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Abstract: The Telescope Array is a hybrid detector which consists of a surface detector array with ∼700 km2

area, and three air fluorescence detectors (FDs) surrunding the SD array. In October 2010, we have installed an
external trigger for the SD array to obtain footprints of extensive air showers with the primary energy below
1018.5 eV efficiently. This trigger is provided from FD (called as “hybrid-trigger”), and additional SD information
is recorded during FD observation since that time. In this paper, we introduce the simulation results for the
performance of the FD mono analysis with one SD information.
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1 Introduction
The cosmic ray composition makes transition between
heavier at 1016 eV to lighter 1018.5 (e.g. [1]).This transition
may be caused by differences in their origin or propagation
processes. To study these differences in detail, a more pre-
cise determination of the transition is needed in this energy
range.

1.1 Hybrid Trigger
The Telescope Array (TA) experiment has been observing
ultra-high energy cosmic rays (UHECRs) since May 2008.
To observe extensive air showers (EASs), we installed a
Surface Detector (SD) array and three air Fluorescence
Detector (FD) stations in the west desert of Utah, USA [2].
Fig. 1 shows the schematic view of the detector positions.
These different type of detectors are operated with thier
own trigger independently. We installed newly developed
FDs at the BRM and LR stations, and FDs from HiRes
experiment at the MD station.

Longitudinal development of EASs, especially thier
maximum development point (Xmax [g cm−2]), are mea-
sured by FD to estimate the primary particle type. In
the FD analysis below 1018.5 eV, adding the SD informa-
tion (EASs position and hit timing on the ground) im-
proves reconstruction accuracies of longitudinal develop-
ment of EASs significantly [3]. More than 90% EAS above
1017.0 eV make signals in at least one SD, however, our
normal trigger efficiencies of the SD array is less than 1%
below 1017.5 eV. To collect small SD signals, which are un-
triggered by the SD array itself, we have installed an ex-
ternal trigger, called “hybrid-trigger”, for the SD array pro-
vided by FD. This trigger is thrown from the FD stations
to the nearest SD sub-array, and all the signals of the SDs
in the sub-array are stored. The specification of the hybrid-
trigger system is described in the previous paper [4].

We have installed the hybrid-trigger system at BRM and
LR stations in October 2010, and the system are operated
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Figure 1: Schematic view of the detector positions. Filled
circles: the position of FD station. Filled triangles: the
SD control tower. Filled square: Central Laser Facility
(CLF) [5]. Open circles, open squares, and open triangles
represent SD positions belonging to the LR, the BRM, and
the SK sub-array respectively. The hybrid-trigger is thrown
from a FD to the nearby SD sub-array.

since that time. Fig. 2 shows the cumulative operation time
of hybrid-trigger from October 2010 to November 2012.
For safety reasons, the operation time of LR is shorter than
that of BRM systematically. The operation time is growing
up continuously except several times of maintenance.
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Figure 2: Cumulative operation time of the hybrid-trigger
mode. For safety reasons, the operation time of LR is
shorter than that of BRM systematically.

2 Simulation
In order to reconstruct EAS geometries, observed photon
arrival timings are compared with expected ones in the
monocular FD analysis. There are three fitting parameters
to determine the shower axis on the Shower Detector Plane:
the elevation angle of the air shower axis (Ψ), the hit tim-
ing of shower core on the ground, and the shower core dis-
tance from the FD [3]. In this fitting procedure, adding SD
information can make a strong anchor of these fitting pa-
rameters of the shower core, and reconstruction accuracies
of EAS geometries are drastically improved [3].

We are studying the reconstruction accuracies of the
hybrid-trigger events using CORSIKA Monte Carlo (MC)
[6] simulation with QGSJET-II-03 [7]. In this study we as-
sume proton primaries and the slope of the energy spec-
trum of −3.25. We simulated EAS events in a circle with
25 km radius from the Central Laser Facility (CLF) [5],
and with the zenith angle smaller than 60 degree. In this
simulation studies, we applied minimum event selection
criteria, for example, reconstructed zenith angle smaller
than 57 degree, reconstructed Xmax should be located in the
field of view of the FDs. Fig. 3 shows the determination
accuracies of the primary energy (upper panel) and Xmax
(lower panel), and there are no strong energy dependence
on these accuracies. We are studying quality cut conditions
to get robust reconstruction result of EAS longitudinal de-
velopment.

3 Performance of Data
To check the consistencies between results from MC sim-
ulation events and those from observed events, we com-
pared the distribution of the reconstructed geometrical pa-
rameters. In this procedure we applied the same quality cut
conditions used in Sec 2. Fig. 4 shows comparison between
the distribution of reconstructed zenith angle (in the upper
panel) and azimuth angle (in the lower panel) for the ob-
served events and their expected distribution from Monte-
Carlo (MC) simulation. In addition, Fig. 5 shows compar-
ison between the distribution of reconstructed the eleva-
tion angle of the EAS axis on the shower detector plane
(Ψ) and impact parameter (Rp) for the observed events and
their expected distribution from Monte-Carlo (MC) sim-
ulation. The figures show that there are no large system-
atic differences on the reconstructed geometrical parame-
ters between MC events and observed events.
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Figure 3: Accuracies of Energy and Xmax determination.
The plots and bars show the median value and the region
of 68% C.L. respectively. Upper panel: the determination
accuracies of the primary energy, lower panel: the determi-
nation accuracies of Xmax.

4 Summary
Adding SD information improves determination accura-
cies of EAS geometries in the mono FD analysis. We
installed the hybrid-trigger system to collect small sig-
nals of the SDs un-triggered by the normal SD trigger it-
self. The hybrid-trigger events have been observed contin-
uously since 2010 October. The comparison between re-
constructed geometrical parameters from MC events and
observed events shows that there are no systematic differ-
ences. Optimization of quality cut conditions is now under-
studying to get robust reconstruction results of EAS longi-
tudinal development such as the primary energy and Xmax.
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Figure 4: Distribution of Zenith (upper) and Azimuth
(lower) angles. In each panel, histogram shows the results
from proton simulation, and plots show the observed event
distributions.
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Figure 5: Distribution of geometrical parameters. Upper
panel: the elevation angle of the air shower axis on the
shower detector plane (Ψ), Lower panel: impact parameter
(Rp). In each panel histogram shows the results from pro-
ton simulation, and plots show the observed event distribu-
tions.
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