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Since space charge dominated beams are a many body system with strong
interactions, the particles inside the beam behave complexly due to the Coulomb
interactions with the applied external confinement force. For this reason, it is
difficult to predict the particle orbits for the collective and the complex motions.
Also, the beam parameters are changed with the beam manipulation by the longitudinal
pulse compression in the final stage of particle accelerator complex for heavy ion
inertial fusion.

In this study, the possible emittance growth with a thermal equilibrium particle
distribution is modeled theoretically. The statistical emittance is increased with
the balance between the thermal and the electromagnetic energy densities of the
beam, because the thermal equilibrium state is changed into another thermal
equilibrium state during the beam parameter change. The emittance growth is driven
by the nonlinear electromagnetic field induced by the nonuniform charged particle
distribution.

The static analysis of the possible emittance growth is described with the thermal
equilibrium distribution. The possible emittance growth is indicated by the tune
depression and the nonlinear field energy factor. The calculation procedure is also
described without a constant radius approximation. The dynamic analysis of the
possible emittance growth is carried out by using the nonlinear field energy factor
at each initial particle distribution, and the estimations are compared to the
numerical simulation results. The dynamic estimation of the possible emittance
growth is modeled with the thermal equilibrium distribution. In comparisons with
the numerical simulation and the experimental results, the proposed theoretical
model is suitable to estimate the emittance growth during the longitudinal pulse

compression.
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