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Highlights from Auger
NOT mentioned in this talk

Target search for neutron sources

Target search for gamma-ray sources

Upper limits on neutrino flux

Neutrino coincidence with gravitational waves
Hadronic interaction tests

Radio signal from air-showers

Atmospheric science

Upper limits on monopoles

https://www.auger.org/index.php/science/journal-articles




Highlights from Auger
mentioned in this talk

. Flux supression

. Exotic scenarios ruled out

1
2
3. Proton-air cross section @ Vs=57TeV
4. Air showers with muons excess

5

. Challenging level of isotropy with a
dipole

6. Unexpected mass composition




Highlights from Auger
1/6 Flux supression
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Highlights from Auger
2/6 Exotic scenarios ruled out
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Highlights from Auger

3/6 Proton-air cross section @ Js=577ev

800

700

600

[mb]

500

GP-ai r

400

300

200

Phys. Rev. Lett. 109, 062002 (2012)

Equivalent c.m. energy 'EFP [TeV]

10 1 10 10°

T TTT1 | [ T [ ' T TTT | T T [ I TTTTI | T [ I T T TTT1 | [ [ T
— Mam et al. 1975
- Siohan et al. 1978
- Baltrusaitis et al.1984
N H. Mielke et al.1994 .-
— Honda et al.1999 T
__ Knurenko et al.1999 _ ._.-'"'"
- 1. Alelli et al.2009 - L_,,r"'v
L Telescope Array 2015 -"
. + Auger PRL2012 '
—  —@— This Work 2015 I
: ¢
. P —— EPOS-LHC
- o QGSJETII-04
- " g —
et 1 -.— SIBYLL-2.1
L —— ‘
B | | IIIIII| 1 IIIIIII| | | IIIIII| 1 IIIIIII| | | IIIIII| 1 IIIIIII| | IIIIIII| | 1 111111

10° 10"  10® 10®° 107 10® 10" 10*
Energy [eV]

10



Highlights from Auger

4/6 Air showers with muon excess
(InR,) (10 eV) |
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Highlights from Auger
5/6 Challenging level of isotropy with a dipole

Where do they come from ?

“decreases at nearly
300 m [altitude to]
not even to half of
Its ground value”.
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Equatorial coordinates - Hammer projection - E > 8 EeV

* Galactic center
- - - Galactic plane

Science 357 (2017) 1266-1270
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Arrival Direction Highlights from Auger

Residual Excess Map - Starburst galaxies - E > 39 EeV

Centaurus A: 30 excess
»E > 060 EeV — 15° window

AGN: 2.70 excess
»E > 63 EeV — 16° window

Starburst galaxies: 4c excess
»E > 39 EeV — 7° window

Extragalatic origin favored:

# events per bea

Residual Excess Map - Active galactic nuclei - E > 60 EeV

»E > 8 EeV

» Anisotropy at 5.26 level
» Dipole fits the data

Beam size « Amplitude: 6.5

n » Direction: o. = 100° and 0 = -24° |




Highlights from Auger
6/6 Unexpected mass composition

What are they ?

E:leam York Times

LXK, Ha, F7.AT0 Deecmber 30, RED

MILLIKAH RETORTS
HOTLY T0 COMPTON
[N COSMIC RAY CLASH

Debate of Rival Theorsts
Brings Drama to Session
ol Mation's Scientists.

THEIR DATA AT VARIANCE

Mew Findings of His Ex-Pupil
Lead to Thrust by Millikan
at ‘Less Caullous' Work.




Telescope view

Telescopes measure the intensity and arrival time
of the fluorescence light
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Camera view
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Telescopes measure the intensity and arrival time
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of the fluorescence light



Longitudinal Profile
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The intensity as a function of elevation can be transformed

Into the energy deposited in the atmosphere as a function of depth
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Fitting the Longitudinal Profile
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events/ (20 g /cmz)
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Different detectors and analysis.
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ICRC 2015 and 2017
UHECR 2014 and 2018

. J. Belz, S. Blaess, ,
W. Hanlon, D. |keda, P. Sokolsky,
Y. Tsunesada, , ,
for the and TA Collaborations

AUGER Presenter: Vitor de Souza

OBSERVATORY University of S&o Paulo
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6/6 Composition Highlights

AUGER
» clear break @ E = 10'%?"eV

»showers are getting heavier
with E > 101827 eV
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Ultra-high energy cosmic-ray

ENERGY
SPECTRUM
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E°J(E)/

Auger Observatory Puzzle
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Auger Observatory Puzzle

'\
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The Pierre Auger Observatory presents

 AugerPrime

New muon detectors:
- select 10% of pure proton showers

- composition log, (EleV) > 19.5

- muon excess: particle physics

34



Prototypes Working
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New open questions

Can we identify the sources ?

Can we explain why so many muons ?

What is the cause of the flux supression and of the

abrupt change in the slope of the spectrum ?

40



With one way to answer:

The Pierre Auger Observatory presents

~ AugerPrime

COMPOSITION
E > 10%°° eV

PURE PROTON
SELECTION







extras
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Observed Excess Map - E > 60 EeVY Observed Excess Map - E > 39 EeV
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Figure 4: Observed (top) and model (bottom) excess maps obtained with the best-fit parameters for the
gamma-ray AGNs (left) and for the starburst galaxies (right) in galactic coordinates.
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study how <Xmax> changes with FOV

From the data

O O @)
Xmax Xup Xlow Energy

/80 750 970 1x10®
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study how <Xmax> changes with FOV

From the data

O O @)
Xmax Xup Xlow Energy
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760 740 990 1.2x10"
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study how <Xmax> changes with FOV

From the data

O O @)
Xmax Xup Xlow Energy
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(Xmax) [g/cm’]

valid geometries ?
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this is the valid geometry that assures
unbiased Xmax distributions

¥ Xlow F|d

L] I

BESS
/,

L

182 184 18.6 188 19.2 194 196 198

Ig(E/eV)

—
o
o
o

900

FOV cut [g/cm?]

800

700

600

500




b\‘ L

. (
Auger bias Auger <
wa - Xmax at the
TA bias atmosphere

— Xmax in the detector

- Enhance statistics

-
-
-

- Approx. unbiased

Xmax ATM
+

Xmax DET | .,




EPOS-LHC (Mean of In A)

4.._:_.51{?{ ________________________________ Fe
3l
Mean In A S| S S
DA LSOO T 50% Fe
SR INEE -""+*~+“I
LTTee H+++_u -
1 = H_HH: ¢:+¢:Huu
0 _ b
QGSJetll-04 (Mean of In A)
. . 17.0 175 [8.0 85 19.0 195 20.0
4k _:_ ?E"‘E _______________________________ IFe log,,(E/eV)
3l
Clear trend:
- - 50% p -
2+ ................................................................................ SRS 50% Fe _
o TR 1017 < E < 101827 V: getting
— L I, ...H+"'_ .
{ BRSO ety ligther
u._,... +'-' .- ,_,H+++H"' —
. BRI LA E > 101827 V. getting heavier
17.0 175 18.0 18.5 19.0 19.5 20.0
log,(E/eV)

55



proton + helium + nitrogen + iron




Target: analyze the set of selected
events in order to guarantee:

minimum bias

maximum statistical significance

control over systematic uncertainties

verification / cross-checks
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Auger bias # TA bias

18.5 < Iogw(E/eV) <18.6
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I
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Pierre Auger Observatory Timeline

1991: The 1dea is born

1995-96: First meetings: Design started

1999: Signing of the international agreement
2000: Construction started

2001: First event

2008: Constrution ended

2008: First round of important results

2011: Second round of important results

2014: Need of an upgrade recognized: composition

2017: AugerPrime started

59



cut E>10"eV events ¢ [%]
pre-selection:

air-shower candidates 2573713 -
hardware status 1920584 74.6
aerosols 1569645 81.7
hybrid geometry 564324 35.9
profile reconstruction 539960 95.6
clouds 432312 80.1
E > 10'"° eV 111194 25.7
quality and fiducial selection:

P (hybrid) 105749 95.1
Xmax Observed 73361 69.4
quality cuts 58305 79.5
fiducial field of view 21125 36.2
profile cuts 19947 94.4
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acceptance [a.u.]

complete data analysis

e resolution
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https://arxiv.org/abs/1604.03637
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Highlights from Auger
1/6 Flux supression

E Eankle = (5.08 £0.06 +0.8) EeV
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