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Supernova remnants
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Supernova remnant (SNR)

Aartsen et al. 2018, AdSpR

Cassiopeia A

What is the maximum energy of particles 
accelerated by SNR shocks?

Zeng et al. 2019
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Fermi-LAT

R39=0.17 deg

Radio Optical

M. Seta, et al. 1998

CO J=2-1 intensity

M. Ackermann, et al. 2013

SNR IC 443 - cloud 
interactions

 π0 -decay bump in the sub-GeV 
spectrum provides clear evidence 
of hadronic CR acceleration.

 IC 443 is a ideal target for 
probing hadronic CR acceleration 
in SNR shocks.

SNR age: 3 - 30 kyr
 dist: ~1.5 kpc
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The maximum proton energy is constrained to 
be above 65 TeV.

MAGIC VERITAS

HAWC

Point

R39=0.16 degPoint

HESS

R39=0.17deg

J. Albert,et al. 2007 V. A. Acciari, et al. 2009

R. Alfaro, et al. 2025

Alison M. W. Mitchell, et al. ICRC2025



6 Cao Z, et al. 2019

Water Cherenkov Detector Array (WCDA) 

• Nhit>100 ( >0.6 TeV ) 
• March 5, 2021 - July 31, 2024 (1136 days)
• Zenith angle < 50 deg

Square Kilometer Array (KM2A)

• Erec: >10 TeV
• July 20, 2021- December 31, 2024 (1228 days)
• Zenith angle < 50 deg

KM2A

 Large High Altitude Air Shower Observatory (LHAASO)
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Contours: 1.4 GHz radioR=4 deg

ROI Subtract DGE and Geminga 

Larger than the compact source(R39=0.17 deg) detected by Fermi-LAT.

R39=0.38 deg
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C0 C1C0+C1

~6.0σ

Contours: Molecular gas distribution by MWISP ( Y. Su, et al 2014 ) Contours:1.4 GHz radio (J.-J. Lee, et al. 2008)

Point R39=0.67 deg
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Fermi-LAT compact 

R39=0.17 deg

R39=0.64 deg

HAWC PS

Point

R39=1.05 deg

Point

R39=0.67 deg

LHAASO C0

M. Ackermann, et al. 2013

S. Abdollahi, et al. 2024 R. Alfaro, et al. 2025

Fermi-LAT:
compact source (IC 443) 
+ extended source

HAWC:
point source (IC 443) 
+ extended source

LHAASO:
point source (IC 443)  
+ extended source

LHAASO C1HAWC ESFermi-LAT extented 
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Residual map

Radial profile centered at the 
midpoint between C0 and C1.

1D distribution of γ-ray flux 
within the rectangular box.
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Fermi-LAT points: Reanalyzed data from 
August 4, 2008 to February 5, 2025 (870 weeks). Blue line:

Red line:
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Hadronic model: Accelerated protons collided with molecular gas.

Proton spectrum:  

No significant spectral cutoff is found. (Total energy)

Best fit:

95% Pcut=300 TeV
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Hadronic model: Accelerated protons collided 
with molecular gas.

Proton spectrum: 
(1)  BPL: 

(2) ECPL: 

Leptonic model: Inverse Compton scattering CMB 
and infrared photons.

Electron spectrum:
(1) ECBPL: 

(fixed)
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 SNR–MC interacting systems are ideal laboratories to probe hadronic cosmic-ray 
acceleration.

 Using LHAASO data, we resolve two VHE γ-ray sources in the IC 443 region: a point 
source (C0) and an extended source (C1).

 LHAASO C0 connects smoothly with the Fermi-LAT compact source and is well 
described by a hadronic model. We derive a 95% lower limit on the proton cutoff 
momentum of ~300 TeV, providing strong evidence for sub-PeV proton acceleration 
by the SNR shock.

 LHAASO C1 is consistent with the Fermi-LAT extended source in both 
morphology and spectrum. Its γ-ray emission can be explained either by interactions 
of escaping protons with molecular gas (hadronic scenario) or by leptonic processes.

Thank you !!!
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16 Gaussian extension (R39): 0.17 deg R39: 0.64 deg

 August 4, 2008 to February 5, 2025 (870 weeks)
 P8R3 SOURCE Fermi-LAT data
 60 MeV to 1 TeV
 Galactic diffuse model gll_iem_v07.fits and the isotropic background spectrum iso_P8R3_SOURCE_V3_v1.txt
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 DGE free or fixed
• The diffuse γ-ray flux is either fixed to the LHAASO outer Galactic region 

measurement or treated as a free parameter in the fit.
 DGE template

• The spatial template is constructed from gas survey maps or from Planck 
dust emission data.

 Geminga model in ROI
• The Geminga halo morphology within the ROI is modeled using either a 

symmetric or an asymmetric assumption.
σsys ~ 20%
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HAWC fitting result



19 

 DGE free or fixed
• The diffuse γ-ray flux is either fixed to the 

LHAASO outer Galactic region measurement 
or treated as a free parameter in the fit.

 DGE template
• The spatial template is constructed from gas 

survey maps or from Planck dust emission 
data.

 Geminga model in ROI
• The Geminga halo morphology within the ROI 

is modeled using either a symmetric or an 
asymmetric assumption.

Total errors including statistical and systematic ones.
(black error bars)
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C0: ECPL

TS=5634.2 ( +3.7 )
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HESS result


