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We present a theory of coupled-bunch longitudinal instabilities for storage rings that employ a harmonic cav-
ity to lengthen the bunch. We find growth rates associated with the m=0 and m=1 modes for both “optimally”
and “overstretched” bunches; the former is a Robinson-like instability, while the latter corresponds to the “pe-
riodic transient beam loading” effect described in Ref *. By self-consistently including longitudinal feedback,
we then show that controlling the instability may require feedback damping rates that are higher than the
growth rate. For parameters considered, we find that controlling the the m=0 mode may require damping
rates that are up to 2 times higher than the instability growth rate, while in many cases the m=1 mode can-
not be stabilized with any feedback gain. We verify these predictions using particle tracking for APS-U like
parameters.
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