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Abstract

High angular accuracy of muon track measurements in KASCADE Muon

Tracking Detector (MTD), together with the high precision in determination of
the shower direction and shower core position, allow to investigate the pseu-

dorapidity of muons in EAS using the concept of radial and tangential angles.
Preliminary results of the pseudorapidity distribution of muons registered by the

KASCADE experiment are presented. Mean muon pseudorapidity values at dif-
ferent stages of the longitudinal development of the EAS cascade are calculated

using additionally the reconstructed muon production height provided by the
MTD data. Experimental results are compared with Monte Carlo simulations.

1. Introduction

The KASCADE experiment [1] with its large Muon Tracking Detector
(MTD) [4] allows to measure directions of muons in air showers using the concept

of tangential (τ) and radial (ρ) angles [2,3]. This directional information, as shown
in [9], gives also possibility to investigate momentum components of shower muons

and, in particular, their pseudorapidities. The parameter ζ , a certain combination
of τ and ρ introduced in [9], is equal to the ratio of transversal to longitudinal

momentum components of the muon with respect to the shower direction (for
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|τ | ≤ 0.4 rad and |ρ| ≤ 0.4 rad):

ζ ≡
√

τ 2 + ρ2 =
pt

p‖
(1)

Hence, the pseudorapidity η of muons with energy > 0.8 GeV (MTD threshold)
can be expressed as follows:

η = ln
2 × p‖

pt
≈ − ln

ζ

2
(2)

2. Results and discussion

For the analysis KASCADE data registered in the period between Novem-
ber 2000 and October 2002 have been used. In addition, showers simulated with

CORSIKA [7] (v.5.644 using QGSJet98 [8] and v.5.946 using neXus2 [5] - with
GHEISHA [6] for low energy hadronic interactions in both cases) and full detector

Monte Carlo (CRES 1.15/08) were used for testing model predictions. All sim-
ulations were done with differential energy spectrum index -2.0 and events were

weighted to match the experimental spectrum index -2.7 in the energy region be-
low the knee. No knee structure was assumed here. Muon tracks were measured

in the range 20 - 160 m from the shower axis. Only showers with zenith angle

θ ≤ 22◦ were considered.

 

 

 

Fig. 1. Pseudorapidity distribution of EAS muons registered in MTD (left) and error
in determination of η as a function of η value (right).

In Fig. 1. pseudorapidity (η) distribution of muons (in shower coordinates)
registered by KASCADE for all N tr

µ values is plotted. With respect to the pure

CORSIKA results [9] the 20 m distance limit reduces the number of entries in

the range of high rapidities and cuts away values above 9.5. In the lower end of
the distribution the limits on τ and ρ values, as well as 160 m muon-shower core

distance limit, show their influence. Even with very good KASCADE resolution
of shower direction (≈ 0.2◦) and muon track (≈ 0.35◦) the errors in determination

of η ≥ 6 (see Fig. 1) become prohibitively large. However, due to large statistics,
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Fig. 2. Pseudorapidity of muons registered in MTD (solid line) compared with sim-
ulations using QGSJet model for two primary types: protons (dashed) and iron
nuclei (dotted).

errors of mean values are still very small and up to η ≈ 8.5 mean pseudorapidity

can be investigated. As an example, in Fig. 2., the pseudorapidity distributions
of EAS muons for all N tr

µ values (normalized to the maximum) were compared

with the simulations. No differences between results of the two models used
were found, so only QGSJet distributions are shown. One observes a shift of the

experimental distribution towards lower values with respect to the simulated ones.
It may indicate, either underestimation of the mean muon transverse momentum

in the parent meson decay reaction or/and overestimation of the longitudinal
momentum component of created muons. In the large psedorapidity region (above

the maximum) one finds no sensitivity of this variable to the primary mass. On the
contrary, below η ≤4.5 simulations predict different behaviour of the distribution

for protons and iron nuclei.
The pseudorapidity distribution of muons registered on ground is only

slightly shifted towards lower values with respect to the distribution at creation.
Therefore, it may be a useful probe of high energy hadronic interactions in which

pions and kaons are produced, decaying next in a weak process into muons.

For this reason it may be of interest to investigate the pseudorapidity
profile of muons in the longitudinal development of showers. The muon production

height (MPH) can also be calculated using ζ parameter, which is a measure of the
muon angle to the shower axis, and the event geometry. Mean values of MPH, as

shown in ref.[9], are very well reproduced by this method. In Fig. 3. experimental
longitudinal profiles of mean muon pseudorapidity in EAS for two N tr

µ ranges are

shown. Up to the ≈10 km where, due to the large statistics of muons, accuracy
in determination of MPH is better than 100 m, the logarithmic dependence of

η on MPH is observed with a change in slope at altitude ≈ 2 - 3 km. Above
≈10 km the errors become much larger and it is hard to make any quantitative

conclusions.
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Fig. 3. Relation between mean muon pseudorapidity and their mean production
height for experimental data with N tr

µ =3.8-4.0 (a) and N tr
µ =4.4-4.6 (b)

.
3. Conclusions

Precise measurements of muon directions with respect to the shower axis
allow to investigate muon pseudorapidities in EAS and to test hadronic interaction

models (high and low energy). Muon pseudorapidity profiles in the longitudinal
development of EAS may give another point of view on the extended air shower

physics. Presented distributions are just a few examples out of large variety of
possible investigations of muon pseudorapidity in EAS (dependence on the zenith

angle, shower size, primary type and energy etc.). Tests of other models like newer
versions of QGSJet and neXus are of particular interest also. The investigation

of high η values requires muons registered close to the shower core, which is
very difficult. In the KASCADE-Grande setup, due to the larger muon-shower

core distances available, there will be much more statistics in the region of low η
values and higher muon production altitudes can be accessed for investigation of

longitudinal shower development with reasonable errors.
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