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Abstract. The joint analysis results of Yakutsk and Here we give information about GAS registered at tr
AGASA array data on the zenith-angle dependence of th&akutsk EAS array for the 1974 to 2000 period. The ol
paparameterspssod®) and pyeod®) — densities of the tained results are compared with our calculations by t
charged distance of 600 m from the core of giant air showQGSJET model of Kalmykov (1995) which reproduce ver
ers (GAS) with the energy,E 10° eV are given. These Wwell a big set of experimental data of EAS with < (2-
results are compared with calculations by the QGSJEB)x10' eV (Glushkov, 1995; Glushkov, 1997; Kalmykov,
model for the primary protons. It is shown that gt<E  1997; Glushkov, 1998; Glushkov, 1999; Glushkov, 2000
2x10" eV this model agrees well with data of both arraysGlushkov, 2000b). Our results have been added by expe
and contradicts to GAS data. The experiments testify that anental data of the AGASA collaboration (Nagano, 199t
E, = (3-5)x10'® eV the lateral structure of showers Takeda, 1999).

changes. This is probably related to some new processes of

their development. The neglection of this peculiarity in de-

velopment of GAS leads to the essentially overstated (by Characteristics under investigation and discussions

1.5-2.5 times) estimations of the primary particle energy. . ) .
Below we consider, mainly, the zenith-angular dependenc

Pusod6) and pssod 6) — densities of muonskEf, = 1.0Sed
1 Introduction GeV) and all charged patrticles at a distaRee600 m from
the shower axis. To determilg we use for Yakutsk array
Already the first observations of extensive air showers(the depth of the atmosphexe, = 1020 glcrf) the follow-
(EAS) at the largest arrays (Linsley, 1963; Edge, 1973ing relations:
Bell, 1974; Krasilnikov, 1974) allowed to detect giant air

showers (GAS) wittE, > 10" eV. After the discovery of Eo= (4.8% 1.6)x10"(0s 60d0°)) “**°%  [eV], , (1)
the cosmic microwave background it was shown by Greisemss0d0°) = 0s, sod 8) CEXH(s€d@ -1) XyalAy) [M7], 2)
(1966) and Zatsepin & Kuzmin (1966) that due to interac-A, = (450 44) + (32+ 15)1b6g(0s,6040°)) [g/cn], 3)

tions of the primary protons and nuclei with this radiation _ _ _ _
their flux atE, > 3x10" eV must be sharply decreased. The obtained by the calorimetric method (Efimov, 1991). Fc
observations of GAS witlE, [ (1-3)x10%° eV are in con- the AGASA K, = 920 g/crf) the following dependences

tradict with this prediction. are used (Nagano, 1998):

To study of the GAS energy spectrum the larger arrays
are created. At present the AGASABL00 knf area oper-  Eo = 2.0<10"(ps 60d0%) *°  [eV], (4)
ates. Also new arrays are projected and constructed with th@& e0d0°) = 0s, sod 0 )[€XH((Sed -1)X4 /500 +
area of] 1000-5000 knf with a distance of 41.5 km be-  (se®-1Y1X,/594) [n¥]. (5)
tween the detectors (Khristiansen, 1992; Cronin, 1992;
Teshima, 1993). obtained as the average value of different models of E/

The giant arrays increase the numbers of GAS. Howdevelopment.
ever, the answer to the question about the limit of the cos- ~ Experimental data are compared with the QGSJE
mic ray energy should be sought, first of all, in more de-model for the primary protons. The calculation is made f
tailed study of the GAS structure. Data obtained at the Yathe atmosphere depth&, andX, The lateral distribution
kutsk EAS array show that B > (3-5)x10'® eV the show-  functions (LDF) all charged particles are founcpas= p(=
ers develop otherwise, than at smaller energies (Glushkou,0 MeV) + p, (= 0.01 GeV). The parameteps s, 6) and
1995; Glushkov, 1997; Glushkov, 1998; Glushkov, 1999;p,s06) are determined from the average LDF in grour
Glushkov, 2000a; Glushkov, 2000b). with Acosf = 0.1 anddlog E, = 0.2.

According to the QGSJET model we obtain for th
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Eo= 3.48<10"[oeh 6040%)) “2* % [eV], (6)
Ep = 2.40x10"0p,, 600(0°)) - 2% [eV], 7
and for AGASA a,E
Eo= 2.0410 {04 60d0°)) “% %" [eV], ® §
Eo= 2.5¢10"° [{0,,60/0°)) “****% [eV]. 9 «Q

It is seen that (1) in comparison with (6) leads to ex-
cessive valuek, by 01.4 times, and (4) and (8) are prac-
tically consistent with each other.

Figure.1 demonstrates LDF's of all charged particles
(circles) and muons (triangles) in EAS willg = 2x10™®
eV andcosf = 0.95 by Yakutsk array data (dark symbols)
and AGASA (open circles). The solid curves are LDFs «

calculated forXy, the dashed onesthe same foKa. It is E,
seen that the calculation does not contradict to measurec§ L
LDFs for the two components of EAS. Q 10

Figure2¢) shows the zenith-angular dependences
Pssod6) and pueod6) in EAS with Ey = 2x10'° eV. The
dark symbols and solid curves are experimental data and
calculations relating to the Yakutsk array for the charged 10
particles (1), muons (2) and electrons (3). According to the
experimentp, = ps —k(6)[B,(E, = 1.08edT5B). The mul-
tiplier k(6) = 1.25-1.4 has been taken from the calculation «
by QGSJET model. The open circles are experimental < 10°
AGASA valuespsod6), obtained by the equal-intensity g

Fig.2

seen that the density, s0d6) does not depend on the at
mosphere depth &< 50° and it is a convenient paramete
to estimateE, at the arrays with different location above se

In GAS there is no such agreement. The Yakutsk an
data show that &, = 10"° eV the measureH, are higher
by 1.25 times than the calculated ones (F@))2(Values
PusodB) (the dash-and-dot line), which coincide wit
Pse0d ) in the inclined eventsg(= 52°), undergo stronger
changes. In AGASA data a tendency is evident to decre
experimental data qfs god 6) by 1.25 times af = 35-50.

The above marked anomaly in GAS development
quickly intensified ask, increases. It is seen well in
Fig.3(). All experimental data at enerdg = 3x10'° eV
completely contradict to the QGSJET model. The outlin
change ofo,e0d(6) in Yakutsk array data (the dash-and-dc
line 2) is still more intensified. It is about a triple increas
in comparison with calculations & 35°.

method (Nagano, 1998), the open triangles @red6) Q
with E, = 1.08ed@I'3B at this array (Yoshida, 1994).
Here it is also observed the agreement in theory and ’
experiment by all three EAS components. Besides, it is 10
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Experimental valueps god 6) for not so inclined GAS
are by[11.4 times more than the calculated ones, arfitat
45° they coincide withg,eod8). The measured AGASA
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values of psgod 6) at 8 < 30° are also more than calculated 20

ones byd1.4 times, and in more inclined EAS they quickly

decrease. AB= 37° they are lower byl1.4 times than cal-

culated ones and &= 45° they are analogous to the Ya- z 10

kutsk array data. "
Hence it follows that in these showers at the men-

tioned distance from a core @t 45° only muons with the

. “ » 0 b 3
energyE, = 1.5 GeV are registered. Here “softer” muons
and especially electrons are absent as it is observed in the 1 9 8 7 cos@
same inclined EAS withE, < 2x10 eV (Fig.2@)). The Fig.3

electron densitie, 40(6) not only anomalously quickly

decrease with the increase of a zenith angle (the crosgramework of the QGSJET model and require another r

ues in near to the vertica € 20°) GAS by[]1.4 times. theoretical and experimental dependencies (madg, at
Apparently, with the approach of the GAS energy 10 >_3yx10' ev) into this region are not allowed. They ca

the limited value, the above-mentioned tendency will fur-jg4q'to Jarge mistakes in the estimations of the primary p

ther increase. The neglection of this factor and the formai.|e energy. Here the separate studies of the LDF

in estimations ok, tions not more than 26300 m are necessary.
By the asterisk in Fig.2) 0s60d58.7) = py60d58.7°)

= 54 m? - the largest shower from the registered ones at th&eferences
Yakutsk EAS array is shown (Efimov, 1990). Arrows show
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