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Background

= First Interaction (usually several 10 km high)

Due to the low flux, CRs with energies higher than
100TeV can only be detected by ground-based
experiments.

light with telescopes
or wide angle pmts

\
/

Air showsr evolves (particles are created
and most of them later stop or decay)

Some of the particles Measuremen t of
reach the ground fluorescence light

~=

—
Measurement with ~—"a
scintillation counters \

-—

Their primary energies and composition is unknow .
It can only be reconstructed based on characteristics
of the hadronic showers.

Measurement of particles with

uons
tracking detectors or calorimeters with scintillation or tracking detectors

Measuremen t of high energy
muchs deep underground

-—

* The absolute energy scale i1s uncertain

* Composition and energies are dependent on each other
* Dependent on hadronic models

* Composition discrimination is difficult

e Can LHAASO solve these difficulties?
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Data introduction and Comparison

Introduction to experiment

Date: 2020.11.1-2020.11.30;2021.1.1-2021.2.28
Weather: clear and moonless night
Effective observation time: 189.6h

Introduction to MC

Joint data:6 WFCTA &8& ~KM2A
Energy:10TeV-10PeV

Composition: Proton Helium Iron CNO MgAISI
Hadronic interaction model: QGSJET FLUKA
Zenith:20'~40" && Azimuth:—85 ~95’
Sampling area:+300m

Spectrum index : -1

Composition model : Gaisser model
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LHAASO N

Data introduction and Comparison ~ /A\..

® Event selection

KM2A array :

» Successful reconstruction : theta,,. > 0

» Trigger detector : NtrigE > 20

» Number of muon (40-200):Nu > 0

» Number of Electromagnetic particle : NpE2 > 20 &&

WEFCTA array :

» Npix of Cherenkov image : Npix > 10

Geometry Filter :

» Reconstruction core: cut pool edge events && cut events far
from telescope: 1/ (x + 86)2+(y + 180)2< 200

» The distance from the telescope to the center of the shower :
50m < RecR, < 150m

» 25° < theta,o. < 35° && —10° < phi,or — phise < 10°

NpE1
NpE2
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Data introduction and Comparison

® Reconstruction resolution after filter

tion

energy recon

(Eyec = —— X (log10,/ANpE2 X ANuM3 + 1.722))

1.013
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% Resolution of energy reconstruction is 15% with energy higher than 1PeV
> Resolution of core reconstruction is 1.5m with energy higher than 1PeV
% Resolution of angular reconstruction is 0.1° with energy higher than 1PeV

= The reconstruction resolutions are improve with energy increasing
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Comparison between simulation and data

way
LHAASO N 5%

« Event rate of MC :0.14Hz ; event rate of experiment :0.16Hz
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« MC simulation and data are consistent within 25%



Parameters sensitive to compositions

I. Sensitive parameter in KM2A array: Muon (N, = A(— )B AR (—)ﬁ )

N, is sensitive compositions, but energy dependent

Stepl: reconstruct energy
Step2: energy correction for muon

II. Sensitive parameter in KMA array: Electromagnetic particles
Ne Ee (AE‘IT) bE1+b

Stepl: reconstruct energy
Step2: energy correction for electromagnetic particles

Length
Width

Stepl: Rp correction for W && Rp correction for Size
Step2: After Rp correction , Size correction for —

III. Sensitive parameter in WFCTA array:
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Multiple Variable Analysis(Classification) -

In P ut variables « Myvarl: ANuM4 .,y ect

Length

Signal : Proton + Helium ¢ Myvar2:
Background : Iron + MgAISi + CNO

Width correct

e Myvar3:ANpE1 prrect

Correlation Matrix (signal) Correlation Matrix (background)

Linear correlation coefficients in % Linear correlation coefficients in % 100

100

Weak correlation between the three variables
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Multiple Variable Analysis(Classification)

Receilver Operating Characteristic(ROC)

Background rejection versus Signal efficiency

TMVA

Background rejection
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TMVA comparison

TMVA overtraining check for classifier: 200_40_2_test

(1/N) dN / dx

7] 'signal (test sample) |~ | | « Signal (training sample)
_ Background (test sample)

= Background (training sample)

[ Kolmogorov-Smirnov test: signal (background) probability = 0.088 (0.731)
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The training results are in good agreement with the test results
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Multiple Variable Analysis(Application) 2\ .

Input data:MC data

purity
T
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Summary and next step AL,

LHAASO N 5

summary:
« Purity of light compositions decrease in high energy Maybe:

* poor identification of L/W in high energy

* The proportion of heavy nuclear components increases in high energy
e Purity >75% and Aperture =~850(m?Sr)
« BDTG_score is related to energy
Next Step:
« Use the combined data from six telescopes to measurement light composition energy spectra
* Improve MC data of WFCTA
 Study other variables to identify compositions
 Study system uncertainties caused by composition models and hadronic models



0.006

0.005

0.004

0.003

0.002

0.001

EHPLERCEFAMVABLIE

BACK UP

Py \NL/
- L N T
55 6.5 7
log10(Prim_E/GeV)

efficiency

o
©

0.85

0.8

0.75

0.7

0.65

0.6

0.55

0.5

Efficiency of MVA

rTTrr{rrrryrrrryrrrryrrTr rTTT ITTTT[TTTT

7
log10(E_ /GeV)



log10(ANpE1):log10(E) {weight}
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Throw events of Light composition
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