
Beam Instabilities for the  

Proton Driver 

 

Alexey Burov 

Fermilab 

MAP meeting, Fermilab, 28/05/2014 
1 



  

   

2 
AB 

IPAC’12 



  

AR, Longitudinal  

3 
AB 

|| 0

2

SC

ln 9Ohm;
x

Z Z b
i

n  

 
  

 

2
||0 0

2 3
0

Im /

2

s

s s s

Z nQ Nr R

Q ZQ



 




|| 0 0

wallRW

(| |)
(sgn( ) ) ; ( )

2 2

Z Z n c
i

n b

 
  

 
  

|| 0

wallRW, single bunch

Im
0.1Ohm

2 2 /

Z Z c

n b  
   

Relative synchrotron tune shift [2] 

Space charge impedance 

Resistive wall impedance 



  

With                      , aperture radius                  , this yields                           , 

 

Meaning possible mismatch and loss of Landau damping. 

 

However, with copper wall, the CB growth rate is too low: 

AR, Longitudinal results  
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Thus, the only possible longitudinal problem is the mismatch. 

Ref [3] 



AR, Transverse  
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Coupled bunch growth rate 

Lowest SB number of  unstable modes 

Threshold chromaticity, Ref. [5] 



  

CR, Longitudinal  
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Cannot be done! 



CR, Longitudinal, results  

•  The big problem: 

 

 

• This means the bunch cannot be compressed below 

 

 

• For a negative slippage, this would result in the instantaneous negative 

mass instability.  

 

• Conclusion: to have the desired bunch compression in the CR, much 

higher RF Voltage (~10 times) is required. 

 

• Better, the two-stage compression with increasing RF frequency be 

applied (Y. Alexahin) 
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Ref. [4] 



CR, Transverse  
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Summary  
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Transversely, the beams can be stabilized with a sufficiently low chromaticity. 

 

Longitudinally, in AR there is a moderate mismatch problem. 

 

In CR, the RF focusing has to be significantly (~15-30 times) increased.  
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Many thanks! 



Backup slides  
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