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Data

A slow, single bunch, horizontal instability appeared on the RHIC injection porch with positive
chromaticity. Data taken on 1 June 2001 are summarized in Table 1. The data for the growth rate
are shown on the last page of this document.

Table 1

parameter symbol value
species 7 A Au79*

energy ¥ 10.5

particles/bunch Ny 1—2x10%

rms bunch length o 8.5ns
chromaticity Qs —2—=2

tune Qg 28.2
growth rate Im(wg) | =~ 12571
pipe radius b 3.6cm

The purpose of this note is to show that these data are consistent with the resistive wall impedance.

Analysis

The coherent betatron frequency in the weak coupling limit of the Wang formalism[1] is
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m =...,—1,0,1,... is the synchrotron mode number, w, is the angular synchrotron frequency, I is
the average current, M is the number of bunches, s is the coupled bunch mode number, Er/q is the
total proton energy divided by its charge, 0 = 0;/wy is the rms bunch length in units of machine
azimuth, 7 = nM + s+ Qg — Qj/n, and 1 = 1/~v7 — 1/4* is the slip factor. This is a standard formula
that can be found in ZAP, Chao’s book, etc.

For the purposes of this note take the transverse impedance to be give soley by the resistive wall

impedance. .
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The skin depth is given by

P (3)
Ho|w|

where p, is the electrical conductivity, g is the vacuum permeability, and w = 27 f is the angular
frequency, with all quantities in MKS. For cold stainless steel the conductivity is p, = 7.3 x 10~ "Qm][2],
which is only slightly smaller than the room temperature value.

Taking one bunch (M = 1) with N, = 10® and the other parameters in Table 1 the growth rates
are given in Table 2. Also given in the table is the number of ions per bunch for which the calculated

and measured growth rates agree Ny;
Table 2

Q% | Im(wp) st Nii

1.0 0.44 2.7 x 108
1.5 0.66 1.8 x 108
2.0 0.86 1.4 x 108

Given the uncertainties there is no reason to assume that the transverse impedance in RHIC is
significantly larger than previously thought [3] A more stringent test is suggested in this figure.

10**9 ions/bunch

20 T T T T T
chrom=0 ——
chrom=-1.5 ——
15 H B
<
¥
(7]
[0}
§ 10 H |
<
=
o
)
| H H |
0 H HHHH““'“Hl|||||||”||||HH H
0 10 20 30 40 50 60

fl78kHz

This shows the coupled bunch growth rates for 60 bunches and 10° ions/bunch for various chro-
maticities, as a function of observed frequency. The frequency dependence of the growth rate is due
to the frequency dependence of the resistive wall impedance. Experimental tests should be fairly easy.
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