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4.) Cosmic Rays as Tools to “Measure” Cosmic Magnetic Fields

a) Magnetic fields influence EM cascades via e* synchrotron loss

e In case of y-rays produced as secondaries by nucleons undergoing pion
production, there is a characteristic “cross-over” energy E, between domina-
tion by synchrotron loss and by inverse Compton scattering. E, only depends

on the average extragalactic magnetic field (EGMF) strength.

¢ A solid angle averaged -y/charged cosmic ray flux ratio of ~ 10% at
~ 10 FeV w_ould hint to the operation of a TD scenario. At the same time, it
would place an independent upper limit of o~ 107! G on the EGMF on scales

of a few to tens of Mpc.
b) Magnetic fields deflect and delay charged particles

e AGASA observed pairs which might stem from bursting sources which
cannot be much further away than ~ 100Mpc (due to small attenuation
length for the higher energy particle). Future observations with Auger could
provide much more statistics. Comparison with Monte Carlo simulations
-night allow to construct the likelihood funct.on for EGMF parameters and
maybe even for distance and activity time scale of the sources.

Bursting TD sources might constitute especially attractive probes.
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Emission time scale << delay time
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Fig. 3.— Energy spectra for a continuous source (solid line), and for a busst (dashed line). Both
spectra are normalized to a total of 50 particles detected. The parameters corresponding to the
coatinuous source case are: Ts = 10%yr, 10 = 1.3 x 103yr, and the time of observation is
t = 9 x 103 yr, relative to propagation with the speed of light. A low energy cutoff results at the
energy Es = 4Q EeV where 75, = t (see text). The dotted line shows how the spectrum would
continue if Ts ‘€ 16" yr. The case of a bursting source corresponds to a skice of the image in the
g — E plase, as mdicated in Figure 1 by dashed lines. For both spectra, D = 30 Mpc, and 7 = 2.
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Figure 2: Same as for Fig. 1, except for the parameters 710 = 50yr, and Ny = 4 x 10°.
This serves as an example for a burst with a long time delay, but still in the limit of small
deflection, D8g/i. < 1, leading to a small detected energy dispersion.
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Figure 3: Same as Fig. 1, except for the parameters 7o = 250yr, Ng = 2 x 10*, and
I. ~ 0.25Mpc. This serves as an example for a burst with a long time delay for intermediate
deflection, DOg/l. ~4. The distinct sub-bands are due to multiple source images.
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Fig. 7. The likelihood for the cluster shown in Fig. 3, marginalized over Ny and -y, plotted in the 199 — 75 plane,
for D = 50Mpc and {, =~ 0.25 Mpc (the true values). The maximum of the likelihood occurs for 700 =~ a few
hundred years, T5 ~ a few years which is a good reconstruction of the true values. The contours shown go from
the maximum down to values of about 0.01 of the maximum in steps of a factor 102 = 1.58. Note that values
in the range 7g = T5 with E 2 80 EeV and Ts 2 10 yr are not significantly excluded, as expected (see text). The
fall-off at Tigp 2 50yr and T5 < 3yr is a numerical artifact due to the limited number of propagated particles
(4 x 10? per parameter set) which causes too patchy histograms in arrival time.
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Figure 5: Same as Fig. 1, except for the parameters Tio0 = 0.1 yr, Tz = 500 yr, and N = 1¢*,
This serves as an example of a source that is continuously emitting at all relevant emergics.
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Figure 1: (a) The likelihood for the cluster shown in Fig. 5, marginalized over No and ~,
plotted in the m¢0 — Ts plane, for D = 50 Mpc, I ~ 1 Mpc (the true values). The maximum
of the likelihood is near 1100 = 0.1yr, T5 = 103 yr which is a good reconstruction of the
true values. (b) Same as (a}, but marginalized over N, and Ti00, plotted versus the emission
timescale Ts. Solid line is for v = 1.5, dotted line for Y = 2.0 (the true value), and dashed
line for ¥ = 2.5. Parameters in the range Ts < 10 yr and 700 2 10yr, that would be typical
for a burst with a large time delay, are therefore excluded at about 95% confidence level.
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Cosvuic Magnetic Fields

fceld

Fig. 1. Two-dimensional cut of the simulated universe at z = 0. The plot shows a region of 32h~" x 20h—Mpc? with a thickness
of 0.25h='Mpc, although the simulation was done in a box of {32h~'Mpc)® volume. The first panel shows baryonic density
contours, the second panel shows velocity vectors, and the third panel shows magnetic field vectors. In the first panel, the solid
lines contour the regions of py > Fs and the dotted lines contour those of 107256 < ps < fe. In the third panel, the vector
length is proportional to the log of magnetic field strength.
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Supergalactic plane as a sheet with Gaussian profile, width=10 Mpc
Kolmogorov field with Bmsmax = 1077 G, Lpyax = 10 Mptc, I &~ 1 Mpc

continuous source with 75 3> 19 ~ 2 x 108 yr, j(E) o E~24 up to 10%eV, D = 10 Mpc
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. z= 1.9347024 Mpc, r= 9.8399580 Mpc
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Bimsmax =5 x 1078 G

continuous source with T >> 79 ~ 108 yr, j(E) o« E~2% up to 10*%eV, D = 10 Mpc
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Supergalactic plane as a sheet with Gaussian profile, width=10 Mpc
Kolmogorov field with Brmsmax = 0.05 — 0.5 G, Lyax > 10 Mpc, I ~ 1 Mpc
continuous source distribution follwing plane profile

with Ts 3 110 ~ 2 X 108 yr, §(E) o< E-24 up to 102 eV
distance to center (Virgo) = 20 Mpc
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Realization averaged angular distributions

60. < E/EeV < 9000.
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60. < E/EeV < 9000.
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Realization averaged Supergalactic latitude distribution
for Brmsmax = 0.05/0.5u G (blue/red)

Consequences:
Anisotropy decreases with increasing magnetic field strength due to diffusion
and with increasing source distribution radius
Clustering increases with coherence and strength of magnetic field
due to magnetic lensing and with increasing source distribution radius

Confidence levels strongly increase with exposure
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Monte Carlo simulations of sources in a magnetized Supergalactic Plane

Kolmogorov spectrum with maximal field strength of 0.5 micro Gauss in plane center
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1 Angular distribution explains large scale isotropy (by diffusion) and small scale
clustering (by magnetic lensing):
60. < E/EeV < 9000.
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