Radio detection of cosmic rays at the Tunka-Rex experiment
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Extraterrestrial radiation composed of high-energy elementary particles and nuclei was discovered more than hundred years ago and named cosmic rays. Since that time great progress in the understanding of cosmic rays has been achieved. But still the investigation of cosmic rays is very relevant due to two main reasons. First, cosmic particles could serve as messengers from galactic and extragalactic sources and help in understanding processes taking place in the Universe. Secondary, ultra-high energy cosmic rays can give the description of hadronic processes far beyond the energy range of modern colliders. Since the measurements of cosmic rays have reached the theoretical limit for energies [1,2], the main challenge for the physics of ultra-high energy cosmic rays is to increase the statistics and the measurement quality for the extragalactic cosmic rays. To obtain a sufficient statistics at surface of Earth we need to build economically reasonable large-area detectors with high duty cycle. The radio detection is the one of the most perspective techniques for future investigations of ultra-high energy cosmic rays.

Radio emission from extensive air showers was theoretically predicted [3-6] and first detected [7-9] about 50 years ago. The radio detection techniques became popular in the last decade again, because standard detection methods have reached technological and economical limits: measurements by  surface particle detectors depend on models, whose accuracy is limited at high energies due to extrapolation; optical fluorescence and air-Cherenkov detectors are limited by their duty cycle due to night length and weather. Thus, a number of modern experiments [10-13] aims at obtaining the main properties of extensive air showers, such as arrival direction, energy, shower maximum and primary particle may using the radio detection technique. These experiments proved that the radio emission can be detected from air showers with energies above 1017 eV with an angular resolution for the arrival direction better than 1º [14].

The open question is the precision of the reconstruction for the primary energy and the  shower maximum (Xmax). Xmax is the best parameter to determine the type of primary cosmic ray. Up to now, the experiments have given only upper limits for these quantities (20% for the energy and about 100 g/cm2 for Xmax) [15-18]. In a very recent report of the LOFAR collaboration, it has been shown that the precision of the Xmax reconstruction can reach up to 20 g/cm2 for some events [19]. This precision would be comparable with the fluorescence technique which currently is the best. The current challenge is to reach a competitive precision with an economic radio array which can be scaled to very large areas.

The main goal of Tunka-Rex, the radio extension of the Tunka observatory for air showers, is to answer this question, i.e., to determine the precision for the reconstruction of the energy and the atmospheric depth of the shower maximum based on the cross-calibration with an air-Cherenkov detector. For this purpose, Tunka-Rex is built within the Tunka-133 photomultiplier  array. The latter is measuring the air-Cherenkov light of air showers in the energy range between 1016 and 1018 eV [20]. Data of both detectors are recorded by a shared data-acquisition system, and the radio antennas are triggered by the photomultiplier measurements. This setup automatically provides hybrid measurements of the radio and the air-Cherenkov signal, and consequently allows to perform a cross-calibration of both techniques. In particular, we can test the sensitivity of the Tunka-Rex radio measurements for the energy and for Xmax by comparing them to the measurements of the established air-Cherenkov array.

Tunka-Rex currently consists of 25 stations with a typical

 distance of 200 m, one next to each cluster center of Tunka-133. Each station consists of two crossed antennas to measure

 two components of the polarization. Starting last year the radio extension detected more than 100

 coincident events with energy above 1017 eV. The first nalysise of the radio data has shown that Tunka-133 is also sensitive to inclined horizontal showers, where the directions of all (vertical and horizontal) showers were reconstructed by the Cherenkov detector and consistent with the radio reconstruction.

 We present the

 current status of Tunka-Rex, results of the first year of operation, including the reconstruction of air shower parameters, and performance

 benchmarks based on simulations.
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