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The problem statement To accelerate charge particles in plasma [1] effectively, it is neces-
sary to excite electric field with amplitude close to the 'wave-breaking’ through thousands of
plasma wave length [2]. A strong laser pulse exiting the field are exposed to non-linear regime
[3]. Another approach for proper wake field excite is train of a lot weak pulses [4].

Numerical modeling of the interaction of laser pulses with plasma is based on the Maxwell—
Vlasov equatoinsd, = e,H ™).
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The sistem is the non-linear self-consistent multidimensional. That's why the analitycal solution
is difficult without the simplifications. The interaction of the laser pulse with plasma is conve-
nient to describe in terms of the dimensionless values, as followipge, [t|=1/wo, [M=m,

[g]=e, herewy is the laser pulse frequency. Other values can be evaluate through the basic ones.
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The basic parametres of the laser pulse in vacuum is the wave ve&or 021 05
S n 0.01| 0.01
ko = &c/ap, amplitude of the dimensionless vector poterdiglthe P 8 | Botig,
polarization vectog L kg, and the spatial sizes of the wavetrain: tht?_L 100 | 201

half-width L, and the length of the growth and the droppih@?“t, |_1|“ront o -

Lﬁ”d The layer of plasma with the initial density is located in the Lﬁ“d 100 | 97

range G<z<LP', LP' = 2000. Parametres of cited runs
The laser pulse propagates parallel #taxis. The pulses wave vector is normal to the band

of the vacuum and the plasma. The electromagnetic field is described by the next relations:
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Numerical model. The FDTD (finite-difference time-domain) method in conjunction with

local charge density conservative (PIC) particle-in-cell method were used for discretization of
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the Vlasov-Maxwell equations system. For the model, the phase velocity of the laser pulse in the
matter withe, u differs on the theoretical meaning\/m, VM — cn/N,l arcsm[‘/sgj“ sin%} ,
hereN, = 27 /koA* are quantity of the grid nodes per the radiation wave length, &nd

cA'/A? < 1/+/d is the Courant’s numbed, is the model dimension. The basic calculations were
performed with the parametr&€ = 1//3, N, = 25, the control ones were performed with the
parametre®N;, = 50. The error of the wave phase velocity is: 0.17% and 0.04% accordingly.

The phase space is five-dimensionglz(p), each particle has two spatial coordinates and
three projections of the velocity. The electromagnetic fi&ld8 have three components (2D3V
model). The local recursive non-local asynchronous algorithm based on asynchronous cellular
automata and recurcive decomposition of dependency graph metodology were used for imple-
mentation of above method [5]. The peculiarity of the using the code is the absence of the actual
limitations on the modeling range maximal size at the solution preciesion saving during accept-
able time. The computer Athlon64x2 4400+/2GB RAM/400GB 2xHD RAIDO is used.

Wake waves excitation. The laser pulse propagated through subcritical plasma exite the lon-

gitudinal electric wake wave. The phase velocity of the wave in the condiio wy is:

AII Profile Ex GrowthE,
wake__ pulse ~ _
(1+cos 2t(z—2) /L) /2 Voh / 1+— ~c 1 )

The wake wave rise is concerned with the pon-

deromotive force action. The force depend on

L// the pulse shapds ~ D@ ~ E/LH- The dy-

namic of the wake wave’s growth for the differ-

ent shapes is shown in the table.

U
T

lowing pulse’s shape choosehj(z) = y/1—(z—2)/L. The increasing of the wake field
takes place only on the odd half-cycles plasma’s wave. Therefore the optimal wave length is

In order to the force was constant, the fol-

Lopt = Ap/2. For the short pulses the wake wave amplitude depends on the amplitude exiting

Eu _gn 8
MeCo ™ \/1+ 3,2
the our calculation§& = 0.53 for Varl andS = 0.94 for Var2, dependence on the amplitude is
controlled by variation ofg = 0.1,0.2,0.5,1, 3.

For the weak pulses the dependerigg < 1) Eoz ~ E2,, and for the relativisticEqy > 1)

hereSis dimensionless coefficient, depended from pulse’s shape. In

Eoz )
the dependence is linedt;, ~ Eox. Besides =% < 5 < 1. The sequence of the pulses is used
OX 0
to overcome this limitation. For the resonant excitation of the wake field, the distance between

leading edges in sequence have to be equal to the plasma wave length.
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Figure 1: Varl. Pivotal section of &, = ExB, — EyBy (upper) ands; (below),twg = 1995
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Figure 2: Varll. Spacial distribution of maximal longitudiongl,(moc, upper) and transversal
(py/moc, in center) momentum of elecrons in the first wavebreaking momept£ 739). Be-
low is the profile of electric fields (thin line fdgy, thick line for E;) on the axisy = 0) at the

same time moment.
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The calculations have shown that the electric field at first really increase linearly but then the
field have been constant (fig. 1). Also the decreasing the electromagnetic field of the pulses is
shown in fig. 1. The decay of the wake field is concerned with the Wavebreakinﬁi%f— =

0

@@ / ‘ff)—;"" — 1. We have observed the wavebreaking at the fields of much less then predicted,

Wo
because the formula is right for the plane waves in the cold plasma. The tranversal dynamics of

electrons is shown in fig.2

Electrons acceleration The plasma electrons can be cuptured by wake wave after it breaks.

The length of acceleration can be approximate from phase sinchronious conditibA°f2¥:
ApC  2nmc (@)3
2(c=Vph) = @o \@p ) -
The maximal energy growth after the electron

max
R00 acceleration on the lengttf“Cis:
80T 1 ceE 3
T
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40 -
20l The dynamics of the electron captured by wake
0 wave is shown in Fig. 3. Along the trajectory the
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Figure 3: Varll. Maximal momenturp,

averaged accelerated fielddS,/capme = 0.06,
the total acceleration timgcqwg = 1700 is lim-

ited by the distance between the point of the wave breaking and the plasma layer boundary.
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