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Performance of the KASCADE-Grande array
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Abstract. The KASCADE-Grande experiment con-
sists of the basic KASCADE complex and of an
extended array, Grande, made of 37x10 m2 scin-
tillation detectors spread over an area of 700 x
700 m2. Grande enables triggers and reconstruction
of primary cosmic rays in the energy range of
1016 to 1018 eV through the detection of the all-
charged particle component of the related Exten-
sive Air Showers. The experimental set-up allows,
for a subsample of the registered showers, detailed
comparisons of the data with measurements of the
original KASCADE array (252 unshielded detectors,
with 490 m2 sensitive area and 192 shielded muon
detectors with 622 m2 sensitive area spread over
200 x 200 m2) on an event by event basis. We
discuss the Grande reconstruction procedures and
accuracies. The lateral charged particle distributions
are measured over a wide range of core distances,
the results of the measurement are presented.

Keywords: KASCADE-Grande, Reconstruction,
LDF

I. I NTRODUCTION

The extensive air shower experiments KASCADE and
EAS-TOP have shown that the change of the slope in
the energy spectrum (“the knee”) for different elemental
groups occurs at different energies [1], [2]. For the
lightest nuclei the knee has been measured at 3· 1015 eV.
These results support the general view which attributes
the change of the spectral index to processes of magnetic

confinement, occurring either at acceleration regions, or
as diffusive leakage from the Galaxy (or both). Such
processes predict that the maximum energy for a specific
primary nucleus depends on its atomic number Z.
The Grande array increases the collecting area of KAS-
CADE in order to extend the measured energy range.
The aim of KASCADE-Grande [3] is to perform energy,
composition and anisotropy studies up to 1018 eV, i.e.
in the region where the transition from galactic to
extragalactic cosmic rays is supposed to happen.

II. EXPERIMENTAL SETUP

The KASCADE-Grande experiment is located at
Forschungszentrum Karlsruhe, Germany (49.1o N, 8.4o

E) at 110 m a.s.l., corresponding to an average atmo-
spheric depth of 1023 g/cm2. It consists of an extension
of the KASCADE [4] experiment with Grande, an array
of plastic scintillators obtained reassembling the EAS-
TOP [5] electromagnetic detector, which expands the
collecting area, and Piccolo a smaller array providing
a fast trigger common to all components.
The KASCADE-Grande detectors and their main char-
acteristics are listed in table I and their layout is shown
in fig. 1.

The KASCADE array is composed of 252 detector
stations on a square grid with 13 m spacing.
It is composed of:

• e/γ-detectors which mainly consists of 2/4 liquid
scintillator units (1 m diameter, 5 cm thick);
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Detector Particle Area m2 Threshold
Grande array (plastic scintillators) charged 370 3 MeV
Piccolo array (plastic scintillators) charged 80 3 MeV
KASCADE array (liquid scint.) e/γ 490 5 MeV
KASCADE array (shielded pl. scint.) µ 622 230 MeV
Muon tracking det. (streamer tubes) µ 3×128 800 MeV
Multi wire proportional chambers µ 2×129 2.4 GeV
Limited streamer tubes µ 250 2.4 GeV
Calorimeter h 9×304 50 GeV

TABLE I: The KASCADE-Grande detectors, their total sensitive area and threshold for vertical particle.
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Fig. 1: Layout of the KASCADE-Grande experiment.

• µ-detectors which mainly consists of 4 plastic scin-
tillators (90 x 90 x 3 cm3), placed below the
e/γ-detectors and a shielding (10 cm of lead and 4
cm of iron, which entails a threshold of 230 MeV
for vertical muons).

The Grande array consists of 37 stations with an
average spacing of 137 m over a 700 x 700 m2 area.
Every detector station consists of 10 m2 of plastic
scintillator organized in 16 units (80 x 80 x 4 cm3). Each
unit is equipped with a high gain (HG) photomultiplier
(pmt) and the 4 central units are additionally equipped
with a low gain (LG) photomultiplier to increase the
dynamic range. The signals from the pmts are added
up through passive mixers, one for the HG and one
for the LG pmts. The output signals are preamplified
and shaped by Shaping Amplifiers into 3 analog signals,
digitized by 3 Peak-ADCs, covering the dynamic ranges
0.3÷ 8, 2÷ 80, 20÷ 800 particles/m2 respectively. The
overlapping ranges between the scales are used for cross-
calibration. Each detector is continuously monitored
and calibrated by means of single muon spectra. The
systematic uncertainty on the measured particle density
by each detector is less than 15% and the statistical

uncertainties are dominated by poissonian fluctuations.
The array is divided in 18 trigger clusters of 7 modules

each (6 modules in an hexagon and a central one). The
trigger rate is 0.5 Hz and becomes fully efficient for all
primaries at E0 = 1016 eV.

III. RECONSTRUCTION OF EXTENSIVE AIR SHOWERS

Core position, arrival direction and total number of
charged particles are reconstructed in an iterative fit
procedure of the energy deposit and timing measure-
ments by the Grande array detectors. The energy de-
posit is converted to charged particle density through a
function of the core distance, derived from shower and
detector simulations, taking into account energy deposit
of charged particles and gamma conversion [6]. The
fitting functions have been derived from full shower and
detector simulations. The shower front is fitted with:

t = 2.43 · (1 +
r

30
)1.55ns

with a time spread:

σt = 1.43 · (1 +
r

30
)1.39ns

where r is the distance from shower axis in meter.
The lateral distribution is fitted with a modified NKG
function:

ρch = C(s)Nch

( r

30

)s−1.6 (

1 +
r

30

)s−3.4

and the normalization factor is:

C(s) =
Γ(3.4−s)

2π · 302 · Γ(s−1.6+2) · Γ(1.6+3.4−2s−2)

The total number of muons is obtained by means of a
fit of the muon densities measured by the KASCADE
array with a Lagutin function (core position is fixed):

ρµ(r) = Nµ · f(r)

f(r)=
0.28

3202
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)
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−2.39
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Reconstruction procedure and accuracy of the muonic
component are described in [7].

A single event reconstruction, with the particle den-
sities measured by Grande and by the KASCADE array
muon detectors and the corresponding lateral distribution
fits, is shown in figure 2.
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Fig. 2: Lateral distributions of a single event: muon
densities measured by KASCADE array muon detector
and muon ldf (black triangles represent the average
densities in rings of 20 m, while the fit is performed on
individual detector measurements); all-charged particles
measured by Grande detectors and all-charged ldf. The
parameters of the shown event are:
xcore = -307 m, ycore = -86 m, lg Nch = 7.9, lg Nµ = 6.7,
Θ = 16.5o, Φ = 245.5o.

IV. RECONSTRUCTION ACCURACIES

For a subsample of the events collected by the Grande
array it is possible to compare on an event by event basis
the two independent reconstructions of KASCADE and
Grande. This provides the unique opportunity of evalu-
ating the reconstruction accuracies of the Grande array
by a direct comparison with an independent experiment
instead of the usual procedure involving simulations.
Since the KASCADE array is much more dense (sensi-
tive area over fiducial area = 0.06) than Grande (sensitive
area over fiducial area = 0.002), the contribution to the
differences in the reconstructed observables from KAS-
CADE is negligible and its reconstruction can be taken
as reference. The subsample is obtained accordingly to
the following selection criteria: maximum energy deposit
in the central station of the hexagon overlapping with
KASCADE, core position within a circle of 90 m radius
from KASCADE center, zenith angle less than 40o. The
scatter plot with the shower sizes reconstructed by both
arrays is shown in fig. 3. By means of such a comparison
the Grande reconstruction accuracies are found to be:

• shower size (fig. 4): systematic≤ 5%, statistical≤
15%;

• arrival direction (figs. 5, 6):σΨ ≈ 0.7o;
• core position (fig. 7):σcore ≈ 5 m.

V. M EAN LATERAL DISTRIBUTION OF CHARGED

PARTICLES

In fig. 8 the experimental mean lateral distributions
for vertical showers (0o ÷ 18o) and for different shower
sizes in the range 6.2< lg Nch < 7.8 are shown.
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Fig. 3: Scatter plot of the shower sizes (charged parti-
cles) reconstructed by KASCADE (x-axis) and Grande
(y-axis).

Fig. 4: Mean value and Root Mean Square of the
distribution of the shower size differences over shower
size reconstructed by KASCADE (NKA

ch ) as function of
NKA

ch .

The lines represent the lateral distribution functions with
mean Nch and s-parameter values of the correspond-
ing Nch bin. The lateral distributions measured by the
Grande array extend up to more than 700 m and the used
lateral distribution function represents the data well over
the whole range.
In fig. 9 the lateral distributions are shown in a region
closer to the core and with the core position recon-
structed independently by KASCADE, showing that the
good description of measured particle densities by the
functions is not just a consequence of the fit procedure.
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Fig. 5: Angle (Ψ) between the arrival directions recon-
structed by KASCADE and Grande, in a bin of NKA

ch

(6.2 < lg NKA
ch < 6.3).

Fig. 6: Grande array arrival direction accuracy from
Rayleigh distribution of angular differences (Ψ).

VI. CONCLUSIONS

The reconstruction procedures and the achieved ac-
curacies of the Grande array have been studied experi-
mentally and shown. The result is that Grande provides a
large acceptance (2.5·109 cm2·sr for E0 > 1016eV, zenith
angle< 40o) and it is accurate enough (Nch uncertainty:
systematic< 5%, statistical< 15%) for the aims of
present analysis [8]. The used lateral distribution func-
tion describes experimental lateral distributions over the
whole 700 m range. Finally the mean lateral distributions
of charged particle have been shown.

REFERENCES

[1] T. Antoni et al. - KASCADE Coll., Astrop. Phys. 24, 1 (2005),
[2] M. Aglietta et al. EAS-TOP Coll., Astrop. Phys. 21, 583 (2004),
[3] G. Navarra et al. - KASCADE-Grande Coll., Nucl.Instr. and

Meth. A 518 (2004),
[4] T. Antoni et al KASCADE Coll., Nucl. Instr. and Meth. A 513,

490 (2003),
[5] M. Aglietta et al. - EAS-TOP Coll., Nucl.Instr. and Meth.A 336

(1993),
[6] R. Glasstetter et al. - KASCADE-Grande Coll. - Proc. 28th

ICRC, Tsukuba, Japan, vol. 2 (2003) 781,
[7] D. Fuhrmann for the KASCADE-Grande Coll., these proceed-

ings,
[8] E. Cantoni for the KASCADE-Grande Coll., these proceedings.

Fig. 7: Grande array core position accuracy from
Rayleigh distribution of core position differences.

Fig. 8: Mean lateral distributions of charged particles,
grouped in lg NGr

ch bins.

Fig. 9: Mean lateral distributions of charged particles
closer to the core and with core position reconstructed
independently by KASCADE.


