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Abstract

I describe analytical expressions of the longitudinal and transverse impedances of a two-layered circular pipe and their
practical expressions at high frequencies derived by use of asymptotic expansions of the Bessel functions. These
expressions are applied to calculation of the longitudinal and transverse resistive-wall impedance for a NEG-coated
insertion-device(ID) duct of the PF-HLS ring. Both real and imaginary parts of the impedances rise up in a high frequency
region depending on the NEG coating thickness and the imaginary part starts to rise at lower frequency than the real part.
The heating power per unit length of the ID duct calculated from the real part of the longitudinal impedance does not
much depend on the NEG-coating thickness for the stored beam, though it is very high, ~50 W for multi-bunch(MB)
mode and ~100 W for hybrid(HB) mode, and the ID duct should be properly water-cooled. On the other hand, it is
significantly increased even by the 0.3-um NEG coating up to ~70 W for the extremely short bunches (50 fs in bunch
length) injected from the superconducting injector. The kick factor per unit length of the ID duct and the coherent betatron
tune shift for the total ID-duct length of 225 m are calculated from the imaginary part of the transverse impedance and,
as a result, it is found they considerably depend on the NEG-coating thickness.
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Vacuum pipe (o3)

Figure 1: Cross-sectional view of a NEG-coated circular
vacuum pipe. NEG coating is shown by a red layer and a
vacuum pipe by a light-blue one.
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Figure 2: (a) Real and (b) imaginary parts of longitudinal
resistive-wall impedances per unit length for NEG-coated
Al pipes with coating thickness of 0,0.3,0.5 and 1 pm.
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Figure 3: (a) Real and (b) imaginary parts of longitudinal
impedances per unit length multiplied by the bunch
spectrum with the natural bunch length of 4.72 ps for NEG-
coated Al pipes with coating thickness of 0, 0.3, 0.5 and
1 um.
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Figure 4: (a) Real and (b) imaginary parts of longitudinal
impedances per unit length multiplied by the bunch
spectrum with the bunch length of 15 ps for NEG-coated
Al pipes with coating thickness of 0,0.3,0.5 and 1 pm.
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Figure 5: (a) Real and (b) imaginary parts of longitudinal
impedances per unit length multiplied by the bunch
spectrum with the bunch length of 50 fs for NEG-coated
Al pipes with coating thickness of 0,0.3,0.5 and 1 pm.
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Figure 6: Heating power per unit length generated in the
vacuum pipe as a function of the NEG coating thickness
for MB mode, HB mode and SP beam.
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Figure 7: (a) Real and (b) imaginary parts of transverse
resistive-wall impedance per unit length for NEG-coated
Al pipes with coating thickness of 0,0.3,0.5 and 1 pm.
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Figure 8: (a) Real and (b) imaginary parts of transverse
resistive-wall impedance per unit length multiplied by the
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for NEG-coated Al pipes with coating thickness of 0, 0.3,
0.5 and 1 um.
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Figure 9: Kick factor per unit length as a function of the
NEG coating thickness.
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