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Outline

Radiation friction in the Landau-Lifschitz approach
- equation of relativistic electron motion

Numerical integration and analytical estimates in cases
with a test electron in the field(s) of a:

e single running wave

e standing wave

e counterpropagating identical waves
e |aser piston

Spectral characteristics

Concluding remarks
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Radiation friction of relativistic electrons
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Normalized equations

Three-vector momentum:

d(Br)_ 13+31R{ dE _ dH

dt 3

Energy balance:
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E-m waves: circular polarization
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Spectral characteristics

Totally emitted energy and power:

2
Ae, = R;/f {(CZJ (%) }a’t, in units m_c*

de : :
— d 2
'y = ——, Inunits m, c w,

dt

Total radiation power in a running wave:
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Spectral intensity
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Spectrum cutoff

Ultraintense field a, >>1. large number of closely spaced harmonics n>>1

critical number n_ ~3a’/2+/2
M, +1 he

and corresponding critical frequency @, =n, "2 @,, M,= 1o
+a,

total radiated energy:  As_ ~+3N, 7% [ d (EJE [© dEK,(¢)
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Analytical estimates for electron motion

Equations with a simplified friction term:
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Counterpropagating wave

E.-m.field: d=a,(é sinp+écosgp), @=t+z
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Radiation energy

a, =10, v, =30 a, =10, v, =300 a, =100, y =300
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Electron orbits

Electron trajectories a,=10, 7, =30 a,=10, v,=300 a, =100, y, =300
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Low-energy spectra
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Copropagating wave

E.-m. field: i=a,(ésinp-écosp), p=t-:




Radiation energy
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Electron orbits

Electron trajectories g, =100 Yo =30 Vo =300
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Superposition of two waves with opposite directions
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Standing wave
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Electron orbits - estimates
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Low-energy spectra - two identical counterpropagating waves
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Laser piston
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Signific;ant radiation damping of relativistic electrons at a ~ 100

without radiation
losses
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T. Schlegel, N. Naumova et al., Phys. Plasmas 16, 083103 (2009)
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Laser piston
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Conclusion

AZRITIATIEN

The relativistic equation of motion with the radiation friction force in the Landau-Lifschitz
description was solved numerically and treated analytically in a simplified form.

Stopping of relativistic electrons in a counterpropagating wave at amplitudes a ~ 100
after a couple of laser wave lengths — strong reduction of the total radiation energy.

Similarly, radiation friction at such field strengths stops the electron motion in a
standing wave and in the vacuum field behind a quasistationary laser piston.

At lower initial energies of the electron and strong radiation damping, an acceleration
regime becomes possible.

Electron stopping due to the radiation friction will be suppressed in the fields of two
identical (same handedness) counterpropagating waves — a stable electron propagation
at a lower energy level and reduced radiation emission was observed.
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Low-energy spectra
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