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Electron cloud effects 
in positron rings

• Large yield of photo-emission, 

• Flat beam, 

• short bunch length



Parameters for e+ machines 
SuperKEKB
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Threshold	
  of	
  the	
  strong	
  head-­‐tail	
  instability	
  
(Balance	
  of	
  growth	
  and	
  Landau	
  damping)

• Stability	
  condi=on	
  for	
  ωeσz/c>1

• Since	
  ρe=λe/2πσxσy,

• Q=min(Qnl,	
  ωeσz/c)	
  	
  	
  	
  	
  	
  	
  
• 	
  Qnl	
  depends	
  on	
  the	
  nonlinear	
  interac=on.	
  
• K	
  characterizes	
  cloud	
  size	
  effect	
  and	
  pinching.	
  
• 	
  We	
  use	
  K=ωeσz/c	
  and	
  Qnl=7	
  for	
  analy=cal	
  es=ma=on.
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KEKB:	
  measurement	
  and	
  simula=on	
  
of	
  fast	
  head-­‐tail	
  instability

Tail of train

Head of train

Betatron    sideband 

Simulation (PEHTS) 

HEADTAIL gave similar results (E. Beneditto 
showed large cloud gave nice sideband signal)

Beam size blow up observed, 
and simultaneously synchro-
beta sideband observed.

>νs

• Measurement	
  at	
  KEKB

ρe,th=0.8x1012m-3



Bunch	
  by	
  bunch	
  Feedback	
  does	
  not	
  
suppress	
  the	
  sideband

• Bunch	
  by	
  bunch	
  feedback	
  suppress	
  only	
  betatron	
  amplitude.

Sideband signal is Integrated over the train

Betatron    sideband 

Simulation (PEHTS)



SuperKEKB

7

• Simulation  ρth=2.2x1011 m-3.

• Analytic      ρth=2.7x1011 m-3.

• Take care of high β section. Effects are 
enhanced.

�
ρeβyds/L = 1011 × 10 m−2

Vacuum	
  system	
  
designed	
  to	
  be	
  
ρe=1x1011 m-3



PETRA-­‐III
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ρe,th=1.2x1012m-3

Analy=c	
  	
  1.2x1012

•No	
  ante-­‐chamber.	
  

•The	
  threshold	
  current	
  is	
  very	
  low.	
  N+=0.5x1010/bunch.

•Upper	
  sideband	
  like	
  KEKB	
  has	
  been	
  observed.
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Courtesy of R. Wanzenberg

νs=6.4kHz

head of train

tail of train



Cesr-­‐TA
• 5	
  GeV	
  high	
  emibance	
  40nm,	
  ωeσz/c=3.2

• 2GeV	
  low	
  emibance	
  2nm,	
  ωeσz/c=11

• Threshold	
  of	
  the	
  instability	
  is	
  ρe=1x1012	
  m-­‐3	
  in	
  
CesrTA	
  2GeV	
  experiment	
  (ECLOUD10,	
  G.	
  Dugan)

• Both	
  sideband	
  upper	
  and	
  lower	
  are	
  seen.

10νy νy+νs
νy-νs

νx

Head of train



CesrTA 2 and 5 GeV

• High(2GeV) and 
low(5GeV)  ωeσz/c.

2GeV

5GeV

ρth=4x1012 cm-3

ρth=0.8x1012 cm-3



Simulated Unstable spectra

2 GeV

5 GeV

• Lower sideband is dominant for high ωeσz/c 
(low emittance).

• Upper sideband is dominant for 5GeV

H. Jin et al., JJAP, 50, 026401(2011)



• Lower sideband is seen 
for high ωeσz/c, 2GeV.

• Upper sideband is seen 
for low ωeσz/c, 5 GeV.

Simulated beam spectra
2 GeV

5 GeV
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Incoherent	
  effect	
  in	
  CesrTA
• Emittance growth due to nonlinear interaction 

with electron cloud
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Slow	
  growth	
  lower	
  than	
  the	
  
threshold

Slower than radiation damping time

ρth=1.2x1012

2GeV

5GeV

ρth=5x1012



Es=ma=on	
  of	
  cloud	
  density	
  and	
  coupled	
  
bunch	
  instability	
  in	
  SuperKEKB

• Ante-­‐chamber,	
  δ2,max=1.2	
  without	
  special	
  structure	
  like	
  groove

• Wake	
  field	
  and	
  growth	
  rate	
  of	
  the	
  couplied	
  bunch	
  instability.

• Suetsugu-­‐san	
  es=mates	
  the	
  density	
  based	
  on	
  measurements	
  
and	
  is	
  designing	
  the	
  chamber	
  to	
  achieve	
  density.

ρe=2.2x1011 m-3

Growth time is 40 
turns. It should be 
suppressed at 
ρe=1x1011 m-3.



Mul=-­‐bunch	
  	
  instability	
  in	
  KEKB 
Beam dancing with electron cloud

• Drift space

• Electrons move one way

• Bunch by bunch correlation is short, very 
low Q.



Mul=-­‐bunch	
  	
  instability	
  in	
  KEKB 
Beam dancing with electron cloud

• In solenoid magnets

• Electrons move along the chamber surface.



• Electron cloud in bending magnet

• Does beam dance with electron cloud pillar? 

Mul=-­‐bunch	
  	
  instability	
  in	
  DAFNE 
Beam dancing with electron cloud

Wake

Unstable mode



Summary for positron rings
• Electron cloud effects have been seen many 

positron rings.  All machines are photo-emission 
dominant.

• Synchrotron sideband due to electron cloud 
instability has been observed in many machines. 
The behaviors well agree with simulations.

• Coupled bunch instability has observed many 
rings and analyzed in detail. The behaviors well 
agree with simulations. 



Electron cloud effects in LHC

   ωeσz/c                                         3.4          11

Analytic             ρe,th (m-3)               2.2x1011   5.7x1011

Simulation (bend) ρe,th (m-3)              6x1011     3x1012

Simulation (drift)  ρe,th (m-3)             3x1011      1x1012

Simulations are 
showed letter



Electron source
• Ionization, 2x10-7 Pa, Npe/L=8x10-9 m-1 at 

injection

• Photo-emission γ=7463, Npe/L=0.0019 m-1, uc=30 
eV at top energy

• Cyclotron motion in bending magnet.

★ Inj 0.535 T,  ωcσz/c=35, ρc/σx=0.12 (300eV)

★ Top 8.33T,  ωcσz/c=369, ρc/σx=0.03 (300eV)

★ Neglect cyclotron motion in this presentation, 
electrons move along magnetic flux line.



Electron line density
• injection               top energy

• 100 time worse vacuum
Since multipacting is dominant 

in injection, the density is 
almost independent of initial 

yield

Used cylindrical pipe r=2cm



Electron density at injection

• Density just interacting with beam

ρe,th=6x1011m-3 is determined 
by simulation in next slides

r=5mm

The density r=1mm slightly 
different

r=1mm



Electron density at top energy

• Density just interacting with beam

ρe,th=2x1012m-3 is determined 
by simulation in next slides



Simulation results (PEHTS)

ρe,th=3x1012m-3ρe,th=6x1011m-3

•          injection                         top energy

• dispersion 1.5m,   no remarkable effects



Simulations in Drift space
• injection

ρe,th=3x1011m-3 ρe,th=1x1012m-3



Cloud density fluctuation
•   injection                       top energy

30% fluctuation 30% fluctuation

No fluctuation No fluctuation

The slow growth is artifact, but the differences have meaning.



Summary for LHC electron cloud
• Electron cloud density and threshold for fast head-

tai instability was estimated.

• The threshold densities are ρe,th=3x1011m-3 (drift) 
and 6x1011m-3 (bend) for injection, and 1x1012

(drift) and 3x1012 (bend) for top energy.

• The densities of onset of instability in drift agree 
with analytical estimates.

• Fluctuation of cloud density may be serious for 
emittance growth.

• Scrubbing to achieve Y2max=1.6 is necessary for 
operation with 25 ns spacing.


