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Volkov states [ 1935 ][ ]

 VAi rad 0])([  


)()( 0  fAArad  )/( cztxk   















2

)]()[(1)( )( u
pk
Akx pp

  
 

])([exp

2
)(  dJxpi

pk

p 
)()(2)[2/1()( 22)(  AAppkJ p 

Varro_ECLIM_2010

Wolkow D M, Über eine Klasse von Lösungen der Diracschen Gleichung. 
Zeitschrift für Physik 94, 250-260 (1935). [Application to strong-field: ~1960..]
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[ Figure taken from Arscott F M, Periodic differential equations (Pergamon Press, Oxford, 1964) p.123. ] E.g. 
Nikishov & Ritus (1967), Nikishov (1970), Narozhny & Nikishov (1974), Becker (1977), … Free Electron Laser theor.
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(For optical frequencies) the new parameter “ a ” is 6 orders of magnitude larger 
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(For optical frequencies) the new parameter  a  is 6 orders of magnitude larger 
than the usual intensity parameter ( ‘scaled vector potential’ )



‘Void regions’ in the centre of the cycle



Di Kl i G dDirac Klein-Gordon

‘Hyperfine splitting’ of the longitudinal momentum spectrum



Di Kl i G dDirac Klein-Gordon

Double peak structure. Single peak structure. Oscillatory spectrum.



Di Kl i G dDirac Klein-Gordon

Double peak structure. Single peak structure. Oscillatory spectrum.



Di Kl i G dDirac Klein-Gordon

Wave functions
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Wave functions with negative eigenvalues (imaginary longitudinal 

Klein-Gordon. K = 15. Klein-Gordon. k = 20.

momentum)



SummarySummary

1. Discrete transverse and longitudinal momenta

2 Basically–periodic motion ‘void regions’

g

2. Basically–periodic  motion, void regions  
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3. Large new parameter
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4. Half-integer harmonics
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Appendicesppe d ces



Large electric field strengths

2/12
00 )]//([46.27)]//([ cmWIcmVF 



‘LASER ACCELERATION OF PARTICLES’ [ Los Alamos, NM, USA, 1982 ]



‘Renaissance’



PWFA P lPWFA Proposal



R bidi  [ i t d f Lithi  ] f  l  ti  b  h t i i tiRubidium [ instead of Lithium ] for plasma generation by photoionization



PWFA P lPWFA Proposal



Diffuse scattering, Radiation diffusionDiffuse scattering, Radiation diffusion

P M li K A M h S W C E Cl t S L T C K t l d C J hi Ph t i i d Lithi fP. Muggli, K. A. Marsh, S. Wang, C. E. Clayton, S. Lee, T. C. Katsuleas and C. Joshi, Photo-ionized Lithium source for 
plasma accelerator applications. IEEE Transactions on Plasma Science, Vol. 27, No. 3, June 1999. pp 791-799.



Excitation by diffuse light; homogenity in ‘equilibrium’

Laser excitation through fibres

Diffuse csatterer wall with high albedo

PPlasma
Rb vapor

Diffuse csatterer wall with high albedo

Laser excitation through fibres


