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Influence of Nonuniform Laser Intensities on Ablatively Accelerated Targets
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The effect of a nonuniform laser beam on the ablative acceleration of thin foils is in-
vestigated by using the FAsT2D laser-shell simulation code. The results show that
laser nonuniformities with scale lengths greater than the distance from the ablation sur-
face to the critical surface would have a severe impact on drive pressure symmetry and

hence on pellet gain.

PACS numbers: 52.50.Jm, 52.55.Mg

In laser fusion, spherical layered pellets are
imploded through laser-induced ablation of the
outer surface. In order to achieve the densities
and temperatures required for thermonuclear
fusion, this inward acceleration must be very
symmetric over the surface of the pellet. For
laser fusion to be practical, the laser energy
must be efficiently coupled to the pellet. Implo-
sion symmetry and energy efficiency may be con-
flicting requirements.

Experiments and theory at the Naval Research
Laboratory' and elsewhere? indicate that the
most efficient laser energy coupling occurs at
relatively low irradiances (from 102 to 10 W/
cm?®). These low irradiances require thin-shelled
pellets® (of thickness AR) to be accelerated over
large distances (R) such that R/AR = 10. This
places severe requirements on ablation pressure
uniformity (Ap /p < 1%) if high gain is to be
achieved.* One of the major causes of ablation
pressure nonuniformity is nonuniformity of the
laser beam intensity. The problem we address
in this Letter is the effect of nonuniform laser
intensities on the ablation pressure of thin planar
targets as a function of laser intensity and scale
length of the inhomogeneity.

The laser energy is deposited at the critical
surface, a distance D,, from the ablation sur-
face. The scale length of the inhomogeneity in
laser intensity is ;. If D > x,, then lateral en-
ergy flow should smooth out the inhomogeneity
before it reaches the ablation surface.*® If D,
<« ,;, then the inhomogeneity should imprint it-
self on the target and the variation in ablation
pressure should be of the same order as the
variation in laser intensity. This inhomogeneity
in ablation pressure will, in turn, affect the tar-
get velocity and acceleration profiles.

We model the effect of an inhomogeneous laser
beam on a thin (15 um thick) plastic (CH) foil
with the FAST2D® laser-shell simulation code.

This is a fully two-dimensional Cartesian code
with a sliding rezone Eulerian grid. It solves
the ideal hydrodynamic equations using the flux-
corrected transport’ algorithms with a two-
dimensional, classical (7%/2) plasma thermal con-
duction routine. FAST2D compares well with ex-
perimental data on ablation pressure, hydrody-
namic efficiency, and target velocities,® and with
fluid velocity profiles.®

Laser beam profiles are typically Gaussian
with inhomogeneities manifesting themselves by
a reduced intensity in the center of the beam.
We invoke the periodicity of the code and model
only the peak-to-peak variation in intensity.
Three different average laser intensities, (I)
=5x10"%, 1x10%, and 2X10"® W/em?, are used
with the scale length of the inhomogeneity ranging
between 100 and 600 um. For all the results pre-
sented here the variation in intensity is 73%
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FIG. 1. The variation in ablation pressure (Ap/(p))
as a function of the scale length of the inhomogeneity
(A;) for three different average laser intensities ({I)
=5.0x10'2, 1.0x10!3, and 2.0x10'3 W/cm?).
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FIG. 2. (a) The perspective density plot for (I)= 1.0
x 1013 W/em? and A; = 600 um after 6 nsec. The foil is
severely distorted and beginning to buckle. (b) Pres-
sure contours for (I)=1.0x10!® W/cm? and A, = 600
pm. The lines are contours of constant pressure in
0.10 increments of the maximum pressure (p max = 2.88
Mbar). The critical and ablation surfaces are also in-
dicated.

Aar1/{1)=0.13, AI=1_,,4 —I,;n) and the laser
wavelength is 1.06 um.

Figure 1 shows the variation in the ablation
pressure as a function of the scale length of the
inhomogeneity for the three intensities after 3
nsec. Note that the large—scale-length variation
(A, =600 um) severely impacts the target for all
three intensities. For case A, (I)=5.0x102 W/
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FIG. 3. (a) The perspective density plot for (I)= 1.0
x 10 W/cem? and A; = 100 um after 6 nsec. At this
short scale length, very little distortion is observed.
(b) Pressure contours for (I)=1.0x 103 W/cm? and
A =100 pm (p sy = 2.63 Mbar).

cm?, lateral energy flow has no significant im-
pact for scale lengths greater than 100 um where-
as for case C, (I)=2.0x10" W/cm?, lateral flow
gives rise to only a 5% pressure variation for

A, =500 um.

The average ablation pressures and the average
velocities of the foils were approximately con-
stant for each intensity with little dependence on
the asymmetry scale length. These values are
case A: (p,,)=1.68 Mbar, (V)=2.14X10° cm/s;
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FIG. 4. The variation in ablation pressure (Ap/{p))
for all six scale lengths plotted as a function of the
average laser intensity ({I)) and as a function of the
average distance from the ablation surface to the crit-
ical surface ((Dg.)).

case B: (p,,) =2.64 Mbar, (V) =4.76x 10° cm/s;
and case C: (p,,)=3.85 Mbar, (V)="17.31x10°
cm/s.

A perspective plot of the density at 6 nsec for
case B, A, =600 um, is shown in Fig. 2(a). As
can be seen, the ablation rate variation follows
the laser intensity variation and the foil becomes
severely distorted and is beginning to buckle.
Figure 2(b) illustrates the pressure contours at
the same time. Note the pockets of very high
pressure at the “edges” of the ablation surface.
These are, of course, the regions of highest
laser intensity.

The density plot and pressure contours for case
B, ),=100 um, are given in Figs. 3(a) and 3(b).
Here there is negligible distortion of the foil and
the ablation surface is essentially equivalent to
a contour surface. Lateral energy flow has pro-
vided enough smoothing to produce only a 0.5%
variation in the ablation pressure.

The numerical results are summarized in Fig.
4, where the variation in ablation pressure is
plotted as a function of the average laser intensity
for all six scale lengths. This is equivalent to
plotting the variation in ablation pressure as a
function of the average distance between the abla-
tion surface and the critical surface as indicated
on the graph. These results are in very good
agreement with the experimental results obtained
at the Naval Research Laboratory'® as shown in
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FIG. 5. Comparison of the numerical results for the
100- and 200-um scale lengths with a 140-um—scale-
length experimental result (Ref. 10).

Fig. 5 where we compare the foil velocity non-
uniformity (V,x/V min — 1) for the 100- and 200-
um asymmetries to the experimental results for
a 140-um asymmetry with I, /T min ~ 2. We ob-
tain slightly better smoothing at the higher ir-
radiances which is probably due to our slightly
thicker target.'

In summary, we have shown that lateral ener-
gy flow in the form of transverse thermal conduc-
tion does tend to smooth the effects of laser beam
nonuniformities. The degree of smoothing is
directly related to the distance from the ablation
surface to the critical surface.'! To smooth non-
uniformities to the extent that the ablation pres-
sure variation is less than 1% requires that D,
~O(\;).

These results indicate that laser asymmetries
must be considered in the design of a reactor-
size laser fusion system. With use of a many-
beam system with severe overlap, each beam
would have a spot size on the order of the target
radius (2-5 mm), giving rise to intensity varia-
tions of the same order. To smooth intensity
variations of this order by employing very high
irradiances increases the possibility of plasma
instabilities and poor absorption. One-dimen-
sional numerical results'? indicate that the dis-
tance between the ablation and critical surfaces
scales as D,, «I/w®, where w is the frequency of
the laser light. It would seem that the most likely
means to increase the distance from the ablation
surface to the critical surface is to reduce the
frequency of the laser light.!"'® Although short-
wavelength lasers appear to have some advan-
tages™ (higher absorption and ablation rates and
reduced hot-electron temperatures), these ad-
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vantages may be eclipsed by the critical problem
of laser asymmetries.
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Absence of Fast Electrons in Laser-Irradiated Gas-Jet Targets
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The x-ray spectrum emitted by a gas jet irradiated at 10! W/cm? has been measured
for laser wavelengths of 1.05 and 0.53 pm. The flux of hard x rays (kv =10 keV) emitted
by a gas jet is less than 0.3% of that emitted by a glass target irradiated at the same
intensity. This low flux implies that less than 0.1% of the incident energy is used to heat

electrons to energies greater than 10 keV.

PACS numbers: 52.25.Ps, 52.25.Fi, 52.40.Db

The aim of laser-fusion studies is to compress
deuterium-tritium fuel to high density and then
heat it.to produce a thermonuclear reaction. The
production of electrons with energies greater than
10 keV in laser-irradiated plasmas lowers the ef-
ficiency of the thermonuclear burn by limiting
fuel density. The fast electrons heat the interior
of an imploding target prematurely, making the
fuel more difficult to compress; and they trans-
port energy from the absorption region to the low-
density expanding corona, reducing the efficiency
with which absorbed energy is converted to kinetic
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energy of implosion. They have been studied in
solid targets at laser wavelengths of 0.53,' 1.06,'™
and 10.6 um,* and in gas targets at 10.6 um.”
The generation of fast electrons is usually asso-
ciated with resonance absorption™’” but two-plas-
mon decay and stimulated Raman scattering
(SRS)® are also believed to be important produc-
tion mechanisms.

In an extension of a previous experiment,’ we
have studied the interaction of intense laser light
with a gas jet. In contrast to all previous experi-
ments with intensities greater than 10*®* W/cm?
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