Method to measure muon content of extensive air showers with LHAASO KM2A-WCDA synergy
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The measurement of shower muons on an event-by-event basis offers a potent tool for conducting
ground-based experiments on gamma rays and cosmic rays due to its sensitivity to primary mass and interaction
models. In recent years, underground water Cherenkov detectors as large-area muon counters provide the most
powerful way of rejecting cosmic ray backeground when searching for TeV-PeV gamma rays and cosmic ray electrons,
an unprecedented rejection power of 104 - 105 is achieved. Unburied water Cherenkov detectors are widely used
in ground-based gamma astronomy experiments, e.g, Milagro, HAWC, LHAASO-WCDA, etc. However, due to the
presence of electromagnetic components, their deployment as event-by-event muon counters has encountered
considerable challenges. All the experiments mentioned above reconstruct lateral-distribution-function related
parameters to tell a gamma from hadrons. In this work, we first developed a method to utilize the WCDA, to
specify muon content in each shower with LHAASO KM2A-WCDA synergy and help LHAASO to gain approximately

a 37,650-meter-square effective area as a muon counter.
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Fig. 7. The top panel displays the N, distribution from various content categories.
The histograms illustrate the N, distribution for total hits (black), “EM content” (blue),
“true muons” (red), “selected muons” (yellow), and events satisfying both conditions of
“selected muons” and “true muons” (green). The bottom panel exhibits the power-law
spectral indices of three components: “EM content” (blue), “true muons” (red), and
“selected muons” (yellow). The reference power-law indices for the muon (red dashed
line) and EM (blue dashed line) components are —3.0 and —2.6, respectively.



