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➤	  Introduc,on	  
	  	  	  	  	  ●	  FCC-‐ee	  baseline	  parameters	  -‐	  v2	  [Ref.	  Dec.	  9,	  2015,	  F.	  
Zimmermann]	  
➤	  Beam-‐beam	  simula,ons	  
	  	  	  	  	  ●	  BBWS:	  Weak-‐strong,	  Beamstrahlung	  (BS)	  included,	  Crab	  
waist	  (CW)	  modelled	  
	  	  	  	  	  ●	  Z,	  WW,	  ZH,	  P	  
➤	  Summary	  and	  discussions
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➤	  BBWS	  developed	  by	  K.	  Ohmi	  
	  	  	  	  	  ●	  Weak-‐strong	  model	  
	  	  	  	  	  ●	  Crab	  waist	  (CW)	  transform	  for	  weak	  beam	  
	  	  	  	  	  ●	  No	  CW	  for	  strong	  beam	  
	  	  	  	  	  ●	  Beamstrahlung	  included.	  For	  symmetric	  beams,	  the	  
bunch	  length	  of	  the	  strong	  beam	  is	  also	  updated,	  but	  its	  
transverse	  beam	  sizes	  not	  updated.	  
	  	  	  	  	  ●	  Beam	  tail	  distribu,on

2. BBWS simulations
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➤	  w/o	  CW	  w/	  BS	  (Black	  dot	  indicates	  [.54,.57]/IP)	  
2. BBWS simulations: Lum. tune scan: tt

Lum. σx

σyσz
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➤	  w/	  CW	  w/	  BS	  (Black	  dot	  indicates	  [.54,.57]/IP)	  
2. BBWS simulations: Lum. tune scan: tt

Lum. σx

σyσz
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➤	  w/o	  CW	  w/	  BS	  (Black	  dot	  indicates	  [.53,.56]/IP)	  
2. BBWS simulations: Lum. tune scan: ZH

Lum. σx

σyσz
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➤	  w/	  CW	  w/	  BS	  (Black	  dot	  indicates	  [.53,.56]/IP)	  
2. BBWS simulations: Lum. tune scan: ZH

Lum. σx

σyσz
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➤	  w/o	  CW	  w/	  BS	  (Black	  dot	  indicates	  [.54,.57]/IP)	  
2. BBWS simulations: Lum. tune scan: WW

Lum. σx

σyσz
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➤	  w/	  CW	  w/	  BS	  (Black	  dot	  indicates	  [.54,.57]/IP)	  
2. BBWS simulations: Lum. tune scan: WW

Lum. σx

σyσz
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➤	  w/o	  CW	  w/	  BS	  (Black	  dot	  indicates	  [.54,.57]/IP)	  
2. BBWS simulations: Lum. tune scan: Z

Lum. σx

σyσz
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➤	  w/	  CW	  w/	  BS	  (Black	  dot	  indicates	  [.54,.57]/IP)	  
2. BBWS simulations: Lum. tune scan: Z

Lum. σx
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➤	  [.54,.57]/IP
2. BBWS simulations: Specific lum.: tt
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➤	  [.53,.56]/IP
2. BBWS simulations: Specific lum.: ZH
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➤	  [.54,.57]/IP
2. BBWS simulations: Specific lum.: WW
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➤	  [.54,.57]/IP
2. BBWS simulations: Specific lum.: Z
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➤	  w/	  BS,	  [.54,.57]/IP,	  y-‐z	  distribu,on
2. BBWS simulations: Beam tail: tt
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➤	  w/	  BS,	  [.53,.56]/IP,	  y-‐z	  distribu,on
2. BBWS simulations: Beam tail: ZH
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➤	  w/	  BS,	  [.54,.57]/IP,	  y-‐z	  distribu,on
2. BBWS simulations: Beam tail: WW
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➤	  w/	  BS,	  [.54,.57]/IP,	  y-‐z	  distribu,on
2. BBWS simulations: Beam tail: Z

Ay =
q

2Jy/✏y

Az =
p
2Jz/✏z

NP=0.33E11	  
w/o	  CW

NP=0.33E11	  
w/	  CW

NP=0.01E11	  
w/	  CW
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➤	  Simulated	  parameters	  by	  BBWS	  with	  input	  of	  
baseline	  parameters	  -‐	  v2:	  w/	  BS	  w/	  CW	  
	  	  	  	  ●	  General	  agreements	  besides	  ZZ	  [Need	  double-‐check]

Z1) WW1) ZH2) tt1)

rms σz,tot [mm] 3.96 2.83 2.39 2.56

rms σδ,tot [%] 0.054 0.093 0.12 0.17

rms σx, tot [μm] 10.7 21.7 28.0 34.4

rms σy, tot [nm] 42.8 47.2 49.6 77.7
L/IP [1034cm-2s-1] 91.4 22.0 5.48 1.34

Achievable L/IP3) 97.1 23.9 5.64 1.46

1)Working	  point:	  [.54,	  .57]	  
2)Working	  point:	  [.53,	  .56]	  
3)Maximum	  lum.	  from	  the	  tune	  scan
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➤	  Simulated	  parameters	  by	  BBWS	  with	  input	  of	  
baseline	  parameters	  -‐	  v2:	  w/	  BS	  w/o	  CW	  
	  	  	  	  ●	  [.54,	  .57]	  might	  not	  be	  the	  best	  choice	  for	  WW	  and	  ZZ

Z1) WW1) ZH2) tt1)

rms σz,tot [mm] 4.31 3.07 2.42 2.56

rms σδ,tot [%] 0.059 0.10 0.12 0.17

rms σx, tot [μm] 9.4 20.9 28.3 34.4

rms σy, tot [nm] 183 204.5 66.7 79.5
L/IP [1034cm-2s-1] 35.6 10.2 4.98 1.35

Achievable L/IP3) 89.3 22.5 5.51 1.45

1)Working	  point:	  [.54,	  .57]	  
2)Working	  point:	  [.53,	  .56]	  
3)Maximum	  lum.	  from	  the	  tune	  scan
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➤	  BBWS	  simula,ons	  
	  	  	  	  ●	  Lum.	  tune	  scan	  =>	  Determine	  working	  point	  
	  	  	  	  ●	  Choose	  [.54,	  .57]	  for	  WW	  and	  Z	  not	  for	  op,mal	  lum.	  
[Reason:	  Working	  point	  blow	  νx-‐νy=Integer	  not	  good	  if	  assumed	  tune	  
footprint	  of	  the	  beam	  spreads	  into	  the	  up-‐right	  side	  like	  SuperKEKB.]	  
	  	  	  	  ●	  The	  effec,veness	  of	  CW	  [Good	  lum.	  area	  in	  tune	  space,	  
suppression	  of	  beam	  tail,	  lum.	  gain,	  etc.]	  increases	  from	  P,	  ZH,	  
WW	  to	  Z.	  
➤	  Discussions	  
	  	  	  	  ●	  Effec,veness	  of	  CW	  [with	  wise	  choice	  of	  working	  point]	  
strongly	  depend	  on	  the	  lahce	  nonlinearity	  [both	  amplitude-‐	  and	  
momentum-‐dependent	  nonlinearity]	  of	  the	  IR	  region	  =>	  The	  study	  
of	  “Interplay	  of	  beam-‐beam	  and	  lahce	  nonlinearity”	  might	  be	  
more	  important	  in	  Z/WW	  (lahce	  available?)	  than	  in	  P/ZH	  
collider.


