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Main modules and simulation results

The Shanghai high repetition rate XFEL and extreme light facility (SHINE) is planned to be built into one of the most efficient and advanced free-electron 
laser user facilities over the world to provide a unique tool for kinds of cutting-edge scientific research. The measurement of bunch arrival time is one of the key 
issues to optimize system performance. This is because the FEL facility relies on the synchronization of electron bunch and seeded lasers. Currently, there are 
mainly two methods to measure the bunch arrival time: the electro-optical sampling method and the RF cavity-based method. Considering the latter one has a 
simpler system and lower cost, the method has been adopted by SXFEL. The previous results show that the measurement uncertainty of bunch arrival time has 
achieved to be 45 fs, which can be further optimized. For SHINE, the bunch arrival time resolution is required to be better than 25 fs@100pC, and 200 fs@10 pC. 
The RF cavity-based method will also be applied. This paper will present the system prototype design and related simulation results. 

Methods to measure bunch arrival time 

System framework of bunch arrival time measurement system

Prototype design of RF front-end

Electro-optical sampling method RF cavity-based method
 Advantages

High sensitivity

High time resolution

 Disadvantages

Complex system

Difficult to debug

High cost

Best resolution: ~6fs @FLASH

 Advantages

Simple system structure

Simple debugging

Large optimization space

Low cost

 Disadvantages

Low time resolution

Best resolution: ~13fs @LCLS

 RF input signal:  5771.5MHz,

-22~34dBm

 BPF:  BW 100MHz

 LO signal:  5712MHz, 

phase noise deterioration < 30fs

 IF output signal:  59.5MHz,

-1~14dBm

 Limiter:  prevent damage to 

components

 Cascaded adjustable 

attenuation and fixed gain 

amplifiers: broaden dynamic 

range, reduce noise figure, 

improve system performance

Phase cavity
(probe design, 

processing, testing)

RF front-end
(signal filtering, 

amplification, down-

conversion)

Signal acquisition 
(signal sampling, 

processing)

System test
(lab testing, 

Beam experiment at SXFEL)

Simulation results

Ideal theoretical model

0.1% noise

12fs @ 0.66V

8fs @ 1.1V
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CST: phase cavity

f = 5771.5MHz

𝝉 = 𝟏𝟎𝟎𝒏𝒔 @𝟏𝟎𝟎𝒑𝑪
BPF: 100MHz BW

5771MHz center frequency
IF signal: 59.5MHz

Sampled by 500MHz

=RFV

𝑉𝑅𝐹 = 𝐴𝜔𝑅𝐹𝑞 ∙ sin(𝜔𝑅𝐹𝑡 + 𝜑𝑅𝐹)

𝑉𝐿𝑂 = 𝐵 ∙ sin(𝜔𝐿𝑂𝑡 + 𝜑𝐿𝑂)

𝑉𝐼𝐹 = 𝐴𝐵𝜔𝑅𝐹𝑞 ∙ cos( 𝜔𝑅𝐹 − 𝜔𝐿𝑂 𝑡 + (𝜑𝑅𝐹 − 𝜑𝐿𝑂))


