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Cosmic rays

CM energy

Elab[eV] ECM[TeV] Exp

1014 0.8 SPS

1015 2 Tevatr.

1016 7 LHC

1017 14 LHC?
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Primary objective of the Pierre Auger Observatory

Energy: Cutoff at the highest energies? Ankle?
Phys. Lett. B 685 (2010)
Phys. Rev. Lett 101 (2008)

Arrival direction: Which are the UHECRs sources? Is the
UHECR flux isotropic?

Astropart. Phys. 34 (2010)
Astropart. Phys. 29 (2008)

Mass composition: Is the UHECR flux
proton/iron-dominated?

Phys. Rev. Lett 104 (2010)

Neutrino and photon detection!
Astropart. Phys. 31 (2009)
Phys. Rev. D 79 (2009)

The Observatory has also the capability to detect UHE ν and γ.
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Origin of the UHEν

Astrophysical Neutrinos

Neutrinos are expected as a product of pion decays produced
in hadronic interactions of cosmic rays with radiation or matter
near the astrophysical sources (AGNs, etc)

Cosmogenic neutrinos

GZK neutrinos: produced by high-energy interactions of cosmic
rays with the microwave background.

New physic and “top-down” scenarios

Decay of ultra massive objects (topological defects, super
heavy dark matter, Z burst..): harder spectrum & usually high
ν and γ fluxes predicted.

Neutrino astronomy

You know the advantages! (also the challenges involved!)
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Extensive air showers

Primary Cosmic Ray

atmospheric nuclei

Earth's atmosphere
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Extensive air showers

π+

π-

π0

γ

e+
e-

electro-magnetic

component

muonic

component

hadronic

component

ν

μ+μ-

Primary Cosmic Ray

atmospheric nuclei

Earth's atmosphere

7 / 51



CR EAS Detector Identification ID efficiency Results

Extensive air showers

π+

π-

π0

γ

e+
e-

electro-magnetic

component

muonic

component

hadronic

component

ν

μ+μ-

young shower

old shower

Primary Cosmic Ray

atmospheric nuclei

Earth's atmosphere

8 / 51



CR EAS Detector Identification ID efficiency Results

Extensive air showers

π+

π-

π0

γ

e+
e-

electro-magnetic

component

muonic

component

hadronic

component

ν

μ+μ-

young shower

old shower

Primary Cosmic Ray

atmospheric nuclei

Earth's atmosphere

ν

9 / 51



CR EAS Detector Identification ID efficiency Results

Atmospheric showers initiated by neutrinos
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Identification of neutrino induced showers
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Identification of neutrino induced showers

regular  shower 
initiated by proton

detector

τ decay 
muonic component of the shower E-M component of the shower

first interaction 
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Identification of neutrino induced showers
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Identification of neutrino induced showers

regular  shower 
initiated by proton

detector
3) down-going shower

initiated by ν  τ

τ

4) up-going shower
initiated by ν  τ

τ

τ decay 
muonic component of the shower E-M component of the shower

first interaction 

1) deep shower
initiated by ν

2) double-bang shower
initiated by ν  τ

τ

Two analysis:
down-going: 1,2,3

up-going: 4
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Pierre Auger Observatory
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hybrid detector.

Surface Detector (SD): ∼1600 stations over 3000 km2.
Fluorescence Detector (FD): 4 eyes, 24 telescopes.

construction completed in June 2008.
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Water Cherenkov detectors: autonomous units

comms.
antena

gps

solar panel

battery

40 Mhz electronics      
(25 ns time resolution)
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Water Cherenkov detectors: autonomous units

3.57 m

1
.2

 mPMT

Tyvek

12 ton of water
3 PMTs
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Signals produced by muons / EM component
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Signals produced by muons / EM component
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Identification basis

muons
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Identification basis
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General neutrino search strategy

Search for ν 
candidates in data

Blind analysis

Identification criteria
   inclined shower
   ν selection

Claim a discovery

Compute a flux limit

Search sample

down-going: Nov 07 - May 10
up-going:      Jan 04 - Feb 09

MC neutrino simulations

Training sample

down-going: Jan 04 - Oct 07
up-going:      Nov 04 - Dec 04

0 cand.

0 cand.

Two analysis, same approach
down-going up-going&
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Overwhelmingly, if not totally, 
constituted of nucleonic showers

26 / 51



CR EAS Detector Identification ID efficiency Results

General neutrino search strategy

Search for ν 
candidates in data

Blind analysis

Identification criteria
   inclined shower
   ν selection

Claim a discovery

Compute a flux limit

Search sample

down-going: Nov 07 - May 10
up-going:      Jan 04 - Feb 09

MC neutrino simulations

Training sample

down-going: Jan 04 - Oct 07
up-going:      Nov 04 - Dec 04

0 cand.

0 cand.

Two analysis, same approach
down-going up-going&

27 / 51



CR EAS Detector Identification ID efficiency Results

Monte Carlo simulations
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Simulations summary

∼ one million events.

weighted: w ∝ cos θ sin θ E−5/3
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General neutrino search strategy
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Inclined showers selection

dij
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Down-going

I elongated evt. L/W ≤ 3

I signal speed 〈V 〉 ≤ 0.314 m ns−1

I 〈V 〉 rel. err. ≤ 8 %

I Rec. zenith angle θ ≥ 75◦

Up-going

I L/W ≤ 5

I 0.28mns−1 ≤ 〈V 〉 ≤ 0.31mns−1

I SD(〈V 〉) ≤ 0.08mns−1

I Rec. zenith angle
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Young showers selection: discriminating variables

Area Over Peak (AoP)
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Young showers selection: two different approaches

Down-going

MVA-Analysis: Fisher
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Down-going: after training

Medium multiplicity events (7 ≤ N ≤11)

Training data MC νs
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Down-going: estimation of the background due to misclassification

Training data - medium multiplicity events (7 ≤ N ≤11)
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Down-going: estimation of the background due to misclassification

MC deep νs
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Down-going: estimation of the background due to misclassification

Medium multiplicity events (7 ≤ N ≤11)
Training data

MC νs

100 yrs

20 yrs

1 yr
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Down-going: identification efficiency
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Exposure

MC ν events are used to compute the exposure of the SD

we take into account the contribution from showers falling
outside the SD.

that the array configuration varies with time.
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Down-going: exposure for the search period
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General neutrino search strategy

Search for ν 
candidates in data

Blind analysis
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   ν selection
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Opening the box

After unblinding:

0
candidates for the search periods.

search periods

Down-going : Nov 07 to May 10
Up-going : Jan 04 to Feb 09

Both periods are equivalent to 2 yrs. full Auger
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Integral limit

Astrophys. J. 684 (2008)

Phys. Rev. D73 (2006)

Phys. Rev. D 83, (2011)

Astrophys. J. 675 (2008)

JPhys. Rev. D82 (2010)
Erratum arXiv:1011.5004v1

46 / 51



CR EAS Detector Identification ID efficiency Results

Differential limit

JCAP 10, 013 (2010)

Astropart. Phys 34 (2010)
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Summary

The Pierre Auger Observatory is sensitive to UHE neutrinos:

down-going neutrinos (θ ∈ [75◦, 90◦]): all flavours CC & NC.
up-going neutrinos (θ ∈ [90◦, 95◦]): ντ CC.

Signature: very inclined showers with significant E-M content.

ZERO neutrino candidate events found in data.

Maximum sensitivity at the most relevant range for GZK
neutrinos (1 EeV).

Competitive limits on UHE flux.

Updated limits will be presented at the ICRC2011 (including
limits to point-like sources of UHE neutrinos)
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BACK UP SLIDES
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Systematic uncertainties

Parameter Reference Modification RD

(A) (B)
∫

B −
∫

A

(
∫

B+
∫

A)/2

Interaction generator HERWIG PYTHIA -7 %
HERWIG++ -7 %

PDF (generation level) CTEQ06m CTEQ66 +2 %
MSTW08nlo -6 %
MSTW08nnlo -7 %

Shower Simulator AIRES CORSIKA 6.9 -17 %

Hadronic Model QGSJETII QGSJETI +2 %
SIBYLL -2 %
SIBYLL (E = 0.3 EeV) -1 %
SIBYLL (E = 3 EeV) -2 %
SIBYLL (θ = 85◦) 0 %
SIBYLL (θ = 89◦) +4 %

Thinning 10−6 10−7 +7 %
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Down-going: expected event rate.

Model Nexp

GZK-Fermi 0.12
GZK-evolFRII 0.30

MPR-max 2.08
BBR 0.89

TD-Necklaces 0.84
SHR 8.16

Nν
exp =

∫ Emax

Emin
Φ(Eν) E(Eν)dEν
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