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INTERNAL STRUCTURE & MAGNETIC FIELD
TURBULENCE & ACCELERATION

CRAB, VELA, MHS15-52, SNR B0540
FUTURE TARGETS
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PWNe are hot bubbles of relativistic
particles and magnetic field emitting non-
thermal radiation.

Originated by the interaction of the ultra-
relativistic magnetized pulsar wind with the
expanding SNR (or with the ISM)

Galactic accelerators. The only place where
we can study the properties of relativistic

shocks (as in GRBs and AGNs

Allow us to investigate the dynamics of
relativistic outflows
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REPRODUCING OBSERVATIONS

Main torus
Inner ring (wisps structure)
Knot
Back side of the inner ring

Each feature traces an emitting region




High energy break
Low energy break MeV cutoff
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The most efficient non-thermal accelerator.
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Imaging X-ray Polarimetry Explorer (IXPE)

Mission category
Operational phase
Orbital parameters
Spacecraft features
Science payload
Telescope optics (x3)
Telescope detector (x3)
Polarization sensitivity
Spurious modulation
Angular resolution
Field of view (FOV)
Energy band, resolution
Timing accuracy

X-ray calibration

NASA Astrophysics Small Explorer (SMEX)

2021 launch, 2 years following 1 month commissioning, extension possible
Circular at 540—-620 km altitude, equatorial; one ground station near equator
3-axis stabilized pointing (non-propellant), GPS time and position

3 x-ray telescopes, 4.0-m focal length (deployed), co-aligned to star tracker
24 monolithic (P+S surfaces) Wolter-1 electroformed shells, coaxially nested

Polarization-sensitive gas pixel detector (GPD) to image photo-electron track

Minimum Detectible Polarization (99% confidence) MDPyy < 5.5%, 0.5-mCrab, 10 days

< 0.3% systematic error in modulation amplitude for unpolarized source

< 30-arcsec half-power diameter (HPD)

= 10-arcmin diameter overlapping FOV of 3 detectors’ polarization-sensitive areas
2—-8 keV, = 20% @ 5.9 keV

= 20 us, using GPS pulse-per-second signal and on-board clocks

Telescopes (optics & detector separately, combined) on-ground; detectors on-orbit
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Imaging X-ray Polarimetry Explorer (IXPE)

Mission category NASA Astrophysics Small Explorer (SMEX)

Operational phase 2021 launch, 2 years following 1 month commissioning, extension possible

Orbital parameters Circular at 540—-620 km altitude, equatorial; one ground station near equator
Spacecraft features 3-axis stabilized pointing (non-propellant), GPS time and position

Science payload 3 x-ray telescopes, 4.0-m focal length (deployed), co-aligned to star tracker

Telescope optics (x3) 24 monolithic (P+S surfaces) Wolter-1 electroformed shells, coaxially nested
Telescope detector (x3)  Polarization-sensitive gas pixel detector (GPD) to image photo-electron track
Polarization sensitivity Minimum Detectible Polarization (99% confidence) MDPyy < 5.5%, 0.5-mCrab, 10 days
Spurious modulation < 0.3% systematic error in modulation amplitude for unpolarized source

Field of view (FOV) = 10-arcmin diameter overlapping FOV of 3 detectors’ polarization-sensitive areas
Energy band, resolution 2-8 keV, = 20% @ 5.9 keV

Timing accuracy = 20 us, using GPS pulse-per-second signal and on-board clocks

X-ray calibration Telescopes (optics & detector separately, combined) on-ground; detectors on-orbit
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IXPE - X-RAY POLARIMETRY - CRAB

Crab Integrated FoV/ Polarimetry
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MAGNET;IC FIELD DIRECTION
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Mizuno et al 2023
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Mizuno et al 2023

Crab IXPE PF

,,,,,,,,,,,,,,,,,,,,,,,

”}. .\.\.\\:

- . e
340 | 320 \5:34;30.0\\\\29.0 .

183 7798 10616 16304 27554 49¢

Bucciantini - Pescara 2024 - MG17

15



Mizuno et al 2023

e R
. . \

LR 00\ %0

AN

3440

7798 10616 16304 27554 49¢

Crab IXPE U/l Tot : Crab IXPE Q/I Tot

—
[=]
[=]
o
N
=
c
o
=
©
c
[%}
%
o

5h34m36s 325 28s ' 5h34m36s 325 28s
Right Ascension (J2000) Right Ascension (J2000)

Bucciantini - Pescara 2024 - MG17

15



IXPE - X-RAY POLARIMETRY - CRAB PSR

Normalized Stoke Q/I Normalized Stoke U/I

— [2-8]keV

Two-poke zwstic model Sokr cap rmodel Striped wind model

_a=70°, T=50"
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IXPE - X-RAY POLARIMETRY - CRAB PSR

Normalized Stoke Q/I Normalized Stoke U/I

— [2-8]keV

Two-poke zwstic model Sokr cap rmodel Cuber gap mocel Striped wind model

_a=70°, T=50"
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IXPE - CRAB - NEW RESULTS
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IXPE VELA - PWN
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IXPE VELA 2" REGION PWN + BACKGROUND

Vela Integrated FoV Polarimetry
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Fei et al 2023
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Liu et al 2023

50% CL
90% CL
99% CL
99.9% CL
99.99% CL
MDP

X-ray
Radio
Pulsar

o~ B,
8 (@)
O =
= D
c L
@) @)
'_% =
O
= a
@]
w ®
o D

gh35m30s 245 185 125 06°
Right Ascension (J2000)

Bucciantini - Pescara 2024 - MG17




J2000)

(

c
=)
m
c
Q
O
)
<
+—
r
=
oc

22

Bucciantini - Pescara 2024 - MG17



Romani et al 2023
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Romani et al 2023
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IXPE - X-RAY POLARIMETRY - MSH 15-52

Romani et al 2023

Region
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CXO Spectral Measurements and IXPE PCUBE Polarizations for the Regions of Figure 2
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Fel et al 2023
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Fel et al 2023
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NO CLEAR IDENTIFICATION FOR THE ACCELERATION MECHANISM

NO CLEAR INDICATION FOR THE ORIGIN OF THE O0BSERVED FLARING
NO GOOD UNDERSTANDING OF THE LEVEV AND ROLE OF TURBULENCE
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LARGE DIVERSITY IN THE LEVER OF TURBULENCE

CRAB, MSH15-52 & VELA POINT TO POSSIBLE DIFFERENCES IN ACCELERATION
PULSAR POLARIZATION IS HIGHLY CONSTRAINING

NEED BETTER MODELS FOR INTERNAL DYNAMICS (3D PROIBITIVE)
DOES A UNIFIED MODEL MAKE SENSE?
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