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Figure 1: Scheme of a pick-up electrode and its equivalent 
circuit.  

���������������������-��������� 
In a beam cycle, the beam bunch in the RCS run about 

20,000 circles, which can be divided into three stages: 
injection, acceleration, extraction [2]. After the first 
bunch is injected, it is painted in the next 250 circles. In 
the duration, the beam bunch has a rectangular shape.  
After that, the bunch is accelerated and compressed, with 
the length of bunch varying from 500ns to 80ns. In the 
end, the beam bunch is extracted after about 20,000 
circles. In this time, the beam bunch has a shape of 
cosine-square, and the beam current is in maximum. 
Different beam bunch shapes generate different pick-up 
signals, and the pick-up signals in injection and in 
extraction stage are showed in Fig. 2. 

Figure 2-1:  Pick-up signal in injection.
� 

Figure 2-2: Pick-up signal in extraction. 

In calculation and simulation, the electrode signal has a 
dynamic range of 9.4mV to 14.2V. This is the theoretical 
result on the condition that the load of the electrode is 
50� . For reliability considerations, this BPM system 
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requires the electronics has ability to receive and process 
the signal with dynamic range of 5.8mV~32V. 
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The aim of the BPM electronics is to receive and 

process the BPM electrode signal, and to calculate the 
displacement of the beam bunch from centre in real-time. 

Figure 3: Scheme of a set of electrode.  
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 Figure 4: Architecture of BPM electronics of CSNS RCS.  
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Table 1: Gain Setting of VGA Circuit 

Gain Cover range� Process range� LSB�

�16 0H125mV 0H125mV 0.0076mV 

�1 0H2.0V 125mVH2.0V 0.122mV 

1/16 0H32V 2.0VH32V 1.953mV 
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 Figure 5: Scheme of analog circuit. 
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Figure 6: Structure  of the second stage amplifier. 
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Figure 7:  The architecture of the firmware. 
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Figure 8: Bunch-by-bunch resolution when beam in the 
centre of beam pipe. 
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Figure 9:  Closed orbit position resolution. 
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