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Astrophysical picture of  Auger data at UHE
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✦ Hard ejected spectra (quasi 
mono-elemental fluxes at UHE) 

✦ Energy cutoff  ~5Z EeV
✦ Steepening above ~50 EeV:  

combination of  the maximum 
energy of  acceleration of  the 
heaviest nuclei at the sources and 
the GZK effect

✦ Steepening above ~10 EeV:   
interplay between the flux 
contributions of  He and CNO 
injected at the source with their 
distinct cutoff  energies, shaped by 
photodisintegration during the 
propagation

✦ Luminosity density (E2qgen(E)):         
6 1044 erg Mpc-3 yr-1

[PRL 125 (2020) 121106]



Ankle feature?
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[E. Guido (Auger Collab.), ICRC2021]



Alternative: Acceleration vs emission spectral index
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➡ The role of  in-source interactions



Ingredients of  the combined fit
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•  Model: 

•  Standard combined fit above 1018.7 eV 

•  < 1018.7eV: protons alone as the low-energy counterpart of  in-source interactions
➡ ++ No need to model the « high-energy Galactic component »



Proton flux
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Proton flux
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➡ Proton flux as total flux weighted by proton fraction



The generic model

- 8 -

• Emission of  five representative masses: H, He, N, Si and Fe 
• Ejected flux for each mass: exponentially-broken power law

• Ejected flux are propagated using SimProp  
• Goodness-of-fit: sum of  spectrum and Xmax deviances  
• UHECR luminosity density traced by the density of  baryonic matter 

over cosmic time [Madau & Dickinson 2014], with local overdensity 
[McCall 2014] — Correction factor inferred by Condon et al. 2019:

• xGal magnetic fields: fG<B<nG — ~pG here, ie negligible 
• EBL: Gilmore, TALYS cross sections, EPOS-LHC & Sibyll2.3 



Results
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• Emission spectra in E+0.5 (nuclei) and E-3.5 (protons): extreme values? 
• NB: E-3.5 (protons) obtained if  all protons are ejected (Emax/2) 
• Results stable against systematics in E, Xmax, hadronic interaction models, 

EBL models, redshift evolution of  UHECR luminosity



« B-component? » (Hillas)

- 10 -

➡B-component as an old event in the Galaxy, similar to UHECR (transient) sources?

• Energy density of  B-component 
compatible with 1050 erg every 
million years for residence times of  
EV particles

• Additional observable to probe transient scenarios of  UHECRs: arrival directions



Steady state/Transient state
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From transient to steady states



Time delay from magnetic fields
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Testing the transient scenario for UHECRs
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The term SGal

Catalog of  400,000 galaxies:  
Biteau, ApJS 256 (2021) 

 a near-infrared flux-limited sample to map both stellar  
mass and star formation rate (SFR) over the full sky 
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UHECR « horizon » in clusters 

• <B> in Coma from RM: 2 µG over 
1 Mpc3 [Bonafede et al., A&A 513 (2010) A30]

• Scaling laws available

• <B> + interactions in clusters:  
tescape > tloss possible

• Some clusters may not contribute to 
the UHECR flux!
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Horizon applied to local clusters (GZK sphere)
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Random realizations governed by k
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Median (SFR) map — High k
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Median (SFR) map — Small k
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Median (SFR) map — Best k
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The UHE landscape
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Constraints on sources



Summary

• Source environments: key to understand UHECRs


