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dependence on bunch dimensions (to be stressed here)
2.  Puzzling features 

CSR shielding, or lack thereof (will not be discussed)

3.  Formulation of bunch evolution as intrabeam scattering (IBS)
     using the UAL string space charge formalism

βx

εx
γ εy

γ

4.  Simulation of CTF−II results:

R 56
and bunch width ( i.e on      )  

and emittances         and 
dependence of mean energy loss, energy spread, bunch length

on bunch charge, chicane settting          , distance along line,

1.  Review CTF−II Experiments

εx
γ    = 1.0 mm.mr, yεγ    = 1.0 mm.mr

yεγ    = 0.01mm.mrεx
γ    = 1.0 mm.mr,

5.  "Standard Chicane"
Nominal, round beam; 
Ribbon (practical) beam;

6.  Conclusions
7.  Computational practicalities

EMITTANCE GROWTH DUE TO SPACE CHARGE FORCES IN AN
AN ELECTRON BUNCH COMPRESSOR

R. Talman, CERN, September 5, 2007
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String Space Charge Model

COMMENTS CONCERNING COHERENT SPACE CHARGE FORCES

CSR: "coherent synchrotron radiation"

− can be worked out by integrating Poynting vector of far field 

− particles at head accelerate, particles at tail decelerate
momentum deviation from local dispersion causes horizontal
   emittance growth

− proportional to 

CSCF: "centrifugal space charge force"
− transverse component of coherent space charge force

       dependence of transverse force on transverse position

− proportional to 

UAL: "Unified Accelerator Libraries"
        − C++ port of diverse simulation codes to unified environment

− hence treat particles as longitudinally−aligned strings (needles)
       for calculating the e.m. fields they cause.  Work in limit
       where strings are short compared to bunch length

− if the simulation had          particles this would be perfect 

− causes horizontal emittance growth the old−fashioned way, 

− calculate retardation correctly −−− complicated !

− OR, by evaluating self−work done by longitudinal self−force

− treats ALL (free space) space charge forces as IB scattering

− but simulation has, say, 1000 particles so Coulomb divergence
      causes erratic deflections of near encounters

−  requires "regularization" to suppress infinite self−work 

− regularization is avoided

− 

− often said to be neglible−−−more true at GeV energies

− e.g. finite element tracking and space charge simulation

− scales poorly with N ( as        ),  but OK for short beam line 



���

transverse force is ‘‘centrifugal space charge force" (CSCF)
gives direct emittance growth

longitudinal force corresponds to coherent synchrotron radiation (CSR) 

Fundamental problem: Coulomb 1/r^2 and near collisions
STRING/POINT CHARGE REFORMULATION OF SPACE CHARGE FORCE

self−work on bunch matches integrated Poynting power!
after regularization to remove (only logarithmic) divergence,

 causes particle energy to depend on position along bunch, 

formulation of space charge problem as ‘intrabeam scattering’
no regularization needed for numerical particle tracking
all space charge forces, Coulomb, Biot−Savart, CSR, CSCF
are included
same simulation works at low and high energy

indirectly giving horizontal emittance growth

represent space charge force as force between point and ‘string’
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qtot(C): 5e-09,  SYMMETRIZED Np: 800,  Nturns: 1,  seed: -100,  ee(GeV): 0.0435,  lstr(mm): 0.05,          LATTICE: sxf/4/CTFII-48xtnd
xhW(micron): 1.3e+03,  yhW(micron): 2.7e+03,  cthW(mm): 1.3,  dehW(%): 0.15,  d(1): -21,  d(2): 0, uniform longit.
IN  :     betax(m): 1.69,    betay(m): 5.81,  p_epsx(m): 1.01e-06,  p_epsy(m): 1.28e-06,  de_rms(%): 1.54,  ct_rms(mm): 0.73
OUT:  betaxp(m): 3.65,  betayp(m): 3.28,  p_epsx(m): 1.39e-06,  p_epsy(m): 2.52e-06,  de_rms(%): 5.89,  ct_rms(mm): 0.202
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qtot(C): 1e-09,  SYMMETRIZED Np: 800,  Nturns: 1,  seed: -100,  ee(GeV): 5,  lstr(mm): 0.003,  strH(mu): 0.36,  LATT: sxfp/chicaneR56q25
xhW(micron): 63,  yhW(micron): 3.6,  cthW(mm): 0.2,  dehW(%): 0.0002,  d(1): -36,  d(2): 0, gaussian-gridded longit.
IN  :     betax(m): 40,    betay(m): 13,  p_epsx(m): 1e-10,  p_epsy(m): 1.02e-12,  de_rms(%): 0.719,  ct_rms(mm): 0.2
OUT:  betaxp(m): 6.36,  betayp(m): 15.2,  p_epsx(m): 3.02e-10,  p_epsy(m): 1.02e-12,  de_rms(%): 0.715,  ct_rms(mm): 0.02
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No growth of vertical emittance

CSR, though important, is not yet dominant

CONCLUSIONS

and CSCF can account for 
shrinkage/growth of vertical emittance

as beam width is reduced

1.  CTF−II, 40 MeV, simulation results agree quite well with experiment

modest (fractional) growth of transverse emittance in most cases
less than fully−relativistic effects, Coulomb, Biot−Savart,

2.  "Standard Chicane", 5 GeV, fair agreement among various simulations 
CSR dominates

substantial growth of horizontal emittance 

3.  Treatment of bunch evolution as IBS using UAL string formulation is 
computationally quick for short beam lines
subject to spurious "halo" generation, which can be suppressed
by 1/N −> 0 extrapolation (and/or increased compute time)

bunch granularity would lead to true emittance growth
Touschek effect halo cannot be simulated (except using Piwinski
formulas) but it is neglible in chicanes (though obviously not in
rings, for short intense bunches)

Little (fractional) growth of horizontal emittance even with ribbon
beam.  

in any case the halo would have little effect on luminosity/brilliance
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