
3 TUNE SPREAD AND DECOHERENCE

where q, p, and v are the muon charge, momentum and velocity respectively. Using R = �mv/qB

the tune shift becomes
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Then the amplitude dependent tune shift is
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The gradient G
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(s) is given by Equation 1 in the quads and is zero everywhere else. Since the
quads extend over a length L = 4(2⇡ 39
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The contribution to the horizontal tune shift from each of the multipoles is shown in Table 1 and
in Figure 1.
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Figure 1: Tuneshift as a function of betatron amplitude (Equation 3 for each of the quadrupole
multipoles (lines) and as computed in tracking simulation (squares) for three di↵erent amplitudes.

3 Tune spread and decoherence

The analytic calculation of the amplitude dependent tune shifts can be checked in simulation. The
simulation is built from routines in the BMAD accelerator library. The fields of the electrostatic-
quadrupoles are represented in terms ofthe multipoles expansion described above.
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