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Magnetars and Polarisation

Magnetars:
« NS with magnetic field above 1013¢G
« Detected in X-ray range

R \ N
>
B

Polarisation:

o Anisotropic atmospheric medium (‘

o Electromagnetic waves polarised in 0-mode
two normal modes

o X-mode has reduced refractive index e
o Polarisation degree X-mode

o Polarisation angle k



IXPE s

Exploit polarisation state of

light to investigate X-ray
production
2-8 keV

Four magnetars to date:
4U 0142+61

IRXS J1708

SGR 1806

IE 2259+586




4U 0142+61

B ~ 1.3x1014G

Taverna et al 2022
» Resonant Compton Scattering N
» Condensed surface 0

Lai 2023
» Partial mode conversion

Polarization degree [%]



IRXS J170849.0-400910

B~4—5x101G

Zane et al 2023
High polarisation
» Standard atmosphere emission

Low polarisation
» Warm condensed region

Polarization degree [%]



Mode Conversion

« Two polarisation modes r g

» High magnetic fields e

« Vacuum birefringence (QED) [\ /X:dd
» Both plasma and vacuum :

contribute to dielectric tensor

* “YYacuum resonance’
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Harding and Lai, 2006

> No mode conversion

» Complete mode conversion

> Partial mode conversion

o Adiabatic mode conversion
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Standard Atmospheric Emission
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R
Complete Mode Conversion

10°

104

103
] —— Total - B = 3x1013 Total - B = 1x1014
..... X-B = 3x1013 X-B = 1x10%*
——- O-B =~ 3x10!3 O-B = 1x10%
101 100 10t

E (keV)



Probability of Mode Conversion

-ew|-5(E) ]
1
3

E,q = 2.52(f tanfp)3 (1:1’") keV
p

Every photon with P > P, : tanfg = 1
mode conversion occurs H, =
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Partial Mode Conversion (P.,, = 0.1)
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Polarisation degree

1.00

0.75 A

0.50 A

0.25 A

0.00 A

—0.25 A

—0.50 A

—— No-B = 3x1013 —— No -B = 5x1013 —— No - B = 1x1014
- =: Part-B = 3x1013 —=- Part-B = 5x103 ==- Part-B = 1x10*
----- Full - B = 3x1013 -« Full-B = 5x1013 «exx« Full - B = 1x1014
™ T Y Y Y L

1071 100 10!

E (keV)

PDem

JX_JO
- JX+J9



2-4 keV

6-8 keV
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6-8 keV
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0.1-0.5 keV

Complete Mode Conversion
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0.1-1 keV

2-4 keV

Partial Mode Conversion (B, = 5x1013 G)
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2-4 keV

0.1-1 keV
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0.1-1 keV

2-4 keV

Partial Mode Conversion (B, = 5x1013 G)
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Conclusion

» Complete MC — switch in dominant polarisation mode (E T as B |)

* Partial MC — reduced polarisation — two switches at low enough B

A

o InIXPE — XDINS ?

o REDSoX (0.2-0.8 keV) ?

Future and Ongoing work

* Particle bombardment
* Partial ionization



Thank youl!






SGR 1806-20

B~ 8x 104G

Turolla et al 2023
» Resonant Compton Scattering
» Condensed surface

IE 2259+586 Heyl et al 2024

B~6x1013G > mild, phase-dependent PD
Or »~0-25%
B > 101°G > a baryon-loaded magnetic loop
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