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In ion-beam-driven high energy density physics and heavy ion fusion applications, the intense ion beam
pulse propagates through a background plasma before it is focused onto the target [1]. The streaming of
the ion beam relative to the background plasma can cause the development of fast electrostatic collective
instabilities [2]. These instabilities produces fluctuating electrostatic fields that cause a significant drag on the
background plasma electrons and can accelerate electrons up to the average ion beam velocity. Consequently,
the dominant electron current can reverse the beam self-magnetic field. As a result, the magnetic self-field
force reverses sign and leads to a transverse defocusing of the beam instead of a pinching effect in the absence
of instability [3]. In addition, the ponderomotive force of the unstable wave pushes background electrons
transversely away from the unstable region inside the beam, which creates an ambipolar electric field, which
also leads to ion beam transverse defocusing.

Because the instability is resonant it is strongly affected and thus can be effectively mitigated and controlled
by the longitudinal focusing of the ion beam [4]. In this paper the conditions for the formation of nonlinearly
generated de-focusing self-electric and self-magnetic fields are studied in detail using the particle-in-cell code
LSP [5]. The scalings of the average de-focusing forces on the beam ions due to these effects are identified
and compared with proposed theoretical model. These scalings can be used in the development of realistic
ion beam compression scenarios in present and next-generation ion-beam-driven high energy density physics
and heavy ion fusion experiments.
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