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Abstract

In particle-in-cell (PIC) simulations of high-intensity hadron beam dynamics, it is extremely important to provide
an initial beam distribution well adapted to an arbitrary alternating-gradient lattice. The so-called “root-mean-squared
(rms) matching” used to be employed for this purpose, but the matching error is then considerably enhanced at high beam
density leading to a serious mismatch-induced emittance blowup. We outline a more sophisticated matching procedure
that enables one to generate pseudo-equilibrium distributions of particles in six-dimensional phase space. Three different
types of distribution functions, namely, the thermal equilibrium (TE), waterbag (WB), and parabolic (PA) distributions are
considered here. Three-dimensional PIC simulations are performed to show that the present matching technique works
fairly well for the generation of a quasi-stationary bunch at high space-charge density.
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Figure 1: Radial profiles of (a) the rms matched Gaussian
distribution and (b) thermal equilibrium distribution under
the uniform linear focusing.
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Figure 2: Time evolution of the rms emittances €, and ¢.,.
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Figure 3: Particle distributions in the horizontal phase space at the entrance and 20th cell, corresponding to the PIC
simulations in Fig. 2. The abscissa (X)) and ordinate (Px ) are horizontal canonical variables scaled by their rms averages

at injection.
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Figure 4: Transient evolution of the transverse density
profiles in (a) an rms matched Gaussian bunch and (b) a
pseudo-equilibrium bunch with the TE distribution.
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