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Abstract

An energy spectrometer is to be installed at the beam
delivery system of the TESLA linac. It should have an
energy resolution of a few 10™ around 450GeV. This
demands a very high precision beam position
measurement — less than lpum. A cavity beam position
monitor is proposed, because of its high sensitivity. The
cavity is a pillbox with a slot, slicing it, which ends in
output waveguides. This leads to a strong dipole mode
(TM110) coupling, which depends on the beam offset and
a very weak coupling to the common mode (TMO010),
which is independent of the offset, but much stronger
excited. Thus, the common mode is heavily suppressed
and the beam offset can be measured with a very high
resolution.

The paper gives the detailed design of the slotted cavity
BPM.

1 INTRODUCTION

The energy of the TESLA (TeV  Energy
Superconducting Linear Collider) beam should be
measured extremely precise to provide good tolerances of
high-energy = physics  experiments. A  magnetic
spectrometer is proposed to realize the energy
measurement (Fig.1) [1]. The beam is deflected from its
original direction by a magnet. The Beam Position
Monitors (BPMs, blue circles on Fig.1) measure this
deflection. The resolution of the spectrometer is [1]:
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The needed resolution of the spectrometer is a few 10™
[1]. The magnetic field can be mapped with a resolution
of 3*10°. With 100pum magnets alignment we get that the
required spatial resolution of BPMs is less than 1pm (for
the scheme on Fig.1). It is proposed to use a slotted cavity
BPM.
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Figure 1: The foreseen spectrometer scheme.

The idea to use a slotted cavity for the beam position
measurement is not quite new [2]. A pillbox cavity with
rectangular slots slicing the cavity is used (Fig.2).

Figure 2: Cavity BPM with damping slots.

A bunch, travelling along the cavity axis with some
offset from its centre, excites in particular monopole
modes, like TM010, TMO020, dipole modes, like TM110,
quadruple modes etc. The strongest of them is the
common mode, TMO010 (Fig.3), it has high R/Q. As other
monopole modes, it is independent of small beam offset
and depends on bunch charge. The mode of interest is the
dipole mode, TM110 (Fig.4), because it depends on both
— bunch charge and offset. The TM 110 can be coupled out
from the cavity using antennae [3]. At the same time,
other modes are also coupled, in particular the common
mode. This helps, when the measurement is not very
precise, because the common mode signal can be
separated in the electronics and used for charge
measurement. Unfortunately, this does not work for the
precision of 1um, because the isolation between charge
and offset channels is relatively low. This means that
another type of dipole mode selection should be applied,
and this is done by using of slot and output waveguides.

The common mode couples to the TEll-wave in the
waveguide, while the dipole mode couples to the TE10-
wave (Fig.5). However, the waveguide is designed in the
way that the TEll-wave is well below cut-off at the
common mode frequency. In that way the dipole mode is
selected and the common mode is rejected strongly. (The
similar technology is used for HOM damping in CLIC
structure and in KEK). Strong common mode rejection
means low background signal level and, consequently,
high resolution.
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Figure 3: TM010-mode field pattern.

Figure 4: TM110-mode field pattern.

Figure 5: Electric field of the common (left) and the
dipole mode (right) in the slot.

The most serious problem of the slotted cavity BPM is
asymmetry, caused by non-ideal geometry. Because of the
asymmetry in the field pattern with respect to the slot, the
common mode can also couple to the TE10-wave. This
imposes hard demands to the cavity production
tolerances.

2 SLOTTED CAVITY BPM
2.1 Cavity Design

The frequency was chosen as 1.5MHz, a compromise
between cavity size and prises of the electronic
components.

The parameters of the slotted cavity were at first
calculated roughly, using the pillbox simplification. Then,
the whole geometry with slot and output waveguides were
simulated by means of the Gdfidl code [4]. All cavity
dimensions are matched then in the way that the R/Q-ratio
has the highest possible value and the common mode
frequency is far from bunch repetition frequency
harmonics to avoid resonance.

The coupling into output waveguides is strong enough
to provide the required signal-to-noise ratio and a short
damping time for bunch-to-bunch measurements. The
parameters of the cavity are listed in Table 1.

Parameter TMO010 TM110

f, MHz 1010 1518

Qo 2110 1680

Qext —® 820

R/Q, Ohm 144 0.21/mm

BW, MHz 2.8

Decay time, nc | 662 115

Vou, mV 9.3/100pm slot 0.056/100nm
shift beam offset

Vangie! Voffiet --- 34

Vioises LV -— 1.6

Table 1: Cavity parameters.

2.2 Signal Estimation

The output signal voltage of the dipole mode can be
estimated, if the (R/Q)jo is calculated for some fixed
offset from the axis.

The dipole mode voltage V, relates to the output

power P, as:
110 _ 110
Vou ;= W/ZPout )

where Z is the output line impedance.
The output power relates to the external Q-value as:

p110 _@110"10
out 110 @)
Qext

where Wy, is the energy, stored in the dipole mode

The bunch, travelling along the axis with an offset 8x
gives the dipole mode the energy proportional to the shunt
impedance, measured at the fixed offset 6xg,:

110
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Then, substituting consequently (4) in (3) and (3) in (2)
and assuming a linear dependence of voltage and offset,
we get the voltage for any offset x:

110
Vol =10 21?0 > g0
Qext 0 Jix &ﬁx

In order to estimate the common mode propagation, the
cavity is simulated with the slot shifted from its original
symmetrical position. The problem of this estimation is
that the common mode external Q-value is very high, and
the common mode signal cannot be estimated in the same
way as the dipole mode signal. That is why the electric
field intensity is calculated for both modes at the
waveguide front-end, and then the common mode voltage
is calculated using their ratio. From the numbers of Table
1 one can see, that if the slot is shifted, then the common
mode signal is sensible. However, this does not bring any
problem, because the common mode signal at the dipole
mode frequency is at least 60dB less. To prevent the BPM
electronics from the common mode leakage on its own
frequency (1GHz), the cut-off frequency of the output
waveguides is chosen to 1.3GHz — so, that the common
mode does not propagate.

2.3 Angle-dependent Component

Angle-dependent component of the dipole mode is
exited then the bunch trajectory is not parallel to the
cavity axis. This situation takes place in the foreseen
spectrometer scheme (Fig.1). There the bunch travels
through the cavity with an angle of 0.5mrad.

The angle-dependent component excitation with respect
to offset dependent component excitation is estimated as

[5]:

110
AVangle 6 [1 M klj
~ o ©)

x| g
110 kr, 2 72
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For 0.5mrad angle and 100nm offset this ratio is around
34 (Table 1). To suppress the angular component one can
use synchronous detection in electronics. With the phase
error of the reference signal less than 1.7° the angle-
dependent component is suppressed. This value seems to
be hard to achieve, but 5°, which is more realistic,
provides the resolution of 300 nm. To achieve a better
resolution, one can either use very stable electronic
components or change the spectrometer in order to
decrease the angle.

3 SIGNAL PROCESSING

The signal processing electronics is shown in Fig.5. It is
based on the homodyne principle: The input signal is at
first filtered in a Band Pass Filter (BPF) to suppress
unwanted harmonics. Then it is down-converted using the

LO-signal with the same frequency by an [/Q(in-
phase/quadrarure)-mixer. The LO-signal is delivered from
an additional reference cavity, with the common mode
frequency equal to the dipole mode frequency of the
monitor cavity. The synchronisation of the detection is
adjusted with the phase shifter. The reference cavity
signal serves also for charge measurements.

Actually, the electronics covers the dynamic range
equivalent to 100nm minimum and 425pum maximum
offset, which is not small, but not enough to measure
around Smm beam offset, for which a precise mover for
the cavity should be used.

REFERENCE BPF

O-HEFO@,

Figure 6: Signal processing electronics block-scheme.

4 CONCLUSION

The slotted cavity geometry is promising with respect
to common mode rejection and hence the resolution.
However, the resolution is limited by angle-dependent
component excitation and can be improved, for example,
by changing the spectrometer scheme. The further
research will be oriented on solving this problem and the
dynamic range extension in order to simplify the
spectrometer construction and satisfy all its particular
demands.

5 ACKNOWLEDGEMENTS
The author would like to thank H.Henke, H.-J.
Schreiber, H.Thom and V.Sargsyan for helpful
discussions.
6 REFERENCES

[1] TESLA Technical Design Report Part IV pp. 143-144,
DESY, March 2001

[2] W. Schnell, "Common Mode Rejection in Resonant
Microwave Position Monitors For Linear Colliders",
CERN-LEP-RF/88-41, CLIC Note 70

[3] R. Lorenz, Strahllage Monitore fiir Lineare Collider,
Dissertation, TU-Berlin, Dez. 95, not published

[4] W. Bruns, http://www.gdfidl.de

[5] A.V. Liapine, “High Precision Beam Position Monitor
for The TESLA Magnetic Spectrometer”, TU-Berlin,
TET-Note 06/01, July 2001, internal note.

1923



