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I-messenger images of the Sun
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Multi-messenger images of the Sun
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Multi-messenger images of the Sun
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Multi-messenger images of the Sun

MeV neutrinos
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Cosmic rays production of solar atmospheric gamma rays
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Observations: solar gamma rays

10_4 I I IIIIII| I I IIIIII| I I I
Fermi2011

Aug 2008 - Jan 2010
(solar min. 76 weeks)

-
i

F.

o

I IIIIIII| I IIIIIII| I T 1T TL

4-
4
—+—
4
—4—
.|.I
.

|—|
o
o

assic model pre
eckel, Stanev, Gaisser

2008 - 2017 (9 years)

=
3
&)

SAy flux (9 yr |b| > 30°)
SAy flux (solar min. |b| >5°)

Energy Flux [ MeVcm™2s™1 ]

| | IIIIIII | | IIIIIII | | || IIII | IIIIIII | | IIIIIII | | L L1111
1 101 102 103 104 10°
Energy [ GeV ]

=
-
o

Tang et al. Phys. Rev. D (2018) Anti-correlated with the solar activity



E2 dAN/dE (10 ® GeV cm 2 s})
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TeV solar gamma-ray spectrum
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Theoretical interpretation
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Simulating solar gammas with coronal fields

Li et al. Chinese Phys. C 48, 045101
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Simulating solar gammas with coronal fields

Li et al. Chinese Phys. C 48, 045101
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Solar gammas from network fields
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Solar gammas from network fields
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What do we need to explain TeV data?

 Larmor radius required to reflect 20

TeV proton:
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What do we need to explain TeV data?

 Larmor radius required to reflect 20

TeV proton:

E L B
20 TeV 103 km kG

 Opacity for protons ~ 1 at

600 km below photosphere
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What do we need to explain TeV data?

 Larmor radius required to reflect 20

TeV proton:

E L B
20 TeV 103 km kG

 Opacity for protons ~ 1 at

600 km below photosphere
« At density ~ 1()_6gcm_

kG field at 1000 km below photosphere

could reflect 20 TeV protons
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Horizontal internetwork fields

Ng, Hillier, Ando, arXiv:2405.17549 [astro-ph.SR]
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Horizontal internetwork fields

Ng, Hillier, Ando, arXiv:2405.17549 [astro-ph.SR]

10 TeV, f =1

 Horizontal below the photosphere

* |Infer magnetic field energy from kinetic
energy

|B()| = A/ 4mp(r)v:(r)

e \elocity amplitude from Unno et al. (1985)

e Gamma-ray production <« e’ (t:
interaction opacity)




Horizontal internetwork fields

Ng, Hillier, Ando, arXiv:2405.17549 [astro-ph.SR]
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Summary and outlook

Sun is a bright source of >GeV gamma rays, detected by both Fermi-LAT and
HAWC

Both coronal and network magnetic fields can explain low-energy (<100 GeV)
gamma rays, but underpredicts >TeV data

Horizontal internetwork fields (strength ~1 kG, length ~1000 km) could explain the
HAWC data

Promising possibility for future gamma-ray and neutrino telescopes to probe
internal conditions of the Sun

Sun is also an important calibration source for neutrino telescopes through its
cosmic ray shadow (and so is Moon)



