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Abstract: While monocular measurements of the UHECR flux with the HiRes detectertigévlargest
statistical significance and the largest range of energies available, the speectrum has the best geo-
metrical reconstruction and the best energy resolution, though it Hgherlenergy threshold. The stereo
spectrum for the full HiRes data set is presented and compared to trecmanspectra.

Introduction and Motivation planes. Here the shower-detector planes are fo
by fitting a plane to the direction vectors of tt
The High Resolution Fly's Eye (HiRes) detec- phototubes which were triggered at each detec
tor was designed to view UHECR showers in Even better precision is found by combining tl
stereo. Showers viewed independently from two shower time information with this simple geome
sites spaced 12 km appart have excellent precisionrical fit. Once the stereo geometry is determin:
in geometrical reconstruction. Independent energy the shower profile is reconstructed independer
measurements from two sites allows a verification for HiRes | and HiRes Il using similar binnin
of the calculated energy resolution of the detec- technigues to those used in the monocular an
tor. This is critical because an energy dependent Sis.
energy resolution or non-gaussian tails on the en- with the geometry determined, the photo-electi
ergy resolution functions can distort the measure- count is converted to a shower size at each ati
ment of a steeply falling spectrum. The stereo tech- pheric depth, using the known geometry of t
nique has a physics threshold of n8a6'® eV be-  shower, and corrected for atmospheric atten
cause the detector aperture begins to decrease veryion. We integrate the resulting function of sla
rapidly below this value. Monocular reconstruc- depth X (using the determined values o,,.
tion is less precise but has a much more slowly and X,,,.) and then multiply by the average e
changing aperture at low energies and thus a lower ergy loss per particle to give the visible shower ¢
threshold. The geomtrical and energy reconstruc- ergy. A correction for energy carried off by noi
tion can be cross-checked for the sample of eventsobservable particles to give the total shower ene
seen in both stereo and mono. The stereo spec-(~ 10%)[1] is then applied.
trum, w.hile more limited in stati§tics and energy Comparison of energies determined in stereo
reach gives the stablest geometrical and energy re-pjipas | ang Hires 11 alone confirm the adequacy
ponstructlon and_ hence is important in understand- the energy resolution estimates from the detec
ing the systematic errors due to other issues such aS\ionte Carlo ( see Fig. 1).

atmospheric corrections and aperture calculations. i
The detector Monte Carlo is also used to calcul

the detector aperture. Simulated events gener.
Analysis Techniques by the Corsika program were subjected to the s¢
reconstruction algorithm and cuts applied to t
For the subset of events observed in stereo, the ge_data. To Verify the rel|ab|l|ty of this CalCUlation, w
ometrical reconstruction is essentially determined compared, at different energies, the zenith an
by the intersection of the two shower-detector and impact parameter distributions, which defi
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HIRES SPECTRUMMEASUREMENTS
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Figure 1: Distribution of energy differences for
HiRes | and HiRes Il divided by the HiRes Il en-
ergy for events seen in stereo. Top panel - data.
Bottom panel - Monte Carlo prediction.

the detector aperture. The MC predictions for these
are very sensitive to details of the simulation, in-
cluding the detector triggering, optical ray-tracing,
signal/noise, and the atmospheric modeling. Good
agreement is found for both stereo and mono dis-
tributions ( see Fig. 2).
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Figure 2: Comparison of data and Monte Carlo
predictions for the impact parameter and zenith an-
gle distribution of events.

below which the trigger is fully efficient (see Fic
3). Only events in this geometrical range are u
for the “fully efficient” stereo aperture. The "fully
efficient” aperture is nearly identical to the nc
mal stereo aperture at high energies but is sig
icantly smaller near detector threshold. We del
mine the required cuts using the detector Mol
Carlo. Since this cuts out events with marginal tr
gering, this set of cuts also insures that the aper
is largely insensitive to atmospheric variations.
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Figure 3: Stereo aperture for normal and "ful
efficient” aperture. Dashed curve ("without ge
constraints) represents the normal aperture. O
curves represent the "fully efficient” aperture a
its variation under changes in various assumptic

Flux

We present the stereo spectrum for essentially
full HiRes data set for the “fully efficient” apertur
('see Fig. 4). The ankle structure and the expec
GZK cutoff are clearly seen. We fit two power lav
to the spectrum with a floating break point. TI
slope below the ankle is-3.33 £+ 0.18 while the
slope above the ankle is2.75 £+ 0.25. These are

Because the stereo aperture has a more rapid deln €xcellent agreement with the slopes measu
pendence on energy at lower energy, we define aP¥ the monocular reconstruction. The spectrum

set of geometrical cuts such that only the fully ef-
ficient part of the stereo aperture is used. This is
done by determining, as a function of energy, the

the normal aperture is essentiall indistinguisha
from the "fully efficient” one.

The largest systematic uncertainties are the at

maximum impact parameter distance to an event lute calibration of the photo-tubest{0%), the
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10% : : : : : spectrum with the two monocular spectra. Agre
E ment is very good.
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Figure 4: Ste_reo spectrum for "fully efﬂmeny Wgsshass e ads s s s s VT alaian o
aperture showing result of two power law fits with log,(E) (eV)

floating break point.
Figure 5: Comparison of stereo aperture w

yield of the fluorescence process10%), the HiRes | and HiRes Il monocular spectra. Ster

correction for unobserved energy in the shower data has been re-analyzed with the same cali
(+5%)[1], [2], and the modeling of the atmo- tON and other assumptions that were used in
sphere. older monocular analysis.
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Comparison to Monocular Spectra

_ References
The stereo spectrum was recalculated with exactly

the same assumptions (fluorescence yield, dE/dX, [1] C. Songet al., Astroparticle Physics 14 7
missing energy, atmospheric and detector calibra- (2'000) v

tion constants, etc. ) that were used in the pub- [2] J. Linsley,Phys. Rev. Lett 34 1530 (1975)
lished monocular spectra. Use of the older versions 1998 ' o '
of these values yield a shift in energy by about ten '

percent. Fig. 5 shows the comparison of this stereo
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