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Within  the  Agreement  of collaboration  the  

Parties  are  planning  the joint works  as follows:

- investigation  of  resonant  and  non-resonant  processes  of QED  in 

the strong pulsed  laser field  (PHELIX),   паmеlу,  the  processes  of  

scattering  of  electrons  bу nuclei  (bу electrons,  bу positrons,  bу mu-

mesons);  the  processes  of  spontaneous bremsstrahlung,  photo-

production  of  electron-positron  pair  at  а nuclear  field, the  Compton  

scattering  of  photons  bу electrons and others.

- investigation  of QED processes  in  the bi-chromatic  strong pulsed  

laser field,  namely  study  of  parametric interference  effect related  to  

the  most  рrоbаblе  radiation  and  absorption  of  the combination  

frequency photons  bу electrons;

- investigation  of  resonant  and  non-resonant QED processes in  

strong  magnetic  field between  colliding  nuclei,  in  particular,  

electron-positron pair  production,  photon polarization  shift,  etc.
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Born approximation:
the interaction of an electron and a positron with a nucleus

is considered  in the first order of the perturbation theory 

The classical relativistically invariant parameter:
the ratio of a work of a field at the wavelength

to the electron rest energy

The Bunkin–Fedorov multiphoton quantum parameter:
the ratio of a work done by a field within space, passing by an 

electron during the characteristic time of wave oscillation,

to the energy of a wave photon
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The range of moderately strong fields

in which these parameters satisfy the conditions:
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The Main Physical Parameters of QED Effects 

in a Pulsed Light Field
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1

We will consider an external electromagnetic pulse in the form of a plane 

elliptically polarized wave that propagates along the z axis with the 4-potential
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Fig.1 Quasi-monochromatic field

The function g     is the envelope of the potential. We will require that it has to be 

equal to the unity at the pulse center, g(0) = 1, and decrease exponentially                                                                                    

when                  .

0g 
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In the range of optical frequencies, the

characteristic pulse duration τ can be even

tens of femtoseconds and, consequently,

condition (8) is met for most present-day

powerful pulsed lasers.
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Model of a Quasi-Monochromatic Field 
7



The main parameters of PHELIX laser system 8



Resonant QED processes  

in the pulsed  laser field

Nonresonant QED processes

in the pulsed  laser field
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• Electron scattering on a nucleus in the pulsed laser field:

• Resonant and nonresonant electron–positron pair photoproduction on a nucleus in the

pulsed laser field:

• Resonant and nonresonant spontaneous bremsstrahlung of an electron scattered by a 

nucleus in the pulsed laser field:
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• Muon Pair Production in Electron–Positron Annihilation in the laser field:

• Resonant and nonresonant scattering of a lepton by a lepton (electron-electron, electron-

positron, electron-muon)  in the pulsed laser field:

:

1 2e e n n          

1 2 1 1 2 2 1,2, 1, 2, 3,l l n l l n n          

2.35eV, 

1.5ps, 
9

0 6 10 V cmF  

e e

unres

Moller

d

d









eV2.5kE 

eV1ME 

eV50 ME 

eV2.5kE 

eV0.7 ME 

eV2 ME 

Following processes of QED in the pulsed  laser field 

(                              )  were studied 15 17 2~ 10 10 W cmI 
11

Fig.6 Fig.7



• Two-photon emission by an electron in the strong laser field: 

• Resonant and nonresonant two-photon production an electron-positron pair in the 

strong pulsed laser field: 

• Resonant and nonresonant scattering of photon by electron (Compton Effect) in the 

strong pulsed laser field:
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Attraction Effect of Nuclei and the Same Charged Particles in 

the Strong Pulsed Laser Field 
• Attraction Effect of Electrons in the Strong Pulsed Laser Field 

• Attraction Effect of Hydrogen ions in the Strong Pulsed Laser Field 

• Attraction Effect of Uranium nuclei in the Strong Pulsed Laser Field 

 The effect of an attraction of the same charged

nonrelativistic uranium nuclei in the strong

pulsed laser field is predicted. Effective force of

interaction becomes an attractive force and

uranium nuclei move away from each other

much more slowly. As a result the pulsed laser

field can slow down backward motion of nuclei

in 7 times.

 The given effect is caused by magnetic

interaction of the currents related to the

relative motion of the same charged nuclei.
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Fig. 9 The average relative distance between

nuclei vs. time τ for various values of the nuclei

oscillation velocity in the second wave.
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• The gain coefficient in the scattering of electrons by ions in an elliptically polarized 
light wave is theoretically studied in the general relativistic case. 

• The anomalous amplification effect in the moderate-strong electromagnetic field is 
predicted. This effect results in to increase of the electric-field strength up to three 
orders of magnitude. 
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It is shown that the gain
coefficient for ultrarelativistic
electron energies depends on
the energy as a cubic power of
energy and can be significantly
large.

As a result, the gain
coefficient can increase up to
quantities of order

for electron energies

Ultrarelativistic electron energies: 
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Coherent Effects of QED Processes in

a Multifrequency Laser Field

Following theories were created :

• The relativistic theory of electron scattering on a nucleus in a multifrequency

laser field

• The relativistic theory of the emission of a spontaneous photon by an electron in

a multifrequency laser field

• The relativistic theory of formation of an electron-positron pair by a photon in

a multifrequency laser field

• The relativistic theory of spontaneous bremsstrahlung of an electron scattered by 

a nucleus in two-frequency laser field

• The relativistic theory of the electron–positron pair photoproduction on a nucleus 

in two-frequency laser field

There are two essentially different kinematic fields of scattering: 

noninterference region and interference region

2 1 21
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Parametric interference effect of QED processes 

in a Multifrequency Laser Field

In noninterference kinematics the electrons emit and absorb photons of both waves 

independently from each other
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In interference kinematics the electrons emit and absorb photons of both waves in a 

correlated manner. As a result, the partial probability of stimulated processes in the 

interference region may be five orders of magnitude greater than the corresponding 

probability of processes in any other geometry.
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18
The Parametric Interference Effect in electron scattering on 

a nucleus in the Field of Two Pulsed Laser Waves

 Electron scattering on a nucleus in
a pulsed field of the two laser
waves was studied. A strong
correlation between the outgoing
angle and final electron energy is
observed in the interference
kinematic region.

 It is shown that the partial
probability of stimulated processes
in the interference region may be
five orders of magnitude greater
than corresponding probability of
processes in any other geometry.

Fig. 12 The partial probability for the absorption 
process               in electron scattering with the 
kinetic energy                keV and angles               ,                     
on a nucleus in the field of two pulsed laser waves 
(              , ) as a 
function of the polar angle of the final electron. 
Dashed line corresponds to the interference region 
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QED processes in strong magnetic field
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It has been earlier theoretically predicted a series of new 

physical effects in processes of a quantum electrodynamics 

in the strong laser and magnetic fields [1-45]

It is shown that in the PHELIX laser field:

• Resonant cross sections of QED processes with leptons and photons may be
several orders of magnitude greater than the corresponding cross sections in
the absence of external field and nonresonant cross sections essentially
depend on parameters of a pulsed field.

 Effective force of interaction the same charged particles in the strong pulsed
laser field can become an attractive force that essentially changes interaction
of particles.

 The gain coefficient for ultrarelativistic electron energies depends on the
energy as a cubic power of energy and can be significantly large.

 The partial probability of stimulated processes QED in the Field of Two Pulsed
Laser Waves in the interference region may be five orders of magnitude greater
than the corresponding probability of processes in any other geometry.

New effects are assumed in heavy ion collisions:
 Resonant production of e+e- pairs on Landau levels in aria between colliding 

nuclei 
 Resonant shift of polarization of photons passing thru region of colliding nuclei

20
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