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Beam position monitors (BPM) have been widely used 
on linear colliders and free electron lasers for beam-based 
alignment and feedback systems. A laser driven photo-
injector system has been constructed in NSRRC. This 
injector has the capability to deliver short relativistic 
electron beam at high peak current for novel light source 
R&D. A 2.5 GHz, BPM that can be used for high precision 
beam position measurement has been designed. The BPM 
were modified to separate frequency between the 
horizontal and vertical dipole signals, as well as a reduction 
of the monopole signal. The design has been simulated by 
CST. A prototype has been built for verification of 
theoretical predictions. Microwave bench measurement 
has been made to compare with the computer simulation 
results. The progress of our work will be presented in this 
paper. 
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��5 	���	 ����	��	����!�	��1	��	��	��� 	�����	we design a 2.5 
GHz cavity BPM based on the VUV/THz project proposed 
by NSRRC.	This article first start from the structure and 
physics research of the BPM, calculate the desired BPM 
form and resolution length. And then use HFSS Eigen-
mode solver to simulate microwave characteristics and 
adjust the size of cavity so that cavity have the same 
frequency and working in the right mode. Furthermore, we 
simulate the variable of BPM when the electron beam pass 
through cavity by using CST Particle Studio Wakefield 
solver. It can achieve 2.2�� of resolution based on our 
design.Finally,we manufacture a prototype to compare the 
result between simulation and measurement. 
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When an electron bunch passes through a cavity, the 

eigenmodes of the EM field are excited in cavity. In the 
linear range, the TM110 mode intensity is proportional to 
the beam offset. However, when electron bunch passes 
near the center of the cavity, the amplitude is very small. 
#���������	��5 	����ed to carefully design BPM so that we 
can obtain the best signal out of cavity. 
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Coupling Slot 
(�	!���0���	 0��	�� ������	&�	��3�	�&�	!�� ��������� 1	

/�� �	� 	 0��	&�����	���	&����	��	���	!���0���	 0�� 	��	���	�&�	

�0��� 	��	�� ���	� 	���������1 [2]	#�� 	�� ���	!��	�!���3� 	

 ���	 ���>���!�	  ���������	 2��&���	 ���	 ����.����0	 ���	

3����!�0	 ��0��� ����� 	 ��	 ���	 ����0�	����	&��!�	 �00�&	 ��	

�����3�	���	��)�!����	��	���	!��  	!���0��	 ����0	��!�	���	

 ����0	 � 	 ������ ��1	#��	 �� �0�	 ��	 ��� 	 �� ���	 � 	  ��&�	 ��	

/�����	 �1	 ��	 !��	  ��	 ����	 �!���3�	 ?4$.	 ���>���!�	

 ���������1	(�	���	!� ��	���	>��0���	��!���	� 	�AB?	 �	����	

���	2���&����	��	!�3���	� 	 ��00��	����	?4$.�	��5 	������	

����	 ���	 !��  �!���0��	  ����0 	 ��00	 ��� ���	 ���	  �	 ���	

 �����  ��1 
 

 
/�����	�	@	�����������	�� ��� �	��	���	����0�	����1 

��!���	 � 	  0��	 0������	 ��	 ��!�	 �0�!����	 2��!�	 �� 	

*��  ���	�� ���2������	���	�7!����	3�0����	��	���	!�3���	���	

� 	��3��	2�[3] 

�89� � �:
$ 1 ;

<=>?
�
< �@A 
B�

CDEC
$/C �5																							9A: 

&����	C	� 	���	���	�������!��	>	� 	���	2���	2��!�	!������	

F�	� 	���	2���	2��!�	0�����	��	���	0����������0	����!����1	

+-D	� 	�	���!����	��	���	2���	��� ��	���	7GH� 	� 	����������	

����	���	!���0���	2��&���	���	!�3���	���	���	&�3������1	

#���������	 ���	 ������	 3�0����	 � 	 ���������	 ��	 ���	 2���	

��� ��	���	���	 �.�	��	 0��1	*�����00��	���	!���0���	 0�� 	���	

�� �������	&����	���	�0�7	��	�������!	���0�	� 	���	 ������ �	

��	��6�	 ���	 ���� ������!�	 ��	 ���	&�3������ 	��7���.��1	

(�	���	!� ��	���	�� �����	� 	?=	��	����	���	!�����1	��	 !��	

&���	��#	!���	��	��� 	�����	 ��&�	��	/�����	;1	��	!��	 ��	

����	�� �����	 ����0	 � 	��!��� �	 ��	 0���	&���	�7��!������ 1	

/���00��	���	����� ��� 	��	 0��	&���	A?��	I	<��9E��:1 

 

Figure 3: Position signal decrease when slot length 
increase. 
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In deciding the wavequide dimensions we have two 

considerations. First is the cutoff frequency of wavequide. 
Even though the cavity is designed the dipole mode 
frequency to be resonant to the electron bunches, the noise 
from monopole mode of which frequency is 1.59 GHz is 
not ignorant. Therefore, we design the cutoff frequency of 
waveguide is 2 GHz that higher than the monopole mode 
frequency. So the dipole mode is coupled to the TE10 
mode of the wavequide and monopole mode is suppressed. 
Then, we use simulation code CST to check the design, the 
results are shown in Figure 4. 
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    Second is the wavequide length. In deciding wavequide 
length, we should notice that the lowest resonant frequency 
(TE110) is higher than the dipole frequency. Because the 
wavequide can act like a cavity due to the reflection of 
dipole mode, if the coupling between antenna and 
wavequide is not critical. Finally, the dimension of our case 
is 75 mm I 14 mm I 85 mm. 
 

Full Structure Simulation 
After deciding all parameters of cavity, we use CST 

Particle stuio-Wakefield solver to estimate the output 
signal from cavity. The 3D structure is shown in Figure 5 
and Figure 6 is FFT of the port signals. 

 

 

Figure 5 : 3D structure of cavity BPM. 
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��������� 
For the 2.5 GHz BPM prototype have been fabricated, 

with the aim to both validate the simulation results. The 
pickup body both the position and reference cavities made 
of stainless steel. We use Soildwork to design it. 

 

 
 

Figure 7 : Prototype of our cavity. 

����
���� 
A 2.5 GHz BPM for NSRRC VUV/THz FEL has been 

designed and the prototype is currently in production. Next, 
we will measure microwave bench for prototype compare 
to simulate. In table 2, shown the simulation results. The 
resolution is achieve 2.2 ��  which is in line with 
expectation. 

 
Table 2 : Parameters of TM110 Cavity BPM 

Frequency (GHz) 2.49 
Cavity radius (mm) 70 
Cavity length (mm) 20 
Quality factor  2475 
Resolution �JK� 2.2 
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