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Physics at the highest energies

The Pierre Auger Observatory
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Extragalactlc matter

‘s ~G5 deg away from the 2I\/IRS dlpole |
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“Hints at the highest energies - -

Observed Excess Map - E > 60 EeV Observed Excess Map - E > 39 EeV
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AGN: Fermi-LAT gamma ray sources:
Cen A: E>58 EeV, 15 deg. AGN: E>60 EeV, 7 deg. 2.60
Swift-BAT: E>62 EeV, 16 deg. Starbust Galaxies E>39 EeV, 13 deg, 4o
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~ 'Multimessenger P'h,’y'sics
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Air Showers:the .=,

Primary:

Hadron - . englne | X(

Muons are the smoking gun of the
hadronic shower which is the real

_backbone of the whole shower.
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W X 0 decays are smoking canyon
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Our interpl;eOt'ation of air
e " showerrely on
o unexplored, physics:
energies aboye LHC and
forward regions.

o Epos LHC E

We know that somethmg
i$ missing in the current
high energy hadronic
models. .
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* Thesis project in phendmenology %

W ~ Study the cdnnectlons of muon dIStHbutIOI‘]S with .
. the developement of the hadromc caseade

e Develope analytlcal models that can explam the
hadronic cascades

. — Investigate the sensmvlty of muon distriution to
« . hadronic parameters
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'-_-Data mmmg R

‘Cleaning, finding of uneXpected
correlations, preper statistical treatment,

assesement of S|gn|f|cance to fmdmgs

-Understading of the detector and thé’physms

of the detector

Calculatlon of systematics uncertalntles ,

-PNsics interpretation of the results
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Probing the n° spectrum at high-x in proton-Air interactions at ultra-high en-
ergies

Lorenzo Cazon', Ruben Conceigdo'?, Miguel Alexandre Martins'-?, and Felix Riehn'-*

!Laboratério de Instrumentagao e Fisica Experimental de Particulas (LIP) - Lisbon, Av. Prof. Gama Pinto 2, 1649-003 Lisbon, Portugal
2Instituto Superior Técnico (IST), Universidade de Lisboa, Av. Rovisco Pais 1, 1049-001 Lisbon, Portugal

Abstract. The average number of muons in air showers and its connection with shower development has
been studied extensively in the past. With the upcoming detector upgrades, UHECR observatories will be
able to probe higher moments of the distribution of the number of muons. Here a study of the physics of the
fluctuations of the muon content is presented. In addition to proving that the fluctuations must be dominated by
the first interactions, we show that low-N,, tail of the shower-to-shower distribution of the number of muons is
determined by the high-x;. region of the production cross-section of neutral pions in the first interaction.

1 Introduction

Due to the missmatch between the predicted and observed
number of muons at ground [1-5], much of the efforts to
understand muon production in extensive air showers has
been focused on the study of the average muon content [6—
8]. The experimental situation is summarized in the report
of the working group on hadronic interactions [9]. These
studies suggest that the average muon number very much
depends on low-energy interactions in the shower. In a
recent paper [10], it was shown that, in contrast to the av-
erage, the relative fluctuations of the number of muons,
0 (Nu)/{Ny), to a large degree are determined by the first
interaction. In fact, it was shown that the very shape of
the shower-to-shower distribution of the number of muons
is determined mostly by the fluctuations of the hadronic
energy, Ep,q, i.e. the energy carried by the particles that
are likely to undergo another hadronic interaction. In the
following we show that these fluctuations of hadronic en-
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Figure 1. Distribution of the number of muons at ground in ex-
tensive air showers induced by protons with an energy of 10'% eV,
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" "Other opo'ssible tc‘jp'ics -

Study of thé information encoded in the

High resolution ana:Iysis and,modelling-of ©

by the EM-component

* Study of the e U

i of EAS across models,and pr'lmarles .
Global fit techniques: study of performance and limitations

events

Search for:sky.

‘correlation with astrophyslcal objects

& mass/sky anlsotroples and
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...« Anew related fleld | :
Tomography with cosmic ray muons
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¢ Emerging technique; thanks 3
to R&D:-tech. improvements

. Many applications: X

* — Geological survey, %" 4
geothecnics, civil engmeerlhg
monitoring, archaelology,

homeland security, nuclear
security....
e A proof of toncept project
Using tRPCs was.recently, ** TR :
started. Master and PhD ' " .
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4 Muon
detectors
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The§is topics 5re.also shaped by the pérticgl?r
[interest and abilities of students.
-+ . Thisis a large field. '™

‘Do’not hesitate to ask us. ., .

Thanks!!l *
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