Theoretical implications of IXPE

polarimetric measurements for
blazars

Fabrizio Tavecchio
(INAF-OAB, Italy)

In collaboration with: E. Sobacchi, F. Bolis, A. Sciaccaluga, P. Coppi, G. Bodo



AGN jets: the fundamental questions

Jet dynawmics, speed,
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AGN jets: the fundamental questions
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Jets pointing at us: blazars

IR—soft X-rays MeV—GeV
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Jets pointing at us: blazars

IR—soft X-rays MeV—GeV
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HSPs: extreme accelerators

High-energy, freshly

Mkwn 421

accelerated electrons
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Magnetic fields at shocks

Comp ressLlon

shock —

B-field compression \

“ /// ya

high-energy e~
small volume
— high polarization

vE,

low-energy e~
large volume
— low polarization

particle acceleration (DSA/magn. reconnection)

el N
optical in optical in
HSP blazars LSP blazars

e.g. Laing 1980

Angelakis et al. 2016
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Stratified shock: a toy model
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Stratified shock: a toy model
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Just two possible realizations!
A full exploration of the parameter
space is required (MCMCQC)
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Phenomenological law for the field
e.g. Lemoine 2013

x, [deg]

r=220 =13

Model  7cut (X10°) n  meo Bio B rj(x101°) A m

[1] 2]  [3] [4] [5] [6] [7] [8]

Tavecchio, submitted. 1 8.5 21 20 0.25 0.03 4.3 5 x 1013 0.5
12.6 22 30 0.25 0.03 4.8 1.2 x 1012 025




Recollimation shocks

Lorentz factor
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Polarization from recollimation shocks
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Lagrangian particles are ensembles
of relativistic particles following the
fluid streamlines. Their
energy spectra

are updated using sub-grid
physics based on
local fluid conditions

Sciaccaluga et al., in prep.
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Shocks & energy stratification? Not necessarily!

Strong dependence
on the electron slope
(hence frequency)!

Bolis et al., submitted
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Shocks & energy stratification? Not necessarily!

Bolis et al., submitted
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Hints from IXPE: 2) limits to turbulence
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The observed steadiness of the polarization
effectively limits the level of (macro)turbulence

e.g. Marscher & Jorstad 2022



Hints from IXPE: 3) EVPA rotations
Mkn 421
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Jets pointing at us: blazars

IR—soft X-rays MeV—GeV
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LSP:
emission mechanisms and matter content

BL Lacertae
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LSP:
emission mechanisms and matter content

BL Lacertae
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Upcoming: polarization at higher energy

NASA-SMEX mission with a Compton Telescope (0.5-2 MeV)

Launch: 2027 Duration: 2 years
Pl John Tomsick (UC Berkeley)

Institutions involved:

Cryostat Germanium

detectors (16x) U C Berkeley

Naval Research Laboratory

Clemson Univ.

— GSFC
ASI (ltaly)
Anti-coincidence Shield INAF (Italy)
Mioduies & IRAP (France)

Tokio and Nagoya Univ.

https://cosi.ssl.berkeley.edu



ISP/LSP with COSI

The comparison between IXPE and COSI provides a
measure of the SSC/EC relative contribution
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Shock acceleration?

DSA can work efficiently only in weakly magnetized jets (e.g. Sironi+2015)
This is consistent with SED modeling (e.g. FT+2016)

This is inconsistent with jet production models (e.g. Komissarov et al. 2009)

Reconnection

Eermi ll

High

Low

105 1010 r/r
Matthews et al. 2020



Energizing the particles
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Contopoulos 1994

Komissarov et al. 2009
Tchekhovskoy et al. 2009
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Magnetic field generation at shocks
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Polarimetry in the X-ray band

Posstble alternatives and predictiows

Optical Medium-Hard X-Rays
Shock (turbulent) IT < 15%, variable; IT < 30%, highly variable
X variable, smooth rotations possible highly and rapidly variable
Shock (self-produced field) IT < 20%, slowly variable, IT 2 40% substantially constant,
flips by Ax = 90 deg constant y =0
Reconnection (kink-induced) IT < 20-30%, moderately variable same as optical
smooth rotations, Ax 2 90 deg as optical

Tavecchio 2021
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Stratified shock: a toy model

Downstream Upstream

Tavecchio et al. 2018, 2020



Stratified shock: a toy model
For a fixed SED!
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Instabilities

4
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Abolmasov & Bromberg 2023



Instabilities

Low magw.

(a) HD t=40 X (b) MHD1 t=40 ;C

MHDJ'et

Sufficiently large B field
can stabilize the jet
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Particle acceleration:
many places, several processes

Fermi |l

Matthews et al. 2020
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Stratified shock: a toy model

Electron distribution
at different distances Ewmission profiles
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Which kind of shock?

(mildy) relativistic shock » Sub-relativistic downstream (in the shock frame)

Substantial beaming of the Large I of the shock in the observer frame
downstream emission # if the shock is of normal incidence

SHOCK

Traveling relativistic shock
2 ~

n 1 alag (observed)

Modeling provides consistent parameters
even for very distant epochs (months)

standing shock?

Sokolov et al. 2004, 2005
Tagliaferri et al. 2008
Zech & Lemoine 2021



