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The Pierre Auger Observatory
1660 Cherenkov tanks  

[100% duty cycle]

27 Fluorescence Telescopes 

[14% duty cycle]

3000 km2 in Mendoza

Array fully efficient  
E > 3 EeV 

SD spacing ~ 1.5 km
Photographs ©Steven Saffi
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Existence implied by UHECR 
observations:  

But: Can they reach us? 

Ln ~ c∙τn∙γn ~ 9 (En/1 EeV) kpc    

[c.f. Milky Way radius ~ 8 kpc]     
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AMON Science Opportunity
Prompt Delayed

Event class γ ν n gw x-ray IR/O/
UV

radio

GRBs ✓ ✓ ✓ ✓ ✓ ✓

Choked jet SNe ✓ ✓ ✓ ✓ ✓

Core collapse SNe 
(Galactic) ✓ ✓ ✓ ✓  

AGN flares ✓ ✓ ✓ ✓ ✓

Tidal disruption flares ✓ ✓ ✓ ✓ ✓

Pulsars/Magnetars ✓ ✓✓ ✓ ✓ ✓ ✓

Primordial black holes ✓ ✓✓ ✓

Other exotica ✓ ✓ ✓ ✓



Neutron showers indistinguishable from proton showers 

Look for correlations/excesses at E > 1EeV to identify 

Blind/targeted/stacked Auger searches have placed strong limits on 
UHE neutron flux from Galactic sources/GC 
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UHE Neutron searches in Auger

E > 1EeV
Auger Coll. ApJ 789 (2014) L34

Auger Coll. ApJ 789 (2014) L34



Auger SD sensitive to 
cosmogenic neutrino showers 
(peak sensitivity ~ 1EeV) 

Neutrinos easy to identify 
(search exposure limited) 

Realtime neutrino candidate 
analysis can be incorporated in 
AMON alert stream 
⟶triggering/follow-up
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Data 1 Jan 04- 31 Dec 12
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UHE Neutrinos

Auger first observatory to place limit below Waxman-Bahcall bound

Phys. Rev. D 91, 092008 (2015)
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AMON Science Opportunity
Prompt Delayed

Event class γ ν n gw x-ray IR/O/UV radio

GRBs ✓ ✓ ✓ ✓ ✓ ✓

Choked jet SNe ✓ ✓ ✓ ✓ ✓

Core collapse SNe (Galactic) ✓ ✓ ✓ ✓  

AGN flares ✓ ✓ ✓ ✓ ✓

Tidal disruption flares ✓ ✓ ✓ ✓ ✓

Pulsars/Magnetars ✓ ✓✓ ✓ ✓ ✓ ✓

Primordial black holes ✓ ✓✓ ✓
Other exotica ✓ ✓ ✓ ✓
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UHE Photon searches in Auger

UHE photons distinguishable from hadronic showers  
FD: state of the art 

SD: Universality/shower radius of curvature/risetime/ 
muon content) ⟶Much higher statistics

Deeper shower:  
larger curvature at given r

Deeper shower:  
slower signals



Auger has placed strong limits on photon flux at > EeV energies  

Diffuse upper limits strongly constrain exotic models 

Directional searches for point sources with 242,000 photon-like 
candidates have returned null results (strong limits on Galactic sources)
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UHE Photon searches in Auger

Auger coll. ApJ, 789 (2014) 160  Courtesy of D. Kuempel 



Realtime “tagging” of 
photon like showers under 
development at Penn State 

Use SD for high statistics 

Use new SD trigger 
information 

Transmit “photon”-likeness 
of shower to AMON
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Courtesy of M. Settimo 



Auger-AMON link status
Auger data 2008-2014 in AMON database: 6T5 events,             

E > 3 EeV, Herald reconstruction, θ<60º, standard cuts [~105 
events] 

Realtime stream from Malargüe to Penn State established 
(latency ~2min) 

Realtime photon shower analysis under development 

Each event is a neutron candidate for AMON 

Background doublet rate~1/yr, threefold coincidences ~0.05/yr*
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*sensitive to other experiments’ data stream rate Smith et al. 2013, Astroparticle Physics, 45, 56-70 

Auger-AMON link status

http://www.sciencedirect.com/science/journal/09276505


AugerPrime
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Expect  

enhanced photon/hadron 

separation!



Summary

Auger unique among current AMON members:      
Transient discovery= discovery of UHECR source! 

Auger ready to provide Galactic neutron alerts/ 
follow-up  

Photon alert pipeline under development 

UHE neutrino alerts also possible in realtime 

14Illustrations by Marieno Rolland, journeytoauger.flickr.com

http://journeytoauger.flickr.com

