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The Muon Tracking Detector in the KASCADE-Grande EAS experiment allows the precise measurement of
shower muon directions up to 700 m distance from the shower center. This directional information is used to study
the pseudorapidity of muons in EAS, closely related to the pseudorapidity of their parent mesons. Moreover, the
mean value of muon pseudorapidity in a registered shower reflects the longitudinal development of its hadronic
component. All of this makes it a good tool for testing hadronic interaction models. The possibilities of such
tests given by the KASCADE-Grande experimental setup are discussed and an example of the obtained muon
pseudorapidity spectrum is shown.

1. Introduction

The Muon Tracking Detector (MTD) [1] is one
of the detector components in the KASCADE-
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Grande EAS experiment [2] operated on the site
of the Research Center Karlsruhe in Germany by
an international collaboration (see Fig.1). The
MTD measures directions of muon tracks in EAS
with excellent angular resolution of ≈ 0.35◦.

These directional data allow to investigate the
longitudinal development of the muonic compo-
nent in showers which is a signature of the de-
velopment of the hadronic EAS core. Thus, the
hadronic interaction models used in Monte-Carlo
EAS simulations can be tested by this investi-
gation. Such studies can be done either by the
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Figure 1. Layout of the KASCADE-Grande experiment distributed over the Research Center Karlsruhe.
KASCADE is situated in the North-East corner of the Center; note the position of the Muon Tracking
Detector.

determination of a mean muon production height
[3] or by using the mean pseudorapidity of EAS
muons expressed in terms of their tangential (τ)
and radial (ρ) angles (quantities reconstructed in
the experiment) [4], [5].

2. Muon pseudorapidities in KASCADE-
Grande

The mean pseudorapidity of muons born at a
certain height in the atmosphere is independent
of the shower primary type and its energy, and
increases with the production height. In the top
panel of Fig. 2 there is an overlay of four relations
of the mean muon pseudorapidity in a registered
shower as a function of their production height
for H and Fe primaries, each for two energies. In
KASCADE-Grande muons can be registered up
to 700 m from the shower core and in every dis-

tance ring a certain “window” in the longitudi-
nal shower profile is sensed. In the bottom panel
of Fig. 2 the distributions of production heights
of muons registered in the 100 m - 200 m ring
around the core from proton and iron initiated
showers of fixed energy are shown. Muons in iron
showers are produced higher than those from pro-
ton showers in this distance bin, therefore, they
have larger mean pseudorapidity. This is true for
every distance bin in the whole lateral muon dis-
tribution, which means that it is possible to test
hadronic interaction models with muon pseudo-
rapidities.

Investigation of simulated showers show (Fig.
3) that, close to the shower core, muons created
in high energy interactions (described e.g. by
QGSJet model [7]) dominate. Far away from the
core the bulk of muons stem from the interactions
taking place at much lower energies (described by
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Figure 2. Pseudorapidity of muons as a function
of their mean production height - top, and muon
production height spectra in a distance ring from
the shower core for a fixed value of primary energy
and two types of primaries - bottom (CORSIKA
[6] results).

low-energy models like GHEISHA [8] or FLUKA
[9]). Such distances where this effect should be
visible are available in KASCADE-Grande. As
seen in Fig. 3, the relative input to the measured
muon pseudorapidity value from muons modelled
in simulations by low-energy models, at a given
distance from the core, depends on the bound-
ary energy between high- and low-energy region.
However, at remote distances the dominant por-
tion of muons stems from low-energy interactions
and the pseudorapidity distributions measured at
KASCADE-Grande test this region of interaction
models. Close to the core (KASCADE region) in-
teraction energies below 200 GeV also have signif-
icant influence on the whole pseudorapidity distri-
bution (Fig. 3-c). When the high energy model
was used down to 80 GeV the measured values
were determined dominantly by high energy in-
teractions (70% in Fig. 3-a - see also in ref. [10]).
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Figure 3. Illustration of the influence of
high- and low-energy hadronic interaction mod-
els on the muon pseudorapidity distributions in
KASCADE-Grande - see text for explanation.

3. Experimental results

Previous investigations (e.g. ref. [5]) have
shown, that the QGSJet01 model were giving
too high mean muon pseudorapidity values com-
pared to the data. In the new version of this
model - QGSJet II - showers penetrate deeper
and this has been immediately seen in the mean
pseudorapidity value, becoming lower by ≈ 0.1.
Studies of lateral distribution of pseudorapidity
in KASCADE-Grande compared to simulations
done with the QGSJet II + FLUKA combination
of models (instead of GHEISHA, used before) [11]
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Figure 4. Muon pseudorapidity spectrum mea-
sured in a distance 200 m - 400 m from the shower
core, in showers with electron size greater than
6 (logarithm of the total electron number) and
zenith angle θ = 0◦ - 18◦, compared with the
simulation results for proton and iron primaries.

showed, that for a large range of distances data
became bracketed by simulation results for pro-
ton and iron initiated showers. Apart from the
improvement in QGSJet the above mentioned sig-
nificant role of interactions below 200 GeV, sim-
ulated by the well developed FLUKA code, was
responsible for this result.

Further investigations of the lateral distribu-
tion of muon pseudorapidities have deepened the
understanding of experimental data and allowed
to introduce various efficiency corrections. As a
result, it is possible to investigate muon pseudo-
rapidity spectra (closely related to the spectra of
parent mesons’ pseudorapidity [5]) and to test the
interaction models with them in a broad range of
muon distances from the shower core.

An example of such a spectrum measured with
the MTD in the distance range between 200 and
400 meters, in nearly vertical showers, is shown
in Fig. 4. It is compared to the simulated spectra
for the same kind of showers initiated by proton
(dotted line) and iron (dashed line) primaries.

As we see, the data spectrum is bracketed by
the simulated results, which shows, that the com-

bination of QGSJet II and FLUKA codes de-
scribes the measured values in the specified dis-
tance range well. Because of that, it is planned to
determine the mean logarithmic mass parameter
using different spectra of this type (in different
distance bins).
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