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The electron dynamics in electromagnetic field is
determined by the field strength Ey and wavelength A. It
becomes strongly relativistic when the dimensionless
amplitude ao=eEoA/(2mm.c)Z1, which corresponds to
Eo=13x10'? V/m for A=1um. In terms of laser irradiance
this threshold reads [ =le~1.37x10'® W/cm?. At much
higher irradiance of Irr=10?* W/cm?, the electron
dynamics is dominated by strongly nonlinear friction. It
stems from radiation reaction, due to the recoil caused by
electromagnetic radiation emission from the accelerating
electron. Radiation reaction recasts the -electron
dynamics as it permits regimes where the electron emits
all the energy acquired from the electromagnetic field in
a single wave cycle. If the emitted photon energy is of
the order of the electron invariant mass, the electron
dynamics becomes quantum, as determined by the
parameter y.~FEo/Es which characterizes the photon
emission probability. Here the value of . is given in the
electron’s rest frame of reference, Es=1.32x10'® V/m is
the critical field of quantum electrodynamics (QED),
also called Schwinger limit.

The two critical parameters, ao and 7. independently
determine the importance of classical radiation reaction
and quantum effects, respectively. Therefore the plane
(ao,xe) divides into 4 regions [1]: (I) radiation reaction is
negligible; (II) QED effects dominate while the radiation
reaction force is small; (IIT) radiation reaction is mostly
classical; (IV) the radiation reaction force and QED
effects are both strong, Fig. 1. Changing the parameter
space (ao,e) to (I, A), for the circularly polarized
electromagnetic wave one can find that the point joining
all 4 domains is Irg=Irr, Aro=1um, Fig. 2.

High power lasers will soon reach irradiance of the order
of or above Irr [2]. One of the technologically feasible
ways of reaching so high irradiance is the multi-beam
configuration [3]: in the focus of N colliding laser pulses
the electric fields are summed in a transient standing

wave, so that the cumulative irradiance increases /N times.

In a standing wave, strong fast-oscillating nonlinear
friction paradoxically stabilizes the electron dynamics
[4] producing limit cycles and strange attractors [1,5,6].
Due to the existence of attractors, electron dynamics
motion remains bounded even in quantum regime, when
electron emission becomes discreet and electron
trajectories have sharp turns at each act of emission [5].
In standing waves created by multiple laser beams, in
general, the electrons form various structurally
determined patterns in the phase space [6]. The effect of
paradoxical stabilization eliminates a well-known
problem of charged particles delivery to the region of the
highest electromagnetic field intensity, thus creating a

new framework for high energy physics experiments.
Electrons entering the collision point of multi-petawatt
laser beams “forget” their initial momenta due to
radiation reaction. Consequently, GeV electron and
positron beams transversely propagating through that
collision point become trapped in a transient microscopic
collider, which reveals itself by a characteristic
transverse high-power gamma-rays and a peculiar spatial
and spectral electron distribution.
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Figure 1. Two binary choices of two independent
parameters, ao and Y., determine 4 different regimes
where either radiation reaction (RR) or quantum effect
(Q) is strong, or both, or none.

X.= 0.2
. GelXe)

100 a
g a
g 4 o 3x10
< 105~ RQ....{(5

== 5 1\/l()
N = — '
X 10
e - 310
0.1 Bacooo ] 10
! e 300
0.01 r e 0.5 100
1020102 10% 10 105 10%

Trq  I[W/em?]
Figure 2. The same diagram as in Fig. 1, in terms of
electromagnetic field irradiance / and wavelength A, for
the model of electron dynamics in a circularly polarized
standing electromagnetic wave.



