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Intrabeam collisions, gas and electron effects in intense 
beams!

1.  Beam/beam coulomb collisions!
2.  Beam/gas scattering!
3.  Charge changing processes!
4.  Gas pressure instability!
5.  Electron cloud processes!
6.  Electron-ion instability!
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Gas and electron effects 

-Effects are quite different depending on 
q, m of species being accelerated 

- Circular accelerators vs. Linacs 
 (tresidence ~ ms to days  vs. 10’s of µs) 

-Long pulse vs. short pulse 
(tpulse ~ 10’s of µs vs. 10’s of ns) 



Processes: 
1. Coulomb collisions (intra-beam) 

2. Coulomb collisions with residual gas 

3. Charge exchange 

4. Stripping 

5. Neutralization 

6. Gas Ionization 
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                 ≡ Csc

How does scattering change the envelope equations? 
We assume the scattering locally changes the transverse 
momentum, without directly changing the position (thin lens). 
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x'	
 So after an incremental distance δs	
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And the moment equations become: 
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For    x ' '= −K(s)x +
2Q
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 is negligible the  envelope  equation  becomes :
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For a beam undergoing acceleration or deceleration 
or if both stopping and scattering are not negligible: 
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ng =10−7  torr  =  3.5 ×109  cm−3 =  3.5 ×1015  m−3

rx = 0.01 m; Zg = 7; Z =19; A = 39; β = 0.01; εN =1×10−6  m − rad
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So 22 km needed to equal original emittance! (So more 
important for rings and/or low mass particles). 
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Vbeam = πrbeam
2 Lbeam              Vpipe = πrpipe

2 Lpipe           Ap = πrpipe
2

Here S = effective linear pumping rate m3/s/m = m2/s 
q = effective linear outgassing rate  
    = 2πrpipeQoutgassing/(πrpipe

2) = 2Qoutgassing/rpipe 
 where Qoutgassing = #/cm2/s 

ηG = gas molecules desorbed per incident ionized gas molecule  
ηHI = gas molecules desorbed per incident ionized heavy ion 
Vbeam/Vpipe !  (rbeam

2/rpipe
2)(νrepΔt) for a rep rated linac 

Δt = pulse duration; νrep = repetition rate 

Gas evolution equation: 
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the equation of motion for single electron: 

Taking statistical average: 

Electric field from ions: 
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ωβ 0 ≡ vzkβ 0



So a beam perturbation 
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