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Energy Spectrum

Arrival Directions Composition

We now know in great detail about 
cosmic rays above ~1 EeV (1018 eV).

BUT we don't know exactly where 
they come from – they are charged 
and so get deflected in intergalactic 
magnetic fields.
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The cosmic ray energy spectrum shows a cut-off as 
predicted: GZK cut-off.  We assume that this is correct.

The GZK cut-off specifically refers to photo-pion 
production from cosmic ray protons and astrophysical 
(blue shifted to gammas) background photons.

Π+ decays to 3 neutrinos plus a positron.

The resulting neutrinos are NEITHER absorbed nor 
deflected.  They may point to the cosmic ray source. 
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Ahlers et al.
Astroparticle Phys.
34, 106-115, 2010

Background 
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Kotera, Allard and Olinta arXiv:1009.1382

Predicted 
Neutrino 
Spectrum

Auger is sensitive 
here.
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Interactions to search for:
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Possible event types: 'down going' and 
'Earth-skimming'.

See: 
arXiv:1107.4809
ArXiv:1107.4804
Science, 318, 938 (2007)



We can use expected physical properties of 
the showers – content, timing, footprint 
shape etc. To build up a set of criteria to be 
satisfied by neutrino showers.
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A 'normal' event.

See 
http://auger.colostate/edu/ED/
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Detector station (10 m2 
water Cherenkov tank) 
signals

Close to the shower core

At a large core distance.
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Search Criteria:

Developing Neutrino Search 
Criteria
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Rather strange directional 
exposure

The resulting upper limits

To Look for Specific 
Point Sources
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Centaurus  A (NGC 5128) is a 
'nearby' likely source.  The limits 
are tightening for its models also.



Summary
The Pierre Auger Observatory:

Has measured fundamental astrophysical quantities 
(directions, composition, spectrum) at energies above ~1018 
eV (to > 1020 eV).

We still have not identified specific sources and neutrino 
studies seem to offer a way of doing directional astrophysics 
for that.

The energy spectrum seems to show a GZK cut-off – 
neutrino studies should confirm or deny this.

Auger is competitive in UHE neutrino studies of the 
Southern skies.
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Thanks
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