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Vertical beam-beam parameter 
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Geometric Parameters LEP 
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LEP Performance 
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LEP: Design and Reality 

> Factor 2.8 higher in vertical beam-beam parameter than in design 

 Factor 10 better in emittance ratio: much smaller vertical emittance than assumed 

could be achieved 

 The higher the beam energy the smaller vertical emittance could be obtained in LEP 

 



Ralph Aßmann  |  TLEP Day CERN |  10.01.2013 |  Page 7 

Beam-beam Achievements 

> Note that the vertical beam-beam parameter is calculated from the 

luminosity per IP. 

> Therefore the achieved beam-beam parameter in LEP is per IP! 

> LEP took data with simultaneous interactions in 4 IP’s! 
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Emittance Blow-Up in LEP2 During a Fill 

> Clear current dependent emittance blow-up in LEP 

> Both calculated from luminosity and measured (BEXE) 

> From beam-beam… 
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Functional Dependence of Beam-Beam Parameter on ib 



Ralph Aßmann  |  TLEP Day CERN |  10.01.2013 |  Page 10 

98 GeV – One Fill 
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94.5 GeV – Three different periods 
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Beam-beam Limit for LEP Luminosity 
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Beam-beam Limit Scaling Law from LEP Data 

> Damping decrement: 

 

 

 

> Suggested by Peggs: 

 

 

 

> Found in LEP 
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Impact from Number of IP’s 

> As published: 
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Extrapolating with Number of IP`s 

> For LEP damping times we would fitted the following asymptotic vertical 

beam-beam parameter per IP: 0.12 

> This was determined with 4 simultaneous IP’s. 

> The asymptotic vertical beam-beam parameter scales (due to our 

scaling law) as follows: 

    ∝ 1/( frev  t  nIP)0.4  

> With 1 IP instead of 4 IP’s: Gain factor 1.75   0.21 

> Note:  Asymptotic beam-beam limit only achievable with infinite  

  bunch current... 

  Not achievable: At LEP we reached about 70% of  

  the asymptotic value! 

  At some point other limits might be reached with beam- 

  beam tune shift and strong resonances for example! 
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Conclusions 

> The vertical LEP beam-beam parameter achieved high values much 

above design (up to 0.083) and was calculated (as published) per IP. 

> A beam-beam induced emittance growth was observed: vertical 

emittance was limited by beam-beam blow-up. 

> An asymptotic value of 0.12 was fitted at LEP2 beam energies (around 

100 GeV) for infinite bunch current. 

> A scaling of the asymptotic beam-beam parameter with the damping 

decrement was confirmed, with an exponent close to the prediction by 

S. Peggs. 

> The fitted scaling law can be used to scale the LEP result to different 

energies and different numbers of IP’s. For example, same energy but 

only one IP instead of four, as in LEP: 

 

Asymptotic vertical beam-beam parameter:  0.12   0.21 

> Please take into account notes on previous slide! 


