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Toleranceof IRerrorsfor Beam-beam
interactions
ÅWeak-strong simulation is used for the parameter scan.

ÅExamples, x-offset and r1*.







Threshold of the strong head-tail instability 
(Balance of growth and Landau damping)

ÅStability condition for wesz/c>1

ÅSince re=le/2psxsy,

ÅQ=min(Qnl, wesz/c)       
ÅQnl=10 in this presentation, depending on the nonlinear 

interaction. 
ÅK characterizes cloud size effect and pinching. 
Åwesz/c~12-20 for SuperKEKB.
ÅWe use K=wesz/c and Qnl=7 for analytical estimation.

Origin of Landau damping is momentum 
compaction

 

nssz=asdL
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Parameters 
SuperKEKB
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SuperKEKBsimulation in 2010

ÅSimulation  ́ th=2.1x1011 m-3.(˄ s=0.012)
t́h=4.5x1011 m-3.(˄ s=0.025)

ÅAnalytic      ́th=2.7x1011 m-3.(˄ s=0.025)

Å¢ŀǊƎŜǘ      ˊe~1x1011 m-3
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Electron cloud instability in high beta lattice
ÅRealistic electron cloud distribution was given by Suetsuguet al.

ÅThe wake effect to beam is stronger for large by. 

ÅIR  beta is huge, by=2000-3000m. Beam size is large , electron 
frequency is slow.

ÅUnstable mode depends on wesz/c, and the spread reduces Q factor 
of the electron cloud wake.  

ÅThe estimation using Ḃ”Ὠίis inaccurate.

ÅPEHTS simulation using s dependent grid Poisson solver have been 
performed.
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Beta function and estimated cloud density

IR                                                   whole ring

Two cases of cloud densities, model 3; green and model6; cyan curves.  
(Suetsugu)



Tune shift contribution

ÅTune shift and reby near IR (-70<s<70m) are dominant.

ÅDesign ρ
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Betatron tune and electron frequency variations

ÅHigh beta section separate the betatron phase difference p. Nonlinear 
force with even parity is coherently accumulated.
Åwesz/c is very high near IP. The area is narrow and low beta, neglect.   



Vertical emittance growth caused by the 
electron cloud fast head-tail instability

Model 3: green in p.9 Model 6: cyan in p.9

re,th=6xdesign                                                  re,th=4xdesign
ρ

ὒ
”Ὠί φπρπά φτ ρπά



Radiationdampingandexcitation

ÅEquilibrium emittance is 1.5xedesignfor re=3x design, 1.2edesignfor re=2x.

ÅRadiation damping somewhat suppress the coherent instability at re=4-5x 
design(black to magenta).   
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Which cloud is dominant, in IR or Arc.

Electrons only near IR                      Electrons only in ARC

ÅElectrons near IR is dominant.  

ÅIt means that the incoherent emittance growth is evaluated correctly.  


