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Abstract: 1. A novel method for reconstructing energy and logarithm mass (InA) based on a superposition model is introduced. Energy and InA are reconstructed using two universal,

composition- and energy-independent calibration lines. For zenith angle below 40 degree, the energy and InA biases are within +5% and +0.3, respectively, across all compositions.
2. The method uses particle densities—measured by LHAASO's electromagnetic and muon detectors at a fixed distance from the shower axis—rather than integrated particle counts
in annular bands. The density-based approach improves resolution for both energy and InA, especially for heavy nuclei.
3. The hadronic model dependencies of energy and InA are also reported. These dependencies scale with Ig(E/A) and are nearly independent of primary composition.

1.1 Super position model: atomic nucleus (A,E) = A protons, each with an energy of E/A when
transferred energy >> binding energy

MC simulation verification using density@100m from ED (p¢p) and density@150m from MD(pyp):
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1.2 InA and energy reconstruction based on pgp and pyp :
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Define X, , & Ye , Such that ny — yfu =IlgA
o & o, are constants very close to 1.

Xo,Yo are the origin of x. , & y., frame
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function f,&f; are the only systematics for E and InA
reconstruction. They are derived from MC.

Shifting the data point A in x-axis (and y-axis) by IgA at a 45° angle to
intercept the red curve at B. |AB]| is < IgA.
In the meanwhile, E/A is constant along y,, axis, |AB]| is also « IgE.
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1.3 Function f,&f; derived from MC data

Yeu is proportional to IgE @ x, bin
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1.4 Result (bias and resolution):
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Discrimination capability @ PeV:
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difference in energy is only depedent on Ig(E/A)
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difference in InA is approximately linear with Ig(E/A)
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