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Abstract: The Telescope Array’s Middle Drum (MD) fluorescence detector igiem/a direct link to the HiRes-1 energy
scale. The current MD monocular energy spectrum measuremesttius same physics input and the same analysis
technique as the HiRes-1 analysis. We have updated the MD data analysigtioip step with the analyses based on the
other two TA FD stations. In this poster we present a summary of the ekangde to the analysis: These changes include
updating shower energy deposit calculation and light production modéirgdiminary results on detector performance
simulation and the effect on shower energy determination will be pretente
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1 Introduction and techniques as close as possible to the original experi-
ments was the best way to understand the different results.
1.1 Detectors Due to HiRes-1 earlier start date, the analysis procedure

) ) . , [8] of the data collected by HiRes-1, operated in monoc-
The High Resolution (HiRes) Fly's Eye detector was gjar mode, including the shower simulation in the detec-

UHECR fluorescence detecto_r (FD), which operated fromy, Monte Carlo had matured by the early 2000's and was
the year 1997 through the middle of 2006. The dgtect%erefore “frozen” or unmodified thereafter to maintain
comprised two sites separated by 12.6 km. Each site hafngjstency with the earliest published results [3]. Afiter
full azimuthal coverage but differed in elevation angle €Xt,nstruction of the Telescope Array Middle Drum FD, it
tent (HiRes-1 covered® —17°, HiRes-2 covered® —31°). a5 decided that the MD data analysis should use the same
The two S|ltes were operated both as _separate detectorssgqylation and data analysis programs used for HiRes-1.
well as a single stereo detector. The HiRes-1 detector camiis guarantees that the MD energy scale matches the orig-
online in July 1997 while HiRes-2 started physics data takp 5| Hires-1 energy scale and could therefore provide con-
ing in December of 2000. Both sites were shut down IBnuity in the CR energy spectrum measurement from ex-
2006. periment to experiment.
The Telescope Array (TA) detector is a hybrid detectofieyyer measurements of the Air fluorescence yield and
comprising three FD's and a large ground array of SCifje\yer extensive air shower simulation models have come
tilation counters. One of TAs three FDs, located at Midynq se since the original HiRes-1 analysis was “frozen”.
dle Drum (MD), is made up of redeployed HiRes-1 mirorsrpeqe newer measurements and models are used in the
and electronics. 14 of the HiRes-1 telescopes were moved v sis of the other two TA fluorescence detectors. Having
to the MD site and were deployed in a two ring configuzeryeq its purpose of transferring the HiRes-1 energy scale
ration (112 azimuthal,3° — 31° elevation coverage) that 1, the TA experiment it is time to update the MD analysis
pverlooks the grgunq array. Thg MD site began operatiop using these models. In particular, we made the follow-
in late 2007 and is still in operation today. ing changes to the shower simulation used in the detector
Monte Carlo and the energy reconstruction programs:

1.2 Detector Simulation and Data Analysis

e The wavelength spectrum of fluorescence light was
One of the major goals of the TA detector is to resolve the updated from the Bunner [1] spectrum to the spec-
discrepancy in the AGASA and HiRes results with respect trum measured by the FLASH experiment [2].
to the observation of the GZK cutoff in the energy spec-
trum [3] [4] It was suspected that this discrepancy might ® The shower energy deposit function was updated
be due to a difference in the energy scale of the two exper-  from the Hillas [5] model to Nerlingt al. [7]
iments and therefore a hybrid observation using detectors
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Figure 1. FLASH wavelength spectrum at 155 torr [2]Figure 2: Shower energy deposit functions. Shown are
Also shown is the Bunner spectrum (Arbitrary scale) Nerling’s “effectivea”, and thedE /dx function based on
Hillas’ paramaterization.

e The Cerenkov light production was also updated
from Hillas [6] to Nerling [7].
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2 Physics Models

Y

The FLASH experiment measured the air florescence ef-
ficiency and the wavelength spectrum of emitted light.

We have incorporated the measurement of the wavelength %} Rty
spectrum, figure 1, into the simulation but retained the ab-  °°¢

solute yield measurements done by Kakimettal. [9]. was

The energy deposit formula used in the HiRes-1 analysis ~ ®* 52" 64 66 05 T 727 74 75 18 2

shower age

and the first analysis of TA MD data is based on shower

simulations done by Hillas in the early 80's [5]. Hillas aISOFigure 3: Ratio of total Cerenkov light production from an
provided a formula for calculating the Cerenkov light pro-

e A . air shower as a function of shower age at different altitudes
duction in extensive air showers [6]. More recently, Ner-

ling et al. used Corsika simulations to produce formula for

the same quantities as Hillas. These formula are now ustght. Hillas’ calculation accounted for the altitude depe
by AUGER as well as TA FD analyses. Figure 2 showslence of the Cerenkov light. Nerlirg al. provide a re-
the difference between the shower energy deposit functidimed procedure which accounts for the shower develop-
calculated based on Hillas simulations and the effective ement stage (shower age) in addition to the altitude. They
ergy deposit from the Nerling paper. Note that the Hillasilso update the calculation of the angular distributiorhef t
formula was scaled up by 28 this is because we use aemitted light. A comparison of the two calculations shows
Corsika shower library for the detector simulation. Theseome minor differences, see figure 3 for an example.
Corsika shower simulations produced roughly2tewer | practice the Cerenkov light calculation is not a signifac
particles than the Hillas Monte Carlo and therefore the-scalyctor in energy determination because we typically imple-
ing was required to conserve shower energy. In going frofent quality cuts that eliminate events with large Cerenkov

Hillas to Nerling parametrizations we also had to Updat@ignals from the final data sample used for spectrum or
the missing energy correction in order to have a self CORsomposition.

sistent shower simulation. Specifically this means that the

missing energy fraction was adjusted such that the primary

CR particle energy equals the sum of the shower color8 Detector Aperture

metric energy, given by the shower integral of the/dx

curve, and the shower missing energy carried by neutringable 1 showes the Middle Drum trigger aperture calcu-
and other penetrating particles that do not deposit their efated with the old and new shower models. As the energy
ergies in the atmosphere. increases the effect on the trigger aperture gets smadler, r

The electron energy distribution found by Corsika simulasulting in a slight change in the shape of the aperture func-
tions differs from the Hillas simulations. This results intion.

a small change in the total amount of produced Cerenkov
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Energy(EeV)| Hillas Nerling Ratio
0.3 173.1 191.7 111
1.0 654.3 715.0 1.09 MD hybrid energy recon. (Nerling vs. Hillas) |
3.0 1683.0 18132 1.08 i ——
70 I
10.0 3496.5 3599.8 1.03 E - P
30.0 6243.3 6258.3 1.00 60F | % nat 99.08 /62
r Constant 58.11+ 3.25
- Mean -0.07091+ 0.00061
Table 1: Middle Drum trigger aperture calculated for pro- 50~ Slgma_ 0.01565:: 0.00063
ton primaries. r
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Hybrid reconstruction of showers observed by Middle 10;
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reconstruction of the shower track. The resulting geometry 02 -0.15 o ey L1

is very well determined with the impact parametep, res-
olution on the order of % and angular resolution of better _ _ )
than a degree. The hybrid geometry is used by the enerﬁi)gure 4: Hybrid energy reconstruction. Change in energy
and z,,q. (profile) reconstruction program without modi- IN go.ing from the old models (Hillas) to the new models
fication. On the other hand, the monocular reconstructidhVerling)

relies on the profile constrained fit method in which the
shower geometry and profile are reconstructed in one step.
Here we impose a predefined set of Gaisser-Hillas (GH)

| MD hybrid energy recon. (Nerling vs. Hillas) |

profile parameters and calculate the shower geometry that,

a shower with the preset profile produces the best fit to the L —
data. In the monocular case, changing the physics models C Mean iy
changes not only the reconstructed energy apd, but a0F [T L
the track geometry as well. Mean o dsei0d

The following plots show the results of a comparison of
the reconstructed paramaters for a set of hybrid observed
events. Figure 4 shows that the shower energy reconstruct:
7-8% lower with the new models than with old. The,,. 20
values also came out 16 gm'’s smaller, figure 5. Figure 6
shows the change in monocular energies to be on the ordel 4
of —6%. With a much larger set of events it was found that

the new energies were lower By %.

30
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5 Summary

Figure 5: Hybrid energy reconstruction. Changerjf,.
The Middle Drum Monte Carlo and energy reconstructiof? going from the old models (Hillas) to the new models
programs were updated to the currently accepted moddNerling)
of shower energy deposit and light production. Overall we
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MD mono. energy recon. (Nerling vs. Hillas) |

htemp
Entries 393
1 02 [ Mean -0.05086
E RMS 0.1038
iy ¥2 I ndf 103/ 21
C Constant 74.02+ 515
L Mean -0.05689 + 0.00226
Sigma 0.03829 1 0.00143
10
1=
b L L T S i
-0.5 0 0.5 .
(E2-E1)/E1

Figure 6: Monocular energy reconstruction (energy) in go-
ing from the old models (Hillas) to the new models (Ner-

ling)

the Office of the Vice President for Research. The exper-
imental site became available through the cooperation of
the Utah School and Institutional Trust Lands Administra-
tion (SITLA), U.S. Bureau of Land Management and the
U.S. Air Force. We also wish to thank the people and the
officials of Millard County, Utah, for their steadfast and
warm support. We gratefully acknowledge the contribu-
tions from the technical staffs of our home institutions and
the University of Utah Center for High Performance Com-
puting (CHPC).

References

[1] A.N. Bunner, Ph.D. thesis, Cornell University, 1967.

[2] Abbasiet al., Astropart. Phys. 29 (2008) 77-86

[3] Abbasi, R.U.et al., Physical Review Letters, vol. 92
num. 15, 16 Apr. 2004

[4] N. Sakakiet al., (ICRC 2001), Hamburg, Germany,
Vol. 1, p. 333

[5] A. M. Hillas, J. Phys. G: Nucl. Part. Phys. 8 (1982)
1461

[6] A. M. Hillas, J. Phys. G: Nucl. Part. Phys. 8 (1982)
1475

[7] F. Nerlinget al., Astropart. Phys., 2006, 24, 421.

[8] Tareq Abuzayyad, 2000 Ph. D. thesis, University of
Utah

[9] F. Kakimotoet al., Nucl. Instrum. Methods Phys. Res.,
Sect. A 372, 527 (1996).



