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Influence of extragalactic magnetic fields
Lemoine (2005),  Aloisio & Berezinsky (2005)

magnetic horizon effect

Magnetic horizon effect

E = 1020 eV

tH = 14 Gyr

E = 1017 eV



Magnetic horizon effect

homogeneous magnetic fields
Lemoine (2005),  
Aloisio & Berezinsky (2005)

analytical calculations
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inhomogeneous 
magnetic fields

???

Kotera & Lemoine (2007)

numerical simulations

Sigl (2007)



Numerical simulations

magnetic field modeling particle propagation

magnetic seed a high z

+ accretion 
shock waves

Dolag et al. (2004)

Sigl et al. (2004)

magnetic field evolved in a passive way

field scaled to reproduce observations in clusters

Monte Carlo method

direct integration of trajectory



density grid from cosmological simulation

cu
m

ul
at

iv
e 

fil
lin

g 
fa

ct
or

log B [Gauss]

Numerical simulations

magnetic field modeling particle propagation

B ∝ ρ0.9

B ∝ ρ/(1+ρ-2)
B ∝ ρ2/3

B = f(ρ)

Problems with classical methods:

limited resolution  Casse et al. (2001)
time consuming

Cellular propagation method:

lc

θ

deflection angle sampled from a function f(θ,rL/lc)

exiting time:  τ = f(D,rL/lc)



Existence of a magnetic horizon
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Results

cut-off at 
E = 1.5 x1017 eV

closest source 
at 50 Mpc

distance traveled in a Hubble time
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thick lines:  	 inhomogeneous case
thin lines: 	 	 homogeneous case



Comparison with observed spectra
E3 J

(E
) 

[e
V

3 /
m

2 /
sr

/s
ec

]

Energy [eV]

B ∝ ρ2/3

B0 = 2 nG
lc = 300 kpc
ns = 10-5 Mpc-3

B ∝ ρ0.9 

B0 = 2 nG
lc = 100 kpc
ns = 10-5 Mpc-3

B ∝ ρ/(1+ρ-2)

B0 = 2 nG
lc = 30 kpc
ns = 10-6 Mpc-3

Results
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Other signatures, conclusions

cut-off exists in inhomogeneous 
magnetic fields

Faraday RMs in our models:
median(RM) < 0.1 rad/m2 
(observations: RM < 5 rad/m2)
Note: high variations in RMs according to the 
concentration of matter along the line of sight

moderate. 
consistent with detection of counterparts at 
energies around GZK cut-off.

Mean particle deflection angles:

E = 1019 eV
B = 2 nG
lc = 300 kpc
d = 100 Mpc

θ ~ 3 - 5°models 1 & 2

θ ~ 8°model 3

homogeneous/inhomogeneous cases 
quite different

strong influence of B = f(ρ) models

if voids unmagnetized, shallower cut-
off → worse fit to observations

to be related to debate on metal 
enrichment of voids, origins of IGMF

SKA, progress on superwinds,  
AUGER...


