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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:

● single running wave
● standing wave
● counterpropagating identical waves
● laser piston

Spectral characteristics

Concluding remarks



Radiation friction of relativistic electrons
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Normalized equations

Three-vector momentum:
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Spectral characteristics

Totally emitted energy and power:
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Spectrum cutoff

large number of closely spaced harmonics n >> 1:10 >>aUltraintense field

critical number 22/3 3
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Analytical estimates for electron motion

Equations with a simplified friction term:
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Counterpropagating wave
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Radiation energy



Electron orbits

Electron trajectories
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Low-energy spectra
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Copropagating wave

E.-m. field: ( ) zteeaa yx −=−= ϕϕϕ ,cossin0

rrr

( )22
0

2

2
0

2 1, za
td
adRaa β−−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−==

r→

( ) ( )

( )

( ) ( )
3

1

6
0

3222
0

222
0

3
0

2
101

3
2

1
3
2

sincos1
3
2

⎥⎦
⎤

⎢⎣
⎡ +≈→−=

−=

+−=−=∆ ⊥⊥

taa
dt
d

a
dt

du

eeaauu

RzzR

zR
z

yxzR

τγγγββτγ

γβτ

ϕϕβγτ rrrrr



Radiation energy

1000 =a



Electron orbits

1000 =aElectron trajectories
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Superposition of two waves with opposite directions

3000 =γ

standing wave

identical
counterpropagating
waves



Standing wave
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Electron orbits - estimates

3000 =γElectron trajectories

electron proper frame:
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Low-energy spectra - two identical counterpropagating waves

3000 =γ



Laser piston

Significant radiation damping of relativistic electrons at  a ~ 100
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Laser piston
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Conclusion

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. 



Low-energy spectra

30,100 00 == γa


	Radiation friction of relativistic electrons
	Laser piston

