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Abstract. KASCADE-Grande is a multi-component detector located at Karlsruhe, Germany. It 
was optimized to measure cosmic ray air showers with energies between 5 x 10̂ ^ and 10̂ ^ eV. 
Its capabilities are based on the use of several techniques to measure the electromagnetic and muon 
components of the shower in an independent way which allows a direct comparison to hadronic 
interaction models and a good estimation of the primary cosmic ray composition. 

In this paper, we present the status of the experiment, an update of the data analysis and the latest 
results. 
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INTRODUCTION 
Cosmic rays are a major subject for the development of particle physics and astrophysics. 
The details about the acceleration mechanism of cosmic rays with energy 

above 10^4 gY 
CP1123, Cosmic Rays and Astrophysics, edited by C. J. Solano Salinas, D. Wahl, J. Bellido, and O. Saavedra 
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are not completely understood. Figure 1 shows the energy spectrum of particles arriving 
on Earth as measured by several experiments. The spectrum follows a power law and 
shows two evident breaks at energies around 10^^ eV and 10^^ eV. These features are 
known as the first knee and ankle of the energy spectrum. In this work we are going to 
discuss the data measured by the KASCADE-Grande experiment operating in the energy 
range between 10^^ and 10^^ eV. In this energy range, another less abrupt change known 
as the second knee is foreseen. 

10'^ e 

^ 
10'° =-

S 1 0 " -

:r 10'= r 

10 ' 

T i 
PROTON 
RUNJOB 

direct data 

'+'^f--iS& 
o 
D 
A 
* 

KASCAOE(QGSJETCll) 
IWSCADEH 
l i^SCADEHa 
l<ASCADEheav> 

KASCADE(SIB'r'LL2.1) 
KASCAOEH 
ICHSCADEHe 
KASCADEhaaw 

Akeno 
HiRes I 
HiRes II 
AGASA 

10 ' ° 1 0 " 10 ' 
Energy (eV/particle) 

FIGURE 1. The cosmic ray energy spectrum measured by several experiments. 

Supernova remnants are the most probable candidates for acceleration sites of parti-
cles with energy up to the knee. Theories based on Fermi mechanism [6] predicts that 
the maximum energy that a particle could be accelerated to, is directly proportional to 
its charge: Emax = ZRB, in which Z is the particle charge, R and B are respectively the 
size and the magnetic field strength at the acceleration region. According to these cal-
culations each particle type should have a different spectrum shape, see for example 
references [3, 4, 5]. 

According to these models, a second break in the flux should be present at energies 
around 10^^ eV corresponding to the limit of galactic acceleration. In order to measure 
this energy range of the spectrum, the KASCADE-Grande experiment which is an 
extension of the KASCADE detector, has been taking data for the last three years. In 
the following sections, a description of the experiment is given and some preliminary 
results are going to be shown. 

The KASCADE-Grande Collaboration is preparing for the near fliture a new release 
of results, including energy spectra, anisotropy and composition studies, therefore, the 
results presented here are not far from what was presented in previous papers ([1, 2]). 
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TABLE 1. KASCADE-Grande components. Table shows the de-
tector components specifying the particles they are able to measure 
and the threshold energy. 

Detector Particle Threshold 
Grande array (plastic scintillators) 
Piccolo array (plastic scintillators) 
KASCADE array (liquid scintil.) 
KASCADE array (plastic scintil.) 
muon tracking detector (streamer tubes) 
calorimeter (liquid ion. chambers) 

e/7+M 
e/7+M 

e/7 
M 
M 
H 

5MeV 
5MeV 
5MeV 

230 MeV 
800 MeV 
50GeV 

THE KASCADE-GRANDE EXPERIMENT 

The KASCADE-Grande experiment [9] is located at the Forschungszentrum Karlsruhe, 
Germany, where, beside the existing KASCADE [7] array, two new detector set ups 
(Grande and Piccolo) have been installed. The experiment is able to sample different 
components of extensive air showers (electromagnetic, muonic and hadronic) with high 
accuracy, covering a surface of 0.5 km^. 

The Grande array is made up by 37 detector stations housing a scintillator of lOm^ 
sensitive area. These detectors are only able to measure the charged shower component 
without separation into muons and electrons. The KASCADE experiment has three main 
components: a) the KASCADE array measuring lateral densities and arrival times of the 
electromagnetic and muonic component, b) the muon tracking detector that measures 
tracks of single muons and c) the central detector measuring high energetic muons 
and hadrons. Figure 2 shows a schematic view of the KASCADE-Grande experiment 
with its components. Table 1 summarizes the techniques, measured particles types and 
thresholds for each KASCADE-Grande component. 
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FIGURE 2. Left: The KASCADE-Grande experiment. The figure shows the layout of the experiment. 
Right: Arrival direction reconstruction accuracy. 
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FIGURE 3. Total number of electron and total number of muons reconstruction accuracy. See reference 
[10] for details. 

Reconstruction Accuracy 

The main parameters used in the analysis of the data measured by the KASCADE-
Grande experiment are the arrival direction, the total number of muons and the total 
number of electrons in the shower for which the reconstruction accuracy is going to 
be discussed below. The total number of electrons in the shower is reconstructed in a 
combined way using KASCADE and KASCADE-Grande stations. The reconstruction 
of this parameter can be tested using full Monte Carlo simulations including the devel-
opment of the air shower and the detector response. Figures 2 (right) and 3 show the 
reconstruction accuracy of the main parameters quoted above. 

The arrival direction accuracy is better than 1.5 degrees for the full range of zenith 
angles used in the anisotropy studies. At the same way, the electron and muon recon-
struction errors were determined to have a systematic shift smaller than 5% and a sta-
tistical error of the order of 20%. All the important parameters are reconstructed with 
an accuracy better than what is needed to extract the relevant physics results concerning 
composition and anisotropy. 

The accuracy of the KASCADE-Grande reconstructions can be seen in details in 
references [10, 11]. 

Mass composition studies 

The capability to measure separately muons and electrons allows the KASCADE-
Grande Collaboration to determine the energy spectrum for each primary component. 
Figure 4 (left) shows the two parameter distribution of the total number of electrons 
and muons measured by the KASCADE-Grande experiment. This distribution can be 
compared to simulations and transformed into an energy spectrum for different primary 
particles. 

In this plot, it is possible to see the energy threshold of the KASCADE-Grande 
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FIGURE 4. Left: Measured number of muons and electrons. Right: Density of muons as a function of 
the total number of electrons in the shower. 

experiment, the parameter space region where most of our data is and some big showers 
measured with energies above 10^^ eV. The dashed hues in the plot represent an energy 
estimation for two zenith angles. 

Besides that, several composition sensitive parameters can be determined by the 
KASCADE-Grande detectors. The lateral distribution of muons is one of the most 
direct measurements of the composition. Muons are the messengers of the hadronic 
interactions of the particles in the shower and therefore are a powerful tool to determine 
the primary particle mass and to study the hadronic interaction models. 

Figure 4 (right) shows the density of muons as a function of the total number of 
electron (A ĝ). The density of muons is calculated for each shower as the sum of the 
signal measured by all stations in rings of 20 m divided by the effective detection area 
of the stations. The plot shows the density in the distance range from 390 to 410 m away 
from the shower axis. Similar plots were obtained for other distances. 

In the same plot, two limits for iron and proton simulations are also shown. The shaded 
area was determined by taking the mean of the iron (full red line) and proton (full blue 
line) simulation. For details see reference [19]. 

Simulations were done using the CORSIKA [16] program with FLUKA [17] and 
QGSJetll [18] hadronic interaction models. CORSIKA showers are simulated through 
the detectors and reconstructed in the same way as the measured data, such that a direct 
comparison between data and simulation is possible. We can see in this analysis how 
CORSIKA/QGSJetll is able to describe the mean of our data and its fluctuation in the 
distance range from 5 < /og-10(A/e) < 8. 

Next steps to be taken in the near future are the unfolding of the 2D spectrum shown 
in figure 4 (left) in order to extract the energy spectrum for different mass composition 
groups. 

FINAL REMARKS 

The KASCADE-Grande experiment is currently taking data in a stable mode. Although 
the number of measured events is not yet enough to answer the questions about the 
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composition around the second knee, the evaluation of the data analysis procedure is 
satisfactory. All main parameters can be reconstructed with a good accuracy which will 
allow the achievement of the goals established by the KASCADE-Grande Collaboration. 

It is interesting to notice that some showers with energy above 10^^ eV have been 
measured what guarantees a safe limit for studying the second knee. Not only that, but 
the extended limit of KASCADE-Grande will provide an important overlap with the data 
measured in the fliture by the Auger Observatory and its proposed extensions [14, 15]. 

Anisotropy results not shown in this report can be seen in details in reference [12]. 
In summary, the measured arrival direction is compatible with complete isotropy of the 
sources and limits for large scale anisotropics have been set. 

ACKNOWLEDGMENT 

The authors would like to thank the members of the engineering and technical staff 
of the KASCADE-Grande collaboration, who contributed to the success of the experi-
ment. The KASCADE-Grande experiment is supported by the BMBF of Germany, the 
MIUR and INAF of Italy, the Polish Ministry of Science and Higher Education, and 
the Romanian Ministry of Education and Research (grant CEEX 05-D11-79/2005). V. 
de Souza would like to thank the organizers of the "Third School on Cosmic Rays and 
Astrophysics" for the opportunity and hospitality. 

REFERENCES 

1. V. de Souza for the KASCADE-Grande Collab. , Sixth International Workshop on New Worlds in 
Astroparticle Physics http://www-ik.fzk.de/KASCADE_home.html. 

2. J. Bliimer for the KASCADE-Grande Collab., International Conference on Topics in Astroparticle and 
Underground Physics (TAUP) 2007 http://www-ik.fzk.de/KASCADE_home.html. 

3. V. Berezinsky et al., Phys. Rev. D74 (2006) 043005. 
4. D. Allard et al., Astrop. Phys. 27 (2007) 61. 
5. E.G. Berezhko and H.J.Voelk ,"Spectrum of cosmic rays, produced in supernova remnants", preprint, 

April 2007. astro-ph 0704.1715vl. 
6. Enrico Fermi, Phys. Rev. 75 (1949) 1169. 
7. T. Antoni et al. for the KASCADE Coll., Nucl. Instr andMeth. A513 (2003) 409. 
8. T. Antoni et al. for the KASCADE Coll., Astrop. Phys. 24 (2005) 1. 
9. A. Haungs et al. for the KASCADE-Grande Collab., Proc. of 28^^ ICRC 2 (2003) 985. 
10. F. Cossavella et al. KASCADE-Grande Coll., Proc. of the 30*^ ICRC (2007). 
11. J.C. Arteaga et al.KASCADE-Grande Coll., Proc. of the 30^^ ICRC (2007). 
12. S. Over et al. KASCADE-Grande Coll., Proc. of the 3(f^ ICRC (2007). 
13. N. N. Kalmykov et al., Nucl. Phys. (Proc. Suppl.) B52 (1997) 17. 
14. A. Etchegoyen for the Pierre Auger Collaboration, Proc. of the 30*^ ICRC (2007). 
15. H. Klages for the Pierre Auger Collaboration, Proc. of the 3(f^ ICRC (2007). 
16. D. Heck et al., A Monte-Carlo Code to Simulate Extensive Air Showers - Report FZKA 6019, 

Forschungszentrum Karlsruhe, (1998) 
17. G. Battistoni et al., ISVHECRI (2006) hep-ph/0612075vl 
18. S.S. Ostapchenko, Phys. Rev. D 74 (2006) 014026 
19. V. de Souza et al. KASCADE-Grande Coll., Proc. of the 3(f^ ICRC (2007) 

216 

Downloaded 14 May 2009 to 143.107.180.210. Redistribution subject to AIP license or copyright; see http://proceedings.aip.org/proceedings/cpcr.jsp

http://www-ik.fzk.de/KASCADE_home.html
http://www-ik.fzk.de/KASCADE_home.html

