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ABSTRACT

The Telescope Array’s Middle Drum fluorescence detector was instrumented with telescopes refurbished
from the High Resolution Fly’s Eye’s HiRes-1 site. The data observed by Middle Drum in monocular mode
was analyzed via the HiRes-1 profile-constrained geometry reconstruction technique and utilized the
same calibration techniques enabling a direct comparison of the energy spectra and energy scales
between the two experiments. The spectrum measured using the Middle Drum telescopes is based on
a three-year exposure collected between December 16, 2007 and December 16, 2010. The calculated dif-
ference between the spectrum of the Middle Drum observations and the published spectrum obtained by
the data collected by the HiRes-1 site allows the HiRes-1 energy scale to be transferred to Middle Drum.
The HiRes energy scale is applied to the entire Telescope Array by making a comparison between Middle
Drum monocular events and hybrid events that triggered both Middle Drum and the Telescope Array’s

HiRes scintillator ground array.

© 2012 Elsevier B.V. All rights reserved.

1. Telescope Array

The Telescope Array (TA) is the largest cosmic ray experiment in
the northern hemisphere. It was designed to help resolve physics
differences between the High Resolution Fly’s Eye (HiRes) experi-
ment, the Akeno Giant Air Shower Array (AGASA) [2], and the
Pierre Auger Observatory [3]. TA consists of three HiRes-like
fluorescence telescope stations overlooking 507 AGASA-like
scintillator surface detectors (see Figs. 1 and 2). The surface
detector (SD) array was deployed in a square grid with a 1.2 km
separation, covering ~ 700 km?* [1]. Each SD unit is composed of
two layers of 3 m? x 1.2 cm scintillating plastic sheets separated
by a thin steel sheet. The light from each layer is collected by
wavelength-shifting optical fibers and directed into separate
photo-multiplier tubes (PMTs).

Three telescope stations view the sky over the scintillator array.
The northernmost fluorescence station, known as the Middle Drum
(TAMD) site, consists of 14 telescopes refurbished from the HiRes
experiment’s HiRes-1 site. These were deployed between Novem-
ber, 2006 and October, 2007 and were arranged to view ~ 120°
in azimuth and 3° —31° in elevation. Compared to HiRes-1 [4],
the Middle Drum site has only 1/3 of the azimuthal coverage but
observes twice the elevation, as it was deployed into two rings,
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Fig. 1. Map showing the location of Telescope Array relative to Salt Lake City and
Dugway, Utah (the location of the high resolution fly’s eye). The route from Salt
Lake City to Delta is 136 miles.

each covering 14° in elevation. Each telescope unit uses sample-
and-hold electronics with a 5.6 us gate. Each telescope camera
consists of 256 PMTs covered with an ultra-violet band-pass filter.
The Black Rock (TABR) and Long Ridge (TALR) telescope stations
were described by Tokuno et al. [5].

The goals of the Middle Drum spectral analysis are threefold.
The primary goal of this analysis is to determine the flux of parti-
cles using the same calibration and analysis processing tools used
to produce the monocular spectrum from the HiRes-1 data. The
second goal is to compare the spectrum measured by the Middle
Drum detector with that of HiRes-1. Since the telescope units used
in both of these detectors are composed of the same equipment,
the results of this comparison produce a direct link in the energy
scale between these two experiments. Finally, by comparing
events observed by Middle Drum and any of the other TA detectors,
the energy scale of the entire Telescope Array experiment can be
compared to that of the HiRes experiment. In this paper, this com-
parison is performed between the geometries of the events ob-
served by Middle Drum and reconstructed using the monocular
technique to those events that triggered both Middle Drum and
the SD array and analyzed using a hybrid technique. The results
of this approach are expected to show the direct difference be-
tween the energy scales of Middle Drum and HiRes-1. It is expected
that this will be the only method required to transfer the energy
scale of HiRes to TA.

2. Event reconstruction and selection

The Middle Drum data and Monte Carlo events (described in
Section 3) were processed using the same programs created for
HiRes-1 analysis [6]. The only changes made were for the location
and pointing directions of the telescopes. The HiRes-1 analysis was
unique in that there was limited elevation coverage and a tradi-
tional monocular reconstruction could not be performed on the
data. Instead, a combined geometrical-profile reconstruction was
developed by Abu-Zayyad [7] which improved the resolution of
the observed showers. In this technique, the energy and the geom-
etry are reconstructed concurrently, only needing to vary the angle
between the shower axis and the direction of the core position, .
This ensures that the reconstruction of the observed signal im-
proves the accuracy of the pointing direction and primary energy
of the cosmic ray. This technique was not required in the analysis
of Middle Drum data since the increase in elevation angle coverage
would allow an accurate geometrical reconstruction based on a fit
to the arrival time of light for the tubes in the shower-detector
plane. However, the profile-constrained geometry reconstruction
was used for consistency in order to limit the differences for the
energy scale comparison.
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