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The theory of self-electric and self-magnetic fields of a relativistic electron beam passing through a 
planar wiggler and ion-channel guiding are analyzed .We have shown effects of self fields on the 
motion of electron by numerical study.  

      
The application of an ion-channel as an electron beam-guiding medium not only eliminates the 
use of solenoid or quadruple magnets 1, but also allows for beam currents higher than the vacuum 
limit 2. Passage of a relativistic electron beam through a planar wiggler and ion-channel guiding 
is analyzed 3. Equilibrium self-electric and magnetic fields, and single particle trajectories are 
expressed.4-6 

In the idealized one-dimensional approximation, consider a relativistic electron moving along z-
axis of a planar wiggler magnetic field described by 

)sin( zkB wwyw eB =                                      (1) 
where wλπ /2k w = is the wiggler wave number. The transverse electrostatic field generated by 
an ion-channel guiding may be written as 
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where the in  is the density of positive ions with charge e. The equation of motion of the electron 
can be written as  

⎟
⎠
⎞

⎜
⎝
⎛ ×

+−=
c

e
dt
d

i
BvEp                                    (3) 

 
By using Eqs. (1) and (2), the electron equation of motion may be written as 

)sin(2 zkvx
dt
dv

wzwi
x Ω+−= ω                       (4) 

y
dt
dv

i
y 2ω−=                                                 (5) 

)sin( zkv
dt
dv

wxw
z Ω−=                                 (6) 

where γπω mne ii /2 22 = and mceBww γ/=Ω . The steady state solution of Eqs. (4)-(6) with 
constant axial velocity .v ||z consv =≈ (to first order in the wiggler amplitude) have been 
found to be 
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with assuming ||vvy <<  . 
 In order to model the self-fields of the electron beam, we make the assumption of a 
homogeneous electron density profile, 
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bn is the number density of the electrons and br  is the radius of the beam. By solving Poisson’s 

equation,  )(4)(
1 )( renrE
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 , the self –electric field obtain 

rb
s ren eE π2)( −=                                           (10) 

 
and by using the Ampere low, the self magnetic field produced by axial velocity can be 
expressed by  
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To explain the other component of self-magnetic field, we consider the electron moving along x-
axis as an oscillating electron with a velocity along x-axis 
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So the total self–magnetic field can be obtained from Eqs. (11) and (12) 
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where  cv /|||| =β and mne bb γπω /2 22 = . Finally, the total electric fields and total magnetic fields 
are 

))((2 yxbi yxnne eeE +−= π                                                             (14) 
)sin()(2 || zkByxen wwb λβπ yxy eeeB +−−=                                     (15)  
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Substitution Eqs. (14) and (15) in equation of motion, we obtained 
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The axial velocity has an oscillation of second order in the wiggler amplitude, so for the first 
order of wiggler amplitude and low current density of electron beam, we can consider 

.|| consvvz ≡≈  and the steady -state solution in the presence of self-fields can be written as 
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||0,0 vvv yy <<≈                                                                           (21) 
    
In comparison with Eq.  (7), the correction factors may be expressed in the form  
( ) weffw BB λ=                                                                          (22) 
and 

ieffi nn µ=)(                                                                            (23) 

where 2
||

22 /1 γµ ib nn−= . 

 
Figure 1: Correction factor λ  for the wiggler magnetic field  

as a function of the axial Lorentz factor ||γ  for 5.0/ =bi nn  
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The numerical calculation is done for finding correction factors λ  and µ  with beam electron 

density 31210 −= cmnb  and wiggler wavelength cmw 2=λ . Figure 1 shows correction factor λ  as 

function of the Lorentz factor ||γ  for 4.0,2.0/ =bi nn  and figure 2 shows correction factor µ  

for 5.0/ =bi nn  as afunction of Lorentz factor. It is concluded that the self-field corrections are 

large at low values of  ||γ  but negligible when ||γ  is sufficiently large.  
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Figure 2: Correction factor µ  as a function of ||γ  .   

Upper line is for 4.0/ =bi nn  and  the other is for 2.0/ =bi nn  . 

 

References 
[1] K.Takayama, and S. Hiramatsu, Phys.Rev.A37, 173(1988) 
[2] Y.Seo,V.K.Tripathi, and C.S.Liu, Phys.FluidsB1, 221(1989)   
[3] H.Mehdian,M.Esmelzadeh, and J.E.Willet, Phys.Plasmas, 8,3776(2001) 
[4] C.Chen and R .C. Davidson, Phys.Rev.A43, 5541(1991) 
[5] L.Michel,A.Bourdier, and J.M.Buzzi, Nucl.Instrum, MethodsPhys.Res.A304, 465(1991)  
[6] G.Spenidler and G. Renz, Nucl.Instrum, MethodsPhys.Res.A304, 492(1991) 
[7] H.Mehdian,M.Esmelzadeh, and J.E.Willet, Phys. Rev .E 65,016501(2002) 
[8] H.Mehdian,M.Esmelzadeh, and J.E.Willet, Phys. Plasmas 9,670(2002) 
 [9] H.P.Freund and J. M. Antonsen, Jr, Principles of free-electron lasers (Chapman and Hall, London, 1996).   
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


