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Abstract: Using L3+C experimental data, a preliminary analysis ohhigultiplicity muon events ob-
served in a single drift chamber layér k 10.6 x 0.18 m®) is presented. About 83227 multiple muon
events with a multiplicity between 5 to 110 have been reabifde a total live-time of 109.5 days. The
obtained multiplicity distribution is compared with resufrom Monte Carlo simulations based on COR-
SIKA/QGSJETO1. This particular model calculation give®@h20% less muons than observed in the
data for muons originating from primaries with energiebethe “knee” and for an assumed primary
composition corresponding to a compilation of primary flixat the energy regions of “knee” and above,
the data are located in between two extreme primary coniposit

Introduction L 3+C experiment

The multiplicity distribution of underground The L3+C muon detector[4] is mounted within tt
muons induced by primary cosmic rays has been L3 spectrometer, located below 30 m of molas
studied by many groups [1, 2, 3]. Actually the (68.5 m.w.e.), equivalent to a 15 GeV mut
distribution is a convolution of the primary energy energy threshold. An air shower array is install
spectrum and mass composition with the interac- at the surface. The solenoid magnet of L3 ha
tion properties of cosmic rays in the atmosphere. field of 0.5 Tesla and a volume of abol00 m?.
High precision drift chambers (P-chambers) ¢

In the energy region before the “knee”, the mass installed on an octagonal structure residing ins
composition and the spectrum of primary cosmic ©Of the magnet. Each octant of the muon chamt
rays has been directly measured by balloon andis made out of 3 layers of chambers (called M
satellite experiments. But the validity of hadronic MM, MI) to record the track of charged particle
interaction models in the very forward region is N the plane perpendicular to the magnetic fie
not well known, since accelerator experiments Additional Z-chambers measure the track coor
cannot reach large rapidity values. Underground hates along the field. Each P-chamber is divic
cosmic ray muon experiments can give important into many cells, each of which consists of 16 {
informations on this topic by comparing mea- MO and MI), or 24 (in MM) signal wires. Figure
sured and simulated data based on one or severagives a detailed picture of these cells.
hadronic interaction models.

Each P-chamber itself is a good muon track det

In the energy region of the “knee” and beyond the tor: the segment of a muon track is reconstruc
“knee”, it is difficult to directly detect primary ~ Out of 16, respectively 24 wire signals. Multip|
cosmic rays due to the very low flux. However, Muon track segments produced in a high ene
the muon multiplicity distribution of underground ~Primary cosmic ray event, are all parallel to ea
experiments can be used to study the primary Other and easily reconstructed. In this preliminc
spectrum and the mass composition once a goodanalysis only the MO chamber in octant 6 is us
hadronic interaction model has been chosen. to measure the muon multiplicity distribution.
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Figure 1: The octant structure of the L3 detector
(top) and the detailed alignment of cells in one of
the P-chambers (bottom).
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Data selection and reconstruction

Using the approach of measuring the muon mu
plicity with a single chamber, we analyzed a d:
sample corresponding to a collection live-time
109.5 days. We identify the number of hits in
chamber as the muon multiplicity of an event. \
first pre-select the data in the following manner:

o Npgit > 250;
o Nzgmiy > 40;
e 0 < 60°.

Where Npg;i, and Nzy;: stand for the numbers o
recorded hits in all P-chambers and Z-chamb
of the detector respectively, arl is the angle
between the direction of the segment and -
signal wire plane. After this selection, the de
sample amounts to 136311 events with a mt
multiplicity greater than 5.

In order to improve the signal-to-noise sensitivi
especially to eliminate the noise caused by elec
magnetic cascades, the data are further selecte
the following way:

e the curvature of each segment ig
0.004 cm~!, and

o o < 25°,

wherea is the angle between the average incid:
direction of each event and the signal wire plai
The restriction to segments with low curvature ¢
fectively eliminates the tracks with low momen
(mostly electron background). The restriction f
the incident direction is dictated by the cell-mi
particularity of the drift chamber. The L3 detectc
with it's octagonal structure of the muon spectro
eter, was designed to detect events originating f
the beam collision point. The cell-map function
therefore not valid for large track angles. The lin
tation of accepted angles reduces therefore the
sample to 61%. Finally, a total of 49309 ever
with a muon multiplicity greater than 5 remains ¢
ter these selections.
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Figure 2: The fitted primary cosmic ray energy Mtiicit
spectra according to [7].

Figure 3: Muon multiplicity distribution obtaines
. ) by counting the track segments in a single
CORSIKA/QGSIET simulation chamber. The data are compared with the o
from a CORSIKA/QGSJETO1 simulation norme
The CORSIKA simulation package [5] is used in ized to the effective live-time.
the present analysis to describe the evolution of at-
mospheric showers. The QGSJETO01 model [6] is . . .
included to simulate the hadronic interactions be- interaction model. From Figure 3 we conc!udetl
tween nuclei. In reference [7] a lot of measure- Fhe number 2f muons generated by the simulat
ments of the cosmic ray energy spectrum are com- is about 2_0 A) _Iower than the opserved one
piled. The energy spectra for each mass compo- onver multiplicities (below 15). This agrees we
nent were fitted to the experimental data (see Fig- with th? resu_lt of another approach which u
ure 2). We take the fitted results from this ref- the 3 dimensional track _re(.:o.nstru.ctlon methoq
erence as the input mass composition and energymeasure the muon multiplicity (Figure 4). Bo

spectrum. Air showers within an angular range of sp:oroatchheﬁklndllc,:atti that in thed ent_ergy ;eg
0-70° and an energy range afx 102-10° GeV elow the ‘knee’, the muon production rate

are simulated. Each shower is scattered over a cir—the CORSIKA/QGSJETO1 simulation needs to

cular area with a radius @000 m centered at the increased.

L3 detector position.
Figure 5 shows a comparison between the

perimental and the simulated data for the ci
Resultsand discussion of a mixed composition, or a pure proton, or

pure iron primary component model respective
Counting muon tracks within a single P-chamber where all the simulated samples are normalizet
layer for each event one gets the muon multiplicity the effective live-time of the data acquisition.
distribution observed underground (see Figure 3).

No correction for some efficiency loss at large The data and the simulation of the mixed col
multiplicities has yet been applied. ~But we posjtion model agree with each other for mul
assumed that the efficiency loss for the data is the pjicities N, > 25. The simulation shows thz
same as for the simulated events. the mean energy corresponding to these multip

ities is greater thars x 10° GeV. This may
Assuming that the compilation of the primary suggest that at energies abdvex 106 GeV, the
mass composition and the spectrum of [7] cor- data can be explained by the primary spectrum
responds exactly to the truth, the comparison the mass composition in reference [7] in com|
between the experimental and the simulated datanation with the muon production mechanism
could be used to check the validity of the hadronic CORSIKA/QGSJETO01. However, the detector «
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Figure 4: The muon multiplicity distribution
(Nn < 40) [8] measured by the 3 dimensional re-
construction program of L3+C. The corresponding
energy range is also given in the bottom figure.
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Figure 5: Integral distribution of the muon mul-
tiplicity measured in the single P-chamber. For
comparison, the simulation results from both, the
mixed and the single component model (i.e., pure
proton and pure iron) are shown as well.

1216

ficiency for multiple muons measurement has |
been explored extensively yet. Its influence is s
under investigation.
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