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Abstract

In the previous works (Rozanov et al., 2013; 2015) we have performed one-dimensional (1D) numerical simulations of the
target compression and burning at the absorbed energy of∼1.5 MJ. As a result, the target was chosen to have a low initial
aspect ratio in order to be less sensitive to the influence of such parameters as laser pulse duration, total laser energy, and
equations of state model. The simulation results demonstrated a higher probability of ignition and effective burning of such
a system. In the present work we discuss the impact of irradiation asymmetry on this baseline target implosion. The details
of the 1D compression and a possible influence of 2D and 3D effects due to the hydrodynamic instability and mixing have
been described. In accordance with the 2D calculations the target is still ignited, however, the symmetry analysis of 3D
ones gives reasons to further reduce the efficiency of conversion of kinetic energy into potential energy.
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1. INTRODUCTION

Laser-driven fusion is to one of the most urgent and practical-
ly important problems of modern physics, since its aim is to
create an inexhaustible source of energy, and it is currently
based on the pilot program carried out in the Lawrence Liv-
ermore National Laboratory (LLNL, USA) on high-power
laser facility called the National Ignition Facility (Miller
et al., 2004; Moses et al., 2009; Landen, 2014). The laser pa-
rameters (up to 1.9 MJ, 192 laser beams), according to cur-
rent projections, allow ignition of a thermonuclear target
followed by the release of a large amount of energy at the
burning stage. To date, target ignition has not been achieved
in experiments and the reasons for failure are not fully estab-
lished, which makes the problem of laser fusion even more
physically meaningful.
Discussing the problem of laser fusion, one should keep in

mind the working OMEGA facility (USA, 30 kJ, 3ω, 60
beams) (Boehly et al., 1997), Laser Mégajoule (LMJ) facility
(France, 1.4 MJ, 3ω, 176 beams, completion of construction
is planned for 2015–2016) (Besnard, 2008; Ebrardt &
Chaput, 2008; Miquel, 2014), and the projected facility in

Russia (2 MJ, 2ω, 192 beams) (Garanin et al., 2012).
These data indicate the scale and scope of current research
programs. The Direct- and indirect-drive targets are consid-
ered. Meanwhile, experiments with megajoule pulses are per-
formed only with the indirect-drive targets, when the energy
of a laser pulse is converted into a soft X-ray radiation, which
vaporizes the ablator and causes compression of the target.
The direct-drive targets for laser megajoule pulses are con-
sidered as conceptual schemes.

In these schemes the approach based on achieving maxi-
mum values of parameters of the compression and burning
(Edwards et al., 2011; Brandon et al., 2013; Clark et al.,
2013) is still used. However, the practice and the results of
the National Ignition Campaign (Edwards et al., 2013)
make a different approach relevant which is to find such
target schemes and organization of processes that the result-
ing target ignition should be less sensitive to possible incom-
plete knowledge of plasma properties and to probable
deviations of the compression conditions from those that
are assumed in the mathematical modeling of the experi-
ments. Realization of low-sensitivity regimes of target igni-
tion can be achieved at the expense of refusal to fulfill the
maximum values of the neutron yield.

It is now believed that the main obstacle to the achievement
of self-sustaining thermonuclear burning is the development
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of various kinds of instabilities. Many different sources of
these instabilities, as well as the parameters of laser fusion
problems exist, and from our point of view the capability to
analyze their joint impact on the dynamics of target compres-
sion is very limited due to its complexity. Eliminating sources
of instabilities can be achieved by improving the technologi-
cal processes involved in preparation of the capsule with ther-
monuclear fuel and the laser-optical system, which is a matter
of time (perhaps long enough), or by leveling of their impact
(i.e., searching for terms and conditions that are less sensitive
to the subject negative effect) due to special designs of ther-
monuclear targets and laser systems (Brandon et al., 2014;
Rozanov et al., 2015). For example, in (Rozanov et al.,
2015), the optimization of target design based on one-
dimensional (1D) calculations using the program DIANA
(Zmitrenko et al., 1983) program was carried out for the
planned Russian laser facility, the basic parameters of
which were presented in (Garanin et al., 2012; Rozanov
et al., 2013), and its stability against deviations from the
basic values of various parameters such as the duration of
the laser pulse, the total energy of the laser pulse, the
model of equations of state (EOS), and the aspect ratio of
the deuterium tritium (DT)-layer was investigated.
In this paper, which is a logical continuation of (Rozanov

et al., 2015), the information obtained in 1D calculations, is
systematized taking into account the change of optimization
strategy, as mentioned above. Based on these data 2 and 3D
calculations were formulated and carried out.
Here we give the parameters of baseline target, produced on

the basis of the above optimization. The composition and sizes
of the shells are illustrated in Figure 1. The total target mass is
2182.9 μg, mass of DT-gas, 12 μg (ρ= 10−3 g/cc), mass of
DT-ice, 1054 μg (ρ= 0.253 g/cc), and mass of ablator
(CH), 1117 μg (ρ= 1.05 g/cc). To determine the thermody-
namic properties of substances the EOS in the Thomas–Fermi
model was used in the final version of the 1D calculation,
which resulted in the following values of the main parameters
of the implosion: thermonuclear gain G – 17.95, maximal

hydro-efficiency ηmax – 6.54%, which corresponds to a max-
imum implosion velocity of about 411 km/s, evaporatedmass
– 1035 μg (93% of ablator mass); energy losses on bulk emis-
sion to the end of the implosion (i.e., taking into account the
combustion) are 0.402 MJ or 27% of total absorbed laser
energy, or 1.5% of the released fusion energy, or 8.8% of
fusion energy absorbed in the target. The maximum achiev-
able average density of DT-ice is 116.4 g/cc at time
10.99 ns. At this point parameter α= p/pF is approximately
5–6 in the cold part of the DT-fuel. The dynamics of the
target compression is well illustrated by the R-t diagram of
DT-ice layer boundaries shown in Figure 2.
When discussing issues related to the development of hydro-

dynamic instabilities, it is interesting to analyze the effect of the
DT-layer aspect ratio computed as ADT = Rex

DT/ Rex
DT − Rin

DT

( )
on the efficiency of target burning. Using Figure 2, one can cal-
culate that at the initial time moment the value of ADT for the
baseline target is 10.4 (denoted by A0

DT). At constant pulse
and target mass (both fuel and ablator) we obtain the following
dependence of the gain on the aspect of the DT-layer (shown in
Fig. 3). By increasing the aspect ratio from the value A0

DT a de-
cline in thermonuclear gain by reducing the surface density ρR
(Dolan, 1981; Lindl, 1995) is observed. In the opposite case, G
increases to a threshold value determined mainly by the reduc-
tion of the ion temperature below the radiation limit, and then
falls sharply. Taking into account the fact that the low-aspect-
ratio targets are more stable to perturbations during implosion
(Volosevich et al., 1995; Brandon et al., 2013, 2014), the
range of ADT from 6.5 to 8 seems promising. However, the
use of such targets in the case of possible variations in the var-
ious parameters (e.g., the absorbed energy) increases the risk of
crossing the threshold and shifting into the range of inefficient
burning, or its absence. Thus, the base target is selected from the
conditions that are far enough from those that ensure the max-
imum neutron yield (G≈ 45).

Fig. 1. Composition and sizes of the shells of the baseline target. Fig. 2. R-t diagrams of DT-ice boundaries for the baseline target.
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In addition to variations in the parameters of the laser
pulse, and possible deviations of the matter state from that ex-
pected, which are mentioned above, another source causing
the development of the instabilities is the inhomogeneity of
the target irradiation. This work is devoted to the study of
the influence of irradiation inhomogeneity on the efficiency
of target compression and thermonuclear burning taking
into account the development of 2 and 3D flows.

2. SYMMETRY OF IRRADIATION AND ENERGY
DEPOSITION

Let us recall the assumed conditions of irradiation (Garanin
et al., 2012; Rozanov et al., 2013, 2015). As the working
wavelength of planned laser facility the wavelength of
second harmonic of Nd-laser is chosen which has the value
of 0.530 μm. The total energy of the laser pulse is 2 MJ.
The irradiation occurs along the sides of the cube, on each
of them eight clusters consisting of four beams are located

(see Fig. 4a). The radiation intensity distribution in the
plane passing through the center of the target and perpendic-
ular to the optical axis of the beam has the form

I(r) = I0 exp − r

a

( )n[ ]
, (1)

where r is the distance from the optical axis, a, characteristic
radius of the beam, and I0, intensity on the optical axis. Cal-
culation of the laser energy absorption was conducted using
numerical code RAPID (Afanas’ev et al., 1982). Different
values of n in Eq. (1) as well as various models of thermal
conductivity (Spitzer model and one using the flux limiting
parameter f= 0.06) were considered while performing the
simulations. Dependencies of the quantities characterizing
the absorption of laser energy on specified parameters are
shown in Table 1. Here δa is the proportion of absorption,
ηE= Et

min/Et
max, the degree of absorption homogeneity,

where Et is absorbed energy, R0, radius of the target at initial
time moment (R0= 1595 μm in this work). Note that ηE in-
creases with increasing radius of the beam. Using a model of
the limited thermal conductivity for n= 2 and n= 4 in the
case of a/R0≥ 1 ηE takes almost equal values, and using

Fig. 3. Dependence of the thermonuclear gain G on the value of the aspect
ratio ADT.

Fig. 4. (a) Symmetry of the irradiation of the thermonuclear target; (b) time dependence of the incident laser flux power QL.

Table 1. Dependencies of the proportion of absorption and the
degree of absorbtion homogeneity on the characteristic radius of
the beam for different values of n in (1), and different conductivity
models

a/R0
n= 2, f= 0.06 n= 4, f= 0.06 n= 2, Spitzer

δa ηE δa ηE δa ηE

0.5 0.755 0.9396 0.779 0.9081 0.956 0.8703
0.6 0.722 0.9593 0.758 0.9007 0.928 0.9219
0.7 0.686 0.9566 0.734 0.9108 0.892 0.9566
0.8 0.648 0.9525 0.707 0.9246 0.849 0.9716
0.9 0.609 0.9554 0.676 0.9416 0.802 0.9791
1.0 0.570 0.9663 0.642 0.9661 0.754 0.9661
1.1 0.533 0.9678 0.608 0.9680 0.705 0.9711
1.2 0.498 0.9725 0.574 0.9671 0.657 0.9705
1.3 0.465 0.9741 0.540 0.9697 0.612 0.9626
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the model of Spitzer conductivity, since a/R0= 0.8 the value
ηE is changing slightly. In further calculations we use Gauss-
ian beam (n= 2) and the model with a limited thermal con-
ductivity ( f= 0.06) as the most adequately describing the
experimental results of the interaction of nanosecond laser
pulse with plasma (Volosevich et al., 1978; Basov et al.,
1988; Dolgoleva, 2013).
For the consideredmulti-beam system and parametersn= 2,

a/R0= 1, f= 0.06 in Figure 5 the angle distribution of ab-
sorbed energy during the laser pulse is shown. On this map
one can select the area limited by angles’ ranges 0°≤ φ≤
45° (azimuthal angle) and 0°≤ θ≤ 90° (polar angle) which
with the help of elementary transformations can be translated
to the rest of the o sphere surface. Due to the need for further
detailed 1D numerical simulation, we need to allocate some
of the most interesting points in the elementary region,
namely the points sufficiently different from each other in
terms of irradiation conditions. In this study, 18 points
were chosen that are marked with white circles in Figure 5.
Let us give to them dependencies of function of the angular
distribution of the absorbed fluxW on time (see Figs. 6a–6c).
Function W is normalized so that its average value over the
solid angle 4π is 1. Figure 6d shows the dependence of the ef-
ficiency of absorption of laser energy δabs from time. The de-
pendence of the absorbed laser flux Qa defined by the
expression Qa(t, φ, θ)=QL(t)W(t, φ, θ). This value is used

for further 1D numerical calculation. Note that due to the
symmetry of the cube according to the values of W(t) for
θ= 0° and θ= 90° for φ= 0° are the same. Dependencies
also coincide for all φ at θ= 0°.
Another important factor identified by the study of the ef-

ficiency of absorption of laser irradiation is the displacement
of the surface of characteristic density at which the energy is
deposited from the target center due to refraction. In the fol-
lowing 1D calculations this fact was taken into account due to
the adjustment of the wavelength of the incident laser irradi-
ation, namely, reducing the effective value of the critical
density (ρcr∼ λ−2).

3. DETAILED 1D SPHERICALLY SYMMETRIC
CALCULATIONS AND CONDITIONS FOR
INSTABILITIES DEVELOPMENT

For the 18 points on the sphere chosen in the previous section,
characterized by the angles θ = 0, 26, 40, 54, 72, and 90,
and φ = 0, 22, and 46, 1D calculations of baseline target
compression and burning with the parameters that are dis-
cussed in Section 1 were carried out using the DIANA
program (Zmitrenko et al., 1983). For simulations of target
compression this Lagrangian numerical code uses one-fluid
two-temperature model and also takes into account electron
and ion heat transfer, the exchange of energy between ion
and electron components, local energy deposition from ther-
monuclear reactions, burning out of DT-fuel, volume energy
losses due to bulk emission, and incident laser flux absorption
due to inverse Bremsstrahlung mechanism and resonant one in
the vicinity of critical density. The main difference between
performed series of calculations in comparison with the pre-
vious one (Rozanov et al., 2015) is that the absorption of
the laser radiation is δ-shaped manner on the surface of the
target, where the density is about 76% of the critical one
which corresponds to the second harmonic Nd-laser radiation.
The following Table 2 shows the basic quantities characteriz-
ing the compression and burning of the target for each of the
calculations. In all calculations, taking into account the varia-
tions in the absorption coefficient depending on the position of
the point on the sphere, the value of the target thermonuclear
gain G varied in the range of 8–14, and the absorbed energy
Et in the range 1.47–1.53 MJ. Below in Figure 7 dependency
of the gain on the absorbed energy (i.e., irradiation conditions)
is presented which characterizes the spreading values of G
in the conducted series of 1D calculations.
Let us analyze the scale of the differences between the cal-

culations due to the inhomogeneity of irradiation of the target
using the radius of the outer surface of DT-ice, taken at the
time moment t= 10 ns. The values between the points on
the sphere, which correspond to 1D calculations are deter-
mined by interpolation using cubic splines (Kalitkin,
1978). The resulting distribution of radius values is shown
in Figure 8. It is seen that the spread of these values is calcu-
lated by the formula δψ= 2(ψmax− ψmin)/(ψmax+ ψmin),
where ψ≡RDT/CH is 2%, which indicates a relatively weak

Fig. 5. Angular distribution of the absorbed energy on account of inverse
Bremsstrahlung during the laser pulse (a/R0= 1, n= 2).
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influence of irradiation asymmetry on the target compression
dynamics. Note that, as expected, the resulting distribution of
radii is correlated with absorbed energy map as shown in
Figure 3: Points with a smaller radius correspond to large
values of absorbed energy.
Such an interpolation procedure may be performed for

other values. For example, the dispersion values of the
radial velocity at the surface of the DT-ice/ablator are
6 km/s (δV≈ 1.7%), density, 0.61 g/cc (δρ≈ 4%), pressure,
15.1 Mbar (δp≈ 8%). The data in Table 2 show some impact
of the considered irradiation conditions on the parameters
characterizing a 1D spherical compression and burning of
the target, but they do not lead to the disruption of ignition.
Let us analyze the conditions for the development of insta-

bilities in the calculation example # 1 in Table 2. We shall
follow up the values of density, pressure, velocity, tempera-
ture, acceleration, and adiabatic curve at a point inside
DT-layer, namely, at a distance of 1443 μm from the center

at the initial time moment. These dependences are shown
in Figure 9. Areas of positive acceleration in Figure 9b cor-
respond to deceleration of inward motion of DT-layer and
cause instabilities development. For these conditions of
laser energy absorption the collapse of the target occurs ap-
proximately at time t= 11.25 ns, followed by the explosion,
which is not discussed in this work.

With the data presented in Figure 9, one can say that at the
moment of maximum compression (t= 11.25 ns) radius of
the inner surface of DT-layer is Rinner

min ≈ 50 μm, and the
outer one is approximately Router

min ≈ 130 μm. Classic incre-
ment of Rayleigh–Taylor instability is given by the formula
γ20 = kAg0, where A, Atwood number, k, wave vector and can
be calculated by referring to Figure 9b. The average value of
the deceleration is found to be g0≡ 〈a〉5.105 cm/μs2, the du-
ration of which is about Δt≈ 0.1 ns. According to the data
of the irradiation inhomogeneity one can estimate the most
significant for instability development wavenumber of

Fig. 6. (a)–(c) Time dependence of the function of the angular distribution of the absorbed flux; (d) time dependence of the absorption
efficiency.
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spherical harmonic as l≈ 8–10. Assuming for estimates
A≈ 1 and k ≈ l/Router

min we get γ0≈ 20 ns−1 and growth
factor Γ= γ0Δt≈ 2. Note that this is a very modest value.
Thus, the initial perturbation of the shell with amplitude
equal ΔR/2≈ 5 μm (see Fig. 8) grows approximately 7.4
times, reaching a value of about 40 μm when the DT-ice
shell thickness is about 80 μm (see Figure 9e) at the time

moment t= 11.25 ns. This means that there is strong
mixing of ablator with the fuel.
Note that the estimations of the instability development

were performed using linear theory which is not quite true.
Namely, the characteristic wavelength is λc≈ Rmin/l≈
10 μm that is of the same order as the initial amplitude. As
it is known, the development of hydrodynamic instability

Table 2. Integral characteristics of 1D numerical simulations corresponding to different pairs of angles (θ, φ). Here ηmax (%) is the maximal
hydro-efficiency, (ρR)max, the maximal optical thickness of the region occupied by DT, G, the thermonuclear gain, Er, the radiation energy
losses, tC, the collapse time, RHS, the radius of the hot-spot defined by ion temperature 7 keV, Vmax, the maximal velocity of implosion

## θ φ tC, ns ηmax, % (ρR)max, g/cm
2 G RHS, μm Vmax, km/s Er, MJ

1 0 0 11.246 5.8595 0.8394 13.508 79.208 389.2 0.39381
2 26 0 11.282 5.8918 0.8067 10.252 77.260 383.7 0.34284
3 40 0 11.274 5.8887 0.8138 11.094 78.244 384.7 0.35662
4 54 0 11.273 5.8910 0.8188 11.498 77.891 385.0 0.36274
5 72 0 11.262 5.8636 0.8051 11.094 77.947 384.0 0.35704
6≡1 90 0 These are the same as in the calculation #1
7≡1 0 22 These are the same as in the calculation #1
8 26 22 11.280 5.8732 0.8042 10.039 77.537 382.7 0.33918
9 40 22 11.280 5.8889 0.8074 10.391 77.777 383.7 0.34490
10 54 22 11.281 5.8856 0.8072 10.445 77.663 383.5 0.34597
11 72 22 11.296 5.8994 0.7975 9.0295 76.366 381.7 0.32002
12 90 22 11.268 5.8734 0.8117 11.268 78.260 383.8 0.35250
13≡1 0 46 These are the same as in the calculation #1
14 26 46 11.305 5.9019 0.7933 8.5764 76.083 381.3 0.31095
15 40 46 11.280 5.8822 0.8145 10.941 77.369 382.8 0.35402
16 54 46 11.256 5.8534 0.8198 11.696 78.963 384.7 0.36688
17 72 46 11.277 5.8990 0.8233 11.902 77.901 384.6 0.36834
18 90 46 11.277 5.8947 0.8132 11.044 77.899 384.6 0.35605

Fig. 7. Distribution of the thermonuclear gain G of conducted 1D calculations depending on the absorbed laser energy Et.
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at the nonlinear stage is significantly slower than at the linear
one (Kuchugov et al., 2012).
Thus it is evident that the development of instability in

these irradiation conditions can lead to significant perfor-
mance degradation of 1D compression. Further studies car-
ried out using 2 and 3D hydrodynamic codes demonstrate
influence extent of instabilities on the compression and burn-
ing of the target.

4. 2D SIMULATIONS

In the previous section we have shown that the results of the
multi-dimensional (i.e., 2D and 3D) modeling will be sub-
stantially different from the 1D ones, showing close to the
real dynamics of the compression and burning of thermonu-
clear target. The study of the processes in these cases gives a
more complete and clear picture of the occurring physical
phenomena. Note that in this case adequate description of
the totality of the physical processes that may have not
been implemented in (Edwards et al., 2011, 2013; Clark
et al., 2013) plays a decisive role. As a possible illustration
we present here the results of 2D calculations made by
NUTCY program (Tishkin et al., 1995; Lebo & Tishkin,
2006), which takes into account the necessary physics, that

is, the local energy deposition from thermonuclear reactions,
the electron heat conductivity and asymmetry of target irradi-
ation as well.

Formation of the initial setting for the 2D calculations was
performed according to the (Gus’kov et al., 2010). Using the
data obtained from 1D calculations, which correspond to the
individual points on the sphere, we have approximated the
data between these points to get 2D distribution. The proce-
dure was performed for the profiles of three different angles
φ= 0.22 and 46°, as well as for φ-averaged profiles. The cal-
culated neutron yield NY and thermonuclear gain G are pre-
sented in Table 3. The table shows the degradation of the
burning conditions in comparison with 1D spherically sym-
metrical simulations discussed in Section 3 of this paper.
In particular, it should be noted that the observed gain G is
approximately two times smaller than the one obtained in
1D calculations.

Figure 10 illustrates the density and temperature distribu-
tions at the time moment close to the target collapse for #1
and 3 calculations in Table 3 which received the highest
and lowest values of the gain coefficient, respectively. A
comparison of these two variants gives the following
result. In case #3 the temperature drop in the central area is
observed because of intense development of instabilities
and mixing (as a consequence of more inhomogeneous irra-
diation), and this results in the decrease of the rate 〈σv〉 DT of
the main thermonuclear reaction (Kozlov, 1962; Dolgoleva
& Zabrodina, 2014). So, a slight inhomogeneity of irradia-
tion leads to a significant decrease in the gain coefficient.
However, the proposed target design remains to be applica-
ble, that is, it is ignited.

5. A STEP TO FULL 3D PROCESS DESCRIPTION

3D simulations are one more step to a deeper understanding
of the real process of thermonuclear target implosion. Math-
ematical modeling in this case presents an individual applied
problem and is rather resource-intensive. In this paper we
would like to give an example of a carried out 3D hydrody-
namic calculation of target compression without heat con-
ductivity and thermonuclear burning taken into account
which, however, is indicative of the need to account of 3D
effects.

Just as it was earlier (Gus’kov et al., 2010), we take as the
initial data for 3D simulation the distributions from the 1D
calculation at the time moment corresponding to the time
when the target shell deceleration starts. For the discussed
target this moment precedes the target collapse by 1 ns,
and defines the end of the laser pulse. A possibility of spher-
ical target compression modeling with the help of the Euler
code NUT-GPU (Kuchugov, 2014; Kuchugov et al., 2014)
in Cartesian coordinates was discussed in (Rozanov et al.,
2014). To demonstrate the experimentally realized surface
shape, let us consider the model perturbation of DT-shell
radial velocity. The perturbation amplitude constitutes 4%
of 1D calculation value, that is,

Fig. 8. Distribution of the radii of DT-ice outer surface at the time moment
t= 10 ns.
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Fig. 9. Time dependencies (а) pressure, density, and radial velocity, (b) acceleration, (c) the parameter α= p/pF, (d) ion and electron
temperature, (e) R-t diagram of inner and outer boundary of the DT-layer.
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U3D
r = U1D

r 1+ 0.04Y6
8 (θ,f)

[ ]
, where Ym

l (θ,f) is a spheri-
cal harmonic. The simulation area is a cube with a side
0.9 cm, and the target is placed in its center. The cube side
contains 640 cells of a computational grid.
In Figure 11 the density isolines with markers (left

column) which correspond to DT-gas/DT-ice and DT-ice/
ablator (CH) interfaces, and the isolines of radial velocity
(right column) at the time moment t= 11.1 ns close to the

target collapse are shown. The presented pictures demon-
strate a typical Rayleigh–Taylor instability flow. The bubbles
of a less dense matter are formed, and they penetrate through
a denser matter which is still moving to the center. In the
bubble tips the closest convergence of the inner and outer
surface of DT-shell is observed, and there is a tendency to
its destruction.

Note again that in the problem of thermonuclear fusion igni-
tion it is absolutely essential that high velocity of the matter
(or its part), that is, the kinetic energy, acquired due to external
influence should be effectively converted into the internal one.
This requires a fairly high degree of spherical symmetry
of motion at all stages of implosion. As soon as the symmetry
is violated, the conditions of energy conversion are becoming
muchworse. This is clearly seen in 2D problem (see Section 4)
and, especially, in 3Done. The given example of 3D simulation
confirms this statement, and shows complicated flow due
to simple initial perturbations and at the same time the general
symmetry of motion remains quite good. One can easily
imagine the situation when not two counter-propagating jets

Table 3. Neutron yield and thermonuclear gain for the series of 2D
calculations in comparison with 1D ones

# φ ## from Table 2 NY, 10
18 G

1 0° 1–6 5.4 5.85
2 22° 7–12 3.1 3.36
3 46° 13–18 2.6 2.82
4 φ-avareged profiles 4.6 4.98
5 1D calculations 7.9–12 8.58–13.5

Fig. 10. Density and temperature distributions obtained in #1 (a) and #3 (b) calculations from Table 3 at the time moment t= 11.1 ns close
to the target collapse.
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(i.e., high-density areas) will collide, but the jets and the areas
between the jets, and thiswill farmoreworsen the conditions of
kinetic energy conversion into the potential one. Similar ideas

have been put forward in a recent paper (Taylor & Chittenden,
2014), and the nature of such situations has been explained by
themode interaction in the realmultimode initial perturbations.
In futurewe are planning such 3D simulations in order to define
quantitative parameters of thermonuclear target compression.

6. CONCLUSIONS

In conclusion we would like to note the following important
results. The performed 1D simulations allow one to state that
the symmetry of irradiation and compression of the targets of
discussed design is quite acceptable to reach the needed gain.
However, in experiments the conditions may be less favor-
able due to possible additional development of instabilities,
and 2D and 3D simulations are indicative of this fact. It is im-
portant that in 3D simulations the degree of symmetry is de-
creased, and near the center of hot DT-gas the DT-ice jets
have a small possibility of collision and deceleration, and,
as a consequence, smaller efficiency of kinetic energy con-
version into the potential one.

Fig. 11. Density and radial velocity isolines in plane cross-sections y= xtg(φ), φ= 0° (the upper line) и φ= 40° (the bottom line) at the
time moment t= 11.1 ns. Black and white points correspond to the inner and outer boundaries of DT-layer.

Fig. 12. Scale of convergence of inner and outer surface of the DT-ice layer
in the bubble tips.
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