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Ø Discussion/future studies 

§  Electron beam disruption. 
§  Proton beam emittance growth due to fluctuations 

of the electron bunch centroid at the interaction 
point (IP). 

Ø Linac Ring eRHIC and beam-beam effects 
Ø Strong-strong beam beam simulations with 

BBSS (K. Ohmi): 
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Linac-Ring eRHIC 
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my	  highlight	  

Linac-Ring eRHIC Design 
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Linac-Ring eRHIC: Round Beams 



Electron Disruption 
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Beam-Beam Strong-Strong Code 
BBSS	  	  

K.Ohmi,	  KEK	  
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K.Ohmi,	  Phys.	  Rev	  E	  62,	  5	  (2000)	  



eRHIC Beam-Beam Simulations with BBSS 
Machine and Beam Parameters Linac-Ring Option* 

	   Unit protons electrons 
Circumference	   	  	  	  	  	  	  	  	  	  	  	  m 3833.845 
Energy	   GeV 250 10 
Bunch	  popula7on 	  	  	  	  	  	  	  	  	  	  1011	   1 1.2 
Number	  of	  bunches 330 
Emi:ance 	  nm 3.8 5.0 
Beta	  at	  IP 	  m 0.26	   0.2 
Bunch	  length 	  cm 20 0.7 
Beam-‐beam	  parameter 0.015 0.23	  
Betatron	  tune 31.310/32.305 
Synchrotron	  tune 0.002 0.025 
Radia7on	  damping	  	  7me  ms	   25.5/51	  
Energy	  spread 0.0007 0.0005 
Luminosity	   1033	  cm-‐2s-‐1	  	   2.7	  
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*	  Phys.	  Rev.	  ST	  Accel.	  Beams	  13,	  071003	  (2010)	  
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Comparing Electron Disruption (                            ) 

BBSS	  

βe
* =1m, εe = 2.5nm
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BBSS simulations with random offsets  
in e-beam  

•  Centroid of freshly injected e-bunch perturbed 
by randomly generated offsets(x/y) at IP. 

•  Offsets normally distributed with zero mean 
and standard deviation σoffs. 

•  Effect of random offsets studied by calculating  
     growth rates of proton bunch size.  



BBSS simulations without random offsets in e-beam  
Mp	  =	  Me	  =	  500k	   Mp	  =	  Ne	  =	  1M	  M	  	  #	  of	  macropar7cles	  

similar	  proton	  size	  growth	  rates:	  gx,p	  ≈	  0.2	  μm/s,	  gx,p	  ≈	  0.1	  μm/s	  



BBSS simulations with random offsets in e-beam  
	  σoffs	  =	  0.03μm	  

gx,p	  ≈	  0.2	  μm/s,	  gx,p	  ≈	  0.1	  μm/s	  

	  σoffs	  =	  0.5μm	  

gx,p	  ≈	  1.0	  μm/s,	  gx,p	  ≈	  0.9	  μm/s	  



BBSS simulations with random offsets in e-beam  
	  σoffs	  =	  1μm	   	  σoffs	  =	  2μm	  

gx,p	  ≈	  2.9	  μm/s,	  gx,p	  ≈	  3.1	  μm/s	   gx,p	  ≈	  8.6	  μm/s,	  gx,p	  ≈	  8.2	  μm/s	  



BBSS simulations with random offsets in e-beam  
	  σoffs	  =	  3μm	   	  σoffs	  =	  4μm	  

gx,p	  ≈	  13.3	  μm/s,	  gx,p	  ≈	  13.6	  μm/s	   gx,p	  ≈	  17.6	  μm/s,	  gx,p	  ≈	  18.6	  μm/s	  



BBSS simulations with random offsets in e-beam  
	  σoffs	  =	  5μm	  

gx,p	  ≈	  25.6	  μm/s,	  gx,p	  ≈	  23.5	  μm/s	  

	  σoffs	  =	  10μm	  

gx,p	  ≈	  39.5	  μm/s,	  gx,p	  ≈	  41.7	  μm/s	  



Proton Size Growth Rates 
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Discussion and Further Studies 

•  Random	  offsets	  in	  electron	  bunches	  at	  the	  interacXon	  
point	  induce	  large	  proton	  size	  for	  σoffs	  >	  0.03	  σx/y,p.	  

•  Convergence/asymptoXc	  studies	  are	  required	  to	  
characterize	  the	  stability	  of	  the	  proton	  beam.	  

•  Further	  studies	  will	  consider	  the	  impact	  of	  fluctuaXons	  
in	  the	  electron	  bunch	  populaXon	  on	  the	  stability	  of	  the	  
proton	  beam.	  
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Thank you for your attention! 
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Documentation on Linac-Ring eRHIC 



BBSS simulations with no random offsets in e-beam  

Mp	  =	  Me	  =	  500k	   Mp	  =	  Ne	  =	  1M	   Mp	  =	  Me	  =	  2M	  
Bunch	  size	  

Bunch	  centroid	  

M	  	  #	  of	  macropar7cles	  



BBSS simulations with random offsets in e-beam  
Rms	  offset	  10	  microm,	  Np	  
=2	  

Rms	  offset	  1	  microm,	  	  Np	  =2	  


