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Preliminary study of residual orbit
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Abstract BEPCII has two rings each with an injection system. The injection system of each ring consists

of two kicker magnets and a septum magnet. The injection layout of two rings is the same. Both two kickers

would kick the beam in horizontal plane. The betatron phase advance in the horizontal plane between two

kickers is designed exactly 180◦ in order to reduce the perturbation to the circulating beams during injection.

In fact, the residual orbit oscillation will originate because of the existence of a variety of errors. The Librea

Electron BPM processor is used to acquire the beam position data in turn-by-turn mode and to analyze the

residual orbit oscillation. According to the measurement results, minimization of the residual orbit oscillation

can be done by adjusting the peak field strength and trigger timing delay of two kickers. With very small

residual orbit oscillation the two beams can keep collision condition during the injection.
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1 Introduction

BEPC/ is an electron-positron collider with two

storage rings. Each ring has an injection system

which consists of two kicker magnets and a septum

magnet[1]. The injection layout of two rings is the

same. Taking one injection system as an example, the

two kickers are located in the suitable places which

give a betatron phase advance of 180◦ between two

kicker magnets. The two kickers give a local orbit

bump to the circulating beam, so that the injecting

beam is close enough to the circulating beam. The

septum magnet is used to isolate the injecting beam

from the circulating beam. At the same time it de-

flects the injecting beam with a certain angle to the

horizontal plane of the circulating beam. So the in-

jecting beam can be accepted by the ring. Fig. 1

shows the schematic diagram of the injection system.

In the ideal case the orbit of the circulating beam

outside the local orbit bump would not be impacted

by the kickers. However, residual orbit oscillation will

originate outside the local bump because of the ex-

istence of a variety of errors. Large residual orbit

oscillation will degrade the performance of the circu-

lating beam in the ring. It is necessary to minimize

the residual orbit oscillation.

Fig. 1. Scheme of the injection system in BEPC/.

As shown in Fig. 2, there are two important pa-

rameters regarding a kicker which have an effect on

the beam. One is the output voltage of the kicker

power supply (peak field strength of the kicker) and

the other is the discharge trigger timing delay. By

tuning those two parameters of each kicker, the min-

imized residual orbit oscillation can be found. Librea

Electron BPM processor is used to measure the resid-

ual orbit oscillation.
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Fig. 2. Field waveform and timing delay of a kicker.

2 Libera BPM system

Libera Electron BPM (Beam Position Monitor)

processor[2] (hereinafter named Libera BPM) is used

to acquire the data of the beam position. Libera BPM

is an all-in-one product of Instrumentation Technolo-

gies Company. It has been widely used in the field of

accelerator beam diagnostics.

In the storage ring of BEPC/, a total of 16 Libera

BPM modules are used. The Libera control platform

is located in the central control room. The control of

Libera and data acquisition is implemented through

LAN. The BEPC/ event timing system provides the

data acquisition trigger signal through EVG/EVR[3]

modules. Then the synchronization of acquiring data

in different Liberas is realized by the clock signal

splitter. Each Libera has an internal VXCO ADC

sampling clock. The revolution frequency, which is

divided by harmonic number from the ring RF fre-

quency, is used to lock with the ADC sampling clock.

The turn-by-turn data acquired by Libera are thus

exact at the revolution frequency of the storage ring.

The synchronization of the ADC sampling with differ-

ent Liberas is also realized by the clock signal splitter.

Fig. 3 shows the block diagram of the Libera BPM

system.

Fig. 3. Block diagram of Libera BPM system in BEPC/.

Fig. 4. Comparison of the betatron oscillation
amplitude before and after kicking.

Libera BPM offers a data path which is in turn-

by-turn mode. The data are acquired precisely at

the beam revolution frequency. A data acquisition

trigger signal, which is earlier than the kicker trigger

signal, is sent to the Libera. So the data of beam po-

sition before and after the kicker kicks the beam can

be acquired. Fig. 4 shows the details.

3 Experimental results

3.1 Data processing

All experiments are done under the condition of

single-bunch injection. 15360 turns of beam position

data can be acquired by using Libera at the injection

repetition rate. Fig. 5 shows all beam position data

of 15360 turns.

The amplitude of the residual orbit oscillation can
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be calculated by selecting the beam position data of

the first 200 turns after the beam is excited by kickers.

For the x direction we have

σx =

√

√

√

√

n+200
∑

i=n

(xi−x)2

200−1
, x =

n+200
∑

i=n

xi

200
.

The notation n herein represents the number of

turns where the beam starts to be kicked by the kick-

ers. σx in the formula is the standard deviation of

the horizontal beam position of 200 turns. In the

same way, it is easy to calculate the amplitude of the

residual orbit oscillation in the y direction.

Fig. 5. The betatron oscillation in x direction
after the kicker kicks the beam.

3.2 The overview of injection with the best

match of two kickers

When the BEPC/ storage rings operate in the

colliding mode, the harmonic number is 396. So 396

bunches can be injected. If the injection bucket num-

ber is changed, the trigger timing delay of kickers will

be also changed. As the bottom width of field wave-

form of the kicker is about 600 ns[1], the kicker magnet

kicks not only the bunch in the injection bucket, but

also the bunches in the adjacent buckets. So if the

trigger timing delay between the two kickers or the

ratio of peak field strengths of the two kickers is not

suitable, the bunches in some buckets might be lost.

This experiment is performed as follows: first

to inject one bunch into the bucket No.0, and then

change the injection bucket number (or trigger tim-

ing delay of the kickers) step by step. At each step

the amplitude of the residual orbit oscillation is mea-

sured. If the amplitude of the residual orbit oscil-

lation for any bucket is not minimized, that means

the parameters of the two kickers are not optimized.

According to the turn-by-turn data of Libera, the per-

fect match of two kickers is found at last.

Figure 6 shows the results of residual orbit oscil-

lation of the bunch in the bucket No.0. From the

Fig. 6. The residual orbit oscillation in x and
y direction of the bunch in bucket No.0 when
the injection bucket number is changed from
0 to 396.

figure, it can be seen that the residual orbit oscil-

lation amplitude is almost close to the background

level of the beam position of about 0.095 mm which

is measured when the two kickers are turned off. A

test of injecting 80 bunches into one of the rings has

been done. The bunch spacing is 8 ns and there is

a 36 ns gap between the bunches of No. 40 and No.

41. During the test, the bunch current in different

buckets can be monitored by BCM[4] (Bunch Current

Monitor). Fig. 7 shows the details:

Fig. 7. Bunch current in different buckets (the
upper and bottom part indicate electron and
positron, respectively).

The beam loss caused by the injection kickers does

not occur during the multi-injection process. A small

perturbation outside the injection region makes the

top-up injection possible in BEPC/.

4 Conclusion

The aim of studying the residual orbit oscillation

is to optimize the parameters of two injection kickers.

The decrease of residual orbit oscillation can make

the multi-bunch injection more efficient. The Lib-

era BPM provides a useful tool to study the injection

system of the BEPC/ storage rings.
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