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It has not escaped our notice that the directions of the five most
energetic events are not part of the fraction of events that correlate
with objects in the VCV catalog.

Additional monitoring of the correlation signal with this set of
astronomical objects can also be found in [29]. Further studies of
the correlation exploring other parameters are currently in pro-
gress. One conjecture often made in the literature (see e.g.
[30,31] and references therein) is that powerful radiogalaxies are
the most promising contenders for UHECR acceleration, along with
gamma-ray bursts. The analysis of directional correlations of
UHECRs with positions of AGNs from the VCV catalog discussed
here does not account for any differences among those AGNs. Thus,
a logical next step with respect to [6,7] would consider the AGN
radio luminosity given in the VCV catalog as a fourth scan param-
eter to find a threshold in radio luminosity above which the direc-
tional correlation starts to increase. Such a scan has been
performed with a subset of the data and the signal evolution with
those parameters is being monitored since, similarly as presented
here for all AGN of the VCV. These results will be reported
elsewhere.

The HiRes collaboration has reported [32] an absence of a corre-
lation with AGNs of the VCV catalog using the parameters of the
Auger prescribed test. They found two events correlating out of a
set of 13 arrival directions that have been measured stereoscopi-

cally above an energy which they estimated to be the same as
the Auger prescribed energy threshold. The 38% correlation mea-
sured by Auger suggests that approximately five arrival directions
out of 13 HiRes directions should correlate with an AGN position.
The difference between 2 and 5 does not rule out a 38% correlation
in the northern hemisphere that is observed by the HiRes detector.
Also, it is not necessarily expected that the correlating fraction
should be the same in both hemispheres. The three-dimensional
AGN distribution is not uniform, and the VCV catalog itself has dif-
ferent level of completeness in the two hemispheres. In addition,
comparison of results between the two observatories is especially
challenging in this situation because the energy cut occurs where
the GZK suppression has steepened the already steep cosmic ray
spectrum. A small difference in the threshold energy or a difference
in energy resolution can strongly affect the measurement of a cor-
relation that exists only above the threshold.

It is worth mentioning that while the degree of correlation with
the parameters of the test updated here has decreased with the
accumulation of new data, a re-scan of the complete data set sim-
ilar to that performed in Ref. [7] does not lead to a much more sig-
nificant correlation for other values of the parameters. The largest
departure from isotropic expectations in the scan actually occurs
for the same energy threshold Eth = 55 EeV and maximum redshift
z 6 0.018. There is a spread in the angular scales over which the
correlation departs from isotropic expectations. This issue will be
examined in Section 4, where we explore the correlation with
other sets of nearby extragalactic objects, described by catalogs
more uniform than the VCV compilation.

There is now available a more recent version of the VCV catalog
[33]. Conclusions are similar if the arrival directions are compared
to the distribution of objects in this latest version.

4. Examination of the arrival directions in relation to other
catalogs

As noted in [6], ‘‘the correlation that we observe with nearby
AGNs from the VCV catalog cannot be used alone as a proof that
AGNs are the sources. Other sources, as long as their distribution
within the GZK horizon is sufficiently similar to that of the AGNs,
could lead to a significant correlation between the arrival direc-
tions of cosmic rays and the AGNs positions.” It is therefore appro-
priate to investigate the arrival directions of this data set with
respect to other scenarios for cosmic ray sources in the local
universe.

Fig. 1. The 69 arrival directions of CRs with energy E P 55 EeV detected by the Pierre Auger Observatory up to 31 December 2009 are plotted as black dots in an Aitoff-
Hammer projection of the sky in galactic coordinates. The solid line represents the border of the field of view of the Southern Observatory for zenith angles smaller than 60�.
Blue circles of radius 3.1� are centred at the positions of the 318 AGNs in the VCV catalog that lie within 75 Mpc and that are within the field of view of the Observatory.
Darker blue indicates larger relative exposure. The exposure-weighted fraction of the sky covered by the blue circles is 21%. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. The most likely value of the degree of correlation pdata = k/N is plotted with
black dots as a function of the total number of time-ordered events (excluding those
in period I). The 68%, 95% and 99.7% confidence level intervals around the most
likely value are shaded. The horizontal dashed line shows the isotropic value
piso = 0.21. The current estimate of the signal is 0:38þ0:07
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