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Beam Loading Simulation of 

 Injector Cavities 

Feng QIU (KEK) 
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Beam Loading Effects 

LLRF 2013, F. QIU 
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LLRF system @ Beam Commission 

Inj.1 Value 

QL 1.2e6 

Length 0.23 [m] 

r/Q 200 [Ω] 

Beam 

FPGA based Cavity Simulator 
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 FBGA based Cavity simulator is used as the emulator for the Inj. 1 cavities 

Inj.1 Value 

QL 1.2e6 

Length 0.23 [m] 

r/Q 200 [Ω] 

𝑽𝒃 =
𝒓
𝑸 ∙ 𝑸𝑳 ∙ 𝑰𝒃 = 𝟎. 𝟐𝟒 𝑴𝑽 

1 mA, 1 ms, 5 Hz beam 

 (Parameters Can be tuned by FPGA) 
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Feedback Effects (1 ms, 1 mA) 

LLRF 2013, F. QIU 

Zoom 

1 [ms] 1 [mA] 

Time [ms] 

 The Beam induced energy error 

is about 0.3 % (Maximum value) 

under current PI gains. 

W/O FB 

With FB 
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Feedback Effects (10 ms, 0.1 mA) 

LLRF 2013, F. QIU 

Zoom 

10 [ms] 0.1 [mA] 

Time [ms] 

 Almost can be neglected in the 

high FB ctrl. 

W/O FB 

With FB 



FF compensate(1 ms, 1 mA) 

 Feed Forward Compensation can be also effects if the beam profile is square-like wave (The 

current LLRF system can only realized the square wave FeedForward).  

Gradually adjust the FF position 

to compensate the beam loading 
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Question? 

 

Thank you very much for your attending 
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Back up 
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FF compensate(1 us, 1 mA) 

1 us 1 mA case 



11 

FF +FB (1 ms, 1 mA) 

FF+FB (High Gain) 

 1 [ms] 


