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Abstract: The AGASA collaboration has presented results that indicate the presélasge-scale
anisotropy in the arrival direction of ultra-high-energy cosmic ray#ilg\this data has been interpreted
as an enhancement from the Galactic Center and the Cygnus regiordafiditfrom the Galactic anti-
center their map indicates a possibly much larger affect. Indepenéiéie AGASA data, the search
for anisotropy in the cosmic-ray arrival directions is inherently intergstimit may provide clues to the
origins of these particles. In our presentation, we will describe a techrsgitable for searching for
large-scale anisotropy in the HiRes data. Results based on the HiResdtuaiandata set, which was
chosen because of its larger statistics, will be presented.

Introduction The HiRes Experiment

The anisotropy of ultra-high energy cosmic rays The High Resolution Fly’s Eye (HiRes) expet
may hold clues to their origin. The AGASA collab- ment consisted of two air fluorescence detect
oration has reported an anisotropy associated with (HiRes-I and HiRes-Il) located on Dugway Pro
the Galaxy over a narrow energy band [1]. Se- ing Ground, Utah. HiRes-I incorporated 19 mi
lecting events with energies between 1 and 2 EeV, rors in a single ring covering°3to 18 in eleva-
AGASA observed a 20% excess from a direction tion. HiRes-1l had 2 rings with 42 mirrors giviny
near the Galactic center and somewhat smaller en-a 3 to 32 view in elevation. The two detectc
hancement from the Cygnus region (Galactic lon- stations were separated by 12.6 km. Each de
gitude 80 degrees). In the same data set they ob-tor saw 360 in azimuthal and each mirror had ¢
served a 10% deficit from the Galactic anti-center. effective area of 3.92 iy which was viewed by &
Their data show a strong dipole nature in equa- camera made of 256 photo multipliers. Each ph
torial coordinates, with right ascensions between multiplier covered 1 of the sky. Detailed detec
0 and 200 degrees showing large deficits relative tor descriptions can be found in [2, 3]. The HIiR
to right ascensions between 200 and 360 degreesdetector was sensitive to cosmic rays with energ
These results have not yet been confirmed by an in-above 2 10'7eV.

dependent experiment. Several hypothesizes haverpe work presented in the upcoming poster
been put forth to explain these results. One the- pased on data taken in the period from 2002
ory invokes the leaky box model of cosmic-ray 2006 by the HiRes-Il in monocular mode and h

propagation and requires the proton spectrum to passed standard event quality cuts (goodness o
steepen near 10eV. The other model assumes that ometrical and profile fit, zenith angle less than

the anisotropy is due to cosmic-ray neutrons. At gegrees, good weather days).
10'%eV neutrons have a decay length of about 10

kpc, however this would require a rather sharp cut-

off in the neutron energy spectrum above eV

to account for the lack of anisotropy at higher en-

ergies.
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HIRES LARGE-SCALE ANISOTROY

Event Rate vs. Sidereal Time
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Figure 1: Event rate versus sidereal time

Analysis Method

To search for sources of ultra-high-energy cosmic
rays it is necessary to compare the actual num-
ber of detected events in some region of the sky,
with an estimate of the background in the same re-
gion of the sky. The estimate of the background
is normally carried out under the assumption that
the cosmic rays are isotropic. The problem then
is reduced to determining the sensitivity of the de-
tector to cosmic rays as a function of the local co-
ordinates (zenith and azimuth) and the exposure of
the detector to different regions of the celestial sky.
Here we slightly modify the method developed in
[4] (known as “direct integration”) and the back-
ground estimateV,,, for a given region of right
ascensions(a) and declinationd) is given by

Npkg(ra,0) = Reyrs X T; x LSM™"™ (ha, §),

1)
whereT; is the detector on-time in sidereal time
bin ¢ and LSM"™°"™ (ha, ¢) is the nomalized sky
map in local coordinatesh@, d). The event rate
R..:5 in this background estimation method is as-
sumed to be constant over sidereal time, which has
been shown for the data used in our presentation
and can be seen in Figure 1.

Presentation

Since it is crucial for the background estimation,
possible seasonal effects on the event rate and on
the local sky map have been studied and results
will be presented in the upcoming poster. The
background-corrected distribution of events on the
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sky in right ascension and declination will also |
shown.

Acknowledgments

This work has supported by US NSF grants P+
9100221, PHY-9321949, PHY-9322298, PH
9904048, PHY-9974537, PHY-0073057, PH
0098826, PHY-0140688, PHY-0245428, PH
0305516, PHY-0307098, PHY-0649681, a
PHY-0703893, and by the DOE grant FGO
92ER40732. We gratefully acknowledge the cc
tributions from the technical staffs of our home i
stitutions. The cooperation of Colonels E. Fisch
G. Harter and G. Olsen, the US Army, and the Dt
way Proving Ground staff is greatly appreciated

References

[1] N. Hayashida, et al., The anisotropy of cosn
ray arrival directions around 10**18-ev, As
tropart. Phys. 10 (1999) 303—-311.

[2] J. H. Boyer, B. C. Knapp, E. J. Mannel, M. Si

man, Fadc-based daq for hires fly’s eye, Nu

Instrum. Meth. A482 (2002) 457—-474.

T. Abu-Zayyad, et al., The prototype higt

resolution fly’s eye cosmic ray detector, Nut

Instrum. Meth. A450 (2000) 253-269.

R. W. Atkins, et al., Observation of tev gammn

rays from the crab nebula with milagro usir

a new background rejection technique, Asti

phys. J. 595 (2003) 803-811.

(3]

(4]



