
Some (not only historical) remarks  
on noise with space charge 



1980's: Can we transport a space charge dominated 
beam through a long periodic system? 

(Heavy Ions for Inertial Fusion) 

n.k+Dwcoh=180 or 360 
n=2,3,4,5, ....  
Dwcoh = complex  instabilities 
 all coherent 
 space charge driven 
 infinitely many 
 no Landau damping (KV) 
 relief came from first PIC simulation 

(>1979 with 104...105 particles on 
Cray 1 in Munich)   nearly all 
"damp" with non-KV 



>1990: Can we find a matched distribution with space charge in 
periodic focusing  and no emittance growth to benchmark our 

PIC codes? 

 strong space charge k0=600    k=150 

(600 "safe" from internal resonances) 

 exactly matched waterbag (profile!) 
 periodic solenoid = const 
 periodic quad = slow growth  
 why? noise – resonances? 

solenoids 
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periodic 
quadrupole 
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1990's: Struckmeier's stochastic approach with x – y 
temperature imbalance (FODO)  entropy + emittance growth  

No growth: 
1. bfriction=0: no stochastic source  

• frozen smooth space charge interaction 
2. Tx=Ty:   beam keeps round symmetry 

• no entropy is generated 

flow of heat = irreversible 

bfriction=friction coefficient 
 fluctuations of fields and particles 

Tx-Ty = given by lattice 



New challenge:  
 
 scattering and trapping of particles in nonlinear 

resonances may occur outside core 
 noise issue  and "temperatures" need to be refined – 

localized? 
 what is noise effect on trapping / scattering? 

Ie describing ellipticity 




