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The influence of noise on the structure of phase space and the extent of halo was investigated
carefully in semi-realistic regimes. These experiments suggest strongly that there is an effect that
seems to be generic, since it appeared in all the different models used. Because of the noise the
evolutionary history of some particles changes, and the extent of halo becomes bigger.

Noise is an unavoidable annoyance, to one extent or
another, in practically every experimental system. Nev-
ertheless, simulators of real experiments usually choose
to ignore it, assuming that it does not affect the physics
in any important way. It is true that today’s experimen-
tal hardware is constructed with utmost care to minimize
imperfections, and consequently noise; still one can easily
argue that it is possible that even small noise may have
a significant effect on the evolutionary history of a small
number of particles. Now, one may wonder in what cases
such an effect may be important; one suspicious case to
investigate is the particles that escape to the halo. If the
population and/or the extent of a halo is enhanced be-
cause of small hardware imperfections, then this may be
important enough to affect the operation of an accelera-
tor. In any case, it is one issue that has to be investigated
in simulations.

A series of experiments were performed in a number of
different models, all of them generic, in order to investi-
gate carefully how noise affects the physics of a configura-
tion [1-3]. The model potentials were all time-dependent
in keeping with the presence of mismatch. Models were
chosen to isolate the physics so it can be more easily
understood. Complexities associated with realistic simu-
lations were dropped. The disadvantage is that one does
not study what happens in the real system; however it
is often useful to understand and quantify the physics
in simple and generic systems, and then ask if the same
physics is present in realistic systems of interest.

Numerical experiments were performed in models
which other investigators had studied carefully to under-
stand how and why halos are generated [4,5]. The only
addition was the inclusion of numerical noise inside the
equations. The extent of the halo and the numbers of

particles escaping to the halo were studied extensively as
the noise level was increased.

The most exhaustive of these experiments were per-
formed in a direct-curent, cylindrically symmetric beam
modeled as a warm-fluid Kapchinskij-Vladimirskij equi-
librium configuration possessing a self-consistent spec-
trum of collective, stable, axisymmetric flute modes [6].
The numerical experiments used 106 noninteracting par-
ticles, and each particle was assigned it own unique re-
alization of noise. What was found was that the evolu-
tionary history of a statistically small number of particles
changes significantly. The important point was that al-
though this number is a small percentage of the particles
of the experiment, in real experiments it would suffice to
generate halos extensive enough to create problems. It
was shown that noise affects the structure of the phase
space and cooperates with the collective modes to even-
tually break tori. This makes the picture of the phase
space more fuzzy but also causes extension of the halo.
How extensive the halo will be depends on both the size of
noise and the length of the simulation. Integration time
(machine size) matters. Short-time, big noise, big mis-
match and long-time, small noise, small mismatch give
generically the same effect [7].

The physics discovered in these semi-realistic experi-
ments is currently being extended into realistic simula-
tions of beams [8]. The results suggest strongly that the
phenomenon is generic. This means that it needs to be
taken into consideration especially in future projects re-
lated to accelerator construction.
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