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Science Latest Results

• Spectrum with clear ankle and “GZK” suppression

• Anisotropy of arrival directions above 55 EeV 

• Limit on photon flux at 10 EeV using surface detector

• Limit on photon flux at 3 EeV using fluorescence detector

• Limit on Earth-skimming tau neutrinos

• New limit on all flavors of neutrinos using near-horizontal showers

• Statistical analysis of Xmax values for energies up to 30 EeV 



The Auger Observatory
One observatory in two hemispheres     

Southern site completed June 2008

18 Participating Countries

Argentina

Australia

Bolivia

Brazil 

Croatia

Czech Republic

France

Gemany

Italy

Mexico 

Netherlands

Poland

Portugal

Slovenia

Spain

United States

United Kingdom

Vietnam

Hybrid shower measurements:

Surface array + air fluorescence

Spokesperson: Karl-Heinz Kamper

Founders: Jim Cronin and Alan Watson



The Auger Observatory in the Southern Hemisphere 
Now fully deployed in Argentina

1600 water Cherenkov stations

24 fluorescence telescopes (30˚x30˚)

60 km



A Water Cherenkov Station



4 Fluorescence Detector Eyes with 

Six Telescopes (30°x30°) each



An Air Fluorescence Telescope

30o x 30o

Field of View

2.2m diameter 
aperture stop 
with Schmidt 
corrector ring.

UV-Filter 
300-400 nm

Camera
440 
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3.8m x 3.8m 
mirror

UV-Filter 
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The Auger Energy Spectrum

SD + FD



The Auger Energy Spectrum

Five-parameter fit: index, breakpoint, index, critical energy, normalization



The Auger Energy Spectrum

Comparison with models

Anisotropy



The Auger Energy Spectrum
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Energy Spectrum from Auger Observatory

Five-parameter fit: index, breakpoint, index, critical energy, normalization

Schuessler

HE 0114

SD + FD

2.59 ± 0.02

Physics Letters B 685 

(2010) 239–246

4400 events above 1019 eV

Only 3 above 1020eV

Ankle at 4.1x10^18 eV

ﾺ

3.26 2.59

4.3

2.9 x 

10^19 eV

Suppression of flux significat at

20  GZK or Injection cutoff

at sources?

E −γ



The Auger Sky above 60 EeV

27 events as of November 2007 58 events now (with Swift-BAT AGN 
density map)

Simulated data sets based 
on isotropy (I) and Swift-

BAT model (II) compared to 
data (black line/point).

Log(Likelihood)



The Auger Sky above 55 EeV

69 events now (318 AGNs in the VCV)Astroparticle 

Physics 34 

(2010) 314–326

The correlating fraction went down to 

from 69 (2007) to 38%

But there is still evidence of anisotropy 

for E>55 EeV at 99% CL



Shower Depths of Maximum Xmax

These suggest high cross section and high multiplicity at high energy.

Heavy nuclei?    

Or protons interacting differently than expected?

Information lacking for the (anisotropic) trans-GZK energy regime!

(Crucial for calculation of the diffuse cosmogenic neutrino flux)

Anisotropy Anisotropy



Shower Depths of Maximum Xmax  Shower Depths of Maximum Xmax  
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Hi-Res Xm - results favor 
protons

Mean depth of maximum 

vs energy

Width of distribution 

vs energy

Evidence for proton 

dominated composition 

above 1.6 EeV

HiRes Collaboration

arXiv:0910.4184

PRL  104 161101 (2010)



Trans-GZK composition is simpler

Light and intermediate 
nuclei photodisintegrate 
rapidly.

Only protons and/or heavy 
nuclei survive more than 
20 Mpc distances.

Cosmic magnetic fields 
should make highly 
charged nuclei almost 
isotropic.



Auger exposure to 

tau Neutrinos

Neutrinos can be identified as “young” 
showers at very great atmospheric slant depth 

(either upward or downward).

The Auger UHE Neutrino Observatory
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Limit on the diffuse flux of ultra-high energy tau neutrinos

Phys.R

ev.D79:

102001,

2009



Limit on Tau Neutrinos

[Physical Review Letters 100 (2008), 211101]



The UHE Gamma Ray Astronomical Window

Photon showers penetrate deeper than hadronic showers.  

They can be recognized individually with hybrid measurements.  

A photon component can be measured statistically by the surface array.

Photon attenuation 
length exceeds 10 Mpc 
for E > 2 EeV



UHE Photon Limits
(strongly constrain top-down scenarios)



Enhancements at Auger South

HEAT: High Elevation Auger Telescopes

AMIGA: Auger Muon and Infill Ground Array

, 

AERA: Auger Engineering Radio Array
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•Far greater exposure is needed to

• Identify the class of sources via anisotropy

• Measure the spectra of bright sources or source regions

• Determine the particle type(s) above 55 EeV

• If protons, measure interaction properties above 250 TeV (CM)

• Determine the diffuse cosmogenic intensity of neutrinos and photons

• Detect cosmogenic neutrinos and photons



Summary

Deployment is complete for the Auger Observatory in Argentina

There IS a suppression of the energy spectrum
Arrival directions correlate with matter in the nearby universe above 55 EeV
Energy loss (e.g. GZK) is confirmed above that energy

(The spectral steepening is not just due to sources “running out of steam”)
There ARE detectable UHE sources within the GZK sphere
Intriguing trend in Xmax distributions for energies up to 30 EeV
New Auger limits on diffuse neutrinos
New Auger limits on diffuse photons (disfavoring exotic production scenarios)

Future Work:
Identification of the class of UHECR sources via anisotropy

Trans-GZK spectrum and composition (with dependence on direction)
Determination of the diffuse flux of cosmogenic  photons and neutrinos
Hadronic interaction properties at CM energies above 250 TeV
UHE gamma ray astronomy and neutrino astronomy


