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outline

¢ Physics from sun/moon shadow study
¢ A simulation code construction
¢ Some simulation results

¢ Future working steps



The Sun blocks Cosmic Rays

\\\\\\ |AU (SMMF, IMF, GMF)
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1957, Concept by Clark

1991, first Sun+Moon shadow 4.9sigma by
CYGNUS

Only several o sun shadows with CASA,
Milagro, SOUDANZ2, MACRO, L3+C

Further physics with ASy, ARGO-YBJ
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Earth
Type  depth (¢) energy p/p limit
Tibet ASy [45]  array 43 3TeV  0.07 90% CL
IceCube [47]  neutrino 5 TeV
L3+C [48] muon 9.4 0.11 90% CL
MACRO [49] muon 6.5 TeV  0.52 68% CL
Soudan 2 [50] muon 5 TeV
Cygnus [28] proton 4.9 20 TeV
CASA [46] proton 4.7 100 TeV
Bust [51] muon 3
ARGO-YBJ[56]  array 55 1.4 TeV  0.05 90% CL
5TeV  0.06 90% CL
HEGRA[57] array 50 TeV
GRAPES-3[58]  array 5

MINOS[52]

muon




A probe to explore magnetic fields and space weather

«Sunspot count, 19002012 =
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Sun’s shadow

Moon's shadow

Deficit (%)~ -unspotnumber

Deficit (%)
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Shadow displacement

Angular resolution vs hit multiplicity on the East-West axis
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Sun/Moon shadow simulation

¢ Magnetic field models

Solar Magb netic fleld Solar surface is measured
everyd ay r'ound based de‘rec‘ror But, from surface
t0 2.6 sun e chromospheres magnetic field
measuremen‘r is dlfflCUH’ usually the surface
measurement is ex‘rr' olated under some hypothesis
(Like the PFSS model )D

In‘rerplane‘rar‘_}g mafne‘ruc fueld From 2.5/5.0/ 10 0
Rsun to 1 F usually is assumed a snm?
Archimedean spiral conflgura‘rlon as the Sun rotates.

geomagnetic fie
Geomagnetic field
Dipole / IGRF (external component)

¢ backtracing particles to Sun/Moon
May be trapped in field:;

Hit the sun/moon disk passing through sun/moon
distance.

¢ Add PFS to

?roduce experimental
angular reso

tion

¢ LHAASO-WCDA have a higher event
rate and wider sensitive efergy range ,
so we could check ASr result; measire
sun shadow short term variations and
its energy dependence. Our final aim s
to give $ome Independent quantitative
measurement of the solar magnetic.

55 —
oglO€ G V))

¢ Simulation details

CORSIKA-QGSJETII-
GHEISHA

Cosmic Ray composition and
flux followed Hoerandel paper

Direction: Crab orbit
¢ GEANT4 detector simulation
¢ Nfit>100, <E> ~3.5 TeV



PFSS-like model (Potential Field Source Surface)

-

o @
=

' .| !

betweenreversals
the yearof2001 |

during areversal

180

Lat deg)

%

-0.001

-0.002

-0.003

1
9
8
7
6
5
4
3
2
1
0

-1

2

3

-4

5

6

7

8

9

4

50 150 200

@ I0 R,

350
Long.({deg)

o

250 300
n

the year 0f2008 |

Lat {deg)

50 100 150 200 250 300 350

Long.@eg)

Chaowei Jiang, Xueshang Feng, Solar physics DOI 10.1007/s11207-0120074-x



PFSS-like model

w30 - Fhotospheric Magnetic Field Q, #1404, 500, 1000, 2000 MicroTezla
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IMF: parker spiral

. 1AU
Heliosphere 5
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geomagnetic field modeling
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Cells of WCDA

slI8% 0¢ ‘W 051

[

Ll

S|I92 2Z ‘W OlL

< -
< >

300 m, 60 cells

4m

<

¥ Y
N

5m

10 m

v

o i o

8”19” PMT

Curtain

10 m

uh ........... mh: ©j0 0 --- j@
o_u4 ........... mﬂ: m m m m
PUr e 1y | I “

S iy | R

= | IR

] | R

. 0| B O
T et 1 1 I “

o il | it iR el 5.4

e Y | KIEIRE 1 @

—
=
-
O\ x
= = <
o O
S8g5 <
209 o
. oo < £ |
wt okt Fu
T £ = =.. w.m
S = = O
SES2LY L
v O o O X
+— ﬂN MWMw MDAL
S £J - 08
SN nE O
o™
4



Energy scale: Moon Shadow displacement

Two systematic uncertainties may affect the Multiplicity-Energy relation:
* the assumed primary CR chemical composition (7%)
« the uncertainties of different hadronic models (6%)
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in the energy range | — 30 (TeV/Z).

The energy scale error is estimated to be smaller than 13%
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Energy scale 2: light moon displacement
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Energy scale 3: from Milagro

| Fractional Integral Deficit vs. Fitted Source Distance 0.0<fsr<2.0
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Deficit vs. Fitted Source Distance |
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[ Fractional integral Deficit vs. Fitted Source Distance 1.0<fsr<1.2 |

Equivalent Fraction of Solid Angle Shadowed
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WCDA moon expectation
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Argo month moon data as reference;

9 sigma/month

Large effective area at 3TeV: 16X
A little better Angular Resolution:
WCDA moon map with nFit > 100:
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Light moon data or pure proton moon data
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— P and He
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10-50 0.58 58.73% 28.50% 4%
50-200  1.49 69.41% 53.11% 41%
200-500 4.98 70.93% 55.14% 41.44%
500-800 12.47 71.71% 59.39% 48.89%
>800  27.61 51.18% 38.95% 26.61%

Light moon map: 25 sigma/month
6 months data can reproduce argo-| work
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Proton moon map: 16 sigma/month

6 months data can reproduce argo-2 work
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Summary and outlook

¢ A code to study sun/moon shadow is ready, the simulation result
looks consistent with experimental observation;

& WCDA looks good at energy scale work;

¢ Sun/Moon shadow need air shower and detector realistic response
implementation;

¢ Sun shadow displacement, deficit ratio as function of solar activity;
# Sun shadow results comparison @ different source surface;

¢ A real CME event implementation.,

21
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GSE latitude (deg.)
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Displacement in N-S of the sun shadow VS time
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Deficit ratio Vs. Sunspot
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Some simulation result
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