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PWNE ARE HOT BUBBLES OF RELATIVISTIC PARTICLES
AND MAGNETIC FIELD EMITTING NON-THERMAL
RADIATION.

ALLOW US TO INVESTIGATE THE DYNAMICS OF
RELATIVISTIC OUTFLOWS
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Electrons responsible for the radiation
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INJECTION BREAK SYNCHR, COOLING ~ ACCELER CUTOFF
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MAGNETISATION IN THE CRAB IS JUST BELOW EQUIPARTITION
B ~ 150-120 UG
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PWNE AND LHAASO SOURCES

12 SOURCES DETECTED BY LHAASO ABOGVE 100 TEV

Table 1| UHE y-ray sources

RA (%)
83.55
276.45
270.05

dec.(°)
2205
-13.45
-875
-3.65
-C.05
6.35
1775
2875
3€.85
4108
5195
G0.95

E...(PeV)
Q.86 = 0.1
042+0.16
0.21% 0.05
0.26 -0.10*¢1
0.236+ 0.C7
044005
0.71-0.07*¢16
0.42+0.03
027+0.07
1421013
0.43+0.C5
057019

Source name
LHAASO JO554+2202
LHAASO J1825-1326
LHAASQ 18330545
LHAASO J1843-0338 28075

LHAASO J1845 0003 28235
LHAASO J1908+0621

287.05
| HAASO 11929+°745 292.25

LHAASO J1955+2845 299.05
I HAASO 12013+3651 3n475
LHAASO J2032+4102 30805
LHAASO J2108+5157

31715
LHAASQ Jz22G+5057 33675
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Flux > 100 MeV [ 107 cm?2 5]
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" PSR J1101-(Pavan et al 2016)

THE PARTICLES IN THESE FEATURES ARE G e . | = -
~ PSR VOLTAGE e \f | T g

Guitas (Wong etal 2003)
' Guiter Nebuld LA

Geminga

»

G327 (Temin et al 2009)
Geminga (HAWC Abeysekara et al 2017)
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Pseudocolor

Var:
Pseudocolor

- Var: B
1.000e-05 0.0001061 0.001126 0.01194 0.1267
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FLOW IS CHARGE SEPARATED
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FERMI VS RECONNECTION

FERMI DSA HIGHLY INEFFICIENT IN PSR WIND SHOCK -
VERY LOW MAGNETISATION
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light cylinder

neX 4T yr!
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Reconnection minijets

nebula
== ==flare
-= == nebula+flare

BOOSTING OF ORDER 3 ARE REQUIRED
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Mission name

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)

Imaging X-ray Polarimetry Explorer (IXPE)
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) MDPy, < 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
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Bucciantini et al 2023

POLARISED FRACTION NOT
SYMMETRIC WITH NEBULA

LOCAL HIGH LEVEL OF POLARISATION
IN OUTER REGIONS

TURBULENCE LIKELY VERY PATCHY
INSIDE THE PWN
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Fei et al 2023

’ -2b -1°b

9a 37+18 27+13 61+12 37+13 47415 PD¢
—14+14 —21+14 —41.7+5.3 —52410 —53.848.9 | PA¢

33410 48.5+5.0 53.5+4.1 56.8+7.1 47413 PDc¢
6.3+9.0 —22.4+3.0 —42.242.2 —50.24+3.6 —58.2+7.7 | PA¢4

10.3+8.8  34.44+3.9 49.0+2.5 62.844.0 44411 PD¢
—7.44+24 —34.3+3.3 —50.3+1.5 —53.94+1.9 —50.5+7.4 | PA¢

21+12 27.5+7.2 38.5+4.0 57.1+5.4 44412 PDe¢
—47+17  —68.3£7.5 —70.0£3.0 —69.842.7 —57.3+£7.9 | PA¢

34+15 4.5F13 34.949.5 43+12 17414 | PD®
—51+13  —6.0485  86.14+7.8 —84.247.6  —70+23 | PAd4

UNLIKELY RECONNECTION TO PLAY A MAJOR
ROLE IN ACCELERATING PARTICLES OLD SYTEMS SHOULD BE MORE TURBULENT.
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CLEAR EVIDENCE OF HIGH POLARISATION
30% IN THE TORUS

—— Norm i=60° 4
—— Orth i=60°(h=0.16

IXPE EVPA
Radio EVPA
)

>S5 sigma

>3 sigma

>2 sigma
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THANK YOU
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