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FIG. 2. Energy spectra and the first /second moments of X .5 distribution are shown considering both conventional and UH
nuclei. Auger data are obtained from Refs. [76}|77], while TA data are from Refs. [78,/79]. Note that the data in the red vertical
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band corresponds to the Amaterasu particle [13].
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Figure 2. Energy loss distances of reactions of proton (top panel), °°Fe (middle panel), and ***U (bottom panel) with CMB
and IRB photons at redshift z = 0. Total energy loss distances are plotted as black solid lines. Adiabatic energy losses due to
the cosmic expansion are also plotted as red solid lines.
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Figure 3. Matter density m(r), calculated source distribution p(r), and weighted source distribution m(r) x p(r) with a
function of distance r. Gray-dotted, orange-solid, and blue-dashed lines show the probability of source distribution for 100 EeV
protons, irons, and urans, respectively. The density is normalized to be 1 when it is integrated over 1 Gpc distance.
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Figure 5. An example of mock CR distribution without turbulent magnetic fields derived from the fluxmaps in Fj, Figure 7. Same as Fig. 5,but in case with turbulent magnetic fields
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Result: number of multiplets

* no magnetic field case:
e single-proton is rejected

e for higher source
density, only single-
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Figure 6. Histograms of number of pairs Ny, for MC datasets from Millenium Simulation. From the top to bottonl,dwe change
the source number density from 107° to 1072 per Mpc®, respectively. Grey-filled histogram indicates isotropic distribution.
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Figure 8. Same as Figure 6, but for the cause when we assume turbulent magnetic fields.
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Figure 9. Same as Figure 8, but for the cause when we change the source density.
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