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MOTIVATION

● To infer the properties of UHECR’s sources a combined fit to spectrum and depth of shower 

maxima (Xmax) was carried out (JCAP 04(2017)038, JCAP 05(2023)024)

● Two populations of sources required: one dominating below a few EeV (L), and another above (H)

● Very hard spectrum required for the high-energy component → incompatible with expectations 

from diffusive shock acceleration, which are     E-²

● Can we explain this as a consequence of the magnetic horizon effect (MHE)?

● MHE: Low energy particles do not reach Earth if the diffusion time from the closest sources is 

larger than the age of the sources 2
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MAGNETIC HORIZON EFFECT
● Extragalactic magnetic fields (EGMF) between Earth and closest sources modelled 

as turbulent & isotropic with rms amplitude (Brms) & coherence length (Lcoh)

● Critical energy Ecrit such that:              

● Uniform source density, intersource distance ds
● MHE suppresses the flux at low energies
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Xs:normalized distance



COMBINED FIT OF SPECTRUM AND COMPOSITION

4) Air shower interactions modelled 

with EPOS-LHC or Sibyll2.3d
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2) CRs propagated with SimProp (JCAP 11 

(2017) 009): interactions with CMB & 

Gilmore EBL radiation backgrounds, 

TALYS photodisintegration

3) Account for EGMF multiplying by 

the suppression factor 

1) Model of the sources

Source evolution ξ(z): no evolution (NE) 

or star formation rate (SFR)

 Δ: steepness of the cutoff (1, 2, or 3)

     5 elements (H, He, N, Si, Fe)



DATASETS (E > 1017.8 eV)
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SPECTRUM (Ndata= 24)

Eur. Phys JC 81 (2021) 966

Xmax DISTRIBUTIONS (Ndata= 329)

Fit Procedure

Minimize the deviance

A. Yushkov, for Auger, PoS ICRC2019 (2020) 482

● Fit parameters: γ, Rcut and elemental fractions for both components
● Xs & Rcrit for the less dense HE component
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● Δ=1 cutoff leads to the smallest 

deviance, with the hardest HE spectrum 

(γ<-1.6)

● Steeper cutoffs, produce softer HE 

spectra (0<γ<1)

● Sibyll produces a softer HE spectrum 

with larger deviances 

● Scenarios with no B result in HE 

spectra with γ<1

RESULTS OBTAINED IN THE ABSENCE OF MAGNETIC FIELDS

primaries

primaries + secondaries

HE nitrogen
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FIT INCLUDING MHE AS A FUNCTION OF XS

● Larger Xs results in softer spectra and smaller Rcrit  

● When MHE is relevant (Xs > 1), best fit  for XsRcrit~ 10 EeV

● Deviance is almost degenerate for Xs ≥ 2

 ≡ no B
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● Δ=1 cutoff leads to results close to 

the case with B=0

● Steeper cutoffs, produce softer HE 

spectra (γ>1)

● Sibyll, Δ=3 produces a HE spectrum 

consistent with expectations from 

diffusive shock acceleration

● For a given scenario, SFR evolution 

of the LE component hardens its 

spectrum by about 0.3 units with a 

small effect in deviance

BEST FIT RESULTS

primaries

primaries + secondaries
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FIT PARAMETERS WITH STATISTICAL UNCERTAINTIES

● The MHE increases the required 
luminosity of the sources

● Since only a fraction of the low 
energy accelerated particles 
reach the Earth, a higher 
emission rate at the sources is 
needed
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EFFECT OF SYSTEMATIC UNCERTAINTIES

● When including EGMF the fit 
generally improves for a 
positive shift in energy and a 
negative shift in Xmax

● The smallest deviance is 
reached for Δ=3 cutoff, 
ΔE/E=+14% & ΔXmax=-σ
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● The best fit scenario has a large Xs value with a LE component dominated by protons, He and 

N and the HE one dominated by N, with a significant Si contribution

● γH≈2 in all cases, XsRcrit~ 5 EeV for best fit scenarios

● Positive shifts in Xmax for Sibyll and Δ=3 are disfavoured by more than a 100 units

EFFECT OF SYSTEMATIC UNCERTAINTIES
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EFFECT OF SYSTEMATIC UNCERTAINTIES

● Large uncertainties in the Si and Fe 
flux for the LE component

● In most cases the instep is due to a 
He bump.

● In all cases the N contribution 
dominates the flux between the instep 
and the high energy suppression

Systematic uncertainties for ΔE/E=0,±14% and the best 
fitting ΔXmax for each case



● For Δ=2 & 3 and Xs ≳ 2 we found scenarios where the magnetic horizon plays an important role with 
better deviance than for B=0, and with softer spectral index for the HE component (γ ∈ [1,2])

● Sibyll2.3d leads to spectral indices for the HE component closer to 2

● EPOS-LHC leads to smaller deviances, but systematic shifts can change this 

● Larger Xs results in smaller Rcrit and a softer spectrum

● We find that  Xs Rcrit ~ ( 5 - 10 ) EeV when the magnetic horizon effect is responsible for the 

hardness of the observed spectrum

● When the MHE effect plays an important role, the fit improves for a positive shift in energy and 

a negative shift in Xmax

● The best fit results were obtained for the case with Sibyll, Δ=3 cutoff, ΔE/E=+14% & ΔXmax=-σ

CONCLUSIONS

large inter-source distances and strong 

magnetic fields required

 between Earth and the closest sources 
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Thank 
you!
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Backup slides



Effect of the cutoff shape on the injected spectra
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Notice how the parameters combine to produce a similar shape at the energy 
at which each element is dominant
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Median magnetic field strength 
|B| as function of over-density 
ρ/<ρ> for a number of MHD 
models with identical dynamo 
physics, starting with 
different strengths of the 
primordial magnetic field B0 , 
indicated by the label in µG

Hackstein, Brüggen, Vazza & Rodrigues, MNRAS (2020) 498 4811

Required magnetic fields close to the maximum values

EXTRAGALACTIC MAGNETIC FIELDS EXPECTATIONS



Brms  vs.   Lcoh

20

● Scenarios with magnetic horizon require strong magnetic fields within the Local 
Supercluster and large inter-source separation (low source density)


