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7

distance from 
source (Mpc)

Sokolsky 1989
ε=meV, 400 cm–3

protons scatter with the CMB: threshold effect above 5×1019 eV:
p+γ3K → Δ(1232) → pπ0 → p γγ  or  nπ+ → pe+ν

Greisen-Zatsepin-Kuzmin (1964)
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“Hillas plot”: require that the Lamor 
radius of a charged particle (Z) be 
smaller than the size L of a cosmic 
accelerator with magnetic field B 
and shock intensity 0≤β≤1:
E ~ p ~ βZBL
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1.5 km between tanks

4 x 6 fluorescence 
telescopes

physics data since 
January 2004

June 16, 2008: 
1660 tanks deployed 
1637 with water 
1603 with electronics
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Fig. 6. Correlation between lg S38 and lg EFD for the 795 hybrid
events used in the fit. The line represents the best fit.

described in [19]. Additionally, the wavelength depen-

dent response of the fluorescence telescopes (3%), the

uncertainties on measurements of the molecular optical

depth (1%), on the measurements of the aerosol optical

depth (7%) and on multiple scattering models (1%)

are included in the overall systematic uncertainty. The

invisible energy correction contributes 4% to the total

systematic uncertainty of 22% [20].

V. OUTLOOK

The energy calibration of the surface detector array

was obtained with measurements of the fluorescence

telescopes and a detailed study of the uncertainties

was given. Several activities are on-going to reduce the

systematic uncertainties of the energy estimate, e.g. the

longitudinal profile reconstruction method and the un-

certainty of the fluorescence yield. The spectrum derived

from data of the surface detector array is calibrated using

the method presented in this paper and compared with

a spectrum based on measured hybrid data in [21].
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Abstract. The flux of high energy cosmic rays1

above 1018 eV has been measured using the Pierre2

Auger Observatory using an unprecedented num-3

ber of events. Here we present the energy spec-4

trum derived using two analysis methods. Above5

3 × 1018 eV air showers measured with the ar-6

ray of water-Cherenkov detectors and an energy-7

independent aperture, calibrated by energy measure-8

ments made with fluorescence telescopes, are used to9

obtain a measurement of the energy spectrum. Using10

air showers detected with the fluorescence telescopes11

and at least one water-Cherenkov detector (hybrid12

events) a spectrum is derived for energies above13

1018 eV. The two spectra are found to be consistent14

and a combined spectrum is derived. The systematic15

uncertainties, and in particular the influence of the16

energy resolution on the spectral shape, is addressed.17

The spectrum can be described by a broken power-18

law of index 3.3 below the ankle which is measured19

at lg(Eankle/eV) = 18.6. Above the ankle the20

spectrum is described by a power-law ∝ E−2.6 and21

a flux suppression with lg(E1/2/eV) = 19.6.22

Keywords: Auger Energy Spectrum23

I. INTRODUCTION24

Two independent techniques are used at the Pierre25

Auger Observatory to study extensive air showers cre-26

ated by ultra-high energy cosmic rays in the atmosphere.27

A ground array of more than 1600 water-Cherenkov28

detectors and a set of 24 fluorescence telescopes. Con-29

struction of the baseline design was completed in June30

2008. With stable data taking starting in January 2004,31

the world’s largest dataset of cosmic ray observations32

has been collected over the last 4 years during the33

construction phase of the observatory. Here we report34

on an update with a substantial increase relative to the35

accumulated exposure of the energy spectrum measure-36

ments reported in [1] and [2].37

Due to its high duty cycle, the data of the surface38

detector are sensitive to spectral features at the highest39

energies. Its energy scale is derived from coincident40

measurements with the fluorescence detector. A flux41

suppression around 1019.5 eV has been established based42

on these measurements [1] in agreement with the HiRes43

measurement [3].44

An extension to energies below the threshold of45

1018.5 eV is possible with the use of hybrid observations,46

i.e. measurements with the fluorescence detectors in 47

coincidence with at least one surface detector. Although 48

statistically limited due to the duty-cycle of the fluo- 49

rescence detectors of about 13%, these measurements 50

make it possible to extend the energy range down to 51

1018 eV and can therefore be used to determine the 52

position and shape of the ankle at which the power- 53

law index of the flux changes [4], [5], [6], [7]. A 54

precise measurement of this feature is crucial for an 55

understanding of the underlying phenomena. Several 56

phenomenological models with different predictions and 57

explanations of the shape of the energy spectrum and the 58

cosmic ray mass composition have been proposed [8], 59

[9], [10]. 60

II. SURFACE DETECTOR DATA 61
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Fig. 1. Energy spectrum derived from surface detector data calibrated
with fluorescence measurements. Only statistical uncertainties are
shown.

The surface detector array of the Pierre Auger Obser- 62

vatory covers about 3000 km2 of the Argentinian Pampa 63

Amarilla. Since its completion in June 2008 the expo- 64

sure is increased each month by about 350 km2 sr yr 65

and amounts to 12, 790 km2 sr yr for the time period 66

considered for this analysis (01/2004 - 12/2008). The 67

exposure is calculated by integrating the number of 68

active detector stations of the surface array over time. 69

Detailed monitoring information of the status of each 70

surface detector station is stored every second and the 71

exposure is determined with an uncertainty of 3 % [1]. 72

The energy of each shower is calibrated with a subset 73

of high quality events observed by both the surface 74

16
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Fig. 1. Energy spectrum derived from surface detector data calibrated
with fluorescence measurements. Only statistical uncertainties are
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Fig. 4. The fractional difference between the combined energy spectrum of the Pierre Auger Observatory and a spectrum with an index of
2.6. Data from the HiRes instrument [3], [22] are shown for comparison.

observations themselves. Based on this end-to-end ver-154

ification, the calculated exposure has been corrected155

by 4%. The total systematic uncertainty of the derived156

hybrid spectrum is 10% at 1018 eV and decreases to157

about 6% above 1019 eV.158

The energy spectrum derived from hybrid measure-159

ments recorded during the time period 12/2005 - 05/2008160

is shown in Fig. 3.161

IV. THE COMBINED ENERGY SPECTRUM162

The Auger energy spectrum covering the full range163

from 1018 eV to above 1020 eV is derived by combining164

the two measurements discussed above. The combina-165

tion procedure utilises a maximum likelihood method166

which takes into account the systematic and statistical167

uncertainties of the two spectra. The procedure applied168

is used to derive flux scale parameters to be applied169

to the individual spectra. These are kSD = 1.01 and170

kFD = 0.99 for the surface detector data and hybrid data171

respectively, showing the good agreement between the172

independent measurements. The systematic uncertainty173

of the combined flux is less than 4%.174

As the surface detector data are calibrated with hy-175

brid events, it should be noted that both spectra share176

the same systematic uncertainty for the energy assign-177

ment. The main contributions to this uncertainty are178

the absolute fluorescence yield (14%) and the absolute179

calibration of the fluorescence photodetectors (9.5%).180

Including a reconstruction uncertainty of about 10% and181

uncertainties of the atmospheric parameters, an overall182

systematic uncertainty of the energy scale of 22% has 183

been estimated [12]. 184

The fractional differences of the combined energy

spectrum with respect to an assumed flux ∝ E−2.6 is

shown in Fig. 4 in comparison with previous measure-

ments. The spectral shape is fitted with two functions.

Both are based on power-laws with the ankle being

characterised by a break in the spectral index γ at Eankle.

The first function is a pure power-law description of the

spectrum, i.e. the flux suppression is fitted with a second

spectral break at Ebreak. The second function uses a

smooth transition given by

J(E; E > Eankle) ∝ E−γ2
1

1 + exp
(

lg E−lg E1/2

lg Wc

)

in addition to the broken power-law to describe the 185

ankle. This fit is shown as black solid line in Fig. 5. 186

The derived parameters (quoting only statistical uncer- 187

tainties) are:

parameter power-law suppression

γ1(E < Eankle) 3.26 ± 0.04 3.26 ± 0.04
lg(Eankle/eV) 18.61 ± 0.01 18.60 ± 0.01
γ2(E > Eankle) 2.59 ± 0.02 2.55 ± 0.04
lg(Ebreak/eV) 19.46 ± 0.03
γ3(E > Ebreak) 4.27 ± 0.24
lg(E1/2/eV) 19.61 ± 0.03
lg(Wc/eV) 0.16 ± 0.03

188

In Fig. 5 we show a comparison of the combined energy 189

spectrum with spectral shapes expected from different 190
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observations themselves. Based on this end-to-end ver-154

ification, the calculated exposure has been corrected155

by 4%. The total systematic uncertainty of the derived156

hybrid spectrum is 10% at 1018 eV and decreases to157

about 6% above 1019 eV.158

The energy spectrum derived from hybrid measure-159

ments recorded during the time period 12/2005 - 05/2008160

is shown in Fig. 3.161

IV. THE COMBINED ENERGY SPECTRUM162

The Auger energy spectrum covering the full range163

from 1018 eV to above 1020 eV is derived by combining164

the two measurements discussed above. The combina-165

tion procedure utilises a maximum likelihood method166

which takes into account the systematic and statistical167

uncertainties of the two spectra. The procedure applied168

is used to derive flux scale parameters to be applied169

to the individual spectra. These are kSD = 1.01 and170

kFD = 0.99 for the surface detector data and hybrid data171

respectively, showing the good agreement between the172

independent measurements. The systematic uncertainty173

of the combined flux is less than 4%.174

As the surface detector data are calibrated with hy-175

brid events, it should be noted that both spectra share176

the same systematic uncertainty for the energy assign-177

ment. The main contributions to this uncertainty are178

the absolute fluorescence yield (14%) and the absolute179

calibration of the fluorescence photodetectors (9.5%).180

Including a reconstruction uncertainty of about 10% and181

uncertainties of the atmospheric parameters, an overall182

systematic uncertainty of the energy scale of 22% has 183

been estimated [12]. 184

The fractional differences of the combined energy

spectrum with respect to an assumed flux ∝ E−2.6 is

shown in Fig. 4 in comparison with previous measure-

ments. The spectral shape is fitted with two functions.

Both are based on power-laws with the ankle being

characterised by a break in the spectral index γ at Eankle.

The first function is a pure power-law description of the

spectrum, i.e. the flux suppression is fitted with a second

spectral break at Ebreak. The second function uses a

smooth transition given by

J(E; E > Eankle) ∝ E−γ2
1

1 + exp
(

lg E−lg E1/2

lg Wc

)

in addition to the broken power-law to describe the 185

ankle. This fit is shown as black solid line in Fig. 5. 186

The derived parameters (quoting only statistical uncer- 187

tainties) are:

parameter power-law suppression

γ1(E < Eankle) 3.26 ± 0.04 3.26 ± 0.04
lg(Eankle/eV) 18.61 ± 0.01 18.60 ± 0.01
γ2(E > Eankle) 2.59 ± 0.02 2.55 ± 0.04
lg(Ebreak/eV) 19.46 ± 0.03
γ3(E > Ebreak) 4.27 ± 0.24
lg(E1/2/eV) 19.61 ± 0.03
lg(Wc/eV) 0.16 ± 0.03

188

In Fig. 5 we show a comparison of the combined energy 189

spectrum with spectral shapes expected from different 190

from hybrids

17
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astrophysical scenarios. Assuming for example a uni-191

form distribution of sources, no cosmological evolution192

of the source luminosity ((z + 1)m, i.e. m = 0) and a193

source flux following ∝ E−2.6 one obtains a spectrum194

that is at variance with our data. Better agreement is195

obtained for a scenario including a strong cosmological196

evolution of the source luminosity (m = 5) in combi-197

nation with a softer injection spectrum (∝ E−2.3). A198

hypothetical model of a pure iron composition injected199

with a spectrum following ∝ E−2.4 and uniformly200

distributed sources with m = 0 is able to describe the201

measured spectrum above the ankle, below which an202

additional component is required.203

V. SUMMARY204

We presented two independent measurements of the205

cosmic ray energy spectrum with the Pierre Auger206

Observatory. Both spectra share the same systematic207

uncertainties in the energy scale. The combination of the208

high statistics obtained with the surface detector and the209

extension to lower energies using hybrid observations210

enables the precise measurement of both the ankle and211

the flux suppression at highest energies with unprece-212

dented statistics. First comparisons with astrophysical213

models have been performed.214
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The new limits reduce uncertainties related to the con-165

tamination of photons at EeV energies in other analyses166

of shower data. For instance, the possible contamination167

from photons was one of the dominant uncertainties for168

deriving the proton-air cross-section (see e.g. [10]). This169

uncertainty is now reduced to ∼50 mb for data at EeV170

energies, which corresponds to a relative uncertainty of171

∼10%. Photon contamination is important also in the172

reconstruction of the energy spectrum or determination173

of the nuclear primary composition.174

In future photon searches, the separation power be-175

tween photons and nuclear primaries can be enhanced176

by adding the detailed information measured with the177

surface detectors in hybrid events.178

V. PERSPECTIVES179

The current exposure of the Auger Observatory is180

already a factor ∼4 larger than the exposure used for181

the 2% photon limit at 10 EeV. Hence, the Auger182

Observatory starts to be sensitive to photon fractions183

within the predicted range of GZK photons and specific184

GZK scenarios will be tested by UHE photon searches185

for the first time. The sensitivity to UHE photons will be186

significantly strengthened with the advent of the northern187

site of the Observatory in Colorado (USA). This site is188

planned to cover a surface a factor 7 larger than the one189

in Argentina. With such a huge total collecting area the190

detection of photon events at fractions well below 0.1%191

(above 10 EeV) will be at hand (see Fig. 3).192

The northern site of the Observatory will bring an-193

other opportunity related to the UHE photon search.194

Thanks to the difference between the local geomag-195

netic fields at the two sites a possible detection of196

UHE photons at Auger South may be confirmed in 197

an unambiguous way at Auger North by observing the 198

well predictable change in the signal from geomagnetic 199

cascading of UHE photon showers [11]. 200

The photon upper limits placed by the Auger Collab- 201

oration also address fundamental physics questions. The 202

GZK photons are expected to be absorbed on scales of 203

a few Mpc by pair production with background photons 204

if Lorentz symmetry holds. On the other hand, violation 205

of Lorentz invariance could lead to the observation of 206

an increased photon flux. The new constraints placed on 207

the violation of Lorentz invariance based on our photon 208

limits are substantially more stringent than previous 209

ones [12]. A future detection of UHE photons will 210

further impact fundamental physics and other branches 211

of physics (see e.g. [13]). 212
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Fig. 1. Left panel: sketch of an inclined shower induced by a hadron interacting high in the atmosphere. The EM component is absorbed and
only the muons reach the detector. Right panel: deep inclined shower. Its early region has a significant EM component at the detector level.

Fig. 2. Neutrinos can initiate atmospheric showers through charged (CC) or neutral (NC) current interactions. On νe CC interactions all the
energy of the primary neutrino is transferred to the shower. This is not the case of the NC channel where the primary neutrino energy is only
partially transferred to the shower while a significant fraction is carried away by the scattered neutrino. Similar behaviour is seen on the νµ

CC induced showers where the emerging high energy muon usually decays under the ground and doesn’t produce a shower. Note that ντ CC
initiated showers may have a “double bang” structure due to the fact that the out-coming high energy τ may travel a long distance before decay
producing a second displaced shower vertex.
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period (1 Jan 04 - 31 Oct 07) and Monte Carlo simulated down-going neutrinos for events with multiplicity 7 ≤ #st ≤ 11 .

to ∼ 1.2 years of the full SD array - was used as “train-95

ing” data. From the showers that trigger the SD array96

[3], those arriving during periods in which instabilities97

in data acquisition occur are excluded. After that the98

FADC traces are cleaned to remove segments that are99

due to accidental muons not belonging to the shower but100

arriving close in time with the shower front. Moreover,101

if 2 or more segments of comparable area appear in a102

trace the station is classified as ambiguous and it’s not103

used. Then a selection of the stations actually belonging104

to the event is done based on space-time compatibility105

among them. Events with less than 4 tanks passing the 106

level 2 trigger algorithm [3] are rejected. This sample 107

is then searched for inclined events requiring that the 108

triggered tanks have elongated patterns on the ground 109

along the azimuthal arrival direction. A length L and 110

a width W are assigned to the pattern [5], [10], and 111

a cut on their ratio is applied (L/W >3). Then we 112

calculate the apparent speed of the signal in the event 113

moving across the ground along L, using the arrival 114

times of the signals at ground and the distances between 115

tanks projected onto L [12]. The average speed 〈V 〉 116
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partially transferred to the shower while a significant fraction is carried away by the scattered neutrino. Similar behaviour is seen on the νµ

CC induced showers where the emerging high energy muon usually decays under the ground and doesn’t produce a shower. Note that ντ CC
initiated showers may have a “double bang” structure due to the fact that the out-coming high energy τ may travel a long distance before decay
producing a second displaced shower vertex.
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to ∼ 1.2 years of the full SD array - was used as “train-95

ing” data. From the showers that trigger the SD array96

[3], those arriving during periods in which instabilities97

in data acquisition occur are excluded. After that the98

FADC traces are cleaned to remove segments that are99

due to accidental muons not belonging to the shower but100

arriving close in time with the shower front. Moreover,101

if 2 or more segments of comparable area appear in a102

trace the station is classified as ambiguous and it’s not103

used. Then a selection of the stations actually belonging104

to the event is done based on space-time compatibility105

among them. Events with less than 4 tanks passing the 106

level 2 trigger algorithm [3] are rejected. This sample 107

is then searched for inclined events requiring that the 108

triggered tanks have elongated patterns on the ground 109

along the azimuthal arrival direction. A length L and 110

a width W are assigned to the pattern [5], [10], and 111

a cut on their ratio is applied (L/W >3). Then we 112

calculate the apparent speed of the signal in the event 113

moving across the ground along L, using the arrival 114

times of the signals at ground and the distances between 115

tanks projected onto L [12]. The average speed 〈V 〉 116
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Limits from other experiments [13] are also plotted. A theoretical flux
for GZK neutrinos Ref. [2] is shown.

efficiencies ε over the whole parameter space [10]. All206

the neutrino flavours and interactions are accounted for207

in the simulations. In particular for ντ we have taken into208

account the possibility that it produces a double shower209

in the atmosphere triggering the array – one in the ντ210

CC interaction itself and another in the decay of the τ211

lepton. The exposure for the period 1 Nov 07 up to 28212

Feb 09 is shown in Fig. 4 for CC and NC channels.213

Several sources of systematic uncertainties have been214

taken into account and their effect on the exposure215

evaluated. We tentatively assign a ∼ 20% systematic un-216

certainty due to the neutrino-induced shower simulations217

and the hadronic model (SIBYLL 2.1 vs QGSJETII.03).218

Another source of uncertainty comes from the neutrino219

cross section. Using [14] we estimate a systematic uncer-220

tainty of ∼ 10%. The topography around the Southern221

Site of the Pierre Auger Observatory enhances the flux222

of secondary tau leptons. We have neglected this effect223

here which would increase the event rate by roughly224

∼ 15 − 20%225

Finally assuming a f(Eν) = k · E−2
ν differential226

neutrino flux we have obtained a 90% C.L. limit on227

the all-flavour neutrino flux using down-going show-228

ers: k < 3.2 × 10−7 GeV cm−2 s−1 sr−1 shown229

in Fig. 5. We also present the updated limit based230

on Earth-skimming up-going neutrinos: k < 4.72.2
6.9 ×231

10−8 GeV cm−2 s−1 sr−1, where the upper/lower val-232

ues correspond to best/worse scenario of systemat-233

ics [12]. We have also include the limit in differential234

format to show the range in energies at which the235

sensitivity of the Pierre Auger Observatory to down-236

going and Earth-skimming ν peaks.237

A preliminary limit on the flux of UHE neutrinos238

from the position of Centaurus A (Galactic coords.239

δ ∼ −43.0◦, l ∼ −35.2◦) – assuming a point source at240

that position – was also obtained. For that purpose we241

have integrated the identification efficiency ε over the242

fraction of the time (∼ 15.6%) the source is seen in the 243

SD array with θ between 75◦ and 90◦. The preliminary 244

limit is ∼ 3 × 10−6 neutrinos per GeV cm−2 s−1. 245
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the Xmax puzzle...: a trend to heavy primaries?

3 remarks:
- the plot may be too suggestive
- hadronic interactions at play?
- beware the energy range...

detector resolution unfolded!
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E > 3x1019 eV25
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Cosmic ray density map predicted from the flux-weighted distribution of
X-ray AGNs detected by SWIFT, smoothed with an angular scale of 7◦. (An isotropic fraction of
35% was built into the maps to account for catalog incompleteness.) The dots represent the arrival
directions of the 58 trans-GZK cosmic rays detected with Auger South up to March 31, 2009.
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Fig. 1. Monitoring the correlation signal. Left: The sequential analysis of cosmic rays with energy greater than Eth = 55 EeV arriving after
27 May, 2006. The likelihood ratio log10 R (see Eqn (2)) for the data is plotted in black circles. Events that arrive within ψmax = 3.1◦ of an
AGN with maximum redshift zmax = 0.018 result in an up-tick of this line. Values above the area shaded in blue have less than 1% chance
probability to arise from an isotropic distribution (piso = 0.21). Right: The most likely value of the binomial parameter pdata = k/N is plotted
with black circles as a function of time. The 1σ and 2σ uncertainties in the observed value are shaded. The horizontal dashed line shows
the isotropic value piso = 0.21. The current estimate of the signal is 0.38 ± 0.07. In both plots events to the left of the dashed vertical line
correspond to period II of Table I and those to the right, collected after [1], correspond to period III.

of the sky, where 2.7 are expected on average if the84

flux were isotropic. This degree of correlation provided85

a 99% significance level for rejecting the hypothesis that86

the distribution of arrival directions is isotropic.87

The left panel of Fig. 1 displays the likelihood ratio88

of correlation as a function of the total number of89

time-ordered events observed since 27 May, 2006, i.e.90

excluding the data used in the exploratory scan that lead91

to the choice of parameters. The likelihood ratio R is92

defined as (see [8] and [9])93

R =

∫ 1
piso

pk(1− p)N−k dp

pisok(1− piso)N−k+1
. (2)94

This quantity is the ratio between the binomial prob-95

ability of correlation – marginalized over its range of96

possible values and assuming a flat prior – and the97

binomial probability in the isotropic case (piso = 0.21).98

A sequential test rejects the isotropic hypothesis at the99

99% significance level (and with less than 5% chance100

of incorrectly accepting the null hypothesis) if R > 95.101

The likelihood ratio test indicated a 99% significance102

level for the anisotropy of the arrival directions with the103

earliest data. Subsequent data have neither strengthen104

the case for anisotropy, nor contradict the earlier result.105

The departure from isotropy remains at the 1% level106

as measured by the cumulative binomial probability107

(P = 0.006), with 17 out of 44 events in correlation.108

In the right panel of Fig. 1 we plot the degree of109

correlation (pdata) with objects in the VCV catalog as110

a function of the total number of time-ordered events111

observed since 27 May, 2006. For each new event112

the best estimate of pdata is k/N . The 1σ and 2σ113

uncertainties in this value are determined such that the114

area under the posterior distribution function is equal to115

68% and 95% respectively. The current estimate, with 17116

out of 44 events that correlate in the independent data, is117

pdata = 0.38, which is more than two standard deviations118

from the value expected from a purely isotropic distri-119

bution of events. More data are needed to accurately120

constrain this parameter. While the degree of correlation121

with objects in the VCV catalog has decreased with the122

accumulation of new data, the values of ψmax, zmax and123

Eth that characterise the correlation have not changed124

from the values reported in [1].125

Period Exposure GP N k kiso

I 4390 yes 14 9 2.9
no 10 8 2.5

II 4500 yes 13 9 2.7
no 11 9 2.7

III 8150 yes 31 8 6.5
no 24 8 6.0

TABLE I
A NUMERICAL SUMMARY OF RESULTS FOR EVENTS WITH

E ≥ 55 EEV. SEE THE TEXT FOR A DESCRIPTION OF THE ENTRIES.

The correlations between events with E ≥ 55 EeV126

and AGN in the VCV catalog during the pre and post127

exploratory periods of data collection are summarized in128

Table I. The left most column shows the period in which129

the data was collected; period I is the exploratory period130

from 1 January, 2004 through 27 May, 2006, II is from131

28 May, 2006 through 31 August, 2007 and period III132

includes data collected after [1], from 1 September, 2007133

through 31 March, 2009. The exposure for each period134

is listed in units of km2 sr yr and has an uncertainty135

of 3%. If events and aperture within 12◦ of the galactic136

plane (GP) are included in the analysis then the second137

column is marked yes (and piso = 0.21), if not then it138

is marked no (and piso = 0.25). The number of events139

from an isotropic flux expected to correlate is listed as140

kiso = Npiso, where N is the total number of events141

observed during each period and k is the number of142

events that arrive within 3.1◦ of an AGN with a redshift143

of 0.018.144

Note that with the galactic plane included during145

period I+II, 18 out of 27 events arrive within 3.1◦ of146

an AGN in the VCV catalog with redshift less than147

29



excess from the supergalactic plane
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Fig. 3. Left: The cumulative number of events with E ≥ 55 EeV as a function of angular distance from Cen A. The average isotropic
expectation with approximate 68% confidence intervals is shaded blue. Right: The histogram of events as a function of angular distance from
Cen A. The average isotropic expectation is shaded red.
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Fig. 3. Left: The cumulative number of events with E ≥ 55 EeV as a function of angular distance from Cen A. The average isotropic
expectation with approximate 68% confidence intervals is shaded blue. Right: The histogram of events as a function of angular distance from
Cen A. The average isotropic expectation is shaded red.
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Auger North
~1,400 events E > 60 EeV
many particles per source

Auger South – 10 years
~200 events E > 60 EeV



... and because the Universe is expanding ever 
further, we just need a bigger telescope!

50

in the context of modern cosmology 

this argument is actually correct!
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Merci beaucoup!
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