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Abstract
Double-cone ignition (DCI) scheme is a promising novel ignition method, which is expected to greatly save the driver
energy and enhance the robustness of the implosion process. In this paper, ablation of the inner surface of the cone by
the hard X-ray from coronal Au plasma is studied via radiation-hydrodynamics simulations. It is found that the X-ray
ablation of the inner wall will form strong pre-plasma, which will significantly affect the implosion process and cause the
Au plasma to mix with the fuel, leading to ignition failure. The radiation and pre-ablation intensities in the system are
estimated, and the evolution of areal density, ion temperature and the distribution of Au ions are analyzed. Additionally,
the mixing of Au in CH at collision is quantified. Then, a scheme to reduce the X-ray pre-ablation by replacing the gold
cone with a tungsten cone is proposed, showing that it is effective in reducing high-Z mixing and improving collision
results.
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1. Introduction

The concept of laser fusion has been proposed [1] for over six
decades, during which several potential driving and ignition
schemes [2–5] have been put forth. Nevertheless, it was not
until recently that a breakthrough [6–9] was finally achieved
at the National Ignition Facility (NIF) in the United States.
The fundamental challenge associated with laser fusion can
be attributed to two key factors: the limited laser driver
energy and the low energy coupling efficiency from the laser
to the fuel. The upper limit of compression for the target
is not high, while laser-plasma [10,11] and hydrodynamic
instabilities [12,13] further reduce the implosion symmetry
and hydrodynamic efficiency, thereby making it challenging
for the areal density and temperature of the fuel to reach
the ignition threshold. Presently, the NIF’s laser facilities
and experimental results occupy a leading position in the
area. Nevertheless, the achievement of high-gain fusion
remains a significant challenge, underscoring the necessity
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for continued exploration of alternative laser fusion schemes.
The double-cone ignition scheme (DCI) [14] represents a
promising new approach to laser fusion, combining the
advantages of conventional ignition methods while reducing
the instability during implosion and the demand for driver
energy [15]. In the DCI scheme, a spherical fuel shell is
positioned within two oppositely placed open-tip gold cones.
Nanosecond lasers are applied to perform quasi-isentropic
compression and implosion acceleration on the target. The
fuel is ejected at high speed along the axis of the cones from
the cone tip under the constraint of the gold cones, colliding
to achieve a significant increase in density and temperature.
Ultimately, the laser-generated MeV electron beams heat
the fuel to the ignition temperature, thereby completing the
fusion process.

The DCI team has conducted comprehensive research
on the optimization of driving lasers [16,17], hydrodynamic
instabilities [18–21], plasma collision [15,22,23], and fast heating [24–27].
Nevertheless, there is a paucity of investigation into the
impact of cones on the DCI process. The most notable
feature of the DCI scheme is the introduction of two gold
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cones (shell-in-cone), which serve to confine the fuel and
thereby reduce the difficulty of the driving process. However,
the interaction between the cones and the fuel is very
complex and may have adverse effects on the implosion.
For instance, the KH instability between the fuel and the
cones could lead to material mixing [28]. Furthermore, as the
fuel implodes and contracts, some of the gold cones will
inevitably be exposed to the direct irradiation of high-power
lasers. Laser-produced Au plasma is excited to high
ionization states, resulting in the emission of X-rays with
an intensity that is significantly higher than that produced
by low-Z ablators, such as CH. The hard component of
the Au radiation can penetrate the corona and the low-Z
fuel shell, causing preheating and pre-ablation of the inner
material, which subsequently results in more complex fluid
interactions. The plasma produced by the pre-ablation of
the gold cones may result in implosion asymmetry and
inadequate compression. Additionally, it may lead to the
mixing of Au ions into the fuel, which could cool the fuel and
hinder the ignition. Similar pre-ablation phenomena have
been observed in previous studies [29–32], and corresponding
mitigation methods have been proposed. Nevertheless,
the DCI configuration and the physical processes involved
here are distinct from the former (namely cone-in-shell
configuration). Therefore, it is of significant worth to study
this phenomenon in depth.

In this paper, the implosion physics of DCI is studied using
the radiation hydrodynamics code FLASH [33,34]. Firstly, the
basic model used in the simulation is introduced. Then,
the radiation intensity and the pre-ablation intensity in the
system are estimated, and the evolution and distribution
of the colliding plasma parameters are analyzed in order
to describe the main interaction and the influence of the
pre-plasma on the implosion shell. Finally, the results
of tungsten cones are presented, highlighting the influence
of cone material on radiation pre-ablation and collision
outcomes.

2. Simulation model

The DCI scheme is divided into four sequential stages:
quasi-isentropic compression, implosion acceleration, plasma
collision, and fast electron ignition. This paper uses
a radiation hydrodynamics code to undertake numerical
simulation studies of the initial three processes. The
model used is illustrated in Figure 1(a), which is based
on the complete DCI structure but excludes the heating
cone necessary for fast ignition, retaining the upper and
lower two main gold cones and the spherical target situated
within the cones. The implosion of the spherical target is
driven by multiple laser beams from both the upper and
lower directions. The simplified DCI model is symmetrical
in both vertical and horizontal directions, as well as
exhibiting cylindrical symmetry. Accordingly, in numerical
simulations, 2D cylindrical coordinates are employed, with

Figure 1. Schematic of the setup. (a) 3D view. (b) Structure of the target.
(c) Laser power vs time (loaded onto the target in one cone).

only half of a cone being calculated. By applying symmetric
boundary conditions to the left and bottom boundaries of
the simulation region, it is possible to restore the complete
double cones. The laser pulse shape and target configuration
applied in this study are optimized using a random walk
and Bayesian algorithm [35,36], based on the nanosecond
laser facility to be built at the Shanghai Institute of Optics
and Fine Mechanics. As illustrated in Figure 1(b), the
distance between the two cone tips is 140 µm, the semi-cone
angle is 50°, the inner radius of the target is 380 µm, and
the thickness is 70 µm. Instead of DT, CH is used as
the target, in accordance with the parameters of current
experiments. The laser pulse shape is illustrated in Figure
1(c). The wavelength of the laser is 351 nm, and the
light path is parallel to the cone wall. The laser spot
radius is 225 µm, which allows for coverage of the whole
target without direct irradiation of the cone in the early
stages. The radiation hydrodynamics code employs a
three-temperature(3T) model, and the radiation unit is based
on the diffusion approximation with 20 groups. The equation
of state (EOS) employed within the simulation is derived
from the FEOS package [37], and the Rosseland and Planck
mean opacities are calculated using the non-LTE atomic
physics model known as SNOP [38]. These EOS and opacity
parameters are tabulated as functions of density and electron
temperature, and subsequently integrated into the radiation
hydrodynamic equations via interpolation.

3. Results and discussions

The simulation was carried out according to the parameters
shown in Figure 1, and the density evolution throughout the
entire process is presented in Figure 2. At approximately
1.8 ns, the shock wave penetrates through the inner surface
of the fuel shell, resulting in the entire shell acquiring a
radial acceleration. Simultaneously, a rarefaction wave that
propagates outward is reflected, causing the inner surface of
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Figure 2. Density evolution of the implosion and collision.

CH to be torn apart and generating low-density pre-plasma.
Given that the inner cavity of the gold cone is essentially
a vacuum, the rarefaction wave is capable of accelerating
the CH pre-plasma to many times the velocity of the main
shell. At 3 ns, the CH pre-plasma occupies approximately
half of the inner cavity, with the remaining space in the
cavity filled with low-density Au pre-plasma. The CH
pre-plasma and Au pre-plasma collectively constitute the
implosion precursor, colliding at the origin of the simulation
domain at approximately 3.5 ns. This occurs approximately
1 ns prior to the collision of the main shell. Furthermore, the
symmetry of the main shell is influenced by the presence of
the cone and the Au pre-plasma. At 2.0 ns, the main shell
maintains a spherical shape of satisfactory quality. However,
by 3.0 ns, the implosion velocity of the shell adjacent to the
cone is markedly slower than that of the shell near the axis
due to the obstruction of the Au pre-plasma. By 4 ns, the
distortion of the main shell is more pronounced, which will
unavoidably impact the collision process and compression
results.

From the early density distribution at 2.0 ns [Figure
2(a)], it can be seen that the low-density Au plasma on
the inner surface of the cone is uniformly produced. This
observation rules out the possibility that the cause is the
shock wave from the main shell, as the propagation speed
of the shock is insufficient to generate plasma on the
entire cone simultaneously. In addition, the driving laser
configuration in the simulation does not enter the cavity from
the simulation boundary or cone tip, thereby ensuring that
the Au pre-plasma is not produced by laser ablation. It can
thus be surmised that the Au pre-plasma is associated with
radiation ablation.

3.1. Radiation preheating and pre-ablation

Given that the target is 70 µm thick CH, it can be inferred
that only the hard X-rays, which may be generated by
the gold cone, can penetrate the target and reach the
inner cavity. In another simulation, the gold cone is
defined as a rigid body in order to facilitate a more
accurate comparison between the radiation produced by
the gold cone and that produced by pure CH. In the
FLASH code, a rigid body is defined as a static solid
that does not engage in any physical interactions or fluid

calculations, with reflecting boundary conditions applied
to its surfaces. To ensure accuracy and stability, adaptive
mesh refinement, lower-order reconstruction methods and
a reduced Courant-Friedrichs-Lewy (CFL) number are
employed in the vicinity of the rigid body. Figure 3
presents the temperature distributions and radiation spectra
at different positions. As illustrated in the figure, the
temperature distribution in the coronal region is similar
between the two simulations, whereas that in the inner
cavity exhibits notable differences. The electron temperature
within the inner cavity of the rigid case is relatively low
and evenly distributed, with a value of approximately 10
eV. In contrast, the inner temperature of the normal case
is considerably higher and more complex, with the overall
electron temperature exceeding 40 eV and locally reaching
up to 90 eV. This indicates the potential for the existence of
sophisticated fluid processes.

The radiation temperature distribution in both the corona
and the inner cavity is relatively uniform, due to the large
mean free path of X-rays in these low-density regions. In
order to estimate the radiation intensity in the corona and
the cavity, sampling is performed at positions that are distant
from the axis and the cone wall, as illustrated in Figure 3.
It is evident that the interior radiation temperature of the
normal case is considerably higher than that of the rigid
case. As illustrated in Figure 3(b)(d), this phenomenon
can be attributed to the presence of gold M-band radiation,
with a photon energy exceeding 2 keV. Once gold has been
designated as a rigid body, only CH participates in the
radiation process. At high temperatures, CH is fully ionized,
with the emission spectra closely approximating that of a
blackbody. However, when gold is taken into account,
there is a notable non-equilibrium radiation component
(2.4keV ∼ 2.8keV in the curve, which corresponds to gold
M-band radiation), resulting in a shift in the spectra as a
whole towards the high-energy direction compared to the
blackbody spectra. As illustrated in Figure 3(b), the corona
temperature of the normal case is 112 eV, with a proportion
of hard X-rays above 2 keV at 19.7% (of which the M-band
is 15%). Figure 3(d) indicates that the corona temperature of
the rigid case is 100 eV, with a proportion of hard X-rays of
0.3%. Using the relationship S ∼ σT 4, it can be estimated
that the hard X-ray energy flux of the former is 103 times
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Figure 3. Temperature distribution and radiation spectra at different positions at 3ns, (a)(b) for the normal case, and (c)(d) for the rigid case. The dashed lines
in (a)(c) mark the positions of the critical surface. The solid and dashed lines in (b)(d) represent the group spectra of each sampling point and the blackbody
spectra at the equivalent radiation temperatures, respectively.

that of the latter. The mean free path of hard X-rays in
the fuel shell layer is significantly greater than that of soft
X-rays, resulting in hard X-rays dominating the inner cavity.
Consequently, the total radiation flux intensity in the inner
cavity of the former is (72/24)4 = 94 times that of the latter.

Figure 4(a) shows the evolution of the mean radiation
temperature in the corona and the inner cavity before the
collision. Since the main shell reaches the cone tip at 4
ns, the inner temperature is only counted up to 4 ns. It
is evident that the evolution of the radiation temperature
in the corona is roughly correlated with the changes in
the laser pulse shape. Additionally, the inner temperature
undergoes a simultaneous change due to the preheating of
hard X-rays from the corona. However, after the 3 ns, the
inner temperature exhibits a different trend, continuing to
rise, which suggests that X-ray preheating is no longer the
dominant factor. Combined with Figure 2, it can be seen
that the cavity is filled with pre-plasma, and the fluid process
inside the cavity begins to become important after 3 ns.
The kinetic energy of the pre-plasma is partially converted
into internal energy, leading to a continuous increase in
temperature. For the rigid case, due to the lack of hard
X-rays, the preheating inside the cavity is very weak, and
the temperature increases slowly.

Hard X-rays can easily penetrate the target shell, but their
mean free path in solid gold is very short, causing subsonic
ablation on the inner surface of the gold cone. When the
radiation driving temperature changes over time, the ablated
mass of gold can be written as a function of the driving

Figure 4. (a) Average radiation temperature in the corona and inner cavity
vs time. (b) The ablated mass of a solid gold slab vs time, with the inner
cavity radiation temperature serving as the driver. The solid and dashed
lines represent the normal case and the rigid case, respectively.

temperature Ts(t) and time [39]

m(t) = m0Ts(t)
1.914t0.5156 (1)
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where Ts(t) = T0t
k = T0t

q0/5.5. The units for T0 and
t are heV and ns, respectively. By fitting the curves in the
Ref [39], the relationship between m0 and q0 can be obtained

m0 = e−(8.194q0+23.21)/(q0+3.35)(g/cm2) (2)

In Figure 4(a), the variation trend of the inner temperature
can be approximately regarded as proportional to time, that
is, the time index k of Ts is 1, and the ablated mass can be
written as

m(t) = 0.4485T 1.914
0 t2.4296(mg/cm2) (3)

It can be observed that the ablated mass is related to T0,
which represents the slope of Ts. The temperature slope of
the normal case in Figure 4(a) is approximately 3 times that
of the rigid case. It can therefore be inferred that the final
ablated mass of the former is roughly 10 times that of the
latter. The evolution of the ablated mass in Figure 4(b) was
obtained through 1D simulation, using the inner radiation
temperature as the driver for the ablation of solid gold. The
final ablated mass of the normal case was found to be 0.78
mg/cm2, while that of the rigid case was 0.09 mg/cm2,
representing a final mass 8.7 times greater than that of the
latter. This result is a good agreement with the theoretical
estimate.

During the implosion process, the radius of the target
continuously decreases, resulting in a reduction in the inner
surface area of the cone. On the basis of the ablation rate
and the change in area, it can be numerically calculated
that the total mass of gold ablated inside the single cone
is approximately 1.1 µg, which has reached 3.7% of the
initial mass of CH (30 µg). The ablated mass is 0.14
µg when the driver temperature is taken from the rigid
case, which is 13.5% of the former. The Au plasma is
propelled towards the cone tip under the compression of
the imploding CH. Although some of the Au plasma moves
laterally after exiting the cone tip and does not enter the
centre of the colliding plasma, it is evident that this still
increases the risk of material mixing. The mixing of high-Z
into low-Z elements results in a notable enhancement of
bremsstrahlung, which causes a reduction in the temperature
of the colliding plasma. This is an unfavourable condition
for ignition. In accordance with the DCI scheme concept, the
fuel is DT, with an electron temperature of approximately
10 keV at ignition. At this temperature, the average
ionization of Au is above 60, while that of DT is 1. The
bremsstrahlung power is proportional to the square of the
effective ionization [40], that is

Pbr ∝ neniZ
2
effT

1/2
e (4)

If every 10,000 DT ions are mixed with 1 Au ion (mass
fraction 0.78%), the effective ionization and bremsstrahlung

power will be 1.35 and 1.82 times that of pure DT,
respectively. This demonstrates that even a minor quantity
of high-Z mixing can result in a considerable enhancement
in bremsstrahlung losses.

3.2. Impact of Au pre-plasma on implosion and material
mixing

The large free path of M-band radiation in CH and the
thin gold plasma result in a uniform radiation temperature
distribution in the cavity, which is conducive to the formation
of isothermal rarefied waves. The input energy of the
radiation field serves to offset the internal energy attenuation
that is caused by the expansion of the plasma, thereby
ensuring the continuous acceleration of the plasma. As
previously stated, two distinct types of plasma are present
within the cavity: a CH pre-plasma formed by shock
and a gold pre-plasma formed by radiation ablation. The
simulations indicate that at 3 ns, the tail velocities of the CH
and gold rarefaction waves are approximately 300 km/s and
100 km/s, respectively. The former moves along the radial
direction, while the latter moves along the normal direction
of the conical wall. Upon encountering each other, these two
types of plasma engage in a complex fluid interaction.

Figure 5. Comparison of (a) density and (b) pressure distributions at 3.2
ns, with the radiation module enabled (left, the normal case) and disabled
(right, the non-radiation case). The dashed lines indicate the edges of the
Au distribution.

Figure 5 illustrates the density and pressure distributions
at 3.2 ns, with the range of gold marked by dashed lines. At
this point, the inner cavity is already filled with low-density
plasma, with the cone tip area almost blocked by Au plasma.
In contrast, when the radiation module of the FLASH is
disabled, there is no observable expansion of the gold cone
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Figure 6. (a)(b) Areal density and peak ion temperature vs time, where the areal density is calculated within ±100 µm from the collision center and the angle
is the angle with the +y direction. (c)(d) Density and Au distribution at peak compression. (e)(f) Au ion mass fraction in different radius ranges vs time.
(a)(c)(e) Radiation module enabled, (b)(d)(f) Radiation module disabled.

within the inner cavity, and it remains in a fixed position. The
contour line of the Au plasma in the inner cavity indicates
that the Au and CH plasmas meet and collide, resulting
in a simultaneous increase in density and pressure near
the interface of nearly two orders of magnitude compared
to the non-radiation case. At the interface between the
Au plasma and the CH plasma, the density reaches 0.1∼1
g/cc. This interfacial discontinuity and unevenness promote
hydrodynamic instability, potentially leading to material
mixing. Furthermore, plasma collision also generates shock
waves that propagate towards the fuel shell, increasing
the interior pressure to several Mbar, corresponding to the
light blue area near the dashed line in Figure 5(b). This
creates resistance to the radial motion of the implosion shell,
resulting in additional implosion kinetic energy loss and a
reduction in implosion compression efficiency. Conversely,
when the radiation module is disabled, the pressure in the
cone cavity is low, eliminating this issue.

In order to gain insight into the details of the implosion
and collision, the evolution of the areal density in different

directions over time is presented in Figure 6(a)(b), which is
calculated as

ρR =
∑
i

ρi∆xi(−100µm < xi < 100µm) (5)

The two sets of results show similar areal density
curves. The peak areal density of both cases is achieved
at approximately 5 ns, which is also considered to be the
time of peak compression. At this point, the average areal
density is approximately 0.26 g/cm2. The highest values
of areal density distribution are observed along the axial
direction, which is consistent with the initial configuration
of the double cone. However, the assumption of DCI is that
the ideal colliding plasma should be spherically distributed,
with equal areal density in all directions, whereas the current
results demonstrate a discrepancy of up to 30% between
different directions. Furthermore, the axial areal density
attains its maximum value significantly later than in the other
directions, as illustrated in Figure 6(a)(b), indicating that the
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initial parameters of the target and the laser pulse require
further optimization. In contrast to the areal density, the
divergence between the two sets of temperature curves is
considerably more pronounced. Two principal discrepancies
can be identified. The first is that the pre-plasma in the
normal case collides at 4.2 ns, resulting in an observable
increase in temperature, whereas in the non-radiation case, it
occurs later (at 4.6 ns). The second is that the temperature at
peak compression is lower in the normal case (300eV) than
in the non-radiation case (400eV) due to bremsstrahlung
losses.

Another notable consequence of radiation on the plasma is
the mixing of Au ions. Figure 6(c)(d) illustrates the density
distribution and Au ions distribution at peak compression.
These figures show that in the absence of radiation, gold
is distributed at the periphery of the collision zone (>50
µm), whereas with radiation, a greater number of Au ions
are mixed into the centre of the collision plasma. In order
to provide a visual representation of the changes in Au
concentration in different regions, the average mass fraction
of Au in different radial ranges is statistically analyzed as

fAu =

∑
fiρi∆Vi∑
ρi∆Vi

(R1 < |r⃗i| < R2) (6)

Where ∆Vi = 2π |r⃗i|∆xi∆yi is the volume of the
ith grid. The statistical results are presented in Figure
6(e)(f). Figure 6(e) illustrates that the Au concentration
in the normal case reaches its first peak at approximately
3 ns, as evidenced in Figure 2(b), where the Au plasma
effectively obstructs the entire cone tip and fills the collision

region. As the CH pre-plasma gradually approaches the
collision point, Au ions are partially propelled away from
the collision point by CH, resulting in a rapid decrease
in the proportion of Au ions within a radius of 20 µm.
After the 4 ns, the CH main shell is ejected from the
cone tip, by which Au ions situated exceeding 40 µm
are extruded by CH and subsequently re-enter the core,
ultimately remaining within the collision centre region.
Concurrently, the accumulation of CH results in a dilution
of the Au concentration. The average mass fraction of Au
in the central 10 µm is 0.21% at peak compression, with
a value of 0.13% in the range of 10 to 20 µm. The local
maximum value of the Au mass fraction exceeds 5%, which
is equivalent to a number fraction of 0.2%. This results in
the bremsstrahlung power becoming 1.46 times that of pure
CH at the ignition temperature (10 keV). Replacing CH with
DT would result in a bremsstrahlung power 3.27 times that
of pure DT, which would be fatal for ignition. Figure 6(d)(f)
illustrates that the non-radiation case exhibits a negligible
presence of Au ions within 40 µm from the collision centre,
while a considerable number of Au ions are present in the
region extending beyond 60 µm. This indicates that the Au
mixing observed in the periphery of the collision centre in
the normal case (Figure 6(c)) may not be directly related
to radiation and is more likely caused by fluid interactions
between the implosion shell and the gold cone, such as KH
instability [41]. This suggests that the interaction between the
implosion shell and the gold cone is highly complex and
requires further investigation.

Figure 7. Simulation results using tungsten cone. (a) Radiation spectra at different positions at t=3ns. (b) Interior radiation temperature vs time (compared
with gold cone). (c) Areal density and peak ion temperature vs time. (d) W ion mass fraction in different radius ranges vs time.

Accepted Manuscript 

https://doi.org/10.1017/hpl.2025.11 Published online by Cambridge University Press

https://doi.org/10.1017/hpl.2025.11


8 B. H. Xu et.al

3.3. Results of tungsten cone

The presence of gold radiation has a considerable influence
on implosion and material mixing. Therefore, it is essential
to prevent the transportation of radiation into the inner
cavity when optimizing the DCI design. There are two
principal methods of radiation suppression: the first is the
utilization of a high-Z coating or doping to create a shielding
layer for the fuel, thereby reducing the penetration depth
of radiation; the second is the alteration of the radiation
source composition, thus reducing the proportion of hard
component of the radiation spectra. The former method
requires a redesign of both the driving laser and the target,
which is complex and requires a substantial workload.
Therefore, the second method was selected. In the context
of DCI, it is recommended that the cones be constructed
from materials with high density and high impedance to
constrain the trajectory of the imploding fuel effectively.
Tungsten represents a potential alternative material for the
cone. Tungsten has a density comparable to that of gold but
with a higher acoustic impedance, which provides superior
compressive and impact resistance than gold. In addition
to the differences in mechanical properties, there are also
some differences in radiation performance between W and
Au [42]. Specifically, the laser-to-X-ray conversion rate of W
is slightly lower than that of Au, indicating that under the
same laser ablation conditions, the radiation intensity of W
is lower than that of Au. Based on this, simulations were
conducted with tungsten cones to preliminarily verify the
above ideas, and the simulation results are shown in Figure
7.

Figure 7 (a)(b) illustrates that the radiation temperature
and the hardness of the spectra are both lower than those
of the gold cone. The proportion of photons with energy
above 2 keV is 6.9%, which is equivalent to a reduction in
the hard X-ray flux of 70% in comparison to the latter. As
the inner cavity temperature is consistently approximately 20
eV lower than that of the gold cone, it can be concluded
that the radiative pre-ablation is weaker. The numerical
simulations indicate that the ablated mass of tungsten at 4
ns is only 50% of that of gold in Figure 4(b), which is
highly beneficial for reducing fluid interactions and material
mixing. Furthermore, the deployment of tungsten cones has
been observed to exert a slight enhancement in the collision
effect, as illustrated in Figure 7(c). At peak compression
(4.75 ns), areal density in all directions is nearly equivalent,
indicating that the distribution of the colliding plasma is
more spherical. The average areal density is approximately
0.3 g/cm2, which is 0.04 g/cm2 higher than that of the gold
cone case, representing a 15% increase. The evolution trend
of the peak temperature is similar to that of the gold cone,
while the plasma temperature at peak compression is 200
eV higher. The evolution of the W ion mass fraction, as
illustrated in Figure 7(d), reveals that W ions never enter
the region within 20 µm from the collision centre. This is

attributable to the lower pre-ablation intensity, which results
in a smaller volume of W pre-plasma. The mass fraction of
W ions throughout the process is negligible within a radius
of 40 µm, specifically with a value below 1e-5% at peak
compression, which is a significantly more favourable result.

Note that the simulation parameters were configured based
on the capabilities of current SG-II upgrade facilities, with
a particular emphasis on evaluating the effects of radiation
pre-ablation on the implosion and compression of the DCI
scheme. However, there remains a notable challenge in
achieving ignition. Prior studies have demonstrated that for
DT plasma, the penetration range of 1-MeV electrons is
approximately 0.6 g/cm2 [43–46], whereas our current work
achieves only 0.3 g/cm2, which is marginally adequate
for the areal density required for alpha particle energy
deposition (0.3∼0.4 g/cm2) [4], but insufficient for ignition
electrons. The DCI team is currently constructing a new
laser facility capable of providing 2 * 80 kJ of drive energy,
which is tenfold that of the laser in our simulation. With
these enhanced laser parameters, an optimized design with
an areal density of 1.3 g/cm2 has been proposed [47], which
makes high gain possible for the DCI scheme.

4. Conclusion

The influence of radiation pre-ablation on plasma formation
and implosion processes is investigated by using the
radiation hydrodynamics simulations, as well as the collision
outcome. It is found that the radiation temperature of the
inner cavity increases by tens of eV due to the gold M-band
radiation, and that the total ablated mass of the gold cone
was approximately 4.3% of the initial mass of the fuel.
This results in the closure of the cone tip and a complex
fluid interaction within the inner cavity. The radiation
increases the density and pressure of the pre-plasma in the
inner cavity by approximately two orders of magnitude,
which affects the subsequent compression and collision. An
analysis of the parameters of the colliding plasma reveals
that the areal density distribution is not uniform and that
the temperature decreases due to bremsstrahlung. The local
doping ratio of gold at peak compression is up to 5%,
with an average doping ratio of 0.21% in the vicinity of
the collision centre. Ultimately, it is proposed that the
radiation intensity and pre-ablation intensity be reduced
by modifying the cone material. The results demonstrate
that a tungsten cone can effectively reduce the generation
of hard X-rays and lower the radiation temperature in the
inner cavity. Additionally, the areal density distribution and
plasma temperature at peak compression exhibit a notable
improvement, and the high-Z mixing can be disregarded.
Overall, the performance of the tungsten cone is superior to
that of the gold cone. The prospective next step would be
to further optimize the laser irradiation mode with a view
to reducing the direct irradiation of the cone, or adding
a radiation shield in the ablation layer with the objective
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of preventing the transmission of hard X-rays and thereby
inhibiting the pre-ablation of radiation in the inner cavity.
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