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Problem

• e+ and e- bunches must overlap at crab
waist
– For 5 mm (1σ) bunch, 0.5 degrees of RF

phase difference (1.0 mm) between HER and
LER will decrease luminosity by 1%

– Want RMS error < 0.5 deg
• Phase transient

– Due to ion-clearing gap and heavy beam
loading of cavities

– About 10x the 0.5 degree requirement
– Generally different for HER and LER



Matching Phase Transients

• Perfect matching
– Occurs with HER and LER at identical beam

loading and identical synchronous phase
– Requires identical beam currents
– Requires identical ratio of beam/cavity power
– May require more RF stations than otherwise

needed



Parameters--LNF Site



5mm Natural Bunch Length

• HER 12 cavs 5.7MV β=6, LER 8 cavs 4.1MV β=6
• Lose <1% of lumi due to gap transient mismatch



4.5mm Natural Bunch Length

• HER 12 cavs 7MV β=6, LER 8 cavs 5MV β=6
• Lose <1% of lumi due to gap transient mismatch



3A Beam Current, β=6

• HER 18 cavs 8MV, LER 12 cavs 5.5MV, 4.2mm bunch
• Lose <1% of lumi due to gap transient mismatch



3.5A Beam Current, β=6

• HER 22 cavs 9.5MV, LER 16 cavs 7MV, 3.8mm bunch
• Lose 1% of lumi due to gap transient mismatch



3.5A Beam Current, β=8

• HER 20 cavs 9MV, LER 14 cavs 6.5MV, 4mm bunch
• Lose <1% of lumi due to gap transient mismatch



4A Beam Current, β=6

• HER 26 cavs 11MV, LER 18 cavs 8.5MV, 3.5mm bunch
• Lose 1% of lumi due to gap transient mismatch
• Increasing β to 8 allows 3.8mm bunch with 24 HER, 16LER cavities



Conclusions

• Cavity coupling-constant (β)
– Must increase to ~6 for HER to get power into cavities
– Helpful to also increase for LER

• Minimum number of cavities:
– 12 HER and 8 LER cavities -- for equal natural bunch

lengths in HER and LER (4.5 or 5 mm)
– Recommend 1 additional RF station (2 cavities) in

each ring to allow operation with one dead klystron
• Higher beam currents:

– Possible with β=6, but must reduce natural bunch
length

– Increasing β to 7 or 8 provides more flexibility
– At 4A, cavity detuning is >2x rev freq (unstable)





5mm Natural Bunch Length

• HER 14 cavs 5.7MV β=6, LER 10 cavs 4.1MV β=6
• Lose <1% of lumi due to gap transient mismatch



4.5mm Natural Bunch Length

• HER 14 cavs 7MV β=6, LER 10 cavs 5MV β=6
• Lose <1% of lumi due to gap transient mismatch


