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The Tunka Radio Extension (Tunka-Rex): Radio Measurements of Cosmic Rays in Siber
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Abstract

The Tunka observatory is located close to Lake Baikal ini@b&ussia. Its main detector, Tunka-133, is an array ofghalti-
pliers measuring Cherenkov light of air showers initiatgccbsmic rays in the energy range of approximatel}$1010*eV. In
the last years, several extensions have been built at thieaTsite, e.g., a scintillator array named Tunka-Grande paisticated
air-Cherenkov-detector prototype named HiISCORE, andatim rextension Tunka-Rex. Tunka-Rex started operationciolar
2012 and currently features 44 antennas distributed ovaresmof about 3 k) which measure the radio emission of the same air
showers detected by Tunka-133 and Tunka-Grande. TunkadsRetechnological demonstrator that the radio techniquepca-
vide an economic extension of existing air-shower arrayg main scientific goal is the cross-calibration with theGlierenkov
measurements. By this cross-calibration, the precisiorthf® reconstruction of the energy and mass of the primargntngy
particles can be determined. Finally, Tunka-Rex can be fsezbsmic-ray physics at energies close to 1 EeV, wherettralard
Tunka-133 analysis is limited by statistics. In contrasthi® air-Cherenkov measurements, radio measurements &imited to
dark, clear nights and can provide an order of magnitudetagposure.

Keywords: Tunka-Rex, ultra-high energy cosmic rays, extensive aiwghns, radio detection
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1. Introduction 2 2. Detector description

The amplitude of the radio emission by cosmic-ray air- ) o . )
showers is roughly proportional to the energy of the prinfary Since the radio emission of air showers is strqngest :_alt wave-
particle [1]. This calorimetric sensitivity yields compientary* €ngths of a few meters, Tunka-Rex measures in frectve
information compared to the detection of secondary aimemg Pand of 35— 76 MHz, similar to other antenna arrays, like
particles on ground. During dark nights with clear sky sifni-LOPES [1], CODALEMA [3], LOFAR [‘_1]! or AERA [5]-_ In
lar complementary information is available by measuresf@éntfact: large parts of the analog electronics and even tin®
of air-Cherenkov and air-fluorescence light. Despite tighaiz analysis software [6] have originally been developed foRAE
energy threshold of about 1teV, the radio technique would Bz &nd then optimized for the conditions of Tunka-Rex.
and interesting alternative due to its full-time availiilpro-» I contrast to other experiments Tunka-Rex uses SALLA an-

vided that the cost and precision is at least comparable. = tennas [7]. On the one hand, they feature a relatively low,gai
The main scientific goal of Tunka-Rex is the crass-causing a slightly higher detection threshold. On the dtlaed,
calibration of radio and air-Cherenkov measurements of*th&h€ gain is almost independent of changing ground condition
same air showers, to test the achievable precision and oeal pvhich guarantees low systematic uncertainties. The aagnn
tential of the radio technique experimentally. For thispmse including the whole signal chain, have been calibrated with
Tunka-Rex is built as extension of the Tunka-133 photornult€ference source used already by LOPES [9], as well as labora
tiplier array in Siberia [2] (Fig. 1), which measures the-air tory measurements of individual parts [10]. Thus, Tunka-Re
Cherenkov light of showers in the energy range of apppbxiresults can be compared on an absolute level to other experi-
mately 136 — 10'8eV. The antennas are read out in paraflelMents and to theoretical predictions.
with the air-Cherenkov detector which provides the neggssa Time calibration is important for several reasons, not only

hybrid measurements for cross-calibration. «a  for the reconstruction of the shower direction. A relativaing
« accuracy of a few nanoseconds within each event is necessary
*Corresponding author « toreconstruct the shape of the radio wavefront contaimifuy-
Email addressfrank. schroeder@kit . edu (F.G. Schéder) « mation on the position of the shower maximum [8], which itsel
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Figure 2: Relative timing between two Tunka-Rex antenndastatlocated
close to the reference beacon over several nights of measut®enizach point
denotes the time fierence between both stations for one event. For a few

)L{ events the beacon analysis failed (points exactly at 0 ng)jrathe first night

l the beacon analysis did not converge to a stable solutient(@intrinsic phase

* ambiguities in the beacon analysis, i.e, the solutions spoed to+2r). The
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results. In a few nights measurements are missing due to batieveat
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Figure 1: Map of the detector arrays for cosmic-ray air shevetrthe Tunka;6 ments can be used as ultimate cross-check of the Tunka-Rex
site: the antenna array Tunka-Rex dtelient stages, the air-Cherenkov array .. . .
Tunka-133, and the scintillator array Tunka-Grande. - precision for these observables. By cross-calibratiorathsn-
s lute scale of Tunka-Rex can be linked to the presently more ac
7 curate scale of Tunka-133, such that the total expectedaczu
is a statistical estimator for the mass composition of tiraarys of Tunka-Rex is equal to those of Tunka-133.
particles. If the time synchronization is stable to a level 0s Provided that the unblinded data confirm that the Tunka-Rex
interferometric methods could be used, lowering the digteet precision is indeed comparable to the Tunka-133 precitiam,
threshold [1]. ss the radio technique qualifies for its application to cosnaig-

The time synchronization of Tunka-Rex is provided by ¢hescience. For this purpose, Tunka-Rex has already been ex-
Tunka-133 host experiment and it has been checked with a réended by deploying additional antennas, which will be-trig
erence beacon designed for the LOPES experiment [11]. sThigered by the new scintillator array Tunka-Grande at the same
beacon emits continuous sine waves whose phasing can be usst [15]. Using the scintillators as trigger during daywi and
to monitor possible time variations between the stationsesd bad-weather periods, Tunka-Rex can significantly incréfase
beacon has been used sporadically for a few nights (Fig. 23tatistics around 8eV, which is exactly the energy range for
During each night the time synchronization is stable to subwhich the present Tunka-133 analyses is limited by stesisti
nanosecond level. However, in between nights, the detéctor
re-initialized and jumps of a few nanoseconds occur. WeswillAcknowledgement
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