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approx. 500m 

ERLs 

5GV*100mA = 0.5GW 
(approx. 2*Millican) 

approx. 500m 
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3 Superconducting cavities 

Normal conducting cavities 
•  Significant wall losses. 
•  Cannot operate continuously with 

appreciable fields. 
•  Energy recovery was therefore not 

possible. 

•  Very low wall losses. 
•  Therefore continuous operation 

is possible.  

•  Energy recovery becomes 
possible. 

Q = 1010 
 

E = 20MV/m 

A bell with this Q 
would ring for a year. 

SRF for ERLs 
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BBU: Collective Instabilities 
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Higher Order Modes 
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Beam breakup instability (BBU) in one dimension 
     (originally a major concern for current limit) 

Horizontal 
    HOM 

Horizontal 
     Kick 

    X/Y 
Coupling 

Vertical 
  Offset 

Polarized Cavities and x to y coupling Current limited to 2000mA >> required 100mA 

Now the current limited by a technical choice: 
Cooling capacity of the HOM Dampers 

Current limit due to BBU 

320 identical cavities Current limited to 25mA 

Randomized frequencies with rms of 10MHz Current limited to 500mA 
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BBU for ERL@CESR 

Randomization of frequencies x/y frequency separation 

25mA to 500mA 

500mA to 2000mA 

1200-2800mA Model of 
ERL@CESR 
320 polarized 
cavities with 
fx-fy=60MHz 
spread=10MHz 
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Isolation of modes 

One cavity, tow higher order modes. 
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10 BBU problems for 
multiple turn ERLs 

Approximation: in an Nr turn ERL, the threshold current 
goes down as Nr ( 2 Nr – 1 ) 

Beam-Breakup Instability Theory for Energy Recovery Linacs, 
G. H. Hoffstaetter, I. Bazarov, Physical Review ST-AB, Volume 7, 54401 (May 
2004) 

One turn ERL: 
(approx.) 

Nr turn ERL: 
(approx.) 
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11 BBU problems for 
multiple turn ERLs 

Recirculating BBU thresholds for polarized HOMs with optical coupling, 
G.H. Hoffstaetter, I.V. Bazarov, C. Song, Physical Review ST-AB 10, 044401 
(2007) 

One turn ERL: 
(approx. for polarized modes.) 

Problem 1: For a polarized mode, there is usually another, 
90degrees rotated mode close by. These together improve 
threshold currents by often less than a factor 10. 

Problem 2: For multi-turn ERLs, after two turns, the x-to-y 
coupling couples back to x, directly coupling to the originally 
excited mode. 
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Accelerator Physics @ CESR 
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Accelerator Physics @ CESR 

Leonardo da Vinci 
(1452-1519) 


