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Large High Altitude Air Shower Observatory, LHAASO

KM2A

Square Kilometer array over 1.3 km?

Extensive Air Shower (EAS) detector array, are Electromagnetic

particle Detectors (EDs) and Muon Detectors (MDs).

LHAASO-WFCTA
Wide Field-of-view Air
Cherenkov/Fluorescence Telescope Array.

The current layout of 18 telescopes.

The location at Sichuan Province, China.
(29°21'27.6" N, 100°08'19.6" E), Elevation 4410 m

https://physicsworld.com/a/huge-chinese-cosmic-ray-observatory-begins-operation/

https://link.springer.com/article/10.1140/epjc/s10052-021-09414-z
Jetsada Maburee 640535907
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Cosmic Rays

Primary Cosmic

Meters Ravs

A
=50 000

Muonic Cascade:
hadronic component
and neutrinos

N = heavy
nucleus

K= Kaon
n+ = Pion

v = neutrino
n = neutron

A P = proton
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: e+ = positron
= gamma
=10 000 ‘ Tk
' rays
1 =
by pt = muon
'
-5 000 '
]
'
L]
]
= Sea ' Electromagnetic
level

nuclear fragments and
hadronic component

Cascade

Cosmic rays are high energetic energy particles from space.
Sources of cosmic rays;

> Solar Energetics Particles, SEPs: Inside the solar system

> Galactic Cosmic Rays, GCRs: Outside solar system such as Milky Way
> Extra-Galactic Cosmic Rays, EGCRs: Outside Milky Way

Primary cosmic rays contain 90% of P™, 9% of a and 1% heavy nuclei.

Secondary particles (e, e*, y, ut, u=, n,...) was generated in the Earth’s
atmosphere.

https:.//www.researchgate.net/figure/Showers-of-cosmic-ray-reactions-with-particles-of-the-atmosphere-Clo02_fig9 272826408
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Methodology
» To select of data for gamma-ray analysis WCDA

The location at LHAASO, China.
(29°21'27.6" N, 100°08'19.6" E),

[-bash-4.2% cd /eos/lhaaso/rec/wcda/prod/recdata/Mf/2020/ Elevation 4410 m above sea level.
[-bash-4.2% 1s

During the observation 2020 - presents

Right Ascension J2000

Declination J2000

[-bash-4.2$ cd /eos/lhaaso/rec/wcda/prod/recdata/Mf/2021 Galactic Longitude

-bash-4.2% 1s
Galactic Latitude

Constellation

The summarizes the key facts about Polaris.

Right Ascension J2000

Declination J2000

Galactic Longitude

Galactic Latitude

Constellation

The summarizes the key facts about Sirius.

ThaiCube 2022 Jetsada Maburee 640535907
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Methodology (Cont2)

£ - —60- 100
> To select Ny,;; range 2 s — 100-200
ne. B — 200 - 300
025-_ 300 - 400
T — 400 - 500
C — 500 - 800
Corrected Nyt for cut off energy gamma-ray 0.2:—
0.15—
" 60 < Npjt < 100 :
0.1
" 100 < Npjt < 300 "
" 300 < Npjt <1000 0.05—
. Nhit 21000 0: 1 1 Illllll 1 Lo Ll
" Al Npit o 0 el

Table 1. Summary of data used in the measurement of SED of the Crab Nebula over 3.57 x 10° seconds.

Nhit Enea Excess Background Significance Differential Flux
(TeV) (o) (emi%s~ ' TeV™")
(a)  60-100 0.58  1438.2 24885.8 9.1 (1.66+0.20) x 10~
(b) 100-200 1.1 1082.7 5202.3 15.0 (2.89+0.23) x 10~ !
(c) 200-300 24 456.2 1376.8 12.3 (4.744+0.48) x 10~ 2
(d) 300-400 3.9 161.2 335.8 8.8 (1.1240.17) x 10713
(e) 400-500 5.9 60.3 77.7 6.8 (3.54+0.74) x 10712
(f) 500-800 12.1 82.7 45.3 12.3 (6.914+1.0)x 107

F. Aharonian, Q. An, Axikegu et al.
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Methodology (Cont3)

» Why are we selecting Ny,;; minimum at 60.

May 2019 — Feb 2020 WCDA Data o Nevent04

x

2 § 450—
g 10" — All events @ -

- 10° — CR events 400 =

107 300—

10° 250

i 200—
10 =

" Number of small PMTs 150

triggered = linearly correlated 1o0F-
107 to primary CR's energy -

10 ﬁ 50—

1 1 1 1 {1 e i | l 1 1 1 1 | B B | l 1 1 0: 1 1 1 1 | 1 | 1 1 | 1 1 1 1 | | 1 | | | | | | | | | | | |
107 10° S 0 100 200 300 400 500 600
NHit nhit
Thai Space Physics 2021 Mitthumsiri et al. 4/22 Distribution of nhit with number of event

November 1, 2021 (23:00)
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Methodology (Cont4)
> Plot Sky Map

Map

g Map
Entries 1.84753e+07
o 82 Mean x BS
Mean y 2341
Std Dev x 5775
Std Dev y 5.665

76 78 80 82 84 86 88 30 92 94
RA
Crab Nebula or Messier 1 Crab Nebula or Messier 1
RA. = 83.65° and Dec = 22.05° R.A. = 83.65° and Dec = 22.05°

https://theskylive.com/sky/deepsky/messier-1-

the-crab-nebula-object

ThaiCube 2022 Jetsada Maburee 640535907
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Methodology (ContS)

> Plot Sky Map

ThaiCube 2022 Jetsada Maburee 640535907

Dec

Map
Map
Entries 1.716452+07
S0 N0
Mean x 180.4
Mean y 27.77
60 Std Dev x 101.2 PO
V| Std Dev y 19.64

40 3000

20 2500
2000
1500

1000

500

| | I | | | I L1 1 1 |
50 100 150 200 250 300 350
RA

Plot Sky Map using the data November 2021,

and the colors bar represent to number of photon or density of flux



Number of Photon

Methodology (Cont6)

> Raw counts zenith

200

180

160

140

120

100

80

60

40

20

0

Very high-energy gamma-ray analysis with Water Cherenkov Detector Array of LHAASO

Number of Photon

II|III|III|III|III|III|III|III|III|II

_IIII|IIII|IIII|IIII|IIII|IIII|

0

Distribution of zenith with number of photon
60 < Npitefr < 100

Master’s degree in Astronomy Department of Physics and Materials science, Faculty of science Chiang Mai University, Thailand

240
220
200
180
160
140
120
100

TTT III||II|III|III|III|III|III|III|III|III|I

R el Sy

IIIIIIllIIllIIIlIlIIII|IIII

Distribution of zenith with number of photon
100 < Npjtefrr < 300

Jetsada Maburee 640535907



Master’s degree in Astronomy Department of Physics and Materials science, Faculty of science Chiang Mai University, Thailand

Methodology (Cont’?)

> Raw counts zenith
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Methodology (Cont8)

> Raw counts zenith

Zen04
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Methodology (Cont9)

» Effective Area and Interpolation Effective Area

eff01
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Methodology (Cont10)

> Effective Area and Effective Area

Number of Photon
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Methodology (Contll)
» Effective Area and Interpolation Effective Area
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Methodology (Contl)

» Cubic spline Interpolation Effective Area
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Methodology (Contl3)

» Cubic spline Interpolation Effective Area
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Methodology (Contl4)

» Cubic spline Interpolation Effective Area
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Research Plans in the future

® AITOFF projection in Galactic coordinates
®* Analyze data from 2020 to the present.

®* Find the value of significance

Very high-energy gamma-ray analysis with Water Cherenkov Detector Array of LHAASO Jetsada Maburee 640535907



Master’s degree in Astronomy Department of Physics and Materials science, Faculty of science Chiang Mai University, Thailand

Thank you

y gamma-ray analysis with Water Cherenkov Detector Array of LHAASO Jetsada Maburee 640535907



Master’s degree in Astronomy Department of Physics and Materials science, Faculty of science Chiang Mai University, Thailand

Very high-energy gamma-ray analysis with Water Cherenkov Detector Array of LHAASO Jetsada Maburee 640535907



Master’s degree in Astronomy Department of Physics and Materials science, Faculty of science Chiang Mai University, Thailand

Very high-energy gamma-ray analysis with Water Cherenkov Detector Array of LHAASO Jetsada Maburee 640535907



