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1. Introduction

4 From	  K.	  Akai,	  KEKB	  ARC	  2015



1. Introduction

5 From	  K.	  Akai,	  KEKB	  ARC	  2015



1. Introduction: Expected lum. gain

6 From	  N.	  Ohuchi,	  IPAC14,	  WEOCA01



1. Introduction: Machine parameters 

7 See	  hSp://www-‐superkekb.kek.jp/index.html	  for	  details

HOM	  hea*ng	  
Impedance-‐driven	  instability	  
Electron	  cloud

Error	  tolerances	  
Intra-‐beam	  scaSering	  
Space	  charge

Beam-‐beam	  
IR	  op*cs

Beam-‐beam	  
Dynamic	  aperture,	  Life*me	  
La-ce	  nonlinearity	  
Background

Impedance	  budget

http://www-superkekb.kek.jp/index.html
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2. Lattice nonlinearity
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➤	  High-‐order	  correctors	  added	  to	  each	  SC	  magnet	  
➤	  Linear	  op*cs	  is	  OK,	  but	  IR	  is	  not	  transparent	  for	  off-‐
momentum	  and	  large-‐amplitude	  par*cles

From	  Y.	  Ohnishi



➤	  Realis*c	  la-ce	  
➤	  Poincare	  map	  in	  y	  direc*on	  as	  func*on	  of	  X	  offset	  

10

From	  Y.	  Zhang

2. Lattice nonlinearity
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➤	  Realis*c	  la-ce	  
➤	  Strong	  nonlinear	  X-‐Y	  coupling	  in	  LER

From	  Y.	  Zhang
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2. Lattice nonlinearity



➤	  Simplified	  LER	  la-ce	  [No	  solenoid,	  QC*	  magnets	  simplified:	  
no	  offset,	  dipole	  and	  skew-‐quad	  correctors	  removed]	  
➤	  Confirmed:	  solenoid	  and	  high-‐order	  terms	  in	  QC*	  magnets	  
cause	  nonlinear	  X-‐Y	  coupling

12

From	  Y.	  Zhang

p y
/σ
py

2. Lattice nonlinearity: LER
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3. Beam-beam effects

14

➤	  Lum.	  tune	  scan	  for	  LER	  by	  BBWS	  (weak-‐strong	  with	  linear	  
map	  for	  arc)



3. Beam-beam effects
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➤	  Lum.	  tune	  scan	  for	  LER	  by	  BBWS:	  w/o	  and	  w/	  crab	  waist



3. Beam-beam effects: DA and lifetime
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➤	  DA	  and	  life*me	  are	  sensi*ve	  to	  beam-‐beam	  interac*on

From	  Y.	  Ohnishi



3. Beam-beam effects: DA and lifetime

17

➤	  Tune	  survey	  of	  DA

From	  Y.	  Ohnishi



3. Beam-beam effects: DA and lifetime
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➤	  DA	  with	  BB	  and	  ideal	  CW

From	  Y.	  Ohnishi



3. Beam-beam effects: DA and lifetime
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➤	  CW	  op*cs

From	  Y.	  Ohnishi



3. Beam-beam effects: DA and lifetime
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➤	  CW	  op*cs

From	  Y.	  Ohnishi



3. Beam-beam effects: DA and lifetime
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➤	  CW	  op*cs

From	  Y.	  Ohnishi



3. Beam-beam effects: BB+LN
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➤	  Interplay	  of	  BB	  and	  LN	  causes	  significant	  lum.	  loss	  
➤	  LER:	  Lum.	  loss	  is	  aSributed	  to	  amplitude-‐dependent	  nonlin.	  
	  	  	  	  	  ●	  Ver*cal	  emiSance	  is	  very	  sensi*ve	  to	  beam-‐beam	  perturba*on	  
	  	  	  	  	  ●	  Hard	  to	  suppress	  
➤	  HER:	  Lum.	  loss	  is	  aSributed	  to	  chroma*c	  nonlin.	  
	  	  	  	  	  ●	  Controllable	  if	  skew-‐sextupoles	  installed
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➤	  Realis*c	  la-ce:	  lum.	  drops	  at	  low	  beam	  currents	  
➤	  Crab-‐waist:	  
	  	  	  	  	  ●	  To	  cancel	  beam-‐beam	  driven	  resonances	  
	  	  	  	  	  ●	  Work	  well	  at	  high	  currents,	  but	  not	  well	  at	  low	  currents

23
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3. Beam-beam effects: BB+LN



➤	  Beam	  tail	  distribu*on	  for	  LER	  
	  	  	  	  	  ●	  CW	  not	  work	  well	  when	  LN	  exists	  
	  	  	  	  	  ●	  Beam	  tail	  =>	  Collima*on	  =>	  Impedance	  budget	  =>	  Instability	  =>	  
commissioning

24

3. Beam-beam effects: BB+LN: LER
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➤	  Simplified	  la-ce	  
	  	  	  	  	  ●	  No	  solenoid	  
	  	  	  	  	  ●	  QC*	  magnets	  simplified:	  no	  offset,	  dipole	  and	  skew-‐quad	  
correctors	  removed	  
➤	  No	  significant	  lum.	  degrada*on	  at	  low	  current	  
➤	  Solenoid	  and	  high-‐order	  terms	  in	  QC*	  are	  the	  main	  sources	  
of	  la-ce	  nonlinearity

3. Beam-beam effects: BB+LN: LER
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4. SC effects: LER
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SuperKEKB1) KEKB4)

LER2) HER3) LER HER
εx (nm) 3.2 4.6 18 24
εy (pm) 8.64 11.5 180 240
ξx 0.0028 0.0012 0.127 0.102
ξy 0.0881 0.0807 0.129 0.09
Δνx -0.0027 -0.0004 -0.0005 -3E-05

Δνy -0.0943 -0.0121 -0.0072 -0.0004
1)Main	  paraperters	  from	  Y.	  Ohnishi	  et	  al.,	  Prog.	  Theor.	  Exp.	  Phys.	  2012;	  
2)sler_1682;	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  3)sher_5753;	  	  	  	  	  	  	  	  	  	  	  4)La-ce	  used	  on	  Jun.17,	  2009.

➤	  Linear	  tune	  shiq	  
	  	  	  	  	  ●	  Same	  order	  for	  SC	  and	  BB	  
	  	  	  	  	  ●	  But	  have	  opposite	  signs



4. SC effects: LER
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➤	  FMA	  shows	  betatron	  tunes	  of	  par*cles	  at	  the	  beam	  core	  are	  
close	  to	  half-‐integer	  with	  only	  SC	  considered.

From	  H.	  Sugimoto



29

➤	  FMA	  with	  beam	  distribu*on:	  10σx⨉10σy
sler_1684
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4. SC effects: LER
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➤	  Luminosity:	  Tune	  scan	  w/	  and	  w/o	  SC
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➤	  First	  try:	  op*cs	  matching	  w/o	  SC	  
➤	  Compensate	  linear	  SC	  tune	  shiq	  =>	  Not	  successful	  
➤	  Next	  try:	  op*cs	  matching	  w/	  SC	  =>	  Ongoing

sler_1684
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➤	  Impedance	  budget	  with	  σz=5/4.9mm:	  
	  	  	  	  	  ●	  Loss	  factors,	  resistance	  and	  inductance	  are	  calculated	  at	  nominal	  
bunch	  lengths	  
	  	  	  	  	  ●	  Bellows,	  flanges	  and	  pumping	  ports	  contribute	  more	  impedance	  
in	  HER	  than	  in	  LER	  

Ref.	  D.	  Zhou	  et	  al.,	  IPAC14,	  TUPRI021

5. Impedance issues: Impedance budget

From	  slac-‐pub-‐6798
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➤	  Simula*ons	  with	  input	  of	  Pseudo-‐Green	  wake:	  
	  	  	  	  	  ●	  Use	  Warnock-‐Cai’s	  VFP	  solver	  
	  	  	  	  	  ●	  Collimators	  are	  important	  sources	  in	  bunch	  lengthening	  
	  	  	  	  	  ●	  Simulated	  σz≈5.9mm	  @Design	  bunch	  current	  
	  	  	  	  	  ●	  Simulated	  MWI	  threshold	  is	  around	  NPth=1.2E11	  
	  	  	  	  	  ●	  Interplay	  between	  CSR	  and	  conven*onal	  wakes?

5. Impedance issues: MWI: LER
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➤	  Concern	  of	  MWI	  in	  LER:	  
	  	  	  	  	  ●	  Unknown	  impedance	  source	  in	  KEKB	  LER	  
	  	  	  	  	  ●	  Lum.	  inversely	  propor*onal	  to	  bunch	  length	  for	  SuperKEKB

5. Impedance issues: MWI: LER

SuperKEKB	  LER KEKB	  LER
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➤	  Interplay	  of	  various	  issues	  
	  	  	  	  	  ●	  Luminosity	  <=	  EmiSance	  <=	  Beam-‐beam,	  La-ce	  nonlinearity,	  
Space	  charge,	  Impedances,	  Electron	  cloud,	  Intra-‐beam	  scaSering,	  etc.	  
	  	  	  	  	  ●	  =>	  Dynamic	  aperture	  and	  life*me	  =>	  Beam	  commissioning	  =>	  
Injec*on,	  Detector	  back	  ground,	  Alignments,	  etc.	  =>	  Tolerances	  for	  
hardwares	  =>	  …

37
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7. Future plan
➤	  Detailed	  analysis	  of	  la-ce	  nonlinearity	  under	  an	  
interna*onal	  collabora*on	  program	  
	  	  	  	  	  ●	  Cornell	  Univ.:	  D.	  Sagan	  (Bmad+PTC)	  
	  	  	  	  	  ●	  SLAC:	  Y.	  Cai	  
	  	  	  	  	  ●	  IHEP:	  Y.	  Zhang	  
	  	  	  	  	  ●	  KEK:	  E.	  Forest,	  A.	  Morita,	  K.	  Ohmi,	  Y.	  Ohnishi,	  K.	  Oide,	  H.	  
Sugimoto,	  D.	  Zhou,	  etc.	  
➤	  Collabora*on	  with	  CEPC	  and	  FCC-‐ee	  teams	  
➤	  High-‐priority	  tasks:	  
	  	  	  	  	  ●	  Global	  or	  local	  correc*on	  schemes	  for	  laS.	  nonlin.	  
	  	  	  	  	  ●	  SC	  compensa*on	  schemes	  
	  	  	  	  	  ●	  BeSer	  understand	  the	  interplay	  of	  BB	  and	  LN	  
	  	  	  	  	  ●	  More	  careful	  study	  for	  crab	  waist	  scheme	  
	  	  	  	  	  ●	  …	  …	  
➤	  Recommenda*ons	  are	  welcome!	  
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Thanks for your attention!
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Backup



➤	  Assume:	  εx=1.75nm,	  coupling	  =	  2%	  
➤	  Space-‐charge	  is	  not	  important	  
➤	  La-ce	  nonlinearity	  is	  not	  very	  important	  
➤	  L=1⨉1034cm-‐2s-‐1	  is	  promising	  
➤	  L=10⨉1034cm-‐2s-‐1	  is	  possible	  by	  increasing	  beam	  currents

Lum. calculation: Detuned lattice
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➤	  Assume:	  εx=1.75nm,	  coupling	  =	  1%	  
➤	  Space-‐charge	  is	  not	  important	  at	  low	  currents	  
➤	  La-ce	  nonlinearity	  is	  not	  very	  important	  
➤	  Decreasing	  coupling	  =>	  Lum.	  gain	  but	  beam-‐beam	  limit	  
appears	  at	  lower	  beam	  currents

Lum. calculation: Detuned lattice
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43

➤	  Linear	  SC	  tune	  shiq	  along	  the	  ring
Space charge: LER: Tune shift

sler_1689
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Intra-beam scattering: LER: SAD simulation
➤	  EmiSance	  growth	  due	  to	  IBS	  (w/	  errors	  in	  sext.)	  
	  	  	  	  	  	  ●	  εx	  decrease	  with	  increasing	  errors	  in	  sext.	  
	  	  	  	  	  	  ●	  Tolerance:	  σΔy	  <	  0.06	  mm	  w/o	  IBS,	  σΔy	  <	  0.05	  mm	  w/	  IBS
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➤	  Bunch	  lengthening	  and	  energy	  spread	  increase	  due	  to	  
IBS	  (w/	  errors	  in	  sext.)	  
	  	  	  	  	  	  ●	  Both	  σz	  and	  σz	  slightly	  increase	  due	  to	  IBS	  
	  	  	  	  	  	  ●	  Not	  negligible	  in	  LER

Intra-beam scattering: LER: SAD simulation
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