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Abstract: We report on the search for steady point-like sources ofrakparticles around 28 eV during the
period between 2008 May and 2012 October with the surfacecttetof the Telescope Array experiment. We
find overall no significant point-like excess above 0.5 Eethianorthern sky. Hence, we set upper limits at 95%
confidence level on the neutron flux which corresponds to anaged flux 0.067 krr? yr—1 above 1 EeV in
the northern sky. This is the most stringent flux upper limithe northern sky survey assuming the point-like
sources.
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1 Introduction 2 Experiment

The energy region around ¥0eV (EeV) is thought to The TA is the largest cosmic-ray detector in the northern
be a transition from cosmic rays of galactic origin to hemisphere, which consists of the surface detector (SD)
extra-galactic origin. Many cosmic-ray experiments havearray [6] and three fluorescence detector (FD) stations [7,
searched for point-like sources as the cosmic-ray origin o8]. The TA has been fully operating at Millard Country,
the isotropic cosmic-ray sky in this energy region. AmongUtah, USA (3930°N, 11291°W; about 1,400 m above
them, the Fly’s Eye experiment and the Akeno 202km Se.a IeVeI), since 2008. The TA SD COhSiStS Of 507 p|aStiC
array reported independently a point-like excess aroungcintillation detectors of 3 fhplaced at grid point 1.2 km
Cygnus X-3 above 0.5 EeV with statistical significance 3 @part, and its coverage area is approximately 708.km
level [1,12]. On the contrary, the Haverah Park array found 0" more details, see elsewhere [9]. In this analysis, we
no significant excess around Cygnus X-3 during the periodVill use the data taken between 2008 May 11th and 2012
which overlaps the most of the Fly's Eye observation [3]_October 15th by the TA SD.

After these observations, there is however no systematic

search of the n_orthern sky in this ene_rgy_region S0 farg Analysis

although the HiRes-I searched for point-like deviations
from isotropy in the northern sky above 6 eV which

is an order of magnitude higher energy threshold tharﬁ
the previous Cygnus X-3 observations [4]. Recently, the
Auger Observatory surveyed for point-like sources aroun
1 EeV with large statistics in the southern sky [5]. t

They concluqleq that there was no significant excess. Thgvents due to hard parameter cuts to mainly improve the
energy flux limits observed by the Auger are well below gnerqy resolution for the spectrum study. In this analysis,
what is observed from some Galactic TeV gamma-raye drastically loose the event cut in the air-shower
sources. Therefore, they infer that this indicates that Te\feconstruction. The number of air showers after the loose
gamma-ray emission from those sources might be ofyts is increased by-10 times, which corresponds to
electromagnetic origin or else their proton spectra are no{ 72,125 events, compared with that of the standard cuts.
up to EeV energies. For the detailed air-shower analysis, see elsewthere [12].
In this paper, we will report on the search for point-like This is a remarkable advantage to search for anisotropy
sources of EeV neutral particles, such as neutrons oat EeV energy region, even though the angular resolution
gamma rays, with the surface detector of the Telescopand the energy resolution are moderately deteriorated. The
Array (TA) experiment which has the largest effective areaangular resolution with the loose-cut data is estimated to
in the northern hemisphere. be 30° above 1 EeV, while that of the standard-cut data

The air-shower reconstruction and data selection are
ptimized for the low-energy air showers around®16Vv
ased on the standard reconstruction code developed in
he anisotropy and energy spectrum studies$[[10, 11]. The
umber of remaining events after the standard cuts in
he standard reconstruction is relatively smafl8,000
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is estimated to be.2°. The energy resolution with the Fig.[d shows the optimal search window radRg, as a
loose-cut data is estimated to b g% while that of the function of the zenith anglé@ and the fitting results by an

standard-cut data is estimated to b&33%. These are EMpirical formulaRs,(6) = Rocosd degrees, wherB, is

good enough resolutions to find a point.like sources, if itStheflttmg parameter denoting the window radius at vertical

flux gradually changes with the energy. In this analysis,airlzhower'R]? vtar\1lues are calcul.ateig éOEbE 3.1,<21.%.and
we divided the loose-cut dataset into four energy region .O e%reEes or< Zr%? (IeEnErgy regg)g ( ?V) v I.t d
as follows: 05 < E(EeV) < 1.0 (55,010 events); .0 < 0 < E(EeV) < 2.0, E(EeV) > 2.0, respectively. It is

noted that theRs, values are approximately 0.7 times
Eégri\sg'lzg(IEzé(\)/)(§3i.2(??1f;/elnltg)gv(fni\s/)). > 2.0 (53,825 smaller than the angular resolution. In this analysis, vee us

various background estimation methods have beethese fitting curves in Fi@l 1 as the optimal search window

developed to analyze the cosmic-ray anisotropy. As gadms.

simple method, the distribution of air-shower directions

generated by the MC simulation is directly compared i ;

with the data. However, the MC simulation usually does4 Results and F)ISCUSSIOﬂS

not reproduce the data perfectly due to the simulation/Ve analyze the air shower dataset collected by the TA
model dependence and meteorological effects which ar€P from 2008 May 11th to 2012 October 15th. Fig. 2
difficult to reflect in the MC simulation. As the other Shows the northern sky map of significance drawn by the
method, the background can be estimated by the datgdui-Zenith Angle method using cosmic rays observed by
itself independent of the MC simulation. In order to the TA SD the four energy regions. In this analysis, to
extract an excess of air shower events coming from th&hake sure we do not miss any possible unknown sources,
direction of a target source, we adopt the Equi-Zeniththe surveyed sky has been oversameled_. The centers of
Angle method developed by the Tibet p@xperiment tesSted target sources are set off 0< 0.1° grids, from O

[13] to find gamma-ray excesses from huge cosmic-ray® 360 in R.A. and from O to 70 in the declination.
background events in the TeV energy region. The signal™ (_eacr|1 gr:jq pomt,ghe sea%rch window is opﬁnedbwnh tge
are searched for by counting the number of events comingpt'ma ra 'USRSW(. )_as_ shown in FigllL. The observe
from a target source as on-source cell with a finite size’ eclination band is limited due to the statistics and the

. . nalysis method. The number of events in the Re®. is
The background is estimated by the number of event
averaged over 6 off-source cells with the same angulagma”' In the Dec> 70° near the northern pole, the dummy

radius as the on-source. at the same zenith anale. recordaqt"ce cells overlap with other cells so that the statistica
Lo ' ge, ependence of each cell fails. The closed circles inFig. 3
at the same time intervals as the on-source cell event

The search window size of on- and off-source cells shoul how the significance_ distribution from all directipng as
be optimized by the MC simulation to maximize the n the four energy regions. The shaded area in this figure

. . is 90% containment region of YOMC samples in the
signal-to-noise5/N (S the number of detected excels=  isotropic sky. The good aggreement betweenﬁhe data points
V/B: the square root of the number of background eventshnd shaded area indicate that there is overall no significant
ratio, which depends on the angular resolution. In this MCexcess beyond statistical fluctuation in the northern sky.
study, we generated air showers induced by protons, which \we calculate the flux upper limits on the neutron
have the same air-shower development as the neutrofhtensity () of the northern sky using the following
equation:

4 e i Fu=Fero——, 1)
T G 5<E<1.0EeV W Nbg Esw
1.0<E<2.0EeV o 1 where F; is the integral cosmic-ray fluxNy is an

w
a1
T

o = n
o Uk U N U W

E>2.0EeV 4

upper limit of observed excess according to a statistical
prescription assuming unphysical region, such as the
minus excess[[15]Nyy is the number of averaged
background eventsy,, is the averaged solid angles of the
search window, anesy, is the efficiency deduced from the
MC simulation of proton £ neutron) signals withirts,
assuming a point source. Thg; values ¢ 0.5 EeV, >
1 EeV,> 2 EeV) are assumed to be fluxes measured by the
HiRes [14], because the TA spectrum below®eV has
not been published yet. The HiRes spectrum is consistent
E with the that of the TA within 10% level at 182 eV. The
- L, I L, L, L ; value ofé&gy is estimated to be.87+ 0.02 independent of
0 10 20 30 40 50 60 the zenith angle and the energy. First, we calculate flux
Zenith angle (deg.) upper limits of all northern sky point by point on10 x
0.1° grids using Egq[11. Then, a mean of flux limits at
Fig.1: Optimal search window radius as a function of the same declination is defined as the representative value

zenith angled by the MC simulation. The curves give best at each declination. Fig.]4 shows the mean flux upper

fit by the empirical formuléRsy = Ry cos. The symbols limits (km~2 yr~1) at 95% confidence level (C.L.) in four

and line types represent the different energy regions‘.anergy regions, depending on the declination of target

. i i . Sources. An averaged flux upper limit in northern sky is
Circles and solid curve:.8 < E(EeV) < 1.0; Squares and - oqimated to be 0.067 kmd yr1 above 1 EeV. This is the

dotted curve: 1 < E(EeV) < 2.0; Triangles and dashed o stringent flux upper limit in the northern sky survey
curve:E(EeV) > 2.0, respectively. assuming point-like sources.

Optimal window radius (deg.)
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(a) 0.5 < E < 1.0 EeV (b) 1.0 < E < 2.0EeV
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Fig.2: Significance maps in the surveyed northern sky between=Deand Dec.=70 by the TA SD in four energy
regions: (a) ® < E(EeV) < 1.0; (b) L0 < E(EeV) < 2.0; (c)E(EeV) > 2.0; (d)E(EeV) > 1.0. The color contours show
significance level. The solid curves indicate the Galadtoe.
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Fig.3: Histograms show significance distributions of all direns within FoV of the TA SD in four energy regions :
(a) 05 < E(EeV) <1.0; (b) L0 < E(EeV) < 2.0; (c) E(EeV) > 2.0; (d) E(EeV) > 1.0. The shaded area indicates 90%
containment region of POMC samples of isotropic sky.
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5 Summary

We search for steady point-like sources of neutral pagicle
around EeV energy observed by the TA SD which has the
largest effective area in the northern sky. The air-shower
reconstruction and data selection are optimized for the
EeV air showers. The number of air showers above
0.5 EeV is increased by 10 times, which corresponds
to 172,125 events, after the optimization. In order to
search for the point-like sources, the Equi-Zenith Angle
method is adopted to these cosmic-ray air showers taken
by the TA SD during the period between 2008 May and
2011 October. As a result, we find overall no significant
excess above 0.5 EeV in the northern sky. Hence, we set
upper limits at 95% C.L. on the neutron flux, which is
an averaged flux 0.067 km yr—! above 1 EeV in the
northern sky. This is the most stringent flux upper limit in
the northern sky survey assuming the point-like sources.
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