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The magnetic field plays a crucial role
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The electron—positron signal is indistinguishable from gamma rays
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TeV observations of solar gamma rays
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G4Solar

Li, Z. etc. Preprlnt at https: //d0| org/10.48550/arXiv.2009.03888 (2024).
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& GEANT4

A SIMULATION TOOLKIT

GA4SOLAR

developed by Li Zhe,
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https://doi.org/10.48550/arXiv.2009.03888

G4Solar Simulation

Main Assumptions:

CR are deflected by the B field and emitted outward from a
specific Depth within the Sun with a specific Spectrum and
Angular Distribution. We refer to such cosmic rays as

Outward CRs (OCRs).

Injection Energy Spectrum:

B E,\ " E,
Pocr(Ep) = A (Eg) exp (— Ecut)

The Outward CR He spectrum is derived from
the observed He/p ratio in the rigidity spectrum.

Injection Depth:
[Re — 2000km, Rg + 2000km]
(Uniform distribution. etc.)

Injection Angular Distribution:
Radial. Isotropic. Lambertian.

Sinusoidal. Tangent. etc.
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G4Solar Simulation

Radial Lambertian Isotropic Sinusoidal Tangent

0=0 f(8)~cos(6) f(6)~const £(6)~sin(0) f(6)~90°

More radial More tangent




Solar Response Matrices
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the response to the He nucleus was also simulated: Y (E;|E,)
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X F Ittl n g * Calculate the expected fluxes
of secondary particles

received at Earth
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Parameter space and systematic uncertainties

Fit each hypothesis separately. BrEE MHD+PFSS

1
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Morphology

Solar Particle Arrival Directions at Earth

PoS(ICRC2025) 1291 (2025). doi:10.22323/1.501.1291.
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Results

* We simulated and successfully fitted the Fermi and HAWC observations of solar
gamma rays, and inferred the energy spectrum of the outward-deflected cosmic rays

at the solar surface.

* Across 38 physically allowed models, secondary e* contribute a median fraction of
14.6% to the HAWC-band gamma-like signal, with a central 68% model range of 8.6%-
35.7%).

* We predicted the energy spectra of solar secondary electrons, positrons, and neutrons
(Possibly the only observable astrophysical source of TeV neutrons) at Earth. These
signals are expected to be detected by detectors such as LHAASO (e*) and Fermi,
VLAST, HERD (neutrons) in future.
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G4Solar Simulation
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COOI | n g Of e + e - Can electrons/positron escape from the sun?

Timescale vs Electron Energy
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