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ÅA study to identify the parameters, in the range of the values of FCC-eecase, which play a 

significantrole in the e-cloud formation has been performed
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The Z configurationhas been investigated, because the strongest e-cloudeffects are foreseen 
for this configurationdue to the highest number of bunches (smallest bunch spacing)

ώ ϐ C// ǿŜŜƪ нлннΣ ά!ŎŎŜƭŜǊŀǘƻǊ ƻǾŜǊǾƛŜǿέΣ CǊŀƴƪ ½ƛƳƳŜǊƳŀƴƴΣ ¢ƻǊ Raubenheimer

FCC-eeConfiguration Z

FCC week 2023 06/06/2023



ÅNew machine and beam parameters
o More bunches -> smaller bunch spacing (max 18.9 ns)

o Smaller bunch intensity

o Bunch length

5

[ ] K. Oide16thaŀǊŎƘ нлноΣ άLƳǇŀŎǘ ƻŦ beamstrahlungon crab sextupoleŎƻƳǇŜƴǎŀǘƛƻƴέΣ мсоrd FCC-eeOptics Design Meeting & 34th FCCIS WP2.2 Meeting

New Parameters

FCC week 2023 06/06/2023



FCC week 2023 06/06/2023

Design in PyECLOUD Design in PyECLOUD

ÅNew vacuum chamber
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ÅThe scientific goal of the research activity is to check the stability limits by means 

of self-consistent beam stability simulations for the different arc elements with 

realistic e-cloud distributions obtained from build-up simulations

ÅWhat is the impact of the new parameters on the e-cloud single-bunch stability?
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ÅThe first campaign of build-up simulation studies with the old parameters has been 

used to identify which parametersplay a significant role in e-cloud formation 

process

ÅA second campaign of build-up simulation has been performed in order to assess 

the effect of the new parameters on the e-cloud formation process

o comparison between the new parameters and the old ones

ÅStability simulationsusing the build-up simulation results with the new parameters 
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ÅTrailing bunches of the train are in 

a dense electron-cloud (e-cloud)

o Transverse instabilities

o Transverse emittance blow-up

o Particle losses

Secondary Electron Emission can drive an avalanche multiplication 
effect filling the beam chamber with anelectron cloud

Proton bunch

e- is emitted 
(photoelectric effect) 

Secondary Electron Emission
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Åe-cloud induces other unwanted effects like:

o Heat load on the beam chambers 

o Vacuum degradation

ÅAffects mainly machine operating with positively 

charged particles(p+, e+, positive ionsΧ)
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E-Cloud Formation Process
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o it depends on the history of the surface, in particular on accumulated electron 
dose -> to a certain extent the e-cloud cures itself (beam induced scrubbing)

ÅThe chamber geometry influences e- accelerationand time of flight

ÅSurface properties have a primary role in the e-

multiplication process
o The main quantity involved is the Secondary 

Electron Yield (SEY):

o The SEY is the ratio between emitted and impacting 
electron current as a function of the energy of the 
impinging electrons

o It depends on surface chemical properties
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E-Cloud Formation Process
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ÅA key ingredient is the bunch spacing:
o It determines how many electrons survive

between consecutive bunch passages

o Significant impact on multipactingthreshold, 
i.e. SEY above which avalanche multiplication 
(multipacting) is triggered

ÅBunch intensityand bunch lengthalso 
have an important effect as they affect 
the acceleration received by the electrons

PyECLOUD simulations ïLHC arc dipole

Maximum Secondary Electron Yield ���Gmax)
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