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➤	  BB+LN	  cause	  significant	  lum.	  loss	  in	  SuperKEKB	  

1. Previous findings
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➤	  Strong	  nonlinear	  X-‐Y	  coupling	  in	  LER	  (baseline	  laNce	  w/	  
solenoids)	  
➤	  Simplified	  laNce:	  LER	  w/o	  solenoids,	  FF	  magnets	  simplified:	  
no	  offset,	  no	  rota&on,	  dipole	  and	  skew-‐quad	  removed

4 Y.	  Zhang

1. Previous findings
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➤	  FMA	  with	  beam	  distribu&on	  for	  LER:	  10σx⨉10σy	  
	  	  	  	  	  ●	  Footprint	  in	  the	  tune	  space	  extended	  by	  BB+LN	  

1. Previous findings
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➤	  Op&miza&on	  of	  DA	  using	  mul&-‐objec&ve	  Differen&al	  
Evolu&on	  Algorithm	  (by	  Y.	  Zhang)	  
	  	  	  	  	  ●	  Alterna&ve	  for	  Downhill	  simplex	  method	  used	  in	  SAD

1. Previous findings

Y.	  Zhang,	  TUOBA03,	  IPAC’16
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Y.	  Zhang,	  TUOBA03,	  IPAC’16
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➤	  Resonance	  driving	  terms	  (RDTs)	  indicate	  laNce	  nonlinearity	  

2. Theory for RDTs
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➤	  PTC	  applied	  to	  SuperKEKB	  
	  	  	  	  	  ●	  3νx	  [(Jx)3/2]	  resonance	  
	  	  	  	  	  ●	  3D	  fields	  near	  IP	  [Solenoid	  and	  FF	  quad	  fringe	  fields]	  generate	  
lots	  of	  low-‐order	  nonlineari&es	  
	  	  	  	  	  ●	  Simplified	  laNces	  show	  less	  nonlinearity	  

3. Results by PTC
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➤	  PTC	  applied	  to	  SuperKEKB	  
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3. Results by PTC
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➤	  PTC	  applied	  to	  SuperKEKB	  
	  	  	  	  	  ●	  νx-‐2νy	  [(Jx)1/2(Jy)]	  resonance	  

3. Results by PTC
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➤	  PTC	  applied	  to	  SuperKEKB	  
	  	  	  	  	  ●	  2νx-‐νy	  [(Jx)(Jy)1/2]	  resonance	  
	  	  	  	  	  ●	  This	  term	  is	  hard	  to	  be	  compensated	  using	  arc	  mul&poles	  [global	  
correc&on]	  
	  	  	  	  	  ●	  This	  term	  is	  almost	  invisible	  in	  simplified	  and	  phase-‐1	  laNces	  

3. Results by PTC
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➤	  PTC	  applied	  to	  SuperKEKB	  
	  	  	  	  	  ●	  3νy	  [(Jy)3/2]	  resonance	  
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➤	  PTC	  applied	  to	  SuperKEKB	  
	  	  	  	  	  ●	  Amplitude-‐dependent	  tune	  shid	  dνx,y/dJy,x[(Jx)(Jy)]	  
	  	  	  	  	  ●	  This	  term	  is	  hard	  to	  be	  compensated	  using	  arc	  mul&poles	  [global	  
correc&on]	  
	  	  	  	  	  ●	  This	  term	  is	  almost	  invisible	  in	  Phase-‐1	  laNces	  

3. Results by PTC
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➤	  PTC	  applied	  to	  FCC-‐ee	  t	  laNce:	  an	  example	  
	  	  	  	  	  ●	  2νx-‐νy	  [(Jx)(Jy)1/2]	  resonance	  for	  laj.	  ver.	  FCCee_t_65_26	  
	  	  	  	  	  ●	  In	  general,	  no	  significant	  3rd	  resonances	  in	  FCC-‐ee	  laNces

3. Results by PTC

Whole	  ring Near	  IP
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➤	  PTC	  applied	  to	  FCC-‐ee	  t	  laNce:	  an	  example	  
	  	  	  	  	  ●	  4th	  order	  RDTs	  for	  laj.	  ver.	  FCCee_t_65_26	  
	  	  	  	  	  ●	  Residual	  4th	  order	  RDTs	  exist,	  and	  depend	  on	  laNce	  design/
op&miza&on	  

3. Results by PTC

dνx,y/dJy,x 4νx



4. Summary
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➤	  RDTs	  as	  an	  indicator	  for	  evalua&ng	  a	  laNce	  design	  
(good	  or	  not	  good)	  
➤	  S-‐dependent	  RDTs	  as	  an	  indicator	  of	  source	  of	  
nonlinearity	  along	  the	  ring	  
➤	  Large	  3rd	  resonance	  terms	  found	  in	  the	  SuperKEKB	  
baseline	  laNce	  
➤	  Global	  op&misa&on	  of	  DA	  is	  tried	  but	  not	  very	  
successful	  yet	  
➤	  Discussion	  
	  	  	  	  ●	  Is	  it	  possible	  to	  combine	  global	  and	  local	  correc&on	  schemes	  for	  
DA	  op&miza&on	  of	  SuperKEKB?	  
	  	  	  	  ●	  How	  to	  apply	  the	  nonlinear	  analysis	  using	  PTC	  for	  op&cs	  
op&miza&on	  of	  SuperKEKB?


