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On the galactic origin of ultrahigh energy cosmic rays

A. A. Mikhailov
Institute of Cosmophysical Research and Aeronomy, 31 Lenin Ave., 677891 Yakutsk, Russia

Abstract. Atthe energy ob x 10'® —2x 10'° eV the excess
flux of particles by4.20 more has been detected than it is . . . . .
expected in the case of the isotropy from the Galaxy plane 40} -
The particle fluxes inside the definite radius around pulsars
exceeding by> 30 expected ones in the case of the isotropy
are observed . The list of these pulsars is given. The problen.
of chemical composition of ultrahigh energy cosmic rays is
discussed.
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1 Introduction

We have considered the arrival directions of extensive air 0

showers (EAS’) registered at the Yakutsk EAS array for 1974 60 _3'0 0 30 60 00
to 1995. The data present the arrival directions of shower:
with energies> 10'8¢V. But the main analysis has been
carried out in the energy regidn.s8 — 4) x 10%eV. In this
energy region 576 showers with the zenith angles 60°

and axes located inside the perimeter of array have been anh

Galactic latitude, degree

ig. 1. The distribution of showers in latitude (histograms), dashed

lyzed. The accuracy of determination of the primary particle“ne is the expected number of showers in the case of the isotropy.

energy generating these showers-is30%, and for the ar-
rival angle it is< 3°. The arrival directions of showers with
E> 4 x 10'%eV have not been considered. We believe that in
this energy region cosmic rays are of the extragalactic origi
(Efimov et al., 1980).

events are simulated in the horizontal coordinate system tak-
ing into account the zenith-azimuth distribution of showers
Nin ~ cos@sin#dd. Then on the assumption of the random
uniform arrival time of particles the obtained distribution of
the events has been transferred into the galactic coordinate
system and normalized to the observed number of showers.
As seen from Fig.1, at latitudés~ 0° the excess of the
2.1 Detection of a particle flux number of showers in comparison with the expected ones is
observed. We have joined showers3atlying at the equal
Fig.1 shows the distribution of showei&8 — 4) x 10V distance from the galactic plane (Fig.2,(a)). In the latitude
in galactic latitude b everg°. The showers are shown by interval|b| < 3° the excess of the number of showers.i&r,
histograms, the expected numbers of events in the case ofhere
the isotropy is the dashed line. The expected numbers of

2 Particle flux from the galactic plane

events have been determined by a simulation@f num- 7 = (Robs = Mran/Mran, @)
bers of random events using the Monte-Carlo method. Th%he observed and expected numbers of showers are equal to
Correspondence toA. A. Mikhailov Nops = 99, Npran = 34.4, respectivelyon,.q,, is the uncer-

(mikhailov@ikfia.ysn.ru) tainty of the expected events.
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g 6ol ;
“a we join the showers at longitud@$0° —140° then the excess
o of the observed showers will Be9c = (26 — 10.4)/+/10.4.
o 40 i Note, that from the side of two nearest pulsars PSR2334+61
é - and PSR0154+61 inside the raditis< 6° the excess of
Z 20l L | showersl.70 = (18—6.3)/v/6.3 and3.5¢ = (15—6.3)/v/6.3
is observed, respectively. Characteristics of pulsars are given
| —'—|_I_|—|_ in Table 1.
0L . - . - Maxima of particle fluxes are most likely formed by these

0 6 12 18 24 nearest pulsars.

b, degree o .
2.3 Transitional region

Fig. 2. (a) - The distribution of showers depending on the distanceFig_4 shows a ratio of the number of showers from|the<
from the galactic plarlle (hlstogrgm_s), t_he expected numbezofshowgo to the expected ones in the case of isotropy (circles) in
ers - the dashed line; (b)- the distribution of pulsars Witk 2°. . . . .
depending on their mean energy. As seen from Fig.4 , this
ratio increases with the energy upe 10'° eV, then it has a
Fig.2,(b) presents the distribution of pulsars depending Onte_ndency to decrease. This decrealsge is apparently asspmated
g . . : with the fact that at the energy 2.10*” eV the extragalactic
their distances of the galactic plane ev8fywhich are vis- : . . L
. . o particles begin to give a contribution.
ible at the Yakutsk EAS array at the zenith angles 60°. : 19 v gs .
N, . Thus, the energy region ¢2 —4) x 10*” eV is most likely
Note, these two distributions of both showers and pulsars in S ; . .
. : . R a transitional region between the galactic and extragalactic
galactic latitude are similar. Probably, this similarity is no articles
chance. In (Mikhailov, 1999) we showed that the arrival di- P '
rections of cosmic rays correlated with the pulsars.
From the side of the galactic plane a direct particle flux3 Pparticle fluxes from pulsars
with the energy(0.8 — 4) x 10*°eV has been detected. The
excess of the number of showers over the expected one in thiehe map of the celestial sphere in equatorial coordinates shows

case of isotropy id.20. (Fig.5, 4 is the declinationg is the right ascension) the dis-
tribution of pulsars from which the inside definite radius the
2.2 Particle fluxes from the Galaxy plane and pulsars excess of particles is observed. These pulsars are located not

far than 1 kpc from the Earth. The isotropic distribution of
Fig.3 displays the distribution of showers arriving from the particles is calculated by the simulation of the random events
latitude |b| < 3°. At longitudesl10° < I < 140° two max-  using the above-mentioned method. The number of parti-
ima of the shower arrival directions are observed in compar-cles from pulsars is determined inside the distand® &fom
ison with the expected events. The excess of the observethem. This angle corresponds to the triple root-mean-square
number of showers in the first maximum4sse = (12 — error in the determination of the shower arrival angle. Ac-
4.5)/+/4.5, in the second one3.70 = (9 — 3.7)/1/3.7. If  cording to the statistics, inside the triple error from the given
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Table 1. Nearest pulsars with the distande< 3 kpc and from the side of which the particle fluxeSo (formular 1).

Pulsar, o b l, distance, period, age,
PSR degree degree kpc sec 10° year
0144+59 3.1 -2.7 130.1 1.1 0.19 125.9
0154+61 3.5 0.3 130.6 0.7 2.35 1.99
1919+21 3.4 3.5 55.8 0.3 1.33 158.5

1919+20 3.2 2.6 54.2 2.1 0.76

1931+24 3.6 24 59.2 2.7 0.81

1935+25 3.5 2.3 60.8 1.8 0.20 19.9
1937+24 3.6 1.4 60.3 2.8 0.64

1957+20 3.1 -4.6 59.2 0.8 0.001

2306+55 3.9 -4.2 108.7 15 0.47 398.1
2319+60 3.8 -0.6 1121 2.8 2.25 50.1
2334+61 4.7 0.2 114.3 15 0.49 0.4

2351+61 5.1 -0.2 116.2 2.5 0.94 10.0
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. : L ! L ! Fig. 5. The distribution of the particle flux inside the radiusc 9°

18.6 18.8 19.0 19.2 194 19.6 from pulsars with distances 1 kpc. x-b = 0°, 1 = 90°. The

log(E), eV solid line is the galactic plane.

Fig. 4. The ratio of the number of showers |at < 3° to the ex- 1996). . o )
pected one versus the energy of showers. The absence of statistically significant particle fluxes from

pulsars up to 1 kpc (Fig.5), located across lines of the mag-
netic field testifies that on the path from pulsars the particles
source, the particle flux must be 99.8%. deviate at a large angle and lose its initial direction. From
The celestial sphere map (Fig.6) shows the distribution ofhere it is possible to conclude that a main part of particles
pulsars, from the side of which inside the radi= 6°and from the pulsars are not protons and neutral particles. In the
9° the number of particles excess the expected one in th&agnetic fieldd = 2 x 107 G at the distance 1 kpc the
case of the isotropy more than By. The choice of radius ~ Particles withZ = 1.3 x 109 eV deviate across lines of the
6° is caused by the fact that the error the arrival angles formagnetic field at a angle (Mikhailov, 1980)
small zenith angles is less than the mean e3forSo,r = sinb = 150ZHd/E. 2)
6° corresponds to pulsars, which are visible at small zenith . _
angles. At the distance 1 kpc protons deviate at the angl¢°, and
Fig.6 shows only the distribution of pulsars up to the dis- ato> 0.1 kpc iron ngclel deviate a1> 9_0 (at> _0'5, kpc -at> ,
tance 3 kpc because the pulsars further than 3 kpc practicall 0°). Thus, the existence of s?aﬂstlcally. S|gn|f!cant .partlc'le
coincide within3® ( the error in the determination angle) with luxes from the pulsars depending on their relative orientation

the nearest pulsars. The characteristics of these pulsars a the “e"?' lines of the gal_actic magnetic field testi_fies, that_

given in Table 1. the ultrahigh energy cosmic rays are charged particles, their
As seen from Fig.6, there are two maxima in the distri- charge most likely isZ > 1.

bution of pulsars: 1) from the direction of force lines of

the magnetic field or the Local Arm Input; 2) from the side 4 Conclusion

of central region of the Galaxy. These pulsars are situated

< 45° of the galactic field direction. Near the Earth the field Cosmic rays up to the energy10'® eV are probably the

hasb ~ 0°; 1 ~ 90°; or § = 48°.1,« = 317°.5 (Kronberg,  galactic ones and their sources are pulsars. The energy region



1775

(2—4) x 10 eV is most likely a transitional region between
the galactic and extragalactic particles. Cosmic rays at the
~ 1019 eV are charged particles, their charge most likely is
Z > 1.

AcknowledgementsThis work is supported by Russian Foundation
for Fundamental Research (grant N 00-02-16325). The Yakutsk ex-
periment for detecting EAS is supporting by Russian Ministry for
Science (grant N 01-30).

References

Efimov N.N., Mikhailov A.A., Krasilnikov A.D., Proc.21-th ICRC,
Adelaide, 2, 205-208, 1990.

Iéronberg P.P.. Proc.Int.Symp. on "Extremely High Energy Cosmic
Rays: Astrophysics and Future Observatories”, Tokyo, 89-103,
1996.

Mikhailov A.A., Pisma v Soviet Astron.Journal, 6, 141-145, 1980.

Mikhailov A.A., Proc.26-th ICRC, Salt Lake City, 3, 268-271,
1999.

Fig. 6. The distribution of pulsars, from the side of which 3¢
excess of the number of particles is observed relative to the expecte
one in the case isotropy. x»-= 0°,1 = 90°. The solid line is the
galactic plane.



