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Abstract: The Telescope Array’'s Middle Drum fluorescence detector bwals using refurbished telescopes from the
High Resolution Fly's Eye’s HiRes-1 site and calibratechgghe same techniques. As such, a direct comparison can be
made between the energy scales and spectrum of the two mquesi. Both sets of data represent measurements made
via monocular observation and were analyzed using the profihstrained geometry reconstruction technique degdlop
for HiRes-1. The HiRes-1 data represents almost nine ydaspmsure and was collected between May 29, 1997 and
May 26, 2006. The current Middle Drum spectrum uses dataci@t over a three-year period, between December 16,
2007 and December 16, 2010. The results of these compadsemsesented.
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1 TelescopeArray Middle Drum comparing events observed by Middle Drum and any of the
other detectors.

The Telescope Array is a collaboration composed of in-
stitutions from the U.S., Japan, Korea, Russia, and Bej;
gium. The experiment consists of three fluorescence tel€-

scope detectors overlooking 507 surface detectors arrayed )
over~ 750 km?. The northernmost fluorescence detectorl "€ Telescope Array Middle Drum detector was refur-

known as Middle Drum, consists of 14 telescopes refuRished and deployed between November, 2006 and Octo-

bished from the High Resolution Fly’s Eye (HiRes) experPer, 2007 [2]. The first year of data was collected between
iment. These were arranged to view120° in azimuthal D&cember 16, 2007 and December 8, 2008. This data

coverage and betweer and31° in elevation. Each tele- Was analyzed and compared to HiRes, but statistics limited
scope unit uses the HiRes-1 observatory’s sample-and-h@d-omparison between the experiments [3]. The current
electronics with &.6 us gate with floating tube-thresholds, SPECtrum now contains data collected through December
allowing each photomultiplier tube to have an individuaft6, 2010, collected only on nights that had at least three
firing rate of~ 200 Hz. Each telescope camera consist§ours of full-dark: no sunlight and no moonlight. The fi-

of 256 photomultiplier tubes covered with an ultra-violet?@l collected time (see figure 1) consisted-o2900 hours
transmissive filter. (~ 68% of available dark time) of which- 2400 hours

(~ 82% of collected time) were considered good, i.e. min-
) imal cloud cover in the view of the detector. This correlates
11 Goalsof Middle Drum to a~ 9% duty cycle with~ 1/4 the ontime of HiRes-1.

Since the Middle Drum detector has been operating fofn€ aperture of the Middle Drum detector was determined
over three years, the primary goal of this analysis is t§5iN9 Monte Carlo smulanon_s. The potgntlal aperture is
determine the flux of particles observed using the sanfifined as the effective area times the solid angle of accep-
Profile-Constrained Geometry Fit (PCGF) analysis tecfance. The detector aperture is then determined by multi-
nique used to produce the HiRes-1 monocular spectruﬂ_lny'ng the potential aperture by the ratio o_f the number of
[1]. Secondly, since the telescope units are composed g_fnul_ated events that were reconstructed in a given energy
the same equipment used at HiRes, a direct comparison (52 divided by the number of events thrown in the same
tween Middle Drum and HiRes can be performed. Thi®in. The aperture of the Middle Drum detector has been
results in a direct link in the energy scale between theg&iculated to be roul%holy half that of the HiRes-1 detector
two experiments. Future studies can transfer the enerff)f €nergies above0™" eV (see figure 2). The exposure
scale of HiRes to the entire Telescope Array experiment the detector is defined as the multiplication of running

Exposure
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< thrown and the reconstructed energy and geometry in
g 10° Monte Carlo simulations. The three primary parameters
5 £ re— that show the quality of the reconstruction are the energy,
g r — y i .
< [ TAMD the impact parameteR p, and the in-plane angl&,. These
L are determined for three energy ranges to show trends in
L the reconstruction:10!8-9-185 gy, 1018:5-19.0 gy and
18 182 184 18.6 llés.s 1IgEné?"2 1(9é4V$L9<6 198 20 202 > 1090 eV. The upper range shows to have a good res-
910 oy olution for these reconstructed events (see figures 3, 4, and
5).
Figure 2: Middle Drum aperture compared to HiRes-1
aperture.

3.2 Data-MC Comparison

time and aperture. The exposure of Middle Drum is the he aperture is solely based on the Monte Carlo simulation
~ 1/3 the exposure of HiRes-1. of real events and how they are observed by our detector.

In order to show how well we can rely upon our aperture,

data-Monte Carlo comparisons are made. The same three
3 MonteCarlo energy ranges used in the resolution are again compared

with the upper range showing the most important events
The Monte Carlo was thrown with an isotropic distributionobserved by the detector. The two reconstructed parame-
and sent through the same processing cuts and PCGF i@+s compared here are the impact paraméier,and the
construction that was performed on the data. The Mon#enith angley (see figures 6 and 7). Due to the small statis-
Carlo was thrown with a HiRes spectrum betwa@h”->  tics in the actual data the error bars on the data points are
eV and102'? eV: using a spectral index of 3.25 belowquite large. Nevertheless, it can be seen that the Monte
10'8:6% eV and 2.81 above that energy. The Monte Carléarlo histogram is in excellent agreement with the data.
spectral set was thrown without the GZK cutoff [4, 5]. The
HiRes-1/Middle Drum Monte Carlo uses the Gaisser-Hilla
parameterization to determine the number of charged pa%—

ticles at each slant depth into the atmosphere. The amount

of energy deposited into the atmosphere is estimated usififfer three years of collecting data, 3859 events were ob-
the Hillas dE/dx parameterization. served with energy above)'®- eV. Only one event has
been observed with energy abo¥8?’° eV and three
. events have been observed above the HiRes measured GZK
3.1 Resolution value of 5.6 x 10! eV [6, 1]. Dividing the number of
Resolution plots show how well the reconstruction pro_events by the exposure the flux is determined for each

grams perform by determining the difference between thtgnth-decade energy bin. The Middle Drum flux spectrum

TheMiddle Drum Three-Year Spectrum
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Figure 4. Middle DrumRp resolution for events with en- Figure 5: Middle Drum¥ resolution for events with energy
ergy between 019-° and102!-? eV. between1 09 and10?1° eV.

appears consistent with that of the HiRes monocular spesid for Scientific Research on Specially Promoted Re-
trum (see figure 8) [6]. search (21000002) “Extreme Phenomena in the Universe
Explored by Highest Energy Cosmic Rays”, basic research
awards 18204020(A), 18403004(B) and 20340057(B);
by the U.S. National Science Foundation awards PHY-
0307098, PHY-0601915, PHY-0703893, PHY-0758342,
Observing the individual bin differences between thgnd PHY-0848320 (Utah) and PHY-0649681 (Rutgers);
HiRes-1 and Middle Drum spectra in the overlapping enpy the National Research Foundation of Korea (2006-
ergy range, a calculation can be made of an ovafallit- 0950031, 2007-0056005, 2007-0093860); by the Russian
ference between the two spectra. Using only those bi%ademy of Sciences, RFBR grants 10-02-01406a and 11-
with more than seven observed events, thés calculated (o_01528a (INR), lISN project No. 4.4509.10 and Belgian
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by Science Policy under IUAP VI/11 (ULB). The foundations
(AE3JTAMD A Ty 1)2 of Dr. Ezekiel R. and Edna Wattis Dumke, Willard L. Ec-

2= Z 5 thies— (1) cles and the George S. and Dolores Dore Eccles all helped

T Tnternal with generous donations. The State of Utah supported the

where E3J is the measured flux for Middle Drum and prqject t-hrough its Economic Develppment Board, and t.he

HiRes-1, respectively, multiplied by a reduction factor,UmverS'ty of Utah through th_e Office pf the Vice Pre_S|-

A=10-2* and dent for Research. Th_e experimental site became avall_able

' through the cooperation of the Utah School and Institu-

_ 2 2 tional Trust Lands Administration (SITLA), U.S. Bureau

OInternal = \/(AUGL) +(Aosu) @) of Land Management and the U.S. Air Force. We also wish

whereo¢, is the lower ) error of the flux in the spectrum to thank the people and the officials of Millard County,

with a greater @) flux, ando sy is the upper ) error of  Utah, for their steadfast and warm support. We gratefully

the flux in the spectrum with a smallef flux for indi- acknowledge the contributions from the technical staffs of

vidual bins. This caluclation results in@/N.D.F. = our home institutions and the University of Utah Center for

12.21/10 for all of the overlying bins angt?/N.D.F. =  High Performance Computing (CHPC).

4.47/5 for bins > 10'9:0 eV. Creating this bridge between

the two detectors now allows any future corrections to the

Middle Drum spectrum to be translated back to the HiReBeferenCeS

spectrum.
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Figure 8: Middle Drum energy spectrum compared to
HiRes.



