q
,J
,f
A
£ ﬂ’

Vi 4 )’

/.
///

rngl.y ma gnjeuzed sauur@j

R@be rto Tave rna

Dipartimento di Fisica e Astrronrom ia G Galilei
Universita degli Studi di Padova

Dipartimento di Matematica e Fisica
Universita degli Studi di Roma Tre

107 Congresso Nazionale - Societa Italiana diF ‘
_ «ﬁ\'& - 13-17Settembre 2021 S



Polarized emission from strongly magnetized sources

Introduction
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Polarized emission from strongly magnetized sources

Overview

* Theoretical model to simulate spectral and polarization properties of
magnetar X-ray emission

* Comparison with the simulated response of forthcoming, new-
generation X-ray polarimeters (IXPE, eXTP)

e Obtaining information on
- the geometry and physics of the source
- the physical state of the star surface
- testing QED vacuum polarization
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Polarized emission from strongly magnetized sources
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Polarized emission from strongly magnetized sources

1078
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e Neutron stars (NSs) are relics of massive stars
-masses Mys = 1 — 2 Mg,
- radii Ryg = 10 — 15 km
- spin periods P ~ 1072 — 10's
- period derivatives P =~ 10720 —
- strong magnetic fields

14.n—9 /

Rotation-powered
pulsars
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Polarized emission from strongly magnetized sources
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Polarized emission from strongly magnetized sources

AXPs and SGRs

* Longer spin periods and larger spin-down rates

I? 2—12s — 1014 _ 1015
Magnetars!

X U

P

e Radio-silent sources (mostly)

* X-ray luminosity usually exceeding the rotational energy losses

Ly > Erot = 100 Anomalous!
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Polarized emission from strongly magnetized sources

AXPs and SGRs — Persistent emission

.1

* Soft X-ray spectra (0.5 — 10 keV) well
fitted by a thermal (BB) component (T =
0.5 keV) and a power-law (I' = 2 — 4)

01

0.01

10-2

1041

keV? (Photons cm= s-' keV-)

* Purely thermal spectra (BB+BB) tipically
for transient sources

ratio
+

Energy (keV)

* X-ray luminosity Ly =~ 1033 — 103° erg/s

Tendulkar et al. (2015)

e Additional PL component (I' = 1 — 2) at
higher energies (= 20 keV)
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Polarized emission from strongly magnetized sources

AXPs and SGRs — Bursting activity .

e Short bursts
-At = 0.01—-1s
- Ly ~ 103 — 10*? erg/s

* Intermediate flares
-At=1—10s
- Ly ~ 10* — 10*3 erg/s

e Giant flares
- At = 10% s
-Ly ~ 10** — 10*7 erg/s
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Polarized emission from strongly magnetized sources

Twisted-magnetosphere model

* The internal magnetic field of the star develops
a strong toroidal component
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Polarized emission from strongly magnetized sources

Twisted-magnetosphere model

* The internal magnetic field of the star develops

a strong toroidal component

* Once the magnetic stress
exceeds the mechanical yield
of the crust the external field
becomes «twisted»
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Polarized emission from strongly magnetized sources

Twisted-magnetosphere model

* The internal magnetic field of the star develops
a strong toroidal component

* Once the magnetic stress exceeds the mechanical
vield of the crust the external field becomes
«twisted»

* Twist angle
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Polarized emission from strongly magnetized sources

Magnetospheric currents

* Non-potential field = charged particles
must flow along the closed field lines

B (B,
rf \ Bg

* Thermal photons will resonantly scatter onto o i
moving charged particles

n, &
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Polarized emission from strongly magnetized sources

Magnetar model achievements

* Resonant scattering onto magnetospheric particles generates power-
law spectral tails in soft X-ray spectra

* Due to crustal deformations caused by the internal field e"e*
fireballs are injected in the magnetosphere (generating short burst
and giant flare emission)
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Polarized emission from strongly magnetized sources

Polarization in strong B-fields — QED effects

k e+ Photons propagating in the strongly-magnetized
vacuum around the star are linearly polarized in
two normal modes:

- O-mode (photon electric field oscillating in the
B kB plane)
- X-mode (photon electric field oscillating
ortogonally to both k and B)
& UQ/ )

k
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Polarized emission from strongly magnetized sources

Polarization in strong B-fields — QED effects

/ * The polarization pattern of photons at the surface
, should be quite reduced due to the rapid variation
| of the magnetic field at the emission

‘ Contributions at infinity

K 4

Low polarization
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Polarized emission from strongly magnetized sources

Polarization in strong B-fields — QED effects

* The polarization pattern of photons at the surface
should be quite reduced due to the rapid variation
of the magnetic field at the emission

* Strong magnetic fields (B = By = 4.4 X 1013 G)
can polarize the virtual e*e™ pairs in the vacuum
around the star

>

107° Congresso Nazionale della Societa Italiana di Fisica



Polarized emission from strongly magnetized sources

Polarization in strong B-fields — QED effects

Contributions at infinit

/ * The " Imof photons at the surface
shc ed due to the rapid variation
of { / at the emission

around the star

* This forces the photon electric field to
adiabatically follow the magnetic field,
maintaining their original polarization mode up to
great distances from the star

e Stry ,(B>B = 4.4 x 1013 G)
an Net polarization )l eTe™ pairs in the vacuum
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Polarized emission from strongly magnetized sources

Polarization in strong B-fields — QED effects

log,o(ry/Bys)
7 T

2.50

* The limit within which polarization modes
are preserved depends on the star magnetic
field strength and on the photon energy

1/5 2/5 1/5
[ ~ 48 h(l) Bp RNS
Ryns \1keV 1011 G 10 km

* The observed polarization pattern faithfully
traces that at the emission as long as r; is s
sufficiently large ‘ot By (@

Taverna et al. (2015)

2.19

1 187

: 1.56

1.25

log,, E (keV)

1 0.94

0.62

0.21

0.00

* |f QED effects were not present the observed polarization would be
extremely low
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Polarized emission from strongly magnetized sources

Polarization in strong B-fields — plasma effects

* Photon polarization state may change in the interactions with matter in
strong magnetic fields

e X-mode opacities are normally much suppressed with respect to O-
mode ones
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Polarized emission from strongly magnetized sources

Polarization in strong B-fields — plasma effects

* Photon polarization state may change in the interactions with matter in
strong magnetic fields

e X-mode opacities are normally much suppressed with respect to O-
mode ones

 RCS cross sections:

mle? 1
00_0 = P d(w — wp) cosY = 300X
3m2e?
XX = s 6(w — wp) = 30x_0
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Polarized emission from strongly magnetized sources

Surface emission models NS NN
* 100%-polarized BB radiation at a constant gy 55

temperature T over the star surface
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Polarized emission from strongly magnetized sources

Surface emission models L& g

* 100%-polarized BB radiation at a constant
temperature T over the star surface

e Radiation reprocessed in a geometrically-thin
optically-thick atmospheric layer (magnetized,
pure-H, Suleimanov et al. 2009)
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Polarized emission from strongly magnetized sources

Surface emission models

* 100%-polarized BB radiation at a constant
temperature T over the star surface

e Radiation reprocessed in a geometrically-thin
optically-thick atmospheric layer (magnetized,
pure-H, Suleimanov et al. 2009)

* «Bare», solid surface made by a magnetic
condensate formed for sufficiently high B
and sufficiently low T (Potekhin et al. 2012)
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Polarized emission from strongly magnetized sources

Surface emission models

logge ON/dE (em™2 ™! kev™!)

]
S
T

Spectrum

Atmospherae

100%—palarized BB 4

_ Apy-¢ = 0.5 rad

= 27 deg
. —— 64 dag
[ 80 deq
[ 116 deq
153 deg

-0.2 0.0 0.2 0.4
lag,.f (keV)

1.0

Taverna et al. (2020)

Polorization degree (%)

-
)
T

=
>
3 I

Q.2

a.0

Atmosphere model

100% -polarized BB |

-

Apy-s = 0.5 rad

x= 27 deg
64 deg

Polarization degree
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Polarized emission from strongly magnetized sources

Surface emission models
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Taverna et al. (2020)
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Polarized emission from strongly magnetized sources

Numerical implementation

 Monte Carlo FORTRAN code (Nobili, Turolla & Zane 2008; Taverna et al.
2014) to reproduce spectra and polarization properties of magnetar
persistent radiation collected at infinty

Random sampling of
surface emission through
acceptance/rejection
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Polarized emission from strongly magnetized sources

Numerical implementation

 Monte Carlo FORTRAN code (Nobili, Turolla & Zane 2008; Taverna et al.
2014) to reproduce spectra and polarization properties of magnetar
persistent radiation collected at infinty

/ RCS cross section properly
GL implemented

Vacuum polarization
effects accounted for
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Polarized emission from strongly magnetized sources

Numerical implementation

 Monte Carlo FORTRAN code (Nobili, Turolla & Zane 2008; Taverna et al.
2014) to reproduce spectra and polarization properties of magnetar
persistent radiation collected at infinty

®
%

Photons collected at
infinity, accounting for
Stokes parameter rotation
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Polarized emission from strongly magnetized sources

Numerical implementation

 Monte Carlo FORTRAN code (Nobili, Turolla & Zane 2008; Taverna et al.
2014) to reproduce spectra and polarization properties of magnetar

persistent radiation collected at infinty "
* Specific IDL script to introduce the source o)
geometry 1
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Polarized emission from strongly magnetized sources

Numerical implementation

logge ON/dE (em™2 ™! kev™!)
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_ Apy-¢ = 0.5 rad
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. —— 64 dag
[ 80 deq
[ 116 deq
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-0.2 0.0 0.2 0.4
lag,.f (keV)

Taverna et al. (2020)
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Polarized emission from strongly magnetized sources

Numerical implementation

Polorization degree (%)

B
)
T

o
>
3 I

Q.2

a.0

Atmosphere model

100% -polarized BB |

-

Polarization degree

-0.2 0.0 0.2 0.4 0.6 0.8 1.0

log,of (keV)

Taverna et al. (2020)
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100%~-polorized BB

0.6
0.4
Q.21 x= 27 deg o
64 deg
490 deg
116 deg
153 deg
a.o 1 I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1
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Polarized emission from strongly magnetized sources

Numerical implementation

Polorizotion degree (%)
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Polarized emission from strongly magnetized sources

X-ray polarimetry: missions

 [XPE (Imaging X-ray Polarimeter Explorer)
NASA-SMEX program
NASA-ASI collaboration
Expected launch: December 2021

 eXTP (enhanced X-ray Timing Polarimetry)
Chinese Academy of Science
CAS-INAF
Expected launch: 2027
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Polarized emission from strongly magnetized sources

X-ray polarimetry: Gas Pixel Detector

* Photoelectric polarimeters ensure enough sensitivity between 2 — 10 keV

/ Polarized incident
photon

Beryllium entering
window (50um thick)

Gas cell (mixture
20%He - 80%DME) \

Photoelectron track

Absorption point

Gas cell

L~ Photoelectron
emission direction

Gas Electron
Multiplier (GEM)

/

e —

Pixel anode

Muleri (2014)
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Polarized emission from strongly magnetized sources

X-ray polarimetry: Gas Pixel Detector

* Photoelectric polarimeters ensure enough sensitivity between 2 — 10 keV
* Photoelectric effect is sensitive to polarization

7/2 .
dopp 5 4. [MeC? 4\/§sm29C052\<p

=rya“Z
a) -
dQ) h }J/,B COS 6)4\

Photoelectrons are ¢ = photoelectron
most probably emitted emission direction —
in the direction of E photon E-field angle
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Polarized emission from strongly magnetized sources

X-ray polarimetry: Gas Pixel Detector

* Photoelectric polarimeters ensure enough sensitivity between 2 — 10 keV
* Photoelectric effect is sensitive to polarization
2\ 7/2 2 2
dopy, 2,45 (mec \ 44/2 sin? 8 cos? @
e . * (1 — B cosB)*

Modulation curve amplitude -
polarization degree

A Maximum angular position -2
polarization angle
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Polarized emission from strongly magnetized sources

Simulated measurements

* Archive of theoretical, phase-resolved models for:
- different values of x, &, Apn_g, [
- different emission models
- QED-ON and QED-OFF
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Polarized emission from strongly magnetized sources

Simulated measurements

* Archive of theoretical, phase-resolved models for:
- different values of x, &, Apn_g, [
- different emission models
- QED-ON and QED-OFF

e Spectro-polarimetry simulation measurement for one specific (blind) set of
input parameters (source 1RXS J170849.0-400910, teyxp, = 1 Ms)

107° Congresso Nazionale della Societa Italiana di Fisica



Polarized emission from strongly magnetized sources

Simulated measurements

* Archive of theoretical, phase-resolved models for:
- different values of x, &, Apn_g, [
- different emission models
- QED-ON and QED-OFF

e Spectro-polarimetry simulation measurement for one specific (blind) set of
input parameters (source 1RXS J170849.0-400910, teyxp, = 1 Ms)

* Fit of the mock-data with the whole archive
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Polarized emission from strongly magnetized sources

Timing analysis

e Data analysis through the python tool HENDRICS (Bachetti, 2018)

© 2.5

2.4+

—— dcl_1rxs J1708_v3 _dul23 no ma’_’i')}pe_gpd_pds.nc

Leahy power

1.8 | — dcl_1rxs_j1708_v3_dul23_nomc_ixpe_gpd_pds.nc

0.1 0.2 0.3 0.4 0.5 0.6 0.7
Frequency

T T T T T
0 500 1000 1500 2000
Frequency
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Polarized emission from strongly magnetized sources

Timing analysis

e Data analysis through the python tool HENDRICS (Bachetti, 2018)
e Z%-search of the period and period derivative of the source

P Pl

mock data 11.010 2.1 x 1011
Dib & Kaspi (2014) 11.005 2.0 x 10°11
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Polarized emission from strongly magnetized sources

Timing analysis

e Data analysis through the python tool HENDRICS (Bachetti, 2018)
e Z%-search of the period and period derivative of the source
e Data have been binned into 9 phase bins
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Polarized emission from strongly magnetized sources

Spectro-Polarimetric analysis

* Phase-dependent fit of the mock data energy integrated between 2 — 8 keV

Flux Polarization degrea Polarization angle
T T T 1.0 [ T T T T ] — 120 [ T T
E [ 1 o I
10000 § 08 BB/QED-ON model . i 100-_ h
W 3 3 ] '
c F ] [ i m L
g 8000 F c O'SV S
K : 2 I ] c [
% E 0 0ar . s 1
E 3 i ] 5
I 8000 I ] N
2020 .. . !
E L.o” BTt L S B o 40l -
7000¢ 0.t . . . . ] « 7
0. 0 0.2 0.4 0.8 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Phase Phase Phase
100F ] 0.03 2 _1_
sofb + + ] 0.02F N e 1 L
% g R L
3 of == | B T 000 3 -1F _+_
g [ ] g —_— —— g
r ] -0.01F 3 -2F
® _sof 3 & i ]
r -1 1 '0.02 3 7 '3 3
-100¢L ] -0,03 -4
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.8 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Phase Phase Phase
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Polarized emission from strongly magnetized sources

Spectro-Polarimetric analysis

* Phase-dependent fit of the mock data energy integrated between 2 — 8 keV

BB QED-ON (2-8 keV) BB QED-OFF (2-8 keV) free QED-ON (2-8) free QED-OFF (2-8)
chi 82.68 + 0.71 86.45 + ©.54 chi 61.70 + ©.66 92.49 + 0.34
xi 55.60 + 0.41 39.40 + 0.41 xi 58.59 + 0.09 38.25 + 0.29
Dphi 9.442 + 0.011 ©.310 + ©.000 Dphi 9.574 + ©.010 9.310 + 0.000
beta 9.238 + 0.012 8.573 + 0.009 beta 0.690 + 0.010 9.690 + ©.000
log(N) 1.5608 + ©.003 1.497 + 0.001 log(N) 1.379 + ©.001 1.397 + 0.001
chisqg 2.619 449 .502 chisg 381.403 634.216
L L
atmo QED-ON (2-8 keV) atmo QED-OFF (2-8 keV) fix QED-ON (2-8) fix QED-OFF (2-8)
chi 86.75 + 0.41 90.90 + ©.208 chi 81.19 + ©.59 117.17 + 1.84
xi 48.32 + 0.27 42.55 + 0.25 xi 44.60 + 0.32 9.39 + 0.43
Dphi ©.310 + 0.000 ©.513 + ©.005 Dphi ©.310 + 0.000 1.390 + 0.000
beta 0.685 + 0.035 0.690 + 0.000 beta ©.685 + 0.011 0.301 + ©.009
log(N) 1.227 + ©.000 1.214 + 0.001 log(N) 1.372 + @.001 1.264 + ©.006
chisg 32.909 491.034 chisg 390.859 357.375
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Polarized emission from strongly magnetized sources

Spectro-Polarimetric analysis

* Phase-dependent fit of the mock data energy integrated between 2 — 8 keV

BB QED-ON (2-8 keV) BB QED-OFF (2-8 keV) free QED-ON (2-8) free QED-OFF (2-8)
chi 82.68 + 0.71 86.45 + ©.54 chi 61.70 + ©.66 92.49 + 0.34
xi 55.60 + 0.41 39.40 + 0.41 xi 58.59 + 0.09 38.25 + 0.29
Dphi 9.442 + 0.011 ©.310 + ©.000 Dphi 9.574 + ©.010 9.310 + 0.000
beta 9.238 + 0.012 8.573 + 0.009 beta 0.690 + 0.010 9.690 + ©.000
log(N) 1.5608 + ©.003 1.497 + 0.001 log(N) 1.379 + ©.001 1.397 + 0.001
chisqg 2.619 449 .502 chisg 381.403 634.216
L L
atmo QED-ON (2-8 keV) atmo QED-OFF (2-8 keV) fix QED-ON (2-8) fix QED-OFF (2-8)
chi 86.75 + 0.41 90.90 + ©.208 chi 81.19 + ©.59 117.17 + 1.84
xi 48.32 + 0.27 42.55 + 0.25 xi 44.60 + 0.32 9.39 + 0.43
Dphi ©.310 + 0.000 ©.513 + ©.005 Dphi ©.310 + 0.000 1.390 + 0.000
beta 0.685 + 0.035 0.690 + 0.000 beta ©.685 + 0.011 0.301 + ©.009
log(N) 1.227 + ©.000 1.214 + 0.001 log(N) 1.372 + @.001 1.264 + ©.006
chisg 32.909 491.034 chisg 390.859 357.375
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Polarized emission from strongly magnetized sources

Spectro-Polarimetric analysis

* Phase-dependent fit of the mock data energy integrated between 2 — 8 keV
 Spectral analysis through the Heasoft tool xspec (Arnoud, 1996)

ot
BB model e atmo model
] L > 4Tk

107° Congresso Nazionale della Societa Italiana di Fisica



Polarized emission from strongly magnetized sources

Spectro-Polarimetric analysis

* Phase-dependent fit of the mock data energy integrated between 2 — 8 keV

 Spectral analysis through the Heasoft tool xspec (Arnoud, 1996)

BB QED-ON (2-8 keV)

chi
xi
Dphi
beta

chisqg

B

1.97,+1.08)
2.06,+2.88)

©.363 (-90.020,+0.019)
9.006,+0.006)
9.023,+0.024)

1.911

atmo QED-ON (2-8 keV)

chi
®1
Dphi
beta

chisqg

9.08,+0.96)
8.10,+0.01)

©.300 (-0.300,+0.000)
9.004,+0.005)
9.000,+0.822)

5.112

BB QED-OF

F (2-8 keV)

.13,+0.15)
.95,+0.60)
.903,+0.003)
.903,+0.002)
.913,+0.0828)

.44,+0.46)
.11,+0.11)
.300,+0.000)
.200,+0.008)
.000,+0.822)

free QED-ON (2-8)

chi 122.16 (-8

xi 56.32 (-8
Dphi 9.422 (-0.
beta 9.340 (-0
nH(e22) 1.296 (-@
chisqg 1.782
%%

fix QED-ON (2-8)

chi 184.95 (-1

xi 76.41 (-0
Dphi @.829 (-0.
beta @.283 (-8
nH(e22) ©.822 (-@
chisg 1.488
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.39,+0.55)
.70,+0.43)

004,+0.003)

.003,+0.002)
.915,+0.013)

.11,+0.10)
.08,+0.08)

©15,+0.006)

.902,+0.002)
.@14,+0.915)

free QED-OFF (2-8)

75.81 (-8
58.41 (-0
9.464 (-0
©.438 (-0
1.825 (-0

1.798

.96,+0.11)
.29,+0.23)
.002,+0.002)
.002,+0.001)
.915,+0.913)

fix QED-OFF (2-8)

.93,+8.54)
.91,+8.36)
.001,+0.001)
.901,+6.001)
.917,+08.013)



Polarized emission from strongly magnetized sources

Spectro-Polarimetric analysis

* Phase-dependent fit of the mock data energy mtegrated between 2 — 8 keV
e Spectral analysis through the Heasoft t

BB QED-ON (2-8 keV)

chi
xi
Dphi
beta

chisqg

B

1.97,+1.08)
2.06,+2.88)

©.363 (-90.020,+0.019)
9.006,+0.006)
-9.0823,+0.024)

1.911

atmo QED-ON (2-8 keV)

BB QED-OFF (2-8 keV)

chi 14.97 (-0.08,+0.06)
xi ©.18 (-9.10,+0.01)
Dphi ©.300 (-9.300,+0.000)
beta ©.218 (-9.004,+0.005)
nH(e22) 5e-18 (-0.900,+0.822)

chisqg 5.112

89.91 (-8.13,+0.15)
48.40 (-0.95,+0.60)
©.408 (-0.003,+0.003)
9.362 (-0.003,+0.002)
1.330 (-8.013,+0.028)

—

39.31 (-0.44,+0.46)
50.07 (-0.11,+0.11)
0.300 (-©.300,+0.000)
0.200 (-8.200,+0.000)
5e-17 (-8.000,+0.822)

1.0[ j
B 0.8F .
oo L {:8)
9 nalb > 3
5 [ 1.11)
= F 1.23)
1] - .
p N 04: 11.002)
b B [ 13.001)
noa 0200 oo . oo Thee13)
C '0.0“ 1 ..--l |..-- ]
0.0 0.2 0.4 0.6 0.8 1.0
* Phasa

fix QED-ON (2-8)

chi 184.95 (-1.11,+8.18@)

xi 76.41 (-0.98,+8.88)
Dphi ©.829 (-98.915,+0.006)
beta 9.283 (-9.902,+0.002)
nH(e22) ©.822 (-0.814,+8.015)
chisg 1.488
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.93,+8.54)
.91,+8.36)
.001,+0.001)
.901,+6.001)
.917,+08.013)



Polarized emission from strongly magnetized sources

Data analysis - Summary

Phase dependent analysis (2-8 keV) Spectral analysis
—m —mm
82.68° 0.71° 93.14° 1.08°
5 55.60° 0.41° f 36.50° 2.47°
Ag 0.442 rad 0.011 rad Ag 0.363 rad 0.020 rad
p 0.238 0.012 B 0.409 0.006
pien 2.619 P 1.011
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Polarized emission from strongly magnetized sources

Data analysis - Summary

Phase dependent analysis (2-8 keV) Spectral analysis
—m —mm
82.68° 0.71° 93.14° 1.08°
f 55.60° 0.41° f 36.50° 2.47°
Ag 0.442 rad 0.011 rad Ag 0.363 rad 0.020 rad
p 0.238 0.012 B 0.409 0.006
3 ' I — 84y 5=0.7 rod, p=04T _ 10" '
Xred 2619 | el et o 0
Tl
H: N
§ q Y o
L P s
sof 0™ .
n 2 3 4 L] 6
Phase (rod) Energy (keV)

Taverna et al. (2014)
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Polarized emission from strongly magnetized sources

Data analysis - Summary

Phase dependent analysis (2-8 keV) Spectral analysis
X 82.68° 0.71° X Spectra (PL tails) are
£ 55 60° 0.41° £ sensitive to A¢ and
Ah N AAD rad 0011 rad ) 0.363 rad 0.020ra
PA and PD phase-dependent B
behaviors are sensitive to y and ¢ p 0.409 0.006
Xred 2.619 Xiod 1.011
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Polarized emission from strongly magnetized sources

Data analysis - Summary

Phase dependent analysis (2-8 keV) Spectral analysis

X 82.68° 0.71° X Spectra (PL tails) are
£ 55 60° 0.41° £ sensitive to A¢ and
Ach 0AAD vad 0011 rad ¢ 0.363 rad 0.020 ra
PA and PD phase-dependent 9
behaviors are sensitive to y and ¢ p 0.409 0.006
Xred 2.619 Xiod 1.011

* Original mock data input parameters:

emission model: - 100% polarized BB
¥ =85° — & =55° — Apy_gs =0.35rad — f =0.39
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Polarized emission from strongly magnetized sources

Spectral fitting of XMM-Newton data

Counts/sec/keV

Sigma

Counts/sec/keV

Sigma

2.5

|4 b IHH|+|IH|H+||
+++| i

0.0

—2.54

10-1 4

1072 4

2.54

0.

o

—2.54

Model: blackbody

1
t
i

14t
S

f

1 2 3 4 s 6 7 8
Energy (keV)

Model: solid (free ions)

I

i
e A

”'HﬂT|i++||H|“ '

1 2 3 4 5 [ 7 B
Energy (keV)

Counts/sec/keV

Sigma

Model: magnetized atmosphere

N
3o =
E 102
1o "Nﬁ*
g N '“m
w0 " * ”"m#‘“,#:"“ﬂ*m*»' LT
1 2 3 4 5 ] 7 8
Energy (keV]
Model: solid (fixed ions)
10t
107
2.51 {I
i |||||H.}| *H“'}}{|||.H||+|HH#|'|I+I|4# H.{Jf
TH{T|IHH+|TTI T+ [ER ]
251 H
1 2 3 4 5 [ 7 B
Energy (keV)

Krawczynski et al. (submitted)

107° Congresso Nazionale della Societa Italiana di Fisica



Polarized emission from strongly magnetized sources

r:l_” XMM-Newton observation
3 3 e (Aug 28-29, 2003, 44.7 Ks)
i e it i
10 74 WLH 10-2
. z: | {4 |+*H+| +|| f b i | gm. "n ﬁﬂ"w
-E‘_z's‘ HH HI K “'lmﬂhm»"}’ﬂ ) wpm*#'l'h"l
Madell:zn:;i:‘:::,e ions) Model: solid (fixed ions)
Best fitting curve : — : . —
2.5 H 254 I
£ oo ,li & hlli{#!*hiHﬂH|+|Li*|H+1}iHH{+H+HﬂH i E oo 'rl i J HIiH'H #ﬂ.m *1.T||TH|#|HH#”I+I## #.}Jf
& L “thi#"Hll 1 T i z ﬂH{ H|H+| i f

1 2 3 4 5 [ 7 B 1 2 3 4 5 [ 7 B
Energy (keV) Energy (keV)

Krawczynski et al. (submitted)
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Polarized emission from strongly magnetized sources

Conclusions

* Both phase-dependent and spectral analyses are necessary to completely
determine the viewing geometry and the magnetospheric configuration

* Phase-dependent analysis will allow to test observationally QED vacuum
polarization effects (to which spectral fits seem to be quite unsensitive)

e X-ray polarimetry is crucial to determine the surface emission models,
removing spectral degeneracies
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