LHAASO X
£ bR F FEAN 3

Measurement of cosmic ray mean mass
around the knee region by muon content in
air shower with LHAASO-KM2A

kia & G5 T
A2k % 4
L A%, PEAMS0ESLNLH DA

2021.08.16



Outline

Motivation
Experimental set-up and MC simulation
Analysis results

Preliminary Summary




Motivation

electromagnetic cascade  hadronic cascade

primary y cosmic ray (p, «, Fe ..)

atmospheric nucleus

et " |
¢ ~ It' -
pogt™ ] NE
EM ahowe; hY / '.
3y T 2 [ N
e i " 3, atmospheric nucleus v
ot EM shower /:'-;, = f 70 H
o/ |em : S :
X Y >\ e e* nucleons, : T Y »
: e K, etc. e g™ M
. ot o
s W o
M EM shower
nt - pt +v,(7,) and K= - p* +v,(9,) 100TeV Proton 100TeV Fe

Muon carry information about their parent particle, pions and kaons, production in hadronic interaction.
Studying muons becomes therefore a sensitive and direct way to probe the hadronic physics and to
identify possible deficiencies of hadronic interaction models.



Muon content
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K* = it +v,(7,)

1) hadronic interaction mode
2) cosmic ray mass composition
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Experimental set-up

Large High Altitude Air Shower Observatory, LHAASO at 4410 m a.s.l. (600g/cm?) in Daocheng, China
> 1km? array (KM2A)

electromagnetic particle detectors (5195 EDs)

muon detector (1188 MDs)

water Cherenkov detector array(WCDA)
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» wide-field-of-view Cherenkov/fluorescence telescope array (WFCTA)

height above s.1. [Ecax)

- 2 s 2 s 2
JEPE I LN £ S < T U N NN S SR S
' =
= :
= [ nmas
= - — —
= 106| — "‘--.,__g\\

- eléctrons ."""-.-.,\\
Ll S Y Y e Tt o eyl

[ Imuon
104} il LT T TV

E hadlrons ————
woHESHE e

prioton
pemmemsnn §IGID
15 - o

o2 __10'%evi0

L] 1000 200 300 400 S00 600  TOO 00 900 1000

atmospheric depth [gf-'cm:]

Andreas Haungs. Journal of Physics G: Nuclear and Particle
Physics, 29(5):809-820, apr 2003. 5



2.5m

KMZ2A quarter-array

LHAASOQO Layout: 1286 EDs + 307 MDs
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Monte Carlo Simulation and experimental data

» CORSIKA (Cosmic Ray Simulations for KAscade)

primary cosmic ray: Proton, He, N, Al, Fe
high energy hadronic interaction model: EPOS-LHC, QGSJETII-04 simple radius: 1000m
low energy hadronic interaction model: FLUKA,Gheisha

Table 1: Corsika simulation: EPOS-Fluka.

» GAKMZ2A(detector response)
array: ED and MD

Table 2: G4KM2A simulation: the number of cosmic ray shower.

Component 103 ~10™eV 10 ~105 eV 100 ~10"% eV 1016 ~1017 eV

Component A Energy range(eV) vy f(deg) ¢ (deg)
Proton 1 10" ~10" 2 070 0-360
He 4 108 ~10Y77 2 070 0-360
CNO 14 1083 ~107 2 070 0-360
MgAlSi 27 108 ~10" 2 070 0-360
Fe 56 1012 ~10" 2 070 0-360

Proton 4%107 4x10° 6x10° 10°
He 107 10° 10° 2.5x10*
CNO 107 10° 10° 2.5%10%
MgAlSi 107 10° 10° 2.5x10*
Fe 4x107 4x10° 6x10° 10°

» Experimental data
2020.07.19—2020.07.25,
2020.08.01—2020.08.15

Normalizing to Gaisser H3a model energy spectrum or
horandel energy spectrum



Event selection ] Neut
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Bias and Resolution(%)
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[ Muon content measurement J
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[ Mean mass measurement J

Matthews-Heitler model

B
E
N“:A<Ag> mms) InN, =p0+plxlnA

Nu o< A for the same energy interval, the mean number of muons in air shower for each energy interval is

measured by analyzing the signal of muon detectors, so the mean logarithmic mass of the cosmic ray
derived from the mean number of muons.

5 3:_ & 57—
- o 5.8<log(E_)<6 I o O<log(E,)<b.2
5.2 -ﬁgﬂ
I : \\ ﬁ\l:k B
A C h = r
Sof pee\ ge
£ Vol
vV [ 2/ ndf 15/3 -
C ¥=/n ! w2 f
5.|}: pl 4,851+ 0.00657 5-4: IE.;J i 5282 + [}1{11[?52':3:
\ 9: pi 0.1102 + 0.002398 pi 0.1033 + 0.0025
9 5.
!

.................................... 0.0 05 10 15 zg ?5 39 35 40
DG !‘JE 10 15 EI'DEA?E 30 35 40 In(A
n



Methods validation J
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Mean mass measurement — using
Gaisser H3a energy spectrum model
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The derived mean mass become heavier after
several PeV.

Different hardornic interaction model systematic
error: ~8%

IceCube/lceTop (H,He,O,Fe)

Tunka-133 Xmax

Kascade(QGSjet01) ( H,He,C,Si,Fe)

H3a —Gaisser H3a model

H4a —Giasser H4a model
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Mean mass measurement — using
Horandel energy spectrum model
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[ Mean mass measurement }

FET EPOS (InA) QGS (InA)

log(£/GeV) [H3a a Horandel H3a o Horandel o

5.5 1.543  0.044 |1.518 0.044 [1.502 0.041 |1.511 0.041
5.7 1.546 0.051 |1.523 0.051 |[1.480 0.048 [1.519 0.047
59 1.563  0.069 |1.533 0.069 [1.462 0.061 [1.503 0.059
6.1 1.457 0074 |1.416 0.075 (1461 0.072 |[1.503 0.071
6.3 1.435  0.103 |1.380 0.103 |[1.525 0.126 |1.583 0.124
6.5 1.497  0.139 |1.461 0.140 |[1.480 0.131 |1.531 0.126
6.7 1.684 0.148 |1.646 0.148 |[1.762 0.164 |[1.776 0.159
6.9 2.050 0217 |2.007 0.214 [1.956 0.230 |(2.004 0.216
7.1 2314 0217 |2.275 0.214 [2.263 0351 |2.321 0.330
7.3 3.023 0338 (2970 0.328 |[3.237 0417 |3.205 0.390
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Preliminary Summary

/ The experimental data agree with the simulation.

* Acomposite variable N,,., combining the shower size and the muon number, Is almost
weakly dependent on the cosmic ray mass and used to reconstruct the shower energy.

The mean number of muon is measured by using KM2A muon detectors around the
knee region, no obvious excess Is found in muon abundance at least up to 30 PeV
comparing with the simulation results of iron and proton.

The derived mean mass become heavier after several PeV.

Hadronic interaction model: 8%

\Diﬁerent energy spectra model: 4%

\
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