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Where is the polarization coming from?

Magnetic fields

Geometry
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Where is the polarization coming from? Asteroids

Magnetic fields

Geometry
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. . . . Compton scattering (~50 keV-30 Mev)
Polarization at high energies :

Photoelectric effect (~1-30 keV)
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A new era with the Imaging X-ray Polarimetry
Explorer

IXPE Topical Working Groups

TWGL1 Pulsar Wind Nebulae
TWG2 Supernova Remnants

Mirror modules provide imaging
and background reduction

Detector Units Tu? ilt Rotat= (TTR) Mechanism
(%) {used once to correct boom ——
e deployment offser)

. ML /"\ Deployable Payload Boom Mirror Module
(covered by Thermal Sack) Assembly
MMA! (35

Detectors provide positicn, energy
and polarization information,
photon by photon, plus time stamp

TWG3 Accreting Black Holes
TWG4 Accreting Neutron Stars

TWGS Magnetars

TWG6 Radio-Quiet AGN & Sgr A
TWG7 Blazars & Radio Galaxies

70+ published papers!
More on the way...
+ GO program Cycle 1 on-going!

Gas pixel detector

Small NASA mission
Launched Dec 2021

Measuring X-rays in the
2-8 keV energy range
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Declination (J2000)

Crab Nebula & Pulsar Bucciantini et al.[+IL], (2022)

— Integrated polarization consistent with the Weisskopf et al., (1976)
measurement

— pulsed emission mostly unpolarized
— large scale toroidal magnetic field

10°

22°03' 22°03

Crab IXPE PF MAGNETIC FIELD DIRECTION

02' 02'
- 0.4 - 101
01' r0.3 & o1
[H:]l

o' S B T

5h34m365 325 285 245 5N34M365 325 28° 245
Right Ascension (J2000) Right Ascension (J2000)



Cyg X-1 Krawczynski et al.[+IL], (2022)
— ~4% polarization in tension with theoretical models
— Polarization angle aligned with the radio jet
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Cyg X-3

— ~25% energy independent polarization degree

— Polarization angle orthogonal with the radio jet

Veledina et al. [+IL], (2024)
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SS 433 Kaaret et al. [+IL], (2023)
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Shock

— Highly polarized (38% - 77%)

— Polarization angle orthogonal with the radio jet
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NGC 1068 Marin et al. [+IL], (2024)

~14% roughly perpendicular to the radio jet
(~21% at the 3.5-6 keV)
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Unified p

olarization properties of BHs
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How do blazars make light? TS

.
=1
T

Synchrotron radiation [ ; 2
Non-thermal -
Radiation

S
[2:]
I
=
3

Log vL, [erg s71]
'S
o
|
H
B

\ Polarization
Electron

o
o
|

.
[ ]
IIT'-.I'I

Magnetic Field

o
0J
|

.
—

Non-thermal T
Radiation
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How do blazars make light?
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How do blazars make light? o ) l\i
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Blazar-IXPE key science question v1i:

How are patrticles accelerated?

Blazar-IXPE key science question v2:

What is the origin of their high-energy emission?
What is the composition of the jets?




How are particles accelerated?

Shocks?

Marscher et al., (2008)

Moving emission feature Helical magnetic field

Streamline \

Conical standing shock
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How are particles accelerated?

Shocks?

Marscher et al., (2008)

Moving emission feature Helical magnetic field

Conical standing shock
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First detection of X-ray polarization from a supermassive black hole!

X-rays - IXPE
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Liodakis et al., 2022, arXiv:2209.06227



First detection of X-ray polarization from a supermassive black hole!

X-rays - IXPE
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First detection of X-ray

A 8-10 March
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Mrk 421

First X-ray
polarization angle
rotation!

Di Gesu et al.[+]L] (2023)
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Random walk is unlikely!

Mrk 421

Di Gesu et al.[+]L] (2023)
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Random walk is unlikely!

Mrk 421

Shock moving in the jet?

Di Gesu et al.[+IL] (2023)
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IXPE1

IXPE?2 IXPE3

MJD
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High-energy polarization predictions.

PD (%)

Liodakis et al., 2019
Peirson, Liodakis et al., 2022
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Liodakis et al., 2019

High'energy polarization predictions. Peirson, Liodakis et al., 2022
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BL Lac

Agudo, Liodakis, Otero-Santos et al., submitted



BL Lac

Liodakis, Zhang, Boula et al., 2024 in prep.



Polarization can give a unique

of high-energy processes in the
niverse.

The X-ray polarization window is finally open!
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