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33 participant from Asia, Europe, America
BNL, CERN, FNAL, KEK, LBNL, LNF-INFN, 
SLAC, UT Southwestern

Workshop topics:p p
• Beam-beam performance of circular colliders
• Beam-beam simulations
• New operating modes, theory, unexplained phenomena
• Long-range beam-beam compensationg g p
• Head-on beam-beam compensation
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Presentation F. Zimmermann, CERN
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Presentation F. Zimmermann, CERN
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Presentation F. Zimmermann, CERN
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Presentation F. Zimmermann, CERN

Wolfram Fischer 7



Presentation K.Ohmi, KEK

Understanding of interaction with other effects 
important:  
working point global linear optics errors local opticsworking point, global linear optics errors, local optics 
errors at IP, chromatic optics errors, noise source, 
static and dynamic offsets at IP, feed back noise, e-clouds
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Presentation K.Ohmi, KEK
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Presentation K.Ohmi, KEK      Crab cavity operation

Expect increase in beam-
beam parameter by factor 
~2 based on strong-strong
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2, based on strong strong 
simulations



Presentation A. Valishev, FNAL
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Presentation A. Valishev, FNAL
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RHIC p↑- p↑ performance in 2006
Presentation W. Fischer, BNL

intensities

beams go into collisions

luminosity ΔQbb,tot
tunes split to avoidp
coherent modes

• Total beam-beam induced tune spread reached ΔQbb,tot = 0.012
• Other sources of tune spread: ΔQ 0 005• Other sources of tune spread: ΔQ ≈ 0.005

• nonlinear chromaticity (correction implemented this year) 
• triplet errors (locally corrected)
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• Sources for orbit and tune modulation 



Presentation C. Montag, BNL

Will try new WP in RHIC in 2008 with one beam
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Requires improvements in orbit and β-beat correction



What is the beam-beam limit in hadron colliders?
• ISR

– ISR limits were different from SppS/Tevtatron/RHIC: small beam-beam 
parameter, but coherent instabilities in conjunction with large beam currents, noparameter, but coherent instabilities in conjunction with large beam currents, no 
synchrotron motion

• SppS
– SppS limit is similar to TevatronSppS limit is similar to Tevatron

• Tevatron
– Long-range effects limit beam lifetime

P ff t li it lif ti f 3 t b h
Summary of 

di i– Pacman effect limits lifetime of 3 proton bunches
– Proton intensity limited by Z-driven instability,

but proton beam is close to beam-beam limit
A ti t i t it li it d b i j t

discussion

– Anti-proton intensity limited by injectors
• RHIC

– Beam lifetime determines ξmax
– Background has limited intensity in past

• LHC
– How does radiation damping affect beam-beam limit (e.g. background)?
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p g ( g g )
– Possible tests at DAΦNE with wiggler off?



Presentation A. Kabel, SLAC

M b i it ti i il t d i t
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May be in a situation similar to dynamic aperture
calculations 10-15 years ago.



Presentation Y. Alexahin, FNAL

Some effects observed in both Tevatron and RHIC
(marginally stable bunches can become unstable with(marginally stable bunches can become unstable with 
beam-beam interaction)
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Presentation Y. Cai, SLAC
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Long-range beam-beam compensation

No of long-range encounters in selected machines
Tevatron ( + +): 70 t di t ib t d- Tevatron (p+p+): 70 per turn, distributed

- RHIC (p+p+):   0 (up to 12 for machine experiments)
- LHC (p+p+): 30 per IR, localizedLHC (p p ): 30 per IR, localized
- DAΦNE (e+e-) : 24 in main IR, localized
- KEK-B (e+e-) :   4 in IR, localized
- PEP II (e+e-) :   2 in IR, localized

Strategies for reducing long range effectStrategies for reducing long-range effect
- reduce number / increase distance of encounters

(early separation near IP, crossing angle)( y p , g g )
- compensation with electron lens (proposed for Tevatron by v. Shiltsev)
- compensation with wire (proposed for LHC by J.-P. Koutchouk)
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Long-rang beam-beam compensation

Efforts towards long-range compensation in LHC:Efforts towards long range compensation in LHC:

• SimulationsSimulations
• SPS experiments with wires
• DAΦNE operating experience with 

partial wire compensation
• RHIC experiments with wires
• Benchmarking of all experimentsBenchmarking of all experiments
• Design work for pulsed LHC wire
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Presentation U. Dorda, CERN

Simulated dynamic aperture improvement in LHC with long-range 
wire compensation
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Presentation F. Zimmermann, CERN
from SPS wire 
experiments
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SPS beam lifetime at 26 GeV/c only 5-10 min.



Presentation V. Kamerdzhiev, V. Shiltsev, FNAL
Beam lifetime improvement for selected proton bunches p p
in Tevatron with electron lens (PACMAN effect, fast tune shift)
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Electron lens can work reliably in collider operation



Presentation C. Milardi, LNF-INFN

24 long range interactions in main IR24 long-range interactions in main IR

Partial long-range compensation

DAΦNE (e+e-), Frascati

Partial long range compensation 
with wire, outside vacuum chamber

Have shown that it is possible to 
improve the lifetime of the weak
positron beam in collisionpositron beam in collision
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Presentation N. Abreu, BNL
RHIC wire experiments (base beam lifetime better than in SPS)RHIC wire experiments (base beam lifetime better than in SPS)
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Benchmark simulations for RHIC experiments

U. Dorda, CERN

H.J. Kim, T. Sen, FNAL

Experimental dataExperimental data
have error bars
(εn-measurement
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( n
dominates)



Head-on beam-beam compensation

Tune-shift induced by beam-beam collisions in hadron colliders
ISR : ΔQ = 0 008- ISR : ΔQbb = 0.008

- SPS : ΔQbb = 0.028
- Tevatron : ΔQbb = 0.024 (p-bar), 0.010 (p)Tevatron : ΔQbb  0.024 (p bar), 0.010 (p)
- RHIC : ΔQbb = 0.012
- LHC : ΔQbb = 0.010

Strategies for reducing head-on effect
selection of working point- selection of working point

- reduction of other nonlinearities
- compensation with electron-lens p
(reduction of beam-beam induced footprint)
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Presentation E. Tsyganov, UT Southwestern

Head-on beam-beam compensation proposed for SSC in 1993
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Presentation W. Scandale, F. Zimmermann, CERN

Head-on compensation more useful if ultimate not yet reached
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Presentation V. Kamerdzhiev, FNAL
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Presentation Y. Luo, BNL
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Presentation Y. Luo, BNL

Answer:
By how much can 
beam-beam parameter 
be increased with 
electron lens?electron lens?

At the same time, effort started in LARP, lead by V. Shiltsev
i l i l i f• Numerical simulations for LHC

• Design considerations for LHC electron lens
• Relevant experiments with TEL in Tevatron
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• Relevant experiments with TEL in Tevatron


