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Abstract

The frequency dependence of the complex permeabil-
ity of the ferrite (at room temperature and 125◦C) used
in the inductors at PSR has been determined by compar-
ing the S11 parameters from a jig containing ferrite and
a MAFIA [1] (a program package for the computation of
electromagnetic fields) simulation of the jig. Both the fre-
quency response and the longitudinal impedance of the
inductive inserts were obtained by simulating the induc-
tor cavity in MAFIA using the ferrite properties from the
aforementioned fit. Experimental observations of the lon-
gitudinal instability caused by the ferrite inductors at room
temperature in a bunched coasting beam have been made.
Comparisons of observed and simulated growth times, res-
onant frequencies, and width of the instability will be dis-
cussed.

LONGITUDINAL INSTABILITY

Three inductive inserts [2], consisting of 30 “cores”
each, were installed in the PSR in the late ’90’s to compen-
sate the space charge effect in the beam. A core is a cylin-
drically shaped ferrite, with thickness of one inch, inner
diameter of 5 inches, and an outer diameter of 8 inches. A
large longitudinal instability was noticed at approximately
75 MHz, that was devastating to the beam (see Fig. 1).

It was proposed by Popovic [3] that heating the ferrite
would eliminate the instability. The three inserts were re-
moved, and replaced by two inserts that were capable of
being heated. The heating proposal was then tested and ver-
ified in the PSR. How the properties of the ferrite change
during heating to cure this instability is the focus of this
paper.

COMPLEX PERMEABILITY

The complex permeability, denoted by µ = µ′ + iµ′′

is a function of frequency. To uncover the frequency de-
pendence, a comparison was made of the measured S11 pa-
rameters done by Browman [4] of a jig containing a sample
core of the ferrite used in PSR to a MAFIA simulation. The
jig was designed to maximize the sensitivity to the mag-
netic properties of the ferrite.
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Figure 1: Longitudinal instability caused by the inductive
inserts at room temperature.

To find the frequency dependence of the complex per-
meability of the ferrite, the jig was simulated in MAFIA.
Values of µ′ and µ′′ were selected for the simulated fer-
rite at a particular frequency. The S11 parameters at that
frequency were then calculated and compared to the ex-
perimental S11 parameters at that frequency. The µ’s were
then adjusted accordingly, until an agreement of better then
1% was achieved. The relative permittivity, εr, of the fer-
rite was assumed to be constant at 13.

This was done for data sets at both room temperature and
125◦C. The frequency dependence of the complex perme-
ability for the two temperatures is displayed in Fig. 2.
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Figure 2: Complex permeability as a function of frequency
for both room temperature and 125◦C.
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IMPEDANCE

An inductor cavity was simulated in MAFIA using
the aforementioned ferrite properties to calculate the
impedance resulting from the ferrite inductors. This was
done for both room temperature and 125◦C. Fig. 3 is a
plot of the real part of the longitudinal impedance for one
inductor cavity at room temperature and 125◦C.
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Figure 3: Real longitudinal impedance for one inductive
insert at room temperature and 125◦C.

Notice the change in height and width of the impedance.
Similarly, the imaginary part of the impedance also
changes when the ferrite is heated (see Fig. 4).
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Figure 4: Imaginary longitudinal impedance for one induc-
tive insert at room temperature and 125◦C.

ESME SIMULATION

A PSR bunched coasting beam with a bunch length
of 250ns, 650nC of charge, and the impedance of three
inductive inserts at room temperature was simulated in
ESME [5] (a longitudinal multiparticle tracking code). The
momentum distribution used in the ESME simulation was
the sum of two gaussians, with 66% in the ∆p

p |wide =
6.9 × 10−3 and 34% in the ∆p

p |narrow = 2.8 × 10−3.

This momentum distribution was chosen to best fit the wire
scanner measurements of the incoming linac beam.

Growth Time

The growth time of the longitudinal instability for the
experimental data, as well as the ESME simulation were
derived from the turn by turn growth of the amplitude of
the summed powers of the harmonics around the resonance
of the instability. Fig. 5 shows the evolution of the growth
for the experiment and ESME simulation. For this simu-
lation, a user routine was added to ESME which produced
a continuous sequence of intensity vs. time histograms for
each turn.
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Figure 5: Experimental and ESME growth of the longitu-
dinal instability at room temperature.

The experiment has a growth time of 28µs, and the
ESME simulation has a growth time of 27µs.

Power Spectral Density (PSD)

The Q for both the experiment and ESME simulation is
defined as the peak frequency (ωp) of the PSD divided by
the full width at half max (Γ) of the PSD.
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Figure 6: Experimental and ESME PSD for room temper-
ature.
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From Fig. 6, Qexp = ωp

Γ |exp = 71MHz
14MHz = 5.1. The

PSD for the ESME simulation is just slightly different, with
ωp = 72MHz and Γ = 15MHz, giving Qsim = 4.8.

TIME MODE EVOLUTION

An interesting way to look at the data is with the time
mode evolution plot. The x-coordinate represents the time
within the bunch and the y-coordinate is the turn number.
The color represents the amplitude of the current, with blue
being low and red being high. Fig. 7 is the time mode evo-
lution of the experimental data.

Figure 7: Experimental time mode evolution at room tem-
perature (color).

From this type of a plot, one can see the microbunching
and energy loss in the beam due to the impedance. The
time mode evolution plot of the ESME simulation (Fig.8)
is very similar to the experimental plot.

Figure 8: ESME time mode evolution at room temperature
(color).

HEATING THE FERRITE

Because of the instability caused by the 3 inductive in-
serts, they were removed, and two inserts with heating ca-
pability were installed. When the ferrite was heated to
125◦C the longitudinal instability was cured, while main-
taining the desired space charge compensation.

As shown in Fig. 3, heating the ferrite to 125◦C reduces
the maximum height of the impedance by a factor of two,
and also broadens the impedance by a factor of two. An
ESME simulation with the impedance of two heated induc-
tive inserts also shows an elimination of the longitudinal
instability.

Figure 9: ESME time mode evolution for two inductors at
125◦C (color).
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