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Abstract: The KASCADE-Grande experiment is operated in the 5×1015
−1018eV energy range (reaching the

100% detection efficiency at 1016eV); its data taking lasted from 2004 to 2012. A search for anisotropies in
the arrival directions of primary cosmic rays has been performed using the East-West analysis technique with
the events detected by the Grande array. First harmonic modulation has been derived from the distributions (in
sidereal, solar and anti-sidereal times) of the counts difference from the East and West sectors. In this contribution
we present the results obtained and compare them with those of other experiments.
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1 Introduction
The study of large scale anisotropies in the arrival direc-
tions of cosmic rays in the energy range of the knee can
provide relevant informations to distinguish source and
propagation effects.

From the experimental point of view the highest ener-
gy detection of a significant anisotropy is the one obtained
by the EAS-TOP experiment[1] at 400TeV, while below
∼ 1013eV the situation is well defined by many different
measurements[2, 3, 4, 5, 6, 7]. In the energy range around
the knee of the primary spectrum only upper limits are
available up to now[8], mainly coming from previous anal-
ysis of the KASCADE and KASCADE-Grande data[9].

The measured and expected amplitude, for energies be-
low 1016eV, of the anisotropies are at the level of 10−4

÷

10−3. The significance of the measurements depends on
the number of events in the data set, so long duration da-
ta taking are required. At the same time the counting rate
variations induced by atmospheric effects (i.e. pressure and
temperature) are bigger than those expected by cosmic

rays anisotropies and so the arrays stability plays a cru-
cial role in such analyses. To take into account the insta-
bilities induced by atmospheric and instrumental effects
the analysis has been performed with East-West analysis
technique[10].

In this contribution we will describe an updated analy-
sis of the KASCADE-Grande data performed by the East-
West method.

2 Analysis
The analysis is performed through a differential method,
the so called East-West[10] method, based on the counting
rate differences between East-ward and West-ward direc-
tions. This method allows to remove counting rate varia-
tions caused by atmospheric and instrumental effects. The
data set under discussion contains 107 events recorded be-
tween December 2003 and October 2011. To ensure recon-
struction quality, a cut on the zenith angleθ and on the
number of charged particles at observation level (Nch) was
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applied:θ < 40◦ andLog(Nch)> 5.2.
The number of counts measured from the East sector

and from the West one, at a given timet, are respectively
IE(t) andIW(t). The difference between the counts record-
ed from the East and the West sector is related to the first
derivative of the total number of counts,I(t), as:

dItot

dt
=

IE(t)− IW(t)
δ t

whereδ t is the average hour angle between the vertical
and each of the two sectors. The counting rate differences
between East-ward and West-ward directions is:

D(t) = IE(t)− IW(t)

Using the Fourier formalism D(t) can be written as:

D(i) = a0 +
∞

∑
k=1

rk cos

(

2πk(i − 1/2)
nint

− ψk

)

where nint = 72 intervals of solar, sidereal or anti-
sidereal time, of 20min each andi are defined in the inter-
val 0< i < nint . A first harmonic analysis,k= 1, has been
performed on the differencesD. The differential amplitude
rD and the phaseψD are calculated by harmonic analy-
sis, performed using East-West method, and the difference
counting rate can be written asD(t) = rDcos(t −ψD).

By integrating the relation of the first derivative ofItot,
and using the last definition ofD(t), it is possible to define
the integral amplitude and phase of the first harmonic:

Itot(t) =
∫ 2π

0

D(t)
δ t

dt =
rD

δ t
cos(t −ψD −

π
2
)

rI =
rD

δ t

ψI = ψD +
π
2

The uncertainty onrI depends by the total number of
countsN and theδ t, in this analysisδ t ≃ 20o. The uncer-
tainties on amplitude and phase are:

σrI =
1
δ t

√

2
N

σψI =
σrI

rI

The probability that this amplitude is due to statisti-
cal fluctuation of background can be evaluated with the
Rayleigh imitation probability:

P= e
−

r2I
2σ2

rI

3 Analysis in solar, sidereal and
anti-sidereal time

The study of anisotropy in the arrival directions of cosmic
rays through the East-West method allows to skip correc-
tion on variations due to atmospheric and instrumental ef-
fects.

Figure 1 shows the counting rate (i.e. number of trig-
gers in 20 minutes intervals) distributions in solar time,
the solid line is obtained without any correction, while the
dashed one is the result applying the East-West method.
The wave shape of solar time using the East-West method
is flatter than the shape of the distribution without correc-
tions, in fact the amplitudes in solar time are respectively
(3±0.03)×10−2 and(0.28±0.08)×10−2. Showing that
the East-West method removes the modulations caused by
atmospheric and instrumental effects.

Fig. 1: Distributions of the number of triggers in solar time
obtained with (red dashed line) and without (blue solid
line) the East-West method.

Figure 2 and 3 show, respectively, the modulation in
sidereal1 and anti-sidereal2 time obtained using the East-
West method. The results of the first harmonic analysis,
performed in solar, sidereal and anti-sidereal time are re-
ported in table 1. The amplitude calculated in sidereal time
is (0.28±0.08)×10−2 with a 0.2% Rayleigh probability
of being due to background fluctuation (i.e.σ = 3.5) at en-
ergy 3.3×1015eV. The 99% C.L. upper limit on the ampli-
tude is 0.47× 10−2, derived according to the distribution
drawn from a population characterized by an anisotropy of
unknown amplitude and phase as derived by Linsley[12].

time A×10−2 hours P
sidereal 0.28±0.08 15.1±1.1 0.2%
solar 0.15±0.08 23.9±2.1 17%
anti-sidereal 0.02±0.08 1.8±14.4 96%

Table 1: Results of harmonic analysis through the EW
method (amplitude, phase and Rayleigh probability) in
sidereal, solar and anti-sidereal time.

1. sidereal time[11]: Common time scale among astronomers
which is based on the Earth’s rate of rotation measured relative
to the fixed stars.

2. Anti-sidereal time[11]: Anti-sidereal time is an artificial time
standard used to analyses the daily variation in the number of
cosmic rays observed at Earth
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Fig. 2: Sidereal time distribution of the number of counts
(θ < 40◦ and LogNch > 5.2) in 20 minutes intervals ob-
tained applying the East-West method. The dashed line
shows the calculated first harmonic (the relative parameter-
s are reported in table 1).

Fig. 3: Antisidereal time distribution of the number of
counts (θ < 40◦ andLogNch> 5.2) in 20 minutes intervals
obtained applying the East-West method. The dashed line
shows the calculated first harmonic (the relative parameter-
s are reported in table 1).

4 Results at sidereal time in several energy
and Nch bins

To investigate a variation of the amplitude and phase of the
first harmonic with primary energy we have performed the
same analysis in intervals of the number of charged parti-
cles. In order to have bins containing events of similar en-
ergy and have good statistics in each of them we have cho-
sen∆LogNch = 0.4. The results are shown in table 2, in
none of the bins the amplitude of the harmonic is statisti-
cally significant and so we have calculated the upper limits
at 99% confidence level. Figure 4 shows these amplitudes
and the relative upper limits for the five consideredNch in-
tervals.

The Nch limits of the intervals used for the harmonic
analysis are converted to primary energy and the median
energy of the events in each bin is defined as representa-
tive energy. The KASCADE-Grande results are compared
with those of other experiments and with some theoretical

Fig. 4: Amplitude of first harmonic in sidereal time as a
function of number of charged particlesNch, the dashed
line represents the 99% C.L. upper limit on the amplitudes.

predictions (references can be found in the figure caption)
in figure 5.

Fig. 5: Upper limits on the amplitude of the first harmon-
ic as a function of energy obtained from the analysis
of KASCADE-Grande data. The results from the EAS-
TOP[1], AGASA[13], KASCADE[8] and Auger[14] ex-
periments are shown for comparison together with the the-
oretical predictions based on the galactic magnetic field
with different symmetries (A and S)[15] and those based
on the Compton-Getting effect due to the relative motion
between the extragalactic cosmic rays and the CMB (C-G
XGal)[16].

5 Conclusions
We have discussed a search for large scale anisotropies
with the KASCADE-Grande data based on the East-West
method. This analysis technique allows to remove spuri-
ous modulations of the number of counts due to atmo-
spheric and instrumental effects and can thus be applied
to search for a first harmonic modulation in sidereal time.
This search has been performed on the whole data set
(θ < 40◦ andLogNch > 5.2) and an amplitude of(0.28±
0.08)×10−2 with a 3.5σ significance has been found. To
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Nch Energy (eV) Asid×10−2 hours U.L. 10−2 P %
5.2-5.6 2.6×1015 0.26±0.10 15±1.4 0.49 3
5.6-6 5.5×1015 0.39±0.17 16.3±1.6 0.77 7
6.0-6.4 1.2×1016 0.67±0.41 8.4±2.2 1.54 26
6.4-6.8 2.5×1016 0.5±1.0 18.4±6.6 2.8 85
> 6.8 6.3×1016 4.6±2.2 16.1±1.8 9.3 11

Table 2: Results of harmonic analysis through the East-West methodfor five intervals ofNch.

investigate a variation of this amplitude with primary en-
ergy we have performed the same analysis in intervals of
Nch (i.e. primary energy), being these amplitudes not sig-
nificant we derived the 99% confidence level upper limits.
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