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Stationary solitary electromagnetic waves generated in ultraintense relativistic laser-plasma interactions are
studied numerically. For one-dimensional stationary propagation with circular polarization, subcycle solitary
waves moving with finite velocity are obtained for a given value of wave velocity and nonlinear frequency shift,

and it is shown that the solitary-wave amplitude increases for the larger nonlinear frequency shift.

A new type

of solitary-wave solution, apaired solution of positive and negative solitary waves, is aso shown.
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In ultraintense relativistic laser interactions with
plasmas[1-8], Eriskepov et al.[1] have found an exact
solitary-wave ~ solution  for the reativistic
electromagnetic wave in one-dimensional stationary
propagation.  Its solution is a standing wave and is
caled a postsoliton[8]. Hojo and Akimoto[2] have
found numerically that the relativistic wave equations
derived by Eriskepov et al. have aso a soliary-wave
solution moving with finite velocity.

The aim of this paper is to study the features of
the soliary-wave solution with finite moving velocity
obeying the relativistic wave equations discussed by
Eriskepov et al.[1], and aso to show a new type of
solitary-wave solution, that is, a paired solution in
which positive and negative electromagnetic solitary
waves are combined.

The starting point is Maxwell eguations, and the
relativistic fluid equations of the electron in one
dimension given by
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where n is the dectron density, v the electron flow
velocity, P is the momentum, J the plasma current,
and E and B the electric and magnetic wave fields,
respectively. The ion is assumed to be immobile.
If we introduce vector and scalar potentials, a and ¢,
defined respectively by
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with & 0, considering a circularly polarized
mode with a, +ia, =a(&) expfiw[(1 -V?)t =V}

in one-dimensional stationary propagation, we can
obtain[1]
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where & =z-Vt and V is the velocity of a stationary
solitary wave normalized by the velocity of light c.
The following normdization was used: wet — t,
wZc ~ z PImc -~ P, ea/mc - a, e@dmc® - @
nMy — n, where @, = (e’ng/gm)™?
uniform density.

and ny is
Here, the normalized nonlinear
frequency shift is given by 1-w, because w
(normalized by wp.) comes up to 1 when a - 0.
For V =0, eqgs.(6)-(8) are reduced to
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with y=@+a?)Y?[2]. Equation (9) does not
reduce to the stationary form of the nonlinear
Schrddinger equation with cubic nonlinearity even to
the third order in a due to the existence of of (da/dé)>.
However, it is shown that its exact solitary-wave
solution[1] is reduced to the waveform of sech(é) in
the lowest order of a.
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Fig.1(a) Solitary wave for V = 0.1 and w = 0.97799.
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Fig.1(b) Solitary wave for V = 0.1 and w = 0.79.

We now solve egs.(6)-(8) numerically with the
boundary condition in which the vector potentid a
and scalar potential @ vanishto zero at [¢] » «. In
Fig.1, we show the solitary-wave solutions for V =
0.1 and w= 0.97799 (a), 0.79 (b). The salitary-
wave amplitude increases and the pulse-width
decreases for the larger nonlinear frequency shift (i.e.,
for the smaller ). We see that the profiles of g and
n become acute at £ =0 for a large-amplitude wave.
Such a feature of the solution is also seen in the
solutions obtained in Ref.[4]. In Fig.2, we show the
maximum amplitudes of a and ¢, and the minimum
value of n as a function of w. We can similarly

obtain the solitary-wave solutions for different
velocities, and the details will be reported el sewhere.

Finaly, we show a new type of solitary-wave
solution, i.e., a paired solution in which the positive
and negative solitary waves are combined for V = 0.1
and w= 0.90204 as shown in Fig.3. The waveform
of a is a smooth function of & however, a smal
ripple exists between two peaks in ¢ being coupled
with the density oscillation, as seen in Fig.3.

Fig.2 The wave amplitudes a,,,, @ and Ny, vs. @
forV=0.1.
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Fig.3 Paired solution of positive and negative pulses.

[1] T. Zh. Esirkepov et al., JETP Lett. 68, 36 (1998).

[2] H. Hojo, K. Akimoto, Proc. Int. Cong. Plasma Phys.
(Quebec, 2000), p.556.

[3] D. Farinaet al., Phys. Rev. E 62, 4146 (2000).

[4] D. Farina, S. Bulanov, Phys. Rev. Lett. 86, 5289 (2001).

[5] D. Farina, S. Bulanov, Phys. Rev. E 64, 066401 (2001).

[6] S. Bulanov et al., Phys. Rev. Lett. 82, 3440 (1999).

[7]1 Y. Sentoku et al., Phys. Rev. Lett. 83, 3434 (1999).

[8] N. Naumova et al., Phys. Rev. Lett. 87, 185004 (2001).



