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The generation of short and intense light pulses is of ingrae to many scientific and tech-
nical applications. Standard approaches [1, 2] are linigetechnological constraints and the
parameters that can be achieved. The pulse energy is lilmtéue thermal damage of the op-
tical elements, in particular by the grating damage in casgors. The compression schemes
based on the backward parametric amplification in gasesjoids offer much higher damage
thresholds but there the pulse length is limited by the phgreriod of the order of 100 ps|[3].

These limitations can be overcome by using plasmas as afnglimedium [4, 5, 6]. In this
case the coupling between the seed pulse and the pump plilsidg the energy takes place
via a 3-wave coupling mechanism where the role of the thirdena taken up by either the
electron plasma wave (stimulated Raman scattering, SRBy tite ion-acoustic wave (IAW)
(stimulated Brillouin scattering, SBS). In the ideal case backward propagating short pulse
completely depletes the pump energy as it advances in théifgmgp medium and reaches
intensities far above the pump intensity.

The use of SRS-based amplification schemes in the weak ogumgime of plasmas has
been exploited theoretically and experimentally recef@ly Compression of a light pulse in
a plasma in the weak coupling regime of SBS was considere8l]irfSBS has several advan-
tages for pulse compression with respect to SRS: a smalidrezy shift, higher amplification
coefficient and weak sensitivity to density perturbatidtistorically SBS has been disregarded
as the compressed pulse duration is limitedti@us, i.e. half an ion-acoustic wave period.
However, the SBS response time can be decreased by passinigarstrong coupling regime,
which we are studying here. There the ion-plasma respond®aigcterised by the frequency
Wse ~ (kgv%wgi/wo> 3 [7], which is of the order of ion-plasma frequency
wpi = (4rmiZ%€? /my)Y/2. This corresponds to the time of a few tens of fs. In additienlAW-
spectrum is rather broad and the amplification gain is notstsitive to the frequency mis-
match. Due to the ratio of IAW-frequency and light frequemdyich is of the ordetw,/ wp >
100 very little photon energy is lost. However one needs tteustand how stable SBS ampli-

fication would be in the strong coupling limit and what pargene of pulse compression could
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be achieved.
SBS in the regime of strong coupling can be described by afdbtee coupled equations
for the amplitudes of the incidenEp, and scatteredss, electromagnetic waves and for the

amplitude of the density perturbati@m, (dns = ony):

. (JJZ on
(0 £ Vgx) Eps = —i 5= — P2 Egp,

2(p e
on EpES
2 2 p_ 2 Epbs
(0 +4k305) 7 = Ko g (1)

wherecs = \/ZTe/m is the ion acoustic velocity andy = koC2\/1— n/ng/wy is the elec-
tromagnetic wave group velocity. One hags = 2wy /1 — wge/wg Cs/Co, Wherec,, cs and
Wpe = \/41mnee?/me are the vacuum speed of light, the ion-acoustic speed ofdsand the

electron plasma frequency, respectively. In the lineaimmeghe growth rate is given by [7]:
Yoo~ (V/3/2) (Ve pi/ ) ?/>(1 — e/nc) V2, )

whereve = eE/mewy, is the quiver velocity and in the strong coupling regigges> KoCs.

An efficient SBS compression requires certain conditiontherplasma and the pump laser
parameters. The plasma lendtp and the pump pulse duratidp should be related ds, ~
Vgtp/2. This assures the interaction of the seed pulse with al$ drthe pump. Density and
temperature of the plasma have to be chosen such that the i8B8i@tion from the ther-
mal noise levelcs is not depleting strongly the pumpysexp(kp) < Ip, wherekp is the total
gain over the plasma length ahglis the laser intensity in the focal spot. In the strongly non-
stationary regime considered here, for whi@ﬁ>> ccs(wcs/wpi)z, the total gain is given by
Kp ~ Ysdp ~ ysctg/s(Lp/vg)l/:”. In addition there should be no plasma heating from the pump
during the pulse duratioty and small losses from Raman activity. As far as the seed pgilse
concerned, the criterion of pump depletion has to be saiislfg@(ysctso)s/z ~ |p, with Ig the
initial seed pulse intensity ang its initial duration. Under these conditions the maximal at
tainable output intensity will beis = I« (L pYse/Vg)¥/? ~ Ip(Lp/Vgtsn)¥/2. This defines the Stokes
intensity gain factor as- (1p/1s)(Lp/Vgtsn)®? and the pulse compression(isy/vgtso) /2.

We have investigated SBS pulse compression and amplifichyioneans of one-dimensional
PIC-code [8]. In the numerical simulations the amplifyingarum has a length of 8%, with
Ao = 1um the laser wavelength of the pump. In order to suppress SR8fexation, the density
is set at 0Bn¢. The electron temperature is 500 eV and the temperatueZdsjT; = 50. The
pump laser grows exponentially in time over 100 fs to an isitgrof | = 10'% W /cn? and then

remains constant. The seed pulse hasasiape with a FWHM of 100 fs and peak intensity of
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| =105 W/cm?. The seed pulse is launched once the pump is present evesyintiee plasma.
The frequency of the seed is downshiftedfy = 1.2 x 103w, wherewy, is the frequency of
the pump laser. The downshift corresponds to the ion-amowsive frequency for a plasma of
500eV.

The spatial resolution is of the order of the De-

bye length\p = /Te/4mmee? and the time step for =
integration isAt = 0.05w; 1. 40 macro-particles peri ?:

-

"
computational cell are used. No initial seed for the *

LB

ion-acoustic wave is given. The 3-wave interaction s

is generated from noise directly.

For the initial parameters one fingg~ 0.02wp,

-

"
which is more than 10 times the 1AW frequency.

By solving the equations (1) in the reference sys-

tem of the SBS pulse, one finds that the amplitude j:
of the SBS pulse increases Bs~ Eq(ysd)¥* as

s
it traverses the plasma and its width decreases as,

AX ~ oy ?t=Y2, so that the total SBS pulse en-
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ergy increases with time while the pulse length dP'rgure 1: SBS-pulse amplification for the
creases. For the conditions we are considering hd#Bes: t = 1050, ", 11505, 125005,
13500, * 145000, 1, 155000, L. The pump is
the characteristic gain lengthggysc = 50¢/wp and incident from the left and the seed from the
the pulse amplitude can grow up to a maximufjrﬁ’ht' Thefiggre shows fthe total intensity with
the scale being normalized to the pump laser
of 5— 6 times the corresponding seed amplitud@tensity. The intensity snapshots are aver-
‘aged over 3x 211/ wy. The plasma is located
between 56/ w, and 60@/ w,.
plification by a factor= 30. This describes well the

Esmax~ Eo(LpYsc/C)¥4. This gives an intensity am

initial phase of amplification where the acoustic nonlitgas small. During the subsequent
nonlinear phase the pulse amplitude in the simulations shimnther increase by a factor-23.
The Stokes pulse duration decreases according to the abtmie prediction by a factor 3 and
is slightly higher than the simulation results.

Figure 1 shows the time evolution of the pulse from the moniteeniters the plasma. The
plasma is located between 60w, and 600c/w,. Clearly the pulse gets amplified to about 10
times the pump intensity, i.¢.= 10" W/cn?, which is an amplification factor of order 100
with respect to the original intensity. At the same time tlsp is compressed to a FWHM
of about 50 fs. The injected pulse completely depletes tmeguaking up almost all the laser

energy present in the plasma. Behind the pulse no lasergspranymore. Characteristic is the
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multiple-peak structure of the amplified pulse with a legdspike which contains about 90%
of the energy and a series of trailing spikes.

According to the equations (1) the initial phase is

x 10

over after the maximum of the pulse has traverse

about 20@/w, of plasma (snapshot at 1161 2s
in Fig. 1). From that time onwards a new feature,
appears in the amplified pulse: behind the leading
spike several smaller spikes appear which modu;

late the intensity envelope of the pulse. As the see(

pulse attains an intensity comparable to the pum
6 8 10

0 2 4
pulse intensity, energy is transferred back and forth ke o,
between the two pulses. This effect is responsabigure 2:The k-spectrum of the electrostatic

jeld taken at the final timet & 2000w 1) of

e simulation after the pulse has left the am-
the nonlinear phase of amplification. plifying medium.

for smaller spikes appearing. It is characteristic ft

Figure 2 gives the k-spectrum of the electrostatic
field at the end of the simulation time. It shows the ion-aticusave fundamental and its
harmonics proving that the amplification is due to Brillouduring the amplification process
no signature of Raman is visible in the frequency spectrum.

The simulations so far show that amplification beyond thedirestimates outlined above can
be achieved. A more refined analysis on the model and detadleineters studies are under
way to well characterize the optimal conditions and the tiations of SBS amplification. In
higher dimensions additional effects such as filamentatimht intervene and limit amplifica-

tion. 2D-studies are intended for the future.
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