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A generation of ultra-short (attosecond) light
and relativistic particle bunches is of importance in
various applications . We consider a general problem
of a linear reflection of a time-dependent EM (laser)
pulse (Dirac’s- ¢ (t)) from a plasma half-space moving
at the relativistic velocity. The incident electric field
(S- polarization) with incident angle 6;, is in the time
domain represented by inverse Fourier transformation.
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The rest frame of the moving plasma is K'.
Making use of the Lorentz transformations, covariance
of Maxwell’s equations and the principle of phase in-
variance to transform between the K-rest (laboratory)
frame and the moving K'-frame;

wi=7(1-kiv/w)w;, v=(1- v2/02)_1/2, (2)

k; =k —ywv/c® 4 (v = 1) (lgv) v/v?, and  (3)
Ey =7 (1 —kiv/w;) Eq, (4)

with exp (jw;t/) time dependence suppressed, fre-
quency domain reflected field is
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with cold plasma index of refraction in K’,
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After transforming back from K’ to K, time
domain reflected field is found by the standard method
of contour integration 2, as

Eyr = — (2Eoap/§) J2 (1§) U (§), (6)
g = 72 (1 + 2( cosb; -I—,BQ) ;o1 = |wp /v (B + cost;)],
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where U (§) is the Heaviside unit step function; Jo ()
is the Bessel’s function of the first kind of second order.

The plasma motion (v = e,v) strongly mod-
ifies both the amplitude and the oscillatory phase of
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Fig. 1. Reflected EM field in time as a function of the
plasma velocity ~.
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Fig. 2. Time period of the first and second peak in the
reflected wave versus (7).

the reflected field (6); with a departure from the clas-
sical Snell’s law (6; # 6,). From above one calcu-
lates: tan@, = sinf;/v> ‘(1 + ?) cos6; + 2|, which
for large # > 0, predicts 0, < 6;, i.e. the reflection
angle close to normal incidence. The time delays in
terms of the inverse plasma frequency of the maxi-
mum positive and negative reflected amplitude, as a
function of plasma velocity 3, deduced from Fig. 1
are shown in Fig. 2. Large compression and ampli-
fication of the reflected pulse (factor ~ 2v) at rela-
tivistic plasma motion reveals a remarkable potential
of this linear mechanism for ultra-short (attosecond)
pulse generation by low intensity high-rep-rate fem-
tosecond laser pulses scattering at counter-propagating
relativistic electron beams . For example, a short
green laser light pulse (A ~ 0.5 microns) reflected from
5MeV electrons (v ~ 10) at critical density gives a
main reflected pulse width of around 60 attoseconds.
An important point is that the reflected pulse width is
basically determined by the relativistically upshifted
electron plasma frequency which can be high in laser-
solid density plasmas.
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