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Pierre Auger Observatory in Argentina

2

3000 km2 area on a plateau 1450 m a.s.l.
1660 Detector Stations +
27 FD Telescopes at periphery
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Pierre Auger Observatory in Argentina

3

3000 km2 area on a plateau 1450 m a.s.l.
1660 Detector Stations +
27 FD Telescopes at periphery

...compared to size of Paris
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27 fluorescence telescopes...

...1660 Water Cherenkov tanks

A Telescope and a Water Cherenkov Station
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Hybrid: More than Sum of the Two

5

Surface Detecor Based:      Fluorescence Detecor Based:
+ High Statistics (24 hrs a day)    + High Resolution
+ Simple geometrical exposure    + Low energy threshold
– Calibration of Energy from EAS-simul.  + Calibration by laboratory expt‘s
            – about 15 % duty cycle 
            – complicated aperture

Hybrid Based:
 + Well known calibration
 + Flat, well known aperture
 + Low energy threshold

FD is used to calibrate SD
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Understanding the Instrument
Very detailed MC studies performed as well as very many systematic checks 
making use the 2-fold detection technique
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Ground Array calibrated by Fluorescence Obs.
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Auger Energy Spectrum
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Transition Galactic
➞ Extragalactic CRs ?

max. energy of accel.
or propagation ?

Phys, Rev. Lett.
101 (2008) 061101
&
Phys. Lett. B 685 
(2010) 239–246
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GZK-Effect?

• Simple astrophys. models fit data surprisingly well
• Constraining models needs composition measurement



Anisotropic 
distribution

(69 events)
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Auger Energy Spectrum
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Transition Galactic
➞ Extragalactic CRs ?

max. energy of accel.
or propagation ?
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Fig. 3. Aitoff projection of the celestial sphere in galactic coordinates with circles of

radius 3.1◦ centered at the arrival directions of 27 cosmic rays detected by the Pierre

Auger Observatory with reconstructed energies E > 57 EeV. The positions of the

472 AGN (318 within the field of view of the Observatory) with redshift z ≤ 0.018

(D < 75 Mpc) from the 12th edition of the catalog of quasars and active nuclei [9]

are indicated by asterisks. The solid line draws the border of the field of view for the

southern site of the Observatory (with zenith angles smaller than 60◦). The dashed

line is, for reference, the supergalactic plane. Darker color indicates larger relative

exposure. Each colored band has equal integrated exposure. Centaurus A, one of

our closest AGN, is marked in white.

of the 472 AGN with redshift z ≤ 0.018 in the V-C catalog. The angular scale269

and the maximum AGN redshift are those specified for the prescribed test of270

the previous section. The energy and arrival directions of the events are listed271

in Appendix A.272

3.2 Properties of the correlation signal273

On Figure 4 we show one-dimensional plots of the probability P as a function274

of each of the scan parameters when the other two are held fixed at the values275

which lead to the absolute minimum probability.276

We note that the energy threshold at which the correlation with nearby AGN277

is maximized, i.e. Eth = 57 EeV, matches the energy range at which the278

spectrum measured by the Pierre Auger Observatory gets reduced by ∼ 50%279

with respect to a power law extrapolation of the spectrum measured at lower280

energies [28], as shown in Figure 5. This feature adds support to the interpre-281

tation that the correlation with relatively nearby sources is evidence for the282

GZK effect [2], as will be discussed in Section 4.4.283
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Sky Plot at E ≥ 55 EeV

69 events observed (up to 31.12.2009; 20370 km2 sr y) compared to
position of nearby AGN (d<75 Mpc) from VC-V, exposure weighted

expect 14.5 directional correlations by chance, 29 observed

10

event position

AGN position
(3.1° circle)

First results reported in Science 318 (2007) 938

galactic coordinates
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Evolution of Degree of Correlation

After publication in 11/2007, correlation degree dropped from
69+11 % (9/13) to 38+7 % (21/55)
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Weaker Correlation near Galactic Plane

when 10° around galactic plane is excluded,
correlation fraction increases from 38 to (46±6)%, while 24% is expected 
by chance from isotropic distribution

12

First results reported in Science 318 (2007) 938

paper submitted
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Conflict with HiRes in the North ?

Black - AGN’s
Blue - HiRes data
Red - correlated events (from scan in z, ψ and Emin)
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Applying Auger Scan-Parameters:
2 correlations observed out of a set of 13 events; 2.7 expected by 
chance, 4.9 expected for 38% signal strength
➠ too low statistics to make any pos/neg claim

Moreover...
• very sensitive to energy threshold (and resolution!)
• different matter and magnetic field distribution N vs S
• different levels of completeness in VC-V  N vs S
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Cross Correlations with other Cat‘gs

★ each CR arrival direction (E>55 EeV) forms a pair with each object 
in catalogue (d< 200 Mpc)

★ plot fractional excess of pairs in data vs isotropic distribution
★ ⪝ 1% of isotropic samples yield more pairs
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Centaurus A appears interesting

15

moon for comparison of scale

2 LENAIN et al. VHE γ-RAYS FROM CENA
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Fig. 1. (a): Smoothed excess sky map of VHE γ-rays centered on the CenA radio core (cross) (contours: 3, 4, and 5σ). (b): Differential
energy spectrum of CenA at VHE as measured by H.E.S.S.

CenA was observed using the H.E.S.S. experiment

between April 2004 and July 2008, yielding a dead time

corrected total live time of 115.0 h, with zenith angles

ranging from 20◦ to 60◦ with a mean zenith angle of

∼24◦. The data were analyzed with a standard Hillas-

type analysis [18] with an analysis energy threshold of

∼250GeV for a zenith angle of 20◦.

Figure 1a shows the smoothed excess sky map of VHE

γ-rays measured with H.E.S.S., centered on the CenA
radio core position. A clear excess at the position of

CenA is visible. A point source analysis, using standard

cuts as described in [18], yields to the detection of an

excess of VHE γ rays with a statistical significance of
5.0σ. A fit of the instrumental point spread function to

the uncorrelated sky map results in a good fit (chance

probability∼0.7) with a best fit position of αJ2000 =
13h25m26.4s ± 4.6s

stat ± 2.0s
syst, δJ2000 = −43◦0.7′ ±

1.1′stat±30′′syst, well compatible with the radio core and

the inner kpc jet regions. We derive an upper limit of

0.2◦ on the extension (95% confidence level), assuming

a Gaussian surface-brightness profile.

The differential photon spectrum, shown in Fig. 1b,

is well described by a power law function dN/dE =
Φ0(E/1TeV)−Γ with a normalization Φ0 = (2.45 ±

0.52stat±0.49syst)×10−13 cm−2 s−1 TeV−1 and a pho-

ton index Γ =2 .73 ± 0.45stat ± 0.20syst. Calculated

from the spectral fit, the integral flux above 250GeV

is Φ(E > 250GeV) = (1.56 ± 0.67stat) × 10−12

cm−2 s−1, corresponding to ∼0.8% of the flux of the

Crab Nebula above the same threshold [18], and to an

apparent isotropic1 luminosity of L(E > 250GeV) ≈

2.6 × 1039 erg s−1 (adopting a distance of 3.8Mpc).

1not corrected for a potential Doppler boosting effect.

No significant variability has been found on time

scales of 28min, nights and months (moon periods).

However, given the faint flux, only large flares–such as

a brightening by a factor ≈20 over a night for a ∼4σ
detection of a flaring event–would have been detectable.

This can be compared to the VHE flux variation of factor

∼5–10 detected from M87 on time scales of days.

The results have been cross-checked with independent

analysis and calibration chains, and good agreement was

found. More details can be found in [19].

III. DISCUSSION

Figure 2 shows the SED of CenA from X-rays to the

VHE range. The flux measured by H.E.S.S. is clearly

below all previous upper limits reported in the VHE

regime. Recently, the Fermi/LAT collaboration reported

the detection of CenA at GeV energies [9] (see Fig. 2,

orange bow-tie). Assuming a simple power law extrap-

olation to the VHE range would result in a flux too

low at ∼TeV energies, however one should await for the

release of the actual spectral points from Fermi before

concluding about the compatibility of the H.E.S.S. and

Fermi data. Moreover, one could argue that these data are

not contemporaneous and that variability could possibly

account for some of the difference.

Several authors have predicted VHE emission from

CenA or similar sources. A first class of models pro-

posed the immediate vicinity of the central supermassive

black hole as the VHE emitter, as in e.g. pulsar-type

scenarios (see [20], [21]). A second class of models

invokes a similar mechanism to the one at work in other

TeV blazars (see [22], [23]). In a two-flow framework

[25], Marcowith et al. [26] reproduces the high energy

emission of CenA modeling a relativistic pair beam

central AGN core
now also seen by HESS and FERMI-LAT

Cen A nearest AGN (FR-I); d~ 3.8 Mpc
(➙ GZK hardly visible)
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Heavy Composition favoured at high Energy
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Strongest Upper Limits on Photons
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ντ
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~30 atm
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‘old’ showers (h)
• Narrow time distribution
• Weak curvature
• Flat lateral distribution

‘young’ showers (ν) 
• Wide time distribution
• Strong curvature
• Steep lateral distribution

Only a neutrino can induce a young horizontal shower !

EeV Neutrinos by Horizontal EAS
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assuming ν flavour  e:μ:τ = 1:1:1

21

UHE Diffuse Neutrino Flux Limits

Several astrophys. models excluded;
cosmogenic neutrinos in reach !

Upgoing τAuger 2yrIceCube09

Downgoing
Auger 0.8 yr

PRL 100 (2008) 211101
PRD 79 (2009) 102001
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Auger Enhancements
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Auger North in Colorado
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Summary
‣ Auger collects data with an annual exposure of 7000 km2 sr yr

‣ Largest statistics and highest quality ever

‣ Suppression of E-spectrum above GZK-Energy

‣ Arrival directions of events above GZK-threshold show
correlation to nearby matter distribution

‣ Correlation has weakened, significance remains constant

‣ Trend to heavier composition above 1019 eV
(but hadronic interactions may change, too; independent SD data...)

‣ Suffering from Xmax statistics in GZK-energy range

‣ strongest photon and neutrino limits ~1018 eV
almost rule out top down models

‣ Auger South is being extended to a multi-hybrid observatory allowing 
high quality measurements also below ankle

‣ Strong Auger-North R&D activity has begun
24




