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Introduction

The beam-beam limit in e+e- storage rings is a
difficult subject, studied by many colleagues over
the years. No complete overview in 10 min!

Several limits can be defined and exist.
Here: Experience at LEP.

Empirical stochastic model for the achievable
beam-beam parameter versus energy and time.

Basically: Beam-beam interaction blows up
vertical emittance which in turn limits achievable
beam-beam parameter and luminosity.
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LEP Measurements

Table 1: Overview of achieved beam energies. & . bunch
currents, and transverse damping times in LEP.

Year Beam Maxi- | Damping Bunch
energy mum time current
|GeV] E. [turns| [UA]

1994 45.6 0.045 721 320

1995 65.0 0.050 249 400

1996 86.0 0.040 107 525

1997 91.5 0.055 89 650

1998 94.5 0.075 81 750

1999 98.0 0.083 73 780

2000 102.7 0.055 63 550




Theory |

Vertical 2 rem 02 . ﬂh

beam-beam — € c Y . L
J' .

parameter nb ] E

Prediction S. Peggs

0 0.3
V X j‘a’

£ =f[A,]=f

o

Damping Decrement




Parametric Model
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Figure 3: Three data sets at 94.5 GeV are fitted with the
constraint of equal asymptotic beam-beam parameter &



Unperturbed Vertical Emittance

 Means: Vertical emittance unperturbed by
beam-beam.

* For zero vertical orbit and therefore zero
vertical dispersion, it is assumed to approach
zero (of course it would then be limited by
other effects).

* Here it is assumed that the driving blow-up
will be generated by beam-beam, damped by
radiation damping.



Beam-Beam Limits Luminosity
(Blowing up the Unperturbed Vertical Emittance)
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Figure 5: Predicted luminosity versus unperturbed verti-
cal emittance (emittance at zero beam intensity). The cal-
culation assumes a beam energy of 98 GeV and a bunch
current of 750 HA. It is based on the fitted beam-beam
limit of 0.115 for 98 GeV (Figure 4, top).



Vertical beam-beam parameter
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Conclusion

 Measured max. vertical beam-beam parameter:
0.083

e Fitted, achievable vertical beam-beam
parameter at ~100GeV:

0.11-0.12

* Scaling with damping decrement:

é:;O oC 250.4



