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Non-linear amplification of a magnetic field driven
by cosmic ray streaming
S. G. Lucek™ and A. R. Bell™

ABSTRACT

One-, two- and three-dimensional numerical results of the non-linear interaction between
cosmic rays and a magnetic field are presented. These show that cosmic ray streaming drives
large-amplitude Alfvénic waves. The cosmic ray streaming energy is very efficiently
transferred to the perturbed magnetic field of the Alfvén waves, and the non-linear time-
scale of the growth of the waves is found to be very rapid, of the order of the gyro-period of
the cosmic ray. Thus, a magnetic field of interstellar values, assumed in models of supernova
remnant blast wave acceleration, would not be appropriate in the region of the shock. The
increased magnetic field reduces the cosmic ray acceleration time and so increases the maxi-
mum cosmic ray energy, which may provide a stmple and elegant resolution to the highest
energy Galactic cosmic ray problem, where the cosmic rays themselves provide the fields
necessary for their acceleration.
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Hillas’ argument on the maximum attainable energy

log (Magnetic field strength (G))

(also by Makishima, 1999)
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Simulation model CR thermal spread:100V ,

background cold plasma
(center of mass)

B max / B,
s T T T T T TTT T T TR T T T[T T 7T
3.0 2
I OB 10
- _2 ~
0.0025 i B
2.0
i !
udﬂllll-l-l'll-llilllt 1 ||||||li.-_ IU_L R BB B BUEN BN B B A

0.0 0.5 1.0 1.5 2.0 25 0.0 0.5 1.0 1.5 2.0 2.5
time (Teg) time (Tc)



Lucek and Bell
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