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NATURAL LEPTONIC PEVATRONS, MOST EFFICIENT
ANTIMATTER FACTORIES IN THE UNIVERSE
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High energy break
Low energy break MeV cutoff
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Injection break Synchr. cooling

The most efficient non-thermal accelerator.
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OTHER PWNE ARE NIR/FIR DOMINATED
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OTHER PWNE ARE NIR/FIR DOMINATED
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MAIN TORUS

INNER RING (WISPS STRUCTURE)
KNOT

BACK SIDE OF THE INNER RING

f
Komissarov & Lyub'arky 2004
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0,=0.025 : Magnetic Field [uG]
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0,=0.025 : Magnetic Field [uG]
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WEAKER JET AND
POLATIZATION

T00 MUCH TIME VARIABILITY
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Reconnection
Layer
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Fei et al 2023
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PWNE AND LHAASO SOURCES
12 INITIAL SOURCES DETECTED BY LHAASO ABOVE 100 TEV

Table 1| UHE y-ray sources

Source name i Significance above 100 TeV (xo) E,..(PeV) Fluxat100 TeV (CV)
LHAASO J0534+2202 : X 17.8 0.-88 +0M 1.00(0.14)
LHAASQO J1825-1326 ¢ » . 042+0.16 3.57(0.52)
LHAASO J1839-0545 : ; : 0.21£0.05 0.70(0.18)
LHAASO 11843-0338 : . ; 0.26 -0.10-°-6 073(017)

LHAASO J1849-0003 : : ? 0.35£0.07 0.74(0.15)
LHAASO J1908+0621 . . . 0.44+005 1.36(0.18)
LHAASO J1929+1745 ; g . 0.71-0.07°%'¢ 0.38(0.09)

LHAASO 1195642845 299, ; ] 0.42+0.03 0.41(0.09)

LHAASO J2018+3651 . : . 0.27 +0.02 0.50(0.10)

LHAASO J2032+4102 : Y . 142+ 013 0.54(0.10)

LHAASO 12108+5157 : . : 0.43+ 005 0.38(0.09)
LHAASO 12226+6057 : ; . 0,57+ 019 1.05(016)

33 0UT 43 >100 TEV SOURCES HAVE A PSR/PWN ASSOCIATED

PEV PROTONS OR ELECTRONS?




May mum e*ficiency [De Ona Whilhelmi + 2022]
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Kolb et al 2017

Ma et al 2016
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Ma et al 2016

Kolb et al 2017
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Vela (HESS; Aharonian et al. 2005 RA (hours)

J1825-137 (HESS; Aharonian et al. 2005) RA J2000 (hours
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PISTRIBUTION OF SYNTHETIC SOURCES IN THE GALAXY
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PSR B1957+20 (Stappers et al. 2003)

PSR B2224+65 (Chatterjee & Cordes 2002)
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" PSR J1101-(Pavan et al 2016)
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Kargaltsev & Pavlov 2008
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De Vries et al 2022

22 YEARS OF GUITAR

Region Counts

Inner 214 £ 17
Middle 209 + 17
Outer 489 + 32
CF 86 + 11

Leading 273 £+ 19
Trailing 154 £+ 16
Remnant 174 4+ 19

r

1.31 £0.16
1.37£0.17
1.58 £0.15
1.71 £ 0.30
1.39 £0.14
1.60 £ 0.20
1.40 £ 0.27

2 Ny fixed at 2.7 x 10* cm 2.

> 0.5 — TkeV unabsorbed fluxes in units of 10~ *Pergcm™
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De Vries et al 2022 22 YEARS OF GUITAR

Region  Counts T f-15" x?/DoF
e

Inner 214+ 17 1.31+£0.16 9.9 29.3/27 13
Middle 209+ 17 1.37+0.17 10.2 | 24.3/24 14
Outer 489+ 32 1.58+0.15 24.1 | 53.2/48 8
CF 86+ 11 1.71 £0.30 3.5 23.8/24 17
Leading 273+19 1.394+0.14 13.6 22.7/33 19
Trailing 154416 1.60+0.20 7.1 30.5/30 17

Remnant 174 +£19 1.40£0.27 7.2 38.0/33 9

® Ny fixed at 2.7 x 10*'cm ™2,
> 0.5 — TkeV unabsorbed fluxes in units of 10 *®erg cm 257",
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De Vries et al 2022 22 YEARS OF GUITAR

Region Counts T x*/DoF
[nG]

Inner 214 +17 1.31+£0.16 9. 29.3/27 13
Middle 209+ 17 1.37+0.17 10.2 | 24.3/24 14
Outer 489+ 32 1.58+0.15 24.1 | 53.2/48 8
CF 8 +11 1.71+£0.30 3.5 23.8/24 17
Leading 273+19 1.39+0.14 13.6 22.7/33 19
Trailing | 15644+16 1.60+0.20 7.1 30.5/30 17

Remnant 174 +£19 1.40£0.27 7.2 38.0/33 9

® Ny fixed at 2.7 x 10*'cm ™2,
> 0.5 — TkeV unabsorbed fluxes in units of 10 *®erg cm 257",
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De Vries et al 2022 22 YEARS OF GUITAR

Region Counts T

Inner 214+ 17 1.314+0.16 9. 29.3/27
Middle [209+17 1.37 +0.17 24.3/24
Outer [489+32 1.58 4+ 0.15 53.2/48
CF 86+11 1.71+0.30 3. 23.8/24
Leading 273+19 1.39+0.14 22.7/33
Trailing | 154+ 16 1.60 +0.20 7. 30.5/30
Olmi et al 2024 Remnant 174+ 19 1.40+0.27 7. 38.0/33

® Ny fixed at 2.7 x 10*'cm ™2,
> 0.5 — TkeV unabsorbed fluxes in units of 10 *®erg cm 257",
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Isotropic Wind Anisotropic Wind

High Mag Low Mag High Mag
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Isotropic Wind Anisotropic Wind
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Olmi & Bucciantini 2019
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PAIR ESCAPE IN MHD MODELS

TURBULENCE IN THE TAIL DEPENDENT ON
INTERACTION GEOMETRY

OImi & Bucciantini 2019

ESCAPE ASSQCIATED T0
RECONNECTION SITES AT
THE MAGNETOPAUSE

0°-60°
60°-120°
120°-180°

STRONG ENERGY
DEPENDENCE




PAIR ESCAPE IN MHD MODELS

TURBULENCE IN THE TAIL DEPENDENT ON
INTERACTION GEOMETRY

OImi & Bucciantini 2019

ESCAPE ASSQCIATED T0 X
RECONNECTION SITES AT
THE MAGNETOPAUSE
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DEPENDENCE
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GO0.13-0.11
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GO0.13-0.11

B st O

POLARIZATION DEGREE ~ 57%
MAGNETIC FIELD ALIGNED TO THE
FEAATURE

Ve CLEAR EVIDENCE FOR THE SUNCHOTRON t~

ORIGIN OF THIS FEATURE ¢

DELTAB/B ~0.5
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PWNE WILL BE MAIN SOURCE OF GAMMA RAY SKY

LIKELY TO DOMINATE THE PEVATRONS
PSR/PWN PROBABLY THE MAIN ANTIMATTER FACTORIES
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PWNE WILL BE MAIN SOURCE OF GAMMA RAY SKY

LIKELY TO DOMINATE THE PEVATRONS
PSR/PWN PROBABLY THE MAIN ANTIMATTER FACTORIES

NO CLEAR IDENTIFICATION FOR THE ACCELERATION MECHANISM
NO CLEAR INDICATION FOR THE ORIGIN OF THE OBSERVED DIVERSITY

OLD SYSTEMS ARE POORLY CONSTRAINED
BOW SHOCK PWNE LIKELY GOOD INJECTOR OF PAIRS

ESCAPE FROM OLDER BUT CONFINED SYSTEMS IS UNLIKELY
JET FEATURES DEPEND ON BOW SHOCK HEAD CONDITIONS
NON UNIFORM BOW SHOCK TAIL DYNAMICS
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