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Overview

• Auger detector overview 

• Datasets of interest to AMON 
- Neutrons 

- Photons 

- Neutrinos 

• Current status of Auger contribution to AMON 

• Summary

The Pierre Auger ObservatoryAv. San Martin Norte 304, Malargüe - Mendoza (Argentina)
web-site: http://www.auger.org
Spokesperson:
Prof. Dr. Karl-Heinz KampertUniversity Wuppertal (Germany)Tel: +49 202 439 2856 (Secr: -2640)Fax: +49 202 439 2662email: kampert@uni-wuppertal.de

16.08.2013
Participation in AMON

Dear Prof. Sommers,

I am happy to inform you that the Collaboration Board of the Pierre Auger Collaboration 

has approved participation in AMON and has authorized me to sign the MoU. Please 

consider this letter as signature to the AMON MoU dated August 22, 2012 and attached to 

this document.

Looking forward to a fruitful cooperation andwith best regards,

(Karl-Heinz Kampert)

OBSERVATORY

Auger MOU
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1660 Cherenkov tanks  

[100% duty cycle]

27 Fluorescence Telescopes 

[14% duty cycle]

3000 km2 in Mendoza

The Pierre Auger Observatory

Array fully efficient  
E > 3 EeV 

SD spacing ~ 1.5 km
3



The Infill Array
HEAT (FD Extension) 

AMIGA (SD + buried muon detectors)

Area: 23.5 km2 
Fully efficient at: 

 0.3 EeV (SD alone)  
 0.1 EeV (FD+SD)
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Auger Status

•Auger measures (searches for) UHE charged hadrons 
plus UHE neutrons, photons, neutrinos, with E ≳ 0.1 EeV 
energy 

•Auger unique among current AMON members:                          
AMON discovery of transient = Discovery of UHECR 
source!!! 

•Event rate ~ 500,000/yr   

•Infill rate ~ 16000/day



UHE Hadrons  
    [deflected by (poorly known) magnetic fields => delayed arrival] 

UHE Galactic neutrons 

UHE Photons 

UHE Neutrinos
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Auger Datasets of interest to 
AMON



UHE Neutrons
• Existence implied by UHECR observations 

• But: Can they reach us? 

                                                        [c.f. MW radius ~ 8 kpc]      

• AMON Science opportunity:  
Local SNe 
Cataclysmic variables 
Magnetar flares 
Pulsar Quakes
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UHE Neutron searches in Auger
• 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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Messenger Neutron

Status Real time reconstruction running

Test alert system running

Latency ~30 minutes 

Field of view ~3π sr 

Arrival direction 
uncertainty

~1º

Signal rate unknown

Background rate 500,000/yr

Doublet 
background rate 

20/yr

Auger trigger stream to AMON

• Singles & doublets trigger 
AMON 

• Send alerts to AMON for all      
E > 1 EeV, |b| < 5º Auger events 

• Small data load (arrival 
direction, energy, time) 

• Expected 3-fold coincidence 
rate with other AMON 
observatories ~0.06/yr
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UHE Photons
• UHE photons distinguishable from hadronic showers  

(SD: Universality/shower radius of curvature/risetime/muon content) 

• Loss length (1-100 EeV photons) up to ~30 Mpc  

• AMON Science opportunity:  

Nearby AGN flares 
Nearby sources of UHECRs  

  (e.g. tidal disruptions, pulsars)  
Galactic sources/GC
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UHE Photons
• UHE photons distinguishable from hadronic showers  

(SD: Universality/shower radius of curvature/risetime/muon content) 

• Loss length (1-100 EeV photons) up to ~30 Mpc  

• AMON Science opportunity:  

Nearby AGN flares 
Nearby sources of UHECRs  

  (e.g. tidal disruptions, pulsars)  
Galactic sources/GC
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Deeper shower:  
larger curvature
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UHE Photon searches in Auger
• Auger has placed strong limits on photon flux at > EeV energies  

• Diffuse upper limits strongly constrain exotic models 

• Directional searches for point sources with photon-like candidates 
have returned null results (strong limits on Galactic sources) 
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A. Abramowski et al.: VHE γ-rays from PSR B1706−44 and SNR G 343.1−2.3

Fig. 1. Left: image of the VHE γ-ray excess (in units of γ-rays arcmin−2) from H.E.S.S. J1708−443, smoothed with a 2D Gaussian with a width
σ = 0.10◦. The blue-to-red color transition is chosen to reduce the appearance of features which are not statistically significant. The white cross
is located at the best-fit position of the center-of-gravity of the emission and its size represents the statistical error of the fit. The small and large
dotted white circles, labeled A and C, respectively, denote the regions used for spectral analysis. The a priori defined Region B, from which the
detection significance was calculated, is represented by a dotted green circle. The three regions are summarized in Table 2. The position of
the pulsar PSR B1706−44, at the center of region A, is marked by a square. The inset (bottom-left corner) shows the point-spread function of the
H.E.S.S. telescope array for this particular dataset, smoothed in the same manner as the excess image. Radio contours of constant intensity, as
seen at 330 MHz with the Very Large Array (VLA), are shown in green. The radio data were smoothed with a Gaussian of width σ = 0.03◦. The
local maximum in the radio contours at the center of the image is largely due to PMN J1708−4419, an extragalactic object seen in projection (see
Sect. 4.3). Right: gamma-ray excess in quadratic bins of 0.175◦ width. The upper number in each bin is the excess summed within this bin, and the
lower number is the corresponding statistical error. The blue contours correspond to a smoothed excess of 0.14, 0.17, and 0.21 γ-rays arcmin−2,
taken from the image on the left. The red-rimmed bin is centered on the pulsar position. Note the different field-of-view used in the two figures.

Nebula (Aharonian et al. 2006a). This upper limit corresponds
to ∼1% of the flux of the Crab Nebula in the same energy range.

The energy spectrum of the entire source is extracted from
Region C. Within the large integration circle, 615 excess γ-ray
events were found, corresponding to a statistical significance
of 6.8σ (pre-trials). The differential spectrum (Fig. 2) is well-
described by a power law φ = φ0 (E/1 TeV)−Γ with a spectral
photon index Γ = 2.0±0.1stat±0.2sys and a flux normalization at
1 TeV of φ0 = (4.2±0.8stat±1.0sys)×10−12 cm−2 s−1 TeV−1. The
integral flux F(1–10 TeV) = 3.8 × 10−12 ph cm−2 s−1 is ∼17%
of the Crab Nebula flux in the same energy range. The extracted
flux points from the extended emission and the fitted power law
are shown in Fig. 2. The results presented above have been cross-
checked, using an independent calibration of the raw data and an
alternative analysis chain. The cross-checks included a spectral
analysis using the reflected region background method (Berge
et al. 2007), which requires observations to be centered outside
of the emissive region and thus used only half of the available
dataset. All cross-checks confirmed the primary results within
the stated statistical uncertainties.

The most recent observations and analysis by CANGAROO-
III also give an indication of extended emission in the vicinity
of PSR B1706−44 (Enomoto et al. 2009). However, their results
differ significantly from those given in this paper. For example,
the morphology of the VHE γ-ray excess reported by Enomoto
et al. (2009), using an ON-OFF background technique, is that
of a source centered roughly at the pulsar position, as opposed
to H.E.S.S. J1708−443, whose centroid is clearly offset from the
pulsar. Furthermore, CANGAROO-III measures a Crab Nebula-
level integral flux (above 1 TeV) within 1.0◦ of the pulsar, which
is inconsistent with the ∼18% Crab flux measured by H.E.S.S.

Fig. 2. Differential energy spectrum of H.E.S.S. J1708−443, extracted
from Region C (see Table 2). The solid line shows the result of a power-
law fit. The error bars denote 1-σ statistical errors. The bottom panel
shows the residuals of the power-law fit. Events with energies between
0.6 and 28 TeV were used in the determination of the spectrum, and the
minimum significance per bin is 1σ.

in the same energy range. The difference is possibly due to the
exact methods used for background subtraction; in the H.E.S.S.
analysis, the OFF data are normalized to source-free regions of
the ON data, because the background can vary significantly de-
pending on the observing conditions.
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H.E.S.S. 2011
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have	  been	  detected	  with	  >	  5	  sigma

Flux upper limit of photon point sources  
in EeV range

Auger coll. ApJ, 789 (2014) 160



Photon trigger stream
• Real-time “tagging” of photon 

like showers under development 
at Penn State 

• Use SD for high statistics 

• Lower E threshold than neutrons 
(use infill) ➝ increase statistics! 

• AMON alerts with “photon”-like 
showers with relaxed threshold 
compared to standard Auger 
searches
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Auger coll. Astropart. Phys. 29 (2008) 243–256



  

Auger upgrade

Scintillator on top
(ASCII)

Expect boost in photon / hadron separation

+ Improved new electronics 
upgrade to facilitate readout
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UHE Neutrinos

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

• Auger first observatory to place limit 
below Waxman-Bahcall bound 

• Neutrinos easy to identify  
(search exposure limited) 

• Real-time neutrino candidate analysis 
can be incorporated in AMON alert 
stream ⟶triggering/follow-up
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Only a neutrino can induce 
a young horizontal shower!



Current Status
Real-time sub-threshold photon shower analysis 

under development 

Scrambled test stream with AMON established 

Next priorities:  

Real-time stream from Argentina 

Real-time neutrino candidate triggering+follow-up
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Summary
• Auger unique among current AMON members:      

Transient discovery = discovery of UHECR source! 

• Test alert stream established, working towards real-
time alert stream 

• Auger ready to provide Galactic neutron alerts 

• Photon alert pipeline under development 

• Next step: cosmogenic neutrino candidate alerts
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Backup



Photon sensitivity

183rd AMON Workshop

  Mariangela Settimo for the Multi-messenger Working group,UHECR 2014, Springdale, 15 Oct 2014                                             
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Photon search: perspectives for 2020
(Detector Upgrades and Improved analyses)
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Settimo, DK et al. UHECR 2014

7 yr 
optimistic 
scenario

‣Optimistic GZK-predictions in reach



  Mariangela Settimo for the Multi-messenger Working group,UHECR 2014, Springdale, 15 Oct 2014                                             

Search for photons with the Pierre Auger Observatory
diffuse limits

proton

photon

Xmax‣ Ethr: 1, 2, 3, 5, 10 EeV 
‣ Zenith: 0 - 60º
‣ Fisher analysis combining SD and FD information
‣ a-priori cut at 50% photon efficiency, > 99% bkg rejection

(depending on energy)
‣ FD duty cycle of ~ 10-15% 

‣ 6, 0, 0, 0, 0 candidates (compatible with bkg) M.S. for the Pierre Auger Coll, ICRC 2011
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The Pierre Auger Coll., Astrop. Phys. 29 (2008) 243

Radius of 
curvature Risetime 

@ 1000 m

2 SD observables combined 
in a multivariate analysis

• Ethr: 10, 20, 40 EeV 
• Zenith: 30 - 60º 

(full efficiency range)
• Principal component analysis
• “a-priori” cut at 50% of photon 

selection efficiency

‣ no candidates found

Diffuse photon search

193rd AMON Workshop

Combination in 
principal 

component 
analysis

The Pierre Auger Coll., Astrop. Phys. 29 (2008) 243

Ultra-High Energy Photons
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(a) Illustration of radius of curvature. Shower
particles arrive more delayed at distance r from
the shower axis originating from a deeper atmo-
spheric depth X
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compared to particles produced
at depth X
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. Correspondingly, the
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photon primaries.
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(b) Illustration of rise time. The spread of ar-
rival times at distance r from the shower axis,
produced over a path length �H increases with
deeper production depth X

2

> X
1

. Correspond-
ingly, the spread of arrival times for photon in-
duced showers is increased.

Figure 5.3: Illustration radius of curvature and rise time.

5.5 Detection and observables

To di↵erentiate between photon and hadron induced EAS a detailed knowledge on shower
development and experimental feasibility is needed. Individual characteristics may lead
to powerful discriminating observables which can be used to separate UHE photon from
background data. The two most important features of EAS induced by a primary photon
is the delayed shower development resulting in a deeper Xmax and the lack of muons due
to the smaller photonuclear cross-section. The longitudinal shower development and thus
Xmax is a direct observable of fluorescence telescopes whereas the number of muons is
typically measured by ground arrays. The combination of the two techniques in a hybrid
approach – as it is realized with the Pierre Auger Observatory – is therefore an excellent
way to search for UHE photons. Commonly used observables utilizing the aforementioned
characteristics are e.g.:

• Depth of shower maximum: The depth of shower maximum Xmax is measured
directly by fluorescence telescopes.

• Radius of curvature: This observable is derived by geometrical reasons exploiting
the fact that the photon showers develop deeper in the atmosphere compared to
nuclei primaries. Showers that develop deeper in the atmosphere (light particles)
will have larger time delays t – and hence smaller radius of curvature – at fixed
distance r to the shower axis compared to showers where the registered particles
originated from larger heights (heavy particles) as shown in Fig. 5.3 (a). The e↵ect
is even amplified by the lack of muons in photon induced showers. This stems from
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