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Abstract

A systen of large-ar@ position sensiive multiwire proportiona chambes (MWPC), installed below the
hadraon calorimete of the KASCADE (KArlsruhe Shower Core ard Array DEtecto) centra detecto is able
to measue the muan densiy specta at fixed distance from the core of EASin the knee region. Comparisons
of thee muan densiy specta with Monte Carlo simulatiors for differert primaries and various high-enegy
interaction modek lead to an estimatia of the slopes before and after the knee ard its position In contrast
to many othe knee determination this methal does nat invoke the integration of samplel laterd particle
distributions ard the muan densiy spectrun is a directy measurald obsewable with reducel systematic
uncertainties.

1 Introduction:

Since forty yeass a conspicuos chang of the spectraindex from ca -2.7 to -3.1 of the power law descrip-

tion of the primaty cosmt ray spectrum arourd 3 P&/ isknown. In spite of alot of experimenthefforts, there
reman many open questionsin particula abou the detailed position and the shape of the knee region, about
the variation of the primaly mas composition) in addition to the questia of the astrophysichorigin of the
obseved features at all. Ther is a numbe of theoretich conjecturs abou the mas composition predicting
avariation from dominanty light nucle to acompositiom of heavier nuclei.
Locd muon densiy specta at fixed distance from the shower axis have been measurd and display conspic-
uous kinks at certan values of the locd muan densiy. The analyss of this obsevation by use of extensve
Monte Carlo EAS simulatian calculatiors relates the obsewed kinks to the knee of the primary cosmct ray
enagy spectrun ard implies new a methodicdapproab of EAS investigations.

2 Apparatus:

KASCADE isamultidetecto setp (Klages et al. 1997) built in Karlsruhe Germany for measuremestof
EAS especialy in the primaly enegy rance of the knee region. The KASCADE detecto array has an area of
200 x 200 m? and 252 detecto statiors (positionel on rectangulagrids with 13 m spacing consistirg of liquid
scintillators for measurig the electromagnetiand of plastic scintillators for measurig the muonic component
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Figure 1: Integral muon density spectra measured by the MWPC for showers with two different core distances.
The vertical lines assign the position of the knee in the muon density spectrgi rEpeesent the indices of
the fitted power law functions.

of EAS. This array provides the data necessary for the reconstruction of the basic EAS characteristics like
the sizeN,, muon sizeNﬁ", core location, and angle of incidence of each single air shower. The present
measurements of the muon densities use a setup of 32 multiwire proportional chambers (MWPC) of the central
detector. It consists of 16 stacksri?-9 m?) of two chambers one upon another. Each chamber consists of
three layers of crossed anode wires and cathode stripes. The crossing angle of the cathodes to the anode wires
is +34° at each of the three different size types of the chambers. The MWPC allows a accurate determination
of the position and angle of single muons with a spatial resolution of aréanal The total sensitive area

of the MWPC setup i€ x 129 m?. The absorber of the calorimeter effects an energy threshatdzed for

vertical muons. For each single shower the local muon depgitsan be estimated with help of the number

of reconstructed muons in the MWPC setup and its sensitive area as a function of the angle of incidence of the
EAS (Haungs et al. 1999).

3 Muon Density Spectra:

The spectrum op;, of the EAS observed in a certain distance from the shower core and for a certain range
of the angle of shower incidence is the quantity of the present investigation. Figure 1 display integral muon
density spectra measured with the MWPC systéfp ¢ 2 GeV) for two particular core distances and for
the zenith angle ranged® < © < 30° measured in ¢. 5000 hours. The spectra follow a power law form
dN/dp;, o (pZ)—fB . Both spectra show a kink, expressed by the change of the spectraldndére spectral
indices and the positions of the estimated knees are included in Figure 1. The quoted errors represent the statis-
tical uncertainties. Due to the reduced efficiency of the trigger threshold for small sized showers the first data
points of the spectrum of the smaller core distance have not been included in the fit procedure. With increasing
distance from the shower core the position of the kink shifts to lower muon densities as a consequence of the
lateral distributions of the EAS muons of decreasing muon densities with increasing R. This explains also the
steeper slopes of the density spectra at larger R.
In order to analyze these results and to relate the local muon densities to the energy and nature of the primaries
detailed Monte Carlo calculations simulating the EAS development have been performed. Using the COR-
SIKA v 5.62 code (Heck et al. 1998) samples of proton and iron induced EAS of the energy rént@' 6eV



5 (QGSJet) 5 (VENUS)
proton iron proton iron
40m< R <45m | 0.718 £0.015 | 0.807 £ 0.009 | 0.776 &+ 0.016 | 0.784 £+ 0.010
65m< R<70m | 0.727 +£0.017 | 0.809 £+ 0.012 | 0.811 £+ 0.015 | 0.763 £+ 0.012

Table 1: Exponents of the power law functipf oc E?° for different core distances, primaries and high-energy
interaction models.

proton \ iron
QGSJet
T 2.7140.01 5401 £0.384y5 2.9240.01 501 £0.274y5
Y2 2.9540.0444q; £0.46,, 3.1840.04 101 £0.34y5
Einee | (7.27£0.435101 £2.335,5) -10'° eV | (4.56£0.10440; £1.105y5) -10%5 eV
VENUS
T 2.8840.01 5401 +0.275y5 2.8340.01 4401 £0.254y5
Y2 3.1440.0441q £0.354y, 3.0840.05701 £0.32,y5
Einee | (5.34£0.24514; £1.364y5) -101° eV | (4.60£0.21 440 £0.995y5) -10%5 eV

Table 2: Spectral indices; of the primary energy spectrum, obtained with different high-energy interaction
models and primary particles by combining both core distance spectra. Additionally the estimated position of
the knee is given. The main sources of the systematic errors are the evaluation of the position of the kink in
the measured muon density spectra and the uncertairityloé to the multiple use of single showers in the
detector simulation.

—1
to 1 - 10'6 eV, distributed along a primary energy spectrunm

~x E~2T are generated with two different interaction mod- .. 65m< R<70m

els (QGSJet and VENUS). The detector efficiency has beém QGSJet
included in the simulations, using each simulated EAS ten y
times in the considered ranges of the core distance. Figure 2
displays the relations between the average muon depisity
and the primary energy, described by a power fgvic E° as

an example for one interaction model and one core distance.
The values of alb resulting from a fitting procedure are listed

in Table 1. The quoted uncertainties are due to the limited
statistics of the simulated showers. On basis of these results

the posit?on'of the knee in the muon densit;_/ .spectra and' the 58 '6 é.z é.4 %.6 '6.8 ' = '7.2'7.4
spectral indiceg are related to the knee position and the in- |9(Eo) [GeV]
dexvy of the energy spectrumdN/dE = dN/dpj, - dp;,/dE

I:raedglj?\?eaoivnjra?b.le(ﬁz. 1) + 1. The results of this procedure Figure 2: Example of the dependence of the

With the help of the estimated shower siz&s and N/ local muon density on the primary energy

A . L . )
(Glasstetter et al. 1999) by the KASCADE field detectorgOr different primaries (CORSIKA simula

a global distinction between showers induced by light ant&ons with full detector simulation included).
heavy primaries is realized. The relevant parameter for the EAS separation is the muon number - electron

number ratidg(N//")/lg(N.) with N/ and N, corrected to the zenithal incidence with the measured attenu-
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Figure 3: Integral muon density spectra measured by the MWPC for all showers for enhanced "light” and
for enhanced "heavy” showers. The vertical line assigns the position of the knee in the muon density spectra
estimated for "all” EAS.

ation lengths),, and . by the KASCADE group. Figure 3 shows for one range of the shower core distance
the obtained spectra for all, "light” and "heavy” induced EAS. The kink in the spectrum of the light induced
showers is clearly rising. With the above described procedure, combining both ranges of core distance the
indices of the primary energy spectrum for both samples are calculated using the interaction model QGSJet
(VENUS). While the spectra of the light induced EAS with = 2.76(2.94) and+? = 3.20(3.42) show a

clear knee, the spectra of the heavy induced EAS have a passing slgpe=02.76(2.62) without any kink
between10'® eV and10'6 eV. The results has small statistical errors, and an estimated systematic error of
~ 0.3 is mainly due to the limited statistic in the Monte Carlo simulations.

4 Concluding Remarks:

A result of considerable interest is the first observation of kinks in muon density spectra measured at
fixed distances from the shower core. Adopting a particular mass composition and invoking Monte Carlo
simulations (by CORSIKA), the kinks and slopes of the density spectra can be related to the knee position and
spectral indices of the primary energy spectrum. The resulting indices for the all-particle energy spectrum are
about -2.8 before and about -3.1 after the knee position of aaat® eV. Thus we may summarize that after
the evidence for the existence of the knee discontinuity inhepectrum by many experiments, lateron in
the spectrum of the EAS muon content and recently in the hadron number by the KASCADE govapdél”
et al. 1999), also the muon density is shown to reveal consistently the phenomenon. The present analysis
give first hints that the knee appearance abca.0'” eV is strongly dominated by the light component of the
charged cosmic rays.
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