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Vertical beam-beam parameter

The vertical beam-beam parameter , 1s calculated
from the measured luminosity L, the beta function B; at
the IP, the beam energy E, and the bunch current 1:

7 *
~ 2remyc - p,

= L (1)
2 n, i-E

The term n_ denotes the number of bunches, r , e and
m, are the classical radius, charge and mass of the elec-
tron, and c¢ 1s the light velocity. The ¢ 1s related to the
vertical beam-beam tune shift AQ, [6.7]. With a typical
value for the vertical tune in LEP (Q, ~ 0.18) the tune
shift 1s up to 10% smaller than the measured ¢_.
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Geometric Parameters LEP

Table 1

Geometric parameters of LEP.

Parameter Symbol Value
Effective bending radius P 3026.42 m
Revolution frequency frev 11245.5 Hz
Length of circumference, L = ¢/ frev L 26658.9m
Geometric radius (L /2m) R 4242.9m
Radio frequency harmonic number h 31320

Radio frequency of the RF-system, frp = h frev IrE 352209 188 Hz
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LEP Performance

Table 2

Overview of LEP performance from 1989 to 2000.
[ Ldt is the luminosity integrated per experiment
over each year and [I;, is the total beam cur-

rent 2kyIy,. The luminosity £ is given in units of
103%m—2 s~ 1,

Year f Ldt Ey ky, Liot L
(pb=1) (GeV/c?) (mA)

1989 1.74 45.6 4 2.6 4.3
1990 8.6 45.6 4 3.6 7
1991 18.9 45.6 4 3.7 10
1992  28.6 45.6 4/8 5.0 11.5
1993  40.0 45.6 8 5.5 19
1994 64.5 45.6 & 5.5 23.1
1995 46.1 45.6 8/12 84 34.1

1996 24.7 80.5-8 4 4.2 35.6
1997 734 90 - 92 5.2 47.0
1998 199.7 94.5 6.1 100

4
4
1999 253 08 - 101 4 6.2 100
2000 293 4 102 - 104 4 59 60 alph ABmann | TLEP Day CERN | 10.01.2013| Page 5




LEP: Design and Reality

Table 3

LEP: design and reality.

Parameter Design Achieved
(55/95 GeV) (46/98 GeV)

Bunch Current 0.75 mA 1.00 mA

Total Beam Current 6.0 mA 8.4 mA /6.2 mA

Vertical Beam-beam parameter 0.03 0.045/0.083 I

Emittance ratio 4.0% 0.4%

Maximum Luminosity 16/27 10*%em =251 34/100 10*%em—2s~!

Horizontal beta function at IP 1.75 m. 1.25 m.

Vertical beta function at IP 7.0 cm. 4.0 cm.

> 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
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Beam-beam Achievements

Table 5

Maximum vertical beam-beam parameter &, IP beta functions 3} / B,, bunch current i, horizontal damp-
ing partition number J,, and transverse damping time Ti.ns (in number of turns) for different beam

energies.

Energy [GeV] | & perIP | B:/B; [m] iy [pA] s Teransv [10]
45.6 0.045 2.00/0.05 320 1.0 721

65.0 0.050 2.00/0.05 400 1.0 249

01.5 0.055 1.50,/0.05 650 1.6 89

04.5 0.075 1.25,/0.05 750 1.8 81

08.0 |  0.083 | 1.50,/0.05 800 1.6 73

101.0 0.073 1.50,/0.05 700 1.3 66

102.7 0.055 1.50/0.05 650 1.1 63

> 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
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> 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 i,

1 .
E}F_\/ﬂ—l—(Biib)E*zbi W

Here, i, denotes the bunch current. The parame-
ter A is given by the known machine parameters
and the zero current emittances €) and €

2 "
A — (Qﬂﬁf?‘ﬂv'-}') ) ﬁ:{ *ED ) ED . (5)

Te ﬁ; oy

The parameter B is a measure of the asymptotic
beam-beam limit

1
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98 GeV - One Fill
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94.5 GeV — Three different periods

Fitted asymptotic limit
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Beam-beam Limit for LEP Luminosity
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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 uA. It 1s based on the fitted beam-beam
limit of 0.115 for 98 GeV (Figure 4, top).
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Beam-beam Limit Scaling Law from LEP Data

> Damping decrement:

> Suggested by Peggs:

> Found in LEP

1/(f?"ev T n’ip)
e A

550 « ()\d)o‘4
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Impact from Number of IP’s

> As published:

550 « ()\d)M

Note that the Ll

P data was obtained with four

interaction points (n;, = 4), covering a wide
range of different transverse damping times 7 (63

to 721 turns).
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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:

o¢ U(fey T nIP)O'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!
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