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Abstract: The zenith angle distributions of extensive air shower (EAS) at seaVexe measured by
the EAS arrays of Large Area Air Shower (LAAS) experiments. Théibistions observed at each array
were well fitted as an exponential function(eéc § — 1). The absorption lengthsobtained in the zenith
angle distribution were aboub6 + 6 g/cn? for @ < 45deg. The results were also consistent with the
simulation results and the results obtained by other experiments.

The atmospheric effect of barometric pressure variation were alsoneld in the analysis of diurnal
variation of cosmic ray intensities observed at several EAS arrays ditiinal variations of cosmic ray
intensity are well described as a diurnal barometric pressure variatibhigher order ones.

Introduction the array altitude, anélis the zenith angle. On th
other hand, the attenuation lengttof the number
The zenith angle distribution of EAS was studied of electron components is defined as the followi
by numerous measurements, and the absorptionfunction,

length lies around 120 g/chior various shower
size [1, 2].

The longitudinal development of the electromag-
netic part of EAS approximately are going to be Assuming that a power law dependence 16f
exponentially decreased in the number of parti- spectrum is well described, the absorption len
cles as increasing the atmospheric depth after the A depends on the steepnegssf the power law of
shower maximum. The definition is for the absorp- primary energy spectrum [2, 3, 4]. We can conv
tion lengthA, A into \ by multiplying the index of power-law pri-
mary cosmic ray intensity under the assumptior
one composition of primary species, and no flt
tuations of EAS. And the relation between the ¢

N.(0) = N.(0) exp[—%(sec& -1)].

j(> Ne,0) = j(> N,,0) exp[f%(secﬂ —1)]

where j& N, 0) is the intensityV, is the shower
size, andXj is the vertical atmospheric depth of
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sorption A and attenuation length is written in
the equationad = \/(y — 1).



ZENITH ANGLE DISTRIBUTION AND ATMOSPHERICEFFECTS

The attenuation length\ also depends on the analysis. The typical zenith angle distributions ¢
hadronic interaction cross sections and primary tained at each array, were shown in Figure 1, wh
compositions which interact with the atmospheric the vertical axis represents the number of eve
nuclei. Thus the attenuation or absorption lenght These distributions were broadly tailed over lar
measurements are important to study primary cos- zenith angles because of poor angular resolutic

mic ray compositions.

In order to confirm the effect of atmospheric depth
on EAS intensity, we also have analyzed the di-
urnal variation of EAS intensity with and without
barometric pressure corrections. The diurnal varia-
tion of barometric pressure were well described in
terms of diurnal, semi-diurnal and Ter-diurnal har-
monics. And these effects are interpreted into the
A value. We evaluated values from the baromet-
ric pressure effect in intensity variation analysis.

LAAS Experiment and Data Analysis

In LAAS experiments[5], the compact arrays are
deployed in large part of Japan. And EAS arrays
located in each institute, of which arrays are syn-
chronized by 10MHz oscillator maintained by GPS
signals, and the time stamp system provides UT
with accuracy oflusec. Each array consists of 5
or 8 scintillation counters(0.25 )y of which area

is about 200 ri. And the ADC and TDC values of
each detector were registered with PC-LINUX sys-
tem. The trigger rate is typically about 5000 EAS
events per day. EAS arrival direction were deter-
mined by the fitting the plane for the shower front
structure derived from TDC data.

In the simulation study of array performance with
CORSIKA Monte Carlo code [6], the energy ob-

but forf < 45deg(secd—1 ~ 0.4) they were well
fitted by single exponential function eéc 6 — 1.
The slope parameters andwere listed in Table 1.
The obtained slope values range from -3.8 to -<
and theA values do from 96 g/cito 116 g/cm
by using average atmospheric depth 1032.8 g/c
The average value df is 106 + 6 g/cn?, which is
consistent with the simulated zenith angle distrit
tions at the primary energy aroun@d'® ~ 106 eV
in Figure 1, because of median energy ( 600Te
observed with EAS arrays.

Diurnal Variations of Cosmic Ray Intensity

The cosmic ray intensity is influenced by the bal
metric pressure at observation altitudes, and its
gression coefficient of counting rate variation
about -0.7 %/hPa. In LAAS EAS observations, t
regression coefficients were obtained and ran
from -0.5 to -1.2%/hPa. We can evaluate the i
erage value of absorption length from these \
ues and it is120 + 20 g/cn?. This absorption
length is consistent with the absorption length
obtained from zenith angle distributions. Then\
applied the barometric pressure correction for ¢
mic ray intensity. In order to confirm the corre
tion, diurnal intensity variation were analyzed.

is well known that the diurnal barometric presst
variations with the first, second and third harmot

served at each array ranges from 80 TeV to 1.5 terms, due to atmospheric (thermal) tide effects |
PeV in FWHM, and the median energy is about The diurnal variation of cosmic ray intensity ol
600 TeV. The arrays designed to enable to measuretained by LAAS EAS arrays and barometric pre
the zenith angled) up to 60deg. The data have sure and temperature data archived by Japan
been analyzed fat < 45 deg. teorology Agency (JMA) are shown in Figure
as a function of local solar hour (LSH). The pl
before applying the correction of the baromet
pressure effects in Figure 2 (a), varies with higt
order harmonics in LSH, but after correction a
plied in Figure 2 (b), the first order harmonic fun
. . ) o tion is dominated, indicated by the solid curve
In this analysis, we applied the coincidence con- e game figure. The data observed in every |
dition that all scintillation detectors had ADC sig- hour by JMA for barometric pressure and temp

nals more than 1 m.i.p. in orqer to take the advan- ature are plotted in Figure 2 (c), respectively. T
tage of better angular resolution. Data from seven temperature curve shows the first harmonic te
EAS arrays in LAAS experiments were used in this

Results

Zenith Angle Distributions
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Figure 1: Zenith angle distributions at each LAAS EAS ari@ay,Hirosaki University, (b) Kinki Univer-
sity, (¢) Nara University of Industry, (d) Okayama Univeysie)(f) Okayama University of Science, ar
(9)AIRES simulation results for several primary energy .

while the pressure curve consists of higher order order variations. And 4 to 6 hour time lag of co
harmonic term, similar to the intensity without cor- mic ray intensity exists behind the barometric prt
rections. The delay in the LSH axis, between the sure variations. The mechanism to raise these t
barometric pressure and intensity were clearly seenlags we found, can not be concluded.

in comparison with Figure 2 (a) and (c). The values
of delay hours were measured as 4 hours at 6:00
LSH( 15:00 JST, day time) and 6 hours at 18:00
LSH(03:00 JST, night time).
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The barometric pressure effect due to atmospheric
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ation of cosmic ray intensity, especially for higher
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Site | N | slope Aaps
value | [g/lcm? ]

HU | 5| -4.18 107

KU | 5| -3.86 116
NUI-A | 7 | -4.54 98.8
NUI-B | 7 | -4.38 102
OU-A | 8| -4.13 109
OU-AZ | 8| -3.97 113
OU-B | 8| -3.96 113
OuU-C| 8| -4.25 106
OuU-D | 8| -4.27 105
OU-E| 8| -4.25 106
OUS1-A| 4 | -4.47 100
OUS1-B| 8| -4.64 96.6
OuUS1-C| 8| -4.53 99.1
OUS1-D| 8| -4.60 97.5
OUS1-DE| 8 | -4.48 100
OUS1-E| 8| -4.59 97.8
OUS1-F1| 8 | -4.53 98.9
OUS1-F2| 8| -4.49 99.9
OUS1-F3| 8 | -4.53 99.0
OUS2-A| 4| -4.22 106
OuUs2B| 5| -4.63 96.9
Oous2-C| 8| -4.33 104
OuUS2-D| 8| -4.09 110
OUS2-E| 8| -3.84 117
OUS3-A| 4| -4.13 109
OUS3-AB| 5| -4.10 110
OUS3-B| 5| -3.85 117
OuUS3-C| 5| -3.90 115

Table 1: The fitting parameter of zenith angle dis-

tributions observed at each EAS array with the g

same detection condition( index like -A). N is the

number of detectors.

The average atmospheric

depth is assumed as 1032.8 gfcm
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Figure 2: The solar diurnal variation of cosmic r:
intensity for no barometric pressure correction (
corrected one (b) and the variation of temperat
and pressure(c).
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