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Abstract

The effect of preformed plasma on a laser-driveocklproduced in a planar target at the
conditions relevant to the shock ignition scenarfdCF was investigated at the kilojoule
PALS laser facility. Characteristics of the prefecshnplasma were controlled by the delsty
between the auxiliary beam ¢§1 7x10**Wi/cn?) and the main @ 250 ps laser pulse of
intensity up to 18 W/cn?, and measured with the use of 3-frame interferomeon
diagnostics, an X-ray spectrometer angdiiaging. Parameters of the shock produced in a
CH(CI) target (25um or 40um thick) by the intensecd3laser pulse with energy ranging
between 50 J and 200 J were determined by megstie craters produced by the shock in
a massive Cu target behind the layer of plastie Yolume and the shape of these craters
was found to depend rather weakly on the preplabinkness, which implies the same is true
for the total energy of shocks and pressure gesebay them. From the comparison of the
measured crater parameters with those obtaine#Dnsimulations using the PALE code, it
was estimated that fots, = 10 W/cn? the pressure at the rear (non-irradiated) sidief
254um plastic layer reaches about 100 Mbar.

I ntroduction

Shock ignition (SI) is a novel concept of ICF [],véhich promises achieving a high energy
gain with relatively simple targets and laser drigeergy lower than for the conventional hot
spot ignition scheme. Like in the fast ignition eggech, the target compression is separated
from the target ignition, however both these preessare driven in Sl by a single, properly
shaped laser pulse. A multi-ns low-intensity (<10 13> W/cn?) part of the laser pulse
drives the compression, while its short (~ 0.2.5 18s) high-intensity (~ 8 W/cnf) part
(spike) generates a strong convergent shock whiyclites the compressed fuel at the
stagnation phase.

Recent hydrodynamic simulations show that SI i®latively robust approach with
regard to hydrodynamic instabilities and that ansicant energy gain (~ 100) could be
achieved with as little as ~ 300 kJ of UV laserrggdl, 3-5]. However, to produce the shock
pressure needed for ignition, the laser spike Bitgrhas to be sufficiently high, above the
threshold for the nonlinear interaction of the tgselse with large scale plasma produced by
the multi-ns (compressing) part of the pulse. lis #tontext, the most important nonlinear
processes are: two plasmon decay (TPD), stimul&adhan (SRS) or Brillouin (SBS)
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scattering and filamentation instability (FI) [6,7hey can lead to a significant increase in the
total light reflectivity and to the transformatioha part of laser energy into fast electrons that
can preheat the fuel as well as keep the lasergtimo far away from the critical surface.
Though the preheat of a precompressed fuel byelastrons is here a less important issue
than in the conventional central ignition (the tgrg spike is applied when the areal density
of the fuel is large enough to shield itself froastf electrons of energy below ~ 100 keV [8]
and the production of fast electrons may actualge the ignitor efficiency [9, 10]), the
above phenomena can considerably decrease thenggshiock parameters and disturb the
transport of energy to a hot spot.

The aim of the experiment performed at the PAL®rld&cility in Prague was to study
the effect of large scale preformed plasma on Hrarpeters (total energy and pressure) of a
laser-driven shock wave produced in a planar taagéte physical conditions relevant to Sl.
Parameters of the preformed plasma were contrijethe delay4t between the auxiliary
beam (1o, 7x10**W/cn?) and the main @, 250 ps laser pulse of intensity up td*\y/cn?.
Parameters of the shock produced in a CH(CI) tg&fgum or 40um thick) by the intense
3w laser pulse with the energy ranging between 53280 J were determined on the basis
of volume of craters produced by the shock inniessive Cu target behind the layer of
plastic. Characteristics of the plasma ablatethftbe plastic target were measured with the
use of 3-frame interferometry, ion diagnostics,Xaray spectrometer and,Kkmaging. This
allowed us to determine the preplasma thicknégs and temperatur@,. for the given
delay 4t, together with characteristics of hot electrond fast ions emitted from the ablated
plasma.

Results

Fig.1. presents the thickness. of CH(CI) preplasma produced by the auxiliaty deam and
measured by optical interferometry at the electtensityn.= 10'° cmi®, as a function of
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Fig.1. The thickness of preplasmanat 10"°cm® as a function of the preplasma expansion time.

the preplasma expansion timfl1]. The preplasma thickness almost linearlyeases with
and att =4t = 1.2 ns, which corresponds to a maximum delayéen the auxiliary beam and
the main beaml,e = 0.7 mm, which is a value of the same order of naga as that
expected at real S| experiments. However, the temye of the preplasma measured by the
X-ray spectrometer at the target surface was fdoroe ~ 175 eV , and the temperature of
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the plasma produced by the main laser beam fomttia beam energlg,, ~ 100 — 200 J was

found to be ~ (75& 100) eV, which are values significantly lowerrindose predicted for
the actual S| experiments.
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Fig. 2. The volume of craters produced in the Cssiva target by the shock wave, induced in the

25um CH(CI) layer by the main pulse or by the mainspulith the prepulse, as a function of the main
pulse energyE,.= 52+ 3 J or 0.

Fig.2 presents the volume of craters produced énGh massive target by the shock,
as a function of the main beam energy, for the chsdbsence and presenc# € 0.6 ns or
1.2 ns) of the preplasma on the CH(CI) layer safathe crater volume almost linearly
increases withe,, and it does not depend (within the experimentadrg on the preplasma
thickness. Similar behavior we observed for théecrdepth.

Typical energy spectra of fast ions (protons) exditfrom the ablated CH(CI) plasma

at the angle of 30from the target normal and measured by SiC deteu® presented in
Fig.3.
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Fig. 3. Energy spectra of fast ions (protons) esdifrom plasma produced by the main pulse and by
the main pulse with the prepulse wish= 0.6 ns and 1.2 ns.
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As the fast ions are driven by hot electrons, trgsxtra proved the existence of hot
electrons in the plasma. The highest ion energieaehieved in the absence of the preplasma
(at the smallest plasma density gradient scaletit¢nghich suggests that in this case the
resonance absorption plays a significant role enhibt electron production, contrary to the
case of large plasma gradient scale length wheil2 difand SRS are expected to play a
dominant role. The total charge of fast ions islsmaelow 1% of the total charge of thermal
(slow) ions. FolE,= 200 J the mean energy of fast ion reaches vatugmirange ~ 70 — 200
keV, which suggests the hot electron temperatutens keV. This is in a rough agreement
with results of K measurements from which the mean energy of hotreles ~ 50 keV and
the laser-to-hot electrons energy conversion efficy below 1% were inferred.

To asses the pressure of the shock produced BH{EI) layer by the & laser beam,
the laser-target interaction and crater formatignthie shock in the thick Cu layer was
simulated using the two-dimensional PALE code.eéBlasn the consistency (within 15%) of
the crater volumes obtained from measurements iandations, it was found that for theo3
beam energy of 200 J{,= 9 x 10" W/cnT) the shock pressure at the rear side of thar5s-
plastic layer reaches 102 Mbar for the case wheretls no preplasma, while in the case
when the & beam follows the auxiliary (b, 60J) beam with a delagt = 0.6 ns it is found to
be82 Mbar.

Conclusions

In conclusion, it has been found that the totakrg@nend pressure of the shock produced in
the plastic target by a short-wavelengih<(0.5um) sub-ns laser beam very weakly depend
on the preplasma thickness, and that at the maim betensity= 10" W/cnt the pressure at
the rear side of the 25m target reaches about 100 Mbar. Both in the poesemd the
absence of the preplasma on the target surfacesnigyy conversion from the beam to hot
electrons is small (<1%) and the mean energy otlemtrons is below 100 keV.
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