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Suppression of stochastic pulsation in laser-plasma interaction by smoothing methods
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The control of the very complex behavior of a plasma with laser interaction by smoothing with in-
duced spatial incoherence or other methods was related to improving the lateral uniformity of the irradi-
ation. While this is important, it is shown from numerical hydrodynamic studies that the very strong
temporal pulsation (stuttering) will mostly be suppressed by these smoothing methods too.

PACS number(s): 52.40.Nk

The nonsmooth complex interaction of laser radiation
with plasmas has been considered to be mostly caused by
laterally nonuniform irradiation. Smoothing techniques
were introduced trying to modify the otherwise ideal
coherent properties of the laser beam using induced spa-
tial incoherence (ISI) [1] lens array [2], random-phase
plate (RPP) [3] smoothing by spectral dispersion (SSD)
[4], or broadband irradiation involving Raman scattering
[&].

It seems evident that the motivation was mostly direct-
ed toward suppressing lateral nonuniformity of the laser
intensity [6]. These techniques proved to be very success-
ful, as evidenced, e.g. , by the suppression of stimulated
Raman scattering (SRS) from a few percent to hundred-
times-lower values [7], or by much smoother and grain-
less pictures of the light reflected from a target [8]. The
understanding of lateral uniformity in the laser intensity
is indeed an important question [6).

In addition to this lateral beam uniformity, there may
be another point in understanding the laser interaction
with plasmas by smoothing. Apart from the lateral
effects, a very complex temporal pulsation of interaction
observed with irregular sequences was reported in the
10—40-psec range [9,10]. A special view into this direc-
tion is presented here and a detailed numerical analysis
may permit an understanding and an explanation as to
why the essential effect of smoothing may just be the
suppression of this pulsation apart from the nonuniformi-
ty problem.

The first indication of the pulsation appeared from nu-
merical studies. The Kinsinger code at Institute for
Laser Energetics Rochester in 1973 described the one-
dimensional interaction of a laser plane wave perpendicu-
larly incident on a collisional plasma with some ramp
profile of density. Using the correct nonlinear optical
constants with respect to the intensity dependence of the
collision frequency and the ponderomotive and nonpon-
derornotive terms of the nonlinear force, the two-
temperature model showed a very realistic response of
the plasma (see Fig. 7.7a of Ref. [11] or Fig. 10.10a of
Ref. [12]). First the light penetrated to the critical densi-
ty from whence the light decayed exponentially with

depth as expected and a strong mirror reflection pro-
duced a partial standing-wave pattern with swelling and
wavelength stretching as known from the nonlinear force
[12] within the plasma corona. The absorption was evi-
dence that the standing wave was partial only. After this
initial mirror reflection, one picosecond later, the laser
pulse no longer penetrated to the critical density but de-
cayed before reaching 1/1000th of its initial value. The
light was then reflected at the very low plasma density by
the Bragg —von Laue grating of the plasma-density ripple,
which was self-generated by the nonlinear force in the
standing waves. This was a phase reflection with a high-
reflection coefficient while the mirror reflection showed
low reflectivity due to the absorption in the corona.

In accordance to this, subsequent measurements of the
reflectivity showed a variation from a few percent to
nearly 100%%uo, within 10 to 40 psec, irregularly up and
down and the antiphased —,'-harmonics emission occurred
only during the phases of mirror reflection [9]. In the re-
cent years, similar pulsation or stuttering was observed,
confirming experimentally that the light is reflected at the
critical density by mirror reflection or at other times far
out in the low-density corona by phase reflection. The
time-resolved measurement shows how the plasma is ac-
celerated only during the phases of mirror reflection [10].
This intermittent pushing of the plasma by each accelera-
tion to velocities of about 10 cm/sec is seen then as a
Doppler shift in the backscattered spectrum with an ir-
regular modulation of about 4 A [10].

Another pulsation in the 20-psec range was detected
for the —,

' harmonics [13] and most importantly, when

adding a random-phase plate [3] for smoothing of the in-
teraction, the harmonics emission became completely
smooth without pulsation. It was believed that this
smoothing was a lateral-uniformity effect: Smoothing
prevented some pulsating self-focusing [12—14]; there-
fore, with RPP, no pulsation of the —,

' harmonics oc-
curred.

We are now going to explain the pulsation and the
smoothing by an alternative model which we are present-
ing here based on a one-dimensional computation using a
very detailed genuine two-fluid model with real-time out-
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tion of the mirror reflection after about 10 to 20 psec.
Furthermore, for the very peripheral absorption model, it
would have to be shown how this leads to the observed
very high reflectivity contrary to the experience that ab-
sorption within the corona is related to low reflection and
high-energy transfer to the plasma.

As a test of our model, we propose to repeat the experi-
ment of Sigel et al. [19],where the pattern of a question
mark was put into the laser beam and the pattern in the
reflected beam was then detected. We expect that the re-
sult irregularly changes within 10 to 30 psec from a weak
upright pattern at mirror reflection to a strong upside-
down pattern at phase reflection back and forth. This all
may change into weak mirror reflection when using the
mentioned smoothing. Even the degree and perfection of

the smoothing technique could be tested by such an ex-
periment. The fact of a 30-psec pulsation has been ob-
served [20] from 10-keV ions emitted by neodymium
glass laser irradiation of tantalum: 30-psec and 3-nsec
pulses of equal intensity produced the same maximum ion
energies that can be explained by pulsation only [21].
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