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Propagation in a magnetized universe
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Extragalactic magnetic fields are likely distributed as the baryonic gas

Depending on energy and magnetic field strength, propagation can be
, diffusive, or ‘semi-diffusive’...




A simplified view of extragalactic magnetic fields for UHECR

at high energies, particles
are weakly deflected at each
interaction
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Optical depth to scattering
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Maps of optical depth

Total deflection angle: §a? = %59?

Maps of optical depth:
D =0 - 40 Mpc  source digtnascfter® § RNV
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T varies from <1 to ~ 1 for typical parameters




Two effects of the optical depth

o | if sources are gamma-ray bursts,

D = 0 — 80 Mpc

flux from regions of T < 1
smaller by T than
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flux in regions with T > 1 —

o sources of UHECRs and scattering centers
share a similar property:
large regions of intense magnetic field

do not mistake the last scattering
center on the line of sight with the source!

signature:
inferred source distance scale d,

smaller than expected distance scale ~ | __ (
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— PAO: inferred source distance scale appears
smaller than expected source distance scale

Two possibilities:

7 1. PAO energy scale is underestimated by ~ 30%

A 2. PAO is imaging the last scattering surface...
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If PAO is imaging the last scattering surface...

fraction of contaminated events:

fraction of background galaxies

(= source within 200 Mpc)

situated at less than 3° from an AGN
used by Auger:

o0 =0 f~31%
dax=3" ~48%
O =6° f~44%

correlation should not exceed 50%

(unless GRB are sources of UHECR, in
which case the correlation with the
foreground density is artificially
enhanced due to non-detection of GRB
ft<1)




Conclusion

the counterparts seen by the PAO are unlikely to be the source of UHECR

the PAO may be mistaking the counterparts with the last scattering centers

or, if the energy scale is underestimated (30%), the PAO may have
located the invisible source within a few Mpc

no counterpart will ever be found: photons have passed by Argentina 10* years ago
no high energy gamma-ray, no neutrino, no gravitational wave will be seen from these sources

in any case, the PAO opens up a new era of data acquisition...
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