
Collec&ve	
  effects	
  in	
  SuperKEKB	
  

Demin	
  Zhou	
  
Division	
  VI,	
  Acc.	
  Lab,	
  KEK	
  
with	
  contribu8ons	
  from	
  

KEK: T. Abe, T. Ishibashi, Y. Morita, K. Ohmi, N. Ohuchi, K. 
Shibata, Y. Suetsugu, H. Sugimoto, M. Tobiyama, M. Yoshida!

SLAC: Y. Cai, G. Stupakov, R. Warnock!

!

CLASSE	
  Seminar,	
  Cornell	
  University,	
  Ithaca,	
  NY	
  
Aug.	
  06,	
  2014



Outline

2

➤	
  Introduc&on	
  
	
  	
  	
  	
  	
  ●	
  Design	
  target,	
  features	
  of	
  SuperKEKB,	
  “Nano-­‐beam”,	
  …	
  
➤	
  Beam-­‐beam	
  and	
  luminosity	
  
	
  	
  	
  	
  	
  ●	
  BB	
  simula&ons,	
  luminosity	
  calcula&ons,	
  …	
  
	
  	
  	
  	
  	
  ●	
  Interplay	
  of	
  beam-­‐beam	
  and	
  laGce	
  nonlinearity	
  
➤	
  Impedance	
  and	
  Single-­‐bunch	
  effects	
  
	
  	
  	
  	
  	
  ●	
  Impedance	
  calcula&ons,	
  impedance	
  budget,	
  …	
  
	
  	
  	
  	
  	
  ●	
  Bunch	
  lengthening,	
  MWI,	
  beam	
  &lt,	
  TMCI,	
  …	
  
➤	
  Electron	
  cloud	
  
	
  	
  	
  	
  	
  ●	
  Ecloud	
  density	
  es&ma&on,	
  instability	
  simula&ons,	
  …	
  
➤	
  Space	
  charge	
  
	
  	
  	
  	
  	
  ●	
  Linear	
  tune	
  shiL,	
  effect	
  on	
  luminosity,	
  …	
  
➤	
  Intra-­‐beam	
  scaMering	
  
	
  	
  	
  	
  	
  ●	
  EmiMance	
  growth,	
  …	
  
➤	
  Summary



1. Introduction: Lum. trends

3 From	
  N.	
  Ohuchi,	
  IPAC14,	
  WEOCA01



1. Introduction: Features of SuperKEKB

4 From	
  N.	
  Ohuchi,	
  IPAC14,	
  WEOCA01



1. Introduction: Expected lum. gain

5 From	
  N.	
  Ohuchi,	
  IPAC14,	
  WEOCA01



1. Introduction: Scaling SuperKEKB/KEKB

6
See	
  hMp://www-­‐superkekb.kek.jp/index.html	
  for	
  details

LER HER
SKEKB KEKB Factor SKEKB KEKB Factor

E(GeV) 4 3.5 1.14 7.007 8 0.876
I 1.44 1.03 1.4 1.04 0.75 1.4
ε 3.2 18 0.18 4.6 24 0.19
ε 8.64 180 0.048 11.5 240 0.048
β 0.032 1.2 0.027 0.025 1.2 0.021
β 0.27 5.9 0.046 0.3 5.9 0.051
ɑ 3.25 3.31 0.98 4.55 3.43 1.33
σ 8.08 7.73 1.11 6.37 6.3 0.96

σ 5 4.6 4.9 5.2
*Machine	
  parameters	
  on	
  Jun.17,	
  2009

http://www-superkekb.kek.jp/index.html


2. Beam-beam and luminosity: LER
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➤	
  Lum.	
  tune	
  scan	
  for	
  LER	
  (by	
  BBWS)

L σy

σx σz



2. Beam-beam and luminosity: HER
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➤	
  Lum.	
  tune	
  scan	
  for	
  HER	
  (by	
  BBWS)

L σy

σx σz
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2. Beam-beam and luminosity: LER
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➤	
  Lum.	
  scan	
  w/o	
  and	
  w/	
  crab	
  waist	
  for	
  LER	
  (by	
  BBWS)	
  
	
  	
  	
  	
  	
  ●	
  Crab	
  waist	
  creates	
  freedom	
  of	
  choice.	
  This	
  is	
  aMrac&ve	
  …	
  
	
  	
  	
  	
  	
  ●	
  But	
  op&cs	
  design	
  is	
  a	
  challenging	
  issue	
  …	
  

w/o	
  crab	
  waist w/	
  crab	
  waist



2. Beam-beam: Lattice nonlinearity: LER
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➤	
  Chroma&c	
  effect:	
  KEKB	
  experiences	
  
➤	
  Mom.-­‐dependent	
  nonlin.	
  controlled	
  in	
  laGce	
  design	
  
➤	
  Chroma&c	
  effect	
  can	
  not	
  explain	
  the	
  lum.	
  loss	
  
➤	
  Amplitude-­‐dependent	
  nonlin.	
  more	
  important?
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➤	
  Beam	
  tail	
  w/	
  BB	
  by	
  BBWS
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2. Beam-beam: Lattice nonlinearity: LER



➤	
  Beam	
  tail	
  w/	
  BB+LN	
  by	
  SAD
2. Beam-beam: Lattice nonlinearity: LER
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sler_1684

NE=0.01E10 NE=1E10 NE=2E10

NE=3E10 NE=4E10 NE=5E10

NE=6E10 NE=6.53E10



13

 0

 0.5

 1

 1.5

 2

 2.5

 3

 0  0.4  0.8  1.2  1.6  2  2.4

Sp
ec

ifi
c 

Lu
m

. [
10

32
cm

-2
s-1

m
A-2

]

Ibunch(e+)×Ibunch(e-) [mA2]

BBWS
SAD+BB

BBWS+Chrom.
Design

➤	
  Chroma&c	
  effect:	
  KEKB	
  experiences	
  
➤	
  Mom.	
  nonlin.	
  not	
  controlled	
  in	
  laGce	
  design	
  
➤	
  The	
  lum.	
  loss	
  is	
  mainly	
  due	
  to	
  chroma&c	
  effect

sher_5755

2. Beam-beam: Lattice nonlinearity: HER



3. Impedance: Modelling
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IR	
  (GdfidL)

LER	
  typical	
  (~90%)	
  
Aluminum	
  w/	
  antechamber

HER	
  typical	
  (~70%)	
  
Copper	
  w/o	
  antechamber

From	
  Y.	
  Suetsugu	
  and	
  K.	
  Shibata



3. Impedance: Modelling: LER
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ARES	
  RF	
  cavity

Bellows

MO-­‐type	
  flange

Pumping	
  port

From	
  T.	
  Abe	
  and	
  K.	
  Shibata

Comb-­‐type:	
  Unique	
  for	
  SuperKEKB



3. Impedance: Modelling: LER
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Collimator	
  (PEPII	
  type)

BPM SR	
  mask

From	
  T.	
  Ishibashi,	
  M.	
  Tobiyama,	
  and	
  K.	
  Shibata

Horizontal

Vertical



3. Impedance: Modelling: LER
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Clearing	
  electrode Grooved	
  surfaces

From	
  T.	
  Ishibashi

Ref.	
  Y.	
  Suetsugu	
  et	
  al.,	
  NIMA	
  598	
  (2009)

Tested	
  in	
  KEKB

Ref.	
  Y.	
  Suetsugu	
  et	
  al.,	
  NIMA	
  604	
  (2009)
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➤	
  Pseudo-­‐Green	
  wake	
  func&on	
  
	
  	
  	
  	
  	
  ●	
  σz=0.5mm	
  
	
  	
  	
  	
  	
  ●	
  Pumping	
  ports	
  and	
  SR	
  masks	
  are	
  negligible	
  sources	
  because	
  of	
  
antechamber	
  
	
  	
  	
  	
  	
  ●	
  CSR	
  and	
  CWR	
  (Wiggler	
  radia&on):	
  CSRZ	
  code	
  with	
  rectangular	
  
chamber

3. Impedance: Results: LER
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➤	
  Pseudo-­‐Green	
  wake	
  func&on	
  
	
  	
  	
  	
  	
  ●	
  σz=0.5mm	
  
	
  	
  	
  	
  	
  ●	
  CSR:	
  CSRZ	
  code	
  with	
  rectangular	
  chamber	
  
	
  	
  	
  	
  	
  ●	
  CWR	
  (Wiggler	
  radia&on)	
  not	
  considered	
  yet

3. Impedance: Results: HER
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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=1.05E11	
  
	
  	
  	
  	
  	
  ●	
  Interplay	
  between	
  CSR	
  and	
  conven&onal	
  wakes?

3. Single-bunch effects: Longitudinal: LER
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3. Single-bunch effects: Longitudinal: HER
➤	
  Simula&ons	
  with	
  input	
  of	
  Pseudo-­‐Green	
  wake:	
  
	
  	
  	
  	
  	
  ●	
  Use	
  Warnock-­‐Cai’s	
  VFP	
  solver	
  
	
  	
  	
  	
  	
  ●	
  Simulated	
  σz≈5.8mm	
  @Design	
  bunch	
  current	
  
	
  	
  	
  	
  	
  ●	
  Simulated	
  MWI	
  threshold	
  is	
  around	
  NPth=1.7E11	
  
	
  	
  	
  	
  	
  ●	
  CSR	
  and	
  CWR	
  are	
  likely	
  to	
  be	
  not	
  important.



�✏y =
1

4 sin2(⇡⌫y)
�y✓

2
rms
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3. Single-bunch effects: Transverse: Beam tilt
➤	
  G.	
  Stupakov’s	
  theory	
  on	
  transverse	
  beam	
  &lt:	
  
	
  	
  	
  	
  	
  ●	
  To	
  be	
  a	
  concern	
  in	
  low	
  emiMance	
  rings	
  
	
  	
  	
  	
  	
  ●	
  Asymmetric	
  protrusion	
  (if	
  exists)

✓rms =
Ne2

�m0c2

q
h(Wy � hWyi)2i

h=1cm

h=0.5cm

h=0.25cm

hWyi =
Z 1

�1
Wy(s)�(s)ds

From	
  G.	
  Stupakov

σz=6mm

SubmiMed	
  to	
  NIMA
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3. Single-bunch effects: Transverse: Beam tilt
➤	
  G.	
  Stupakov’s	
  theory	
  on	
  transverse	
  beam	
  &lt:	
  
	
  	
  	
  	
  	
  ●	
  Symmetric	
  3D	
  structure	
  (like	
  collimator)	
  with	
  orbit	
  offset	
  
	
  	
  	
  	
  	
  ●	
  D02V1	
  in	
  LER	
  as	
  an	
  example:	
  d=-­‐2/2mm,	
  βy=104.6m	
  
	
  	
  	
  	
  	
  ●	
  COD	
  DY	
  <	
  0.2	
  mm	
  required?

Vertical

✓rms =
Ne2�y

�m0c2

q⌦
(W 0

y �
⌦
W 0

y

↵
)2
↵

σz=6mm

�✏y =
1

4 sin2(⇡⌫y)
�y✓

2
rms
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3. Single-bunch effects: TMCI: LER

From	
  T.	
  Ishibashi	
  and	
  Y.	
  Suetsugu

LaGce	
  version:	
  
sler_1689



25

➤	
  SuperKEKB:	
  Improvements	
  in	
  vacuum	
  chambers	
  
	
  	
  	
  	
  	
  ●	
  Antechamber,	
  Solenoid	
  winding,	
  TiN	
  coa&ng,	
  Grooved	
  surfaces,	
  
Clearing	
  electrodes,	
  …	
  =>	
  Expected	
  low	
  ecloud	
  density	
  (data	
  extracted	
  
from	
  KEKB	
  experiments)	
  
	
  	
  	
  	
  	
  ●	
  J.	
  CriMenden	
  is	
  helping	
  simulate	
  cloud	
  density	
  in	
  the	
  IR	
  …

Courtesy	
  of	
  Y.	
  Suetsugu

4. Electron cloud: Density estimation



➤	
  Ecloud	
  instability	
  theory:	
  
	
  	
  	
  	
  	
  ●	
  ρe,th	
  ∝  νs	
  	
  	
  	
  ●	
  ρe,th	
  ∝  1/β	
  	
  
	
  	
  	
  	
  	
  ●	
  ρe,th=2.2E11	
  m-­‐3	
  for	
  SuperKEKB	
  LER	
  
➤	
  Average	
  ecloud	
  density:	
  
	
  	
  	
  	
  	
  ●	
  Expected:	
  <ρe>=2.2E10	
  m-­‐3	
  
	
  	
  	
  	
  	
  ●	
  Weighted	
  by	
  βy:	
  <ρeβy>/<βy>=1.1E11	
  m-­‐3
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4. Electron cloud: Instability threshold

Ref.	
  K.	
  Ohmi	
  and	
  D.	
  Zhou,	
  IPAC14,	
  TUPRI020
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➤	
  Constant	
  cloud	
  density	
  and	
  constant	
  beta	
  func&on	
  
	
  	
  	
  	
  	
  ●	
  Simula&on:	
  ρe,th=3.8E11	
  m-­‐3	
  

	
  	
  	
  	
  	
  ●	
  Coherent	
  instability	
  dominates	
  the	
  emiMance	
  growth	
  above	
  
threshold

4. Electron cloud: PEHTS simulations

Turn-­‐by-­‐turn	
  beam	
  sizes	
  varying	
  
ecloud	
  density	
  w/o	
  radia&on	
  damping

Snapshot	
  of	
  beam-­‐cloud	
  mo&on	
  
at	
  4000	
  turn	
  with	
  ρe=4.2E11m-­‐3

Ref.	
  K.	
  Ohmi	
  and	
  D.	
  Zhou,	
  IPAC14,	
  TUPRI020
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➤	
  s-­‐dependent	
  cloud	
  density	
  and	
  beta	
  func&on	
  
	
  	
  	
  	
  	
  ●	
  Split	
  the	
  ring	
  into	
  ~40	
  slices	
  
	
  	
  	
  	
  	
  ●	
  Two	
  cases:	
  high	
  and	
  low	
  ecloud	
  density	
  at	
  the	
  high	
  beta	
  sec&ons

4. Electron cloud: PEHTS simulations

s-­‐depdent	
  βy	
  and	
  ρe s-­‐depdent	
  βy	
  and	
  ρe	
  at	
  the	
  IR	
  region

Ref.	
  K.	
  Ohmi	
  and	
  D.	
  Zhou,	
  IPAC14,	
  TUPRI020
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➤	
  s-­‐dependent	
  cloud	
  density	
  and	
  beta	
  func&on	
  
	
  	
  	
  	
  	
  ●	
  Simula&on:	
  ρe,th=4x	
  and	
  6x	
  of	
  es&mated	
  cloud	
  density	
  for	
  the	
  two	
  
cases	
  in	
  the	
  previous	
  page	
  	
  
	
  	
  	
  	
  	
  ●	
  Supposed	
  that	
  the	
  es&mated	
  density	
  is	
  reasonable	
  …	
  
	
  	
  	
  	
  	
  ●	
  Ecloud	
  at	
  high-­‐beta	
  sec&on	
  makes	
  difference	
  …

4. Electron cloud: PEHTS simulations

Ref.	
  K.	
  Ohmi	
  and	
  D.	
  Zhou,	
  IPAC14,	
  TUPRI020

Turn-­‐by-­‐turn	
  beam	
  sizes	
  varying	
  ecloud	
  
density	
  w/o	
  radia&on	
  damping	
  for	
  low	
  
cloud	
  density	
  in	
  high-­‐beta	
  region

Turn-­‐by-­‐turn	
  beam	
  sizes	
  varying	
  ecloud	
  
density	
  w/o	
  radia&on	
  damping	
  for	
  high	
  
cloud	
  density	
  in	
  high-­‐beta	
  region
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➤	
  s-­‐dependent	
  cloud	
  density	
  and	
  beta	
  func&on	
  
	
  	
  	
  	
  	
  ●	
  Treat	
  the	
  ecloud	
  in	
  the	
  IR	
  and	
  arc	
  sec&ons	
  separately	
  	
  
	
  	
  	
  	
  	
  ●	
  Look	
  at	
  the	
  case	
  of	
  high	
  cloud	
  density	
  in	
  high-­‐beta	
  regions	
  
	
  	
  	
  	
  	
  ●	
  It	
  is	
  found	
  that	
  ecloud	
  in	
  the	
  IR	
  region	
  dominates	
  the	
  instability

4. Electron cloud: PEHTS simulations

Ref.	
  K.	
  Ohmi	
  and	
  D.	
  Zhou,	
  IPAC14,	
  TUPRI020

Turn-­‐by-­‐turn	
  beam	
  sizes	
  varying	
  ecloud	
  
density	
  in	
  IR	
  w/o	
  radia&on	
  damping	
  for	
  
high	
  cloud	
  density	
  in	
  high-­‐beta	
  regions

Turn-­‐by-­‐turn	
  beam	
  sizes	
  varying	
  ecloud	
  
density	
  in	
  arc	
  w/o	
  radia&on	
  damping	
  for	
  
high	
  cloud	
  density	
  in	
  high-­‐beta	
  regions
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➤	
  s-­‐dependent	
  cloud	
  density	
  and	
  beta	
  func&on	
  
	
  	
  	
  	
  	
  ●	
  Incoherent	
  emiMance	
  grow	
  is	
  observed	
  below	
  inst.	
  threshold	
  
	
  	
  	
  	
  	
  ●	
  Turn	
  on	
  radia&on	
  damping	
  and	
  excita&on	
  
	
  	
  	
  	
  	
  ●	
  Detect	
  equilibrium	
  emiMance	
  as	
  a	
  func&on	
  of	
  cloud	
  density

4. Electron cloud: PEHTS simulations

Ref.	
  K.	
  Ohmi	
  and	
  D.	
  Zhou,	
  IPAC14,	
  TUPRI020

Turn-­‐by-­‐turn	
  beam	
  sizes	
  varying	
  ecloud	
  
density	
  w/o	
  radia&on	
  damping	
  for	
  low	
  
cloud	
  density	
  in	
  high-­‐beta	
  region

Turn-­‐by-­‐turn	
  beam	
  sizes	
  varying	
  ecloud	
  
density	
  w/o	
  radia&on	
  damping	
  for	
  high	
  
cloud	
  density	
  in	
  high-­‐beta	
  region
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➤	
  s-­‐dependent	
  cloud	
  density	
  and	
  beta	
  func&on	
  
	
  	
  	
  	
  	
  ●	
  Incoherent	
  emiMance	
  growth	
  is	
  also	
  important	
  
	
  	
  	
  	
  	
  ●	
  Ecloud	
  density	
  should	
  be	
  lower	
  than	
  3x	
  of	
  es&mated	
  density,	
  
especially	
  in	
  the	
  IR	
  region

4. Electron cloud: PEHTS simulations

Ref.	
  K.	
  Ohmi	
  and	
  D.	
  Zhou,	
  IPAC14,	
  TUPRI020
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➤	
  Linear	
  SC	
  tune	
  shiL	
  along	
  the	
  ring
5. Space charge: LER: Tune shift

sler_1689



5. Space charge: LER: Luminosity

34

➤	
  Weak-­‐strong	
  model	
  for	
  space	
  charge	
  
➤	
  “Strong”	
  beam:	
  EmiMance	
  growth	
  due	
  to	
  IBS	
  
included

sler_1689



5. Space charge: LER: Beam tail

35

sler_1689

NP=0.014E10 NP=1.4E10 NP=2.8E10

NP=4.2E10 NP=5.6E10 NP=5E10

NE=6E10 NE=6.53E10

➤	
  Beam	
  tail	
  w/	
  LN+SC	
  by	
  SAD

Note:	
  No	
  op&cs	
  correct	
  
with	
  space	
  charge



5. Space charge: LER: FMA

36

➤	
  FMA	
  shows	
  betatron	
  tunes	
  of	
  par&cles	
  at	
  the	
  beam	
  
core	
  are	
  close	
  to	
  half-­‐integer	
  with	
  only	
  SC	
  considered.
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6. Intra-beam scattering: LER: SAD simulation
➤	
  EmiMance	
  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

6. Intra-beam scattering: LER: SAD simulation
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6. Intra-beam scattering: HER: SAD simulation
➤	
  EmiMance	
  growth	
  due	
  to	
  IBS	
  (w/	
  errors	
  in	
  sext.)	
  
	
  	
  	
  	
  	
  	
  ●	
  εx	
  slightly	
  decrease	
  with	
  increasing	
  errors	
  in	
  sext.	
  Δεx	
  <	
  3%	
  
	
  	
  	
  	
  	
  	
  ●	
  Negligible	
  in	
  vert.	
  direc&on	
  
	
  	
  	
  	
  	
  	
  ●	
  Effects	
  of	
  IBS	
  in	
  HER	
  almost	
  negligible
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6. Intra-beam scattering: HER: SAD simulation
➤	
  Bunch	
  lengthening	
  and	
  energy	
  spread	
  increase	
  due	
  to	
  
IBS	
  (w/	
  errors	
  in	
  sext.)	
  
	
  	
  	
  	
  	
  	
  ●	
  Both	
  σz	
  and	
  σz	
  slightly	
  increase	
  due	
  to	
  IBS	
  
	
  	
  	
  	
  	
  	
  ●	
  Effects	
  of	
  IBS	
  in	
  HER	
  is	
  negligible
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7. Summary
➤	
  Beam-­‐beam	
  and	
  luminosity	
  
	
  	
  	
  	
  	
  ●	
  Interplay	
  of	
  BB	
  and	
  LN	
  is	
  important	
  issue	
  in	
  SuperKEKB	
  
	
  	
  	
  	
  	
  ●	
  We	
  need	
  to	
  op&mise	
  the	
  op&cs	
  design	
  
➤	
  Impedance	
  and	
  single-­‐bunch	
  effects	
  
	
  	
  	
  	
  	
  ●	
  Pseudo-­‐Green	
  func&on	
  wakes	
  are	
  available	
  
	
  	
  	
  	
  	
  ●	
  Beam	
  &lt	
  and	
  TMCI	
  are	
  poten&ally	
  important	
  
➤	
  Electron	
  cloud	
  
	
  	
  	
  	
  	
  ●	
  Simula&ons	
  of	
  instability	
  vs.	
  varied	
  βx,y	
  and	
  density	
  were	
  done	
  
	
  	
  	
  	
  	
  ●	
  High-­‐beta	
  sec&ons	
  can	
  be	
  important	
  
	
  	
  	
  	
  	
  ●	
  Ecloud	
  density	
  data	
  need	
  to	
  be	
  verified	
  
➤	
  Space	
  charge	
  
	
  	
  	
  	
  	
  ●	
  A	
  surprise	
  to	
  SuperKEKB	
  and	
  to	
  be	
  verified	
  
	
  	
  	
  	
  	
  ●	
  Consider	
  compensa&on	
  scheme	
  via	
  op&cs	
  correc&on	
  
➤	
  Intra-­‐beam	
  scaMering	
  
	
  	
  	
  	
  	
  ●	
  To	
  be	
  an	
  issue	
  in	
  LER	
  and	
  interplay	
  with	
  other	
  collec&ve	
  effects



➤	
  Interplay	
  of	
  various	
  issues	
  
	
  	
  	
  	
  	
  ●	
  Luminosity	
  <=	
  EmiMance	
  <=	
  Beam-­‐beam,	
  LaGce	
  nonlinearity,	
  Space	
  
charge,	
  Impedances,	
  Electron	
  cloud,	
  Intra-­‐beam	
  scaMering,	
  etc.	
  
	
  	
  	
  	
  	
  ●	
  =>	
  Dynamic	
  aperture	
  and	
  life&me	
  =>	
  Beam	
  commissioning	
  =>	
  
Injec&on,	
  Detector	
  back	
  ground,	
  Alignments,	
  etc.	
  =>	
  Tolerance	
  for	
  
hardwares	
  =>	
  …

42

LuminosityBeam-beam

Emittance

Dynamic 
aperture

Background
Lattice 

nonlinearities

Lifetime

Collimation

Machine errors 
& correction Space charge

Instabilities

Electron cloud

Impedance

Linac, injection, e+/e- 
sources, damping 

ring, ... ...Alignment

Intra-beam

7. Summary
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!

!

More	
  details	
  in	
  the	
  backup	
  slides	
  
and	
  my	
  webpage:	
  

hMp://research.kek.jp/people/dmzhou/	
  
!

Thanks	
  for	
  your	
  aMen&on!	
  
!

AND	
  
Welcome	
  to	
  KEK!	
  

!
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➤	
  Simple	
  map	
  for	
  crab	
  waist	
  at	
  IP
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2. Beam-beam: Lattice nonlinearity: LER

sler_1684
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NE=0.01E10 NE=1E10 NE=2E10

NE=3E10 NE=4E10 NE=5E10

NE=6E10 NE=6.53E10

➤	
  Beam	
  tail	
  w/	
  BB+CW	
  by	
  BBWS
2. Beam-beam: Lattice nonlinearity: LER



2. Beam-beam: Lattice nonlinearity: LER
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NE=0.01E10 NE=1E10 NE=2E10

NE=3E10 NE=4E10 NE=5E10

NE=6E10 NE=6.53E10

➤	
  Beam	
  tail	
  w/	
  BB+CW+LN	
  by	
  SAD sler_1684
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➤	
  Simple	
  map	
  for	
  crab	
  waist	
  at	
  IP
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2. Beam-beam: Lattice nonlinearity: HER
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sher_5755
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NP=0.014E10 NP=1.4E10 NP=2.8E10

NP=4.2E10 NP=5.5E10 NP=6.9E10

NP=8.3E10 NP=9.04E10

➤	
  Beam	
  tail	
  w/	
  BB	
  by	
  BBWS
2. Beam-beam: Lattice nonlinearity: HER
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sher_5755

NP=0.01E10 NP=1.E10 NP=3.E10

NP=4.E10 NP=5.E10 NP=7.E10

NP=8.E10 NP=9.04E10

➤	
  Beam	
  tail	
  w/	
  BB+LN	
  by	
  SAD
2. Beam-beam: Lattice nonlinearity: HER
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NP=0.014E10 NP=1.4E10 NP=2.8E10

NP=4.2E10 NP=5.5E10 NP=6.9E10

NP=8.3E10 NP=9.04E10

➤	
  Beam	
  tail	
  w/	
  BB+CW	
  by	
  BBWS
2. Beam-beam: Lattice nonlinearity: HER
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sher_5755

NP=0.01E10 NP=1.E10 NP=3.E10

NP=4.E10 NP=5.E10 NP=7.E10

NP=8.E10 NP=9.04E10

➤	
  Beam	
  tail	
  w/	
  BB+CW+LN	
  by	
  SAD
2. Beam-beam: Lattice nonlinearity: HER



➤	
  Detuned	
  laGce:	
  sler_1689_d4-­‐8/sher_5767_d4-­‐8

2. Lum. calculation: Detuned lattice

53

From	
  Y.	
  Ohnishi



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

2. Lum. calculation: Detuned lattice
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3. Impedance: Modelling: HER
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ARES

SCC	
  (by	
  ABCI) Movable	
  mask	
  (KEKB	
  type)

Bellows

From	
  T.	
  Abe,	
  Y.	
  Morita,	
  and	
  K.	
  Shibata

Unique	
  for	
  KEKB



3. Impedance: Modelling: HER
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SR	
  mask

Pumping	
  port Flange

BPM

From	
  K.	
  Shibata	
  and	
  M.	
  Tobiyama
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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	
  

3. Impedance calculations: Impedance budget

Ref.	
  D.	
  Zhou,	
  IPAC14,	
  TUPRI021
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➤	
  Wake	
  poten&al	
  with	
  nominal	
  bunch	
  length	
  
	
  	
  	
  	
  	
  ●	
  σz=5mm	
  
	
  	
  	
  	
  	
  ●	
  Main	
  sources:	
  Collimators,	
  Resis&ve	
  wall,	
  ARES	
  cavity,	
  
Bellows,	
  MO	
  flanges,	
  Clearing	
  electrodes	
  
	
  	
  	
  	
  	
  ●	
  CSR	
  and	
  CWR	
  are	
  not	
  strong	
  if	
  no	
  microbunching	
  happens

3. Impedance: Results: LER
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➤	
  Wake	
  poten&al	
  with	
  nominal	
  bunch	
  length	
  
	
  	
  	
  	
  	
  ●	
  σz=5mm	
  
	
  	
  	
  	
  	
  ●	
  Main	
  sources:	
  Movable	
  masks,	
  Resis&ve	
  wall,	
  Flange	
  
gaps,	
  Bellows,	
  SCC	
  cavi&es,	
  ARES	
  cavi&es,	
  Pumping	
  port	
  
	
  	
  	
  	
  	
  ●	
  CSR	
  is	
  weak	
  if	
  no	
  microbunching	
  happens

3. Impedance calculations: Results: HER
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➤	
  Simula&ons	
  with	
  input	
  of	
  Pseudo-­‐Green	
  wake:	
  
	
  	
  	
  	
  	
  ●	
  BUT,	
  pseudo-­‐Green	
  wakes	
  for	
  CSR,	
  CWR	
  and	
  RW	
  are	
  not	
  
good	
  choices.	
  =>	
  To	
  be	
  improved.	
  
	
  	
  	
  	
  	
  ●	
  Poten&al-­‐well	
  distor&on	
  =>	
  Longitudinal	
  beam	
  &lt	
  =>	
  
Impact	
  on	
  luminosity	
  to	
  be	
  evaluated

3. Single-bunch effects: Longitudinal: LER

NP=9.04E10
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➤	
  Simula&ons	
  with	
  input	
  of	
  Pseudo-­‐Green	
  wake:	
  
	
  	
  	
  	
  	
  ●	
  BUT,	
  pseudo-­‐Green	
  wakes	
  for	
  CSR,	
  CWR	
  and	
  RW	
  are	
  not	
  
good	
  choices.	
  =>	
  To	
  be	
  improved.	
  
	
  	
  	
  	
  	
  ●	
  Poten&al-­‐well	
  distor&on	
  =>	
  Longitudinal	
  beam	
  &lt	
  =>	
  
Impact	
  on	
  luminosity	
  to	
  be	
  evaluated

3. Single-bunch effects: Longitudinal: HER

NP=6.53E10



➤	
  Test	
  by	
  inser&ng	
  a	
  map	
  of	
  H=K*x2y	
  into	
  the	
  LER	
  laGce	
  
➤	
  Skew-­‐sext.	
  map:	
  
	
  	
  	
  	
  	
  ●	
  to	
  cancel	
  the	
  nonlinear	
  term	
  from	
  solenoid	
  
	
  	
  	
  	
  	
  ●	
  work	
  well	
  at	
  both	
  low	
  and	
  high	
  currents	
  
	
  	
  	
  	
  	
  ●	
  interplay	
  of	
  SC	
  and	
  laGce	
  nonlin.	
  also	
  mi&gated	
  par&ally

5. Space charge: LER: Luminosity

64

sler_1689


