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• Goals of the workshop:
– 4th of the ILCDR series, on R&D projects necessary for the design 

of the ILC Damping Rings:
• Low Emittance Tuning
• Electron cloud

– Kickoff meeting for CesrTA:
• Define the use of CesrTA as test facility for specific subjects related to 

the above topics
• 4 Electron Cloud Working Sessions:

– Observations and measurements
– Status of simulation tools
– Mitigation techniques
– Experimental planning
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From: M. Palmer, ILCDR08 Introduction



From: M. Palmer & D. Rubin, CesrTA Introduction



From: M. Palmer & D. Rubin, CesrTA Introduction



From: M. Palmer & D. Rubin, CesrTA Introduction



A quick glance to the CesrTA target parameters...

Parameter Value

Energy 1.9 - 5.3 GeV
No. wigglers 12
Bmax 2.1 T
εx (geometric) 2.25 nm
εy (geometric) 20 pm (~40 nm normalized)
Qx 0.59
Qy 0.63
Qz 0.070 - 0.098
σz 6.8 - 8.9 mm
ΔE/E 8.1 - 8.6 x 10-4

Rf voltage 7.6 MV
τx,y ~ 60 ms
αp 6.2 x 10-4

Nb 1 - 2 x 1010

Bunch spacing Multiples of 4 ns and 14 ns



• Two years of CesrTA experimental program will 
be mainly devoted to:
– Study of e-cloud formation and instability
– Development of low emittance tuning techniques
– Development of x-ray beam size monitor for ultra-low 

emittance beams
• Additional possible studies

– Studies of emittance diluition
– Ion effects
– 2D x-ray beam size camera upgrade
– Tests of ILC prototype hardware
– Further emittance reduction and further refinement of 

tuning methodology



• Electron cloud studies that can be carried out at 
CesrTA:
– Benchmark of modelling tools against experiments 

(code validation)
– Verification of mitigation techniques (for ex. coating 

behavior wrt synchrotron radiation)
– Development of diagnostics tools

• However
– Parameter range is different from CLIC-DRs in some 

respects (larger bunch spacing → lower line density, 
lower energy, larger emittances)

– Similar scaled bunch parameters → Emittance growth
studies (due to e-cloud and/or space charge) maybe 
useful 





• Direct electron cloud observation:
– Measurements with the RFA (KEKB-LER, CesrTA)
– Microwave diagnostics (CERN-SPS, LBNL-PEPII)

• Indirect electron cloud observation (through the 
effects on the beam)
– Tune shift along the batch (CesrTA, KEKB)
– Coherent:

• Single bunch instabilities (KEKB)
• Coupled bunch instabilities (CesrTA ?)

– Incoherent:
• Emittance growth (KEKB)







From: S. Greenwald, RFA Development and Experimental
Measurements at Cesr-TA







• Emittance growth @ KEKB-LER
– Beam size was measured scanning different filling 

patterns and different working points
– Close spacings (6-8 ns) caused e-cloud instability
– 12, 16, 24 ns spacings caused no e-cloud instability,and 

the synchro-betatron resonances appear to be narrowed 
by the e-cloud (less emittance growth) 

– No emittance growth observed out of resonance
• Emittance growth @ CesrTA

– No emittance growth observed far from resonance and 
synchro-betatron resonance weakened by the e-cloud

– Tune shift and coherent oscillation (due to coupled 
bunch instability) observed 

From: K. Ohmi, Emittance growth due to electron cloud





From: R. Holtzapple, Studies with winess 
bunches at CesrTA





ECLOUD, POSINST, CLOUDLAND

ECLOUDPOSINST PEHTS, HEADTAIL



From: J. Calvey, Simulations at CesrTA 



From: J. Calvey, Simulations at CesrTA 



From: C. Celata, Cyclotron resonances in magnetic fields
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From: C. Celata, Cyclotron resonances in magnetic fields

The high-field (no resonance) case shows the characteristic “stripes”
pattern seen in many experiments. At resonance the electrons are much 
more widely distributed in x.



Need to simulate 3D effects:
• ExB drift ⇒

e– s ⇒ different z (and B) ⇒ go in (and out) of resonance.  
Resonance may affect more e–s, but each gains less energy
What is the sign of the effect?

• Use correct 3D field:  
Bx and Bz, and variation in By across the chamber. 
Can do a lot with POSINST.

• width of the resonances (ILC DR wigglers) ≈ 10 G ⇒ need z resolution 
~ 2 μm!  Grid cells asymmetric (350:1:1), leading to possible error, or 
could instead make huge runs by resolving x and y to μm scale.

• Time step must be ~ 1 x 10-11 s  to resolve beam and cyclotron motion.

But it is hard:

3D Wiggler Calculations are Essential but 
Challenging

From: C. Celata, Cyclotron resonances in magnetic fields



From: K. Ohmi, Coherent effects of electron clouds



Item 2

Understand the influence of rediffused electrons in build up codes

Instability codes have been benchmarked several times against each other 
(HEADTAIL, PEHTS, QuickPIC)

Item 3

Many free input parameters, which can be used to fit the experimental 
results

Long story of qualitative or semi-quantitative agreements (or predictions), 
both for build up and instability simulations

From: M. Furman, Summary of Working Session on Simulations
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