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On the possible galactic sources of the ultra-high energy cosmic ray
anisotropy at 1 EeV
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Abstract. There have been many attempts to look for ani- the claims for anisotropy that have been made have rarely
sotropies in the arrival directions of cosmic rays in the ex-been substantiated when further data have been accumulated.
pectation that the source of the particles might be revealedRecently a very interesting result has been reported by the
directly. Such prospects are more realistic when the enerAGASA group Hayashida N. et al. (1999a) and an explo-
gies of the particles are such that their Larmor radii are com+ation of a similar sky region has been made by the Adelaide
parable to the thickness of the galactic disk. Recently, thegroup Bellido et al. (2001) using data recorded by the Syd-
AGASA group reported the analysis of a total 26, 000 ney array many years ago.

showers above0'” eV observed ovet5 years. They dis- The AGASA group Hayashida N. et al. (1999a) reported
covered a first harmonic signature in right ascension of amthe analysis of a total 6216,000 showers abova0'” eV
plitude ~ 4% aroundl EeV. Remarkably, this is confirmed observed ovet5 years. For their first report Hayashida N.
in two independent data set 08274 and 10933 events be-  etal. (1999b) they searched a data basgldf 000 events
tweenl and2 EeV respectively. This corresponds td.&c and discovered a first harmonic in right ascension of about
excesses of events from directions close to the galactic cens% aroundl EeV. Taking into account trials, this amplitude
ter (GC). The AGASA array is sited too far north to cover was reported as having a chance probability of occurrence
the galactic center itself; however, the Sydney array, locatef about0.2%. Analysis in right ascension and declination
at latitude30.5 S has also claimed recently a point like ex- showed that there were significant excesses of events from
cess region afo, 0) = (274, —22), i.e., close to (but not at)  directions close to the galactic centre and the Cygnus region.
the Galactic center in the energy rang®” to 10'*® eV.  The most significant excess in the near-galactic centre region
In this paper we discuss these data and discuss possible ifvas found when a beam size2sf° was assumed. This beam
terpretations of them. In particular we explore the possibility size is very much larger than the angular resolution of the
that protons accelerated to a high energy [ EeV) insome  AGASA array, which is only a few degrees. As long as show-
source(s) create high-energy neutrons via photopion producers with zenith angles less th&A° are used, the AGASA
tion. We find that some of the characteristics of the exper-array cannot observe events with declination bele@s®,
imental data can be explained under this hypothesis. Basetho far north to cover the galactic centre itself. Neverthe-
on numerical simulations of particle propagation, we also sefess, what is most important about the claim, is that the sam-
constraints to the location of a potential Galactic source.  ple in the rangd.0 to 2.0 EeV has recently been increased
from 18274 events Hayashida N. et al. (1999b) 28207
events Hayashida N. etal. (1999a). For the additiaf933
events the overall amplitude in right ascension.ifo with

a chance probability 05.2 x 1073. This is the first time, at

Anisotropy searches were the main motivation behind thethese energies, that a claimed anisotropy has been confirmed

; . . . with an independent data set at a reasonable level of signifi-
construction of the giant air shower arrays which were op-

erated before the discovery of the CMB radiation and theance: Th_e excess near the galactic centre that is the matter
- : . . “of interest in this paper can be summarized da excess
subsequent prediction by Greisen, Zatsepin and Kuzmin in

1066 (Greisen (1966)) that there might be a cut-off in theW|th 506 events in a region having an expected background

: . 19 of 413.6 events.
cosmic ray spectrum at energies abdwel0"” eV. However . .
In an effort to confirm the AGASA result, the Adelaide

Correspondence td3. A. Medina-Tanco group Bellido et al. (2001) have used data recorded many
(gustavo@iagusp.usp.br) years ago by the Sydney University shower array Winn et all
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(1986). The Sydney array was located at latitddes S and  ambient protons or IR photons are a more likely way of gen-
was operated between 1968 and 1979. This array probablgrating a high energy neutron flux than the interaction of
had a rather inferior energy resolution compared to that otheavy nuclei with either ambient photons or ambient gas.
the AGASA instrument so the Adelaide group chose a prioriThe point is that the energy carried away by a neutron pro-
the rangel 07 to 1085 eV for their study. For th64% of  duced after spallation or photodisintegration of a heavy nu-
events that triggered more than three stations, the angular acleus will, to a good approximation, have an energy equal to
curacy is taken from Winn et all (1986) to Beec ¢, whereg the energy per nucleon of the nucleus. Thus to create a neu-
is the zenith of the event. This angular uncertainty was usedron of 1 EeV with an iron nucleus as primary would require
to define a Gaussian point spread function and a shufflinghat it had an energy somis times as great. Mechanisms
technigue adopted to compare the probability density distri-involving high energy protons producing neutrons are inher-
bution for the real data with that expected for an isotropic dis-ently more energy efficient.
tribution. Two regions of excess were found, one of which at There are two mechanisms for neutron production to con-
(o, 0) = (274,—22), or (1,b) = (9.8,—3.1), is close to the  sider: these can be represented by the reaction equations
AGASA galactic centre signal This signal is~ 10 degrees
from the galactic centre and from a region of sky consistent? +? — n +p+ N7 1)
with the angular resolution of the detector: the signal peaksand
with a probability of0.005. Within a circle of radiuss.5 ,
centred on theSydney sourcethere are21.8 events inthe ), ., A+ 4 1t )
probability density map as compared with a background ex-
pectation of11.8. However the point source nature of the where in each case the proton on the left hand side is the
Adelaide/Sydney signal is different from the broad span ofparticle with an initial energy of- 1 EeV. Reaction (1) will
intensity enhancement found by the AGASA team. certainly produce neutrons that will carry away abd0%o

At present it is not clear whether these two apparently sig-of the energy of the initiating primary. However the mean
nificant signals from similar regions of the sky are consistentfree path for a p-p collision is about) g cm2 at 1 EeV so
and could therefore originate in the same way. However ahat even irB0 g cm~2 only 50% of the protons will interact.
common suggestion Bellido et al. (2001); Hayashida N. etThis is equivalent to a column density of 2 x 102° cm~2
al. (1999b) has been that the signals might be due to neuer, e.g. 6 x 10° M, inside al pc scale region. This is
trons, as suggested soon after the first report of the AGASAa large amount of matter to surround a source and can only
excess at the Durban International Cosmic Ray Conferencée found in very few astrophysical environments inside the
Hayashida N. et al. (1997); Watson (1997). We explore thisGalaxy, like the central cores of giant molecular clouds and,

idea below. perhaps, the neighborhood of its central supermassive black
hole.
Reaction (2), photopion production, is also a promising,
2 The neutron hypothesis and perhaps less demanding, route for generating a neutron
beam.
It is well known that a neutron af0'® eV has a mean life- The photon energy for photopion production can be roughly

time comparable to the rectilinear travel time from the galac-estimated from the well-known relationship for a photon to
tic centre to the Earth. In their detailed paper Hayashida Nbe above threshold in a head-on collision with a photon:
etal. (1999b) the AGASA group postulate a neutron source

in the galactic center region produced by the interaction ofEtn = 2I'Eg )
heavy nuclei with photons or matter in the region around the

source. They claim that this scenario is consistent with theWherer is the Lorentz factor of the proton arid,, and £,

dominantly heavy composition belowEeV claimed from are the threshold energy and an energy characteristic of the

Fly's Eye data Gaisser (1993) and with the lack of anisotropyg(r;r(])b"\(/l3 ni/phoéotr;] fleld,trespr);f(ftl\flyl.ogftw#s |ft:]he trf:reshtold IS
below 10'7-° eV. They point out that below EeV the neu- €V and he proton N en the character-

tron energy spectrum strongly depends on the source distand fic photon energy 9.1 eV, i.e. the_z infra-red region of

while at larger energies it depends on the energy spectrum € speptrum. Using the method_ outlined by_ Stecker Stecker

the source. They find that the experimental data on the am .968). in the context of photoplon production on the cos-

plitude of the anisotropy can be reasonably well fitted with mic m'Crg)Wﬁ"e background rad|at|op, amean ".ee path_

a neutron spectrum at the source having a power law slopé‘,1 x 10%-cm ~ 37 pc can be obtained fpr the .lnteractlon

~ — —2.5, a source distance af kpc and a cut-off energy Wlth an IR photon background at 100 K in the inner re-

for the neutrons ofZ,,; = 10'55 eV. Below we discuss the 99" of the GC.

origin of the neutrons proposed and the plausibility of this

"post hoc” fit to the data in the context of the AGASA result 3 The location of the source

and that from the Sydney analysis reported by the Adelaide

group. The AGASA result points to the possible existence of a source
We consider that interactions of high energy protons withof EeV CR in the direction of the GC. Common sense then
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seems to indicate the GC itself as the very source ofthesepa 45 vt Lo i v b bev i by
ticles; for the first time at high energies, the distance scale tc ]
the source would be knowr8.5 kpc. The latter is quite satis-
factory in principle, since our Galaxy is known to have acen- 10
tral supermassive black hol@/zy ~ 2.5 x 10° M. Fur-
thermore, as demonstrated by Levinson and Boldt (2000)
the maximum energy achievable in Sgt,Alue to the elec-
tric potential difference generated by spinning of the BH, is
of the order ofl EeV which would naturally explain the ab-
sence of an excess of events at higher energies in AGAS/
and Sydney data.

However, inconsistencies arise within this picture. First,
while AGASA does not have the GC inside its field of view,
its signature suggests the general direction the GC; Sydne
on the other hand, had a good view of the GC, but its sig- -10
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nature is off center by~ 10°, which amounts to an offset ] H\“\

of ~ 1.5 kpc at a distance d§.5 kpc. This is not a trivial ] ©=5x 10%r

bending. Second, the nature of the images detected by bot 15 T T T T T T T T T TT T T TTTTITT
experiments are different. AGASA's signal is maximal for a -15 -10 & 0 5 10 15
beam size 020° and their published significance map shows x [kpe]

an extended source; but Sydney sees a point like source.
We have performed particle propagation simulations for _

neutrons and their decay products (protons) inside the mag 5. "

netic field of our galaxy (GMF). We performed a comprehen- T
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sive study of propagation in the vicinity afEeV for axisym- BT L o e
metric and bisymmetric regular GMF models with and with- A5 10 5 0 5 10 15
out a random component (Kolmogorov spectrum). Two dif- x [kpc]

ferent models were assumed for the random field: (a) one in

which the amplitudes of the regular and irregular field scaleFig. 1. Proton trajectories dtEeV in the regular (no random) GMF.

in the same way along the Galactic plane, which gives placét 1 E€V particles are restricted to propagate along the spiral arms.
to regions in which the total field goes to zero and (b) an a|_When the .random component |s |ncluded. are sprambled, but still
ternative model (inspired in Beck et al. (1996)) in which tend to arrive at Earth from positive galactic longitudes. The latter

. . : tendency disappears for random field model (b). The numbers in
the total field increases smoothly towards the inner galaxy, .
- . - the upper box are the ages of the protons originated at the GC at the
despite the radial oscillations of the regular component.

o ; X end of the plotted tracks. Note that these ages are much larger than
If neutrons are injected at the GC, our simulations show;e flying time of neutronsy 2.7 x 107 yr.

that most neutrons fly in a straight line from source to Earth
forming a point image centered on the source coordinates.
Those neutrons that decay into protons while traveling radi-
ally outward from the galactic center, have their trajectories
scrambled by intervening magnetic fields and lose directionateconcile AGASA and Sydney results, the hypothetical GC
information when arriving at Earth. In the absence of a ran-source should be stable fer 10° yr, since protons arriv-
dom field, the latter proton component propagates along théng from a neutron source are much older than the neutrons,
spiral arms arriving at Earth froff < [ < 180° (see Figure typically severall0® yr (see figure 1).
1). Much the same happens if model (a) of the random field
is included, while a uniform background is formed for ran-  An alternative way to produce a peaked source surrounded
dom field model (b). In any case, the total signature, neutraby an extended halo and, therefore, to be able to combine
plus charged, is never the same as the point (Sydney) pluAGASA and Sydney results is a source accelerating protons
extended halo (AGASA) observed by both experiments (seaip to E ~ 10'8 eV roughly along the line of sight defined by
figure 2). Furthermore, a point source of neutrons in the GCSydney, but much nearer than the GC. In figure 3 we show
would never produce a point image at 10° from its true  the results of several simulations of proton sources located at
location. distances betweeh?2 and?2 kpc, inside the galactic plane,

A direct conclusion of this is that a neutron source cannotb = 0°, and galactic longitudes = 12,18°. In a model
be located in the GC and be responsible for both observalike this, the position of the source would be rather well con-
tions. To lose this option means to lose the distance scale tetrained { ~ 1.6 kpc, and(l, b) ~ (15°,0°)) in the case that
the particle source, as now it might be located anywhere inrAGASA and Sydney anisotropy observations are correct and
the Galaxy along the line of sight. correspond to the same point source; which, at this stage, is

A point to note is that, if there were a GMF topology able probably premature to say.
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Fig. 2. Arrival directions at Earth for a neutron source located at An alternatlve p,OSS'b'“ty is that the excess obseryed by

the GC. Neutrons are injected REeV and decay while traveling POth experiments is due to protons, but the source is rela-

through the Galaxy. The spot at the position of the GC is formedlively near Earth,~ 1.6 kpc, inside the Galactic plane at

by neutrons; all other points are protons that decayed from neutroné ~ 15°.

and had their trajectories deflected by the GMF. Results are shown At any rate, it is fundamental at this stage that more data is

for two different models of the random component (see text). obtained al0'® eV, specially from the Southern hemisphere,
to solve this most significant problem.
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