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* Introduction of air shower and LHAASO

* Composite energy estimators independent of CR composition
 All-particle energy spectrum

* Muon content of the air shower and mean logarithmic mass

* Fluctuation of the muon content and variance of the mass

e Attenuation length of the muon content

* Summary



Introduction

* Air shower important for very-high g Primory Cosmic Ray
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LHAASO experiment
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Layout of LHAASO

* Air Cherenkov light

* WCDA

Cunfeng Feng, Shanc

5m*5m

water Cherenkov detector array
r, unit size

e full cove



Air Shower reconstruction

* Muon content

* counting muon within 40-200 m from the air /
shower axis S -
* Reduce the punch-through effect o et \ /
* Reduce the fluctuation !
. . soil
* Number of electromagnetic particles N.,: concrete tank ~~—_
water bag |
* Counting particles of the fired EDs within 40- reore e —
200 m from the shower axis J : 56m

13.9m

Schematic of the LHAASO muon detector
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Composite shower energy estimator

--independent of CR mass

combine muon content and electromagnetic
particles of the shower
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Composite shower energy estimator

--independent of CR mass
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The energy resolution is better than 15% above log, (E/GeV)
300 TeV, better than 10% above 1 PeV. The bias is less than 6% for various component
“All”: composite CR according the Gaisser H3a Applied in LHAASO all-particles spectrum.
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All-particle energy spectrum measurement
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Energy spectrum reconstruction closure test
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All-particle energy spectrum of LHAASO
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All-particle energy spectrum of LHAASO
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Ly,

The energy of the Knee: 3.67+-0.05+-0.15 PeV
The difference of index: 0.387+-0.005+-0.027

E*"°x J(E)(GeV' °m2sris™)

The precision is one order better than previous
results in this energy region.
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Moun content of the air shower

B - -8 Proton 62;
0.06 — i, - He i
:Eg( VR /A CNO B 6.2<log, (E/GeV)<6.4
| Proton: Mean=5.79,5td=0.24 —=- MgAISi 6 1; 1
0.05 1e: Mean=5.92 std=0.17 ~¥Fe : B
- CNO: Mean=6.05,Std=0.15 & -
0.04[-MmoAISi: Mean=6.12,Std=0.14 /| Ai 61—
% ” Fe: Mean=6.20,5td=0.13 = B
@ .03 £ B
i B v 59_*
- - X, 5.719 £0.002
0.021— O
E 5.8— x 2 01175 +0.0007
0.01 -
: _l“;-_.' e ‘_-_‘\ s 5.7I\I\IIIII‘I\IIIIIII'IIII‘I\IIII\\I‘IIIII\
D_ L1 1 | 1 |"l| Ll || I |. | .| h ||._l| L1 1 0 0'5 1 1'5 2 2'5 3 3'5 4
45 5 b5 6 6.5 T 75 In(A)
InN,
Muon content distribution for component < ( )>= + < ()=

mass A at a given energy bin:
* Muon content distribute with one width
« < () >increase linearly with In(A)

Cunfeng Feng, Shandong University



<N >/E(GeV))

[o]

Muon content measurement
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Logarithmic muon content per energy distribution of LHAASO

* Muon content sensitive to composition

g\ ! ‘l,L' I\ 2wV g

* Observed is less than the expected above PeV for all hadronic models.

* No muon deficit observed within this energy region
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Mean logarithmic mass of CR measured

with muon content
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Mean logarithmic mass of CR measured by LHAASO
> The knee is dominated by light component.
> Lighter than a few composition models

DOI:/10.1103/PhysRevLett.132.131002
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The knee is induced by the light CR component.
v" The light component is the first cut-off in all-particle spectrum.
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The fluctuation of muon content
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The fluctuation of muon content and
variance of CR mass
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The relative fluctuation of muon content
measured by LHAASO

» Larger than expected values of the composition models

» Between pure Fe and proton.
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v The derived results match well with the
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Preliminary result of CR mass variance

3_
The hadronic interaction models influence the o5
results. i
But similar evolutionary trends for 3 models - 2—_: T 5 i ®
* The variance decrease before 10 PeV. % T oS B 1 4
* The variance increase above 10 PeV. 1.5 *
* New population (extragalactic? ) join? -
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The variance of CR mass measured by LHAASO.
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Attenuation length of muon content
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LHAASO integral flux spectrum of muon content
at several equal solid angles.
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Attenuation length of muon content
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 The A increases as the cosmic ray energy.
e The A of the EPOS model match well with LHAASO.
 The A 1s shorter than QGSJET and SIBYLL below PeVs.
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Summary

* The knee of all-particle energy spectrum at 3.67 PeV.

* The light components dominate the knee.

* The variance of CR mass increase above 10 PeV.

* The muon content less than expected, no muon deficit observed.
* The fluctuation of the muon content measured.

* The attenuation length of muon content measured, the result prefers the EPOS-
LHC model.

Thanks for your attention!
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