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Abstract

The study of the anisotropy of the arrival directions is an essential and

complementary tool, with respect to the energy spectrum and composition, to
investigate the origin and propagation of cosmic rays primaries. In particular,

the study of the evolution of the CR anisotropy over primary energy can be very

powerful for the interpretation of the knee in the CR primary spectrum. By means
of the EAS-TOP data (four years) we have reported an anisotropy measurement

at primary energy E0 ≈ 1014 eV [1], with amplitude Asid,δ=0◦ = (3.7 ± 0.6) · 10−4

and phase φ = (1.8 ± 0.5) hr LST, at a significance level 6.5 s.d. The use of the

full EAS-TOP data set and the application of different criteria of data selection
allow to extend this measurement to higher energies, up to around 1015 eV. We

report here the results of the first harmonic analysis, both in solar and sidereal
time, in five energy bins.

1. The data and the analysis

The EAS-TOP Extensive Air Shower array, located at Campo Imperatore
(2005 m a.s.l., lat. 42◦27′N, long. 13◦34′E, National Gran Sasso Laboratory), has

been in operation since January 1989 up to May 2000. A detailed description of
the electromagnetic detector (used for the present analysis) is given in [2]; here

we summarize its main features. In its final configuration (since 1992 onward),
the array consisted of 35 modules of scintillator counters, 10 m2 each, distributed

over an area A ≈ 105 m2. The trigger was provided by the fourfold coincidence
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of any four neighboring modules (threshold np ≈ 0.3 m.i.p./mod.), the rate being
f ≈ 25 Hz and the mean primary energy E0 ≈ 100 TeV.

Table 1. Characteristics of the used classes of events.

Class Nmodules E0 [TeV] < β > [% mbar−1] Nevents

1 ≥ 4 100 −0.69 ± 0.01 2.1 · 109

2 ≥ 12 300 −0.68 ± 0.01 2.4 · 108

3 ≥ 18 600 −0.66 ± 0.01 8.0 · 107

4 ≥ 24 900 −0.64 ± 0.01 2.8 · 107

5 ≥ 30 1200 −0.67 ± 0.02 8.8 · 106

To perform the measurement as a function of primary energy, the events

were classified depending on the number of triggered modules (see Table 1 for
the classification, and the corresponding primary energies). All data have been

corrected for atmospheric pressure variations with a regression coefficient (β =
1/N(dN/dp)) obtained for each data class separately, and for each individual run

(i.e., about one week of data taking): they are shown in Tab.1, using events with
0◦ < θ < 90◦. Further checks of stability based on the width, σtot, of the distribu-

tions of the counting rate for each run after the correction for pressure have been
performed (runs have been disregarded mainly when affected by snow effects).

The data sample is characterized by an experimental width of the counting rate
distribution σ2

tot < 1.1 · σ2
Poisson. The numbers of used events, for each data class,

are listed in Tab.1.

2. Results and conclusions
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Fig. 1. Class 1 events counting rate (in 20’ bins) vs the local sidereal time.
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For the lowest energy class of data (class 1) the counting rate versus the
local sidereal time in 20’ time intervals is shown in Fig. 1, from which the first

harmonic (significance 10.3 s.d.) over the fluctuations in the individual channels
is clearly seen, the amplitude and phase being: A = (3.4 ± 0.3) · 10−4 and φ =

(3.3 ± 0.4) hr LST. The new measurement obtained through improved statistics
confirms our previous result [1]. With respect to the harmonic analysis in solar

time, the results obtained with class 1 data (shown in Tab.2) are fully consistent
with the ones already reported and with the expected Compton Getting effect,

due to the motion of revolution of the Earth around the Sun.
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Fig. 2. Amplitude (top) and phase
(bottom) of the first harmonic in so-
lar time vs the primary energy.
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Fig. 3. Amplitude (top) and phase (bot-
tom) of the first harmonic in sidereal
time vs the primary energy.

The evolutions of the amplitude and phase of the first harmonic versus E0

are shown in Figure 2 (solar time) and Figure 3 (sidereal time), and summarized

in Table 2.

Table 2. Results of the analysis of the first harmonic in solar (columns 2-4) and in
sidereal time (columns 5-7), as a function of primary energy.

E0 [TeV] Asol (104) φsol [hr] A/σ Asid (104) φsid [hr] A/σ

100 2.7 ± 0.3 4.3 ± 0.5 8.2 3.4 ± 0.3 3.3 ± 0.4 10.3
300 4.4 ± 1.0 4.4 ± 0.8 4.6 2.0 ± 1.0 12.2 ± 1.9 2.0

600 2.4 ± 1.7 5.2 ± 2.7 1.4 2.8 ± 1.7 13.5 ± 2.3 1.7
900 5.2 ± 2.8 4.6 ± 2.1 1.8 4.6 ± 2.8 12.8 ± 2.3 1.6

1200 3.6 ± 5.0 0.5 ± 5.4 0.7 8.9 ± 5.0 13.0 ± 2.1 1.8
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In solar time, a signal compatible with the Compton-Getting effect is sig-
nificantly detected also in the second energy bin.

In sidereal time, at E0 ≥ 300 TeV, the obtained phase changes to φ =
12 ± 2 hr LST: however, the amplitudes above such energy are not significant

to support such a conclusion. The derived upper limits to the amplitude of the
first harmonic (corresponding to a chance probability P = 0.0001, following the

Rayleigh probability distribution) as a function of primary energy are shown in
Fig. 4 (arrows) together with the 100 TeV positive observation (square).
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Fig. 4. Amplitude of the first harmonic in sidereal time vs primary energy: the arrows
indicate the upper limits corresponding to P = 0.0001. The lines correspond to
possible extrapolations of the 100 TeV observation (square): the dash-dotted one
represents A ∝ E0.3, the dotted one A ∝ E0.5 and the dashed one A ∝ E0.7.

Different possible extrapolations of the amplitude observed at 100 TeV are

also shown: the present data exclude increases of the 100 TeV anisotropy with
laws exceeding A ∝ E0.3, which has been indicated for the energy dependence of

the amplitude of the anisotropy for diffusive effects [3].
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