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LONGITUDINAL IMPEDANCE OF RHIC∗

M. Blaskiewicz† , J.M. Brennan, K. Mernick
BNL, Upton NY 11973 USA

Abstract
The longitudinal impedance of the two RHIC rings has

been measured using the effect of potential well distor-
tion on longitudinal Schottky measurements. For the blue
RHIC ring Im(Z/n) = 1.5 ± 0.2Ω. For the yellow ring
Im(Z/n) = 5.4 ± 1Ω.

INTRODUCTION
In a storage ring the net RF voltage per turn is that sup-

plied by the RF cavities plus the voltage due to parasitic
impedances. The parasitic voltage changes the incoherent
spectrum [1, 2, 3]. The broad band impedance can be char-
acterized by an inductanceL. Let τ denote the arrival time
of a particle with respect to the synchronous particle. The
net voltage per turn is

V (τ) = Vrf (τ) − LdI/dτ

whereI is the instantaneous beam current. Consider a sin-
gle RF harmonic operating above transition. Particles near
the center of the bunch have the largest synchrotron fre-
quency and the voltage there is

V ≈ −V̂rfωrfτ − LÏτ

whereV̂rf is the amplitude of the RF voltage,ωrf is the
angular Rf frequency, and̈I is the second derivative of the
beam current with respect to time evaluated in the center of
the bunch. The parasitic voltage modifies the small ampli-
tude synchrotron frequency

fs = fs0

(

1 +
LÏ

V̂rfωrf

)1/2

≈ fs0

(

1 +
LÏ

2V̂rfωrf

)

,

(1)
wherefs0 is the small amplitude synchrotron frequency
with no impedance and the approximation is excellent for
our parameters. The inductance satisfiesjω0L = Z/n
whereω0 is the angular revolution frequency andZ/n is
the impedance divided by the revolution harmonic. For
space chargeIm(Z/n) < 0 and for wall impedances
Im(Z/n) > 0. Of course the actual value ofZ/n varies
with frequency and can change in sign, but for RHIC the
root mean square bunch length is>

∼30 cm while the vac-
uum chamber radius is∼ 3 cm. Therefore, all resonant
wavelengths are short compared to the bunch length and
only the inductive part of the parasitic impedance creates
significant voltage for stable beams.
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DATA ACQUISITION AND ANALYSIS
The data were obtained during an accelerator physics ex-

periment on June 4, 2014. Figure 1 shows the blue fill pat-
tern at the beginning of the experiment. The gold ions were
accelerated to 100 GeV/nucleon and stored in theh = 360
(28 MHz) RF system. The spectrum analyzer was gated
so that each of the 5 different batches of bunch intensity
were measured individually. As time progressed intrabeam
scattering and losses provided a natural spread in bunch pa-
rameters. The values of̈I were obtained by averaging the
bunch profiles in each group and fitting a parabolic cap to
the top 30%. Wall current monitor data were acquired ev-
ery 5 minutes and linear interpolation in time was used to
align the wall current monitor data to the spectrum analyzer
data. Some spectrum analyzer data are shown in figure 2.
As is clear from the figure the peaks move, but the effect
is fairly subtle. To analyze these data we fit parabolas to
the top 3 points around each of the peaks and measured
the difference between the location of the positive and neg-
ative synchrotron sidebands. The difference was divided
by twice the order of the synchrotron mode and we ob-
tained 12 independent estimates of synchrotron frequency
for each spectrum. Data from the different synchrotron
lines were analyzed independently. At this point two dif-
ferent techniques were employed. In the first technique we
assumed a two dimentsional (2d) fitting function

fs(k) = a1 + a2Ï(k) + error, (2)

wherea1 anda2 are fit parameters and indexk character-
izes a particular measurement. Linear least squares was
used to obtain theais and equation(1) was used to obtain
L and subsequentlyIm(Z/n). In the second technique we
assumed a three dimensional (3d) fitting function

fs(k) = a1 + a2Ï(k) + a3tspec(k) + error, (3)

wheretspec(k) was the time at which the spectra were ac-
quired. This accounts for smooth, uncontrolled drifts in the
machine parameters. Figures 4 and 5 show the least squares
results forZ/n.

Figures 4 and 5 show clear discontinuities in the mea-
sured values ofZ/n. We ascribe these to the presence
of coherent modes and assume the low lying synchrotron
modes are primarily influenced. Hence we took the average
values ofZ/n over the regions shown as the actual values
of Z/n. Both lines fall within the one sigma errors for most
of the data, so we take the average as a best estimate. For
the blue RHIC ringIm(Z/n) = 1.5±0.2Ω. For the yellow
ring Im(Z/n) = 5.4± 1Ω. Previous results for the yellow
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Figure 1: Wall current monitor data for the blue ring at the
begining of the experiment.
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Figure 2: Yellow longitudinal Schottky spectra for syn-
chrotron lines 5 through 8 at two different intensities.

ring gaveIm(Z/n) = 3 ± 1Ω, but that was only for the
m = ±5 sidebands. We have installed stochastic cooling
systems in both the blue and yellow rings since then, but
the blue and yellow systems are very similar and estimates
indicated there should be no significant impedance associ-
ated with them. We continue to search for the source of the
difference between the two rings.
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Figure 3: Yellow synchrotron frequency versusd2I/dt2 in
the center of the bunch for first 12 synchrotron lines. No
drift with time was included.
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Figure 4: MeasuredZ/n with one sigma error bars in blue
for 12 synchrotron lines.. The averages for lines 5 through
12 are shown.
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Figure 5: MeasuredZ/n with one sigma error bars in
yellow for 12 synchrotron lines.The averages for lines 3
through 12 are shown.
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