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The TAIGA timing array HiSCORE - first results
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Abstract. Observations of gamma rays up to several 100 TeV are particularly important
to spectrally resolve the cutoff regime of the long-sought Pevatrons, the cosmic-ray PeV
accelerators. One component of the TAIGA hybrid detector is the TAIGA-HiSCORE
timing array, which currently consists of 28 wide angle (0.6 sr) air Cherenkov timing
stations distributed on an area of 0.25 km?. The HiSCORE concept is based on (non-
imaging) air shower front sampling with Cherenkov light. First results are presented.

1 Introduction

The current generation of Imaging Air Cherenkov Telescopses (IACTs, e.g. H.E.S.S., MAGIC, and
VERITAS) allowed the detection of more than 150 sources of very high energy (E>100 GeV) gamma
rays [1]. The IACT technique is also used for the planned Cherenkov Telescope Array CTA [2]. Given
the quick drop in flux with increasing energy, very large instrumented areas are required to access the
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ultra high energy (UHE, E>10TeV) regime. A cost effective method for the instrumentation of large
areas with a wide field of view is the (non-imaging) shower-front timing technique. The weak point -
a poor gamma-hadron separation towards low energies - can be compensated by a hybrid combination
with a small number of small sized IACTs, such as currently implemented by the TAIGA (Tunka
Advanced Instrument for Gamma ray and cosmic-ray Astrophysics) experiment [3, 4].

The main astrophysical motivation of TAIGA is the measurement of the cutoff regime of known
Galactic sources. Some of these sources might be cosmic-ray Pevatrons, i.e. cosmic-ray accelerators
reaching up to the knee energies (around 3 PeV proton energy). For more details see [5, 6].

2 First results from the TAIGA timing array HiISCORE

The experiment: TAIGA currently consists of 28 timing stations distributed over an area of 0.25 km? in
the Tunka valley in Siberia (see Fig. 1). This array is an implementation of the HISCORE wide-angle
timing array concept [7]. Each of the 28 existing TAIGA-HiSCORE stations consists of four 8 inch-
photomultiplier tubes (PMTs), equipped with light concentrators, resulting in 0.5 m? light collection
area per station, and a field of view of 0.6 sr. The DAQ is based on fast GHz signal sampling [8].
Two independent time-calibration methods were sucessfully employed, reaching the required sub-ns
accuracy [8, 9]. The primary event parameters are reconstructed using signal timing and the amplitude
[9-11]. Additionally, a small IACT (4.75 m dish diameter) is currently in commissioning and will be
operated using a new hybrid approach, combining imaging and timing (see e.g. [12] and [13, 14]).
The sensitivity of the current timing array alone is shown as a solid line in Figure 2. For comparison,
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also the sensitivity of the combined TAIGA array is shown. More details on TAIGA and the new
hybrid observation mode are given in [12].

Data-MC verification: from October 2015 to February 2016, 250h of observation time were
taken, containing 107 air shower events. The individual station trigger rate (8 to 12 Hz), as well as the
4-station-coincidence array rate (10 to 18 Hz) could be verified using MC simulations, which repor-
duce the observed rates using a single station threshold of about 250 p.e. This translates to an energy
threshold of 50 TeV. Further studies could verify the validity of the observed station multiplicity per
event, as well as the angular resolution. The latter was studied using the chessboard method, dividing
the array in subarrays, each providing a reconstructed event direction. The angular difference « be-
tween the reconstructed directions depends on the reconstruction quality and the number of stations
used in each subarray. Applying this analysis to both, real data and (proton) MC simulations, the
reconstruction quality of the current setup could be verified (see Fig. 3). The value of the angular
resolution for gamma rays is 0.4° at threshold and below 0.2° above 100 TeV, as predicted in [11].
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Crab Nebula data: using a standard ring background estimation method on blinded real data,
the field of view was found to be free of artifacts of positive or negative fluctuations in excess of
what is statistically expected for the test region of 10° x 10°. Performing the same analysis on the
position of the Crab Nebula, a weak excess was found. Up to now the analysis was done without
cut optimizations nor gamma-hadron separation. The observations are compatible with reasonable
Crab Nebula flux extrapolations to higher energies and an instrumented area of 0.25km?. We expect
to reach better sensitivity optimizing the analysis, increasing the area as planned, and combining the
timing array with IACTs.

A first source, the ISS: a recent serendipitous discovery, opens up opportunities for calibration and
possibly different physics. Three intervals of ~ 1 s duration with extremely high array trigger rate (few
kHz as compared to the usual 15 Hz array rate) were found from November to February. These data
are compatible with a 4 kHz periodic light source, and are best described by a plane-wave time front
shape, strikingly different from air shower events with a curved shower front. The reconstructed event
directions are coincident with the trajectory of the International Space Station (ISS), passing almost
vertically over the TAIGA observation site (see Fig. 3). As the strong light source, we identified the
CATS-LIDAR [16] onboard the ISS, emitting ~1 mJ at a wavelength of 532 nm at 4 kHz, and pointing
almost vertically downwards at a few-degree inclination. This ISS light source is an interesting object
for TAIGA calibration and atmospheric light scattering studies. Also other air Cherenkov installations
like IACTs could benefit from this light source. A detailed analysis is underway.

3 Summary

As a part of the hybrid TAIGA array, the TAIGA timing array, based on the HiSCORE concept, is
currently being operated with a total instrumented area of 0.25 km?. First studies of real data and com-
parisons to MC simulations show that the detector is reasonably well understood. While observations
are compatible with expectations, in the current stage, no significant excess can be expected from
the Crab Nebula. An unexpected result was achieved very recently, with the detection of a LIDAR
onboard the ISS, which can be used for calibration measurements or other studies in future.
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Figure 3. Left: angular resolution study with the chessboard method (see text), applied to data
(black) and MC (red). Right: HiSCORE events (circles) reconstructed for the ISS passage on
5.2.2016 (color coded for registration time). The ISS track is calculated from NORAD ISS-TLE.
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