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Abstract 

The Korean 4GSR project is currently under construc­
tion in Ochang, South Korea, with the aim of achieving 
first beam commissioning in 2027. Designed to achieve an 
emittance approximately 100 times smaller than that of 
third-generation synchrotron radiation storage rings, the 
project requires the development of several high-precision 
beam diagnostic devices. In particular, the beam position 
monitor is aimed at reducing longitudinal wake impedance 
to suppress heating and beam instability. This paper dis­
cusses the development of two types of 4GSR BPM pick­
up antennas: one utilizing a SiO2 glass insulator and an­
other designed in a cone shape using AhOJ. We will also 
describe the performance of these designs through beam 
tests. Additionally, this paper provides an overview of the 
current development status of the BPM system for the 
4GSR project. 

DEVELOPMENT OF 4GSR BPM 

PICK-UP 

Two types of beam position monitor (BPM) pick.up an­
tennas have been developed for the 4th generation storage 
ring ( 4GSR) project [ 1, 2]. The first type uses a SiO2 glass 
insulator with a low dielectric constant. which shifts the 
frequency range of the longitudinal wake impedance gen­
erated by the BPM to higher frequencies. This helps reduce 
overall thermal loss in the BPM and allows for cleaner sig­
nal acquisition. The second type features a cone-shaped de­
sign using AhO3, which, despite its higher dielectric con­
stant of 9.9, has been optimized to perform at the same 
level as the SiO2 BPM. These designs have been optimized 
through extensive 3D simulations to minimize ringing sig­
nals while achieving high beam position resolution [3]. The 
SiO2 BPM consists of molybdenum pins and a SiO2 glass 
insulator with a dielectric constant of 4, housed in ASTM­
F15 material. In contrast. theA}zO3 BPM features titanium 
pins and a ceramic disc with a dielectric constant of 9.9, 
enclosed in an SUS316 stainless steel housing. Figure 1 
shows that the developed two different type of 4GSR BPM 
sectional view for SiO2 and AhO3 insulators. 

Figure I: Development of 4GSR BPM pick-up antennas. 
SiO2 glass BPM (left) & A}zO3 BPM (right). 
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TDR MEASUREMENT OF 4GSR 

BPM PICK-UP ATNENNA 

Time Domain Reflectometry (TDR) is a powerful tech­
nique used to measure the impedance along the BPM struc­
tures. By sending a fast-rise time pulse along the transmis­
sion line and measuring the reflections, we can accurately 
determine the characteristic impedance and detect any dis­
continuities in the line. 

The TDR measurement provides a direct way to calcu­
late the capacitance of the BPM structures. The relation­
ship between the impedance Z(t) and the reflection coeffi­
cient f(t) is given by Eq. I: 

I'(t) 
= 

Z(t)-Z0 

Z(t)+zo' 
(1) 

where Z0 is the characteristic impedance of the transmis­
sion line. Figure 2 shows the TDR simulation results of the 
two types of BPM pick-up antennas for 4GSR, as well as 
the actual TDR measurement results of the prototype BPM 
pick-up antenna samples. 
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Figure 2: A proto-type of 4GSR BPM pick-up time domain 
reflection measurements results. 

By using TDR data, the capacitance of the BPM pick.up 
electrodes can be estimated through the analysis of the re­
flected signals. The time-domain reflectometry data pro­
vides the necessary information to calculate the capaci­
tance C using the following relation: C = /lt/Z,. Here, llt 
refers to the time delay between the transmitted and re­
flected signals, and z, represents the characteristic imped­
ance of the transmission line. 

Through TDR simulations, the expected capacitance for 
the SiO2 BPM pick-up is approximately 1.5 pF, while the 
AhO3 BPM pick-up is expected to have a capacitance of 
around 4 pF. The SiO2 BPM pick-up showed good agree­
ment between the simulation and measurement results, 
with a small standard deviation. However, as shown in 
Fig. 2, while the AhO3 BPM pick-up meets the required 
impedance and capacitance specifications, the complex 
manufacturing process and challenges in high-precision 
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