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The average centroid displacement at a fixed point in the ring (for example at a fiber harp) is given
by Equation 9 and plotted in Figure 16 at 1ns intervals, for an initial distribution with Gaussian
energy width �

0

= 0.0012, zero pulse length and zero emittance. The betatron motion begins
to evolve in the first few turns after injection and then decoheres on a time scale of 30µs. The
frequency of the envelope of the turn by turn motion, most apparent in the first 20µs (Fig. 17)
is the betatron tune (f

�

= Q!

0

). A coherent oscillation of the centroid persists beyond 100µs
(Fig. 18.)
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Figure 16: Centroid motion of a distribution with Gaussian energy width, �E/E = 0.0012, zero
length and zero emittance, from Equation 9 evaluated at 1ns intervals.

We attempt to reproduce the analytic result in a “realistic” tracking simulation. Figures 19– 22
are simulation data with the BMAD model of the storage ring, including collimators and quadrupole
nonlinearity (which are of course not part of the analytic calcuation). The distribution has Gaussian
energy width �E/E = �

0

, pulse length �

t

= 1ns (that is, approximately zero) and zero emittance.
The muon distribution is injected on axis, mimicing a perfect kick. Nevertheless, a coherent betatron
oscillation emerges as the envelope of the fast rotation signal. Immediatelay after injection, there is
zero coherent oscillation. As long as the average momentum is the magic momentum, the average
displacement is zero. The betatron oscillations of the high and low momentum muons are 180
deg out of phase. Coherent oscillations appear as the high momentum muons lag behind the low
momentum particles. Also, because the momentum spread of the distribution at the inflector exit
is greater than the momentum acceptance of the ring, the amplitude of the coherent oscillations
arising from the momentum spread will by definition fill the aperture.
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