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Abstract

A possibility of input of high-power laser pulse into a cavity through a hole was studied by
means of 2D numerical calculations. Such tasks appear in view of investigation of the effective
targets with internal input of energy [1,2], “cannon-ball” [3], “ Greenhouse” targets[4,5].

We have used two Euler codes “NUTCY” [6] and “FAKEL” [7] to model the problems of
laser beam input into a cavity through the holes.

1. Introduction

Using Lagrangian coordinates, one can simulate numerically high compressibilitiesand cal cul ate
with ahigh accuracy the position of contacting boundariesfor two mediawith different densities
and physical properties [8]. However, it seems to be rather difficult to take into account the
plasma outflow through holes, which is associated with a strong distortion of Lagrangian cells (
see[9)]).

To take this effect into account, atwo-dimensional numerical codes FAKEL and NUTCY
were developed in spherical (r,0,t) and cylindrical ( r,Z,t) Euler coordinates.

2. Theresults of numerical smulation of greenhouse targets

In the first calculation series, heating and compression of such atarget for the laser energy at
the level of 100-200 kJwas simulated. We used FAKEL-code simulations. The target design is
illustrated in Fig. 1. The exterior chamber of a spherical shape is made of lead ( or gold ) and
hasaradiusof R, = 1516 ym and athicknessof 6 um. It has aso two holes near its poles (with
the opening angle of 2 x 6;) and a dit along the equator (with the opening angle 2 x ). Inthis
case, we simulate asituation when two laser beams propagated along the target axis, whileafew
( ~4-6) others passed through the equator. On the inner surface of the exterior chamber, there
was a 10-um polyethylene layer that partly prevented strong lead heating by a thermal wave
going out from the absorber, R4, the inner radius of polyethylene layer. The initial absorber
density was 2 - 1072 g/cm?. The interior thermonuclear capsule with aradius of 910 ym and a
thickness of 20 m is made of polyethylene. A 20-um layer of the DT ice was frozen on the
shell inner surface. Thereis residual gasin its center. The laser beam with a wavelength of
1.06 um was of theform g, = ¢:1(t) ¢2(0).

Thelaser pulseincreased with timelinearly ¢, (t) = qo % wheret, = 2 nswasitsduration
and ¢o = 10'* W wasiitsintensity, so that the pulse energy was 200 kJ.
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Thecalculation wasperformedintheregion0 < 6 < 7/2. Thelaser radiation wasinjected
through holes in the poles and in the equator, the opening half-angles on the poles and equator
being0 < 6 < 0, and 0, < 6 < 7/2. The angular distribution of the laser radiation flux was
givenin the form c

W fOI' 9 S 917
0
2(0) = ’
Cy for 0y <0 <m/2.

4
w/2—6
exp ()

The parameters 05 and 6, are equal to 0.6/, and 0.6(7/2 — 0,), respectively. The energy
of the laser pulse was enhanced to 200 kJ.

Below it is given the results of the Greenhouse target ssmulations with the following
parameters:
T, = 8
15 P9

The normalization parameters C5 and C; were taken under condition of injecting 32.8 kJ
of laser energy through the holes on the poles and the rest 167.2 kJ through the dot on the

equator.

To the moment t~ 1.5-2 ns it appears the electron temperature maxima ( hot spots ) near
the hole and dot of outer shell. Thisistheresult of the matter evaporationsinto the holes. The
plasmadensity isbigger than acritical oneintheseregion, asaresult, laser beam does not come
into a cavity. Fig. 2 shows the electron isothermes ( the moment of maximum compression was
t.=2.3ns). Such “screen” - effect decreased the efficiency of the targets.

The mass and energy in theregionr > R, ( see Fig. 3) were simulated. asaresultitis
possible to estimate the losses of mass and energy through the holes. To the end of laser pulse,
about 50% of energy contained in the outer shell and expanded plasma. The mass of outer
region is decreased as a result of the evaporation from inner side of outer shell.

3. Theinput of thelaser beam into a cavity through thehole

In the following calculation series, possible experiments for the study of the efficiency of laser
input into a cavity were simulated in the case of alaser beams with a wavelength of 0.353 m
and an energy of 3 kJ. ( In [10,11] the experiments were published, researching the input of
iodine laser beam through the holes with pulse energy about 10 J).

The simulations were carried out usind 2D cylindrical code NUTCY. The laser flux is
qr(L,7,t) = q1(t) * q2(r); ¢1 hasaright-angled triangular shape with a duration (at the base) of
1ns, g2(r) = exp(—(r/Ry)?)/C,. Here Ry=250 um, C} isthe normalization parameter.

The cylindrical cavity is sealed by alow-density absorber ( p=2 mg/cm? ).

Fig. 4 shows the shapes of thetarget and laser pulse. Three regionswere murked: thefirst
region (1): 0< z < ZP=400 um; the second region (11 ): Z? < » < Z% = 2000 um; the third
region (I11): Z% < 2 <3000 um. Z? and Z% are the inner boundaries of CH-layers, wich has
initial density of 1 g/em? and thicknessis A=70 um. r, - istheradius of hole. Itisvariedinthe
simulations. The ssimulations for the casesr; =200(1),300(2),400(3), 500 (4) and 1000
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(5) pmare made. Inthe case 2 it is about 23% of incident laser flux from without of hole, in
the case 3 is about 8% of one.

Fig. 5a,b illustratesthe pressure, temperatureand density distributionsalong 0Z-axis(r=0)
at the moment t=1 ns for thecases2 (a) and 5 (b). Incase ( 2) the density of the plasma
into the hole is higher than critical one. Thisis the result of matter evaporation from the wall
of the hole. The laser beam is absorbed far from inner layer and as a result the input energy in
the cavity ( F;, ) and hydrodynamic efficiency ( n) lessthen onesin thecase (5). Fig. 6 shows
the parameters E;,, and ) as functions of the time for the cases 2,3 and 5. The input energy E;,
is equal the sum of onesin region | and I, hydrodynamic efficiency n=F;/E;,. The losses of
energy are 43% in the case 2, and 13% in case 3.

4. Conclusion

The choice of the suitable sizes of the holes for the Green-house target is a rather difficult
problem: increasing the radius of hole leads to increase the hydrodynamic efficiency, but
decrease in the thermal smoothing effect. For the considered situation the optimal radius of the
holeis about 400 pm.
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Figure 5. Pressure, temperature and density distributions along 0Z-axis at t=1 ns for the variant 2 (a)

and5(b)
a) b)
Ein (1) 7 (%)
3000 ;
ry=1000 gm 107 1000 gim
2000 ] Fq=400 £M 83 400 pm
7T =300 gm E
;o 5]
1000] f/ ] ™ =300 gm
Vs t(ns) Z t(ns)
0 1 2 3 4 0 4
. - E +E _
Fig.6. En” Bt By m =B, /E_

Figure 6. Input energy ( a) and hydrodynamic efficiency (b ) as functions of time for the variants 2,3,5
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