
Abstract. The spatiotemporal smoothing of the intensity dis-
tribution of a focused laser beam was investigated on the Isk-
ra-4 laser setup using a dynamic plasma phase plate produced
by vaporisation of a special target placed at the beginning of
the caustic of the focused beam. It is shown that the transmit-
tance of the plasma target in the 1013ÿ 2�1014 W cmÿ2

intensity range is no less than 70%ë 80%. The introduction
of the dynamic plasma phase plate lowered the relative êuc-
tuations of the spatial intensity distribution from 100% to
� 10%. The characteristic time of the intensity distribution
variation in the focal plane is 0.4 ps.

Keywords: nonuniform irradiation, intensity distribution, spatio-
temporal smoothing, dynamic plasma phase plate.

1. Introduction

The spatiotemporal smoothing (STS) of laser beams is of
critical importance in the solution of the problem of spheri-
cally symmetric compression of direct-irradiation targets on
high-power multiple-beam laser facilities employed in laser
fusion research. The mutual interference of the beams and
the aberrations of each beam at the output of the ampli-
écation channel are responsible for a speckle intensity dis-
tribution J(r) in the focal region with a modulation depth
up to 100%. The target irradiation nonuni-formity ari-
sing in this case can favour the development of hydrodyna-
mic instabilities, which disturb the symmetry of compres-
sion.

The basic idea of obtaining a smooth intensity distri-
bution I(r) is to use the additional STS to accomplish a
rapid transformation of the speckle distribution in time. In
this case, the hydrodynamic plasma motion should not
manage to react to the `êickering' spots of enhanced laser
radiation intensity. If the characteristic transformation time
t0 4 th � 1ÿ 10 ps, where th is the hydrodynamic plasma
response time, the plasma motion will not be able to react to
the instantaneous intensity distribution J(r; t) and will be
determined by the distribution

I�r� � 1

th

� th

0
J�r; t�dt

integrated over the time th.
Special STS methods have been elaborated to date, such

as production of induced spatial incoherence [1], smoothing
by spectral dispersion [2], and others [3, 4], wherein the basic
idea consists in the disturbance of spatial coherence of the
beams. In these methods, the characteristic transformation
time of J(r; t) is determined by the coherence time tc �
1=Dv0, where Dv0 is the spectral width of laser radiation.

The time required for achieving the desired irradiation
uniformity by these methods is rather long, amounting to
0.5 ë 1 ns [5, 6]. On the other hand, these methods are
inapplicable for high-power photodissociation Iskra-4 and
Iskra-5 lasers with an extremely narrow ampliécation band
Dv � 108 ÿ 109 Hz, for which tc 4 th. The authors of
Ref. [7] proposed to use a dynamic plasma phase plate
(DPPP) for STS located directly in the focal region and
representing a transient plasma cloud through which a laser
beam propagates (Fig. 1). For speciéc plasma parameters
(density r, temperature T, expansion velocity V ), the wave
front of the laser beam at the exit from the plasma will
experience a strong deformation in time, which can result in
the transformation of J(r; t) in the next half-space along the
beam propagation.

Estimates [7] of the parameters of a transient plasma
producing STS show that for a plasma temperature
Te 5 100 eV, density r � 0:1rcr (rcr is the critical density),
and optical thickness k0L � 100 (k0 � 2p=l, L is the longi-
tudinal plasma dimension, and l is the wavelength of laser
radiation), the energy loss of the laser pulse does not exceed
20%. In this case, the characteristic variation time of the
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Figure 1. Schematic of the spatiotemporal smoothing of laser radiation
using a transient plasma.



nonuniformity of plasma density proéle should be less than
10 ps. In this work, we veriéed for the érst time the pos-
sibility of laser beam smoothing by means of a DPPP.

2. Experimental

The study was performed using an Iskra-4 laser setup [8].
To produce the basic intensity distribution I0(r), we em-
ployed a random phase plate [9]. A schematic of the experi-
ment is shown in Fig. 2. We used two counterpropagating
laser beams. The optical scheme with two radiation beams
allows us, érst, to introduce the time delay Dt for the pulse
arrival at the target (the version with a prepulse) and,
second, to irradiate a target simultaneously at two wave-
lengths.

We used the second-harmonic radiation from an iodine
photodissociation laser at 0.657 mm in both beams. Objec-
tives ( 1 ) were so positioned that the DPPP was located at
the beginning of the caustic of both focused radiation
beams. Experiments were performed with a DPPP target
in the form of a two-dimensional equidistant set of ébres of
a CH-like material with the density r � 1 g cmÿ3 (Fig. 2).
The set consisted of four pairwise crossed ébres of thickness
D � 1:8ÿ 2:4 mm (in several cases up to 4 mm) spaced
D � 180ÿ 220 mm apart.

The energy of the érst beam (the high-power plasma-
producing beam) was up to 50 J per pulse. The second
(diagnostic) beam delivered an energy of 15 J per pulse and
was delayed relative to the érst one by Dt; the delay being
varied between zero and 250 ps. The pulse duration for both
beams was t0:5 � 0:3ÿ 1:0 ns, the energy and power con-
trast ratios were higher than 107, the divergence y was
5� 10ÿ4 rad taking the phase plate into account, the size of
the spot at the target was 300 ë 350 mm, the transverse accu-
racy of the spot falling on the target being d?4 60. The ma-
ximum intensity of the second radiation beam at the DPPP
did not exceed 2� 1014 W cmÿ2 for t0:5 � 0:5 ns and Dt � 0.

The parameters of initial radiation were recorded in the
experiments: the energy and the duration of a laser pulse,
the energy and power contrast ratios, the near- and far-éeld
beam structures, and the intensity distribution in near-focal
planes in the absence of a DPPP. For the laser radiation
transmitted through the DPPP, we recorded the target
transmittance (in the solid angle corresponding to the angles

of convergence of the incident radiation), the spectrum and
the intensity distribution of laser radiation in the focal plane
with a time resolution, and the integrated intensity distri-
bution in the focal plane.

The integrated intensity distribution was recorded by a
photographic technique. The spectral characteristics of laser
radiation were measured with a monochromator with a
600 lines mmÿ1 reêection diffraction grating and a fast
streak camera [10] with a time resolution of 20 ps. The
instrument function of the measuring complex was
� 8ÿ 10 AÊ and the rms resolution of the spectral signal
was about 2 AÊ . The intensity distribution in the focal plane
was recorded with a time resolution of 10 ps. The spatial
resolution of the recorded signal reduced to the focal plane
was 0.5 mm for a characteristic diffraction-limited dimension
of the focused beam of � 4 mm.

3. Experimental results

The typical form of the integrated intensity distribution in
the focal plane, which is determined by the phase plate
used, is shown in Fig. 3a for the experiment performed in
the absence of a DPPP. The introduction of the DPPP into
the prefocal region results in the smoothing of the speckle
intensity distribution I0(r) of the laser beam because of the
phase modulation in the transient plasma (Fig. 3b). A
comparison of the distributions in Figs 3a and 3b shows
that the use of the DPPP reduces the speckle modulation
depth from � 100% to � 10%. In this case, the effect is
observed in a wide intensity range of the plasma-producing
beam (1013 ÿ 2� 1014 W cmÿ2). The DPPP transmittance
recorded in this intensity range is 70%ë 80%.

The results of measurements of integrated distributions
I(r) are consistent with the structure dynamics of the inten-
sity distribution I �(r; t) in the focal plane measured after the
radiation interaction with the DPPP (Fig. 4). The distri-
bution I �0 (r; t) recorded in the absence of the DPPP (Fig. 4a)
shows that the initial laser beam has a clearly deéned
speckle character during the laser pulse.

The distribution I �(r; t) obtained using the DPPP is
substantially different. Fig. 4b shows a typical intensity dis-
tribution for the diagnostic beam in the focal plane recorded
with the 150-ps delay of the diagnostic beam relative to the
high-power beam. Figs 4c ë 4f show the results of image pro-
cessing in the sections corresponding to different points in
time. One can see that early in the pulse (Fig. 4c) the beam
structure is strongly speckled. However, within 70 ps after
the onset of the diagnostic beam the speckle structure begins
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Figure 2. Schematic of the experiment and the enlarged fragment of the
target (inset):
( 1 ) camera objectives with the focal length F � 60 cm; ( 2 ) dielectric
mirrors; ( 3 ) phase plates; ( 4, 5 ) directions of diagnostics of parameters
of the incident radiation and radiation transmitted through the DPPP,
respectively; (D ) ébre thickness; (D ) ébre separation.
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Figure 3. Intensity distribution in the focal plane without (a) and with
(b) the use of a DPPP, and radiation spot shapes (at the top).
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to break down, and the cross-sectional intensity distribution
of laser radiation is nearly smooth over an interval
approximately 300 ps long (Figs 4d ë 4f ). Later on, the
speckles begin to partly restore at the trailing edge of the
pulse (Fig. 4f ).

Note that integration of the distributions with respect to
time

I �t �r� �
�1
0

I ��r; t�dt

yields a distribution which agrees well with the results of
integral recording I(r) (Fig. 3b). In particular, the modu-
lation depth of I �t (r) is � 10%.

The measured modulation depth of I �(r; t) at the instant
of strongest smoothing (see Figs 4d and 4e) was 5%ë10%.
The distributions obtained are in fact integrated over the
resolution time Dtp of the detector:

I ��r; t� � 1

Dtp

� t�Dtp=2

tÿDtp=2
J�r; t�dt,

where Dtp � 10 ps and J(r; t) is the instantaneous intensity
distribution. An analysis of I �(r; t) shows that the obtained
modulation depth can be attributed to the reconstruction of
J(r; t) with the characteristic time Dt � � 0:4ÿ 0:5 ps
[11, 12].

The obtained time Dt � correlates well with the spectrum
of laser radiation recorded after its passage through the
DPPP (Fig. 5). The measured width of the emission spect-
rum is Dv �2:5� 1012 Hz (for the initial Dv0 < 109 Hz), i.e.
Dv � 1=Dt �. In this case, the main features of the spectrum
being recorded are the spectral width of 25 ë 40 AÊ through-
out the intensity range of laser radiation irradiating the
target, the red shift of the spectrum, and the characteristic
time (up to 0.5 ns) during which the measured spectrum
width exceeds the instrumental function width.
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Figure 4. Time-resolved intensity distribution in a part of the cross
section of the diagnostic beam in the focal plane in an experiment
without (a) and with (b) the use of the DPPP, and the intensity
distributions at different points in time t after the onset of the pulse
(c ë f ) in the case when the DPPP was employed.
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Figure 5. Streak photograph of the spectrum of radiation transmitted
through the DPPP (a) and the time dependence of the local width of the
radiation spectrum at a level of 0.5 of the maximum spectral signal
intensity at the point in time t (b).
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