
Secondary Electron-Positron Pairs as a Key 
Component of the Solar Disk TeV Emission

𝑊𝑒𝑛𝑦𝑢 𝐶𝑎𝑜1、𝐶ℎ𝑖𝑛𝑔𝑎𝑚 𝐹𝑜𝑛𝑔1、Zh𝑒 𝐿𝑖2、𝐾𝑒𝑛𝑛𝑦 𝐶ℎ𝑢𝑛 𝑌𝑢 𝑁𝑔¹

1 The Chinese University of Hong Kong

2 Institute of High Energy Physics, CAS

2026.9.2



1

Outline

• Motivation & Background
• The magnetic field plays a crucial role
• The electron–positron signal is indistinguishable from gamma rays
• TeV observations of solar gamma rays

• G4Solar Simulation
• G4Solar
• Simulation Setup
• Response Matrix

• Results
• The ratio of e±

• Morphology



2

The magnetic field plays a crucial role
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Griffith et al. (2025), PRD 112, 043009
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The electron–positron signal is indistinguishable from gamma rays

γ
𝒆+/𝒆−n

Electromagnetic cascade
(gamma, electron, positron)

AI-generated

Aharonian, F. et al. Chinese Phys. C 45, 025002 (2021) & 45, 085002 (2021)



HAWC Collaboration, 2022

Phys. Rev. Lett. 131, 051201, HAWC Collaboration
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TeV observations of solar gamma rays

?
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G4Solar

G4SOLAR
developed by Li Zhe, 
arXiv:2009.03888v2

Li, Z. etc. Preprint at https://doi.org/10.48550/arXiv.2009.03888 (2024).

https://doi.org/10.48550/arXiv.2009.03888
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G4Solar Simulation G4SOLAR
developed by Li Zhe, 
arXiv:2009.03888v2

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: 
 

Injection Depth:
 [𝑅⨀ − 2000𝑘𝑚, 𝑅⨀ + 2000𝑘𝑚]
 (Uniform  distribution、etc.)
Injection Angular Distribution:
 Radial、Isotropic、Lambertian、
 Sinusoidal、Tangent、etc.

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

AI-generated
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G4Solar Simulation

Radial IsotropicLambertian Sinusoidal

𝜃 = 0°

Tangent

𝑓 𝜃 ~cos(𝜃) 𝑓 𝜃 ~const 𝑓 𝜃 ~𝑠𝑖𝑛(𝜃) 𝑓 𝜃 ~90°

More radial More tangent
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Solar Response Matrices
Solar Response 𝒀(𝑬𝒊|𝑬𝒑)

the response to the He nucleus was also simulated: 𝒀(𝑬𝒊|𝑬𝜶)
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𝝌𝟐 Fitting

HAWC Collaboration, 2023

• Fit them to the Fermi (𝜸) and 
HAWC (𝜸+𝒆±) observations

• Calculate the expected fluxes 
of secondary particles 
received at Earth 

Phys. Rev. Lett. 131, 051201, HAWC Collaboration
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Parameter space and systematic uncertainties

Selection Criteria:

Fit each hypothesis separately.

• The deeper the 
injection and the 
more tangential the 
direction, the larger 
the 𝒆± fraction.

• Too shallow: 
insufficient 
interactions; too deep: 
excessive gamma
absorption. 38 physically allowed models
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The best-fit OCR Spectrum

GCR Energy SpectrumFitting Results

Fitting Results

Across 38 physically allowed models
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The ratio of e±

• 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%

• Possibly the only 
observable astrophysical 
source of TeV neutrons.

Gutiérrez, etc ApJ 941, 86 (2022).

Pan, X. et al. NUCL SCI TECH 35, 149 (2024).VLAST

HERD collaboration. J. Phys.: Conf. Ser. 3053, 012001 (2025).

?
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Morphology

𝑩𝒛Lambertian

Gamma&neutron Positron Electron

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

Before IMF

https://doi.org/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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ApJ 835, 202 (2017).





Cooling of e+ e- 

<1PeV:  photosphere
 chromosphere

<10TeV 1.1*R_sun
 1AU

Can electrons/positron escape from the sun?
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𝑩𝒛Lambertian
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  W e n y u   C a  o 1 、   C h i n g a m   F o n g 1 、   Zh e   L i 2 、 K e n n y   C h u n   Y u   N g ¹
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