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Abstract

The tempora structue of the EAS muan componentgiven by median first ard third quartile of the single
distributions is studied with the muan detectia facilities of the KASCADE centrd detecto. Data have been
analyse for EAS core distancs up to 130 m ard for primaty enegies of the knee region. The EAS muon
time profile and disc thicknes have been studiad along their dependene on the angle-of-incidene and on
the enagy indicaive mum numbeer[", particula attention is paid to which extert EAS muaon arrival time
distributions at larger radid distances display features indicating a chang of the mas compositio of primary
cosmc rays arourd the knee The experimenth resuls are compare with EAS Monte-Carb (CORSIKA -
CRES simulatiors including the detecto response.

1 Experimental setuyp and generd procedues:

Using the timing and muan detectia facilities of the KASCADE centra detecto (Klages et al., 1997) in
particula thetrigger layer of 456 scintillation detectos (placel asthe third acive layer of the hadran calorime-
ter) ard the position sensitve large area multiwire proportiond chambes (MWPC) installed below the hadron
calorimete, the muan arrival time distributions (E, > 2 GeV) have been measured Their dependene on
differert shower quantities the distane from the shower cente R, the zenit angled of the shower incidence
ard the muan shower contenthf (representig the muan content with £, > 250 MeV, integrated in alimited
range of 40 - 200 m from the cente of the laterd muan distribution and considerd as an identifier of the
primary enegy) have been studial (Brancts et al., 1998) The totd numbe of collectel events amouns to
c. 200 000 with the requirementha at leag 3 timing detectos of the timing facility of the centra detector
mug have fired per event The muan componehat enggies> 2 GeV is measurd as correlatel signak of the
trigge layer ard the MWPC and associate by the generh KASCADE trigger to an EAS event.

Measuremerstof the relaive muon arrival time refer to an experimentaly defined zero-time usualy the
arrival time 7.,,- of the shower core Thes quantities are called globd times furtheron:

lob
AT{I ” = 7'; — Tcor; 1)

TI} being the arrival time of the foremos$ muon The globd times are affected by the limited accuray of the
reconstructia procedurs of the arrival time of the electromagneti componenthene we prefe to analyse
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local timeswhich refer to the arrival time of the foremaost muon, registrated in the timing detector at a particular
distance from the centd®,,, defined in a plane perpendicular to the shower axis:

ATZOC(RM) = Tu(Ru) - Tﬁ (Ru) )

We characterize the single local arrival time distributions by different momenite Tnedian{A . 59), the first
andthe third quartile(Arq.05 and Ay 75). In order to supress faked muons from hadron events (noticeable at
R, < 30 m), a condition for the energy deposit in the scintillator detectors has been applied.

2 The EAS muon shower profile and disc thickness:
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ationo™ = (1 +b)'/2/c. Figure 1: The variation of the shape of the median distribu-

It is obvious that the muon arrival time tion with the core distancé,, for two log,, N" ranges and
distributions become broader with increasingor 50 < ¢ < 30°. The distributions are normalised to the
radial distances and narrower with increasmaximum number of particle per time-bin. The lines give the

ing log;, N, size. fits by theD-form.
Fig. 2 shows the muon shower profile

and the disc thickness comparing the meaﬁ | *®a experimental dato
values and the standard deviations extractéd 4 “°* "™
directly from the experimental (histograms)
distributions for differentog;, N/ to those
fitted by al’-Form. The shape of the EAS
profile has been approximated by a parabolic
form (Ambrosio et al., 1997):
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with R, = 100 m, the scaling radius for gjg re 2: The mean values and standard deviations of the me-
muon lateral distribution. Some limitationsdian, first and third quartiles distributions extracted from the
of the used parametrization are observed, idistributions (Fig. 1) and compared with those from fitting the
particular for the variances of the slower  distributions with al"- form

T(R#) = t1+t2(Ru/Rm)ﬁ (4)
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muon component, but the deviations are much smaller than that observed for the charged particle component
(Agnetta et al., 1997).

3 The variation of the muon shower profile with Nf[“:

As Monte-Carlo simulations show, for the KASCADE experiment the quaktity, N,/ is approximately
proportionallog,, £y and independent from the primary mass. Thus the use of EAS classification along
log;y N,/ instead oflog,, N avoids preparing samples mixing different energy ranges of different primary
masses (Haungs et al., 1998).
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shape

In the present analysis we classified 5 differ&;, fo ranges covering an energy range from about
8- 10 eV to3.4-10'° eV. Fig. 3 shows the profiles for differehig;, N ranges for the median and the
third quartile. It is obvious that the standard deviations of the distributions decrease with increasing primary
energy.

Fig. 4 displays the variation of the mean arrival time and of the standard deviations of the median and
the third quartile distributions wittog,, IV, ﬁ’", indicating a decrease of fluctuations, especially for the last two
ranges corresponding to primary energies above the knee. This might be an indication for the appearance of
an increasingly heavier primary component in the cosmic rays.



4 Comparison with predictions of Monte-Carlo EAS simulations:

The experimental muon arrival time
distributions are compared with simula-
tions of the air shower development, cal- o35
culated by use of the Monte-Carlo sim-
ulation program CORSIKA (Heck et al., 008
1998). The actual simulation calculations
(based on QGSJET model) cover an en-
ergy range ob - 1014 — 1 - 10'6 eV (di-
vided in 5 overlapping energy bins for
three mass groups: H = protons, O =
CNO group, Fe = heavy group) for an en-
ergy distribution of a spectral index of -
2.7. They comprise a set of 2000 show-
ers for each case. The response of the 026
KASCADE detector system and the tim- A T ‘ ‘ ‘
ing qualities have been simulated using 023 91m<R,=105m
the CRES programm, dedicately devel-
oped by the KASCADE group on basis 0.20
of the GEANT code. | |

Fig. 5 display simulated median dis- 0z 4 6 8 10 iz iz 16
tributions of the arrival times for EAS for ATgs NSl

the log, fo range of 3.7- 4.0. A mass Figure 5: Simulated median muon arrival time distributions,
composition H: O : Fe =4 : 1: 2 has A, 5 for different distances from the shower core fdbg, NI

been adopted. The good agreement of th@nge of 3.7- 4.0. The lines represents the fit byltiferm.
simulated and the experimental observed

distributions (see fig. 1 left side) is remarkable.
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5 Concluding remarks:

With the present studies of the time structure of the EAS muon component inferred from data measured
with the KASCADE detector, the phenomenological features of the muon arrival time distributions and of the
shower profile and disc thickness are reported. As compared to the results of studies of the charged patrticle
component the time profiles of the EAS muon component appears to be flatter. The time dispersion of the
EAS disc conspicuously decreases with higher energies of the primaries, above the knee, possibly indicating a
change in the composition. First exploratory comparisons with Monte-Carlo simulations exhibit a remarkably
good agreement of the measured data with the theoretical predictions, thus confirming that the CORSIKA
simulations describe the longitudinal EAS development quite realistically.
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