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1: Cosmic Ray Spectra and Anisotropy
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1: Origin of Cosmic Rays
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1: Spectra of 46 SNRs before LHAASO
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1: Evidence for CRs escaping from SNRs
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1: Diffusive Shock Acceleration in
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Escape of cosmic-ray electrons from supernova remnants
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1: 7 SNRs Detected by LHAASO

Cas A; IC 443; W51C; Gamma-Cygni; G106.3+2.7; G69.7+1.0; G150.3+4.5
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1: An example of time-dependent DSA
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2: Shock Drift
Acceleration
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2: PeV Particle Acceleration in PWNS
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Pulsar Wind Nebulae inside Supernova Remnants as Cosmic-Ray
PeVatrons
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3: LHAASO catalog
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3: Diffuse Gamma-ray Emission with KM2A
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3: Possible explanation of the diffuse emission
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There appears to be three components:
GeV dominated by acceleration of slow shocks

TeV dominated by fast shocks
PeV shock drift acceleration?

PWNs, Young Massive Star Clusters, micro quasars?
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Conclusions

Extreme acceleration processes dominate the
acceleration of the highest energy particles in
galactic ultra-high-energy sources

Shock drift acceleration may play an important role
in the acceleration of PeV cosmic rays

Parallel electric fields may dominate the PeV
particle acceleration in PWNe and Jets

Thanks
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Association with ATNF pulsars

65 1TLHAASO sources with pulsar ATNF Pulsars
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PeVatrons

51% (35/69) 1-25TeV sources are UHE sources.
57% (43/75) >25TeV sources are UHE sources.

19% (8/43) UHE sources are not detected at 1-25TeV (new class?).

1-25 TeV sources

> 25 TeV sources
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UHE gamma-ray sources

* The position and
extension achieved by

KM2A at >25 TeV are used.

» Sources with significance

>100 TeV
>4A46 at >100 TeV are labeled as 43

UHE sources

The Second LHAASO Symposium, HK,

2025/3/18 March 21-25 2025
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>2 Detected above 100 TeV
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3 Detected up to 100 TeV

Gamma Cygni SNR

E2 dN/dE [MeV cm~2 s~1]
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2 Detected up to 10 TeV

published
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Does or did the supernova remnant Cassiopeia A operate as a PeVatron?
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For n=10 cm-3, rule out an injection index <2.5

E’ O(E)(erg s! cm'z)

Energy(TeV)



Monthly Notices

Mon. Not. R. Astron. Soc. 427, 91-102 (2012) doi:10.1111/j.1365-2966.2012.21908.x

Escape of cosmic-ray electrons from supernova remnants

Yutaka Ohira,' Ryo Yamazaki,' Norita Kawanaka? and Kunihito Ioka®*
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Figure 2. The same as Fig. 1, but for B ugh or ugh.
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Dec (deg)

Evidence of Supernova Remnant W51C Accelerating

Cosmic Rays to Sub-PeV Energies Unveiled by

LHAASO
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Evidence of Supernova Remnant W51C Accelerating

Cosmic Rays to Sub-PeV Energies Unveiled by

LHAASO
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Declination (J2000)

2: Radio/X-ray obs Y Cygni SNR
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2: High Energy Observations
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2: Fermi Observations
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2: Hadronic vs Leptonic Models

HAWC $ MAGIC —— X-ray uplimit
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G150.3+4.5

Galactic Latitude

Galactic Longitude

Galactic Latitude [ degree ]

3: SNR G150

>25 TeV

® Fermi-Gauss
= Fermi-Disk

» LHAASO-srct
® |HAASO-src2

°
1525 152 151.5 151 150.5 150 149.. 149 1485 152
Galactic Longitude [ degree ]

151 _ 1
S1aal® 149

Fitted with two Gaussians: One is spatially coincident with the radio and Fermi-LAT
observation (G150.3+4.5); another is very closed the unidentified source 4FGL J0426.5+5434.

(150.38, 4.47), extension =1.45; (150.9, 3.79), extension =0.26

The distance of CO emission (MWISP): 0.8 kpc, and a uniform density: ~1.0 cm~3, with an

age: <1.3x10% yr.
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3: SNR G150

G150l3+4l5 ZE - A LHAASO srct
The SEDs at 1—400 TeV can be z k

fitted with log-parabola models.
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3: G150.3+4.5
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3: Boomerang SNR

12229+6114(G106.3+2.7)

TABLE 1
| | Pulsor Wind Nevula | PARAMETERS OF PSR J2229+6114
5
; Parameter Value
® 2o [t egon s102_] %.Ai ((112700000(3) ........................... 2+26hi9:§)<ogs§€))
: : ecl. (J2000) ...oiiiiiiii 4'0973(5
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| cacric LonerTup / /‘—I Galactic longitude (deg) ............... 106.65
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Period (8) .ovvvvviiiii 0.05162357393(6)
Period derivative (S %) .....oveenn... 7.827(2) x 10°™
L Epoch MMID) ....oiviiiiiiiiiaaeenn 51980.0
= Dispersion measure (cm > pc) ........ 200(10)
j Distance® (KPe) ....ovvvvveennennennn... ~3
5 Spin-down luminosity (ergs s ') ...... 2.2 x 107
2 Characteristic age (VI) ................. 10460

Magnetic field (G) ..................... 2.0 x 10%
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THE ASTROPHYSICAL JOURNAL, 560:236-243, 2001 October 10
© 2001. The American Astronomical Society. All rights reserved. Printed in US.A.

Normalized flux density
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PHYSICAL JOURNAL. 552:1.125-L128. 2001 May 10
merican Astronomical Society. Al rights reserved. Printed in USA.
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. PSR J2229+6114: DISCOVERY OF AN ENERGETIC YOUNG PULSAR IN THE&%{OR BOX
THE SUPERNGYW REUBANT G1063+2.7 AND ITS PULSAR-WIND NEBULA: RELICS OF TRIGGERED OF THE EGRET SOURCE 3EG 12227+6122
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3: SNR G106.3+2.7, G35.6-0.4
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Conclusions

Observation of Cas A has been published

Manuscripts on W51C and gamma cygni are to be
submitted

Manuscripts on G150, G106, G35.6 should be
submitted by the next collaboration meeting

G69.7, HESS J1912, LHAASO J2108, 10341, G57.2,
G65.1, G205 should also be analyzed

The Second LHAASO Symposium, HK,
March 21-25 2025
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3: X-ray Observations
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Nonthernal X-ray emission is detected
both from the head close to the PWN and
the tail region
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