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Directional information on air showers from the KASCADE Array and on muons registered in the Muon Track-
ing Detector (MTD) allow to investigate pseudorapidity and momentum distributions of muons. The possibility
to test hadronic interaction models, to study primary mass composition and parameters of hadronic interactions
with these distributions is discussed.

1. Introduction

The Extensive Air Shower (EAS) Experiment
KASCADE [1] with its Muon Tracking Detector
(MTD) [2,3] enables precise measurements of the
muon directions in EAS. The method introduced
in [4], using these directional data, allows to ob-
tain a quantity ζ, expressed in terms of tangen-
tial (τ) and radial (ρ) angles of muons (quantities
measured in the experiment), being at the same
time equal to the ratio of transverse to longitudi-
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nal muon momentum components in shower co-
ordinates. With this quantity one can investigate
pseudorapidities of muons registered in EAS [5]
and distributions of their momenta, as it will be
shown below.

2. Pseudorapidity of muons in EAS

The pseudorapidity of muons registered in the
MTD of the KASCADE experiment was deter-
mined in the shower coordinates (z axis parallel
to the shower direction) using the formula: η =
-ln ζ

2 , where ζ=
√

τ2 + ρ2 [4].
In Fig. 1 the comparison of the experimental

muon pseudorapidity distribution as measured by
the KASCADE MTD and the distributions for
simulated showers, initiated by iron and proton
primaries, is shown. Showers with zenith angles
0◦ − 42◦ were considered and for the simulations
the slope index of the primary energy spectrum
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Figure 1. Pseudorapidity distribution of muons
registered in the KASCADE MTD compared
with the Monte Carlo simulations for proton and
iron primaries.

was assumed to be γ = −2.
Simulations reproduce the shape of the distri-

bution, especially in the high η range, but the
result is shifted to the larger values with respect
to the measurements. Similar results from inves-
tigations of radial angles are given in [3]. The
presence of the shift is found to be independent
of the slope index and is not an effect of finite
detector resolution. Worsening the resolution of
the MTD randomly by a factor of 2 results in
a significant change of the slope in simulated η
distributions. Hence, this shift may point out de-
ficiencies of the hadronic interaction model in de-
scribing the muon component of EAS.

The dependence of the mean muon pseudora-
pidity for vertical showers (θ= 0◦ − 18◦) on the
N tr

μ (∝ primary energy [6]) is shown in Fig. 2.
The shift between data and simulations ob-

served in the distributions (Fig. 1) is also seen in
the mean values here, being only slightly differ-
ent in value when taking γ = −2.7. The mean
η value of muons registered in EAS decreases
with increasing primary energy, which shows that
increasingly more muons with lower η survive
to the observation level. The slope of this de-
crease changes differently in proton and iron initi-

3

3.5

4

4.5

3.5 4.0 4.5 5.0

<η>

log(N   )
tr

μ

DATA

Fe

H

The KNEE

Pre
lim
ina
ry

Figure 2. Shape of the dependence of the mean
muon pseudorapidity on the N tr

μ shows primary
mass sensitivity (see text).

ated showers with increasing primary energy, thus
showing some primary mass sensitivity which is
not seen in Fig. 1 due to the steep primary en-
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Figure 3. Dependence of the mean muon pseudo-
rapidity of EAS muons measured in the MTD on
the N tr

μ (�) compared with the same dependence
for the ”light” (�) and ”heavy” (open cross) data
samples (see text).
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ergy spectrum. The shape of this dependence of
the data follows neither the proton nor the iron
shapes over the whole range of N tr

μ . In order to
see if there is any information on the change of
the primary composition in the data distribution,
one could compare the shape of the measured
distribution with the shapes of simulated proton
and iron distributions. However, any conclusions
would imply that the simulations well reproduce
the change of the mean η, which is not obvi-
ous, having already in mind the observed shift
in Fig. 1. Instead, the following procedure was
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Figure 4. Pseudorapidity of EAS muons on the
ground compared with the pseudorapidity of their
mother hadrons (CORSIKA simulation results).

adopted. The data set was divided into two sub-
sets, based on the value of the log(N tr

μ )/log(Ne)
ratio [6], independently measured by the KAS-
CADE array. Showers with this ratio below 0.75
have created the ”light” data sample, and those
with this ratio above 0.75 - the ”heavy” one. The
resulting mean pseudorapidity distributions as a
function of N tr

μ for the “light”, “heavy” and full
data sets are shown in Fig. 3.

Here, the shape of the “light” data set is com-
patible with the shape of proton simulations in
Fig. 2 and also the shape of the “heavy” sam-
ple agrees with iron simulations. The shape of
the full data set changes with increasing energy
(increasing N tr

μ ) from “light” to ”heavy” when

crossing the knee. So, the mean muon pseudora-
pidity shows, that the primary cosmic ray com-
position changes from “light” to “heavy” in the
knee region of the primary spectrum.
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Figure 5. Distributions of true (solid line) muon
momenta (pμ > 0.8GeV/c) compared with the re-
constructed (dotted) according to eq.1 with three
values of the parameter pt. CORSIKA results for
1 PeV vertical proton showers.

Studies with CORSIKA [7] simulated showers
have been started, in order to check the relation
between the measured pseudorapidity of muons
on ground and the pseudorapidity of their mother
hadrons. First investigations, based on a small
simulation sample and taking into account only
mother pions, indicate close relation (Fig. 4) and
thus, the possibility to investigate high energy
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hadronic interactions with the pseudorapidity of
EAS muons.

3. Estimation of the muon momenta

Remembering, that momentum p =
√

p2
t + p2

‖
and that ζ = pt

p‖
, we obtain:

p = pt ·
√

1 +
1
ζ2

(1)

One can treat the pt in eq.1 as a constant pa-
rameter, because the information on momentum
components (more precisely their ratio) is for ev-
ery muon contained in a value of ζ. With such
an approach, as shown in Fig. 5, one can repro-
duce fairy well the true (unknown in an exper-
iment) muon momentum distribution, especially
when adopting for the analyses the value of the
parameter pt = 200 MeV.
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Figure 6. Muon momentum distributions for ex-
perimental and simulated KASCADE data recon-
structed with eq.1 and assuming pt = 200 MeV.

In Fig. 6 the results of the application of eq. 1 to
the KASCADE data and to the simulated showers
are shown. Here the slope index of the primary
energy spectrum in the simulations is γ = −2.7.

The shift between simulated and experimental
distributions, similar to the one in Fig. 1, is ob-
served. This one could expect since the momen-
tum distribution is derived from the same input
parameters τ and ρ. In the low momentum range,
similarly as in the low η range in Fig. 1, there ex-
ist some differences between proton and iron ini-
tiated showers. Momentum can be regarded as
a more “natural” quantity for muons than pseu-
dorapidity and for some applications it may be
more suitable. One example could be the possi-
bility to introduce a cut at a certain momentum
value, using eq. 1, to study other muon properties
in EAS.

Investigation of the momentum distribution of
muons as a function of N tr

μ have shown a shift
of the distributions towards lower momenta with
increasing primary energy. The amount of this
shift has been found to show some primary mass
sensitivity.

As preliminary studies of simulated data show,
the momentum distribution of EAS muons at
ground level corresponds very closely to the mo-
mentum distribution of their parent hadrons at
production (similarly, as in the case of pseudora-
pidity - see Fig. 4). This indicates the possibility
to get insight into high energy hadronic interac-
tion characteristics with this method. The in-
vestigations of simulated data in this direction,
using the pseudorapidity as well as the momenta
of muons, are in progress.
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