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Abstract: We have developed detector simulators for the TelescopeyAluorescence telescopes (TA
FDs) and the surface particle detector array (SD). In thigepawe present an efficient method for an
evaluation of the TA FD aperture with a Monte-Carlo techeiqlihe basic assumption in this method is
that each TA-FD station is comprised of 12 telescopes oftid@icharacteristics. With this method it is
possible to calculate the trigger efficiencies of a wholéiatafor a given shower event by building up
individual telescope triggering functions with an appiafe superposition scheme. We use this method
to calculate the FD aperture for various detector configmmat as mono, stereo, and hybrid observation
modes. We also discuss expected results and astrophyigiaiéicence from the TA first year observation.

I ntroduction Detector Simulator

The detector constructions for the TA experiment In the TA detector simulator, the detector comg
completed in March 2007 [1], and test observa- nents as PMTs or mirrors are defined dgsses:
tions have been started in May with the telescopes an object-oriented design is used. The observa
of the two FD stations [2] and an engineering SD itself is also represented by a class of an aggre
sub-array [3]. The TA detector simulators [4] have tion of many objects of clagsstances. For exam-
also been developed by implementing real detec- ple, an FD station has twelve instances oftiie-
tor parameters. The main purpose of TA is to de- scopeclass, and each telescope objectis compris
termine the energy spectrum of ultra high energy of instances of th@MT classand themirror class,
cosmic rays, and a precise evaluation of the de- and so on. The parameters of detector compon
tector aperture is quite important in this experi- as PMT quantum efficiencies or mirror reflectanc
ment. However, it is not straightforward to calcu- are given asttributesof the corresponding classe
late an FD aperture because of a complex structureFluorescence photon injections into PMTs are ¢
of the detector fiducial volume compared in cases culated by ray-tracings. The night-sky backgrou
of SD arrays. In this paper, we discuss a method to photons are also considered in simulations by
calculate the TA FD aperture with a Monte-Carlo ing real observational data obtained at the site. -
technique for various detector configurations, for signal finding procedures are same with those
monocular and stereo observations, including ve- plemented in the FD electronics [5, 6, 7].

toed telescopes, and also hybrid observations with

SD.
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Figure 1: Simulation coordinates. Showers located in th®reAS are represented iy, ®4) seen from
the telescope #4, and also they can be denoté¢&asp®) for the telescope #5.

Trigger Functionsand Aperture also f1, fo, - - - is that showers can be detected
multiple cameras and thus the the functigijsare
In order to evaluate the TA aperture, we first de- not independent each other. Therefore the ti
fine trigger functions, which give detection proba- ~ ger function of an FD station cannot not be re
bilities for showers with core positions in a region resented by just a superposition of the functfan
represented by the coordinatdd @), the distance  (as¢'(d) = 3, {Hé_;llfgfg})_ The trigger func-
and the angular distance about a station (a simi-
lar approach was also reported in ref. [8]). The
observation area in a field of view (FOV) of an
FD station is split in azimuthal direction into six
slices, and each of them ha®)° width, the FOV
of a single telescope (Figure 1). Then we generate
air shower events of core locatio(8”, ®%) in the

tions for other sliced regiong’(®) can be evalu-
ated by combining the functiorfs and f; properly
and changing the number of terms in the sum
the equation (1). By using these functions, we ¢
calculate the trigger function of an FD station f
showers a( R, ®) as (by restoring the coordina!

FOV of thek-th telescope, and examine triggering R),
criteria for each of the telescopes. In this case, the N
single telescope detection probability is written as e(R,®) = Z (R, ®) (2)
(here we omit the radial coordinatefor simplic- k=1
). An advantage of this method is that the region
(@) = frak) which shower events are generated can be lim
I TINC within an FOV of a single telescope9° < ®F <
e 9°. Since the detection range of the TA FDsis lar
+ fEFE f2(552) (~ 60 km), it is much time consuming to simulat
+ - (1) air showers in the whole observation area of

v B stations. Another advantage is that once the fu
where fg is the probability that the showers are ions fo, fi are defined, the FD trigger functior

H k(pkLi . .
triggered by the nearest telescopg, (f;' (") can be easily calculated for various detector con
gives the probability that showers aredtrlgggred bY urations, as for monocular and stereo observati
the nearesk but not triggered by the (Z + including vetoed telescopes, and also for hyb
1)** nearest telescopes, aiffi = 1 — fi(®***).  observations. The trigger functions of the thr

The reason we need the functions not ofilybut
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Figure 2: TA FD trigger functions at0?°eV for observation modes of mono station, mono/3 stations (
sum of the three mono trigger functions), and stereo/3ostat{OR sum of the stereo trigger functions
3Cy combinations).

Particle Proton Expected Event Rate
Direction 0<60<60°0<¢<360°
log Fley; [18]18.5] 19 |19.5| 20 | 20.5 It is worthy to estimate shower event rate in 1
Rpyax [km] | 40| 50 | 60 | 70 | 80 | 90 observations by assuming cosmic ray energy s
P +9° tra. Here we use the AGASA [9] and the HiRi
#Events | 9k | 11k | 14k 16k | 18k | 20k [10] spectra, and the observation time is assur

as50 hoursin a month. The results of the two spe
trum cases for the three observation modes (mc
stereo and hybrid) are shown in Figure 4. For ¢
fi(R, @) ample, the expected number of events of cosi

rays with energies greater than?’ [eV] in one-
FD stations for mono/stereo observation modes areyear monocular observation of the three FD <
shown in Figure 2. tions arell and0.6 in the cases of the AGAS/
and the HiRes spectra. Therefore, with a good
ergy resolution{ 10%) of the TA detectors, it is
possible to obtain a conclusive result for the G:
A(E) = /e(R, ®; E) cos 0 dQdS ©) cut-off problem in (_:osmic ray physics in the fir

few years observation.

Table 1: Simulation parameters for calculations of

The FD aperture are calculated by using the trigger
functions as

The hybrid aperture is evaluated by replacing the

FD trigger functione by erp x esp. For simplic- Acknowledgements
ity, we define the SD trigger efficiency as 1 (0)
for showers inside (outside) the array comprised
of 576 detectors. The results are shown in Fig-
ure 3. Note that the aperture calculated here are
for "ideal” cases: to determine cosmic ray energy
spectrum using real observational data, the aper-
ture must be defined by considering various ob-
servational conditions, as variation of PMT gains, 1. In the final design of the TA SD array, the numh
night-sky background photons, or atmospheric cor- of surface detectors is 512 [1, 3].
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Figure 3: TA aperture of FD (upper) and Hybrid
(lower) observations
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Figure 4: TA event rates expected from tl
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