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t: If 
lustering of the arrival dire
tions of ultra high energy 
osmi
 rays is dis
overed,this would provide important information about their origin, 
omposition, and the gala
ti
 andextragala
ti
 magneti
 �elds. We present here the analysis of the auto
orrelation fun
tion ofthe data from the Pierre Auger Observatory as a fun
tion of the angular s
ale and the energythreshold. We 
ompare our results with the signals found by previous experiments.Introdu
tionThe identi�
ation of the sour
es of the ultrahigh energy 
osmi
 rays is one of the main openproblems in astrophysi
s. The study of theirarrival dire
tions is likely to provide signi�
antinsight into this question. If 
osmi
 rays are
harged parti
les, their traje
tories will be bentby the intervening gala
ti
 and extragala
ti
magneti
 �elds and the arrival dire
tions willnot point ba
k to their sour
es. The inten-sity and orientation of these �elds are not wellknown, but as the de
e
tions de
rease with theinverse of the energy, the e�e
t is smaller at thelargest energies. Thus, it is at the highest en-ergies that 
osmi
 rays are most likely to pointtowards their sour
es.On the other hand, the distan
e from whi
h ul-tra high energy protons 
an arrive to the Earthis expe
ted to be limited by the energy loses
aused by the photo-pion produ
tion pro
essesin the intera
tion with the 
osmi
 mi
rowaveba
kground (GZK e�e
t [1, 2℄), and similarlynu
lei 
an undergo photo-disintegration pro-
esses. This would strongly attenuate the 
ux
oming from distant sour
es. Hen
e, at ener-gies above � 60 EeV, 
osmi
 rays are expe
tedto 
ome mostly from nearby sour
es.

These ideas have motivated an extensive sear
hof 
lustering signals both at small angulars
ales, looking for point-like sour
es, and at in-termediate angular s
ales, looking for the pat-tern 
hara
terizing the distribution of nearbysour
es. Although the data from a number ofexperiments have shown a remarkably isotropi
distribution of arrival dire
tions, there hasbeen a 
laim of small s
ale 
lustering at ener-gies larger than 40 EeV by the AGASA experi-ment [3, 4, 5℄. The HiRes experiment has foundno signi�
ant 
lustering signal at any angulars
ale up to 5Æ for any energy above 10 EeV [6℄.A hint of 
orrelation at s
ales around 25Æ andenergies above 40 EeV, 
ombining data fromHiRes stereo, AGASA, Yakutsk and SUGARexperiments has been pointed out in ref. [7℄.The data setWe use data re
orded by the Surfa
e Dete
-tor of the Pierre Auger Observatory between 1January 2004 and 15 Mar
h 2007 with energiesabove 10 EeV and zenith angle smaller than60Æ. This represents a set of 1672 events, with62 of them having energies larger than 40 EeV,that pass our re
onstru
tion quality 
uts, with5 a
tive stations surrounding the station withthe highest signal and with the re
onstru
ted
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Studies of 
lustering
ore position lying inside an a
tive triangle ofstations. We only 
onsidered events that trig-gered 6 or more stations, whi
h angular resolu-tion, de�ned as the angular radius around thetrue 
osmi
 ray dire
tion that would 
ontain68% of the re
onstru
ted shower dire
tions, isat these energies 0:9Æ [8℄. The energy is 
ali-brated using the hybrid events simultaneouslydete
ted by the 
uores
en
e and the surfa
edete
tors.The fa
t that the surfa
e dete
tors array isfully eÆ
ient for events with energy larger than3 EeV implies that the exposure area is de-termined only by geometri
 fa
tors leading toa simple analyti
 dependen
e on de
lination.A small modulation in right as
ension is alsopresent due to the growth of the array duringthe data taking period, but this e�e
t is smalland 
an be ignored in this analysis.MethodsA standard tool for studying anisotropies is thetwo-point angular 
orrelation fun
tion. This
ounts the number of pairs separated by lessthan an angle � among the events with energylarger than an energy threshold E. We show inFigure 1 the result for all the events above 10EeV. The expe
ted number of pairs is obtainedby generating a large number of Monte Carlosimulations with the same number of eventswith an isotropi
 distribution modulated bythe exposure of the dete
tor, from whi
h themean number of pairs and the 95% CL band isextra
ted for ea
h angular s
ale. The fra
tionof simulations with a larger number of pairsthan the data gives a measure of the proba-bility that an observed ex
ess of pairs arise by
han
e from an isotropi
 distribution of events.The result of the auto
orrelation fun
tion anal-ysis depends of 
ourse on the values of � and E
onsidered. However, the fa
t that the de
e
-tions expe
ted from gala
ti
 and extragala
-ti
 magneti
 �elds and the distribution of thesour
es are largely unknown makes it diÆ
ultto �x these values a priori. The signi�
an
eof an auto
orrelation signal at a given angle
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Figure 1: Upper panel: Auto
orrelation fun
-tion above 10 EeV as a fun
tion of the an-gle (dots) and auto
orrelation fun
tion for anisotropi
 distribution with 95% 
on�den
e levelband. Lower panel: Fra
tion of isotropi
 sim-ulations with larger number of pairs than thedata.and energy when these values have not been�xed a priori is a deli
ate issue, that has madethe AGASA small s
ale 
lustering 
laim very
ontroversial [9℄.We adopt here the method proposed by Finleyand Westerho� [9℄, in whi
h a s
an over theminimum energy and the angle is performed.For ea
h value of E and � a 
han
e probabilityis estimated by generating a large number ofisotropi
 Monte Carlo simulations of the samenumber of events, and 
omputing the fra
tionof simulations having an equal or larger num-ber of pairs than the data for those values ofE and �. The most relevant 
lustering sig-nal 
orresponds to the values of � and E thathave the smaller value of the 
han
e probabil-ity, Pmin. Finally, the probability that su
h
lustering arises by 
han
e from an isotropi


IC
R

C
 2007 P

roceedings - P
re-C

onference E
dition



30th International Cosmi
 Ray Conferen
e

Figure 2: Auto
orrelation s
an for events with energy above 20 EeVdistribution is estimated by performing a simi-lar s
an on a large number of isotropi
 data setssimulated by the Monte Carlo te
hnique and�nding the fra
tion of the simulations havinga smaller Pmin than the data.We show in Figure 2 the result of the s
anabove a minimum energy of 20 EeV and upto a maximum angle of 30Æ. A broad regionwith an ex
ess of 
orrelation appears at in-termediate angular s
ales and large energies.The minimum appears at 7Æ for the 19 highestenergy events (E > 57:5 EeV), where 8 pairsare observed, while 1 was expe
ted. The fra
-tion of isotropi
 simulations with larger num-ber of pairs at that angular s
ale and for thatnumber of events is Pmin = 10�4, obtained by
omparing the observed number of pairs withthat arising in 106 isotropi
 simulations. Anextended s
an for the 1672 events with E > 10EeV shows no new minimum.The 
han
e probability of a Pmin < 10�4 toarise from an isotropi
 distribution, obtainedby performing the same s
an to 105 simula-tions, is P ' 2� 10�2.Previous analyses of other experiments havereported small s
ale 
lustering signals at 2:5Æin AGASA data [3, 4, 5℄ and at intermediate

s
ales (around 25Æ) in a 
ombination of datafrom di�erent experiments [7℄, both for ener-gies above 40 EeV.
 0.001

 0.01

 0.1

 1

 0  5  10  15  20  25  30

f

Θ[deg]

E > 40 EeV

Figure 3: Fra
tion of simulations with largernumber of pairs than the data for the 64 eventswith E > 40 EeV.We show in Figure 3 the fra
tion of simula-tions with more pairs than the data for theevents with E > 40 EeV (62 events). Thesmall s
ale 
lustering in Auger data is 
om-patible with that expe
ted from an isotropi

ux with our present statisti
s. We observe2 pairs within 2:5Æ, while 1.5 were expe
ted
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Studies of 
lusteringfrom an isotropi
 
ux. Due to a possible di�er-en
e in the energy 
alibration between Augerand AGASA, the 
lustering signal reported byAGASA 
ould appear in Auger data at a dif-ferent (lower) energy s
ale. We show in Figure4 the probability for a larger or equal numberof pairs within � = 2:5Æ as a fun
tion of thenumber of events (or threshold energy). At thisangular s
ale, no strong ex
ess of 
lustering ap-pears in the present data set. In the relevantenergy range there is a slight ex
ess of pairs,for example for N = 150 (E > 30 EeV) 14pairs are observed while 8.5 are expe
ted, witha probability for this to happen by 
han
e in anisotropi
 distribution of about 5%. This ex
essis anyhow mu
h smaller than the one reportedby AGASA, where 7 pairs were observed while1.45 were expe
ted (out of 57 events).Regarding the intermediate angular s
ales sig-nal, some hint of 
lustering, though not verysigni�
ant with the present statisti
s, is ap-parent. It is weaker at this energy than athigher energies (above 50 EeV) as dis
ussedabove (Figure 2).
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Figure 4: Fra
tion of simulations with morepairs separated by � < 2:5Æ, as a fun
tion ofthe number of events.Con
lusionWe have sear
hed for 
lustering signals in theAuger data with energies above 10 EeV. In par-ti
ular we have 
he
ked the 
lustering signal at2:5Æ for E > 40 EeV reported by AGASA. No

strong ex
ess of 
lustering is present at this an-gular s
ale in our data set.An extensive s
an in angle and energy thresh-old shows some hints of 
lustering at larger en-ergies (E > 50 EeV) and intermediate angu-lar s
ales, that 
ould be a signal of the larges
ale distribution of nearby sour
es. However,taking into a

ount the s
an performed, theprobability that this kind of signals appearby 
han
e from an isotropi
 
ux is P = 2%.Thus it is only marginally signi�
ant with ourpresent statisti
s. Auger future data will beused to 
he
k if this 
orrelation is real.Referen
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