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Why beam-beam compensation?
• At injection energy (150 GeV)

long-range forces cause pbar losses (5-15%)

• During the ramp
long-range forces cause pbar losses (5-15%)

• During the low-beta squeeze
long-range forces cause p and pbar losses (< 5%)

• During collisions
head-on and long-range forces cause emittance
growth and occasionally large detector backgrounds
(from  protons) and lifetimes < 20hrs.
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Wire Compensation Strategies
• Proposed for the LHC by J.P. Koutchouk

Compensation in the Tevatron is more complicated.

• Compensation of individual resonances driven by the long-
range interactions (analytical)

• Minimizing the norm of the nonlinear map using DA 
methods (COSY Infinity)

• Lifetime and beam density profiles from tracking with 
FNAL weak-strong code 

• Optics and dynamic aperture using MAD & Sixtrack
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Wire locations and helices
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Tunes and Footprints

Tune Shift vs Azimuthal position of wire Tune footprint w/wo wire
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Resonances vs angle of wire

45 deg

90 deg
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Resonance Compensation
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Multiple wires at one location
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Multipole expansions of wires
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F. Zimmermann
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Materials Cu OFHC, Al2O3,
stainless steel

m

Active length 2* 0.6 m
Outer/Inner diameters 2.54 (r=1.25σ)/1.54 mm
Intensity  0 to 267 A
Current density 81 A/mm^2
Power 760 W
Water flow 0.36 l/mn
Pressure drop 2.5 bar

Max Pressure 4+2.5=6.5 bar
Pressure of service 60 bar

SPS Wire Parameters
J.P. Koutchouk
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Recent tests w/ Single Wire in SPS successful 
(the proposed ‘next step design from CERN shown here)

For further optimization effort is needed on:

•Mechanical design, overall size, number of wires, and 
interfaces w/ remainder of machine

•RF / impedance matching

•Possibly cooling, though SPS unit (water cooled) was 
successful

•Investigation of moveable wire systems, as needed.

SPS Wire Design
J. Kerby
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Tevatron Wire Summary
• With 1 wire at each location, tune shifts and 

resonances depend sensitively on the azimuthal 
position of wires.

• 1 wire at each location cannot compensate the 
main 7th order resonances 

• Robust compensation and need to adapt to 
changes in the helix require multiple wires

Exact number to be determined by beam 
physics and engineering constraints.

• Studies in progress to determine if multi-wire 
compensation works in principle.
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