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UIFE Exposure

(Auger Anisotropy ICRC17: 9.0x10%km? sr yr h

(Auger Spectrum ICRC17: 6.7x10%km? sr yr )

TA Spectrum ICRC17:
0.8x10% km? sr yr
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Fyloric Detection eff Alr Showers
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Energy Ceallloration
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Energly Specirum
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Comlvined Energy Specirum
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Comlvined Energy Specirum
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Vlass Compostiion
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Vlass Compostiion
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[AVErag® XKuex Fluorescense and Surikss
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[AVErag)® Xpax ENC Kpaxlluctiuaiions
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lines: air shower simulations using post-LHC hadronic interaction models
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(p-Me-NEFe)H of XKuas

FD data:
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Compesiion Fraciions
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Combinee Fit of Speciium ane Xy

Distributiions

rigidity-dependent cutoff at source: E,,.x = Reut Z, power law injection E—"
propagation with CRPropa3, Gilmore12 EBL, Dolag12 LSS
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Comlined [Fit of Spectiui anel X Distribuiions

rigidity-dependent cutoff at source: E... = Rcu Z, power law injection £~7,
propagation with CRPropa3, Gilmore12 EBL, Dolag12 LSS

no EGMF with EGMF
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Searches for Cosmogenic Phetons and Neutrines
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Conslrelnts on Souree Eveluiion ffom v Linis

Diffuse flux nentrino model

Expected events
(1 Jan 04 - 31 Mar 17)

Cosmogenic - prolon - strong source evolution

Cosmogenic - proton, FRIT evol. (Kampert 2012) ~5.2
Cosmogenic - proton, FRIT evol. (Kotera 2010) ~9.2
Cosmogenic - proton - moderate source evolution
Cosmogenic - proton, SFR evol {Aloisio 2015) ~ 2.0
Cosmogenic - proton, SFR evol, £, = 1% eV (Kotera 2010) ~18
Cosmogenic - proton, SFR evol. (Kampert 2012) ~12
Cosmogenic - proton, GRB evol. {Kotera 2010) ~ 15
Cosmogenic - praton - normalized to Fermi-LAT GeV +-rays
Cosmogenic - proton, Fermi-LAT, By, = 10" eV (Ahlers 2010) ~ 40
Cosmogenic - proton, Fermi-LAT, £, = 1075 6V (Ahlers 2010) ~ 21
Cosmogenic - mixed and iron
Cosmogenic - mixed (Galactic) UHECR composition (Kotera 2010); ~07
Cosmogenic - iron, FRIT (Kampert 2012) ~ 035
Astrophysical sources
Astrophysical - radio-loud AGN (Murase 2014) ~ 26
Astrophysical - Pulsars - SFR evol. (Fang 2014) ~13

n(z) o (1+2)™, 2 < Zmax

Auger 31 Mar 2017 (9

EXCLUDED (> 90% CL), DISFAVORED (85% < CL < 90% ), ALLOWED
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Fadre D@ Interaciions et UHE




Hadronic Interaciions at URIE
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Search for Intermediate-scale URECR Anlsoiropies

Active Galactic Nuclei Starburst galaxies - E > 39 EeV

T T
22

e 2FHL AGNs 2

18

o flux proxy: ®(> 50 GeV) i

2 14
8

TS=2AInL

e 17 objects within 250 Mpc

Star-forming of Starburst Galaxies

e Fermi-LAT search list o o1 ois

Anisotropic Fraction

(Ackermann+2016) Active galactic nuclei - E > 60 EeV
e ®(>1.54,GHz) > 0.3 Jy
e flux proxy: ®(> 1.54, GHz)
e 23 objects within 250 Mpc

)

Search Radius [ °
TS=2AInL

Likelihood ratio analysis
e smearing angle
e Hy: isotropy
e Hy: (1— f)x isotropy + fx fluxMap(y) e TS = 2log(H,/Hy)
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Search for Intermediate-secale URIECR Anl @@ﬁf@[@ﬂes
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*incl. f and ¢ fit **penalization for energy scan only. N..s = 3, previous searches and hidden trials not accounted for. ~ [21 of 30]



Search for ntermeciate-scale URECR Anisclropies

Observed Excess Map - E > 39 EeV Observed Excess Map - E > 60 EeV
_ )

ry

#events per beam

# events per beam

Iy

Beam size
Neyy =15

Model Excess Map - Active galactic nuclei - E > 60 EeV
20

preliminary

#events per beam
#events per beam

Beam size
Neys =15

starburst D AGN
f=10%, ¢ = 13° [=T%¢=T°

pre-trial* p-value: 4 x 10~° pre-trial* p-value: 5 x 10~*
post-trial™ p-value: 4 x 10~° post-trial™ p-value: 3 x 10~
post-trial™ significance: 3.9 ¢ post-trial™ significance: 2.7 ¢

incl. f and + fit ** penalization for energy scan only. N..t = 3, previous searches and hidden trials not accounted for.  [21 of 30]



Olbservation of Dipelear aniseiropy above & EaV

Harmonic analysis in right ascension «
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Dipele In Calaciic Coordinaties
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Dipele in Calaciic Coordinates
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Summery of Resulis

spectrum, composition, secondaries:

e high-exposure study of UHE flux
— strong flux suppression

e FD/SD composition studies
— light composition at ankle
— mixed composition at UHE
— Galactic Fe around 1072 eV?

e constraints on p-dominated sources via v/v
e compatible with rigidity-dependent Fy,ax
hadronic interactions:
e standard UHE cross section
e muon deficit in models
arrival directions:
e indication for intermediate-scale anisotropy

e observation of dipolar anisotropy

1g(E/eV)

190 195 200

X, Clgfor]

£gg3822888

Systematic Uncert. ==—=1
; I .

| Qn-oiMixed o

EPOS-LHCp
EPOS-LHC Mixed &

1 11 12 13
Re
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Questions for he nest IGRGCs

The Pierre Auger Observatory Upgrade

“AugerPrime”

Preliminary Design Report

e Origin of the flux suppression?

e Proton fraction at UHE?

¢ Rigidity-dependence of anisotropies?

e Hadronic physics above /s = 140 TeV?

The Pierre Auger Collaboration

arXiv:1604.03637v1 [astro-ph.IM] 13 Apr 2016

need large-exposure detector with
composition sensitivity!
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Detectior Upgrades for AvugerPrime

3.8 m? scintillators (SSD) on each 1500-m array station
upgrade of station electronics

additional small PMT to increase dynamic range
buried muon counters in 750-m array (AMIGA)
increased FD uptime
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Expecied Performance of AugerPrime

Xmax determination:
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Lateral Profile
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