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KASCADE-Grande: a conclusive experiment on the knee
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C. Büttner1, A. Chiavassa6, P. Doll1, J. Engler1, F. Feßler1, P. L. Ghia7, H. J. Gils1, R. Haeusler1, W. Hafemann1,
A. Haungs1, D. Heck1, J. R. Hörandel3, A. Iwan3,4, K-H. Kampert 3,1, J. Kempa4,+, H.O. Klages1, G. Maier1,
D. Martello 1,*, H. J. Mathes1, H. J. Mayer1, J. Milke1, C. Morello7, M. M üller1, G. Navarra6, R. Obenland1,
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Abstract. We present the status and capabilities of the Ex-
tensive Air Shower experiment (KASCADE-Grande) which
is being realized at Forschungszentrum Karlsruhe through a
large collecting area (0.5 km2) electromagnetic array (Grande)
that will operate jointly with the existing KASCADE de-
tectors. KASCADE-Grande will cover the primary energy
range1016 eV < E0 < 1018 eV, overlapping with KAS-
CADE around1016 eV, thus providing a continuous infor-
mation from3 · 1014 eV to 1018 eV. The main task of the
experiment is the observation of the ”iron knee” in the cos-
mic ray spectrum that is expected atEFek ≈ 1017 eV. This is
expected following the increasing mass of the primaries ob-
served between1015 and1016 eV (knee region for the light
component), and the rigidity dependent breaks for the spec-
tra of different primaries from the conventional acceleration
models. Its observation will provide a definite proof of the
knee structure.

1 Introduction

One of the main results so far obtained by the KASCADE
(Glasstetter et al. (1999) ; Roth et al. (1999) ; Hörandel et al.
(1999) and Weber et al. (1999)) and EAS-TOP (Aglietta et
al. , 1999) experiments, is a picture of an increasingly heavier
composition above the knee largely caused by a break in the
spectrum of the light component. A change towards a heavier
composition above the knee is expected in conventional ac-
celeration models, where the knee is supposed to be rigidity
dependent. A convincing verification of this type of model
would be the observation of the knee in the heavy component
in the primary energy region aroundE0 = ZFe×Ek ≈ 1017

eV. Such an uncovering requires the extension of the high
quality data obtained in the energy range1015 - 1016 eV by
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KASCADE and EAS-TOP, without loosing accuracy, signif-
icantly aboveE0. For such purpose, a new Extensive Air
Shower array (KASCADE-Grande) is being realized at the
Forschungszentrum Karlsruhe (8o E, 49o N, 110 m a.s.l.) by
means of 37 stations of 10 m2 each of scintillator counters
at a mutual distance of about 130 m and covering globally
an area of about 0.5 km2, next to the KASCADE site in or-
der to operate jointly with the existing KASCADE detectors.
In this configuration KASCADE-Grande will cover the pri-
mary energy range1016eV < E0 < 1018eV. The superpo-
sition with KASCADE will guarantee the cross calibration
of the detectors, and provide a full coverage from3 · 1014 to
1018 eV. The detector will start operation in January 2002,
and will reach its full statistics in 3-4 years of data taking.
The present status of the array, its resolutions and capabil-
ities in the reconstruction of average primary composition,
and verification of the hadronic interaction models used for
the analysis, in the energy range of operation, are discussed.

2 The experiment

The basic layout of KASCADE-Grande is reported in fig. 1.
It consists of three different arrays: KASCADE, Grande, and
Piccolo.

The KASCADE experiment (Klages et al. , 1997) is made
by three major components: an array of electron and muon
detectors, a central detector mainly for hadron measurements
but with substantial muon detection areas, and a tunnel with
streamer tube muon telescopes. Thee/γ and µ detectors
cover an area of about 200× 200 m2 and consist of 252
detector stations located on a square grid of 13 m separa-
tion providing in total about 490 m2 of e/γ and 622 m2 of
µ coverage. The detection thresholds for vertical incidence
areEe > 5 MeV andEµ > 230 MeV. The central detec-
tor system (320 m2) consists of a highly-segmented hadronic
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Fig. 1. Layout of KASCADE-Grande.

calorimeter read out by 55,000 channels of warm liquid ion-
ization chambers, a layer of scintillation counters above the
shielding, a trigger plane of scintillation counters in the third
layer and, at the very bottom, 2 layers of positional sensi-
tive MWPC’s, and a streamer tube layer with pad read-out
for muon tracking atEµ ≥ 2.4 GeV. The muon tracking de-
tector (Zabierowski et al. , 2001) is located in a 44× 5.4×
2.4 m3 tunnel, close to the central detector. It houses three
horizontal and two vertical layers of positional sensitive lim-
ited streamer tubes for muon tracking atEµ ≥ 0.8 GeV. The
accuracy in reconstructing theµ direction isσ ≈ 0.35o.

Grande consists of 37 stations of 10 m2 each of scintilla-
tor counters - basically the electromagnetic detector of EAS-
TOP (Aglietta et al. , 1989) - at a mutual distance of about
130 m and covering globally an area of about 0.5 km2 next
to the KASCADE site. Each of the 10 m2 station is split
into 16 individual scintillators (NE102A, 80× 80 cm2 area,
4 cm thick). Each scintillator is viewed by a photomultiplier
XP3462B for timing and particle density measurements from
np ≈ 0.3 to≈ 750 /10 m−2 (HG ch). The four central scin-
tillators are equipped with an additional similar PM but with
a maximum linearity divider, for large particle density mea-
surements: fromnp ≈ 12 to≈ 30000 /10 m−2 (LG ch).

Piccolo consists of an array of 8 huts (10 m2 each) equipped
with 12 scintillator plates each, placed towards the center
of Grande array. The main aim of Piccolo is to provide an
external trigger to Grande and KASCADE for coincidence
events allowing the recording of data from all the detectors of
KASCADE-Grande. A triggering condition of≈ 1 Hz will
provide an efficiencyε > 0.6 at 1016 eV, becomingε ≈ 1
at 5 · 1016 eV for all primaries in the fiducial area of 300 m
radius around Piccolo (from CORSIKA-QGSJET).

A summary of the detector components together with their
most relevant parameters is given in Table 1.

Piccolo, Grande and the cross triggering electronics are
under construction, and the full array will start common data
taking in January 2002.

3 Analysis.

The energy range of interest is shown in fig. 2. With three
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Fig. 2. Differential energy spectrum of CRs. The knee of the light
component, the expectation for the heavy one, and the energy re-
gion covered by the KASCADE and KASCADE-Grande arrays are
shown. The darker area represents the region of superposition of
the two detectors.

years data taking, and collecting areaA ' 0.5 km2, the to-
tal exposure of KASCADE-Grande will be:Γ ' 1014m2srs.
This will correspond to a collected number of events (includ-
ing the trigger efficiency of Piccolo):n(> 1016eV ) ' 1.7 ·
106, n(> 3 · 1016eV ) ' 2.8 · 105, n(> 1017eV ) ' 2.5 · 104,
n(> 3 · 1017eV ) ' 2.8 · 103, n(> 1018eV ) ' 250.
Up to about1018 eV KASCADE-Grande will thus provide
statistically significant physical information.

The basic observables will be: the muon density at core
distance between 300 and 600 m (providing, together with
the observed muon lateral distribution, the muon density at
600 m,Dµ600), their reconstructed production heights (hµ)
from the tracking modules (including timing information for
the muons in the KASCADE central detector), and the shower
size (Ne) and lateral electron density profile from the ex-
tended electromagnetic (e.m.) array.

For what concerns the reconstruction accuracies of the Gran-
de array, the resolutions reported in table 2 have been es-
timated through a simulation based on CORSIKA-QGSJET
model for near vertical events (1.00 < sec θ < 1.05) - left -
and inclined showers (1.15 < sec θ < 1.30) - right. A good
performance of the array is expected in all the simulated con-
ditions (and that will be verified, at the lower energies, by the
coincident data with thee/γ detector of KASCADE). Con-
cerning theµ detectors, the same simulation gives a density
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Detector Channels Separation(m) Total area (m2) ThresholdEkin Particle
Array e/γ 252 13 490 5 MeV e
Array µ 192 13 622 230 MeV× sec θ µ
Trigger 456 - 208 490 MeV× sec θ µ
MWPCs 26080 - 129 2.4 GeV× sec θ µ

Calorimeter 44000 - 304 50 GeV Hadrons
Muon Tunnel 24576 - 128 800 MeV µ

Grande 74 <130> 370 3 MeV e,µ
Piccolo 16 <25> 80 5 MeV e,µ

Table 1. Most relevant parameters of detector components. Detection thresholds refer to the particle energies above the absorber material of
the detectors.

1.00 < secθ < 1.05 1.15 < secθ < 1.30

p Fe p Fe
1016 eV 1017 eV 1016 eV 1017 eV 1016 eV 1017 eV 1016 eV 1017 eV

Log(Ne) 6.15 7.26 5.85 7.08 5.73 6.82 5.42 6.65
ε 0.99± 0.02 1.00± 0.02 0.99± 0.02 1.00± 0.02 0.98± 0.02 1.00± 0.02 0.94± 0.02 1.00± 0.02

∆ x −0.07 (m) 0.06 (m) −0.04 (m) 0.01 (m) −0.04 (m) 0.02 (m) −0.14 (m) −0.16
σ(x) 9.08 (m) 5.32 (m) 11.2 (m) 5.39 9.08 (m) 5.32 (m) 11.2 (m) 5.39
∆ y 0.14 (m) 0.04 (m) −0.09 (m) 0.04 (m) −0.05 (m) −0.05 (m) −0.19 (m) 0.02
σ(y) 6.1 (m) 4.69 (m) 7.13 (m) 4.54 (m) 8.60 (m) 5.27 (m) 10.6 (m) 5.23
∆ s −0.10 −0.03 −0.14 −0.04 −0.13 −0.04 −0.18 −0.05
σ(s) 0.09 0.07 0.10 0.08 0.10 0.07 0.11 0.07

∆ Ne% 0.6 1.3 −1.8 2.7 −13.1 −1.0 −28.4 −0.03
σ(Ne%) 12.2 12.9 12.0 14.2 17.8 10.9 26.1 12.1

Table 2. Simulated reconstruction resolution (based on QGSJET) of the Grande array for near vertical events (1.00 < sec θ < 1.05) on the
left and for inclined showers of1.15 < sec θ < 1.30 on the right. Numbers labelled∆ represent the average of (extracted - reconstructed)
values.ε = efficiency,x andy = coordinates,s = age parameter andNe = e.m. size.

of µ at 600 m from the core (Dµ600) of about 0.1 m−2 for a
E0 = 1017eV proton. Considering a detection area of about
800 m2 it implies an average of 80µ detected on a event by
event basis meaning a statistical fluctuation of about12%.

Ξ

Fig. 3. QGSJET Simulations of proton and iron primaries in the
energy range of2 · 1016 ≤ E ≤ 5 · 1017 eV. The light symbols
represent iron and the dark ones proton simulations. Both, shower
fluctuations and experimental uncertainties are taken into account.
TheΞ line is used as a guideline for theΞ mass axis.

A Monte Carlo simulation, using the CORSIKA package,
has been performed in order to check the experiment capa-

bilities for testing the hadronic interaction models and recon-
structing the mass of primary CRs through the three observ-
ablesNe, Dµ600, andhµ. An example is presented in fig.3.
Here, the primary composition is defined in terms of the
mass parameterΞ, whose definition throughNe andDµ600

is shown in the same figure, in whichNe vsDµ600 scatter
plots obtained for protons and iron primaries obtained from
QGSJET simulations are shown. The line separating p and
Fe primaries best is indicated in the figure. The mass axis,
Ξ is thus shown orthogonal to this line.Dµ600 is, as first
approximation, used as energy estimator. The ”iron knee”
is identified as the saturation point (Dsat

µ600) of the mass pa-
rameterΞ vsDµ600, while the saturation levelΞsat depends
on the low energy composition and the change in the spec-
trum of the individual components at the knee (∆γ). In
figs. 4 and 5 the evolution of the mass parameter (Ξ) vs. pri-
mary energy (Dµ600) is shown for different interaction mod-
els (QGSJET and HDPM), for∆γ = 0.5 and ∆γ = 0.7
(that are realistic values obtained from the interpretation of
the data in the1015 − 1016 eV energy range, assumed equal
for all primaries) and a rigidity dependent knee (at5·1015 eV
for primary protons). The statistic and reconstruction accu-
racies are sufficient to obtain the quoted measurements with
uncertainties< 20%.

Concerning hadronic interaction models, their significant
differences lead to different longitudinal developments. The
average relation betweenhµ andDµ600 for the interaction
models used (HDPM and QGSJET) are shown in Fig. 6.
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Fig. 4. Ξ vsµ density for a CMC composition model with a∆γ =
0.5. Cross and boxes represent the input and reconstructed values.
The top scale is expressed in GeV, while the bottom one in m−2.
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Fig. 5. Same as fig.4 but for∆γ = 0.7.

At Dµ600 ≈ 0.1 the accuracyDµ600 on individual events is
≈ 15%, and onhµ < 100 gcm−2, thus a separation can be
performed from the clustering of the events in the regions
corresponding the two models for the different masses.

4 Conclusions

The main characteristics of a new experiment (KASCADE-
Grande) that is being realized at the Forschungszentrum Karls-
ruhe as a joint application of the KASCADE and EAS-TOP
detectors, by employing well understood and proven experi-
mental techniques already applied at lower energies, are dis-
cussed. The apparatus will be completed in 2001, data tak-

QGSJET

HDPM
A=1

A=16

A=64

Fig. 6. Relation between< hµ > andDµ600 for different inter-
action models and primary mass nuclei for primary energyE0 =
(1− 2) · 1017 eV and 600 m from the EAS core.

ing is planned from 2002 to 2005. In three years of effective
data taking it will accumulate sufficient statistics up to1018

eV (≈ 103 events above5 · 1017 eV). This experiment will
cover an energy range that is poorly known, essentially from
old AKENO (Nagano et al. , 1984) and the lower tail of
FLY’S EYE (Bird et al. , 1994) data. The task of the exper-
iment is to give a conclusive answer on the structure of the
knee, testing the rigidity dependent model up to the energies
of the ”iron” group. Moreover it will allow to test different
hadronic models in an energy range not accessible to accel-
erators but important for CRs physics. Finally it will provide
a bridge to the measurement and interpretation of CRs for
experiments working at much higher energies like the Pierre
Auger, HIRES or OWL-Airwatch Projects.
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