Shear acceleration in large scale
AGN jets and possible application
in explaining X-ray emissions

Ruo-Yu Liu (MPIK)
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Outline

® A brief introduction to shear acceleration

® Accelerated particle spectrum by this mechanism
Fokker-Planck coefficient
time-dependent spectrum
the role of stochastic acceleration plays
UHECR acceleration

® Possible application in explaining kpc-Mpc scale X-ray emissions from AGN jets
|IC/CMB model v.s. synchrotron model
An example: knots of 3C 273 (two-component synchrotron)
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Fermi-type acceleration

E,
._UI e < V= 'U,*ﬁz

upstream downstream

Shock acceleration (1%t-order Fermi acc.)
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Shear acceleration
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Different geometry of
the scattering center

Stochastic acceleration (2"d-order Fermi acc.)

(Figure from T.K. Gassier’s book)




A historical review

A kinetic analysis of the charged-particle acceleration process in
collisionless plasma shear flows

E. G. Berezhko and G. F. Krymskir

Institute of Cosmological Research and Aeronomy, Siberian Branch, USSR Academy of Sciences, Yakutsk
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Pis’'ma Astron. Zh. 7, 636—640 (October 1981)

The friction mechanism for accelerating particles in interplanetary
space |

E. G. Berezhko

Institute of Cosmophysical Research and Aeronomy, Siberian Branch, USSR Academy of Sciences, Yakutsk
(Submitted February 8, 1982)
Pis’ma Astron. Zh. 8, 747-750 (December 1982) non-relativistic

gradual shear flow,
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COSMIC-RAY VISCOSITY! An independent
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AND Extension to non-
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Particle acceleration in rotating and shearing jets from AGN

F M. Rieger!* and K- Mamaheim' - gnd etc (can not list all of them)



A complementary method

PARTICLE ACCELERATION IN STEP FUNCTION SHEAR FLOWS:
A MICROSCOPIC ANALYSIS

J. R. Jokrpi* AND G. E. MORFILL?
Received 1988 September 16 ; accepted 1989 October 11
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in the x-direction. If dx(0U,/0x) < u,, the fluid velocity has <_P_> = — ( )
changed by an amount du = (0U,/0x)dx, and the particle At 5
momentum relative to the fluid has changed to

mou m? Ap\ _ 2 (U
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A MICROSCOPIC ANALYSIS OF SHEAR ACCELERATION

Frank M. RIEGER AND PETER DUFFY
UCD School of Mathematical Sciences, University College Dublin, Belfield, Dublin 4, Ireland; frank.rieger@ucd.ie, peter.duffy@ucd.ie
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3D mildly-relativistic flow with gradual shear

Ay = Bym_(P}

{ Ar = B,e1(p)
Az = fBet(p),

Ar = \/(rcosa + Ax)? + (rsina + Ay)2 —r

AB; =B =B~ BiAr <<

Lorentz transformation

v =Ta~(1— BBacosh)
1 X

ey (1 + aﬂzﬁgrgsingﬂcnszﬂf — AB?%rsinfcosfcosa — Azﬁj B3rsinfcosfcos?ar)
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Average acceleration rate

Avy 1 0 Av? 6—q _ Under the condition of
] e

<E> T 2729y At 15 detailed balance

numerical solution

analytical solution for Ar << r, NR shear _#

Acceleration
rate increases
with particle
energy!

B r=1D1Ecm:1{J_4rJ-

q=1
Linear shear
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Fokker Planck equation

(assume isotropic distribution in momentum space)

Lol () 0] - St 2 ((B2) + ) fm0)] = L0 g

ot 21)2 dp At P dp At tesc (p)

Momentum dispersion Systematic change of momentum Diffusive Particle
escape injection

= 4mp? f(p. t)dp

=30, ) /20y \ At
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Scattering of particles in different part
of the flow is essentially due to the
scattering by turbulent waves
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Analytic solution (Steady state,

n(vy) o< 3
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Diffusive escape
softens the spectrum

Stochastic acceleration
provide seed particle for
shear acceleration
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Proton acceleration

constraints AL > \ (>r_g, stricter than Hillas condition )
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PKS1127

100 kpc

0 3 4 8 6

Harris & Krawczynski 2006
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Spectrum of different knots in 3C 273 jet
and some other sources disfavor this model...

Jester et al. 2006
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Two emission models

Size of the X-ray bright region (knots >kpc; extended jet; kpc-Mpc)

Cooling time of X-ray emitting electrons << kpc

A Proton

>
[ \ synchrotron
(e.g. Aharonian 2002

Low-energy electrons with Distributed acceleration
strong Lorentz boost

a) Two-zone IC-CMB b) Two—zone synchrotron

£y A

Sheath ~ Sheath v=» _

Synch. radio

Shear X-rays,
R

Jester et al. 2006 ?




|C/CMB model may be already ruled out in some sources...

1C/CMB model for knot A

PKS§1136-J;.35 |
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synchrotrorlll

While IC/CMB model can
explain the SED, it can not
explain the polarization
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IC/CMB model overproduces
gamma-ray flux

- ]V’Fermx Upper Limits

Meyer et al. 2014, 2015
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J Fermi Upper Limits too |0ng phySicaI Iength
3 of the jet
Too much energy
required for the jet
Too many expectation at
high z
(Harris & Krawczynski 2006;
Atoyan & Dermer 2004,

3C 273 i | K\Schwarz 2002 and etc) /
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Radial distance (pc)
(Desque) 80UEISID [BIpEY

Knot B

T T
1995 1999 2003 2007 2011 2015 2019 2023

:Knot c

Lightcurve 1
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HST image Meyer et al. 2016




A toy model based on two-zone synchrotron emission

Cocoon/ambient medium

Shearing Radio- Internal
boundary optical shock

Highly turbulent
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Cocoon/ambient medium Flow velocity

Not scaled!




By A preliminary result

Based on a simple Monte-Carlo simulation of particle’s
propagation/scattering

3C273 knot A+B1

1 . 17 . | . | . |

10" 10'2 10" 10'¢ 108
frequency (Hz)

MAX-PLANCK-INSTITUT FUR KERNPHYSIK

Internal shock injects
electrons of a power-
law distribution with a
-2.4 index

Snapshot at
10Myr after
Particle injection

Jet radius: 150pc

Shearing boundary:
30pc

Parameters: B_in = 100muG, n_in=0.01cm”-3, \Gamma_0=3
B out=10 muG, n_out=10"-5cm”-3, \delta=3
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ransverse profile of brightness in different band

Solid lines: 90 degree viewing angle
Dashed lines: 0 degree viewing angle

Salid line: viewing angle 90 deqree

Dashed line: viewing angle O degree

White: Radio (10GHz)

=d intensity

Green: X—ray {Tkey)

narmali

Limb brightening in
Optical-X ray

PSF:

Chandra ~ 0.5”
HST ~ 0.06”
VLA ~ 0.35”

3C 273 distance:
650Mpc

1”7 ~ 3kpc

Jet width: 300 pc
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Summary

Shear acceleration naturally appears in the presence of shearing background
flow and turbulent waves

Shear acceleration is efficient in accelerating high energy particles

Stochastic acceleration always accompanies with shear acceleration and
provide high-energy “seed” particles

Under the joint operation of shear acceleration, stochastic acceleration and
cooling, the accelerated spectrum may have a multi component

Possible application in explaining X-ray emissions in large scale AGN jets

Thanks for your attention!



