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effective field. The EPU has a narrow horizontal range of 
uniform field producing strong dynamic multipole errors. 
In the case of EPU66, the dynamic field integral of the VL 
mode extends to 210 G cm. To address the inherent prob-
lems of the EPU, the magnet group investigated both pas-
sive and active approaches. They first experimented with 
the use of iron shims (L-shim) attached to the corners of the 
magnets; this approach improved beam dynamics issues. 
It should be noted that the passive method is convenient 
but inaccurate for an inclined mode of an EPU and opera-
tion of the storage ring at varied energies. To be stable for 
universal operation, a prototype flat wire was installed on 

Fig. 3: Photographs of the EPU and flat wire installed in the TPS storage ring this year. From left to right are EPU66, EPU168 and flat wire on EPU chamber.
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the chamber within the gap of the EPU56 at TLS during the 
2017 summer shutdown. The improved ring stability be-
came experimentally evident. 

Installation of a Phase-II EPU and Flat Wire
According to the experimental results and experience, both 
EPU66 and EPU168 of TPS phase II have been completed 
and installed with flat wire on October 2020, as seen in Fig. 
3. After that, the EPU will be commissioned according to 
the construction schedule of the front end and the beam 
line. (Reported by Ting-Yi Chung)

Global Tune Feedback in TPS

T aiwan Photon Source (TPS) is a 3-GeV dedicated synchrotron light source, consisting of 24 double bend achromat that 
provide six long straights and 18 short straights to accommodate insertion devices including in-vacuum undulators (IU) 

and elliptical polarization undulators (EPU). The side effects of the insertion devices on the storage ring are betatron tune 
shift, lattice function distortion, closed-orbit distortion, variation of emittance and an energy spread. These effects deterio-
rate the quality of the synchrotron light source. Many actions are taken to cure these undesired effects, among which a global 
tune feedback system has been implemented to compensate the tune shift caused by the insertion devices.

Introduction
There are two EPU48, one EPU46 and six IU operating in the TPS storage ring. To compensate the tune shift due to the vari-
ation of gap and/or phase of these insertion devices, MATLAB was used to develop a global tune feedback system that uses 
two-family quadrupole magnets (36 defocusing quadrupoles QD1S and 36 focusing quadrupoles QF2S) located besides 18 
short straights to maintain the betatron tune at the desired working point.

Algorithm
The correction currents to be applied to the quadrupoles of QD1S and QF2S families are calculated with the model tune 
response matrix M and the tune difference ∆ν. The accuracy of the tune response matrix and tune difference determines 
whether the betatron tunes can be well controlled. The storage ring lattice is well calibrated with Linear Optics from Closed 
Orbit; the tune response matrix is hence calculated from the model lattice. The tune difference is the difference between the 
target tune ν0 and measured tune νm from the bunch-by-bunch feedback system (BBF). Before correcting betatron tunes, 
2,000 data points of the BBF tunes were collected within about three minutes when all IDs’ gaps or phases were at rest; the 
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Fig. 1: The flow chart of the global tune feedback in TPS.

Fig. 2: Tune shift caused by six IU moving simultaneously around minimum gap, the global tune feedback is off.

statistical behavior (histogram) was 
then calculated. The histogram of 
the measured tunes from the BBF 
was fitted with a Gaussian function, 
from which the mean and standard 
deviation σ were derived. If the tune 
difference is greater than 2σ and 
smaller than 0.01, the tune difference 
is treated as a truly significant signal; 
otherwise it is ignored. The global 
tune feedback system uses the tune 
difference and the model tune re-
sponse matrix to calculate the correc-
tion currents ∆I with singular value 
decomposition (SVD) and then applies 
to the quadrupoles of QD1S and QF2S 
families iteratively till the tune differ-
ence is smaller than 2σ.

The flow chart of the global tune 
feedback is depicted in Fig. 1.1,2 Initial-
ly, if the electron beam is tripped, the 
tune feedback stops. If the storage 
ring is in injection, the tune feedback 
is skipped; otherwise the tune differ-
ence is tested if the signals are truly 
significant (2σ < Δν < 0.01). If they 
are, the tune difference will be used 

to calculate the correction currents which will be applied to the quadrupoles of 
QD1S and QF2S families iteratively by the equation 2, till the tune deviations are 
brought back to the working point within a tolerance of 2σ.



096 ACTIVITY REPORT  2020

[U S V] = svd(M)        (1)
∆I = V*(diag(diag(S).-1)*(U.'*∆ν))      (2)

Tune Shift of the Insertion Devices in TPS
Figure 2 shows the tune shift caused by six IU moving simultaneously around the minimum gap at beam current 400 mA. 
The tune shifts are 0.0076 and 0.0087 for the horizontal and vertical planes, respectively. Another observation shows that the 
tune shifts caused by EPU46 are -0.0025 and 0.0018 for the horizontal and vertical planes, respectively, with the gap of 14 
mm and the phase of 23 mm; the tune shifts caused by EPU48B are -0.0045 and 0.0024 for the horizontal and vertical planes, 
respectively, with gap of 13 mm and phase of 24 mm.

Performance of the Global Tune Feedback
Figure 3 shows the performance of the global tune feedback. A red vertical dash line indicates the global tune feedback on 
and off. To verify the performance of the global tune feedback in TPS, a machine study was conducted, described as follows. 
TPS operates in top-up injection mode. The deviations of the horizontal and vertical tune are pronounced with the gap 
closing of the EPU46 and EPU48B. When the global tune feedback is turned on, the tune deviations are brought back to the 
target tune. During the variation of the gap/phase of the EPU46 and EPU48B, the tune deviations are well controlled within a 
tolerance of 0.001 by the global tune feedback. (Reported by Mau-Sen Chiu)
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Fig. 3: The performance of the global tune feedback in TPS.




