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Abstract

In this paper, the current status of the Schottky Cavity
Sensor development for the Collector Ring (CR) at FAIR,
a dedicated storage ring for secondary particles, rare iso-
topes, and antiprotons, is presented. Designed for longitu-
dinal and transversal Schotty signals, the Sensor features a
pillbox cavity with attached waveguide filters utilizing the
TMy;9-mode at 200 MHz for longitudinal and the TM;1o-
mode at around 330 MHz for transversal Schottky measure-
ments. Separated coupling structures are used for mode-
selective coupling to measure the different Schottky planes
independently. A ceramic vacuum shielding inside the pill-
box is introduced to allow for non-hermetic adjustable cou-
pling and tuning devices as well as waveguide structures.
Simulations of the structure are presented with focus on the
influence of the coupling structures and the ceramic vac-
uum shielding. Measurements of a scaled demonstrator are
compared to simulations.

INTRODUCTION

The collector ring at FAIR is a dedicated ring for ac-
cumulation of different particle species including antipro-
tons and heavy ions, as well as an isochronous mode for
mass measurements. For the observation of Schottky sig-
nals at very low intensities a resonant structure was pro-
posed [1, 2]. It consists of two pillbox like cavities with
attached waveguide structures, one for each transversal
plane. Longitudinal measurements are utilizing the TMg1-
mode, called monopole mode in the following, while the
TM;9-mode (dipole mode) is used for transversal mea-
surements in one plane. At the center of the beampipe, the
dipole mode is zero while the monopole mode has a max-
imum there, leading to a difference in excitation of around
four orders of magnitude. As the bandwidth requirements
from the Schottky spectra limit the ) of the cavity to
around 180, an independent coupling to both modes min-
imizes the interference. A magnetic coupling loop at the
zero-plane of the dipole mode is used to exclusively cou-
ple out the monopole mode. As there is no suitable po-
sition for an independent coupling to the dipole mode the
attached waveguide structures are used as frequency selec-
tive coupling. By using the difference signals from both
sides, the dipole mode can be extracted. To adapt to dif-
ferent revolution frequencies and frequency spreads, an ad-
justable coupling and adjustable perturbers will be used. A
scaled demonstrator was realized to compare simulation re-
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sults and measurements and investigate the behavior of the
coupled resonator structures (Fig. 1).
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Figure 1: The proposed structure with E-field coupling
pins: (1) pillbox cavity, (2) ceramic vacuum shielding, (3)
coupling loop (4) waveguide structures (5) Coupling slots,
(6) coaxial ports.

MEASUREMENTS OF THE
DEMONSTRATOR

Figure 2: The realized demonstrator with movable shorts.
The four ports are: magnetic loop coupling on top, short
electric pin at the front and coupling loops at the shortening
waveguides.

A simplified demonstrator (see Fig.2) without the ce-
ramic shielding was built from brass in a split block tech-
nique at a scale of around 8.6 enabling the use of stan-
dard waveguides and flanges (S band, WR-284/WG10).
The monopole mode frequency is 1.86 GHz and the dipole
mode frequency 2.77 GHz at this scale. In addition to the
coupling loop on top a weakly coupling electric pin is in-
stalled in the end plane to observe the dipole mode in-
side the cavity. Two different waveguide structures can be
mounted at the sides, either movable waveguide shorts with
coupling loops at the ends or pin coupled waveguides of
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fixed length. Aim of the movable waveguide shorts is to
find the optimum length and investigate the interaction be-
tween the three resonant structures. They consist of fitted
aluminum blocks which where fitted into the waveguides
and can be moved by a manual linear unit. Semi rigid coax-
ial cables are routed through the middle of the block ending
with an magnetic coupling loop each.

Measurements of the Movable Waveguide Shorts

The movable waveguide shorts where connected di-
rectly, without the cavity, to investigate the two different
loop sizes. Figure 3 depicts the measured transmission co-
efficient. From Tab.1 can be seen, that the strong coupling
of the big loops is lowering the third mode around 13.4%
while using small loops is leading to the frequencies up
to 0.4% higher than the analytic solution. Furthermore, the
transmission coefficient for the big loop still shows a strong
frequency dependence above the cutoff demonstrating the
importance of the length of the waveguide structure to the
overall sensor performance.
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Figure 3: Transmission measurement of the movable

waveguide shorts in a back-2-back setup with a length of
164 mm, (black curve starts at 2 GHz).

Table 1: Comparison of Measured and Calculated Reso-
nance Frequencies

Mode analytic Loops 2mm  Loops 25 mm
1 2270GHz 2.276 GHz 2.216 GHz
2 2,768 GHz  2.775GHz 2.521GHz
3 3440GHz  3.454GHz 2,980 GHz

S-Parameter Measurements of the Demonstrator

The interaction of the three resonant structures where in-
vestigated with a 4-port Vector Network Analyzer. Fig-
ure 4 shows the S34-Parameter, the transmission from one
waveguide short to the other. With the coupling slots in the
cavity walls of 23 mm X 2mm, the measurement shows
three peaks. The position of the peaks can be changed by
varying the length of the shorts. However, if the resonances
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of the waveguide shorts are to close in frequency to the
cavity mode a clear attribution to the peaks is not possible
anymore. By tuning one waveguide short, all three peaks
are moving. Figure 4 shows the setting with the smallest
distance between the peaks. Using the bigger loops, the 2
waveguide resonance peaks in the transmission are not ob-
servable anymore, although the level of the transmission is
affected by the position of the short. The system was mod-
eled as a parallel RLC-circuit with attached transmission
lines in AWR Design Enviroment [3] and fitted to the mea-
surements. It can be seen, that the coupling between the
cavity RLC-circuit and the waveguides is determining the
minimal frequency distance that can be achieved.
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Figure 4: S-Parameter measurement of the demonstra-
tor. Transmission from waveguide structure to waveguide
structure (see Fig. 2).

Perturbation Measurements

To determine the field distribution inside the cavity, an
automated perturbation measurement [4] was performed,
using linear units to move the sensor and the perturber, a
20 cm long alumina tube with diameter of 1 mm on a fish-
ing line. The long tube does not allow spacial resolution
along the longitudinal axis but gives the integration along
its length instead, which is the relevant parameter for the
coupling between the particles and the beam. The Ss4-
Parameter was measured for different positions of the per-
turber on the horizontal plane, centered vertically and lon-
gitudinally. The resonance frequencies where extracted uti-
lizing a fitting. The distribution of the electric field strength
E is extracted according to

2= 13
f2

with x beeing a constant depending on the per-
turber. To compare the result with simulations, an
Eigenmode-simulation was conducted with CST STUDIO
SUITE®and the electric field was integrated along a longi-
tudinal path, neglecting the thickness of the perturber. The
results where normalized to see the qualitative distribution.
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Figure 5: Normalized frequency deviation from the pertu-
bation measurements versus simulated integrated field dis-
tribution.

STATUS OF THE SIMULATIONS

For the different use cases of the CR revolution fre-
quency and frequency spread are varying. To maintain op-
timum performance, especially for the observation of very
small intensity beams, adjustable coupling and movable
perturbers are foreseen. These structures, as well as the
rectangular waveguide structures are much easier to fabri-
cate and operate in an non-hermetic environment. There-
fore a ceramic pipe is introduced as a vacuum shielding, as
depicted in Fig.1. In Table 2, the influence of the pipe on
the R/() value, the frequency of the dipole mode and the
radius of the cavity are shown, as simulated with CST STU-
DIO SUITE®). To maintain the 200 MHz monopole mode
frequency the radius varies from 55.17 cm without shield-
ing to 47.68 cm for alumina with 15 cm radius. It can be
seen, that the R/Q) values are increased by the ceramic at
the expense of an rising dipole mode frequency. As a trade-
off, the shielding was chosen to be alumina with a radius of
20 cm, keeping the frequency at 330 MHz. For this selec-
tion, the influence of the gap geometry was investigated by
simulating the pillbox without attached waveguide struc-
tures to save simulation time. The results in Tab.3 show a
strong impact on the dipole frequency without identifying
an optimal configuration. Therefore, the gap is set to 20 cm
x 1 cm to keep the dipole mode at 330 MHz.

CONCLUSION AND OUTLOOK

For the proposed Schottky sensor, a demonstrator was
realized and measured with different methods. Measure-
ments of the movable waveguide shorts have shown the in-
fluence of the length on the coupling strength and estimated
the achievable levels. For the extraction of the dipole mode
the transition from the waveguide to the cables is impor-
tant to avoid having the three resonance peaks. The sensor
design was upgraded with a ceramic vacuum shielding to
allow for non-hermetic environment outside the inner cav-
ity. The influence of the ceramic onto the sensor was in-
vestigated. Following the results, a vacuum shielding with
a 20 cm radius was chosen made from alumina. The gap
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Table 2: R/Q for Different Radii of the Vacuum Win-
dow, for 200 MHz Monopole Mode at a Coupling Slot of
2cmx23cm

Window R/Q (offset/cm) /) Dipole
€. r/lem Mono. Di. (1) Di (5) f./MHz
4 15 175,51 0,44 11,07 341,20
4 20 170,46 0,40 10,12 335,38
4 25 166,86 0,36 8,98 329,65
4 30 165,88 0,33 8,16 325,74
9,6 15 171,93 0,61 15,87 347,92
9,6 20 159,46 047 11,67 330,55
9,6 25 154,13 0,35 8,77 318,09
9,6 30 151,76 0,28 7,09 311,17
4 cone 184,88 0,5 12,78 349,05
9,6 cone 188,94 1,05 26,31 371,07
1 173,74 0,34 8,57 333,07

Table 3: Comparison of Different Gap Geometries for a
Vacuum Shielding of 20 cm Without Waveguides

Gap  Cavity f/MHz R/QIQ(offs. /cm)

Il h r Dipole Mono. Di.(1) Di(5)
5 1 3488 428.07 157.67 0.55 13.75
5 2 3056 456.18 138.65 0.77 19.26
5 3 2939 453.06 123.36 0.79 19.75
10 1 3527 419.86 174.65 0.63 15.66
10 2 3924 38993 163.67 0.56 14.07
10 3 38.15 39489 154.19 0.63 15.68
15 1 4530 348.85 168.56 0.47 11.66
15 2 4450 35391 16498 0.50 12.61
15 3 4378 357.88 160.53 0.54 13.57
20 1 48.04 330.75 159.20 046 11.59
20 2 47.61 333.48 158.24 048 12.07
20 3 4722 33578 156.66 0.50 12.56
25 1 4959  320.00 149.90 0.46 11.58
25 2 4942  321.14 14995 047 11.76
25 3 49.27 322.14 149.68 048 11.95

dimensions of 20cmx 1 cm result in a good trade-off be-
tween R/(Q)-value and dipole mode frequency.
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