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FIG. 3.25: Color contour plots of the matter temperature 7' [keV] (left column) and of the ionization
degree zjop, (right column) in the Q-hohlraum with a 3-mg/cm? carbon fill at four selected times.
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FIG. 3.26: Temporal evolution of the average matter and radiation temperatures near the center
(r < 0.1 mm) of the Q-hohlraum with a 3-mg/cm?® carbon fill.
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FIG. 3.27: Lineout plots of the plasma density p along the vertical line (i.e. along the y-coordinate)
at x = 0 in the central part of the Q-hohlraum for ¢ = 1.2 ns and 3.5 ns.

color contour plots in Fig. 3.28. By this time, the radius of the carbon plasma shrinks to
ro ~ 0.1 mm (see Fig. 3.27).

Here, a special comment on the spurious effect of numerical diffusion would be in order.
Having compared the density contour plots in the left-hand columns of Figs. 3.19 and 3.24,
one notices that, whereas in Fig. 3.19 the upper part of the exterior hohlraum wall at
y > 0 has a sharp edge (with the density jumping from 107> g/cm?® in the outer buffer
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FIG. 3.28: Color contour plots of the plasma density p [g/cm?] (left column) and of the matter
temperature T [keV] (right column) in the Q-hohlraum with a 3-mg/cm?® carbon fill at ¢ = 2 ns
and 3.5 ns.

zone to 18 g/cm? in the solid gold), this same edge appears as rather fuzzy in Fig. 3.24.
The 15 pm of solid gold is too much of a thickness for the perturbations from the inside of
the hohlraum to reach its exterior surface: by t = 1.2 ns the outward bound shock front,
launched by the hohlraum heating, covers only about 8 pm in solid gold. Thus, the fuzziness
of the cold exterior hohlraum surface, observed in Fig. 3.24, is a pure numerical effect
caused by significant diffusivity of the numerical scheme for remapping the principal physical
quantities (mass, momentum and total energy) to a rezoned mesh in the ALE algorithm.
Note that this type of numerical diffusion is absent in the pure Eulerian simulation presented
in Fig. 3.19. The numerical diffusion is particularly strong in the first-order remapping
scheme; the second-order algorithm was not used because in its present form it breaks down
on too strong density jumps.

3.5. Conclusion

Summing up the above discussion of the simulation results, we conclude that in the
present configuration a fairly uniform plasma state of practically fully ionized carbon with
p=3x1072g/cm? and 80 eV < T < 90 eV can be created in the central region r < 0.2 mm
of the secondary hohlraum chamber for a limited time interval of At &~ 0.5 ns, i.e. within
the time window 0.8 ns < t < 1.3 ns after the onset of the laser pulse with a total energy of
E; =100 J/mm. If a quasi-uniform and a quasi-static plasma state of the sample material
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must be ensured for a longer time interval, special measures should be taken in order to
weaken the ablation-driven shock launched from the gold-carbon interface. To a ceratin
degree, this could be achieved by optimizing the thickness and the initial density of the gold
wall of the secondary chamber. However, a detailed investigation of this sort of dynamic
confinement remains a topic for future work.

The present simulation was performed for a cylindrical €2-hohlraum assumed to have
infinite extension along the axial direction. In practice, however, the axial extension of
the hohlraum would be limited to, probably, 1-2 mm. Then, if the ends of the cylindrical
configuration are left open, the hot carbon plasma will flow out into vacuum through these
ends. One readily evaluates that by ¢ = 1.0-1.3 ns the width of the non-uniform unloaded
zone at each end of the plasma column should not exceed c;t =~ 0.1 mm, where ¢, ~
9 x 10% cm/s is the sound speed in carbon at T = 90 eV. More difficult to evaluate is, of
course, the additional radiation energy loss through the cylinder ends, which should bring
down to a certain extent the maximum temperature reached in the carbon plasma. Clearly,
the larger is the axial extension of the (2-hohlraum, the smaller will be the relative effects
of its ends.

Finally, it should be noted that if a significantly higher than pco = 3 x 1073 g/cm? initial
carbon density is chosen, the uniformity of the final temperature distribution in the sample
plasma is essentially destroyed: when the same (2-hohlraum was simulated with the initial
carbon density of pcg = 1072 g/cm3, the spatial variation of the carbon temperature across
the secondary hohlraum chamber at ¢ = 1.0 ns was found to range from 7" ~ 40 eV at its
far cold end to 7"~ 90 eV near the hot primary chamber.
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APPENDIX A: APPROXIMATION OF 3D SPHERICAL HOHLRAUMS WITH
PHYSICALLY EQUIVALENT 2D CONFIGURATIONS

When approximating the original 3D hohlraum with a “physically equivalent” 2D config-
uration, certain 3D parameters are to be rescaled to corresponding 2D values. We assume
that two hohlraum configurations can be considered as physically equivalent when they have

(i) the same principal hohlraum radius R,

(ii) the same sizes (angular dimensions as viewed from the hohlraum center) of all holes,
and

(iii) the same history of the hohlraum temperature 7, = T,.(t).

Under these conditions one can expect that the hohlraum walls absorb approximately the
same amount of energy per unit surface area and, as a consequence, exhibit similar dynamics
of wall evaporation and hole closure. Then, the only parameter to be rescaled is the total
input laser energy F (the normalized temporal profile of the input power is assumed to be
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the same). The energy rescaling is performed by satisfying the following two equations of
the global energy balance

E = F,S, + F,Sh, (Al)

E = F,S, + F,Sh. (A.2)

Here E, S,, and S, are, respectively, the input energy, the total inner wall area, and the
total inner hole area in the original 3D hohlraum configuration; E, S,, and S, are the
same quantities for the equivalent 2D configuration; F,, is the mean fluence (ergs/cm?) of
radiative energy absorbed by the inner surface of the hohlraum walls; F}, is the mean fluence
(ergs/cm?) of radiative energy escaping through the holes. For the same history of the
hohlraum temperature T,(t), the area-specific quantities F,, and Fj, can be assumed to be
the same in both configurations. For a black-body spectrum of the hohlraum radiation, the
quantity Fj, can be evaluated as

Fh ~ /O-SBTT4 dt, (A?))

where ogp is the Stefan-Boltzmann constant.
Since the surface areas Sy, S, Su, and Sy, are all known, Eqgs. (A.1) and (A.2) yield the
following expression for the rescaled input energy

E _E Sw +Qthh

— A4
Sw + Qthh7 ( )

where P
G = F—Z (A.5)

The unknown dimensionless factor gy, can be evaluated by successive approximations as
follows. In the zeroth approximation one can assume that Fj, = F,,, i.e. that qn, = q,(gg =1,

and perform a 2D simulation with

~ E(O)_E5w+5h

= =—F —" A.
Sw+ Sh ( 6)

Making use of the results of this simulation, we can evaluate the first-order value of ¢y, as

r(0)
(1) _ & Er,out AT

r,out

where Eﬁg}ut is the total amount of radiative energy, which escapes from the hohlraum in
the zero-order 2D run. Equation (A.7) is a direct consequence of the global energy balance
relation (A.2) combined with

Er,out = Fhs’h- (AS)

Having substituted thus obtained value q,(iz into Eq. (A.4), we get a first-order estimate E®
for the rescaled input energy E. Higher-order approximations are usually not needed.
Note that the factor g, can be expressed in terms of the mean wall albedo «,,, defined

s F—F 1
Q=" =1-— <1; (A.9)
E, dhw
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here F}, is the mean fluence of incident radiation energy, which in the first approximation is
the same for the wall and hole surfaces; F), is the mean energy fluence absorbed by the wall
surface. Typical values for hohlraums with walls of a heavy metal are

1
Qy =~ 0.3-0.5, qpp = ~ 2-3. (A.10)
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