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Quantum lifetimes
• Particle losses occurs for Gaussian beam due to finite

transverse or energy aperture.
• Quantum lifetime is not serious problem in principle.
• Transverse : mask aperture / longitudinal : momentum

aperture.
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Vacuum lifetime

• Bremsstrahlung
• Pressure ~ 5x10-7 Pa.
• Vacuum lifetime is expected to be ~10 hours

for LER and HER.
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Touschek lifetime

Injection
beam

145 min6%

102 min4%

72 min2%

51 min1%

LifetimeCoupling

 Dynamic aperture in LER
 Machine errors are not 
   included.
 Transverse aperture is 
   acceptable.

SuperKEKB-LER

Momentum aperture determines lifetime.
LER lifetime is shorter than HER. 
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Luminosity lifetime
Luminosity lifetime is determined by cross section of 
radiative Bhabha and luminosity.
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σ=2x10-25 cm2 (ε=1%) and L=2.5x1035 cm-2s-1 

⇒ lifetime = 195 min (LER) / 85 min (HER)

Particle loss rate :
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Lifetime due to beam-beam effects

• Lifetime will depend on betatron tunes.
• Dynamic emittance may relax lifetime.
• Momentum aperture may decrease due to

beam-beam effect (dynamic beta).
• Still open question.
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Summary of lifetime
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Beam-beam parameters

• Luminosity is given by overlap integral:
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Beam-beam parameter is extracted
from luminosity obtained from 
beam-beam simulations (Ohmi's definition).

~1   ~0.8

! 

ˆ " y includes beam size ratio and ratio of reduction factors.

Luminosity strongly depends 
on betatron tunes.


