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Context and Objective

The origin of the ultra-high-energy cosmic rays (UH!

“CR) 1s an open question even after several decades of their discovery. Theoretical arguments indicate that Active Galactic Nuclel

(AGNSs) are promising candidates for UHECR accelerators!!!. Phenomenological predictions based on radio galaxy catalogs corroborate an AGN scenario for the origin of these
particles!*’!. However, the combination of radio galaxies and blazars, using the y-ray flux as a proxy for the UHECR flux between different sources, makes it difficult to explain the
energy spectrum, composition, and arrival directions'*”!. In this work, we propose a possible conciliation between the different approaches: using the observed y-ray flux proxy may

carry the implicit assumption of beamed UH]

emission and correcting the y-ray emission proxy by Doppler boosting can overcome the problem.

y rays vs UHECRSs from jets

e Relativistic jet boosts the intrinsic luminosity of
radiation produced inside the jet!®

HECR emission and, consequently, its beam will remain collimated up to 1ts detection on Earth. We show that assuming an 1sotropic UHECR

Methodology

To check the eftect of using L., & 6,71 LyObs as proxies for UHECR from AGNs, a
combined fit of the energy spectrum and composition from Pierre Auger Observatory

data was performed.
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Results
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=2 e il |l et The fit quality increases when using the /E >3 2 EeV \
— characteristics ~proxies, which can be seen q=0 .
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Fig 1: Combined fit for g=2. [9]

considering the values for ¥/ NDF = 4.6, 3.1, and
3.9 for q =0, 2, and 4, respectively. The combined fit
obtained for q = 2 can be seen on Fig 1 (from [9]).

The proposed proxies result in a better agreement
with the dipole amplitude measured by the Pierre
Auger Observatory of 7.4% (>8 EeV). The predicted
dipole amplitude found in each scenario was
d _,=14%, dq=2=7.5%, and dq=4=4.1%.

The reconstructed direction of the dipole
improves, in some cases, as shown in Table below.
Although none of the reconstructed dipole directions
agree within lo with the experimental data, the
tension between the directions of the observed and
modeled dipoles 1s reduced with the new proxies for
Auger field of view.
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Table: Significance of the Tension of the Predicted
Direction of the Dipole with Experimental Data

Field of View Energy q=0 q=2 q=4
>8 EeV 5.9 4.9 3.5
Auger
>32 EeV 2.1 2.0 1.1
>8 EeV 8.7 9.8 8.7
Full Sky
>32 EeV 1.5 1.7 1.2

The arrival direction maps and the respective dipole directions for the energy ranges >8
EeV and >32 EeV are shown in Fig 2 (from [9]). Some sources are highlighted. The new
proxies recover the excess of events around Cen A, and produce a excess of events in the
region seen by the Telescope Array, mainly due to the contribution from Mkn 180.
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Fig 2: Arrival directions map and dipole directions. [9]
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Summary and Conclusions

characteristics as proxies for L
radio galaxies

When compared to Ly"bs, using intrinsic source

cr Can conciliate the

only with blazars+radio galaxies

scenario. It results 1n:

Improvement of fit quality

Better agreement with local excesses of events found
in the data

Better agreement with the dipole amplitude

Lower tension on the dipole direction >32 EeV

{ooking for more details? \

Access our AplJ paper [9]
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