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The preliminary measurements of all-particle energy spectrum
and mean logarithmic mass of cosmic rays from 0.3 to 30 PeV
with LHAASO-KM2A
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Motivation

@ The all-particle energy spectrum exhibits two interesting structures from 101* to 1018 eV, the “knee” and

the “second knee”. An explanation of these features is thought to be an important step in understanding

the origin of the high-energy particles. e e e
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€ A finite energy attained during the acceleration process
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€ The entanglement of primary energy, cosmic-ray components
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and hadronic interaction models
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must be solved to measure cosmic ray energy spectra accurately.
T. K. Gaisser et al. arXiv:1303.3565v1
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Why can we do it”

KM2A full array: 5216 EDs + 1188 MDs

1. the air shower maximum depth of cosmic rays in the knee region;

ool 2. 5,216 electromagnetic particle detectors and 1,188 muon detectors;
4001
: . . heigh: above s.l.  [km]
200 — ;3 107 20 15 12 19 3 ¢ 5 ¢ - 2 1
_f ; zammas ___ The KMZ2A detector can measure the
£ o} : ""\\"\ ) )
> ~— electromagnetic particles and muon content of an
| . electroms ee., :\'\
=T trwon] e air shower simultaneously with high precision for
4001~ i hafirons —— energy in the knee region, in which the number of
~600 0 - prpten] secondary particles reach approximately
500 200200 ‘)'(c': J)‘ 500400500 - 10 eV 0T maximum resulting in least fluctuations.
(m ,
The layout of the KM2A full array. The red and ¢ ioh 2o e e af;ﬂf)f’"‘l’epf]‘:" f’g"“n“]}“"
blue dots indicate the EDs and MDs in operation,
respectively. Andreas Haungs. Journal of Physics G: Nuclear and

Particle Physics, 29(5):809-820, apr 2003.
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KM2A full array simulation data

QGSJETII-04_fluka and EPOS-LHC_fluka

Proton He CNO MgAISI Fe,
Theta: 0-40°

Slope: -2

Radius : 260-480m

core position of reconstruction data
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KM2A full array: 5216 EDs + 1188 MDs
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Event cut:

1) 10° <theta<30°

2) CoreR>320 && CoreR<420
3) Ne >80 (40-200m)
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How to reconstruct cosmic rays energy?
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- —s— KASCADE(QGSJET)
—#— KASCADE(SIBYLL)

L —+— CASA-MIA

- —a— AKENO(1984)

- —+— Tibet-1l(ICRC2003)

| —4— This work(QGSJET+HD)
—4— This work(QGSJET+PD)
—4— This work(SIBYLL+HD)
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1. Tibet ASy: Ny,
20% in chemical composition models between HD and PD
10% in interaction models between QGSJETO1c and SIBYLL2.1
2. KASCADE: the number of electrons IgN, and muons IgN}/
Muon Tracking Detector: 5.4 X 2.4 X 44 m3 tunnel

3. CASA-MIA: 870 g/cm? , a combination parameter of muons

number and electromagnetic particles number ,

E(=0.8GeV(N+25N )

Tibet ASy Collaboration, The Astrophysical Journal 678, 1165 (2008)

€ Cosmic-ray components and hadronic interaction models
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Principle of Energy Reconstruction

/ Ny = (Nch)n \
B (Ncp)™

critical energy ¢ = 20GeV
\ muon N, = N, /

Conservation of energy implies that the primary energy is split
Into electromagnetic and hadronic parts Ey = E,,,, + Ej,

_ ze T
Eo = §c Nmaxt cNu

En

_ §¢
The total energy of the primary particle is divided into = 9% (N et g_ggNﬂ)
two channels, hadronic and electromagnetic.

Ey ~ 0.85GeV(N, + 25N ,,)
N.p, charged pions and 2N, neutral pions

The energy assignment is unaffected by A because the expression
[ _ ze ) intrinsically accounts for all of the primary energy being distributed
Eem (o Nmax . . . .
tical £=85 MeV Into a hadronic channel (seen as muons) and into electromagnetic
critical energy sc = ShOWers.  J. Matthews Astroparticle Physics 22 (2005) 387-397

\electrons Ne = Npax/g and g=10/ & AE-2023




Energy reconstruction depends on cosmic ray components

LHAASO-KM2A can measure the total number of electromagnetic particles Ng;.e
and pso by fitting the modified NKG function.
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log, 0(Etm/GeV)

Energy reconstruction independent on primary cosmic ray components

As Heitler’s EM model and Matthews’ hadronic showers model introduced that the primary energy is finally divided
between pions and electromagnetic particles in subshowers.

Eo=E.+ Ej, E =0.85GeV(N, + 25 * Nﬂ) J. Matthews Astroparticle Physics 22 (2005) 387-397
one combined variable to reconstruct the cosmic ray energy weakly dependent on the components
Ney =No+2.8xN H.Y. Zhang, H.H. He and C.F. Feng PRD 106, 123028 (2022)
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Check all-particle energy spectrum measurement method

AN

lux =
flux AE * aperture x T
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Line: primary spectrum : Gaisser model and Horandel model
Point: Results of measuring the all-particle energy spectrum based on simulation data
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E*"x J(E)(GeV' °m2srs)

All-particle energy spectrum of cosmic ray
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T. Antoni et al., Astropart. Phys. 24, 1 (2005).
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All-particle energy spectrum of cosmic ray

E* Flux (m? s! sr! GeV')
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approximately 12%. The impact of composition uncertainties on the
energy reconstruction is significantly reduced.
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Measurement of muon content

Muons are the direct messengers of the hadronic processes occurring in the shower. The number of muon is a sensitive

parameter to study the composition of cosmic rays and test hadronic interaction model.
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(In(A))

Check the derived mean mass method with assumption model
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(In(A))

Mean logarithmic mass (In A) of cosmic rays

Using N, reconstruction energy

It decreases by 14% between 0.3 PeV and 3 PeV
and becomes heavier after the knee.

1— LHAASO (QGSJETII-04) +  CASA-MIA (MOCCA-Sibyll)
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i  Tumkaa33 QGSjet0 e b Shadow band: systematic uncertainty 10%
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All-particle energy spectrum and mean logarithmic mass (In A) of cosmic rays
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J(E) =g - (E) (1 + (EE;))S) (v2=m)/s

T. Antoni et al., Astropart. Phys. 24, 1 (2005).

1. It decreases by 14% between 0.3 PeV and 3 PeV and becomes

heavier after the knee.

2. The (In(A)) of the knee is heavier than He (In(A) = 1.39) and
lighter than CNO (In(A) = 2.64), suggesting that the first cut-off of
the all-particle energy spectrum is due to light components, instead

of the medium-heavy components.
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Summary

® Anew variable N, combining the number of electromagnetic particles and muons, that shows very
weak dependency on primary compositions;

® All-particle energy spectrum of cosmic ray:y;=-2.743%0.0004, y, =-3.131*0.005, knee: 3.72%x0.05
PeV, first time measured sharpness parameter 4.1+0.1

® The mean logarithmic mass in the energy range 0.3 -30 PeV is measured. Around “knee” region, the
cosmic ray component becomes heavier.

® The knee of all-particle energy spectrum is the knee of light components, instead of the medium-heavy

components.

Thanks Tor your attention!
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