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Abstract

The Taiwan Photon Source (TPS) booster synchrotron has
been in routine operation since 2015, accelerating electron
beams from 150 MeV to 3 GeV at a 3 Hz repetition rate.
Ensuring beam stability during the energy ramp is essential,
particularly through tune correction to mitigate particle loss
associated with betatron resonances. Tune variations primar-
ily arise from magnetic field imperfections, space-charge
effects, and injection-related errors. Effective tune control
is therefore required to maintain the beam on its intended
trajectory and to achieve high acceleration efficiency. To sup-
port this objective, a bunch-by-bunch feedback processor has
been adapted as a diagnostic toolkit capable of measuring
and tracking the booster tune throughout the energy ramp,
enabling real-time correction. The system acquires wave-
form data using configurable multi-bunch or single-bunch
triggers, and advanced signal-processing techniques are ap-
plied to suppress background noise for improved spectral
clarity. Ultimately, the developed system aims to perform
tune compensation to reduce tune fluctuations and enhance
injection efficiency. This report summarizes the develop-
ment and performance evaluation of the proposed efforts.

INTRODUCTION

The TPS booster synchrotron accelerates electron beams
from 150 MeV to 3 GeV with a repetition rate of 3 Hz.
The beam is injected at 150 MeV and ramped up to 3 GeV
within 155 msec before extraction [1].- During this rapid
acceleration process, beam losses are strongly influenced by
orbit distortion, beam instability, and tune evolution.

To further investigate booster performance, a spare bunch-
by-bunch feedback processor was installed in the booster for
detailed studies. Uncontrolled tune shifts can lead to reso-
nance crossing, resulting in beam loss and reduced injection
efficiency into the storage ring.

The primary sources of tune variation include magnet
tracking errors, residual field nonlinearities, space-charge
effects at low energy, and injection mismatches. Although
global tune correction schemes have been implemented, real-
time and high-resolution diagnostics remain essential for
fully characterizing beam dynamics during ramping process.

In this study, a bunch-by-bunch feedback processor
(iGp12) is used in the TPS storage ring for bunch-by-bunch
feedback [2]. A spare unit has recently been installed in the
booster synchrotron for various diagnostic tests. The system
enables turn-by-turn and bunch-resolved measurements of
beam motion, providing additional insights into both longitu-
dinal and transverse beam dynamics. The goal is to establish
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areliable measurement framework for a better understanding
of ramping behavior and to explore the possibility of further
performance improvements.

SYSTEM SETUP FOR IGP12

The iGp12 system is based on a digital bunch-by-bunch
feedback architecture with high-speed ADCs and FPGA-
based signal processing [3]. It was deployed for the TPS
storage ring to suppress beam instability since 2015. In the
booster application, the initial step is used for diagnostic
purposes without feedback functionality, and the system
operates in acquisition mode. The booster synchrotron op-
erates in multi-bunch and single-bunch modes. The bunch
train length is selectable from several tens to several hun-
dred bunches. The iGpl2 can capture multi-bunch beam
signals for all 828 buckets (harmonic number of the booster
synchrotron) on a turn-by-turn basis with approximately 25
msec. Longer recording durations are achievable using dec-
imation; down-sampling by a factor of seven is applied to
record the full ramping process. Single-bunch acquisition
supports a recording time of up to 160 msec.

The beam signal is obtained from BPM pickups and pro-
cessed through an analog front-end to adjust phase and atten-
uation, thereby determining whether the detector operates
in quasi-position or quasi-phase mode. Since the booster
synchrotron low-level RF system includes amplitude and
phase loops, the synchronous phase decreases as energy in-
creases to ensure sufficient acceleration. Consequently, the
detector cannot operate in pure position or pure phase mode
throughout the entire ramp cycle. The digitized signals are
synchronized with the RF frequency and revolution clock to
ensure accurate bunch indexing.

The low-level RF system of the booster synchrotron reg-
ulates amplitude according to a predefined amplitude pro-
gram to optimize RF acceptance. The phase is not actively
controlled; however, the synchronous phase decreases by
approximately 35 degrees during the ramp from 150 MeV
to 3 GeV to compensate for synchrotron radiation losses,
with most of the phase shift occurring near 2 GeV. This 35
degrees phase shift causes the demodulated signal to con-
tain mixed amplitude and phase components with crosstalk;
therefore, a quasi-phase representation is used to describe
position and phase information. Nevertheless, this approach
remains acceptable for test purposes.

Two kinds of iGp12 data memory are available to record
all bunch beam data (up to 828 bunch locations) for 25 msec
(~15,000 turns) and single-bunch data for 160 msec. It can
be decimated from the all bunch data according to require-
ments to extend the recording time. To record data for the
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full ramping cycle, it is necessary to set a decimation factor
of 7 for 153 msec duration. However, post-data processing
should consider this decimation. It can capture all bunches
over multiple turns. To study the detailed behavior of all
bunches, the delay of the recording memory can be adjusted
to observe a 25 msec segment during ramping, or to isolate
a specific bunch using programmable triggering, allowing
detailed investigation of localized effects. Another single-
bunch memory can record any bunch over the entire ramping
cycle recording time, so-called in the single-bunch mode.
The concept of the data memory is shown in Fig. 1.
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Figure 1: iGp12 based data acquisition.

The iGp12 ADC samples at the RF frequency, enabling
turn-by-turn resolution. The recorded data are available for
offline analysis. A typical dataset corresponds to a multi-
bunch operation cycle of the booster, as shown in Fig. 2,
with a bunch train of approximately 100 bunches to support
multi-bunch injection. Figure 3 shows three available data
formats: multi-bunch data with decimation, multi-bunch
data without decimation, and single-bunch data covering the
full ramping cycle for a selected bunch ID.
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Figure 2: Envelope of one of a multi-bunch injection cycle
(~100 bunches) data with decimation from 150 MeV (0 ms)
to 3 GeV (153 ms).
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Figure 3: (a) energy ramping as function of time; (b) avail-
able data format: multi-bunch buffer with decimation (D=7);
(c) multi-bunch buffer w/o decimation; (d) single-bunch
buffer. In this figures, (b) and (c) data were taken in the
quasi-phase detection, (d) is quasi-position detection.

OBSERVATIONS

Preliminary tests were performed to explore system limi-
tations and potential applications for further development.
For comparison, the booster tune evolution measured by
the existing tune monitor is shown in Fig. 4. The observed
features indicate that the vertical tune (fy) varies slightly
during the ramping cycle, while the horizontal tune (fx) ex-
hibits larger variations. This imbalance may require further
optimization of the ramping waveform to improve booster
performance. Additionally, ripple structures are observed in
the tune spectrum, possibly due to non-ideal ramping wave-
forms and line-frequency interference. Further investigation
is required.

Dipole Current (A), RF Gap Voltage (kV), Energy (GeV)
1000 T T T

T
Dipole Current (A)
+++ RF Gap Voltage (kV)
Energy (GeV)

Dipole | {A), RF GapV (kV)
o
3

0 20 40 60 80 100 120 140 160

Tune Evolution

300 I

)

N
=3
S

Frequency (kHz
g

i
0 20 40 60 80 100 120 140 160
Time (msec)

150 MeV « 3 GeV

Energy Ramping (~ 153 ms)

Figure 4: Booster tune monitor data based on Fourier anal-
ysis of turn-by-turn data of BPM with beam excitation for
reference. The fx and fy cross around at 15 msec after beam
injection of current operating condition.

The data captured for multi-bunch (~100 bunches) dur-
ing the ramping process were studied using quasi-position
detection mode. The information extracted from the iGp12
system is shown in Fig. 5. Data acquisition begins at beam
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injection. Strong energy oscillations are observed compared
to weak transverse beam position signals, even though the
detector operates in quasi-position detection mode. This is
expected because there is no damping at the low-energy stage.
The transverse oscillation amplitude is relatively small. The
dominant oscillation mode appears at lower frequency (most
likely resistive in nature). However, the transverse oscilla-
tions disappear (or become very weak) after approximately
15 msec of beam injection. The oscillation modes during
the first 10-20 msec, particularly the transverse oscillation,
are shown in Fig. 6.
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Figure 5: Typical data captured by multi-bunch buffer with-
out decimation for the first 25 msed beam. Transverse os-
cillation is still observable for the first 15 msec, while very
strong energy oscillation caused several harmonics clearly
observable.
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Figure 6: Relative mode strength of horizontal oscillation,
lower order modes dominated.

Single-bunch data in Fig. 7 clearly show synchrotron
oscillations, especially at low energy where damping is min-
imal. The synchrotron frequency evolves during the ramp
due to changes in RF voltage and beam energy. Spectrogram
analysis reveals strong synchrotron sidebands and harmon-
ics, along with visible horizontal betatron oscillations even
without external excitation.

SUMMARY

The implementation of the iGp12 system as a diagnostic
tool demonstrates its capability for beam dynamics measure-
ments in the TPS booster. The system captures beam be-
havior during energy ramping, including oscillation modes
and tune evolution. It enables real-time observation of tune
evolution, bunch-resolved analysis of longitudinal and trans-
verse motion, and identification of beam loss mechanisms.
By combining this system with BPM measurements, corre-
lations with contributing factors can be analyzed in detail.
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Further improvements are required to reduce posi-
tion—phase coupling in the detector caused by synchronous
phase shifts during ramping, thereby enhancing position
and phase measurement accuracy. Integration of real-time
tune tracking is also feasible with small beam excitation.
Extension of the system to support instability diagnostics
and mitigation [4-6] is under investigation. Ultimately, the
developed system provides a tool for improving booster per-
formance and achieving higher injection efficiency into the
storage ring. Preliminary results demonstrate the feasibility
of real-time diagnostics and the potential for future feedback
applications.
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Figure 7: Strong synchrotron sideband and its harmonics

observed. Horizontal betatron oscillation are observable

without excitation.
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