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Outline

2

1. Shocks of Supernova Remnants 
(SNRs) 

2. Some Extreme Acceleration 
Processes  

3. Evidence for Extreme Acceleration 
of PeV Cosmic Rays (CRs) from 
LHAASO 

4. Conclusions
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1：Cosmic Ray Spectra and Anisotropy
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1: Origin of Cosmic Rays

Multiwavelength spectra of 44 
SNRs normalized at 100 GeV and 
their distribution in the Galaxy

Spectra of Proton and Helium

2025/3/18 4

10TeV

Normalized at 100 GeV
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1：Spectra of 46 SNRs before LHAASO
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Multiwavelength spectra of 46 SNRs normalized 

at 1 TeV

MeV-GeV E-2 E-2.4

GeV-100TeV

10TeV

electrons

ions

Normalized at 1TeV
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1: Evidence for CRs escaping from SNRs
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1：Diffusive Shock Acceleration in 
SNRs 

T: Age 
U: shock speed 
R: Radius ~ UT 
D: Diffusion coefficient ~Eδ 

Acceleration time： ~D/U2 
Escape time: ~R2/D 

D/U2 ≤R2/D then D ≤UR ~T(free expansion) 
                                          ~T-1/5 (Sedov)
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1: 7 SNRs Detected by LHAASO
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The higher energy spectra are softer (but harder 

than an exponential cutoff)

10TeV

Preliminary



1: An example of time-dependent DSA

upstream

downstream

Normalized distribution
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2: Acceleration by 
parallel electric field
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2: Shock Drift 
Acceleration
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2: PeV Particle Acceleration in PWNS
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■ 90 in 1st LHAASO sources.

■ 32 new discoveries

■ 43 UHE

3：LHAASO catalog

69

75 43



3：Diffuse Gamma-ray Emission with KM2A



3：Diffuse Gamma-ray Emission with WCDA



3: Possible explanation of the diffuse emission

E-2.4

E-3

10TeV



Diffuse emission is harder than  
most UHE sources

PeVatrons: 
1: Sources with hard UHE spectra 
2: Efficient escape from UHE sources with soft spectra 
3: Reacceleration 
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3：Cosmic Ray 
Spectrum and Mean 
Logarithmic Mass
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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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■ 65 1LHAASO sources with pulsar 

nearby <0.5º.

■ 35 associations with chance 

coincide probability <1%. (13 

labeled as PWN or Halo in TeVCat)

■ 22 new possible PWN/TeV Halo

Association with ATNF pulsars
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Are Supernova Remnants PeVatrons?
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A Few Likely 
Associated with 

SNRs
Preliminary
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■ 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?).

 PeVatrons

Milky Way is full of UHE sources!
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• The position and 

extension achieved by 

KM2A at >25 TeV are used.

• Sources with significance 

>4σ at >100 TeV are labeled as 

UHE sources

UHE gamma-ray sources

>25 TeV 
75

>100 TeV 
43
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>2 Detected above 100 TeV

Boomerang

talk poster
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3 Detected up to 100 TeV

Gamma Cygni SNR

W51C

talk

Internal review

To be submitted to eb
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2 Detected up to 10 TeV

Cas  A
IC 443

published

Geminga region
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2:  Cas A 
 
340years 
 
Still in the free expansion phase?



For n=10 cm-3, rule out an injection index <2.5
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Discussion at noon!
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2: Radio/X-ray obs ϒ Cygni SNR

The 1420-MHz image 
 ROSAT PSPC 0.5–2.0keV X-ray image

MNRAS 436, 968–977 (2013)， Hui et al. ApJ, 799, 76, (2015)

0.2-0.3cm-3

15µG

35

Distance=1.7kpc 
Age =7kyr  
PSR J2021+4026 
  Distance=2.15kpc 
  τ =77kyr(First 
variable ϒ-ray 
pulsar) 
  Period P=26.5ms 
  Edot=1035 erg s −1

2025/3/18
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2: High Energy Observations

MAGIC >250GeV 
Ra=304°.89, Dec= 40° .85;  
Extension=0°.16

MAGIC, 2023, AA arXiv:2010.15854Aliu, E.,et al. 2013, ApJ, 770, 93

VERITAS >320GeV 
Ra=305°.02, Dec= 40° .76;  
Extension=0.23°
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2: Fermi Observations

10GeV-1TeV TS

11cm

21cm
372025/3/18
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2: LHAASO Results

• gaussian：sigma = 0.374 +/- 0.040 

• disk：radius = 0.592 +/- 0.056 
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>3TeV
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2: Hadronic vs Leptonic Models

Leptonic with a ~17 µG BHadronic with  
an exponential cutoff of 10TeV (dotted) 
a break at 4TeV (solid) 
Index 2.1->3.1

Liu et al. RMPP, 6, 19, (2022)Zeng et al. ApJ, 910, 78, (2021)2025/3/18 39
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2: A Possible Model

2025/3/18 40

Considering the low density inferred from 
X-ray observations of 0.2-0.3 cm-3 and a 
high magnetic field

17 µG 
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3：SNR G150
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3：SNR G150
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3: G150.3+4.5
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3: G150.3+4.5
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3: Boomerang SNR 
J2229+6114(G106.3+2.7)
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3: SNR G106.3+2.7, G35.6-0.4

Liu et al. 2020 ApJ, 897, L34
2025/3/18

Leptonic

Hadronic

Preliminary
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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, J0341, G57.2, 

G65.1, G205 should also be analyzed

2025/3/18 47
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3: Fermi and CO

Xin et al. 2019 ApJ, 855, 162

2025/3/18 48



Nonthernal X-ray emission is detected 
both from the head close to the PWN and 
the tail region

3: X-ray Observations

Ge, et al. Innovation, 2021, 2, 100118


