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What is the maximum energy of particles 3

accelerated by SNR shocks?
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> 1o-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
iIn SNR shocks.
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The maximum proton energy is constrained to
be above 65 TeV.
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Larger than the compact source(R;,=0.17 deg) detected by Fermi-LAT.
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93

20



onents: LHAASO-CO and LHAASO-C1

Contours:1.4 GHz radio (J.-J. Lee, et al. 2008) Contours: Molecular gas distribution by MWISP (Y. Su, et al 2014)
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1D distribution of y-ray flux
within the rectangular box.
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for LHAASO CO (IC443)
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O SNR-MC interacting systems are ideal laboratories to probe hadronic cosmic-ray
acceleration.

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

O LHAASO CO 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.

OO0 LHAASO C1 is consistent with the Fermi-LAT extended source in both
morphology and spectrum. Its y-ray emission can be explained either by interactions
of escaping protons with molecular gas (hadronic scenario) or by leptonic processes.

Thank you !!! 14
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» August 4, 2008 to February 5, 2025 (870 weeks)

» P8R3 SOURCE Fermi-LAT data
» 60 MeVto1TeV

» Galactic diffuse model gll_iem_v07.fits and the isotropic background spectrum iso_P8R3_SOURCE_V3_v1.txt
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c uncertainties

B DGE free or fixed

« The diffuse y-ray flux is either fixed to the LHAASO outer Galactic region
measurement or treated as a free parameter in the fit.
B DGE template

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

B Geminga model in ROI
« The Geminga halo morphology within the ROI is modeled using either a

Co
E EXdNIdE + gy + Ty
(TeV) (TeVecm™2 s71)
0.62 (1.42+045+0.21)x 10712

1.14
2.14

(6.40 + 1.57 + 1.65) x 10713
(5.51 £+0.96 + 1.20) x 10°13
3.65 (2.26 +0.53+0.56) x 10713
7.14 (1.57 +0.37+0.26) x 10713
15.15 (1.15+0.30 + 0.20) x 107"
13.40 (1.12+0.91 +0.24) x 107
33.04 (2.29 + 1.64 +0.43) x 107

82.20 <1.60x 107
symmetric or an asymmetric assumption.
Ogys ~ 20%
Model | ATS R.A. Dec. R39 Flux @ 3 TeV a Esit @y (DGE) Comment
) ) ) a0 ¥ Tev-'lem2s1) (TeV) |(TeVlem2s7h)

Co 94.27+0.03 [22.44+0.02 [0.01+0.20 3.51+0.43 2.95+0.07 = 5.35+0.37 ——
Cl1 94.45+0.07 [22.61+0.06 | 0.67+0.07 17.20+2.74 2.53+0.14 | 19.65+8.67 (Planck)
CO |, 5]94.28+0.03|22.45+0.02|0.07+0.21 4.09+0.39 2.97+0.06 = 3.84 DGE fixed
Cl1 94.43+0.06 | 22.59+0.07 | 0.82+0.08 19.98 +2.15 2.53+0.10(22.01 + 8.11 (Planck)
Co 106 |94-270.0322.44:0.02|0.010.20 3.45+0.40 2.95+0.07 = 6.32+ 0.44 DGE template
Cl1 94.42+0.06 |22.60+0.06 | 0.66+0.06 16.98 £2.18 2.52+0.12|122.01 + 6.86| (gas survey) from gas survey
Co 1 |94270.03|22.44:0.02|0.01+0.20 3.48+0.34 2.96+0.07 = 6.50+0.45 |Symmetric Geminga
C1 94.42+0.07 | 22.59+0.06 | 0.67+0.05 16.61 +2.11 2.49+0.12|21.07 + 6.80|  (Planck) in the ROI

* DGE spectrum: ® = @ - 10~'4(E/10 TeV) 272 [1 + (E/27.86 TeV)S]

(2.72-2.92)/5

[38].
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Table 1. Results of the analysis in the region of IC 443 using the finit scheme.

Source d, Index R.A. Decl. o TSeource
[TeV™" cm™"s7"] °] [°] [°]
PS (5.9+1.3103%) x 107 _—3.14+0.1813%  94.42+3-97 40,01 28,85 0 e T - 28.2
ES (3.18T557 £1.3) x 107'®  —2.49+£0.087005 93.67+£0.19 £0.04 22.2240.20 £0.1 1.05792% £0.18  88.8
GDE model 2.62 4 1.20 Fo0r= . - 16.5

NoTE—First set of uncertainties are statistical while the second set are systematic. The normalization of the two sources is at
ELiv = 2.3 TeV. PS is associated with IC 443. ES is the new source HAWC J0615+42213.

*Scale factor: unitless and only includes systematics from detector configuration.

HAWC fitting result

18
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Systematic uncertainties

B DGE free or fixed

« The diffuse y-ray flux is either fixed to the
LHAASO outer Galactic region measurement
or treated as a free parameter in the fit.

B DGE template

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

B Geminga model in ROI

« The Geminga halo morphology within the ROI
IS modeled using either a symmetric or an
asymmetric assumption.
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Model TS [Name R.A.(°) Dec.(®) Rz (°) ¢o (1074 Tev-lcm™2s7!) @ E.y (TeV)
Two 5630.5|_CO_ 94.27+0.03 2244+0.02 _ Point 3.51+0.43 2.95+0.07 .
Components | C1 94.45+0.07 22.61+0.06 0.67+0.07 17.20+2.74 2.53+0.14 19.65 + 8.67
One Component [5581.5| ... 94.33+0.03 22.52+0.02 0.38+0.03 15.13+1.56 2.68+0.08 34.22+14.62
CO: ECPL

TS=5634.2 (+3.7)

o = 4.01 £ 0.68, a0 = 2.7 -

- 0.2, Bt = 506.7 4

- 14.5
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