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* Extensive air shower

* LHAASO experiment
 Parameters measured by LHAASO
* Hadronic interaction model test

* Summary
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LHAASO experiment 7o W Lb N Ridmiades

Lacation: Mountain Haizi, Sichuan Province, China
29°21’ N, 100°08’E

4410m a.s.l.

Air depth: 600 g/cm
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LHAASO experiment O\ R

LHAASO * Large High Altitude Air Shower Observatory
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LHAASO experiment
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Large High Altitude Air Shower Observatory

EAS measured by WCDA and KM2A

Core reconstruction:

Y[m]

1.

Calculating the charge-weighted averages of the detector

positions

Fit the lateral distribution: Nishimura-Kamata-Greisen

(NKG) function

Direction reconstruction:
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Fit the shower front, conical shape function
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~3+—— First interaction (usually several 10 km high)
~3+—— Air shower (particle cascade) evolves

Some of the
~3—— particles reach

Measurement of Cherenkov
the ground

light with telescopes
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Non—-imaging /

Cherenkov counters

Measurement of particles with
scintillation counters or with
water Cherenkov counters

Low—energy muons under
shallow shielding

Measurement with
Geiger—Miiller
Measurement of particle tracks counters

High—energy muons deep underground
with Cosmic Ray Tracking counters

(under ground, water, or ice)

from KM2A

Lateral distribution
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LHAASO experiment

LHAASO N ©
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" Large High Altitude Air Shower Observatory

Precise measurements of N, and N,
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LHAASO experiment
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LHAASO N “ Large High Altitude Air Shower Observatory

Cherenkov Image measured by WFCTA

~+—— First interaction (usually several 10 km high)
~3+— Air shower (particle cascade) evolves

Some of the
Measurement of Cherenkoy (il isedh
the ground

light with telescopes
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Measurement of particles with

scintillation counters or with
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Measurement with =
shallow shielding

Geiger—Miiller
Measurement of particle tracks counters
with Cosmic Ray Tracking counters

Cherenkov counters

High-energy muons deep underground
(under ground, water, or ice)

Shower direction
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Data set o WL L N Ak ke
» KM2A: i
1. Core selection (Red line region) o
2. Number of fired EDs: Ntrig>20 400
3. Rp: 180m~310m -
“Rp” is the perpendicular distance from the shower axis to the telescope -
> WFCTA: T
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Energy reconstruction AN F ML 3

LHAASO N “ Large High Altitude Air Shower Observatory

1. Energy estimator: N¢y = sz,fo +3.0-N,

~<+—— First interaction (usually several 10 km high)

2. Energy reconstruction: log;y Eyec = P X log?, N¢y + p1 X logio Ney + po
Liping Wang, et al. Phys. Rev. D 107, 043036 (2023)
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* Npp~R, relationship: Nph(Rp) = Co - Ry P

~+—— Air shower (particle cascade) evolves

Some of the
~+—— particles reach
the ground

a Measurement of particles with
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p Non-imaging .
Cherenkov counters Measurement with
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* N,: Number of muons in the ring of range from 40 to 200m Mermenolpricoits o

with Cosmic Ray Tracking counters

Low—energy muons under
shallow shielding

High—energy muons deep underground
(under ground, water, or ice)
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Component sensitive parameters A | KT

=~ Large High Altitude Air Shower Observatory

Muons and electromagnetic particles in EAS e

nuclear interaction

K K 0 £ with air molecule
N, oc AP Fo ’ / \&N
T =K, K% rc
a 1 PeV __ | N
J. R. Horandel, Cosmic rays from the knee to the second knee: :
10%* to 108 eV, Mod. Phys. Lett. A 22, 1533 (2007) hadronic N % N % N
E 07 cascade =
N, ox A'™ 0 Lo,
e
1 Pev 'r‘adialiunnce
].OO‘A = @ ]_) —i?\lll'u @ l) Iilu‘ wow W% W nuc\zérr]yljr-[a;gfr’lients € verve v e
= o o — j Of 7 ,Tﬁ/(l’ o — )3 (g rlﬁ/()ﬁ muonic component, hadronic electromagnetic
J_'\(' e I& e neutrinos  com ponent component
8% i?\'TL
— - log L const i ~ :
a—p T\ NP o opeen I — Proton
) CNO B
& MgAISi
N —+—|ron
N w s
-_ 2 ' o T
Pﬂe loglo NO.82 . 3
. Nﬂ . 40~200 m
« N,: 40~200m

6 6.
log10(E,_/GeV)

11



Component sensitive parameters

Xonax in EAS
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* Remove geometric dependence:

Py, =

0250

cos(@) +0.011 x (R, — 250)

* Remove energy dependence:

(9350> =po + Py - 10810 E + py - logio E

. (HESO)I pev: The average value of 6, for proton events near R,

at 250 m and 1 PeV

Centroid

0.5

11111111111111111111111111111111

0 350 400 450 500 550 600 650 700

Xmax(g/cm?)

o

o

=
|

Normalized Entries
o
o
N
|

- lOglO (E) 52~7.1

— Proton
- Other

12



Test of Py,
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Large High Altitude Air Shower Observatory
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For selected events
By selecting events using P,., proton events

with purity of 95% can be obtained.

First interaction depth in the air for proton events
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6
10 E_ —&— Data 1 05.5~1 05.0 Gev
C —B— QGSJETII-04 Proton
- —H— EPOS-LHC Prole: e -
8 . T —e— Helium ., ®
™
§_10 E_ —f— =Helium ';‘FOSEED-
1] - - o B ob
5 T . g tos
@ * o o] =
O+ 04 - . & =
g = - * o 5 O ¢ g
= E - - OE - o E
B o =
L - O ah [~
3 o @
10° * * 5o 0 = g
ce ¥ . ¥ ? -
_=| 1 1 | I@Iﬁl | I 1 1 | 11 1 | I 1 1 |%| 1 | | |§| 1 | 1 |'-||’I
08 06 04 0.2 PO 02 04 06 0.8
gc

0.81- £~ Proton :
0.6 — Proton 008 igjium I
- — Other 2007 —— CNO+MgAlSi+ron
0.4 £0.06F I
11 E
0.05F !
0.2 § E 1
- §0.04E— I
oF Eo.03f
L P4 E
02FT T 7" — ZTTTTTTA 0.0z !
C _ 0.01 !
04 (IR R Eo LN P
06 04 -0.2 0 p 02 04 06 038 —9).8 -06 04 -02 PO 02 04 06 038
oc e
- 5.6_ 4 6.0
FoTe e 107°~10"" GeV
4| 5 QesETIo Proton .s
10"E 5 eros-Lic Proton ol ® After select
[ T —&— Helium =
= B .
2103 _ —f— =Helium - m]
L E of Qo o
S F 5% o
@
210% . ﬁg
E - ; {)
3 —
= B 30 4 (]fi:
103t | | ﬁ T
1| 111 | 111 1 | P11l | L1 1 | L1 1 | | | | | | L1 1
b8 06 04 02 0 02 04 06 08
=)

13



Test of P

P
LHAASO N\ “

i F 5 AL gk

Large High Altitude Air Shower Observatory

For selected events
By selecting events using Py, proton events
with 80% purity can be obtained.

Number of Events
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=~ Large High Altitude Air Shower Observatory

» LHAASO can simultaneously measure muons and parameters related to X,
» By using a single parameter for selection, high-purity proton events can be
obtained. The selected events can be used to test the hadronic interaction

models by comparing the distribution of other parameters
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