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Extragalactic UHECR

e Higher-order multipoles not significant

world
e Excess away from Galactic center Above 8 EeV
e Above 8 EeV lg(gmlug 0.46
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Large Scale Anisotropy

The dataset

e Jan. 2004 - Dec. 2022
e Energy ranges
1/32 EeV to 1/2 EeV 6 < 55°
1/4 EeV to 4 EeV 6 < 60°
above 4 EeV 6 < 80°

Exposure
SD 750 array = 337 km? yr sr
SD 1500 array = 81 000 km? yr sr

123 000 km?® yr sr
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Harmonic Analysis

e Modulation of event rate in RA (a) et
e Dominated by first-harmonic Fourier 1.06
components ™
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e Amplitude and phase:
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Amplitude & phase
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Increasing amplitude above 2 EeV
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Phase shifted away from Galactic centre

Suggests shift from galactic to extra-galactic origin of UHECR anisotropy
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Amplitude & phase
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Intermediate Scale Anisotropy

The dataset E [oV]
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Centaurus region

Centaurus excess - T il

e CenA =4 Mpc away O e50 107 o
e Scan in Centaurus region ? eoé— " 102 ;:
e Significance: 3.90 (Apj2022) — 4.00 (ICRC23) i E 104
e If signal is real, reach 50 significance at S b - o
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The next step: combining observables

The dataset - oV
106 1017 10'8 1018 1020
e Arrival directions . A e AL
o >16 EeV :>'~. 10°° eeeronnsesettTOey preliminary
o Jan. 2004 to Dec. 2020 7 Tee
o Exposure 95 700 km? yr sr (6 < 60°) R I
and 26 300 km? yr sr (60° < 6 < 80°) =< :
* Energy . 107 -
o >10 EeV E ;
> Jan. 2004 to Aug. 2018, 8 < 60° -~ f

o Exposure 60 426 km? yr sr
e Shower-maximum depth distribution

o >10 EeV
o FD measurements
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The next step: combining observables
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e SBGs model preferred at 4.50. Centaurus region contributes most
e Overdensity in Centaurus region described either by

NGC4945 (SBG), or by Cen A
e In both, source contributes to ~3% of flux at 40 EeV
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® Xmax @S Mass proxy

e Probe mass-dependent anisotropies

e Currentsignificance 2.50

e With this method, 50 not reached by 2035: 720
mass estimator from SD needed 700

On-/ Off-plane analysis . ="
e Hybrid data: FD & SD combined jZZ;: —
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e Arrival direction anisotropies are relevant in different scales: Sl o BTt
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o Intermediate scale: increasing excess in the Centaurus region (4.00) L L |
o Large scale: significant dipole structure in 8 to 16 EeV (5.70) and > 8 EeV (6.90) o
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* Strong indications of a transition from galactic- to extra-galactic origin of the observed & = ﬁ i *—
anisotropies of cosmic rays in the EeV region ‘WL
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e Complementary information is being used to further investigate: £v| SBEmodel 5FR)
o Combined fit with energy and Xmax points to favorable astrophysical scenarios Lol / AN
e Next on probing the origin of CRs: propagation effects are mass- and charge-dependent =~ /&
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