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Electron Cloud Effect 

The electron cloud develops quickly as photons striking the 
vacuum chamber wall knock out electrons that are then 
accelerated by the beam, gain energy, and strike the chamber 
again, producing more electrons.  
 
The interaction between the electron cloud and a beam leads to 
the electron cloud effects such as single- and multi-bunch 
instability, tune shift, increase of pressure and so on. 



Eclectron Cloud Buildup 
LHC dipole parameters 

 — ECLOUD (CERN) output 

•    bunch to bunch average 



Maps Formalism 
For a given beam pipe characteristics the evolution of the electron 
density is only driven by the bunch passing by, and the existing 
electron density before the bunch passage: 

ρm+1 = F(ρm) 
 
Simplify the e-cloud problem into a small number of mathematical 
parameters. 

The bunch-to-bunch evolution of the e-cloud density is represented by 
a cubic map: 

ρm+1 = a ρm+ b ρm
2 + c ρm

3 

 
where ρm is the bunch to bunch average of the electron line density 



Building the Cubic Map 

Lines corresponds to cubic 
fit of the form: 
 
ρm+1 = a ρm+ b ρm

2 + c ρm
3 

 
Three sets of coefficients are 
needed to describe the 
ecloud density evolution 



Analytical Determination of Linear Coefficient 

The linear coefficient is given by 

The total number of low energy electrons at the 
arrival of (m+1) is given by  

The total number of (fast and slow) electrons at 
the of (m+1) is given by  



… but in presence of magnetic field 
    The Sey also depends on the angle at 

which the electrons strike the chamber 
wall. For non-normal incidence, dtot is 
multiplied by                   , and  also the 
Emax is multiplied by 

Magnetic Dipole Field : By = 8.4 T  
 
Assumption: the transverse elicoidal motion 
of the electrons is approximated by a 
vertical motion (the radius of the particle 
trajectories is very small compared to the 
beam pipe radius Rp). 

Beam Pipe 
Geometry 



Model of the Space Distribution of Electron Cloud 

In presence of magnetic field the space distribution of ecloud can be modeled by 

The total potential in the chamber is 

The electrostatic potential generated by an 
uniform charged wire distribution, satisfying the 
boundary condition, is 
 



Energy Barrier in Presence of Magnetic Field 

The energy barrier  



Energy Barrier in Absence of Magnetic Field 



Energy gained by the electrons 
     The electrons are accelerated by the bunch. The energy gain of the 

electron in the position (x,y) is given by (Kick approximation) 

where the critical radius is 

     The average energy gain 

     The average time of flight 



Saturation condition 
The saturation condition for the map gives 

The density of saturation  
 
 
 
is obtained by imposing the condition in the point 

The average density is given by 

The coefficients of map are given by 



Coefficients of Map 



Conclusions and Outlook 

1.  The electron-cloud buildup can be described by a quadratic map. 

2.  An approximate formula has been derived for the quadratic  
coefficient in presence of magnetic field. 

3.  The analytical result could be useful to determine safe regions in 
parameters space where to minimize the electron clouds. 


