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Preliminary application of turn-by-turn data

analysis to the SSRF storage ring *
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Abstract There is growing interest in utilizing the beam position monitor turn-by-turn (TBT) data to debug

accelerators. TBT data can be used to determine the linear optics, coupled optics and nonlinear behaviors

of the storage ring lattice. This is not only a useful complement to other methods of determining the linear

optics such as LOCO, but also provides a possibility to uncover more hidden phenomena. In this paper, a

preliminary application of a β function measurement to the SSRF storage ring is presented.
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1 Introduction

A beam position monitor (BPM), as an indispens-

able diagnostic tool, plays an important role in each

phase of accelerator commissioning, operation and

performance upgrades. The convenience of having

BPM turn-by-turn (TBT) data has significantly aided

in the commissioning of the storage ring as well as a

day-to-day diagnostic for instabilities, injection prob-

lems, and tune measurement. Recently, techniques

such as principal component analysis (PCA)[1, 2] and

independent component analysis (ICA)[3, 4] have been

developed to extract uncoupled and even coupled lat-

tice functions from TBT data. There is also increas-

ing interest in nonlinear beam dynamics studies[5, 6],

for example, resonance driving term measurement

and nonlinear optics modeling, complementary to or-

bit response matrix analysis[7, 8].

The Shanghai Synchrotron Radiation Facility

(SSRF) is an intermediate energy synchrotron light

source now being commissioned[9]. The SSRF stor-

age ring is equipped with a full compliment of 140

Libera electron beam position processors from I-Tech

(EBPPs)[10]. The EBPPs are capable of measuring

beam position data at TBT rates and have long his-

tory buffers. In this paper, preliminary applications

of TBT BPM data analysis based on the model inde-

pendent analysis (MIA) algorithm to the SSRF stor-

age ring, i.e. the β function measurement, is pre-

sented.

2 Principles of MIA

In recent years, MIA emerged as a new approach

to study beam dynamics by analyzing simultane-

ously recorded beam histories at a large number of

BPMs, as shown in Fig. 1 with 140 BPMs of 2048

Fig. 1. Typical raw BPM history data after a

horizontal kick from an injection kicker.
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turns recorded. Letting bm
p represent the measure-

ment at the mth monitor for the pth pulse or turn,

beam history matrix BP×M = (bm
p ) can be easily con-

structed. It has been widely used in storage rings

as well as linacs for the study of beam dynamics.

Two major techniques, principal component analysis

(PCA) and independant component analysis (ICA),

have been developed to extract physical modes.

2.1 PCA

PCA finds a small number of uncorrelated prin-

cipal components that can account for the maximum

amount of observed variances and covariances in the

data. Each principal component is a linear combina-

tion of the observed signals and retains the maximum

variance along its direction. PCA can be achieved by

an singular value decomposition (SVD) of the data

matrix B as,

B = USV T =
∑

modes

σiuiv
T
i , (1)

where UP×P = [u1, · · · ,uP ] and VM×M = [v1, · · · ,vM ]

are orthonormal matrices comprising the temporal

and spatial eigenvectors, and SP×M is a rectangular

matrix with non-negative singular values σi along the

upper diagonal. A pair of spatial and temporal vec-

tors characterizes an eigenmode and the correspond-

ing singular value specifies the overall amplitude of

the eigenmode.

2.2 ICA

If the modes are strongly mixed, the SVD based

PCA method might be not applicable anymore. ICA

attempts to reconstruct the source signals based on

the assumption that they are mutually independent

and non-Gaussian. Like PCA, ICA assumes mutual

uncorrelatedness since it is a necessary condition for

independence. For non-Gaussian signals, indepen-

dence requires more than uncorrelativeness and thus

provides extra conditions for determining the source

signals.

3 Preliminary applications of MIA

3.1 BPM system and performance

The SSRF storage ring consists of 20 identical cells

with 4 super-periods. A schematic view of one cell is

shown in Fig. 2, where BPM locations are displayed.

Each cell accommodates 7 BPMs, 2 of which are sup-

ported with invar materials of low thermal conduc-

tivity.

Fig. 2. BPMs (F) of one cell of the SSRF storage ring.

The BPM performance is characterized during the

first phase commissioning of the storage ring[11], as

shown in Table 1.

Table 1. BPM performance.

type rate bandwidth H/µm V/µm

SA 10 Hz 4 Hz 0.1 0.1

FA 10 kHz 2 kHz <2 <2

TBT 694 kHz 347 kHz <5 <5

For TBT data to be useful the BPMs have to be

synchronised to catch the same turn. As shown in

Fig. 2, the synchronization is very good[11].

3.2 Spatial-temporal mode observation

The beam was excited using the storage ring in-

jection kickers up to an amplitude of 3 mm, as shown

in Fig. 2, in the horizontal plane and using a vertical

kicker in the vertical plane.

Fig. 3. Horizontal spatial-temporal observation.
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Fig. 4. Vertical spatial-temporal observation.

As explained in the MIA part, spatial and tem-

poral modes can be easily gained with a simple SVD

technique. As an example, the spatial and temporal

behaviors of the first mode of the horizontal plane

and the second mode of the vertical plane are shown

in Fig. 3 and Fig. 4, respectively, where the peak of

the fourier transformation of the temporal vector in-

dicates the tune of each plane.

3.3 β function measurements

As shown in Fig. 3 and Fig. 4, beam motions after

both injection kick excitation and vertical kicker are

dominated by betatron oscillations. There are two

orthogonal eigenmodes corresponding to the normal

coordinates that are normally used to describe the

betatron motion[2], as shown in Fig. 5.

Fig. 5. Singular value spectra.

From these two betatron modes, the β function

can be derived with good accuracy.

For the SVD based PCA method, the β function

is determined as[2],

β = 〈J〉−1(λ+v2
+ +λ−v2

−
), (2)

where λ+ and λ− are the upper and lower singular

values of the two betatron modes, and v+ and v− are

the corresponding spatial vectors, respectively. 〈J〉−1

is the scaling factor.

For the ICA method case, the β function is deter-

mined as[3],

β = a(A2
b1 +A2

b2), (3)

where Ab1 and Ab2 are the two spatial vectors of be-

tatron modes, and again a is the scaling factor.

In this paper, an easy-to-use Matlab software

package called FastICA[12] is used to extract spatial

and temporal functions. Comparisons of β function

derived from both methods calibrated with the model

and from LOCO with the model one are shown in

Fig. 6.

Fig. 6. Comparison of horizontal β functions.

4 Concluding remarks

Both PCA and ICA based MIA have been applied

to determine the β functions of the SSRF storage ring

and the results agree well with LOCO output. Al-
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though calibration of the scaling factor is needed, it

serves as a fast and accurate approach to β function

measurement.
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