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Abstract

The new high–brilliance light source PETRA III at
DESY requires measurement and control of the closed or-
bit with a resolution of better than 1 μm (rms). For this
purpose it is planned to install about 220 button type beam
position monitors (BPMs). To guarantee a good perfor-
mance of the BPM electronics, the button signals have to
meet several criteria in time and frequency domain. There-
fore signal levels for different monitor types included for
installation have been estimated. In this article the calcula-
tion results are summarized together with a comparison of
measured monitor signals, and the expected position reso-
lution will be discussed for the detection electronics Lib-
era, developed by Instrumentation Technologies.

INTRODUCTION

Starting mid of 2007 the PETRA II accelerator at DESY
will be converted in a new high-brilliance synchrotron ra-
diation source PETRA III. Therefore nearly 300 meters of
the 2.3 km long storage ring have to be rebuilt completely.
For measurement and control of the closed orbit about 220
electrostatic beam position monitors (BPMs) are forseen:
one BPM per standard FODO cell and additional BPMs at
the locations of insertion devices. Due to the unconven-
tional asymmetry in the ring geometry there exist differ-
ent vacuum sections with varying cross–section. In order
to guarantee the required measurement and control of the
closed orbit with a resolution of 0.3 μm (rms) at the inser-
tion devices a necessary prerequisite is good performance
of the BPMs and their detection electronics, and the button
signals have to meet several criteria in time and frequency
domain.

In order to study the transient signal behavior for all
monitor types included for installation the signal levels
have been estimated. The signal modelling follows the
method described in Ref. [1] but is generalized such that
arbitrary vacuum chamber geometries and beam positions
can be taken into account. For this purpose a boundary ele-
ment method described in Refs. [2, 3, 4] was utilized which
is based on a numerical solution of the integral representa-
tion for the scalar potential. The calculated monitor signals
are compared to measured ones and the expected position
resolution will be discussed for the Libera detection elec-
tronics.

SIGNAL MODELLING IN TIME DOMAIN

The first step is to calculate the image charge induced by
the beam as function of time. Assuming an ultra relativistic
beam with normal distributed longitudinal beam profile of

length σb and a circular button with diameter dB it can be
expressed as

Qi(t) = Qi0

+dB/2∫

−dB/2

dz
e
− (z−ct)2

2σ2
b√

2πσb

√
1− (2z/dB)2 (1)

with Qi0 the induced charge calculated from a two-
dimensional electrostatic problem assuming a point charge,
which can be derived directly via standard electrostatic
methods. For the calculations presented in this paper a
boundary element method described in Refs. [2, 3, 4] was
used. The dynamics in the signal generating process is de-
scribed by the integral expression.

From Eq.(1) the image current follows as time derivative
from the charge

Ii(t) =
dQi

dt
. (2)

The button voltage in frequency domain is the product of
the Fourier transformation Ii(ω) of the current Eq.(2) and
the impedance seen by this current. The dominant parts
of the latter are the impedance of the cable Z0 shunted
by some parasitic button capacitance CB , i.e. Z(ω) =
Z0 || (i ωCB)−1. The button voltage in time domain is
finally obtained by the inverse Fourier transform

Ui(t) = F−1[Ui(ω)] = F−1[Z(ω)Ii(ω)] . (3)

In order to study the transient signal at the input of the
detection electronics the frequency response of the con-
necting coax cable has to be taken into account. According
to Refs.[1, 5] for a coax cable with skin effect losses it is
given by

Hcoax(ω) = e−(1+i)
√

ω/ωe (4)

with ωe the frequency for which the amplitude is attenuated
by a factor of e.

The calculation of the relevant quantities was realized as
a MATLAB script with graphical user interface, allowing
simplified operation and control of the input parameters.
The calculated pickup signal in Fig.1 for a BPM with cir-
cular vacuum chamber profile installed in PETRA II agrees
well with the signal recorded by an oscilloscope. For the
calculation the scope was modelled as first order low pass
filter with corresponding bandwidth. Besides the example
shown in Fig.1 additional comparisons were performed for
the ELETTRA low gap BPM (elliptical chamber profile),
and the DIAMOND primary BPM with racetrack resp. arc
BPM with octagon profile, all of them showing satisfactory
agreement with corresponding fast oscilloscope measure-
ments.
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Test BPM PETRA−II

Figure 1: Calculated pickup signal (green line) and mea-
sured ones (blue line) for a circular beam pipe BPM (ø120
mm) installed in PETRA II. The beam with 1.1 mA bunch
current and (1 σ) bunch length of 14.3 mm was assumed
to be centered in the beam pipe. The signal was recorded
with a 4 GHz bandwidth scope and 20 dB attenuation. The
connection between pickup and scope was performed via a
22 m long 2.6/7.3AF coax cable.

PETRA III MONITOR SIGNALS

It is planned to install BPMs with at least five different
vacuum chamber cross sections in PETRA III. The most
critical ones shown in Fig. 2 are the low gap monitor and
the arc monitor for the new octant where the insertion de-
vices will be installed.

Figure 2: Vacuum chamber cross section of the two mon-
itor types for the new octant: the low gap monitor (left)
has an elliptical profile and will be installed close to the
insertion devices, the arc monitor has an octagon chamber
profile. Both monitors have buttons with diameter ø11 mm.

The subsequent signal analysis is presented for these two
BPM types with the beam parameters as follows: beam en-
ergy E = 6 GeV, total current I = 100 mA, bunch length
σz = 40 psec (1 σ). The calculations were performed under
the assumption of operation in the time resolved mode, i.e.
the fill pattern consists of 40 bunches equally distributed
in the machine. This mode corresponds to a bunch charge
of 19.2 nCb resp. 1.2 × 1011 particles per bunch. For the
other standard operational mode (multibunch mode) with
960 bunches and I = 100 mA the calculated signal levels are
reduced by a factor of 24. In order to take into account the
influence of the connecting cable between the BPM elec-
tronics module and the pickups a 20 m long RFA 3/8”-50
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Low Gap BPM: Signal out of Cable

Figure 3: Calculated signals at the button (left) and behind
the cable (right) for the low gap BPM, assuming the beam
centered onto the monitor axis. The influence of the cable
is to smear out the signal and to reduce its amplitude by
about a factor of three.

coax cable was considered, resulting in a characteristic fre-
quency fe = 11.6 GHz.

Figs. 3 show the transient signals at the button and be-
hind the cable for the low gap monitors. The signals of the
arc monitors are about a factor of three smaller than for the
low gap BPMs.
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Figure 4: Calculated pickup signal outputs from the cable
for the low gap monitor, assuming a beam with 3 mm trans-
verse offset in both planes.

The situation becomes even worse if the beam has an
offset with respect to the monitor axis. Fig. 4 shows the
transient signals for the low gap BPM behind the cable, as-
suming 3 mm transverse beam offset in both planes. This is
beyond the maximum peak voltage of most BPM electron-
ics and for their non–destructive operation the consequence
is that the signal should be attenuated and filtered.

FREQUENCY DOMAIN MODELLING

Signal processing of the BPM electronics is usually per-
formed for only one specific frequency component by spe-
cial filtering, in the present case it is the signal compo-
nent at f0 = 500 MHz. Therefore it is helpful to con-
sider the signal modelling additionally in the frequency do-
main. The key value in the frequency domain is the transfer
impedance ZT (f0) which gives the relation between beam
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current I and the amplitude for the button signal. With
the model of a current source working on a cable shunted
by the button capacitance and Fourier transform, for short
bunches it is

ZT (f0) =
Û(f0)
I =

2πf0Z0√
1 + (2πf0Z0CB)2

d2
B

4 c deq
(5)

with Û the amplitude of Ui(t) = Û cos(2πf0t) to a load of
Z0 connected to the button, and deq the equivalent bunch to
button distance which can be calculated by an electrostatic
field solver (e.g. CST studio) by just solving the field dis-
tribution in a thin chamber slice with magnetic boundary
conditions on either side of the slice.

SIGNAL ATTENUATION

For the following discussion a -7 dBm signal for a cen-
tered beam and a peak voltage behind the cable of 400 V
for 3 mm beam offset are assumed (e.g. example Fig. 4
including additional safety margin).

To reduce the peak voltage the following solutions are
possible: a) insertion of lowpass or bandpass filters be-
tween BPM buttons and electronics [6], b) insertion of at-
tenuators between BPM buttons and electronics, or c) use
of long cables with enough attenuation.

If attenuators are used to reduce the peak voltage of the
signal, the 500 MHz spectral component is reduced as well.
For better illustration two theoretical electronics devices
will be discussed with maximum allowed peak input volt-
ages of 2 V and 80 V, respectively. The resolution of these
devices is assumed to be like in Fig. 5.

For a maximum peak input voltage of Umax = 2 V at the
BPM electronics, an attenuation of Att = 46 dB is necessary
for a peak voltage of 400 V. So the 500 MHz amplitude will
be reduced to -53 dBm. Figure 5 shows a resolution of ≈
1.5 μm for a monitor constant KM = 10 at 1 kHz band-
width. For Umax = 80 V the attenuation can be reduced to
Att = 14 dB, resulting in a 500 MHz amplitude of -21dBm.
For the same conditions as above the resolution will im-
prove to ≈ 0.3 μm. According to the specifications of such
attenuators the temperature sensitivity is < 0.0001 dB/(dB

Figure 5: Resolution of the ”LIBERA Electron” beam pro-
cessor at two different bandwidths. Picture taken from Ref.
[7].

◦C) and the power sensitivity is < 0.001 dB/(dB W). The
temperature sensitivity can be converted directly in a posi-
tion dependence on the temperature difference of attenua-
tors:

ΔPos

ΔT
< 5.8× 10−6 ·KM · Att[dB] . (6)

The power sensitivity can be converted in a position depen-
dence on a beam offset OBeam:

ΔPos

OBeam
< Patt · 2.3× 10−4 ·Att[dB] . (7)

This results in a position change per degree Celsius dif-
ference (between the four attenuators) ΔPT and in a drift
ΔPos/mm offset (Patt = Power at attenuator ≈ Power af-
ter cable for centered beam = 0.25 W; low gap BPM with
KM = 5.3 mm):

Table 1: Sensitivity on the attenuator parameters.
Umax Att ΔPT ΔPos
2 V 46 dB < 1.4 μm / ◦C < 2.6 μm / mm
80 V 14 dB < 0.4 μm / ◦C < 0.8 μm / mm

SUMMARY

In the present paper the BPM monitor planned to use in
the new arc of PETRA III is discussed in view of signal
levels and sensitivity. It was shown that the huge signal
levels require additional attenuation and estimations were
presented to demonstrate the attenuator influence on the ac-
curacy for position measurement.
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