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BBU Instability Overview 

Three Major Types of BBU Instability
1. Monopole BBU Instability
2. Dipole BBU Instability
3. Quadrupole BBU Instability

BBU in one dimension
(originally a major concern for current limit)
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Monopole BBU Instability
The Four Most Dominant Monopole HOMs

Approximate Formula for a Single Monopole HOM

r56 : Time of Flight 
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Monopole HOM Power

. Monopole HOM Voltage vs. Beam Current 
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Monopole BBU Threshold Current

Achieving Higher Monopole BBU Threshold Current

The effect of the time of flight term 
r56 on the threshold current. 
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The effect of HOM frequency 
randomization on the threshold 
current
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Dipole BBU Instability

Approximate Formula for a Single Dipole HOM
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Threshold Current of Dipole BBU Instability
Threshold Current for Unpolarized Dipole HOMs

Threshold Current for Polarized Dipole HOMs
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Dipole BBU Threshold Current

Achieving Higher Threshold Current through HOM Frequency 
Randomization

Introducing a random distribution of 
HOM frequencies can increase the 
threshold current.

The width of the threshold current 
distribution forms a smooth curve.
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Dipole BBU Threshold
The Effect of Polarizing HOMs and Randomizing HOM Frequencies
50 MHz frequency separation – Threshold current increases by 4 times.
10 MHz frequency spread -- Threshold current increases by 16 times.

Without Frequency Spread With 10MHz Frequency Spread
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Different polarized orientation
R(horizontal) : R(vertical) = 19 : 12   

(Dipole mode TE111)

Orientation (a) Orientation (b)
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RF Cavity with Polarized Dipole HOMs
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Quadrupole BBU Instability
Approximate Formula of the Threshold Current For a Single Quadrupole HOM

Simulation vs. Analytic 
Formula
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Quadrupole BBU for ERL
Dominant Quadrupole HOMs in the 7-cell ERL Cavity

Simulation Results for the Four Most Important HOMs (1,2,3 and 5)
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Conclusions

1.Randomizing the HOM frequency is by far the most 
effective method of increasing the threshold current.

2.Polarizing HOMs can increase the threshold current in the 
ERL by about 4 times, but strong cavity deformations are 
required.

3.The threshold current from these three types of BBU is 
sufficient for our ERL design.


