The KASCADE-Grande experiment

A. Chiavassa^{a1}, T. Antoni^b, W.D. Apel^b, K. Bekk^b, A.F. Badea^{b2}, A. Bercuci^c, M. Bertaina^a, H. Blümer^b, H. Bozdog^b, I.M. Brancus^c, M. Brüggemann^d, P. Bucholz^d, K. Daumiller^b, F. Di Pierro^a, P. Doll^b, R. Engel^b, J. Engler^b, H. Falcke^e, F. Feßler^b, P.L. Ghia^a, H.J. Gils^b, R. Glasstetter^f , A. Haungs^b, D. Heck^b, J.R. Hörandel^b, A. Horneffer^g, T. Huege^g, K.-H. Kampert^f , G.W. Kant^e, H.O. Klages^b, Y. Kolotaev^d, G. Maier^b, H.J. Mathes^b, H.J. Mayer^b, J. Milke^b, C. Morello^a, M. Müller^b, G. Navarra^a, R. Obenland^b, J. Oehlschläger^b, S. Ostapchenko^{b3}, M. Petcu^c, S. Plewnia^b, H. Rebel^b, A. Risse^h, M. Roth^b, H. Schieler^b, J. Scholz^b, M. Stümpert^b, T. Thouw^b, G. Toma^c, G.C. Trinchero^a, H. Ulrich^b, S. Valchierotti^a, J. van Buren^b, C.M. de Vos^e, W. Walkowiak^d, A. Weindl^b, J. Wochele^b, J. Zabierowski^h, S. Zagromski^b and D. Zimmermann^d

a Dpt.di Fisica Generale dell’ Universita and Istituto di Fisica dello Spazio Interplanetario del CNR, Torino, Italy.

b Institut für Kernphysik, Forschungszentrum Karlsruhe and Institut für Experimentelle Kernphysik, Universität Karlsruhe, Karlsruhe, Germany c National Institute of Physics and Nuclear Engineering, Bucharest, Romania d Universität Siegen, Fachbereich Physik, Universität Siegen, Siegen, Germany e ASTRON, 7990 AA Dwingeloo, The Netherlands f Fachbereich Physik, Universität Wuppertal, 42097 Wuppertal, Germany g Max-Planck-Institut für Radioastronomie, D-53121 Bonn, Germany h Soltan Institute for Nuclear Studies, PL-90950 Lodz, Poland

1

Abstract

The KASCADE-Grande experiment will study the primary cosmic ray spectrum in the energy range from 10^{16} eV to 10^{18} eV. The array is located at the Forschungszentrum Karlsruhe and is made by all the detectors of the KASCADE experiment and by two new arrays: Grande (37 plastic scintillators stations, 10 m^2 each, covering an area of 700x700 m^2) and Piccolo (8 plastic scintillators stations for triggering purposes). We will describe the set up of the array, discuss its capabilities and present its current status. We present also the LOPES project, a prototype detector for the measurement of the radio emission from extensive air showers.

1 Introduction

One of the main results of the experiments that have studied the knee of the primary cosmic rays spectrum, in the last ten years (among the others KASCADE[1] and EAS-TOP[2]), is that the change of slope is due to the light component of primary cosmic rays. Moreover these experiments give a clear indication that also the spectra of heavier components show the change of slope and that this feature is observed at constant rigidity. This result is in agreement with the models that explain the knee with astrophysical processes (i.e. escape from magnetic fields or limit of the acceleration processes in supernova remnants); for a complete review see [3] and references therein. A conclusive argument to complete the picture would be the observation of the knee of the heavier component of cosmic rays (i.e. iron), that is expected at primary energy E_0 ∼ 10^{17} eV.

This energy is outside the range covered by all former experiments. An array tuned to study this energy range must fullfill the following characteristics: large acceptance and the possibility of detecting different components of extensive air showers with high resolution and large dynamic range.

Furthermore an experiment operating at these energies will study the primary composition of cosmic rays and will test different hadronic interaction models.

The KASCADE-Grande experiment [4] is located at the Forschungszentrum Karlsruhe and is an extension of existing KASCADE experiment, beside which two new arrays have been set up: Grande and Piccolo.

1corresponding author, e-mail: andrea.chiavassa@to.infn.it 2on leave of absence from^c 3on leave of absence from Moscow State University, Russia

Figure 1: Sketch of the KASCADE-Grande experiment.

Grande[5] is an array made by 37 stations of plastic scintillators distributed over an area of 700x700 m^2 (distance between stations ∼ 130 m), sampling the energy deposit and arrival time of the charged particles of the EAS. Scintillators and photomultipliers used in this array are coming from the EAS-TOP experiment[6].

Piccolo is an array of 8 stations of plastic scintillators distributed over an area of 360 m^2 (the distance in between stations is 25 m), the main scope of this array is to provide a fast trigger both to Grande and to the KASCADE detectors.

2 The KASCADE-Grande experiment

A sketch of the KASCADE-Grande experiment is shown in figure 1 and all detetcors of the array are summarized in table 1. In the following we will describe the main charactristics of each of these detectors.

Detector Particles Area (m^2) Threshold (MeV ) Grande Charged 370 5 Piccolo Charged 80 5 KASCADE array e/γ 490 5 KASCADE array μ 622 230 MTD μ 128×4 800 Trigger Layer μ 208 490 MWPC μ 129×2 2400 LST μ 250 2400 Calorimeter hadrons 304×9 50000

Table 1: Compilation of the KASCADE-Grande detectors

2.1 The Grande array

The Grande array is made of 37 stations, each detector has a total surface of 10 m^2 segmented into 16 plastic scintillators 80×80 cm^2 and 4 cm thick. All scintillators are seen by an high gain photomultiplier whose signals are summed and used for timing and low particle density measurements. The four central scintillators are also read-out by photomultipliers working at a lower gain used for high particle density measurements.

For triggering the stations are divided in 18 clusters of hexagonal shape, each made of 7 detectors. The minimum trigger requirement is the coincidence of four stations, the trigger rate is ∼ 5 Hz. Moreover Grande is trigger by the KASCADE and by Piccolo. All Grande triggers in which at least one full cluster is fired (i.e. coincidence of 7 stations) are sent to the KASCADE array, their rate is ∼ 0.5 Hz.

For each event the informations available are: 3 adc channels for all stations and all firing times from all stations inside a window of ± 5 μs around the trigger signal. The dynamic range covered using the three adc signals is extended up to 3 × 10^3m.i.p. m^{−2}.

In three years of data taking the expected number of events, above different energies, is: ∼ 2.5 × 10^4 for E_0 > 10^{17} eV and ∼ 250 for E_0 > 10^{18} eV. 2.2 The Piccolo array

In order to provide a fast trigger to the KASCADE detectors a compact array, named Piccolo, has been built. Each Piccolo station contains 12 plastic scintillators organized in 6 modules, a trigger is generated and sent to KASCADE and Grande when at least 7 out of the 48 modules are fired. The corresponding trigger rate is 0.3 Hz. The trigger condition had been defined in order to achieve a 100% efficiency for energies greater than 2×10^{16} eV and events with core inside the region surrounded by the circle shown in figure 1.

2.3 The KASCADE experiment

KASCADE is an experiment operating in the energy range around the knee of the primary cosmic ray spectrum and is taking data since 1986, it provides measurements of different components of extensive air showers: electrons, muons (at 4 different energy thersholds) and hadrons. For a complete description of the array see[7], here we will briefly recall the main characteristics of the field array, of the muon tracking and of the central detector.

The field array is made of 252 detectors (divided in 16 clusters) sampling the electromagnetic (5 MeV energy threshold and 490 m^2 active area) and muonic component (230 MeV energy threshold and 622 m^2 active area) of extensive air showers.

The muon tracking detector measures the angles of incidence of muons over an area of 150 m^2, with an angular resolution (for single track) ∼ 0.5^∘. The muon detection threshold is 800 MeV .

The central detector is an hadron sampling calorimeter (8 layers of ionisation chambers interleaved by iron absorber), the energy threshold for hadron detection is 50 GeV . Moreover there are two other muon detectors: the trigger plane (208 m^2 of plastic scintillators, E_μ > 490MeV ) and a system of multiwire proportional chambers and limited streamer tubes sampling muon with energy greater than 2.4 GeV .

3 First measurements at KASCADE-Grande

The KASCADE-Grande experiment is taking data in a continuous and stable way since the beginning of 2004. In figure 2 is shown the lateral distribution of electron and muons measured for a single event. This event shows the potential of the KASCADE-Grande experiment giving a clear indication of the possibility of measuring for single events the muon to electron ratio. Infact the array will provide, for each event, the sampling of the electrons (KASCADE e/γ array detectors), of the charged particles (Grande stations) and of the muons (KASCADE μ detectors). The electrons and charged component of EAS is sampled up to ∼ 600m from the core, the muon component

Figure 2: Particle densities measured for a single event by different detectors of the KASCADE-Grande experiment

of showers is sampled in a limited range of distances (due to the KASCADE experiment dimensions) but the sampling is good enough to reconstruct the muon number; the uncertainty being 20%-30% depending on the primary energy and on the core distance from the KASCADE array.

The reconstruction accuracy of the shower core position and direction has been estimated to be 4 m (13 m) and 0.18^∘ (0.32^∘) with 68% and 90% confidence level for simulated proton and iron showers at 100P eV primary energy and 22^∘ zenith angle.

A future development of the Grande stations will be the introduction of a Flash Analog-to-Digital Converter (FADC) system[8], that will provide a continuouos 4 ns sampling of the photomultiplier signals. The scintillator pulses of a Grande detector are digitized by cascaded FADCs with an effective sampling rate of 250 MHz. The digitizer board consist of two times four 12-bits FADCs (one for high gain and one for low gain photomultipliers). Once an adjustable thershold is crossed the signal waveform is transmitted to the Grande DAQ station, where a master PC scans the time stamp information from all detectors and looks for coincidences.

This system will provide the full shape information allowing the possibility of different analysis based on the pulse shape (i.e. possible muon/electron

Figure 3: One of the LOPES antennas at the KASCADE-Grande site. A Grande station and some detectors of the KASCADE array can also be seen.

separation or studies on delayed particles). A prototype digitizer board has been operated succesfully on the experimental site and during summer 2004 is foreseen the installation of the first 20 boards.

4 The LOPES project

A ”LOfar PrototypeE Station” (LOPES) [9] is under construction at the site of KASCADE-Grande in order to test the LOFAR technology and demonstrate its capability of measuring the radio emission of Extensive Air Showers. Combining the LOPES data with those of the KASCADE-Grande array will allow to calibrate the radio data with other air showers characteristics and will also provide a starting point for the air shower reconstruction simplifying the development process. This will enable us to clearify the nature and properties of radio emission from EAS and provide an energy calibration for future radio air shower experiments.

At present, LOPES operates 10 dipole radio antennas in coincidence with KASCADE. The antennas are disposed in 5 out of the 16 clusers of KASCADE. The radio data are collected when a trigger is received from KASCADE array, the logical condition being the coincidende of at least 10 out of the 16 clusters. The event rate is 2 per minute and the energy threshold is above 10^{16} eV. The antennas operate in the range 40-80 MHz. One of them, operating in the KASCADE-Grande field, is shown in fig. 3, it can be noticed its characteristic ”inverted vee” shape.

In the near future 30 antennas will be installed at KASCADE-Grande.

With the amount of about 1000 measured events above 10^{17} eV, LOPES at KASCADE-Grande will be a very powerful instrument to study and eventually calibrate the detectors for radio emission in EAS.

5 Conclusions

The KASCADE-Grande experiment has began a continuos and stable data taking since January 2004 and will study the primary cosmic spectrum in the energy range 10^{16} − 10^{18} eV. The main goal of the experiment is the detection of the knee in the spectrum of the heavy component (iron) of cosmic rays that is expected at a primary energy E∼ 10^{17} eV.

Future developments of the array and the possibility of testing a new technique for the detection of the radio component of EAS has been discussed.

References

[1] T. Antoni et al. - KASCADE Coll., Astrop. Phys. 16 (2002) 373 [2] M. Aglietta et al. - EAS TOP Coll., Astrop. Phys. 21 (2004) 583 [3] A. Haungs, H. Rebel and M. Roth, Rep. Prog. in Phys. 66 (2003) 1145 [4] A. Haungs et al. - KASCADE-Grande Coll., Proc. of 28^{th} ICRC, Tsukuba Japan (2003) [5] A. Chiavassa et al. - KASCADE-Grande Coll., Proc. of 28^{th} ICRC, Tsukuba Japan (2003) [6] M. Aglietta et al. - EAS-TOP Coll., Nucl. Instr. and Meeth. A 336 (1993) 310 [7] T. Antoni et al. - KASCADE Coll., Nucl. Instr. and Meth. A 513 (2003) 429 [8] V. Andrei et al., Proc. of IEEE Nuclear Science Symposium, Roma 2004, in press [9] A. Horneffer et al., Proc. of 28^{th} ICRC, Tsukuba, Japan (2003)