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Abstract

Arrival time distributions of EAS muors and their difference from the ariival times of the electronmagnetic
componenthas been measurd with the timing facilities of the centrd detecto of the KASCADE experiment.
The resuls have been analysd in terms of CORSIKA Monte-Carb simulatiors of the EAS development,
basel on the QGSJH model.

1 Introductions:
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Thefigure reproduce also the known featue (Ambrosb et al.; 1997, Brancis et al., 1999 tha the time profile
of the electromagneti componenh varies by a steepe increag with the core distance since the electrons
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arriving at the observation level are generally produced in deeper layers of the atmosphere than the observed
muons. This fact leads also to the larger delay in the arrival of the electromagnetic component. Though there
are practical difficulties to determine the arrival time of the shower core with sufficient accuracy, the difference
At._, = (1) — (1,) is an experimentally accessible quantity. In the present contribution we report about
measurements of the relative time profile._,(R.,) for two different energy thresholds of the detected
muons. The results are compared with predictions of Monte-Carlo simulations.

2 Experimental setup and general procedures:

For the measurements the timing and particle detection facilities of the KASCADE central detector (Klages
et al., 1997) are used: the so called topcluster, which is an array of 50 scintillation detectors placed on top of
the central KASCADE detector (active area: 22.8which correspond to an active areard$%), the trigger
plane, which is the third active layer of the calorimeter, an eye of 456 scintillation detectors (active area: 208
m? which correspond to an active area66f%) and finally a setup of position sensitive multiwire proportional
chambers (MWPC) installed below the calorimeter. The energy detection threshold for muons observed with
the trigger plane is 0.4 GeV, while with the MWPC muons with > 2.0 GeV can be filtered out.

The arrival times measured with the topcluster and the triggerlayer have to be corrected due to two experi-
mental effects of the timing detectors:

(i) the timing signals are affected by the actual energy deposit due to the light production and the discriminator
threshold (energy deposit effect),

(i) the timing signal depends from the number of particles simultaneously hitting the scintillator detectors
(multiplicity effect).
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Figure 2: Distributions of relative arrival times of the electromagnetic and muon components (of two different
muon detection thresholds) as compared with EAS simulation predictions



Therefore these effects have to be corrected by procedures based on realistic detector simulations. This is
particularly nescessary for the topcluster detectors. For defining the electron component, as detected with the
topcluster, the absence of a coincidence with events in the triggerlayer or MWPC is required. Detector simu-
lations show that with this conditiof0% of muon events in the topcluster are removed. This rate corresponds
to the limit given by the active area of the trigger plane.

3 Comparison with predictions of Monte-Carlo EAS simulations:

The experimental data, accumulated in a period of 10 months comprise c. 200.000 EAS events with the
requirement that at least 3 timing detectors must have fired and with the reconstructed zenith angle of EAS
incidence of15° < 6 < 20°. Results of the measurements are shown in Figs. 2 and 3 and compared to
simulation results in different ranges of the energy indicative muon num‘ﬂerlt has been shown that for
the KASCADE case the number of muoNg’" summed up between 40 and 200 m from the shower center is an
energy identifier, nearly independent from the mass of the primary. The actual simulation calculations (based
on QGSJET model) cover an energy rangé of0'* — 1 - 10'6 eV (divided in 5 overlapping energy bins for
three mass groups: H = protons, O = CNO group, Fe = heavy group) for an energy distribution of a spectral
index of -2.7. They comprise a set of 2000 showers for each case. The response of the KASCADE detector
system and the timing qualities have been simulated using the CRES programm, dedicately developed by the
KASCADE group on basis of the GEANT code.
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Figure 3: Comparison of the profiles of relativ arrival times of the electromagnetic and muon component with
the predictions for simulated showers.

Fig. 2 displays such distributions dfr, 4 and of A7y g, for log;, Nﬁ’" > 3.7 (corresponding to a primary
energy of about,,;,, > 2 - 10! eV) and for different distances from the EAS core. We notice the good
agreement of the experimental data with the simulations, but significant differences between the different
primaries in the relative arrival time distributions are not observed.



Fig. 3 presents the relative time profiles&f, 4 and of Ay for differentlog;, Nﬁ’" ranges. The data are
compared with simulation results (which cover the range of proton and iron induced showers). For the low
energy muon case there appears some slight disagreement. This might be an indication that at small distances,
where the particle density is large, some problems with the corrections do remain.

4 Concluding remarks:

The present experimental studies of the relative arrival times of the EAS muon and electromagnetic compo-
nent, give evidence for the different time profiles of the two EAS components and confirm former theoretical
conjectures. The exploratory comparisons of the data with Monte-Carlo simulations exhibit a remarkably
good agreement, but with insignificant discrimination power for the mass of the cosmic ray primary.
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