) Bo

Vinh ~ 0.1 VA
reconnection rate
(Liu et al.)

VIasov
momentum
eqguation
oiul + ajPij =
gn[E + (v/c)xB]

reconnec’rin magnetic field reconnection outflow
(background, upstream) (downstream)




RECONNECTION MODELS
Sweet-Parker Petschek
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relativistic magnetic reconnection from Harris-type layers
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particle acceleration in pair-plasma reconnection

* reconnection produces power-law distributions that
are hardening with increasing sigma
N(y) ~yP, p->1foro>>1

* high-energy cut-off is exponential with ymax ~ O
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Werner, Uzdensky, Cerutti, KN & see also Sironi & Spitkovsky (2014)
Begelman (2016) Guo et al. (2014, 2015)



RECONNECTION IN ELECTRON-PROTON PLASMA
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Figure 20. Time evolution of the (a) electron and (b) ion energy distributions, f(g) (compensated by ¢) for o; = 0.1.

ions
electrons

F 1y 2o Werner, Uzdensky, Begelman, Cerutti, KN (in prep.)

see also Melzani et al. (2014)
Guo et al. (2016)
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2. KINETIC SIMULATIONS OF RELATIVISTIC
MAGNETIC RECONNECTION:

B) RADIATIVE SIGNATURES




minijets model

Co= Bz/(4'|1w) ® reconnection produces localized relativistic
outflows (minijets) with I\,,; within a larger
relativistic jet

® explains additional relativistic Lorentz boost
(Fa~Tjecl mj) and local dissipation

® based on relativistic Petschek reconnection
I model (Lyubarsky 2005)

mj)
N ® depends on the scaling of minijet Lorerlm;czz

factor with jet magnetization I pj @9  in

relativistic regime

(Giannios et al. 2009) S
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MINIJETS UPDATED

plasmoid size distribution

plasmoids are roughly in equipartition
regardless of 0p (Sironi et al. 2015)

e

102 Ji=
w/L

plasmoid acceleration profile

B

Sironi, Petropoulou & Giannios (2016) 200-100 0 100 200 —200-100 0 100 200
Petropoulou, Giannios & Sironi (2016) i (X =rco b




SYNCHROTRON SIGNATURES APPLIED TO CRAB FLARES
(CERUTTI ET AL. 2013)

Particle energy distribution
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KN, Uzdensky, Cerutti,
Werner & Begelman (2015)




density average energy synchrotron power
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OBSERVED LIGHT CURVES
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“ABC” MAGNETIC FIELDS

<g> [1:50]

KN, Zrake, Yuan, East & Blandford (2016)

see also Lyutikov, Sironi, Komissarov & Porth (2016)




total energy

* |linear instability seen In
total electric energy

total magnetic energy total kinetic energy

* non-ideal electric energy
appears insignificant
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dissipation efficiency is
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emit time fc/L

synchrotron signatures of ABC reconnection
(Yuan, KN, Zrake, East & Blandford 2016)
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synchrotron and inverse Compton
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10° F T = 1e+05

particle energy
distributions
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SUMMARY

Relativistic magnetic reconnection is a promising dissipation
mechanism in exotic astrophysical plasmas

Rapid progress in understanding relativistic reconnection has been
made in recent years, primarily due to kinetic numerical simulations

Relativistic reconnection has been proved to be a very efficient
mechanism for particle acceleration with the particle distribution

index p ~ 1 for o >> 1

Radiation produced in reconnection sites is characterized by rapid
variability time scale, potentially explaining even the most extreme
gamma-ray flares observed in relativistic jets and pulsar winds

This project is supported by NCN grant SONATA BIS. PhD
scholarships and post-doctoral position will be offered next year.



