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Idea of the study – S(r) at r = 500 m

E0 S(500)    

A S(500)

S(500), appealing estimator 
for primary energy

cross checks of results

New tools

H. Rebel et al, ICRC (2005) 6, 297.300

M. Brancus et al, ICRC (2005) 6, 361.364

G. Toma et al, ECRS, Lisbon,Portugal,2006



Choosing the LDF parameterization
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Simulation steps

I. air showers simulation 
(CORSIKA with 
QGSJETII for HE 
hadronic interactions):

- Lateral particle density 
distributions

- Linsley fits of the 
distributions

II. interactions of particles 
with Grande detectors:

- simulation of energy 
deposits

III. EAS reconstruction 
using lateral energy 
correction functions:

- Particle density in stations 
reconstruction

- Fits of the reconstructed 
distributions with Linsley 
LDF

Linsley fits

- Ep = 1.0 . 1013 - 1.0 . 1018 eV
- zenith angle range 0 o - 42°



• Error of the mean – dot size

• Dispersion – box error

Good correlation 
between S(500) and 
primary energy

Results from simulations

Energy variation
of S(500) for a light 
primary (p) and for a 
heavy one (Fe)



� Number of stations: minimum of 20 stations participant in the event

� Zenith angle: 0o < � < 42o

� Shower cores: inside the array (defined as X:(-500,0)&Y:(-550,50)) 

� Quality: only good Linsley fits (as reported by MINUIT)

Experimental data from KASCADE-Grande

Data selection and analysis applying several quality cuts:
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Experimental data analysis

S(500) of the 
average is 
inside the 
corresponding 
S(500) range

Linsley parameterization

for 

each shower

S500 

for

each shower

Averaged charged particle 
distributions 

for 

restricted S(500) ranges

The averaged 
measured 
charged particle 
lateral density 
distributions for 
different S(500) 
ranges
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Good quality fits

Data analysis: the power law behavior

The S(500) spectrum has a 
power law behavior

The differential S(500) 
spectrum for a set of 
large showers 

(Ne>2 . 106)

THRESHOLD



Different reconstruction 
tools:

standard tool (Ne) 

- the described tool 
(S500)

Data analysis: log 10Ne vs. log 10S(500)

Electron shower size 
(Ne) dependence with 
S(500) for a given 
shower sample



S(500) exhibits a power 
low behaviour

Data analysis: differential spectra

Differential spectra of 
the reconstructed 
S(500) observable for 
different EAS zenith 
angles and for the 
total shower sample 
(LDF adjustment in 
the radial range 300 m 
– 700 m)



Same slope for all 
angular intervals

Data analysis: integral spectra

Integral spectra of the 
reconstructed S(500) 
observable for different 
zenith angles of EAS 
incidence as compared 
to that of the total 
shower sample



The S(500) values for 
a given angle and 
intensity are obtained 
from constant 
intensity cuts in the 
integral spectra

S(500) attenuation 
with the 
atmospheric depth

Data analysis: S(500) attenuation

The S(500) 
dependence of the 
angle of incidence for 
various pre- chosen 
intensities (number of 
events).



Concluding remarks:

� S(500) is a good candidate for primary energy estimator in 
the context of the KASCADE-Grande experiment

� The S(500) spectrum has a power law behavior

� The dependence (attenuation) of the S(500) with the angle 
of incidence has been investigated 

For future:

� building the primary energy spectrum from the S(500) 
distribution

� an investigation of the possible sources of fluctuations




