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The Gamma Ray Sun

Abdo+ 2011

* £E>100 MeV, 40°x40°
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Cosmic rays set the Sun on Fire

* The Sun itself is not hot enough
— Corona T~ 10°k ~ 0.1 KeV

— Gamma ray solar flares are transients, and limited
number

* Cosmic rays + Sun => Gamma rays
— Inverse Compton component (eY interaction)

— Hadronic component (pp interaction)
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Gamma Ray Sun: IC component

* Cosmic ray electrons up scatter solar photons
e™ + Y — e™ + Y

Photon density field
of a star

e Result: A around the Sun
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Gamma Ray Sun: Hadronic component

Solar Magnetic Field

High energy cosmic rays

Fermi Gamma Ray
Space Telescope

Blocked
gamma
rays

Low energy cosmic rays

~ GeV *Not to scale

e Result: The Sun disk is emitting gamma rays
* +Magnetic field enhance gamma ray production
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Gamma Ray Sun: Hadronic component

primary
trajectory

canopy
(B =6.5G)

photosphere
(B = 1500 G)

Figure 1: Model of magnetic fields near the photosphere. Shading increases with
magnetic field intensity.

Seckel+ 1992
e Result: The Sun disk is emitting gamma rays

* +Magnetic field enhance gamma ray production

Kenny C.Y. NG, IPA 2015 May 4-6, ng.199@osu.edu




Both Components were found by Fermi, but
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More info on the Sun-disk component?

—&— Fermi data
= Nominal Model

* Fermi: 2008 — Now
— More than 6 years

E” Flux (MeVcm™s)

 Photons > 10 GeV ?
— Is the Sun still bright?

Abdo+ 2011
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The most energetic light from the Sun
e E = 10-100 GeV, 6 years of exposure

o Sun-disk size
Preliminary; Ng+ ‘ .

Photon counts

)
()
ful
(@)
Q
©
>

Kenny C.Y. NG, IPA 2015 May 4-6, ng.199@osu.edu 9



Image = Disk + IC + Background

e Sun disk _ 10-100 GeV

Preliminary, Ng+

— ~point source

 |C halo

— Solar photon
distribution
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6 years analysis on the Sun disk

° Detection up to 30 S$SG1991 nominal mo

- -+ Fermi2011 (1.5 yr)
GeV - - This work (6 years)
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\ Preliminary, Ng+

* ~2sigma up to
100GeV
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The gamma ray flux was changing!

" Preliminary, Ng+
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* The flux dropped by more than a factor of 2!
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Solar activity?
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Seems to anti-correlate with solar activity
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What is causing the time dependence?

* Cosmic rays on Protons (4 <0

Earth
Equatorial plane

—1-10 GeV gamma =>
10-100 GeV protons

— Extra CR modulation?

—LIS

—— 2006 Computed spectrum

—— 2007 Computed spectrum
2008 Computed spectrum

—— 2009 Computed spectrum
PAMELA Nov, 2006
PAMELA Dec, 2007
PAMELA Dec, 2008
PAMELA Dec, 2009

* We don’t know, yet! ' 10 10
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— Solar magnetic field?

—
O|
w

(WOI‘/( in progress) Adriani+ 2013
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High energy information

* Only water Cherenkov %@ﬁ&ﬁiﬁﬁw
* HAWC (Now running)
 LHAASO (Proposed)

Preliminary, Ng+

- - HAWC 1yr
— HAWC5 yr
LHAASO 1 yr

— Spectral cutoff ? ,
H- = Fermi2011 (1.5 yr)

— Continue to hlgher E? ' u}@ Total Sun 1.5° (this work)
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Solar Atmospheric

* pp interactions =>gamma rays <

* Dilute atmosphere, larger neutrino flux in the same

d ngu Ia I regIOH « Seckel+ 1991, Moskalenko+, 1993, Ingelman+ 1996,
Hettlage+ 2000, Fogli+ 2003

 No HE neutrino calculations with magnetic fields.
 Work in progress (Ng+)
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Summary

The Sun as a source and a

We knew:
— Cosmic rays + Sun => hadronic gamma rays, but

We find:

— Gamma ray up to 100 GeV
with solar activities (surprise?) (1505.xxxxx)

Next:

— Understand how the gamma rays are produced.
e Cosmic rays, cosmic ray propagation, solar magnetic fields +

— Many interesting related studies!

Thanks!
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