PROCEEDINGS

OF SCIENCE

A study of the capability of the LHAASO experiment
to separate primary mass groups samples

A. Chiavassa* for the LHAASO Collaboration
1 Dipartimento di Fisica Universita degli Studi di Torino afFN, Italy
E-mail: andr ea. chi avassa@o.infn.it

The LHAASO experiment will operate in the Sichuan provin€ifa) at high altitude (4416n
a.sl.) measuring the electromagnetic and muonic EAS componewsiag a kn¥ surface with
an unprecedented high ratio between the active and theieffeceas. The EAS electromagnetic
component will be measured by 56351 plastic scintillator detectors and the muonic one by
1221 water cherenkov detectors, 3adius and 1.2n high each, buried 2.5h underneath the
ground surface. 24 movable telescopes (each of them mad& by apherical mirrors seen by
a grid of 32x32 photomultipliers) will be used to detect eitthe Cherenkov or the Fluorescence
light emitted during the shower development in atmosphere.

In this contribution we present the experiment capabditiéseparating, using the ratio between
the muon and electron numbers at observation level, attlgashass groups in the 16— 107ev
energy range. The study has been performed by mean of a denfipAS simulation for fixed
primary energy and fixed zenith angle, using the CORSIKA attthe QSGJetll-04 hadronic
interaction model. Therefore current results represelyttbe first step toward a complete discus-
sion. We will show that an experiment operating at high i (i.e. near to shower maximum)
will separate, in this energy range, at least two mass gr@gpghe light and the heavy primaries)
with high efficiency.
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1. Introduction

The Large High Altitude Air Shower Observatory (LHAASO) project is avngeneration
instrument, that will be built at 4400 meters altitude in the Sichuan province wfaChvith the
goal of studying with unprecedented sensitivity the spectrum and compasittmsmic rays in the
broad energy range betweenti@nd 138 eV, as well as to act simultaneously as a wide aperture
(one stereo radiant), continuously-operated gamma ray telescope in thg emge between 10
and 16%V.

The range of energy for cosmic ray studies in LHAASO contains the mostipemt structure
in the cosmic ray energy spectrum, the so cakede at E ~ 3 x 10'%eV, where the index of
the power-law spectrum steepens frgma- 2.7 to y ~ 3.1. There are clear indications that the
cosmic ray composition is evolving around tkieeeenergy toward a mixture where heavy nuclei
are more abundant[1]. The physical origin of the knee remains consialjeand more precise
measurements of the evolution of the energy spectrum and of the mass compodhisrrégion
are mandatory to discriminate about existing models. At higher energy, studies ehergy
spectrum and mass composition of cosmic rays in the rangfe1b®eV have given indications
for the existence of other structures, associated to the steepening aiXloé different nuclei[2],
and perhaps to the appearance of extragalactic lighter nuclei[3].

In this contribution we discuss the potential of an experiment operating atrd4i1€ . to sep-
arate primary mass group samples by means of the experimental observalsiedbtathe ratio
between the electron and muon numbers at observation level. This work is a pagjisindy per-
formed simulating EAS generated at fixed energies, fixed zenith angle antirapall the particles
arriving at observation level, i.e. no detector layout is taken into accotnet.efore the results we
will discuss represent the ideal case of an experiment without detectioreenstruction errors
and 100% coverage. We must also consider that fluctuations are minimized simulagnhgtE
fixed energies instead of extracting the primary energy on a power lawrspell these effects
will be taken into account in a future complete EAS and detector simulation thatrentyrunder
development.

2. The Experiment

The layout of the experiment includes different types of detectors:

e a kn? array (LHAASO-KM2A[4]), including 5635 plastic scintillator detectorspf sur-
face each separated by 15 m spacing, for electromagnetic particle detectio

e An overlapping kn? array of 1221, 3617 underground water Cherenkov tanks, wittn80
spacing, for muon detection (total sensitive areald* n?).

¢ A close-packed, surface water Cherenkov detector facility with a tota af 9x 10* m?
(LHAASO-WCDA)[5], four times that of HAWC]6].

e 24 wide field-of-view air Cherenkov (and fluorescence) telescdgdASO-WFCTA)[7].

e 452 close-packed burst detectors, located near the center of tlgefarrdetection of high
energy secondary particles in the shower core region (LHAASO-SCDA
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LHAASO will be located at high altitude (441 as.|.,600gcnT2,29°21'31”N, 100008 15'E) in
the Daochen site, Sichuan province, P.R. China. The start of data taléempésted in 2-3 years.
The completion of installation in 5-6 years.

It is therefore clear that LHAASO will operate over a large surfacertpea quite high cov-
erage: being the ratio between the active and the effective areas felettteomagnetic compo-
nent equal tov 5x 10°/10° = 5x 1073, i.e. a coverage similar to the KASCADE experiment[8]
(~5x107/4 x 10* = 107?) spread in a 25 times wider area. The same is true also for the muon
EAS component: the LHAASO coverage 6 x 10*/10° = 5 x 10-2) will be even higher than the
one of the KASCADE array (& 107/4 x 10* = 1.5 x 102). We therefore expect to have very
precise measurements of the EAS components

3. Thesimulation

The simulation used to obtain the results discussed in this contribution has béampelr
with the CORSIKA code[9] using the QGSJetll-04[10] hadronic interaxtimdel at high energies
(E > 200GeV) and FLUKA[11] at lower energies.The CORSIKA code was run with ti&SE
option for the electromagnetic component (i.e. electron and photon are fully $ad)ylao thinning
option was adopted, i.e. all the particles in the shower are followed until verghergies (MeV
for electron and photons, 1M®V for muon and hadrons). The observation level is set at the
LHAASO height: 4400m as.l., all events are simulated in the vertical directiéh= 0°).

With these options the simulation code becomes, at high energies, quite heawysmofdroth
running time and disk space allocated. EASs have been simulated with equalrmoinelvents
for H, He, C and Fe primaries, the energies simulated and the number ofrshgererated are
reported in table 1

Energy (eV)| 10'® | 5x 10 | 10*® | 5x 106 | 107 | 5x 10/
Events 250 250 150 50 25 5

Table 1: Primary energies of the simulated EAS and number of evemergéed for each primary particle
(H, He, C, Fe)

4. Results

Figures 1, 2 and 3 show the electrons, muon and pion lateral distributionseaivation level.
We can see that the electron density goes below 1 partickt/~ 200m and~ 400m respectively
for 5x 10 and 5x 10V primary energy and all primaries. Being one square meter the surface of
the unshielded detectors we can expect that these distances will cointtideewadius containing
almost all the fired detectors in an event. While from the highest energied@'eV) we can
see that the expected particle density goes beyofgaRicles (i.e. the detector saturation level)
at 50m from the shower core. With the expected dynamic range detector saturallitimevefore
affect, even for the most energetic showers, few detectors locatet&aryo the shower core.

Muon lateral distribution can only be used to have a first idea of the partidsitgehitting
the detectors as the muon energy threshold to cross the overburdeimgakierwater tanks is not
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Figure 1. Lateral distributions of the electron, muon and pion EAS ponents at 440@én as.|. obtained
simulating vertical showers generated by primaries ofgngr= 5 x 10*° eV.
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Figure 2: Lateral distributions of the electron, muon and pion EAS ponents at 440@én as.|. obtained
simulating vertical showers generated by primaries ofg@nEr= 5 x 106 eV.

taken into account. Being the muon detectors surface’ 3% can expect that one EAS particle
hits a muon detector if their density is greater tha®20m—2 therefore we can expect that muon
detectors can give signals at larger distances from the core comparedaiectron detectors.

We can also notice that the electron lateral distributions of EAS generated bytigtaries
are higher than those expected for EAS generated by heavy primasiemrsihower core, becom-
ing smaller at large core distances. While the muon densities expected for préaaries are
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Figure 3: Lateral distributions of the electron, muon and pion EAS ponents at 440@én as.|. obtained
simulating vertical showers generated by primaries ofgngr= 5 x 10" eV.

larger than those for light primaries at all shower core distances.

A first attempt to evaluate the possibilities to separate events in at least two roaps gan
be obtained studying the ratio between the total muon and electron numbergiaatios level.
For each simulated EAS we therefore count the electron and muon numbersufwitking into
account any energy threshold) and calculate their ratio:

B logN, (8 =0°)
~ logNe(6 = 0°)

the result is shown in figure 4. Being interested in a event by event ctas&ifi the error bars
represent the RMS of the distributions. Iron generated shower ardycteparated from all other
primaries, therefore we have promising perspectives to identify heavyigitdprimaries with
good precision and with small contaminations. While the mean values of H anddH# &e and
C generated showers are separated by less than one standard daviat&fore, with this simple
approach, we cannot expect to perform a good separation of indivédiements. We must always
keep in mind that this plot is only showing a very simple approach using two tfi@lletectors
that will be installed in the LHAASO experiment, detailed studies will be perfor(sadulating
showers on a power spectrum, at all zenith angles, including the deteatat &yd performances)
in the near future taking advantage of all the possibilities of the experiment.
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Figure 4: Y values obtained by a full EAS simulation. Array layout aretettion errors are not taken into
account. These values represent the ideal performanceB0@P% coverage experiment with no reconstruc-
tion errors.
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