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Abstract

Cavity beam position monitors (CBPM) made a signif-
icant progress in the last 10 years with an entire nano-
beamline relying on them being currently commissioned at
ATF2 (KEK). The major improvement was the introduction
of the mode selective coupling allowing for efficient rejec-
tion of unwanted monopole modes. We propose another
step towards creating a simple and cost effective CBPM - a
cavity using just one coupler (instead of 2 or even 4) to cou-
ple out both polarisations of the dipole mode. The = and y
signals are then split in the mixing stage of the electron-
ics, so that only one expensive high-frequency electronics
front-end is used for both x and y. A very good separation
of the x and y signals can be achieved with a reasonable
performance mixer assembly. In this paper we present the
concept and provide some simulation results proving this
processing scheme.

INTRODUCTION

CBPMs have been in use for almost 50 years, the whole
of the SLAC linac is instrumented with rectangular S-band
BPMs, but a lot of progress has been made in the last
decade following the first nanometre-level resolution mea-
surement [2]. Around the same the same time the group led
by V. Balakin proposed the mode selective coupling [1].
Earlier designs were using antennae inserted directly into
the cavity, which were coupling out all possible modes of
the cavity picking up a lot of monopole mode background,
sometimes prevailing over the dipole mode signal by orders
of magnitude. Using coupling slots at one of the flat walls
of the cavity (as shown in Fig. 1 (left) it is possible to reduce
the monopole mode leakage by 40-60 dB.

With the new mode-selective cavities resolution of
20 nm was systematically achieved during NanoBPM ex-
periments at KEK [3]. Micrometre level stability was mea-
sured during our experiments at SLAC [4], which may be
improved very soon as the main source of drifts was iden-
tified. The entire new extraction beamline of the ATF2 fa-
cility, which is now under commissioning and aiming at
nanometre beam sizes, relies on a range of CBPM systems
[5,6,7]

Nevertheless, not all the problems are yet completely
solved for CBPMs, among them the cross-talk between the
channels measuring the = and y position and the high fab-
rication costs of the cavities and electronics. Our proposal
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is aimed at these problems and may help making CBPMs
more reliable and affordable.

BASIC PRINCIPLES

A bunch of charged particles travelling through a mi-
crowave cavity excites a signal represented by a number
of cavity modes. If the bunch has an offset from the centre
of the cavity, the first dipole mode is excited among the oth-
ers, and the bigger the offset, the higher is the dipole mode
amplitude. Coupling that signal out with slots arranged to
the  and y axes we would ideally get the z and y com-
ponents of the beam offset. In practise, though, the dipole
mode is always affected by small perturbations of the cav-
ity’s geometry splitting it into two polarisations, usually not
aligned to the x and y as shown in Fig. 1 (left), resulting
in a cross-talk. These perturbations can be compensated
by mechanical tuners and the polarisations realigned to the
geometrical axes, but the tuners must be included in the
mechanical design adding extra time and cost to the fabri-
cation process.

Figure 1: Magnetic fields of the dipole mode in a cylindri-
cal and a square-shaped cavity.

Another approach is to introduce a strong perturbation
into the cavity’s geometry to force the two polarisations to
align to the cavity’s z and y, the most brutal form of which
would be a rectangular cavity as shown in Fig. 1 (right). The
polarisations can be coupled out separately with the same
arrangement of the slots hence the cross-talk is small.

The perturbation also results in a frequency split between
the polarisations. That means that they can be put into one
electronics channel, providing they can later be separated
efficiently. We propose to use a single slot for coupling
both polarisations. It has to be aligned to the cavity’s diag-
onal line in order to minimise its own impact on the rota-
tion of the polarisations. The coupling can be made sym-
metrical in order to preserve the mutual alignment of the
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Figure 2: Processing scheme that can be used for separating the signals from a single-coupler CBPM.

mechanical and electrical centres of the cavity. The com-
bined two-frequency signal is then coupled into a coaxial
cable trough a short section of a waveguide adaptor and de-
livered to the processing electronics. Below we show how
both signals can be processed in one electronics channel
and then separated.

THE PROCESSING SCHEME

We propose a processing scheme using an Image Re-
ject Mixer (IRM) [8] to process the BPM signal contain-
ing a mixture of both polarisations. IRM uses two identical
mixer circuits to process the signal, but the Local Oscilla-
tor (LO) signal is supplied to them with a 90 ° phase differ-
ence. Assuming that the LO frequency is exactly between
the two polarisations peaks, we have at the mixer outputs

B
Ecoswfpt—i— ECOSWIFt (1)
A B
Esinwjpt—&— 58111001}7‘257 2)

where A and B are the amplitudes of the both polarisations
and wy is the down-converted frequency. Passing through
the hybrid at the RF>LO output the signals in the lower
arm of the IRM gain an additional 90 ° phase delay:

B
§coswlpt— Ecosw”ru 3)

so that in combination with the signals from the upper arm
they give

Acoswrrt. 4)

Similarly, at the RF<LO output we only have the signal
produced by the other polarisation.

In case the frequency after down-mixing is the same for
both polarisations, the isolation between the two polarisa-
tions depends on the image rejection properties of the IRM
— usually at least 20-30 dB. Better results can be achieved
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Figure 3: Frequency conversion in the IRM mixer electron-
ics.

if the frequencies of the down-mixed signals are separated
by a few bandwidths of the cavity, see Fig.3. In that case
the signal produced by the other polarisation can easily be
filtered out after the conversion to the baseband adding an-
other 20-30dB isolation depending on the separation and
the bandwidth of the signals and the filter.

SIMULATION RESULTS

For simulating the cavity response and processing elec-
tronics we used our in-house code ABSim (A BPM Sim-
ulation) [9], which simulates the BPM response from the
first principles. The beam position was varied by 0.1 mm
RMS centred at 0.5 mm. We included the electronics and
digitiser noise in the simulation and verified it against the
measured performance for the typical setup of our previ-
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Figure 4: Results of an ABSim simulation: Processed signal amplitude versus beam position (left); Residual between the
reconstructed and the real beam position (middle); Correlation between the orthogonal directions (right).

ous experiments [4]. We then ran the simulation for the
proposed system and obtained sets of beam positions and
corresponding BPM responses as would be seen in the digi-
tisers.

To process the simulation results we used a typical dig-
ital signal processing including digital down-conversion to
the baseband and filtering. We picked one sample of each
waveform located close to the maximum of the processed
signal and plotted them against the beam position for cali-
bration (Fig. 4, left). We then compared the beam position
measured for each bunch with the true bunch position in
order to get a resolution estimate from their residual (Fig. 4,
middle).

First setting the frequencies of both polarisations so that
they were mixed down to the same frequency we discov-
ered that, given the settings we used, the software intro-
duces a phase error of 1-2 ° typical for a reasonable qual-
ity IRM. This error resulted in a cross-talk of around 1%,
or 40 dB isolation. When the applied a frequency split of
10 MHz between the downmixed signals, we saw almost
no corellation between the z-signal and y-position and vice
versa (Fig. 4, right). The isolation estimate for this case was
80 dB, and the resolution returned to 100 nm we previously
simulated for a conventional system (with 0.7 V/mm/nC
BPM sensitivity and 10 dB total electronics gain).

SUMMARY

We proposed a novel CBPM design rejecting the inter-
nal cross-coupling between the x and y channels of the
cavity and reducing the fabrication costs. A suitable sig-
nal processing scheme was also discussed. Our simula-
tions showed that 80 dB isolation between x and y can be
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achieved without any visible degradation of the system’s
performance, although such processes as inter-modulation
need double-checking. Our future efforts will be focused
on real life tests of this new approach, including beam ex-
periments.
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