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Auger full-author list papers:
60 published (7 papers in 2015 two of them: PRD, editor suggestion: Highlight)

15+
0 AUGER
o + 4 submitted . . ORSERVATORY
Auger Top 10 by citations
-
=
o
. (INSPIRE)
= 5} . .
é Auger Top 10 (by citations, INSPIRE)
3 paper # citations rank in Journal
.| NIM 2004 (Engineering Array) 602 (Do @i excluson
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Science 2007 (VCV) 549 @a&er CDMS Il
Year PRL 2008 (spectrum) 48| 22
Paper su bm itted Journal PRL 2010 (Xmax) 4)5 | 7 82 citations last |2 months
The prototype muon module for the AMIGA project of JINST APP 2008 (VCV) 362 @ OF stotons st {2 mpnis
the Pierre Auger Observatory PLB 2010 (spectrum) 318 9 oy LA IORS gL £ mgnths
APP 2010 (VCV update) 26 O,
The energy in the radio signal of extensive air showers PRL
NIM 2010 (Flouresc. Det.) |78 @afterALlCE,TZK)
Energy Estimation of Cosmic Rays with the Engineering PRD APP 2008 (PhOtonS) 165 @afterAugen Fermi-LAT)
Radio Array of the Pierre Auger Observatory PRL 2008 (tau neutrin os) 148 199

Nanosecond-level time synchronization of autonomous JINST
radio detector stations using a reference beacon and
commercial airplanes

Total number of citations of Auger papers ~74OO 4
average of 83 citations per paper 1500 citations

Compilation: K.-H. Kampert




Search for corwrelatlﬁs between the

neutrino events and | -energy
cosmic rays detected by the Pierre
Augei Observatory and the

gy e e e ,gv‘»... e

The IceCube, Pierre Auger and Telescope Array C

Abstract. This paper presents the results of different searches for correlations between
very high-energy neutrino candidates detected by IceCube and the highest-energy cos-
mic rays measured by the Pierre Auger Observatory and the Telescope Array. We first
consider samples of cascade neutrino events and of high-energy neutrino-induced muon
tracks, which provided evidence for a neutrino flux of astrophysical origin, and study
their cross-correlation with the ultrahigh-energy cosmic ray (UHECR) samples as a func-
tion of angular separation. We also study their possible directional correlations using
a likelihood method stacking the neutrino arrival directions and adopting different as- 3600
sumptions on the size of the UHECR magnetic deflections. Finally, we perform another
likelihood analysis stacking the UHECR directions and using a sample of through-going
muon tracks optimized for neutrino point-source searches with sub-degree angular res-
olution. No indications of correlations at discovery level are obtained for any of the

searches performed. 1he smaﬂe T ? ﬁ'e - Vaiues COINES from The search for correlation

“between UHECRs Wlth lce "-" energy cascaes a result that shouId contlnue tox
“be monitored. N ’ =

T R

Keywords: Neutrino, UHECR, cosmic ray sources, magnetic deflection.
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Equatorial

Figure 7. Maps in Equatorial and Galactic coordinates showing the arrival directions of the
[ceCube cascades (black dots) and tracks (diamonds), as well as those of the UHECRSs detected
by the Pierre Auger Observatory (magenta stars) and Telescope Array (orange stars). The
circles around the showers indicate angular errors. The black diamonds are the HESE tracks
while the blue diamonds stand for the tracks from the through-going muon sample. The blue

curve indicates the Super-Galactic plane. 13}3229’\%5 arXiv:1511.09408




Precise measurementof the all-particle energy spectrum over 3 decades in energy
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4 data sets combined: SD 750 m, FD (hybrid), SD 1500 m (0°-60°), SD 1500 m (60°-80°)
~200000 showers, ~50000 km2 sr yr exposure, FOV -90° < d < 25°




Precise measurementof the all-particle energy spectrum over 3 decades in energy
ankle E=4 1018 eV
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Precise measurementof the all-particle energy spectrum over 3 decades Iin energy
ankle E=4 1018 eV

pair production at 3-K photons depression E>4 101° eV
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First measurement of the depth of shower maximum over 3 decades in energy

Depth of shower maximum is premiere observable for mass composition studies .
HEAT data extend the FOV of the fluorescence detector up to 60°.
Extension of the depth of shower maximum measurements down to 1077 eV.
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First measurement of the depth of shower maximum over 3 decades in energy

Depth of shower maximum is premiere observable for mass composition studies .
HEAT data extend the FOV of the fluorescence detector up to 60°.
Extension of the depth of shower maximum measurements down to 1077 eV.
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From the depth of the shower maximum to the type of cosmic ray/mass (In A)

Epos-LHC
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Similar trend for both
models:

heavier composition at
low energies (largest
mass dispersion),

lightest In A at = 2x1018 eV,
getting heavier again
towards higher energies
(smaller mass dispersion)
[N.B: very few data above =
40 EeV)

Mass measurement and
test of hadronic
interaction models.

The conversion to 62(InA)
using QGSJETII-04 yields
unphysical results.
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a complementory palivto-the futwre: cosmic ray (G

Radio Emission in Air Showers

<> Mainly: Charge separation in
geomagnetic field —
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mechanisms:

<> excess of electrons in shower:
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4> superposition of emission due to
Cherenkov effects in atmosphere

polarization of radio signal

geomagnetic Askaryan

N

atmospheric nucleus @

deflection of particles 4
in geomagnetic field /

/1
/// \ air shower

/// ,/J/

drif
// e\rlt

et e"‘e

coherent ‘\/\

radio pulse /

i
7

CD
Q.
=.
=

\




Radio emission pattern on ground Is sensitive to
i

/;“ ‘ t
energy 7N ;‘
-1 '?'Ai\ [ i
7000 1 it
total energy (integral) is sensitive to shower energy / ""","f«._f /a :\
see e.g. HUL X (i i\
- Auger PRL/PRD - g | ‘
- LOFAR, Nelles et al., JCAP 05 (2015) 018 3 | M

particle type/Xmax

f(:)otprint widtr; foo:tprint wic:jth
width of footprint sensitive to distance to Xmax 600 ' ' ' _
+  sub-thres O data o sim
See e-g- % 490 OOO (&) é OO
- LOFAR, Buitink et al., PRD 90 (2014) 082003 s
)
= ®
T?-;; 0 OOOOG(?OOOOOOOO OOé%OOOOOOO
s
X
> @
< -200
® o
S 5 3 ®
g —400} ’ % @ ’
_60—0600 —400 —2|00 (I) 2(|)O 4(|)0 000

position in Vv xB-direction [m]

N N (OV) W B
o ol o (9 o

L
=

energy density (eV/m?2)

!
l—l
o

1
Ul

o




Radio emission pattern on ground Is sensitive to
i

i '
energy /ﬁ(l"!ﬁ"':‘\j\\\ 4'!\
: : oy 71 iy
total energy (integral) is sensitive to shower energy | ;{‘*.f*._\ ,/w\;\\
AEIIA RN
i ;[
see e.g. | X A
e ’ fl ""‘-\
- Auger PRL/PRD 2 i;“
- LOFAR, Nelles et al., JCAP 05 (2015) 018 G |
particle type/Xmax
f(:)otprint widtr; foo:tprint wic:jth
width of footprint sensitive to distance to Xmax O —
see e.g. Eo e )
- LOFAR, Buitink et al., PRD 90 (2014) 082003 £
£ 7 ®
& o
T>>< 0 0000000000000 OOé—%OOOOOOO
%
> S
< —-200
= : : ®
example: S : -
&S —400} S o
(¢ — X (1 — Y. )2 (2 — X )2 I _ YV )2 Q g
Pz o) eXp ( |( 1 y —Yy) ]) A exp ( (z ) 2+ (y ) ]) 0O :
0 o000 —a00 200 0 200 200

A. Nelles et al., Astroparticle Physics 60 (2015) 13 position in v xB-direction [m]

600

= = N N w w N
o ul o Ul o Ul o
energy density (eV/m?2)

1
Ul

o



Auger Engineering Radio Array

HERA |
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5 radio [eV]
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Measurement of the depth of the shower maximum Xmax with

HERA

Auger Engineering Radio Array

electric field strength arrrival time pulse shape
(shape of shower front) (frequency spectrum)
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fit of simulations to data
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fit of simulations to data

6 ! ! ! ! n n
3D SD-FD energy calibration cuts:
> ‘ 1200 | | | | | | | ,
1% .’
V 1100} L il
S 3} | O /,’
IS 1000} 7 :
E 2t . ’
> Vs
C //
1} | < 900t e -
- L’
o V4
0 S e
17.2 174 176 17.8 18.0 18.2 ) 800 K -
log,,(energy (eV)) NS o) /,O
2 700} 50 Lo |
6 T T T T T T & O
51 FD 600} 96’ |
% .’
C i 4 //
g 500f - 5
v V4 —_—
g | | p o =43.7 g/cm
| /7
8 400.{ | | | | | | |
g [ | o B
< /-\fé © 4 T T T T T T T
<l 3L —
1t 1 q
IhE 2} 00 1
; = ofbg%go
550 600 650 700 750 800 850 900 ><§ —%— ? & -
Xmax (@/CmM?) < -3t Q o |

§o 400 500 600 700 800 900 1000 1100 1200
N
Johannes Schulz Radboud University Nijmegen 2% FD X, (g/cm?)

N
) QV
MiNe$



(X o) (glcm?)

Depth of the shower maximum (particle type)

900 - ]

0 Auger | |
ssol @  Yakutsk RD-SD_hybrld analysis

A Tunk SD: axis + energy

unka RD: Xmax -

0ol ¥  HiRes/MIA . %

@
750
700
650
> Al oot - -- QGSJETII, p

, am"" - - - QGSJETII, Fe
>0 e\"‘“\“ —— EPOS-LHC, p 7
g —— EPOS-LHC, Fe

5010016 1617 | "1'0'18 — --1-O|19 - ,,1,020

energy (eV)

analysis of spectral shape

ch 800 Auger, ICRC 2015
> [ 4 AERA
~ 750 |
S _
700
650
§ — EPOS-LHC
600 — - QGSJetlI-04
e Sibyl12.1
55{)017 1618 10"
E |eV]




whats next?

AERA is producing full-author list Auger papers

 time calibration paper (JINST)
» absolute energy scale of radio emission (PRL/PRD)
» technical description (NIM/JINST paper) in preparation

Probing the radio emission from air showers with polarization measurements
A. Aab et al. (Pierre Auger Collaboration)
Physical Review D 89 (2014) 052002 (arXiv:1402.3677)

Antennas for the detection of radio emission pulses from cosmic-ray induced air showers at the Pierre Auger Observatory

P. Abreu et al. (Pierre Auger Collaboration)
JINST 7 (2012) P10011

Advanced functionality for radio analysis in the Offline software framework of the Pierre Auger Observatory

P. Abreu et al. (Pierre Auger Collaboration)
Nuclear Instruments and Methods A 635 (2011) 92 (arXiv:1101.4473)

900

850}

Results of a self-triggered prototype system for radio-detection of extensive air showers at the Pierre Auger Observatory

S. Acounis et al. (Pierre Auger Collaboration)
JINST 7 (2012) 11023

more to come ...
e.g. promising Xmax analyses

Time to officially integrate AERA to the PAO!
--> ORR during next Collaboration meeting!
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The highest energy cosmic rays:

Nikhef Jaarvergadering
15 December 2015

status and future perspectives

Auger Observatory after 10 years of operation:

1. All-particle spectrum: flux suppression above = 40 EeV (GZK-reminiscent)

2. Trend towards a heavier composition at the highest energies. Spectrum and Xmax data
together favor a scenario where the suppression is a source effect.

NEED FOR MASS COMPOSITION DATA IN THE SUPPRESSION REGION - ACCESSED BY
THE SURFACE DETECTOR

Mass-related shower observables provide tight constraints on hadronic interaction models
NEED FOR MORE MASS-RELATED DATA FROM THE SURFACE DETECTOR

3. Stringent photon limits strongly disfavor exotic sources: astrophysical sources
expected. But a high degree of (small-scale) isotropy observed.

NEED TO SELECT LIGHT CRs TO DO COSMIC-RAY ASTRONOMY

Jorg R. Horandel | Radboud University Nijmegen[Nikhef

Radio detection of air showers:

Successfull reconstruction of all cosmic-ray properties with
the radio technique:

1. direction

2. energy

3. particle type/mass

A NEW WINDOW TO MEASURE EXTENSIVE AIR

SHOWERS.

To measure the CR mass Is the key:
NL group achieves this by

1. SD analysis

2. SD upgrade (scintillation detectors)

3. radio measurements of air. showers ‘
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