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Abstract

We analyze the results of a recent experiment pedd at the PALS laboratory
and concerning ablation pressure at 0.44 um laaeelngth measured at irradiance up
to 2 ?<1014 W/cmz. Using the code “ATLANT”, we have performed twadinsional
hydrodynamics simulations. We have compared thalations with take into account
of two equation of state models (QEOS-model andifiealdZel’dovich-Raizer model)
and have demonstrated rather similar results. Témalihg” of ablation pressure
dependence has been got on the base of 2D sinmdafior the conditions of PALS-

facility experiments).



The short description of experimental set-up.

(see in details: Batani et al. (2003)).

The iodine laser of PALS, which delivers a singkaim, 29 cm in diameter,
with typical energy of 250 J per pulse at 0.44 (Time laser pulse is Gaussian in time
with a Full Width at Half Maximum (FWHM) of abou048 ps.

The focusing lens had a focal length f = 600 mm2 @perture). A blue filter
before the entrance window did cwtand 2o light. The diagnostics used to detect
the shock breakout from the target rear face ctedis a pair of lenses imaging the
rear face onto the slit of a streak camera (Hamsum@7 700 with S-1 photocathode).
The first one was a complex f/2 objective, with f160 mm, producing a parallel
beam between the two lenses. The second lens ha@Bfcm, giving a total optical

magnification M = 9.8.

Stepped targets were made of lathe machining & &wiminium. The base was
= 8 um, and the step thickness was 8,5 um. The primary condition of producing
high quality flat shocks imposed the use of phaseezplates (PZP). Since, for
technical reasons, it was not possible to produBP&ZR with the full size of the laser
beam, we designed a smaller PZP to be placed dtdin2 target. The design of our
optical system (PZP + focusing lens) implied a fegot had 400 pum FWHM, with a
250 um flat region in the centre, correspondingntensities up to 1014 w/cm?.

The experimental image allows to measure the tiglaydbetween the breakout
at the base and at the step, giving the averagekshalocity in the step. Velocity of
shock wave can be obtained as D=gl{}. Here the time delay between basg &nd

step (§).



The code "ATLANT” _(see in details: Lebo&Tishkin, 2006).
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Herep — density,v — velocity; E.,E, ,E; — specific inner energy of electrons, ion and
photons per units of volumel:, R, , P;, T, T, , T;— electron, ion and radiation pressures and
temperaturefE., P are taken for the unit degree of ionizatid,,. — self radiation losses
of plasma; @— is the rate of electron-ion energy exchange inndaa-Spitzer
approximation, @— is the rate of electron-photon energy excharije- is the laser-
radiation flux; ., k, , kK, — are the coefficients of thermal conductivity fbe electron, ion,
and radiation plasma components:Zs the mean degree of ionization in Lagrange &eis
the absorption factor of laser radiation.

In our simulations we have neglected radiationgpant (x~0) and used two models of
equation of states EOS: 1) a library based ongti@idian equations of state model
(QEOS) suggested in (More et al, 1988);

2) improved Zel'dovich&Raiser model (Zel'dovich &k 1966, Afanas’ev et al, 1982),
ZRI-model.



Simulation results and comparison with experimentatata.

In calculations, we have varied the absorbed lasergy EX°) from 50 to 200 J

Las

and the shape of the laser intensity profile (“Ftgt> or “Gauss”) while keeping
constant the laser wavelengthu(3\=0.438um) and pulse duratian . For simplicity,
the temporal shape of the pulse was taken trianglbéminning at the time t=0, having
its maximum at t = 400 ps, and endingrat= 800 ps.

We have simulated the irradiation of 3-layered sligRH layer (dy= 2 pm), 1-st
Al layer- base (d =8 pm) and 2-nd Al layer - step {ch=8.5 pm). Fig. 1 shows the
initial Lagrangian mesh, 0<rROnN borders of settlement arega£¥R00um) conditions
«elastic, thermal isolated walls» have been sebrdier to avoid unnecessary numerical
problems around the step edge, the base / stejrednat been “smoothed” by assuming
a sinusoidal profile (over a typical half of wawedgh ofA,=20 pum), as it is clear from
Fig. 2.
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FIG.1 Initial Lagrange mesh used in the ATLANT-caglenulation (a).
The shapes of target at two time moments, whenksteaches first (b) and

second (c) boundarie€**=100 J (a) The shape of experimental “step
target” (b).
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Fig.2 illustrates the comparison of the results Bfsmulations and experimental
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radius of focal spot.

oo ‘i-;“__ [kmn's]
40 - b
+
30 +
i ++ +
+ +
.|_
204
14 2
e [10 Wiem ]
10 —

05 1,0 15 20 25 30 35 40

FIG. 2: Shock velocity vs. incident laser intensitypsses: experimental

points after (Batani et al. 2003 a), continuouse:lisimulations, present
work




In our simulations we have supposed of 100% lasergy absorption. In real
situation the part of energy is lost. As the reseMperimental points are placed some

lower.

In the second series of calculations the questioaldation pressure dependence from
main laser and target parameters were studied. Adager with initial thicknesses
d=20-200 microns without “step profile” was irramid by the iodine laser. Two-
dimensional effects in these calculations were awtsidered. Calculations have been
made for various values of intensity of the ladgg at the fixed length of a wave of
radiation A=0,438 um (results are shown in Fi@)3 and also for lengths of waves
A=0,438, 0,657, 0.876, 1.31gm (3w, 2w, 1.5, w) at fixed maximal intensity
Imax=1,99-168* Wicnt (look Fig3b).

Fig.3a demonstrates the results of numerical calon& of dependences of
maximum pressure (RyY from intensity at the fixed length of a laser iedihn wave
A=0.438um (3w) and Fig3b demonstrates the dependencen@f @ function of laser
wave length at fixed intensity.d=1,99 -1&* Wicn? .
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Fig.3. The dependence of pressure on maximum lasensity (at t=0,4 ns),
A=0.438um (a); the dependence of pressure maximum on iaaee length
(b) at moment t=0,4 ns

From numerical calculations it is possible to detive following «scaling»:



| 0,83 A -0,05
P,[MBr] = 2856 _ _
199 [10%[W / cm?] 0,439 1]

Fig 4a illustrates the shock wave expansion in condeas@dinum layer along an
axis 0Z during the various moments of time exteiodshe case of QEOS model. Fig.4b
illustrates the shock wave expansion for the cddeZd model. Calculations are made

for the maximal intensity of laser radiation Imaxga -16* W/cn?, lengths of a wave of

radiationA=0.438um and d=6Qum .
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Figure 4. The pressure distribution in the mattefuastion of mass cords for
different time moments3$0,2 ns, £=0,4 ns, $=0.8 ns a) EOS = QEOS; b) EOS

= ZRI model.

The pressure is a function of mass cords. The roasis: XMS= ZAsz IS

j=1

postponed. Her&dM, — the mass of Lagrange cells, (i=2-cells at an @Xjs n-number

of a cell, where the portion of the absorbed posidaser radiation is defined.

The pressure amplitudes and shock wave velocitiesheé both models are
approximately the same. For example, at the mom#h8 tns the maximum of pressure
Pra=23,5 MBr, mass cordXMS = 0,5210° a.u. in the case of QEOS model and
Pma=22,0 MBr, mass cordéMS= 0,5I10° a.u in the case of ZRI model (see, Fig.4).



We have made third series of simulations, wherserlgulse duration is=t;= 8 ns
(maximal intensity at;t4 ns). The range of laser intensitigg,d10™-5010" W/cm?,
A=0.438um, d=200um. Then

| 083 /] -0,05 r
P.[MBr| = 2856 A -0,137
sLMBr . EE 199 [10%[W /cmz]J EE0,438[ ,um]j (0,8[ns])

The fourth series of simulations has modelled #sed irradiation of targets for
different substances: beryllium (Be, Z=4), carb@n £=6), aluminium (Al, Z=13)

and silica (Z=14) and corrected formula fer P

I 083 /1 -0,05 Z
Ps[MBr ] = 28 56 - . e I e G R
199 0™[W / cm?] 0,438] um] 08[ns] 13

It should notices, that ablation pressure is vadedng the target irradiation even
for continual intensity (see Caruso, 1968, Mora82)9 Fig.5 illustrates the results of
numerical simulation for laser pulse with rectamguhape withla=1,9910" W/em?
andr, =800 ps A=0.438um, d=60um.
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Fig. 5. The dependence of shock pressure fromrmom@ents.




We have derived some “scaling” from 1D simulatiomke accountancy of 2D
effects demands on the correction of our relatioffe. have made a series of 2D

simulations of Al foil irradiationst(r,t) = 1,(t) [1,(r), where

Iz(r)~e'(”R’)2 (“Gaussian profile”) for two laser wavelengthsA=0.438 um wu

A=1.314pm, r, = 800 ps and three angular shagg,, and R, have been varied, but

E .
(?] =const. Transverse scal&®, = 4R, . The maximal pressures (t=0,4 ns) at the
f

axis are shown in Table:
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Fig.6. The density distribution along the axis=Q,8 ns for A=0.438um (a)
u A=1.314um (b), pcr —critical value. 2D density distribution in plasma

plume (c).




Conclusions

1) Our simulations demonstrates good agreementewipierimental data, which
has been carried out at «<PALS» installation;

2) the shock wave rates and jumps of pressurenfeti fronts, which have
been got from the simulations for two EOS modeBEQS u ZRI), demonstrates
approximate results;

3) we have derived the relations of pressure degpecel from laser pulse and
target parameters in the condition of “PALS” expegnts. To our mind, these
relations could be useful for planning of the f@tlaser plasma experiments;

4) In the experiments with plane targets the atapressure depended on the

transverse scaleR; ).
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