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Abstract

For a low-emittance photon light source like the Taiwan
Photon Source (TPS), beam stability is a very important
property for high-quality photon beams. It is, however,
hard to completely remove beam disturbing effects.
Therefore, a feedback/feedforward system becomes an
effective tool to suppress beam motion. In this report, we
discuss the performance of such a system implemented at
the TPS. The component performance of the feedback
system has been tested to understand its bandwidth
limitations.

INTRODUCTION

The Taiwan Photon Source (TPS) is a third-generation
light source at the NSRRC with 24 double-bend
achromatic cells and a beam emittance of 1.6 nm-rad [1].
To achieve a high-quality beam, the beam motion must be
controlled to within 10 % of the beam size or less. The
vertical beam size in the center of the straight sections is
around 5 pm making it necessary to control the beam
motion to better than 0.5 pm.

There are many sources which may adversely affect
beam stability[2]. Much effort have been spent to remove
or eliminate such perturbations [3]. However, it is hard to
remove all kinds of adverse effects. Therefore, a
feedback/feedforward system has been developed to
counteract beam motions. At first, the components of the
feedback/feedforward system are introduced in this paper.
The performance and computation model are described in
the second part. Third, the performance of the feedback
components are discussed and the bandwidth limitations of
the fast orbit feedback system is determined.

FAST ORBIT FEEDBACK SYSTEM

There are 24 cells in the storage ring of the TPS, each
including seven beam position monitors (BPMs), seven
slow correctors and four fast correctors in each cell [4] as
shown in Fig 1. The kick angle for the fast
horizontal/vertical corrector is 4.8/12 prad/A, respectively.
There are mainly two types of BPMs installed in the
storage ring. The kyk, of standard BPMs, which are
installed in the arc sections are 13.8/12.73 mm whereas the
ky/ky of the primary BPMs, installed in the straight sections,
are 6.58/8.89 mm. The eight (4 horizontal + 4 vertical) fast
corrector power supplies in each cell are controlled by one
corrector power supply controller (CPSC).

Libera brilliance+ is used as the BPM electronics. Each
BPM platform deals with signal processing of four BPMs
resulting in two platforms per cell. The electronics
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includes custom-written applications with VirtexTM 5 and
Virtex 6 to be used for orbit feedback computations. One
platform is responsible for the four horizontal correctors
per cell and the second platform for the four vertical
correctors. The correction rate is 10 kHz and the platform
infrastructure is shown in Fig. 2. The bandwidth of the
FOFB, shown in Fig. 3, is around 300 Hz in both the
horizontal and vertical plane [5].
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Figure 1: The location of beam position monitors (BPMs),
slow and fast correctors in each cell.
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Figure 2: The infrastructure of the fast orbit feedback
system.
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Figure 3: Frequency response of the fast orbit feedback
system.
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RADIO FREQUENCY ADJUSTEMENT

As the FOFB is applied to correct beam motions or
orbit drifts, we observe that the output current of the second
and third fast corrector in each cell varies significantly
ompared to the other two due to the correction of path
length changes. Although the FOFB system can
compensate for path length changes during a short time
period, the orbit drifts still increase by tens of microns per
day of operation. Therefore, it is necessary to adjust the
radio frequency to compensate for path length changes.
The radio frequency (RF) adjustment, as shown in Fig.
4, uses all fast horizontal corrector currents, Al, as obtained
by the FOFB, and converts them to orbit drifts by the
response matrix(R) at one Hz. With the dispersion matrix
D, the RF frequency change AF [6] is given by
AF = D'RAIL €]
The RF frequency adjustments shows two peaks per day,
as shown in Fig. 5, due to the earth tide. The radio
frequency trends higher day by day due the decrease of
ambient air temperature.
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Figure 4: Scheme of the radio frequency (RF) adjustment.

68.657 0.655476 329.99

320 mA Top-up

65 1 065546 1 35

=
w
b=t
=3
—~

Af,~140 Hz A
A( 150 pm / \

fv\//\ \

earth tide

N

3 ” NSRRC ambient
/‘\.\ ~ [\ | | air temperature
A AR
~— A \\x\, Vi N
e R

{ 0.65526 { 220

1 0.65524 210
17.953 0.6552257 201.14 T
2017-10-17

04:00:00

T ul
2017-10-22
06:00:00

T T T T T T
10-18 10-18 10-19 10-19 10-20 10-21
03:00 17:00 07:00 21:00 11:00 01:00

Time
—SR-DI-DCCT:BeamCurrent TPS:setRFFreq )

Figure 5: Radio frequency and ambient air temperature as
a function of time.

PERFORMANCE OF THE COMPONENTS
OF FEEDBACK SYSTEM

The 60 Hz beam motion in the vertical direction is more
significant (~ 5 um) than at other frequencies due to the RF
¢ transmitter and cooling fans for BPMs and nearby bellows
[3], as shown in Fig. 6. In order to eliminate such 60 Hz
= beam motion, a feedforward correction is implemented
£ because the 60 Hz perturbations are quite stable. At first,
= the beam motion, b(¢), for all BPMs is recorded for one
2 second simultaneously. The beam motion at 60 Hz in each
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BPM can be obtained by a Fourier transform of the beam
position B(60) = fOT b(t)e2m00%tdt and the result is
generally a complex number. Applying the inverse
response matrix R! to the 60 Hz beam motion, B(60), we
get the corrector strength to eliminate the 60 Hz beam
motion from C(60) = -R'B(60). Because of unavoidable
errors in the orbit and response matrix measurements
singularities can appear resulting in unreasonably large and
competing corrector strengths caused mostly by noise
rather than error sources. We use therefore singular value
decomposition (SVD) to rewrite the response matrix as R
= USV [7] and properly choose a singularity rejection
parameter. The corrector strengths are then C = -
VIS™UTB, where the corrector strength would be a
complex number as well and written as Cjexp(i¢;). Here
C; is the amplitude of the j® power supply and ¢ is the
related phase [8].
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Figure 6: Power spectral density of the vertical beam
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Figure 7: 60 Hz beam motion with and without
feedforward correction.

With the correcting power supply generating a
waveform, i.e. Cjcos(2n*60*#+4¢), the 60 Hz beam motion
is corrected. Note, that the 60 Hz beam motion comes from
the mains powering the electronics. The mains frequency
is not exactly 60 Hz and changes depending on the total
load. Therefore, the waveform should be locked to the
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phase of the mains. Figure 7 shows that the 60 Hz beam
motion is reduced to 1/10 with feedforward correction
compared to no feedforward correction.

COMPONENT PERFORMANCE OF THE
FOFB SYSTEM

In the second section we discussed that the bandwidth of
the FOFB is roughly 300 Hz in both planes. In order to
understand the limitation of this feedback system, the
performance of each component, i.e. power supply, power
supply controller, magnet, vacuum chamber and BPMs
must be evaluated. A sweeping sine wave is generated by
a waveform generator and sent into the controller of the
power supply, as shown in Fig. 8, to measure the frequency
response of the fast corrector and vacuum chamber. As the
output current and the magnetic field is sent into the same
analog-to-digital convertor (ADC), the magnetic field
response and phase lag with respect to the output current
of the power supply can be obtained.
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Figure 8: Block diagram for the measurement of dynamic
magnetic field response.
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Figure 9: Frequency response (a) and field phase lag (b) of
the fast correctors with and without vacuum chamber
relative to the power supply output current.

From the frequency response of the fast correctors in
Fig. 9, we find that the amplitude attenuation is quite low
below 5 kHz. A phase lag can be observed and from ¢=2nff,
where ¢, f and ¢ are phase lag, frequency, and time lag,
respectively, we estimate the latency time to be ~ 30 psec
for the magnetic field measured in the stainless vacuum
chamber..
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Homemade fast corrector power supplies [9] are used in
in the FOFB. Proportional integral (PI) controls are used in
these power supplies. As the K, parameter is increased, the
bandwidth of the power is higher and the phase lag
decreases, as shown in Fig. 10. However, at high K-values,
such as 1.5, a resonance can be observed above 5 kHz in a
constant current output, which leaves an ample operational
range to adjust the power supply for a high bandwidth, low
phase lag and hlgh stability.
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Figure 11: Frequency response and phase lag of the beam
with respect to the current setting of the power supply.

The bandwidth and processing latency of the BPM
electronics is approximately 2 kHz and 270 psec and the
latency of the CPSC is around 100 usec. As to the overall
contribution to the beam, we observe that the amplitude
attenuation is low for frequncies from 0 Hz to 600 Hz. The
phase lag, though, is quite large and approximately 150° at
600 Hz. Therefore, the reduction of the phase lag is
important for a large bandwidth of the FOFB.
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CONCLUSION

To eliminate beam motion, a fast orbit feedback (FOFB)
@ was implemented after initial beam commissioning. The
r-hba.ndw1dth is about 300 Hz in both planes. To minimize
s- orbit distortions, caused by a path length change due to the
3 earth tide or ambient air temperature, the radio frequency
f is adjusted as follows. Because a vertical 60 Hz beam
° motion is dominant after applying the FOFB, a
= feedforward correction was proposed and put in operation
= this year.

From the analysis of the FOFB system components, the
£ amplitude attenuation of the magnetic field detected by the
o beam is negligible as the frequency of the alternating
g current given by the power supply is increased. However,
= the phase lag should be reduced to increase the bandwidth
£ of the FOFB.
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