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Evaluation of a wide-sky survey method for EAS experiments
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Abstract: Several ground-based Extensive Air Shower (EAS) experiments such as Asγ and Milagro have observed that
CRs show large scale anisotropy in the TeV energy region with an amplitude of about 0.1%. As this phenomenon is
very weak we have to deal carefully with potential errors introduced by analysis methods. In this paper, we discuss two
methods for analyzing wide sky survey data, the Equi-Zenith angle method and a χ2-Iteration method. The simulation
results show that the χ2-Iteration method can give accurate and reasonable results in the case of large scale anisotropy in
data samples.
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1 Introduction

The galactic magnetic field strongly affects the trajecto-
ries of cosmic rays (CRs) with the result that cosmic rays
as observed on Earth are highly isotropic. However, sev-
eral ground extensive air shower experiments such as the
Asγ array in Tibet [1] and the Milagro experiment [2] have
observed that CRs in the TeV energy region present large
scale anisotropy phenomenon with an amplitude of about
0.1%. The ARGO experiment(Yangbajing, Tibet) has also
reported a similar result as shown in Figure 1 [3]. There
are many possible modulation effects magnetic fields in
space, the earth environments (e.g. pressure and temper-
ature) and the dependency of the detector efficiency on
time and direction. Therefore when we estimate the back-
ground from some direction or over some time period we
must compensate during the data analysis, for these varia-
tions in efficiency. The most popular operation is embod-
ied in the Equi-zenith angle method and involves modi-
fying the CRs uneven distribution caused by the modula-
tion in azimuthal direction. However it is not clear how
to understand this operation and whether it will introduce
new problems which will influence the final results. There-
fore, it is necessary to discuss the reliability of the analyt-
ical result after azimuth modification, especially for faint
anisotropy phenomenon. In this work, we have gener-
ated three data samples which followed YBJ-ARGO ex-
periment data characteristics with the same Modified Ju-
lian Date(MJD), zenith angle and counting rates, but with
different azimuth angle distributions. The goal is to subject
these data sets to careful analysis and attempt to extract the

known anisotropy that have been artificially introduced.We
denote the three data samples as :
1.)D1–isotropic events. This data set simulates a cosmic
ray flux with little or no anisotropy;
2.)D2–anisotropy events.This data set simulates anisotropy
modeled on that measured by ARGO experiment at Ep =
3.9TeV. The anisotropy follows the expression

I = A1 cos(2π
(Φ− φ1)

360
) +A2 cos(2π

(Φ− φ2)

180
) (1)

with A1 = 0.00093, A2 = 0.0005, φ1 = 34.1 and
φ1 = 279.4;
3.)D3–based on D2, but adding a sinusoidal modulation in
the azimuthal direction with an amplitude of 2% in hori-
zontal coordinate system which in order to simulate uneven
distribution caused by the modulation in azimuthal direc-
tion.
In practice, we use only data for which the arrival direction
within 45 of the zenith. Over the course of a day, therefore,
the detector array scans the celestial sky in the declination
band from -10◦ to 70◦ in the whole right ascension range
0◦ − 360◦. For each sample group, the total number of
events(single particles are detected by the detector array) is
about 7× 109.

2 Techniques for wide-sky survey

Ground EAS experiments have the advantages of duty cir-
cle and wide-angle field of viewing, which make it continu-
ally observe the whole celestial sky. For these experiments,
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Figure 1: Sidereal time CRs intensity map for different
energy ranges. Ep is the median energy of protons esti-
mated by means of Monte Carlo simulations. The three
smooth lines are fitted by the second-order cosine harmon-
ics 1+A1cos(2π(x−φ1)/360)+A2cos(2π(x−φ2)/180).

the azimuth distribution of events is usually uneven and
most importantly very stable. In this paper we used two
techniques based on Equi-Zenith angle Method for wide-
sky survey. The Equi-Zenith angle Method is free from
variations in time arising from atmospheric conditions and
detector performance.

2.1 Equi-zenith Angle Method

We divide all the events detected by EAS experiments into
different clusters according to their local sidereal time (t)
and direction (zenith-θ,azimuth-φ) in the horizontal coordi-
nate system. We approximately consider all the events clus-
ters in the bin centered on (t, θ, φ) as coming from the same
direction, and use the average of

∑
φ′ �=φ Noff (t, θ, φ

′
) as

the background of Non(t, θ, φ). (Here φ
′

means that we use
other azimuth bins in the same zenith direction to calculate
the background of (t, θ, φ) except Non(t, θ, φ) itself.) We
then convert the coordinates of Non and Noff into equato-
rial coordinates and sum all events from different time bins
and with different values of θ and φ corresponding to the
same values of the Ra and Dec, the background Nbkg(Ra,
Dec) is treated in the same way. From the above discussion,
we write

N(Ra,Dec) =
∑

t,θ,φ

Non(t, θ, φ) (2)

Nbkg(Ra,Dec) =
∑

t,θ,φ

∑
φ′ �=φ Noff (t, θ, φ

′
)

n− 1
(3)

(Here n is the number of azimuthal bins at zenith angle θ.)
The significance of the signal above the background exceed
can be calculated using,

s =
N(Ra,Dec)−Nbkg(Ra,Dec)√

Nbkg(Ra,Dec)
(4)

This method is direct and easy to deal with. Figure 2
shows that the result of D1 sample with the Equi-zenith

Figure 2: One-dimensional significance distribution of D1
sample, which is analyzed by Equi-Zenith method. The red
solid line is a fit of a gaussian to the data.

Figure 3: The red line is one-dimensional anisotropy dis-
tribution of D2 sample given by Equi-Zenith method, and
the black line is expected anisotropy distribution.

angle method, the significance of isotropic CRs obey the
standard normal distribution as expected. However as Fig-
ure 3 shows, when we analyze an anisotropic distribution
as with D2 samples, the analytical result is different from
the expected data. The main reason is that this method
can not estimate the background correctly because it ef-
fectively integrates over the azimuth rather than estimating
the background as a function of the azimuth. The prerequi-
site for the using Equi-Zenith angle method is therefor that
the backgrounds are isotropic, so the intensities everywhere
in a zenith belt are all the same and the differences come
only from statistical errors. Therefore, the background es-
timated by Equi-Zenith angle method is far from being ac-
curate when anisotropic phenomenon exist.

2.2 χ2 Iteration

The χ2 uses the same basic approach as does the Equi-
Zenith approach, but calculates a value of χ2 based on the
ratio of the observed values of Non(t, θ, φ) to the ideal val-
ues, I , of the CRs intensity as a function of t, θ and φ. We
define Ii,j to be the CRs relative intensity for declination
bin (j) and right ascension bin (i). With minor modifica-

tions for notational convenience, we then use Nt,θ,φ
Ii,j

and
Nt,θ,φ′

I
i
′
,j

′ to express the number of events and background.
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Finally, we constructed a χ2 equation:

χ2 =
∑

t,θ,φ

(
Nt,θ,φ

Ik+1
ij

− 1
nθ

∑nθ

φ′=1

Nt,θ,φ′

Ik
i′ j′

)2

(
Nt,θ,φ

Ikij
)2

(5)

This expression was minimized by adjusting the values of
Ikij where k represents the iteration times. In the actual cal-
culation, the initial values of Ii,j0 were taken to be 1. After
many iterations, we obtain a minimized χ2 value, and the
values of Ii,j that provide this minimum. The error σIi,j

can then be readily obtained . Consequently, the signifi-
cance for the direction (i,j) can be calculated as follow:

si,j =
Ii,j − 1.

σi,j
(6)

There is a caveat that applies to the χ2 iteration technique
.When the χ2 equation is set up for a given data set, if the
number of events in Non is too small the χ2 equation will
not be convergence properly, and will give an unreasonable
value. That is to say, the experiment data selected for anal-
ysis must be sufficiently large with the result that this tech-
nique is most suited for dealing with long term observation
data.

3 Azimuth Correction

As mentioned above, we know that there are a number of
reasons leading to an uneven distribution of data in the az-
imuth and that this uneven distribution can be very stable as
a function of time. For example, the azimuthal distribution
of the YBJ-ARGO data shows an uneven distribution with
an amplitude of about 2%. As yet, there is no clear explain
for this distribution, but a consensus is that it is caused by
either an uneven acceptance in the detector system and by
the geomagnetic field. Nevertheless, we must correct this
effect when we use equi-zenith angle technique. A serious
question that then arises is whether or not a true large scale
anisotropy in the data will be discernable after this correc-
tion to the azimuthal data is made. To answer this question,
we analyzed the data sets D2 and D3 with the χ2 iteration
technique. Figure 4 displays a two dimensional sky map of
relative intensity with the anisotropy distribution from the
D3 samples after the azimuth has been modified. The data
have been smoothed using an angle of 5◦ in equatorial coor-
dinates. Figure 5 shows the relative intensity, a function of
right ascension form D3 samples. The smooth curve is the
expected intensity function, and the dotted line is the result
what we get from the χ2 iteration technique after azimuth
modification. There are very good agreement between ex-
pected results and analysis results. This demonstrates that
we can obtain correct results with this technique and az-
imuth modification will not introduce ”false” anisotropy
phenomenon or weaken the existing CRs intensity.

Figure 4: The sky map for the anisotropy distribution of the
D3 samples by χ2 iteration method after azimuth modified.

Figure 5: The one-dimensional CRs anisotropy intensity,
the smooth line is expected value, and the dots line is the re-
sult what we get from χ2 iteration technique after azimuth
modification.

4 Summary and Discussion

EAS CRs array experiments, search for TeV gamma ray
sources, have the advantage of wide angle scanning of the
sky. EAS experiments also have the advantage of being
able to study CRs’ large scale anisotropy. In this work
we have studied, using simulated data, two techniques for
scanning the sky based on the Equi-zenith angle method.
Although the simple Equi-zenith angle method is direct
and easy to deal with, it can not analyze the large scale
anisotropy exactly. The χ2 iteration technique, however, is
found to give accurate results. In addition, we have also
shown that the azimuth modification commonly used to
compensate for instrumental or environmental asymmetry
can give reasonable result, even if there exists a large scale
anisotropy in the CRs background. It also proved that the
anisotropy CRs detected by ARGO experiments is not be
introduced by analysis method but real exist.
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