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Correlations of arrival directions of ultrahigh energy cosmic rays
with the large-scale structure of the universe

A. V. Glushkov and I. Ye. Sleptsov
Institute of Cosmophysical Research and Aeronomy 31 Lenin Ave., 677891 Yakutsk, Russia

Abstract. The analysis results of arrival directions of cos- this line are carried out all over the world more than -
mic rays with the energy & 10'® eV and zenith angle&< years but little is known about it. On a global scale tl
45° registered at the Yakutsk array for 192800 are pre- Cosmic rays don't contradict to the isotropic distributic
sented. It is found that the increased particle fluxes withalthough at, = 10'° eV they point to a weak correlation ir
(4-5)0 excess relative to the expected levels for randondrrival directions with the galactic plane (see, for a exa
distribution are observed from the Galaxy's plane atE Ple, Szabelsy et al., 1986; Afanasiev et al., 1995; M

(2-4)x10'® eV and from the Supergalaxy’s plane gt  hailov, 1999) and also with supergalactic one (Stanev et
8x10% 8 eV. 1995; Glushkov & Sleptsov, 2001). There are also some
dications (Glushkov, 1988; Uryson, 1999) that active ¢
lactic nuclei can be the sources of them. It is shown
Glushkov & Pravdin (2001) and Glushkov & Sleptso

(2001) that cosmic ray flax varies with time.

1 Introduction
A search of sources of superhigh energy ¥ 10" eV)
cosmic rays is a difficult task in astrophysics. Studies along
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2 Characteristics under investigation and discussions @) - 573

Below EAS withE, = 4x10" eV and zenith angle® < 45°
registered at the Yakutsk array for 1974 to 2000 period are
considered. The correlations of their arrival directions with
the galactic and supergalactic planes have been I t
investigated. EAS whose arrival directions were determined ;
by data at 5 stations have been analyzed. .(b) : T 774
Fig.1la shows the distributions of in direction of 319
showers withE, = 8x10' eV in galactic (G) and superga-
lactic (SG) coordinates depending on the latitude of their
arrival. In the top 1) the observedNe,) and expected
(Nran) distributions are shown and at the bottdh there
are deviationsny = (Nexp = Nran)/VNan. Values Ny, are : :
found by a Monte-Carlo simulation. (¢ 1782
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It is seen that in the supergalactic plane there is a con- " " i
siderable excess of events. Thus, n latitude rAbge= o 4 I
-10-0° there are 65 showers (expected ones are 35), with e / fl
the excess (65- 35J85= 50. The galactic plane in this en- o /f‘ B j‘m
ergy region is not manifested itself except for a fact that in -l llu
the rangeAbg = -5-0° there is a weak=(20) positive burst. ‘ I

Fig.1b shows the distributions in arrival directions of (d) 1681
874 EAS withE, = (3-4)x10" eV. A noticeable peak is ob- ®
served in the galactic planel[kx 5°) with the excess over N y -
the expected value by a factor of (121- 88)/= 3.60. As e ] » | -
-]
v

to the Supergalaxy, it is not manifested itself in tuis energy
region.

Fig.2 illustrates the distributions of values for
showers arriving from the equatorial galactic regifg| &€ :
10°) with differentEy,. Smooth curves show a behavior on e p °
the)average. The m(;gnetic fields of arms in the galactic disk 4 oE(-)'O 0‘"°¢°+‘°o‘*4
(Lyne & Graham-Smith, 1999) are shown in Fig.Dpen 0 60 120 180 ]
circles are an orientation of the field towards the observer,
the dark ones- from the observer. The field intensity is
proportional to the sizes of the circles.

We call attention to the consecutive change of thefdy (about 37000 afp > 10'° eV). At the AGASA which is
separate fragments of histograms. Here is seen the excesssnilar to our array by the type of detectors and methods
particles from the anti-center & = (2.5-4)x10' eV (), treatment of .the shower, thefe are no analogous resu[ts
which is also observed at high energize 5x10 eV (a). Here there is no contradiction. It is follows from Fig.

At Ey = (L5-2.510" eV (¢) it becomes weaker and & where the distributions of arrival directions of EAS witt
~ (1-1.510° eV (d) completely disappear. In the direc- €N€TdY£o 10" eV in supergalactic coordinates (with ¢

; ~ 7ro : tepAbsg = 10°) by both array data are given. The distribu
tion I = 75°(the exit of the Local arm of the Galaxy), on > ;
the contrary, ak, = 5x10"® eV (4) there is a trough which tion by AGASA data has been obtained by us as a sum

with the decrease of the primary particle energy upite there distributions (Takeda et al., 1999). Valugsare

2x10'® eV goes into a peak)( The peaks in the sectdtg shown by histograms (the Fig. b).

It is seen that although the initial distributiofisin
~ 8
= 105-145 at £, < 4x10" eV (b—d) stand out sharply. At Fig.3 are different, the distributior®sare similar with each

_ 8 : ~
Ep = (25-4p<10° eV () the excess is (690-58YF81=  ,iper Note some their important details. Firstly, the e
4.60. Arrow§ are the line of the crossing of Galaxy and Su-cesses of the registered events over expected ones
pergalaxy disksl¢ = 137). (1.8-2.1)0 are observed in the range of latitudésd] <

Locations of the above mentioned peaks correlate with e i poth cases. Secondly, there are the troughs by
the locations of the galactic magnetic arms (Fig.30, it is 1.50 symmetrically to the supergalactic planefitd] =

not improbable- that tghe peaks and the dynamic§ .Of the'50—20°. Against the background of these troughs the pee
changes afiy < 4x10° eV are caused by the activity of o e supergalactic plane become more significant. It
these arms. In different energy intervals the a role of indi-

h . - . . indicative of there nonrandom character.
vidual arms in origin of cosmic rays appears to be different. From the comparison of our data in Fig.1 and Fig.3
lons in the arval directons of cosmic fays with the Gal. 1> Se€0 that the choice of the s = 10'is inexped-
Y ently because it leads to the lower significance of resu
axy and Supergalaxy planes became possible due to a Iarggtained. The real accuracy of the experiment is not wol

statistics of the showers registered at the Yakutsk EAS ar; R
than 2-3°.
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eV independent of the above considered dats a result
of the complex analysis of the spatial-temporal EAS stru
ture by Yakutsk array data (Glushkov et al., 1998; Glus
kov et al., 2000a; Glushkov et al., 2000b). In those works
is shown that aE, < (1-3)x10' eV the experimental data
are in agreement with calculations by the model QGSJI
(Kalmikov et al., 1995) under the assumption, of the pr
mary particles from the mixture enriched &t 0 10" eV
with the heavy nuclei (witlz = 10-30 they are= 63+ 7%
(Vishnevskaya et al., 1999)) to the easier one wjth 10'®
eV protons predominanting. At energifs = (3-5)x10'®
eV the showers develop by other way. They considerat
change their lateral structure. These changes are not
plained in the framework of the QGSJET model (at ar
composition of the primaries from protons to iron nucle
and require other notions about the EAS development
-0 -30 0 30 60 90 these energy regions.

80 : - -
o AGASA . 581 3 Conclusion

%)

-E 40 It is seen from the above data that the cosmic raysAyith

g 4x10' eV have the definite correlation on the arrival direc
20 -

tions with the Galaxy plane andBf= 8x10' eV — mainly
with the Supergalaxy plane. The above facts and rest
(Glushkov et al., 1998; Glushkov et al., 2000a; Glushkov
al., 2000b) count in favor of a hypothesis on the possit
existence of neutral particles in the cosmic rays of the ¢
tragalactic origin.
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We've come to a conclusion on the radical change of

the composition of the primaries in the regign> 5x10'



