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Motivation

Relativistic particles
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Jet dissipation

~Jet dissipation At dissipation o~1-10
- (~ 0Tl pElF |

Jet acceleration

(~0.001- 0.1 pc)
(e.g. Vliahakis & Koenigl,
2004, Komissarov et al. 2007)

Jet launching’ K ' | Initially o >> 1

Magnetization o

2
0= B,

_4npc2



Jet dissipation

*The jet may
contain field
reversals with a
scale ~100 Rg

e Magnetic field
lines may reconnect
ifs L=

exp rec i
U

s rc~ lOOFJ,Rg / ec
2 2 -1
L FleORg /e~ 1/1/181“J_,10‘*3_1 pc

Parfrey, Giannios, Beloborodov, 2015, MNRAS

Magnetized jets
may be prone 3
to the kink

- instability

Kink 1nstab{11t)

gesge Eichler 1993;
Begelman 1998; Giannios-¢
Spruit 2006; Porth &
Komissarov 2015)



Magnetic reconnection
It converts magnetic energy into bulk motion, heat,
energEt1C part-ic-l-e_s : - Petschek Reconnection (Lyubarsky 2005%

- - : _ }
1. Cold, magnetized plasma enters
~the reconnection -region :

2. Plasma leavgs thé reconnection
region at the Alfvén speed
fout~(1l+0)1/2 >1

3. Reconnected matérial contains
energetic (non-thermal) particles

Plasmoid-dominated reconnection

1. Current sheet fragments to plasmoids
(Loureiro et al. 2007, Uzdensky et al. 2010,
Loureiro et -ail: 20e=F)—

2. Plasmoids “grow” (merge) and leave the layer
at Alfvén speed ~c

3. The largest plasmoids can power
bright/ultrafast blazar flares (e.g. Giannios et
al. 2009; 2010; Giannios 2013)




Plasmoid-dominated reconnection

(Zenitani & Hoshino 2001, Loureiro+2007, Bhattarjee+2009, Uzdensky+2010.
Loureiro+2012, Guo+2014;2015, Sironi & Spitkovsky 2014, Werner+2016)
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Efficiency

It transfers ~ 50% of the flow energy (electron-positron
plasmas) or ~ 25% (electron-proton) to the emitting

particles

electron-positron

electron-proton

T Different

\ .
10N Masses

Sironi, Petropoulou & Giannios 2015



Efficiency

It transfers ~ 50% of the flow energy (electron-positron
plasmas) or ~ 25% (electron-proton) to the emitting
particles =
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Ghisellini et al. 2014
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Equipartition

It leads to rough'equipartition between the particles and
magnetic fields in the plasmoids

U ~3U,

m,/m,=1
Froes o iye
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U~(1/3)U,
m,/m,=100
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Sironi, Petropoulou & Giannios 2015



Equipartition

It leads to rough'equipartition between the particles and
magnetic fields in the plasmoids

Log Power [erg s7!]

(Celotti & Ghisellini 2008)
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A model for blazar flares

(Petropoulou, Giannios, Sironi 2016)

Phase 1I:

Phase I

Reconnection layer

~* Plasmoids are quasi-spherical
structures

« Plasmoids grow through mergers
and accumulate particles. Growth
speed ~ 0.06c-0.12c for 0=3-50

e Plasmoids accelerate while
smaller. Acceleration rate 1is
~0.12-0.15 independent of o

e Comoving particle density &
B-field ~ constant

e Particle distribution ~
isotropic i1n larger plasmoids
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A model for blazar flares

Phase I Phase II _Phase I I

Reconnection layer =
I ~* Gradual cessation of
accelerated particles

« Plasmoids expand due to e.g. an
under-pressure outside the layer

e Comoving B-field decays

Phase II 1s poorly constrained
from PIC simulations

Phase I 1s well constrained
TEOm =PIt STEEat rons .
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Plasmoid momentum: an example

—-200-100 O 100 200 -200-100 O 100 200 -200-100 O 100 200 (Sjronj’ Giannios’
(x—xo)/w (x=xg)/w (x=Xoliim Petropoulou 2016)

Exit (final)

Blue:small &
relativistic

™ Cyan: large &
non-relativistic
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Doppler factor | Ratio 5,/ 5

Small & Fast -

PLasmoid vs. Jet

1 ) 1

Phase I

Reconnection layer
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Large & Slow -
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Peak luminosity e —

Sm a -I. -I. & Fa S t =5 log[85'“(w, " ) (wy /1]

Luminosity depends on:

* Total number of radiating
particles in the plasmoid

« Size wof the plasmoﬁd

 Doppler factor of the plasmoid
' Large & Slow =

116 03 0.54 139 2,24 3.09 3.95 4.80
log[8;""(w; ) tw, " 11)]

Peak luminosity at end of Phase I.:

- Final size w_of the plasmoid

e Final momentum (acceleration has
been completed)

12

B . 3+ :
LPL {1—’) oC [ﬁ'}p( W ;f )] w r“!




Flux-doubling
timescale

Small & Fast -

Large & Slow —

0.05

0.43 0.81 1.19
log[A T, ()]

0.80

1.18 1.46 1.73
log[A 7, (hr)]
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Peak luminosity vs. risetime

-0.32 0.05 0.43 0.81 1.19 1.56 1.94
log[A T, (hr)]

-5.06 -3.79 -2.51 -1.23 0.05 1.32 2.60 3.88 5.16
logldy “(w, ) (w, /1)7]

Off-axis

w, =0.041

For a given plasmoid there is a clear
anticorrelation between Lpk and At . :

The brighest flares have the shortest At .



SED & light curves

Small & Fast

10,2-3%10, Hz
10'7-3x10"7 Hz

10131019 Hz
10'7-3x10'7 Hz

1.5e+45

AT”2= 2.1 hr

-1
logv L, (ergs )

S =
[N




Future directions
e Pair multiplicity in

electron-proton plasma & SED
morphology =
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- » Compton scattering on external
radiation fields & Compton
dominance of flares

* Plasmoid chain & statistics of
flares (e.g. recurrence of fast &
bright flares) :

e Connection to the large-scale
properties: Where? Why?

e Radio “aftergiow7: Radio flares
following a gamma-ray flare?

Luminosity L

Thank you
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Dependence on system size -




-200-100 0 100 200 -200-100 O 100 -200-100 0 100 200
(x_xu}/" {x_xu)/w {K—Xu}f‘ﬂ"




Ratio of w// to w

Particle number density :

Magnetic energygfréction

Kinetic energy fraction

Sironi, Giannios &
Petropoulou, 2016

e e - T g~ L

1

3

3

=] =
* |
Niw, ¥ /Bow) /Ny Niwn/me)/Ney  Nlwow/w)/Noy

._.
7!
-

i n—ll

Niw.eg)/ N

13

H{"-EHIMH

—_—
o 2
&:‘.

[ =
=
4
Hl'qfurﬁur*}fm H{*lxq’mﬂ

33




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

