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Abstract
The Advanced Photon Source has been in operation
since 1996. Since that time, extensive incremental
improvements to orbit stabilization systems have been
made. This includes the addition of 80 channels of
narrowband rf beam position monitors (BPMs), 44
channels of bending magnet photon BPMs, and most
recently the inclusion of 16 insertion device photon BPMs
into the orbit correction response matrix. In addition,
considerable improvements have been made in the area of
power supply regulation, both for the main multipole
magnets and the steering corrector magnets. The present
status of overall performance will be discussed, including
long-term pointing stability, reproducibility, and AC
beam motion.

correction feedback systems, and employ feedforward
methodology where applicable [2,3]. Figure 1 shows a
layout of beam position monitors (BPMs) and magnets in
one sector.

INTRODUCTION
Beam stability requirements have grown tighter in the
last five years at the Advanced Photon Source due to
improvements in storage ring brightness. Table 1 shows
the steady reduction in allowable beam motion since 1995
[1]. The most stringent stability requirement, based on
particle beam dimensions, is the vertical divergence of
0.15 µrad. However, this requirement can be relaxed to
0.22 µrad when the photon angular divergence is included
in quadrature.
Table 1: APS SR Beam Stability Requirement Evolution
Parameter

Units

σx
x
σx’
x’
σy
y
σy’
y’

µm
µrad
µm
µrad

RMS Beam Size and stability requirement
(5 % of beam dimensions) at IDs in year
1995
334
16.7
24
1.2
89
4.45
8.9
0.45

2001
352
17.6
22
1.1
18.4
0.92
4.2
0.21

2005
280
14
11.6
0.58
9.1
0.45
3.0
0.15

εeff

nmrad

8

7.7

3.2

Coupling

%

10.0

1.0

0.9

Beam stabilization efforts at APS have undergone a
continuing process of evolution in order to meet the
stability requirement challenge and are summarized here.

RECENT UPGRADES AND STATUS
The strategy for achieving true sub-micron orbit
stability has been to study and compensate for multiple
systematic effects and noise sources, enhance orbit
____________
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Figure 1: Beam position monitors/magnets in one sector.
Broadband rf BPMs’ performance has been optimized in
the past by improving pickup electrode signal strength
and trigger stability [4,5]. Recently, a “cogging”
technique where turn-by-turn data is collected by
sequencing through different target bunches every turn
and then averaging, has reduced bunch-pattern-dependent
systematic errors. This technique has turned out to be
crucial for top-up. The “rogue” microwave vacuum
chamber modes [6] and aging turn-to-turn electronic
hardware are still problematic. An upgrade to the data
acquisition system [7] is in progress that employs fast
digitizers coupled with field-programmable gate arrays
and embedded signal processing, enabling the collection
of up to 256 samples of data on every turn, compared to
only one sample per turn at the present time.
Narrowband rf BPMs, straddling the insertion device
source points, have shown quite small systematic errors
associated with intensity, bunch pattern, and thermal
drifts, and have been very effective when used in DC orbit
control for orbit reproducibility [8]. Encouraged with this
result and given the need to upgrade the beam missteering
interlock, a second set of narrowband electronics were
recently commissioned, replacing broadband electronics
at elliptical vacuum chamber pickup electrodes located
near the insertion devices. Studies are in progress to
include narrowband BPMs in the fast feedback system.
Photon BPMs in the bending magnet (BM) beamlines
have been the workhorse for vertical beam stabilization
and alignment, and are used routinely in DC orbit
correction [9,10]. Lattice modification efforts to reduce
background radiation for insertion device (ID) photon
BPMs have been completed at all beamlines [11]. Also,
before ID photon BPMs could be used in orbit correction,
compensation for ID gap-dependent systematic errors was
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required. The photon BPM readback varies with ID gap as
a result of mechanical fabrication errors, surface
photoemission characteristic variations, space charge, and
residual stray radiation sources. Further, since the
magnetic field decreases exponentially as the ID gap is
opened, the beam position signal noise increases in a
similar fashion. To overcome this, the readbacks are
artificially forced to zero for gaps larger than 31 mm. A
set of feedforward (FF) lookup tables are used to subtract
predetermined offsets from the photon BPM readings as
the gap varies. The FF data is determined during machine
studies periods prior to the start of user operation by
simultaneously scanning the gaps while locking down the
orbit using rf BPMs. The resulting photon BPM readback
variations provide the desired offsets for subtraction by
the FF algorithm. Figure 2 shows a typical set of raw and
FF data for sector 7 ID horizontal position.

OVERALL PERFORMANCE STATUS
The long-term (>48 hrs) drift performance is generally
good vertically for bending magnet (BM) source points
where horizontal positioning relies on the broadband rf
BPM system. Figure 3 shows that vertical pointing
stability falls within 2 µrad p-p for the majority of
beamlines, exceeding the pointing stability requirement,
which amounts to 5% of the 73 µrad photon beam angular
divergence.

Figure 3: Long-term BM vertical pointing stability shows
< 2 µrad p-p drift in six days.
Figure 4 shows that both horizontal and vertical
pointing stability variations in ID8 beamline are
correlated with the local tunnel air temperature variation.
Clearly, the improvement of temperature regulation will
improve long-term drifts considerably, and efforts are
progressing in this area.
Figure 2: ID X-BPM raw and feedforward data.
Corrector magnet power supply current regulators were
upgraded [12], eliminating the regulation instabilities at
zero current crossover. With the new design, converters
can now operate smoothly in the full range ±150 A. The
new design also meets tighter specifications in terms of
ripple current and dynamic response. While all corrector
power supplies and magnets have fast open-loop response
(~ 1 pole at 1450 Hz, with 0.2-ms delay), only one
corrector magnet per sector, which is mounted on a
vacuum spool piece, produces an overall fast response.
Eddy currents from the aluminum vacuum chambers limit
the bandwidth on all other units.
DC orbit correction operation on an EPICS input/output
controller (IOC) has been commissioned, increasing the
correction rate by a factor of 25 in comparison to the
original workstation-based algorithm, from 0.4 to 10 Hz.
This virtually eliminates orbit motions caused by insertion
device gap changes [13]. This system makes use of the
same hardware utilized by the fast orbit correction system
(at 1.53 kHz rate) [14]. Plans are underway to increase the
DC correction rate up to 100 Hz, which should exploit the
full bandwidth (BW) available from the slow corrector
system (few Hz).

Figure 4: Long-term ID pointing stability correlation with
the local tunnel air temperature variation.

Figure 5: Steady-state vertical AC orbit stability in three
frequency bands.
The steady-state AC orbit stability measured by BPMs
straddling insertion devices is shown in Figure 5,
indicating vertical rms beam motion in three frequency
bands. The horizontal rms beam motion, not shown, is
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about 50% higher. The inclusion of ID photon BPMs in
AC orbit correction should give significant improvement.

FUTURE IMPROVEMENTS-DISCUSSION
The rms beam stability requirements have been met in
the horizontal plane, but further improvements are
necessary to do the same in vertical plane. The vertical
position stability of 0.45 micron rms requires an
improvement on the order of two or four depending on the
frequency band of 30 or 100 Hz, as observed in Figure 5.
As discussed earlier, there are four flavors of BPMs
but each flavor has some restriction on their use in DC or
AC orbit correction systems. A list of all available BPMs
and their orbit correction (OC) application is shown in
Table 2.
Table 2: Comprehensive List of All Available and In-use
DC/AC Orbit Correction BPMs in the Storage Ring
Type
Available In-use orbit configuration BPMs
BPMs
dc-h
dc-v ac-h ac-v
Broadband

280

214

9

152

77

Narrowband

142

131

BM x-ray

44

NA

129

0

75

32

NA

0

ID X-ray

62

13

16

0

0

Total

528

358

186

152

152

CONCLUSIONS
In the last few years, there have been improvements to
the orbit correction hardware and system, and a
significant level of orbit stability has been achieved. But
more needs to be done in order to meet a beam stability of
5% of the beam size. As usual, this work is the result of
collaborations between several groups within APS.
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