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extensive air shower

shower fro

Surface Arrays and Fluorescence Detection
- Arrays: 24/7 operation, large size (statistics)

- Fluorescence: ‘calorimetry’ = good energy resolution
(spectrum)
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(See talk by P.Sokolsky, this meeting)

Telescope Array

Fluorescence: 3 telescopes

Surface Array: covers 700 km?
507 scintillator stations (3 m?,
1.2 km separation)



Pierre Auger
Observatory

Fluorescence: 4 telescopes

Surface Array: covers 3000 km?
1650 water-Cherenkov detectors
(10 m?, 1.5 km separation)
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R. Abbasi et al., Ap. J (Lett) 790 (2014) L21;

Telescope Array

10° total events over 6 years
87 events > 57 EeV , < 60°
Shown: events within 20° of

each point

Hot Spot at
RA= 148.4° and dec= +44.5°
(Mrk 421 is in the vicinity ...)

4.3 o significance compared to
isotropic fluctuation

arXiv:1404.5890 [astro-ph.HE] 5
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Cen A
Fig. 9. Cumulative number of events with E = 55 EeV as a function of angular

distance from the direction of Cen A. The bands correspond to the 68%, 95% and
59.7% dispersion expected for an 1sotropic flux.

P. Abreu et al. , Astropart. Phys. 34 (2010) 314.

Pierre Auger
Observatory

Events > 55 EeV

Excess from directions
“near” (~20°) Cen-A



The “GZK Cutoff”

The proton energy threshold for pion photoproduction on the
CMBR is a few x 101° eV. E.g.,

P+ YyR7°K) A" >p+7n° , n+xn", ...

1. Any observed CR proton above this energy
must have originated “nearby” (within ~ 100 Mpc)

2. Similar thresholds, distances for nuclear
photodisintegration.

3. Spectrum suppressed if non-local sources
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log (flux)

E ~ 5x10%° eV

!

GZK

log E



log (flux)

Or: Source?

log E y
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Composition: Variation of Depth of Maximum with
Energy
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Composition

Measured using depth of shower
maximum  (closely related to
interaction length of primary)

TA and Auger apparently differ

(Opinion: the data differ less than
the interpretation based on models)

Abbasi et al. arXiv:1408.1726v1

Letessier-Selvon et al. arXiv:1310.4620
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Photon Searches

hadron-induced EAS gamma-induced EAS Ph Oto n-in d uc ed

/ , showers:
muons_.4 /
EM cascade «f 7,, / Deeper (Xax)
o EM cascade
A / II <4
& / | > “/ More curvature
A Q / I \ 7/ |
VI L Fewer muons
T~

Abu-Zayyad et al., arXiv:1304.5614 (2013) 15
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Abu-Zayyad et al., arXiv:1304.5614 (2013)

TA: New Photon Limits
Uses SD data
Shower front curvature

Compare to MC photons with
same S800 (“E”)



Front “thickness” or risetime depends on
altitude of Xmax and on the relative number
of muons

Muons

17
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Auger: new results on photon point sources

log(E) =17.3-18.5; hybrid events: X, .., LDF, early/late

e _' .‘:.J.Qs.r::.-
o SR TR

flux upper limit [photons km? yr'|

P. Auger Collab. (Aab et al.), Ap. J. 789 (2014) 160
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Auger: Neutrons

Results for the Most Significant Target from Each Target Set

Class R.A 7] Decl. [7] Obsg Exp Flux U.L. E-Flux UL. p-value p-value
(km~? yro D) (eVem ?s™1) {penalized)

msec PSRs 260.27 —24.95 237 214 0.019 0.14 0.058 0.98
y-ray PSRs 8.59 —5.58 176 149 0.024 0.18 0.016 0.70
LMXB 264.57 —26.99 265 219 0.028 0.20 0.0012 0.10
HMXB 152.45 —58.29 283 248 0.019 0.14 0.014 049
HE.S.S. PWN 128.75 —45.60 275 248 0.018 0.13 0.043 0.53
HE.S.S. other 269.72 —24.05 235 211 0.019 0.14 0.054 0.59
HE.S.S. UNID 266.26 —30.37 251 227 0.018 0.13 0.055 0.57
Microquasars 262.75 —26.00 247 216 0.022 0.16 0.020 023
Magnetars 81.50 —66.08 268 241 0.016 0.11 0.040 048
Gal. center 266.42 —20.01 234 223 0.014 0.10 024

Gal. plane |Gal. lat.| < 1°17 16965 17197 0.077 0.56 0.96

P. Auger Collab. (Aab et al.), Ap. J. (Lett) 789 (2014) L34



Neutrinos
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Neutral carrent
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Auger Neutrino limits

Single flavour neutrino limits (90% CL)
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Cosmic Rays -- HEP

connections

(Higgs Boson)

)
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Proton-Air Cross Section from the Depth of Shower Maximum
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LHC: 7 TeV \l,
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The proton is a black disk
(i) o, and o, behave as In?s (saturates Froissart bound);
(i) the ratio 0,,,/O — 72

(i) proton interactions become flavor blind.

M.M. Block and F. Halzen, Phys. Rev. D86.051504 (2012)

Interaction Models

Air shower interpretation uses EPOS, QGSJet, SIBYLL, ...
Model Development for Cosmic Rays and for LHC

Good results, but not perfect (e.g., too many muons observed?)

28
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Auger: Muon Shower Profiles

Muon Production Depth

(Events 6~ 60°)
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Muon depth of maximum
Same trend as shower max

... but model differences
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What’s next?

Sources; Nature of the spectral features;
Hadron interactions

=> Composition and Statistics

TA and Auger each have enhancements underway:
Radar, Radio, “Infill” arrays, Lower thresholds, TALE

Future:
Expand TA to 3000 km?

Expand Auger muon coverage: composition handle
for all events 32
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Meeting at CERN in early 2012 for the community
was a success

Auger and TA have developed several joint working

groups to assess the combined data sets and
methods in detall

All are invited to the next one: UHECR-2014 In
October 2014

http://uhecrl4.telescopearray.org
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