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Abstract

Stainless steel (SS) vacuum pipes can have thin wall thicknesses due to their strong strength and reduce effects of
the eddy currents due to their low electric conductivity. However, the low electric conductivity may cause problems
about heat generation and beam instabilities due to the pipe impedance. Copper (Cu)-plated SS vacuum pipes have
been studied since the late 1990s to overcome the problems, and in recent years they have begun to be used in earnest
for synchrotron light sources. In this paper, longitudinal and transverse impedances of Cu-plated SS vacuum pipes
are calculated for various Cu-plating thicknesses and then the loss and kick factors that are related to heat generation
and transverse mode-coupling instability are evaluated. Furthermore, the Cu-plating thickness where the maximum
growth rates of transverse coupled-bunch instabilities of Cu-plated SS pipes can be reduced down to those of Cu

pipes is also evaluated.
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Figure 1: (a) Real and (b) imaginary parts of longitudinal
resistive-wall impedances per unit length for Cu-plated SS
pipes (b =4 mm) with Cu-plating thicknesses of 1, 10, 50
and 100 um and Cu and SS pipes.
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Figure 2: Loss factor per unit length of the Cu-plated SS
vacuum pipe as a function of Cu-plating thickness for the
bunch lengths of 5, 10 and 15 ps.
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Figure 3: (a) Real and (b) imaginary parts of transverse

resistive-wall impedances per unit length for Cu-plated SS

pipes (b =4 mm) with plating thicknesses of 1, 10, 50 and

100 um and Cu and SS pipes.
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Figure 4: Kick factor per unit length of the Cu-plated SS
vacuum pipe as a function of Cu-plating thickness for the
bunch lengths of 5, 10 and 15 ps.
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Figure 5: Real parts of transverse impedances per unit
length for Cu-plated SS pipes (b =4 mm) with Cu plating
thickness of 50, 100, 200 and 300 pum and Cu and SS pipes.
Four arrows indicate frequencies dominating in the
transverse coupled-bunch instability for fo =400 kHz (fo1)
and 800 kHz (f52) and Av:=0.1 and 0.9.
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