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Abstract: The arrival directions of ultrahigh energy particles by data of world shower arrays are considered. It is found
that an arrival directions of showers extremely energy correlate with coordinates of some pulsars. It is shown that the
majority of these pulsars have a short period rotate around of their axes, than it is expected average by catalogue of

pulsars. The problem of cosmic rays origin is discussed.
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1 Introduction

The origin problem of ultrahigh energy cosmic rays is one
of priority in high energy astrophysics. There are two main
hypotheses about the origin of cosmic rays with £ > 4 x
109 eV - galactic [1, 2] and extragalactic [3, 4, 5]. In a
galactic model origin of cosmic rays more probably sources
— supernova stars, pulsars [6, 7, 8] and etc.

Here data of extensive air shower (EAS) Yakutsk, AGASA
arrays, P. Auger observatory in terms of their exposition of
the celestial sphere to arrays are analyzed.

Shower cores of the Yakutsk EAS lie inside the array
perimeter and the accuracy of arrival directions angle de-
termination at energy F > 4 x 109 eV is ~ 3°, E >
(0.8 — 4) x 1019 eV is ~ 5 — 7°. The particle energy has
been determined with the accuracy ~ 30%. Three show-
ers have energy £ > 10%° eV. The particle energy by data
P. Auger is determined with the accuracy ~ 22%, the sol-
id angle - < 1° [4]. The particle energy by data AGASA
is determined with the accuracy ~ 25%, the solid angle -
< 1.6° [9]. The particle energy by data HiREs is deter-
mined with the accuracy ~ 25%, the solid angle - < 1.6°
[10].

2 Analysis

We have analyzed arrival directions of extensive air show-
ers (EAS) by data of Yakutsk EAS array for 1974-2009.
Showers with energy E > 4 x 109 eV, with zenith angles
< 60° and the axes lying inside of perimeter of array are
considered. Accuracy definition of solid angles of arrival
directions is ~ 3°, energy ~ 30%. Also we have analyzed
arrival directions showers with deficit muons. We found 21
showers without muons, i.e. showers for which the read-
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ings of the muon detectors were absent (equal to zero) with-
in limits of detection threshold > 1 GeV. For a zero reading
of muon detectors, the probability that this muon detector
does not trigger for the expected particle number N is esti-
mated as P = II(Py; + P»;), where Pj; is the probability
that muon particles did not reaches the i-th detector and Ps;
is the probability that one particle reaches the detector but
it does not operate trigger. At probability P > 1073, this
shower was excluded from consideration.

Each shower without the muon component was carefully
checked. When a shower without muons was selected we
demanded that for 30 min before and after this muon detec-
tor detected muons from other showers (see in detail [11]).

Also we found 5 showers for which the muon density at
distances larger than 100 m was more than 30 lower than
the average expected value.

Further we have considered the arrival directions of EAS
with ultrahigh energy - do they correlate with pulsars? Ear-
ly we find the correlation EAS and pulsars at angular dis-
tances R < 6° [12] and here we select this angular distance
R < 6° with energy E > 5.5 x 1019 eV - 43 EAS correlate
from 69 [4], to array AGASA - 31 EAS correlate from 57
[6], according to array HiRes - 28 EAS correlate from 35
[9].

Thus, by data detectors which are operated constan-
t (Yakutsk, P. Auger, AGASA) portion EAS which corre-
lated with pulsars is ~ 60% (possible, this portion reflects
a ratio of coincide of cones of optical radiation and cosmic
rays ultrahigh energy).

We consider the rotation periods of pulsars [13] which cor-
related with EAS. We choice pulsars with definite periods
with Py = 0.01,0.1 et al. (Fig.1). Ratio number of pulsars
with periods P < P, to the number of pulsars which have
the periods P > Py is shown in Fig.1 (in case of Yakutsk
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array we have considered EAS with usual muons, we mark
their as Yak.1 and with deficit muons - as Yak.2). As seen
from Fig.1 majority of pulsars have short periods P < 0.01
sec than it is expected according to the catalogue of pulsars
(except pulsars, which correlate with EAS of Yak.1, data
with usual content muons).

Portion pulsars with short periods P < 0.01 sec which
correlated with EAS (at angular distance < 6°) is shown
in dependence of arrays (Fig.2). If to assume, that pulsars
accelerate particles in a narrow cone that the given portion
P of short-periodical pulsars is very high (P = 20 — 30%).
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Figure 2: Potion pulsars with periods P < 0.01 sec. which
correlate with EAS to total number of pulsars: 1 - PAO,
2 - HiRes, 3 - AGASA, 4 - Yak.1, 5 - Yak.2. Dash line -
potion pulsars with periods P < 0.01 sec. to total number
of pulsars.

In Fig.3 it is shown distances pulsars which correlated with
EAS of array from Earth. Majority of pulsar which situated
at distances at < 2 kpc or most contribution to correlations
the arrival directions EAS gives the nearest is situated with-
in < 2 kpc from Earth.

3 Conclusion

Most likely the main part of particles with energies £ >
4 x 109 eV has a galactic origin.

References

[1] Mikhailov, A. A., 2004, Pisma v Zhetf., 79, 1175

[2] Mikhailov, A. A., 2011, Nucl. Phys. B (Proc. Suppl.),
212,213

[3] Berezinsky, V. S., Gazizov, A., Grigoreva, S., 2006,
Phys. Rev. D, 74, 043005

[4] The P. Auger Collaboration., 2010, Astropart. Phys.,
34,314

[5] Berezhko, E. G., 2008, Astrophys. J., 684, L69

d, kpe

Figure 3: Distances of pulsars: 1 - PAO, 2 - HiRes, 3 -
AGASA, 4 - Yak.1, 5 - Yak.2.

[6] Berezko, E. G., Ksenofontov, L. T., Ptuskin, V. S., As-
tron. Astrophys., 2003, 410, 189

[7] Hu, H. B., Yuan, Q., Wang, B. et al., 2009, Astrophys.
J.,700,L170

[8] Giler, M., Lipski, M., 2001, Proc. 27-th ICRC, 6, 2092

[9] Hayashida, N., Honda, K., Inoue, N. et al., 1999, As-
trophys. J., 522 225

[10] Abbasi, R. U., Abu-Zayyad, T., Allen, M. et al., arX-
iv: 0804.0382v2

[11] Mikhailov, A. A., Nikiforova, E. S., 2000, Pisma v
JETF, 72, 229

[12] Mikhailov, A. A., Izvestia, A. N., 1999, Ser. Phys.,
63, 556

[13] Manchester, R. N., Hobbs, G. B., Teoh, A. & Hobbs,
M., 2005, Astrophys. J., 129, 1993

Vol. 2, 3



32ND INTERNATIONAL COSMIC RAY CONFERENCE, BEIJING 2011

Ratio number of pulsars
n(P,<P)/n(P>P)

Figure 1: Ratio number of pulsars with period Py — n(Py < P)/(n(Po > P): 1 - pulsars, which correlated with EAS of
PAQO; 2 - pulsars, which correlated with EAS of AGASA; 3 - pulsars, which correlated with EAS of HiRes; 4 - pulsars,
which correlated with EAS of Yakutsk 1; 5 - pulsars, which correlated with EAS of Yakutsk 2; P - pulsars according
catalogue.

Vol. 2, 4



