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Summary. — Side emitted 3w/2 radiation was studied by interacting 1.064 um laser
light with plasmas obtained from exploding thin foils. Both focusing (f/8) and
collecting (f/7) optics were designed in order to reduce the instrumental bandwidth
of the 3w/2 spectrum. Time-resolved spectra and time-resolved images were
obtained and analysed. All the observed spectral features, including the substantial
lack of a «blue» component, the amount of red shift and bandwidth, are consistent
with the Karttunen theory of half-integer harmonics generated in plasmas. This
theory takes into account the propagation of /2 plasmons produced by «two plasmon
decay» and their coupling with laser light.

PACS 52.50.Jm — Plasma production and heating by laser beams.
PACS 52.35 — Waves, oscillations and instabilities in plasma.

1. - Introduction.

The plasma region at density close to one quarter of the critical density n, is of
primary importance in laser-plasma interactions. Indeed, the laser frequency being
close to twice the local plasma frequency, pairs of Langmuir waves can be resonantly
excited. A consequence is the acceleration of electrons to suprathermal velocities.
Moreover, Langmuir waves can couple with themselves or with laser light and
produce emission of half-integer harmonics[1, 2].

In laser fusion experiments radiation at half-integer harmonics is the principal
diagnostics of plasma conditions at n./4[3,4]. Particularly time-resolved images of
the plasma at three-half harmonic allow to follow the motion of the quarter critical
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region [5-7]; on the other hand, time-resolved spectra can give information on the
physics of electron waves[8-12] and, in principle, they allow a measurement of the
electron temperature in the same region.

Extended experimental investigations[13-19] of 3w/2 emission have been made,
even if comparison with the theory was not always satisfactory. The 3w/2 line is
generally found to be shifted from the unperturbed 3wy/2 value (w, is the laser light
pulsation) and considerably broadened. Both red and blue shifts were observed, but
the blue component was usually weaker and sometime absent. From the
phase-matching conditions[1,20-23] the 3w/2 spectrum is found to depend on the
direction of observation with respect to wavevector of the laser light. In a large
number of experiments the focusing angle and/or the detection angle were
considerably large[4,8-11,14,17,18]. This fact introduced a considerable
instrumental broadening of the 3/2 line and made the spectral analysis in terms of
physies of harmonic generation more difficult.

To reduce this source of uncertainty in the analysis of the 3w/2 spectra, we
performed the experiment with the aperture of the focusing and detection optics
much smaller than in most of previous experiments; in these conditions the
contribution of optics to the spectral broadening resulted much lower than the
observed bandwidth, as shown below.

Thin plastic foil targets were used which burned through during the laser pulse. A
self-similar model [24] provided us with a rough estimate of electron temperature and
density scale length at the burn-through time.

The study of 3w/2 radiation at 90° to the laser beam axis has been performed from
time-resolved spectra and time-resolved images. Their analysis allowed us to
evidence the refraction of plasmons created by two-plasmon decay (TPD) due to their
propagation through the plasma density gradients. In fact, refraction, changing the
k-vector of the plasmon, makes it possible that plasmons created with different k’s
(and consequently different «’s) in a wide range could match with laser photons and
produce a broad 3w/2 spectrum at the given angle of detection.

In sect. 2 we summarize the theory of 8w/2 emission, and specialize it to our
experimental conditions. The experimental apparatus is presented in sect. 3. In sect.
4 and 5 the experimental results are reported and discussed.

2. — Three-half harmonic generation.

Possible mechanisms of 3w/2 generation include plasma waves with frequency near
to wo/2, produced close to n./4 by TPD [25-27] and stimulated Raman scattering [28]
(SRS).

In principle 3/2 harmonic of laser light can originate from both the coupling of the
incident laser radiation with »/2 plasma waves or the coalescence of three of those
waves. However, as the three-wave process is of higher order, coupling of laser
radiation with the plasma wave is expected to prevail in our experiment. Thus only
the latter process will be considered. Also we shall consider only TPD as the
mechanism responsible for plasmon generation, due to its lower threshold as
compared with SRS. Notice that our experiment was performed at nominal
intensities which were considerably lower than most of other 3w/2 experiments.

Let us now consider the spectral analysis of three-half harmonics. In this respect
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one of the most interesting theoretical works has been done by Karttunen[1], to
which we substantially refer in the following calculations. In TPD the pair of plasma
waves satisfies the energy and momentum conditions:

1) wy = wp+ g, ko=kg+ kg,

with the dispersion relations for photons and plasmons

(2) (J.)2 wp + ko C y CU%’R = (1)}2) + 3k]23’R'U§ y

where v, is the electron thermal velocity, wg and wy are the plasmon frequencies, kg
and kg their wavevectors and w, the local plasma frequency. In the limit of weak
Landau damping of electron waves, t.e. ch r 23 < 0.1, 2p being the Debye length, (1)
and (2) give

® op = (on/ D)1= 363 + k) 3)
from which we obtain for the electron density n
n/n, =~ (1/4)(1 - %(k§+k§)x%,>.

The minimum electron density for TPD is determined by the Landau damping
(kB R)\D ~(.1), whereas the maximum density is given by the minimum value for
(k3 + k2) which is roughly k&. Consequently the density range for TPD to occur is
defined by

(n/nc)min ~0.19 ’ (n/nc)max = (1/4)(1 - 3/2 k(? )\%)
The plasmon frequency spectrum is obtained from egs. (2) and (3):
wp= (/2 +B/DKE—kR)ID),  wp= (/21— B/ EE—kR)ID).

With kg > kg the plasmons (wg, kg), travelling with a wavevector component in the
direction of the pump wave (i.e. having koy-kg>0) are blue shifted, while the
plasmons (wg . kg), for which k- kg can be either positive or negative (see fig. 1), are
red shifted from the exact w,/2 frequency. In the following we will call them «blue»
and «red» plasmons, respectively.

In order to describe the 3/2 harmonic spectrum let us now consider the coupling
between the laser e.m. wave and one of the electron waves (plasmons) generated by
TPD. Firstly we discuss the most general case in which plasmons from TPD
propagate through the plasma gradient before they couple with the pump photons[1].
Secondly we specialize to the case of coupling without any plasmon propagation.

In the first case the matching conditions for the 3w/2 emission process can
considerably change in space because in the quater critical region the kg p
wavevectors dramatically depend on density. On the contrary k, and ks, depend
weakly on it. The wave propagation through a density gradient will change the k
vectors in both absolute value and direction. If we just consider the absolute values
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Fig. 1. — Generation of 3w/2 at 90° to the laser beam direction. k vector composition of two-
plasmon decay of laser light and coupling of laser photon with red plasmon kg, after propagation:
@) towards higher densities (« > 1); b) and ¢) towards lower densities (« <1). The parameter ¢ =
= (ky-kg)/|ky- kg| takes different signs in the three examples.

we can easily evaluate their change in terms of density variation:
Ako/ ko= —[(An/2n) [/’ — D], s = —(1/6) An/n,
Akga/ ko = —[(an/2n) [(f/2) @& — Dlyyja = —(1/16) An/n,

AkB,R/kB,R = —(An/2n)/(w%yR/w§ - 1) = —(6k}23’RA%)_1 A’n/n .

Recalling that it must be k§ g 2h < 0.1, we find
lAkB,R/kB,R‘ > 1.7 An/n ’

which is much higher than both Ak,/k, and Aks/e/ks)s.

For laser radiation propagation along the density gradient (which is typical for
exploding foils irradiated at normal incidence) and coupling with red plasmons as
sketched in fig. 1, the energy and momentum conservation equations of the process

w3/ = wyt wg , ko=kg+kg, ksjo = ko+ kg
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take the form

4) wy/2 = wy+ wr = Bwy/2 — By /8) (k§ — kR) 2% ,
() kg = kg + k& — 20k (kf — (k2 sin ©)*)'/2
6) k}’{z = (kR/a)2 = k§/2 + kg - 2k3/2 ko cos 6.

In the derivation of egs.(5) and (6) we assumed that the plasmon wavevector
component perpendicular to the density gradient remains constant. Moreover, k, =
= 8"20y/2¢ and ks, = 2"/2wy/ ¢ are the wavevectors for wy and 3w/ 2 radiation at n./4,
6 the angle between them, ¢ = (ky-kg)/ |k, kg| and « the ratio of the modulus & of the
plasmon produced by TPD and the modulus k' of the same plasmon after the
propagation.

From eqs. (4)-(6) we obtain, for the emitted three-half harmonics

(ws/2 — Bwo/2) [ wy = —(8/8) (kg Ap)*[1 — (20/8Y2) (112 + 4-61/2a2 cos O — 8sin?6)"/?],
from which we find the wavelength shift from the exact 23,/8 value
@) Adg/a = (0/2) e/ P [1 — (25/3/2)(11s® + 4-6"2a? cos @ — 8sin®0)"/?].

Notice that the «—» sign refers to the incident photon (w,, k;) and the «+» sign to the
reflected one (w,, —k,) which may be present (e.g. due to Brillouin backscattering or
critical layer reflection).

In fig. 1 the vector composition is graphically shown for two-plasmon decay and
coupling after propagation of the red plasmons in three different cases. In fig. 1a) the
red plasmon has a component opposite to the photon wavevector (¢ =—1) and it
propagates towards higher densities into the plasma (we choose « = 2). In fig. 1b) and
¢) the red plasmon propagates towards lower densities and is characterized by o = — 1
and ¢ =1, respectively.

Commutating the indices B and R in eqgs. (4) to (6) and in o, the equivalent
shift in the case of coupling with blue plasmons is obtained. The expression will be
formally the same as (7). However, while in the case of red plasmons o can assume
both the values 1, in the case of blue plasmons only c=1 is allowed.

As is evident from (7) the plasmon propagation results in an additional shift of 3w/2
radiation, the ordinary shift being an effect of the plasma temperature. Because an
a-range is possible (as discussed below) the plasmon propagation is a source of 3w/2
line broadening as well.

At ©=90° as in our experiment, (7) simply reduces to

®) Adgz = (Ao/2) 0,/ P’ [1 — (20/8Y2) (112 — 8)V/2].

In the simpler case in which plasmons couple with pump photons w, to generate
3w/2 in the same place where they are produced by TPD («=1), the wavevector
composition for the two processes is like the one shown in fig. 2. This figure evidences
that 3w/2 can be emitted at 90° from the laser beam direction in two ways. In the first
pump photons couple with backpropagating red plasmons. This is a «direct» emission,
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Fig. 2. — Generation of 3w /2 at 90° to the laser beam direction. Coupling of a pump (a)) or
backpropagating (b)) photon with a TPD plasmon, in the some place where it is produced.

because neither the photon nor the plasmon suffer reflection before coupling to
generate 3w/2. In the second way reflected photons interact with blue plasmons
generated by TPD of impinging laser photons. This is an «indirect» emission. In this
case kjy/» = —kg, regardless of the value of the angle 6.

It is important to notice that 3w/2 spectra can give a measurement of electron
temperature in the n./4 region if the spectral component related to o« = 1 is identified.
This is not generally possible due to the the fact that a wide range of k’s values are
possible for plasmas, so that a range of values may be assumed by the parameter «.
However, in some conditions the temperature can be estimated from the red or blue
limit of the spectrum when they are attributable to Landau damping. This point will
be further discussed in sect. 5 (see also fig. 5).

3. — Experimental apparatus.

A Nd laser (3, = 1.064 yum, spectral width Ax = 0.7 A) delivering an energy E7, up to
3J in 7, = 3ns (FWHM), was focused on target by an f/8 lens into a vacuum chamber.
In a 60 um diameter focal spot a nominal intensity up to 5- 10" W/cem? was reached.

Prepulse level was maintained below 10™* times the main pulse except for a small
number of shots. Time modulations were present into the pulse, due to beating of
longitudinal modes in the laser cavity.

Here and in the following we refer to a «nominal intensity» simply calculated as
E./7.S., where Sy, is the spot area. This is only a reference parameter. The actual
intensity reached higher values temporally, due to the pulse modulation and,
spacially, due to the intensity distribution of the laser beam. A further increase was
possibly due to self-focusing.

The targets we used consisted of thin formvar foils (polyvinyl formal [C;Hy;0.];
density = 1.1 g/em®; Z, = (Z2) /{Z) =~ 3, where Z is the ion charge and ( ) denotes an
average over all the ions), whose thickness, ranging from 0.1pm to 1.6 ym, was
measured with an interferometric method[29].
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The target was irradiated at normal incidence to its surface and the laser light was
linearly polarized at 45° with respect to the detection axis. At nominal intensities
above 10" W/cm? and foil thickness up to 1.5um the targets were definitely burnt
through during the laser pulse, as observed with transmission measurements. We did
not measure the burn-through time, but the 1D model[24] supplied us with an
approximate upper limit, being the plasma expansion partially 2D at the peak of the
pulse.

The radiation was collected at 90° from the beam axis, using an f/7 optics, and
imaged into the entrance slit of a spectrometer coupled with a Hadland streak
camera. The overall spectral resolution resulted 3 A and the time resolution was 20 ps.
The collecting optics was designed in order to have no spatial selection of the 3w/2
source. Spectral calibration was performed with the 7032 A, 7174 A, 7245 A lines of Ne. A
wavelength fiducial was obtained putting a thin wire on the spectrometer output
plane, perpendicularly to the dispersion axis. The position of the wire was in turn
calibrated with the same spectral lines.

Alternatively, to obtain the time-resolved images of the emitting regions, the
interaction region was imaged directly into the entrance slit of the streak-camera
with a magnification G =~ 10. 3w/2 light was selected by a narrow-band interference
filter, 100A FWHM band-pass, centred at 7090 A. The streak-camera slit was
superimposed to the laser beam axis in the image of the plasma. The slit aperture was
set in order to match the focal spot diameter and the spot image was carefully
positioned. This set-up allowed to locate the position of the 3w/2 source (i.e. the n. /4
layer) along the interaction region.

4. — Experimental results.

The aim of the experiment was the study of the spectrum of 3w/2 radiation. We also
measured the nominal intensity threshold for such an emisssion, which resulted
Iy =5-10 W/em?  Another observation was that 3w/2 emission completely
disappeared in case of a prepulse level higher than 10~ the main pulse. This is due to
the fact that, in such a condition, the plasma is produced earlier and the electron
density is lower than n./4 at the time of the main pulse.

In fig. 3 and fig. 4 some time-resolved spectra and time-resolved images are
reported. A time modulation in a time scale of tens of picoseconds is apparent. It is
due to the intensity modulation already present in the laser pulse. However, we
observed that such modulations resulted strongly enhanced in scattered 3w/2
radiation: actually 3w/2 intensity depends at least quadratically on the impinging laser
intensity [2, 30].

Figure 3 shows two typical time-resolved spectra as observed with targets of 1.0
to 1.5ym thickness at nominal intensity 1 to 3:10"® W/em? respectively. The
wavelength fiducial looks like an artificial intensity minimum at 7127 A: it has to be
ignored in the spectral analysis. The dashed line parallel to the time axis shows the
position of the exact 8w,/2 line. 3w/2 spectra showed a strong variability from one
spike to another, either for what concerns shift and width. A general feature was that
the spectra were red-shifted and only few spikes showed a faint blue component, too.




852 D. GIULIETTI, V. BIANCALANA, D. BATANI, A. GIULIETTI, L. GIZZI, ETC.

Tns t

Fig. 3. — Two typical time-resolved spectra of 3/2 harmonic emitted perpendicularly to the beam
axis. Lower image: shot No. 171206, formvar foil thickness d = 1.50 um; laser intensity on target
I=1.4-10" W/em? Upper image: shot No. 171207, d =1.50ym, I = 1.4-10"® W/cm?. Right-
hand side of each spectrum, a box shows the characteristic values of the parameter «, as given by
theory, calculated at T, = 0.6keV (see also fig. 5).

Often only the ¢ = —1 region of the spectrum was apparent. Both the red shift and
spectral width were found to decrease when the laser peak power decreased.
Figure 4 shows two typical time-resolved images of the 8w/2 emitting region.
Notice that the emitting region is moving in time along the beam axis; this motion
was also inferred from 2« spectra obtained in the same experiment[31]. The 3w/2
emitting region was also observed to split during the pulse duration. This fact
evidences the motion of 7./4 region along the density profile. From the images we
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Fig. 4. — Two typical time-resolved images taken with a narrow band 7090 A filter, showing the
evolution of the 3/2 harmonic sources into the plasma. Lower image: shot No. 020215; d = 1.43 um,
I = 1.3:10® W/em? Upper image: shot No. 020203; d = 0.80ym; = 1.3-10"* W /cm®

can estimate the scale length of the density gradients in the n./4 region. We found
values of a few tens of micrometers, which reasonably agree with the expansion
model [24].

The evolution of 3w/2 sources was not well reproducible shot by shot due to the
spiking behaviour of the pulse. However, there was a general trend for each 3w/2
burst as follows: the emission started from a single dot source, then the source
splitted into two dots and finally recombined back in a single one.

It is interesting to observe that, while the 3w/2 radiation was characterized by
well-defined regions of emission and a broad spectrum, the 2w radiation at 90° to the
beam axis in the same experiment [31] was emitted from wide plasma regions with a
narrow spectrum. This is an indication of completely different mechanisms of
emission for the two cases. In fact, 3w/2 radiation can be emitted only in a density
region close to n./4 via the interaction of e.m. waves with plasmons of broad energy
spectrum; on the other hand, 2 radiation is generated at 90° by the interaction of two
counterpropagating e.m. waves having about the same bandwith as the laser light;
this process can take place virtually in the whole laser plasma interaction
volume.

5. — Discussion.

First of all let us briefly discuss the 8w/2 source structure and its evolution as
depicted by the time-resolved images in fig. 4. The overall duration of the harmonic
emission was typically 1 to 2 nanoseconds, depending mostly on laser intensity and
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foil thickness, with some nonreproducibility due to the spiking intensity modulation
in the pulse. As evidenced in the last section a single emitting layer is observable at
the beginning, then splitting into two layers and finally merging again into a single
source. This behaviour is consistent with an early 3«/2 generation in the n./4 region
ahead the critical front, towards the focusing lens, followed by the activation of
another 7./4 region beyond the density maximum after burn-through; then the two
n./4 regions recombine at the top of the density profile just before the end of the
emission. The delay between burn-through and the time when the maximum density
is m./4 has been evaluated with a 1D model[24] in the conditions of the present
experiment. It results of about 1ns, a value comparable with the mean delay we
observed from the source splitting to the end of the emission. This is only a rough
modelling of the harmonic source evolution; for a more precise analysis one should
consider the partial 2D late expansion and the possible contribution of marginal
regions of laser-target interaction, where near-critical plasma could be present.

The analysis of the spectra comes from the assumption that in our experimental
conditions the emisssion is mostly due to the coupling of pump photons (wy, ky) With
plasmons (wp g, kg r) from TPD. The spectra of 3w/2 light emitted at 90° we obtained
are characterized by considerable values of both red shift and bandwidth. Such values
are very difficult to explain if the propagation of TPD plasmons is not considered.
Recall that in case of nonpropagating plasmons the shift is given by eq. (8) with
a=1, ¢ =—1. The electron temperature was measured from the Brillouin red
shift [31] to be T, = 0.6 keV, in reasonable agreement with the theoretical model [24].
At this temperature, from eq. (8) with « =1, the expected shift is A3/, =19 A.

Another possible source of shift is the Doppler effect due to plasma flow through
the m./4 region, which is essentially parallel to the electromagnetic-wave pro-
pagation. If v is the flow velocity, the laser light is «seen» in that region as having a
pulsation w[1 =+ (v/c)]. The further shift one gets inserting such pulsation into eq. (8)
is Axqg = F29(2v/3c¢). The upper and lower signs refer to the n./4 regions ahead and
behind the target respectively. Notice that no Doppler correction is due to the 3w/2
light propagating 90° to the plasma flow. Assuming a near-sonic flow at the n./4
layers, the Doppler shift so calculated is Ay~ *5A. As a matter of fact both
temperature and Doppler effects give shifts lower than the mean shift we observed
on a large number of shots (=35 A).

More pronounced is the discrepancy for the 3w/2 bandwidth. In fact in case of
nonpropagation we can take into account several causes of line broadening. First
collisional broadening: the electron-ion collision frequency is related to the damping
coefficient I', of a plasma wave (of complex frequency w) by the relation

Fc =Imw = Vei/z .
In our conditions (T, in keV)
Ve = 6.7-107 (Zn, AT, %) =~ 8-10" 571,

so the collisional width dw = 2I', gives 62, = 2.1A.

Second broadening due to Landau damping: it is negligible in our experimental
conditions for 3w/2 observed at 90° since (KB,R)\D)2 ~ 1072

Finally the effect comes of the aperture of focusing (6r) and collecting (6¢) opties
giving, from eq. (7) at @ = 90°, S pe, = 1.5 (v, /)% (6p + 6c) = 8.6 A. Notice that in most
of the previous experiments with planar targets much larger aperture focusing opties
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were used, often close to f/1[8,9,11,14,17,18]. A variety of apertures were used in
the detection optics in those experiments. Large aperture in focusing and/or detection
optics results in an instrumental broadening of the 3w/2 line. As an example we
estimate that an f/1 optics can produce approximately a 30 A bandwidth with a 0.6keV
plasma.

Due to the causes considered above, the 3w/2 line can be broadened in our
experiment just by a few A, a small extent if compared with the observed bandwidth of
several tens of A. Thus the propagation of the electron waves before they couple with
the e.m. wave has to be considered to explain both shift and broadening.

From the analysis of sect. 2 we know that the 3w/2 radiation we detected at 90° is
mostly a «direct» emission produced by coupling of the impinging laser radiation with
red plasmons (wg, ki) having ¢ = —1. However, we will consider also the «indirect»
emission which can be given by the coupling of w/2 plasmons reflected by the n./4
layer. In this case we denote with reflection a particular case of propagation which is
able to invert the component of the plasmon momentum along k,. Another possibility
of indirect emission is given by the interaction of plasmons with backpropagating
laser photons; however both reflection and backscattering of laser light were very
weak in this experiment.

Using eq. (8), in fig. 5 we reproduced a possible 3w/2 spectrum allowed by
plasmon propagation vs. electron temperature. The dash-dotted line corresponds
to the exact (2/3)2, value (7093 A). First of all we observe that in eq. (8) «
can assume two limiting values: app, =~ 0.85 (for a <oy, the matching condition
for wavevectors cannot be fulfilled), and

ey = k(at minimum density )/’ (at coupling density) = [k2/(k§ + k2212 =~ 2T V2
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Fig. 5. — Spectrum vs. temperature for different values of the propagation parameter « and
geometrical parameter s. The dash-dotted line indicates the unperturbed 3/2 harmonic position:
2)/3. The spectral range between ay, and oy, corresponds to the maximum bandwidth of 3/2
harmonic emission in case of propagation of plasmons before coupling. Notice that taking into
account only temperature effects (no propagation: « = 1) the harmonic line is not located at the
centre of the allowed band.
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where k is determined by Landau damping, k' by the detection at 90° and
T, is in keV.

The two differently dashed regions in fig. 5 correspond to different directions of
the plasmon wavevector component along k, and are defined by the geometrical
parameter o.

The lines a = 1 correspond to the position of blue and red components in the case of
nonpropagating plasmons. Notice that the lines « =1 are not in the centre of the
allowed spectral regions. For this reason an attempt to estimate electron
temperature from the centre of the 3w/2 band would lead to a considerable error. On
the contrary, if the plasmon propagation is considered, the 3/2 spectra we observed
are roughly consistent with the allowed «-range for T,=0.6keV: this is the
temperature which the boxes of fig. 3 refer to. ‘

The blue component of the 3/2 harmonic was usually absent in our spectra or very
weak in a few spikes. This is not surprising because the contribution of photons
reflected at the critical layer or due to Brillouin backscattered is very weak as already
mentioned. The lack of a significant blue component also means that the reflection of
/2 plasmons propagating in the 7./4 region is not an efficient process.

Finally some considerations about the threshold. We observed a threshold for 3/2
harmonic emission at nominal laser intensity of 5-10'> W/em? Being 3w/2 emission a
secondary process, we expect that its threshold is higher or comparable with the TPD
threshold. On the contrary the measured value of the nominal intensity threshold for
3w/2 emission is much lower than the expected threshold for TPD. In fact, if we
consider the theoretical thresholds I., and I, for exponential growth of the
instability in the two cases of collision or inhomogeneity dominated process
respectively [16, 24], we find in our experimental condition I . << I;,. Using in I, an
n./4 layer scale length of 80 um, which is a mean value of measurements taken from
time-resolved images, the TPD threshold can be estimated of the order of
10" W /em? This is only an apparent discrepancy because, as discussed in sect. 3, the
maximum intensity reached during the interaction is certainly higher than the
nominal intensity.

6. — Conclusions.

Irradiation of thin foil targets with a laser beam focused at large f/number and
detection of scattered light with large f/mumber optics is very effective to take
spectroscopic information on parametric processes where the matching between wave
momenta critically depends on angles. We studied 3w/2 emission in such experimental
conditions.

With normal incidence irradiation of plastic foils =~ 1 um thick at laser intensities of
the order of 10'* W /cm? we observed 3w/2 emission perpendicularly to the laser beam.
This emission showed a spiky character with spikes of tens of picoseconds. The
harmonic generation was definitely missing in the presence of significant prepulse in
the laser light. Time-resolved imaging in 3w/2 light allowed a measurement of the n,/4
layer scalelength. It was found to be typically a few tens of micrometers.

3w/2 data analysis gave information on two-plasmon decay process. Time-resolved
spectra showed variability spike to spike in the same shot, but the mean values of
shift and bandwidth were reasonably reproducible shot by shot. Mean values of red
shift is about 35 A and bandwidths were observed up to 100 A; they cannot be explained
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in terms of the theory of TPD-driven 3w/2 emission, unlesss the propagation of «/2
plasmons into the plasma is considered. Including the latter process into the
calculations, the observed spectral features were satisfactorily explained.

* %k k%
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experimental work. Authors are also indebted to Cyril Brown and the target
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