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Blazars

> blazars are AGN with a jet
pointing in the direction of the observer
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radiation from the jet is strongly beamed
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Ultrafast variability of gamma-ray flares
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“Orphan” gamma-ray flares

“‘orphan” gamma-ray flare (no correlation)

60 3C 273 data : flare peak ‘ model lightcurve
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Outline

1. Particles are accelerated by turbulence

2. Accelerated particles fill a small fraction of the volume (intermittency)

and move along the local magnetic field (lighthouse effect)

. Intermittency and lighthouse effect explain:
- ultrafast variability of gamma-ray flares
- orphan gamma-ray flares

. Predictions for observations




AGN jets are magnetically dominated

(Blandford & Znajek 1977)
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Turbulence dissipates magnetic energy
and accelerates particles

| Turbulence is ubiquitous |
Leonardo da Vinci (XV century) (Kolmogorov 1941)
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Separation of scales

8 orders of magnitude in AGN jets!
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Turbulence is studied
with Particle-In-Cell simulations

Move particles under
Lorentz force

EM fields
A/on the grid
Interpolate EM fields o b I Deposit current from
on the grid to the 22|2e|s3d—— Particles | particle motion in the
particles in the cells X R inthe cells | cells onto the grid

Spatial Domain

Solve for EM fields
on the grid




Accelerated particles fill a small fraction of the volume

(intermittency)
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Accelerated particles move along the local B
(lighthouse effect)

emission region T

| o . Particles are accelerated along Bguide
S - ' Strongly anisotropic particle distribution
(pitch angle alpha<<1)
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Origin of ultrafast gamma-ray flares

emission region
B Current sheets produce
5 v radiation pulses of duration Ilcg/c
. Current sheets are visible
S 4 Q when the local B is along the line of sight

. &u ! H H
‘ é e B IC radlatlon“ ......... Weak beamlng
é yr 4 (gamma-rays}). — intermediate beaming

o HE ---- strong beaming

tvar ~ Ics/c

Luminosity

.......................................................................................

tﬂare ~ IO/C ~ Rglc

. 7 Y S (ES, Piran & Comisso 2023)

4
v



Origin of orphan gamma-ray flares

o ~ (ES, Nattila & Sironi 2021)
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Ultrafast gamma-ray flares are orphan

Ultrafast variability and orphan flares are due to pitch angle anisotropy
(accelerated particles move along the local B)

Small amplitude variability of synchrotron radiation (optical, X-rays)
during ultrafast inverse Compton (gamma-ray) flares
Can be tested with multiwavength observations



Summary

Why turbulence?

Huge separation of scales
between the transverse size of AGN jets
and the Larmor radius of the radiating particles

What is new?

Accelerated particles fill a small fraction of the volume (intermittency)
Accelerated particles move along the local B (lighthouse effect)

Why is it important?

Natural explanation of ultrafast variability of gamma-ray flares
Natural explanation of orphan gamma-ray flares

Prediction: ultrafast gamma-ray flares are orphan
Can be tested with multiwavelength observations
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Multiwavelength observations are crucial!

- ‘LI DL RN — 5
N = PKS 2155-304
5§ 350 tomn J H (28 July 2006 flare)]
T3 AN T ﬁ; =
3 25 Y % E
O C ! \ .
o 2t é # \ =
S ;
A 150 ﬁ \lﬁ =
05 (Aharonian etal.2007) ' tug

[ 1 | -

0 1 1 1 1 1 1 I 1 1 1 l 1
40 60 80 100

1 l 1
120

Time - MJD53944.0 [min]

<<

light crossing time
of the SMBH event horizon

| T, = 2GM/c® ~ 160 (M/10°M,,

{ variability timescale ~ a few minutes

min §

Log vF, [erg ecm2 s-!]

-85

¥y,

PKS 2155-304 i
s (30 July 2006 flare)os rov |

(Aharonian et al. 2009) |

T T T T

45.8

-10

-11

Log VF, [erg cm™2 s7!]

-12

-13 =

45.9 46 46.1
MJD-53900
I | T T
TeV |
i keV
V band . 7
L S ]
® j‘\ s I
1 _
L | L L L | f f L s |
15 20 25

Log v [Hz]

47

46

45

44

43

47

S
o
(9}

S
(o]

Log vL, [erg s7!]



modelling of the spectrum would require

Log U, [erg cm™3]

Solution of the “sigma-problem” of AGN jets

If particles were isotropic,

that AGN jets are weakly magnetized
magnetization sigma<<1
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If particles are anisotropic,
modelling of the spectrum can be
consistent
with a large magnetization
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what we really measure isl
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L (solid)

“Standard’” emission from blazars

synchrotron ~ IC luminosity

in the large majority of cases

(orphan gamma-ray flares
are the exception!)
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need for a mechanism
to isotropize
the particle distribution

(6B/By)” = 0.25,1,4
pitch angle of the injected particles
depends on the initial conditions

larger initial fluctuations give
larger pitch angles



