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Beam breakup Instability (BBU) 

• Higher Order Modes (HOM) in the cavities give 
undesired kick.
• Off-orbit bunch returns to the cavities and excite 
more HOMs…

• BBU limits the maximum achievable current
in an ERL                  threshold current

• decreases with # recirculation turns.
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Design current of CBETA

Design 
current (mA) KPP UPP

1-pass 1 100

4-pass 1 40
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BBU simulation on Bmad
• Given a complete lattice with multi-pass cavities 
and HOMs assigned…

• Starts with a test current…
1. tracks off-orbit bunches through lattice
2. computes bunch-HOM momentum exchanges
3. determines stability of all HOM voltages 

• Attempts different test currents to pin down 
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Nick Valles simulation 
for  1-cavity dipole HOMs

• Cavity construction error: ± 125 μm, 250 μm…    
• 400 unique cavities provided per error case.

The “10 worst dipole HOMs” (large 
figure of merit) provided per cavity. 
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All 200    results > UPP (100mA)

CBETA 1-pass
Cavity shape error: 125 μm

HOM assignment: random (10 dipole/cavity)



<wl528@cornell.edu> 7/12CBETA Layout Review, 15 June 2016

results can vary significantly

CBETA 1-pass
v.s phase advance Δϕ
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All          results above KPP (1mA)
28 out of 200 below UPP (40mA)

CBETA 4-pass
Cavity shape error: 125 μm

HOM assignment: random (10 dipole/cavity)
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CBETA 4-pass
Cavity shape error: 250 μm

HOM assignment: random (10 dipole/cavity)

All        results above KPP (1mA)
33 out of 200 below UPP (40mA)
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Aim for better  
Potential ways to improve       :
1) Change bunch frequency    
2) Vary phase advance
3) x-y coupling of beam optics     
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Does          vary with bunch frequency?

fb / (1.3 GHz) 4-pass       (mA)

1 40.0

1/2 48.8

1/4 49.5

1/8 46.0

1/16 45.8
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Future…
• Vary phase-advance for CBETA 4-pass
• Check if x-y coupling affects 
• Improve simulation accuracy

( Use actual measured HOM data ) 

References
• BBU paper by Georg and Ivan
• Bmad manual
• Nick Valles’s dissertation 
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THE END
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RFC cavity HOMs from Nick Valles


