OBSERVATORY

Physics at the highest energies

The Pierre Auger Observatory
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Ultra High Energy Cosmic Ra_.ys'

A mul’gidisciplinaryff‘ield
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. Acceleratlon Scenar'ios

e AGN GRB,..

Decay Scenarlos

* Super Heavy Datk Matter
* Cosmic String$ ¢

: Relic Particles
Propagatlon

59 Galactic & Extragalactlc ¢
magnetic fields

e Source evolution

Astrophysical Gamma Ray
Sources

GZK neutrinos
Lorentz \/iolation

— High Ehergy Hadronlc
Interact'lon IVIodeIs

—* LHC- complementarlty
. measurements

— New phenomena
. * high densiﬂ/QCD

‘— Exotic particles

* *Magnetic Monopoles
* Mini-Black Holes
* R-Hadrons X
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* Monte Carlo’ ‘ * Cerenkoy tanks.
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H,in'ts at the highest énerg-ies ;o

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




Photoh ‘& neutrino .
fluxes . -

Observatlons dlsfavour most . ,
of the exotic decay '
. scenarios to produce
UHECR and favour

emi-LAT best-fit (Ahlers "10)
i-LAT 98% CL ba dAhl s '10)

mumm ANITA-I1 2010 (x 1/3)

acceleration’in e th sy
. astrophysical'stenarios’
JThey are reaching the \
o R a1y 0 guaranteed cOsmogenlc :
s SR A fluxes N

“No point sources

- No events associated with
XNl interesting objectss '

Integral photon flux E >E [km? yrsr]

34




~ 'Multimessenger P'h,’y'sics

- & s : ~ -* Observations of a.
' Bingry Neutron
StarMerger  °
(GW170817) - .
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Auger field of
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Air Showers:the =, -

Primary:

H.adron - _ eng|ne _ l

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

backbone of the whole shower.

The bulk of radiated and . e
visible energy comes from
the EM=ascade .
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o Epos LHC E

Our interpr,eOt'ation of air
e " showerrelyon
T unexplored, physics:
energies aboye LHC and
forward regians.

We know that somethlng
i$ missing in the current
high energy hadronic
models.. ' &
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;0008 New physics?
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O‘Th.e.éié.-projeé,t in phendmenology .

Yo ~ Study the cdnn’éctions of muon distributions with .
-, the developement of the hadromc caseade

s Develope analytlcal models that can explaln the
hadronic cascades

. — Investigate the sensitiyity of muon distrifution to
« . hadronic parameters. '
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Th'e-s,is.préje'ct data éhalysis 2o

'-_-Data mmmg R

‘Cleaning, finding of uneXpected
correlations, preper statistical treatment,
assesement of S|gn|f|cance to fmdmgs

. -Undeystading 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 Instrumentagio 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,
o(N,)/(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-

16.0 16.5
Log. number of muons at ground In N,

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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| ,"cher.po'ssible tdp.i'cs -

v Study of thé informatfon encoded in the

 High resolution ana:Iysis and,modelling-of ©
: by the EM-component

 Study of the e U

o Uniw of EAS across models,and pr'lmarles :

. Global fit techniques: study.of performance and limitations
» Search of exotic events : ‘ _
‘ .

¢ Search for:sky. ‘& mass/sky anlsotroples and
N -correlation with astrophyslcal objects
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The§is topics e']re.also shaped by the pérticgl?r
[interest and abilities of students.
-+ . Thisis a large field. o

‘Do‘not hés‘itéte toaskus. ., .

Tha-nks!!! »
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Extragalactlc matter

‘s ~55 deg away from the 2IVIRS dlpole

o |f mcludmg effects of Galactic I\/Iagnetlc
" Field for E/Z=2 EeV and E/Z= S5EeV -
agreement |mproves W e
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...« Anew related fleld | :
Tomography with cosmic r‘ay muons
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¢ Emerging';cechnique; thanks .
to R&D-tech. improvements

. Many applications: ’ -
*  — Geological survey, TR

" geothecnics, civil engmeerlhg
monitoring, archaelology,

homeland security, nuclear
security....
* A proof of toncept project

Using tRPCs was.recently, ** B :
started. Master and PhD ' " .
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