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New data on the muon/electron ratio derived from the KASCADE extensive air shower experiment are pre- 
sented. This ratio is known to be the most sensitive parameter in the determination of the mass of the primary 
particle when using ground array data. The particle numbers are measured with the KASCADE array comprising 
500 m 2 of e/~- and 620 m 2 of p- detectors. The primary mass is inferred on an event-by-event basis by comparing 
t.he experimental da~a to corresponding GAS simulations. We observe a change towards a heavier composition 
with increasing energy above the knee. The sensitivity of this result to the specific hadronic interaction model 
employed in t.he simulations (e.g. VENUS and QGSJET) is discussed. 

1. E x p e r i m e n t a l  s e t u p  a n d  o b s e r v a b l e s  

The  K A S C A D E  detector  array measures the 
lateral electr(m and muon  distr ibutions in exten- 
sive air showers. One aim is to obtain  the electron 
and muon  numbers  tha t  give impor t an t  clues to 
mass and energy of the pr imary  particle. The ar- 
ray comprises about  500 rn "~ of e /7-  and 620 rn 2 
of p- detectors which are housed in 252 detector 
s tat ions and are arranged in a grid of 200 x 200 
m ~ size. They  are described in more detail else- 
where ([1]). The rnuon detectors are posit ioned 
directly below the e /7-  detectors and are shielded 
by slabs of lead and iron corresponding to 20 ra- 
diat ion lenghts in total.  This imposes an energy 
threshold of about  300 MeV to muons.  Because of 
the geometrical  a r rangement  m a n y  muons  will de- 
posit energy in the e /7-  detector  before entering 
the muon detector.  On the other  hand, energetic 
photons  or electrons rnay penetra.te the shielding, 
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thereby faking a muon  signal. Hadrons will also 
deposit  energy in both  types of detectors.  These 
effects were corrected for by an iterative me thod  
using the energy deposits in the detectors and 
applying results of simulations.  The  mutua l  de- 
posits of electrons, photons  and hadrons  in the 
e /7-  and p- detectors were obtained by exten- 
sive s imulat ions with the C O R S I K A  event gener- 
ator [2] taking into account  the response of  the 
K A S C A D E  experiment.  The s imulat ion d a t a  set 
produced includes different p r imary  masses and 
zenith angles and covers a wide energy range. 
Wi th  these s imulat ions lateral energy correction 
functions were calculated to convert energy de- 
posits to particle numbers.  
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2. D e t e r m i n a t i o n  o f  e l e c t r o n  and m u o n  
n u m b e r s .  

3. E s t i m a t i o n  o f  c o l n p o s i t i o n  f r o m  t h e  
m u o n / e l e c t r o n  rat io .  

Data processing and shower analysis is per- 
formed in a three-step procedure. In a first step 
the shower ('ore and shower direction are recon- 
structed t.o apply the lateral correction flmctions 
and to ('onvert the energy deposits to particles. A 
rough estimation for the electron and muon num- 
bers is done by parametrisation of the total en- 
ergy deposits. After iterative corrections tbr elec- 
tromagnetic punch through in the >- detectors 
and the muonic energy deposit in the e/7- de- 
1.('or.ors the electron and muon densities are both 
fitted by NK(;-functions. The electrons are fit- 
ted with a radius parameter of 89 m, the muon 
tit flmction uses a fixed slope parameter, cMcu- 
lated from electron number and zenith angle, and 
a radius paran-let, er of 420 m in a fit range of 40- 
200 m. The lower radius cut is due to uncer- 
tainties of hadronic and electromagnetic punch 
through, t, hat may deposit even more energy than 
the nmons a.t distances close to the shower core. 
'The upper cut reflects the limits of geometrical 
acceptance. In a final level a. subsequent NKG 
fit using the muon distribution as a background 
function provides the final electron number and 
h~teral distribution. This fitted function is used 
to correct the energy deposits in the tl- detectors. 
The muon densities are then fitted with a NKG 
funcl.ion again. By integrating this flmction from 
zero to infinity, we obtain the muon size Nt~. A1- 
ternat.ively, an integration within the range of the 
fits gives the truncated muon size NT[, which is 
aloproximately a factor of 4 smaller than the to- 
tal muon size. This observable has the advantage 
to be tYee of systematical errors caused by ex- 
trapola.tiol~s outside the experimental acceptance. 
~]he systematic uncertainty of the reconstructed 
particle numbers is about 5% and is well under- 
stood. The reconstruction accuracy is dominated 
by sampling ituctuatioi~s and is about. 5% for the 
electron size and 10% for the muon size at the 
]( l l e e .  

'The data presented here were taken out, of 
6 .  10 7 reconstructed showers. The following 

principal cuts were applied to the reconstructed 
events in order to ensure reliable reconstruction 
results: 
The reconstructed shower core was within a ra- 
dius of 91 m from the center of the array and the 
accepted shower age was restricted to 0.2 < age 
< 2. An energy threshold of approximately 
1015 eV guarantees 100% trigger and reconstruc- 
t:ion efficiency for proton and iron showers. The 
data were subdivided into narrow zenith angle 
bins. The zenith angle of the data shown in Fig- 
ure 1 and Figure 2 was restricted to 18 ° _< O _< 
26 ° . About 580.000 showers survived these cuts. 
In the following the data were subdivided into 8 
energy bins (9-1014 eV< E0 < 101~eV), that 
were calculated by the simulated correlations of 
(electron and muon numbers to the primary en- 
ergy. The binning calculated with VENUS dif- 
fers slightly from the binning calculated with the 
QGSJET model. The simulated data consist of 
three mass groups: light masses (represented by 
protons and helium), medium masses (oxygen) 
and heavy masses (iron). 5000 showers were pro- 
duced for each of the elements with an energy 
slope of E -1. These showers were finally anal- 
ysed with the reconstruction code used fbr the 
raw data and given a weight of E - i 7  to be com- 
parable with data. 
A four-parameter maximum likelihood fit was 
performed to the muon/electron ratio distribu- 
tions within these bins. The fit flmction was given 
by the sum of the four simulated element distri- 
butions which where approximated by Gaussians. 
The fitted parameters are the weights of these 
distributions. The results for helium and proton 
were added to give the weight of the light group. 
Figure 1 and 2 demonstrate the quality of the fit, 
for two energy bins (6.25 _< loglO(Eo/GeV)<_ 6.4 
and 6.55 _< loglO(Eo/GeV)<_ (5.7). 

The different results of the fit as shown in fig- 
ure 2 are mainly due to larger shower fluctuations 
predicted by the QGSJET model. 
The experimental data can be described reason- 
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Figure I. The muon/electron ratio distributions 
for an energy at ~ 2 • 1015 eV 
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Figure 2. The muon/electron ratio distributions 
for an energy at --~ 4 • 1015 eV 

ably well by both VENUS and QGSJET simu- 
lations. The sinmlations show no severe shift to 
the left or the right side of the data distribution. 
Figure 3 a) shows the fit results for all 8 bins for 
the VENUS prediction: A mild trend to a lighter 
composition up to the knee and then an increas- 
ing part of the medium and heavy masses can 
be observed. The energy region where the com- 
position chauges significantly corresponds to the 
knee position in the electron size spectra anal- 
ysed by [3]. ITsing the QGSJET model (Figure 
3 b) the behaviour below the knee looks qualita- 

tively similar to the VENUS results, but there is 
an enhancement of medium mass above the knee 
position. The lowest energy bin may be affected 
by efficiency effects. 
A fit to the simulated showers that have been used 
for the parametrisation of the Gaussian functions 
shows no systematical error when using a con- 
stant composition as input. The careful study of 
the appropriate parametrisation of the simulated 
distributions and resulting systematic errors will 
be continued. 
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Figure 3. The fractions of the three mass groups 
as function of primary energy 
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