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1. Solar gamma-ray radiation introduction

2. G4SOLAR program

3. Solar disk simulation result
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LHAASO Yo 4¥ 1.1 Gamma-ray emission from the Sun
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® The highest-energy gamma-ray observed from a flare is <10GeV

CR

® Dark matter annihilation (no observation result)

e*+Solar photon

® High energy gamma-rays from the solar region
are produced mainly by two distinct process:

v One is produced by IC of cosmic-ray electrons on solar
photons, denoted as “IC component”

v’ The other is from the hadronic interaction of cosmic
rays with solar atmosphere (photosphere and
chromosphere) ,denoted as “Solar disk component”

Point like
» steady y-ray source
2019-8-27 lizhe@ihep.ac.cn can be detected on the earth 5

features:




LHAASO Yo 47 1.2 Significance of Observation Solar y-rays
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< proton spectrum

< dark matter physics
New probe to study < electron spectrum

<> solar physics

<> new physics ...
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o 1.3 Some results of solar disk gamma-ray
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Theoretical result (10MeV-10GeV)

® So far the first detailed theoretical
study of y -ray emission from
interactions of CR protons in the
solar atmosphere;
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Energy (MeV)

10°

EGRET results ( 100-300MeV,>300MeV)

Source 100-300 MeV >300MeV
Extended 2.1+1.3 1.7+0.9
Model extended 1.3 0.9

Disk 1.4+0.9 04+02
Seckel’s disk model 0-1.1 0.1-0.5
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1.3 Some results of solar disk gamma-ray
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Fermi results ( 0.1-10GeV & 1-100GeV)
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® [.5y data collection
® Energy:0.1-10 GeV
,0. &, Spectral index:~2.11+0.73 (power law) ..

10" —————————r—————r—rrrs
=+ 4 Fermi2011 (1.5 yr)|]
+i+ 4 This work (6 yr)

i {1}%%'{” \“H‘%‘%

SSG1991 nominal

-6 PSP | v el f s 44
1010‘1 10° 10t 107
Energy [ GeV ]
2016,Ng et al.

® o6y data collection
® Energy: 1-100 GeV
® Spectral index:~2.3 (power law)
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.. 1.3 Some results of solar disk gamma-ray
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® The nine—-year observation of
Fermi 1is different with the trend
that during solar minimum period;
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® HAWC 95% upper
limits from 3 years of

data, from November
2014 to December

2017. (activity period)

® ARGO-YBJ 95%
upper limits, from
2008 January to
2010 December.

(quiet period)
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1.3 Some results of solar disk gamma-ray

® The flux of solar high energy y-ray is related to solar activity
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Sunspot Number

Implied that the
effects of the sun's
magnetic field is
unneglectable!
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1.3 Some results of solar disk gamma-ray

® Simulation result without solar magnetic field is far from Fermi observation
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Integrated Excess (Raw Data)
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ﬁo\@ 2. G4ASOLAR program
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G4SOLAR program is developed based on Geant4, it contains:
(1) Solar atmosphere structure;
(2) Corona magnetic field;
(3) Primary cosmic ray sampling (position, direction and energy);

» The FTFP_BERT physics interaction lib was employed in the G4SOLAR program. This lib
contains all standard electromagnetic process, and the Bertini cascade is used for
hadron <5GeV, Fritiof model for hadron >4GeV ;

» Only the y-ray, produced during the cascade, going out of the outside layer with energy
greater than 100MeV can be recorded by GASOLAR;

2019-8-27 lizhe@ihep.ac.cn 12
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» Solar atmosphere structure

1400km

10 12
107"
10 14

107'®

» 3600 layers in total, 1km thickness for each layer;

v" Choose the depth when proton column density is 50g/cm? (about 521.5km

E
g
E
Elllll11111111111111111111111 1 1 1 L1 4 1 1 1 1
-500 0 500 1000 1500 2000 2500 3000
Distance to the photosphere(km)
to solar

limb edge), and 600 km within limb edge was chosen in G4SOLAR;
v" The proton within the sphere 3000 km is under consideration;
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ﬁo\\ 2. G4SOLAR program
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» Corona magnetic field

1. The potential-field source-surface (PFSS)
model for “quiet” Sun was adopted in
G4SOLAR;

2. the magnetic field construction was resolved by
the interpolation of observed corona magnetic field
structure during 2008y;

3. The important features of this model 1s shown
in the right figure. Average field strengths are on
the order of a few gauss;

2019-8-27 lizhe@ihep.ac.cn
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PFSS model for “quiet” Sun
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2. G4SOLAR program

» Primary Proton spectrum
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» Primary cosmic ray sampling

Proton energy range: 100MeV — 100 TeV, divided into six energy intervals;

Number of sampling: 1,000,000 for each energy intervals

800
600
400
200

-200
-400
-600
-800,

B0

2. G4SOLAR program

Position sampling:
distributed on the sphere surface
homogeneously




2. G4SOLAR program

» Primary cosmic ray (proton) sampling
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2. G4SOLAR program

Recorded gamma-ray number VS. incident direction (right: ® )
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3. Solar disk simulation result
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® The gamma-ray flux with no magnetic
1s higher than other results;

® The gamma-ray flux with “quiet” Sun
magnetic field simulation increased

obviously for gamma rays with energy
<100 GeV;

® there 1s no increasing flux for
gamma-ray >150 GeV, which
implied that the corona magnetic
field make little effect.
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3. Solar disk simulation result

107 =

10_52_ e This work ® For solar disk gamma-ray <5GeV,
10*‘2/,_::3 :t:m(ss?,.:m:;my the spectrum i1s little higher than
07 Ervernsesnena,, — e Fermi data ;

107 2—/_———\' ® For solar disk gamma-ray >5GeV
107 ;—fﬁ o and <10GeV, the spectrum is in
1070 agreement with Fermi data ;

‘0_”%_ . ® For gamma-ray >10GeV, the
1012? | | | | ¢ *l*{'f f | simulated spectrum became much
° 107 1 0 Energ;)??GeV) 10 10° 10° softer than Fermi data.
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3. Solar disk simulation result

» Primary helium spectrum
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3. Solar disk simulation result

By % K F F R ALk
107 = ' 10t E
= , — - .« This work:P
10° &= —e— This work 10_5|§— - 4~ This work:He
= — LHAASO sensitivity — —— This work:P+He
107° Q —— Fermi(Solar min) 107 Q : Iﬁl;m(ss?ﬂ:??;ﬁrw
= — [ ] Fermi(9 yr) A ~ T [ 1 Fermi(9 yr)
= N S
= S
g -9 |
109%—/ 5 10
—10 - c:1%10—10
100 = 11
107 = o 107" =Y
= ii* -.“\l
10—12;_ * f* 10_12 1“ LA ‘_ A
10—13_1:_ Ll Ll Ll Ll Ll f Ll 10_13 Ll ol Lol Lol Ll Il Ll
107" 1 10 10° 10° 10* 10° 107" 1 10 10° 10° 10* 10°
Energy (GeV) Energy (GeV)
Gamma-ray flux produced by Primary particle: P + He

Helium primary particle.

2019-8-27 lizhe@ihep.ac.cn 22



LHAASO N5
D 2 F 15 MR gk

® The G4SOLAR program was developed to simulated the
interaction between cosmic rays and solar based on Geant4;

® More complex sampling procedure of primary cosmic ray
(proton) was 1nvestigated and checked;

® The PFSS model for “quiet” Sun was employed in G4SOLAR
program to describe the magnetic field structure of corona;

® Solar disk gamma-ray 1s much softer than Fermi observation.

Thanks for your attention!
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