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1. Introduction

Telescope Array (TA) is the largest observatory in the Northern Hemisphere to detect ultrahigh
energy cosmic-rays (UHECRs) [1]. The main purpose of TA is to clarify the source and nature
of UHECRs above 1018 eV. Full operation of the TA detectors was started on May 11, 2008. The
details of the detectors are provided in [2–5]. There are two types of the TA detectors. One is a
surface detector (SD), and the other is a fluorescence detector (FD). There are 507 SDs in a square
grid with 1.2 km spacing covering approximately 700 km2. There are 2 layers of 3 m2 area and 1.2
cm thick plastic scintillators inside of the box of each SD. There are three TA FD stations, two of
which have 12 telescopes, while the third has 14. After the construction of the TA detectors, new
SDs and FDs were constructed for the TA low energy extension (TALE) experiment [6], and the
TAx4 experiment [7]. The sites of the TA, TALE and TAx4 detectors are shown in Fig. 1.

The concentration of the arrival directions (the “hotspot”) of cosmic rays was found with 20◦

oversampling radius using TA SD data collected over five years [8]. The post-trial significance
was estimated to be 3.4f, and the significance was updated to be 2.9f using the latest data [9].
An implication of declination dependence of cosmic-ray energy spectrum was also reported by the
TA experiment [10]. The statistical significance of the difference of the break points of the energy
spectra was estimated to be 4.3f using the latest data [11]. Correlation of arrival directions with
energies was shown in [12], and the post-trial significance of the correlation was estimated to be
4.2f.

In order to examine the evidences of anisotropywhich are described above, TAx4was developed
to accelerate the pace of data collection at the highest energies. The SD array of the TAx4 experiment
is designed to study cosmic rays with energies greater than 57 EeV. The spacing of the TAx4 SD
array is 2.08 km, in contrast to the TA SD’s 1.2 km. 500 TAx4 SDs cover approximately three times
larger area than the 507 TA SDs; the combined coverage of the TAx4 and TA SDs is approximately
2800 km2. Two TAx4 FD stations are designed to observe the hybrid events which are detected by
both SDs and FDs.

The current status of detectors and performance of the detectors is given in Section 2. The
data acquisition system and an implementation of a hybrid trigger is shown in Section 3. Section 4
provides a summary.

2. Current status and performance of the detectors

We finished constructing 257 SDs in February and March 2019. The most of the TAx4 SD
scintillator boxes were assembled in Japan, starting in 2015, while 30 units were assembled in
Korea in 2018. The boxes were then transported to the USA and the final assembly of the SDs was
performed at the Cosmic-Ray Center in Delta City, Utah. We started to take the data of the SDs
stably at each communication tower in November 2019. Construction of two TAx4 FD stations was
finished. Stable data-taking of the north TAx4 FD station was started from June 2018, and that of
the south TAx4 FD station was started from September 2020.

The detailed performance of the SDs is written in [7]. Fig. 2 is the expected energy dependence
of the trigger efficiency in [7]. 25% energy resolution, 2.2-degree angular resolution and 95%
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Figure 1: Overview of the Telescope Array (TA) detectors. Each red circle in the north and south shows the
site of a deployed TAx4 surface detector (SD). Each yellow circle shows a site for a TAx4 SD where an SD
was not deployed yet. Each green circle corresponds to the site of a TA SD. Each blue circle shows the site of
an SD of the TALE experiment [6]. The two black fan shapes are the fields of view of the TAx4 fluorescence
detectors (FDs). Photographs of a TAx4 SD, the TAx4 north FD station and the TAx4 south FD station are
also shown.
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Figure 2: Fig. 4 in [7] is shown here to describe the trigger efficiency of the surface detectors for the TAx4
experiment. Air showers which are induced by cosmic ray protons were simulated to calculate the trigger
efficiency.

reconstruction efficiency of cosmic rays with energies greater than 57 EeV are expected. We expect
that the resolution is good enough for the studies of anisotropy.

3. Data acquisition and an implementation of a hybrid trigger

The Level-0, Level-1, and Level-2 triggers are implemented in the TAx4 data-acquisition
systems as TA. The detailed description on the data-acquisition systems is written in the Section 5
in [7]. The Level-2 trigger is the trigger to select the events to collect waveforms from each SD.
The Level-2 triggers are judged in each sub-array independently now. The inter-tower triggers are
being tested. TAx4 SD trigger efficiency is about 30% at around 10 EeV, so a hybrid trigger was
implemented from 2020 June for higher efficiency. FDs send trigger timings to the communication
towers in order to get waveforms within ±128 `s around the timings. As a result, three times larger
than the TA SD-FD equivalent hybrid events in total for the energies greater than 10 EeV.

4. Summary

Implications of anisotropy were obtained by the TA experiment. Declination dependence of
the energy spectrum was claimed at 4.3f in the energy spectrum using TASD 11 years data. 2.9f
hotspot was obtained using TASD 11 years data.

500 new SDs with 2.08 km spacing and two new FD stations were designed for the TAx4
experiment. More than half of the TAx4 SDs (257 SDs) were deployed in 2019. Construction of
the TAx4 FDs was finished. Stable run of the data acquisition of the new detectors was started.
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The stable run of the TAx4 SDs was started from November 2019, the stable run of the north TAx4
FDs was started from June 2018, and the stable run of the FDs was started from September 2020.
A hybrid trigger started to run from June 2020.

We calculated the expectation of the significance of the hotspot in the next five years in the
following way. If we continue to run the TA and TAx4 SDs and assume the efficiency of the TAx4
SDs which is obtained in Section. 2, approximately 384 events above 57 EeV will be obtained in
total in 2025. If we extrapolate the pace of the data collection within the same oversampling radius
as the hotspot, we will obtain approximately 88 events within the radius out of 384 events. The
post-trial significance of the hotspot analysis is expected to be approximately 6f in 2025 using the
number of events.
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