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While nuclear fusion ignition has been achieved at the National Ignition Facility (NIF) in
inertial confinement fusion (ICF) experiments, obtaining higher gain and more efficient burn
is still desired. In that regard, increasing the compression of the fuel is an important factor. In
recent indirect-drive capsule implosions, the SQ-n campaign is testing the hypothesis that
reducing the hydrodynamic growth of perturbations is key to achieving higher compression
of high-density carbon (HDC) based-ablators for ICF. SQ-n uses a design at lower adiabat
with a ramped foot laser pulse shape to minimize early-time hydrodynamic instability growth,
predicted to be reduced by a factor of 10, and an optimized ablator dopant distribution.
Subsets of experiments were conducted within the SQ-n campaign to study the implosion
symmetry, laser backscatter, stability, and compression. Only the latter two will be reviewed
here. Shock timing experiments using the VISAR diagnostic enabled the development of a
gently accelerating shock velocity. The ice-ablator interface acceleration, important for
managing the Richtmyer-Meshkov phase growth, was observed with refraction enhanced
radiography (RER) and the ablation front growth was measured using radiography of pre-
imposed modulations. Finally, layered THD and DT implosions demonstrate that between
15%z 3% and 30% £6% improved compression has been achieved.

1. Introduction

Indirect-drive inertial confinement fusion (ICF) [1-5] experiments are imploding capsules at the National
Ignition Facility (NIF) [1] using the facility’s 192 laser beams with up to 2.1 MJ of energy, with the goal of
reaching thermonuclear ignition and high gain. The laser energy is converted to thermal x rays inside a high-Z
cavity (hohlraum) and a ~1 mm radius capsule (ablator) is filled with an ice layer of deuterium-tritium (DT) fuel
and is ablated by the x rays, causing the capsule to implode, compress and heat the DT, and ignite. A capsule’s
inner layer doped with a mid-to-high-Z material shields the ice-ablator interface from hard x-ray preheat, required
to maintain high fuel compression [6].

Recent implosions using high density carbon (HDC) diamond capsules have achieved record fusion yields in the
burning plasma regime [7-9]. Still, the fusion yields and compression performances are below what was expected from
hydrodynamic simulations [10,11]. Increasing the compression of the DT ice fuel during stagnation is essential for
increasing fuel burnup and hence achieving multi-megajoule yields in ICF implosions. One hypothesis for
the performance degradation is the lower compression due to fuel-ablator mixing [12].
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A typical 3-shock implosion uses an HDC ablator and is called here the “HDC design” [13,14]. A sample of the
laser pulse drive for such an implosion is presented in Fig. 1 in a black dash-dotted line. When the laser pulse starts
its rise and reaches the first step at around 1 ns, it will launch a shock that is travelling through the ablator. When it
reaches the ablator-fuel interface, the latter is set in motion at constant velocity. The following two steps in the laser
pulse, at 3 ns and 4 ns, each launch new shocks that are timed to all merge at the DT fuel-gas boundary. Any shock
that leaves a fuel-ablator interface with constant velocity leads to an inherently linearly growing perturbation
growth due to the Richtmyer-Meshkov instability (RM) [15-17] that are seeds of the Rayleigh-Taylor (RT) [18,19]
instability during the subsequent acceleration phase [20, 21]. Being able to control these instabilities is key to
improving the stability throughout the implosion and limit the ablator mix at the ice-ablator interface; this
motivated the development of the SQ-n design (“S” for scaling and “Q” for quality).
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Figure 1: Laser pulse shape of the drive used in HDC (black dash-dotted line) and SQO-n (plain red and blue
lines) capsule implosion experiments. The coast time is defined as the time between half of the laser turn-off
and the peak neutron production time, or bang time.

The SQ-n design goal is to achieve higher DT fuel compression [22-26] while controlling instabilities. To that
effect, the SQ-n design uses a ramp in the foot of the laser pulse from 2 ns to 5 ns as shown in Fig. 1 by the red and
blue curves, to drive an accelerating first shock through the ablator. The compression wave is then launched to merge
with the first shock just inside the DT fuel-ablator boundary. The accelerating shock will impose a steady acceleration
of the fuel-ablator interface and is predicted to replace RM growth with stable RT oscillations as shown in Ref. 26.
The second key concept for the SQ-n campaign is the reduction of the number of interfaces in the capsule ablator.
The current designs use a hohlraum with the capsule placed at its center [Fig. 2(a)]. The HDC campaign uses a buried
dopant layer inside the undoped ablator layer [7,8,9] [Fig. 2(b)]. The SQ-n design now uses a tungsten (W) doped
inner layer all the way to the ice, a so-called “W-inner” dopant [Fig. 2(c)]. The reason for traditional ICF capsule
design used buried layer is that the W-doped HDC layer absorbs a significant fraction of the hard x-ray pre-heat from
the hohlraum causing this layer to heat up and therefore be less dense at the same pressure. The inner undoped region
absorbs less pre-heat, however, and so remains cold and dense with a better density match to the even colder DT
fuel. This closer density match makes for a more stable interface and limits RT growth at the fuel-ablator
interface. However, it has been realized that the un-doped to doped transition inside the ablator produces a quite
unstable interface of its own that can substantially increase ablator-fuel mixing [23]. Removing this interface and
increasing the net amount of dopant to still maintain density match to the DT is the motivation for moving to a W-
inner dopant profile. Thus, reducing the number of interfaces decreases the region where the hydrodynamic
instabilities can develop. This, combined with the accelerating first shock, is expected to result in a better overall
capsule stability [23,26].
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Figure 2: (a) Schematic of the target design for ICF capsule implosion experiments. (b) Buried layer doped
capsule for the HDC design; (c) inner layer doped capsule for the SQ-n design. The capsule is placed at the center
of a hohlraum.

All experiments are done with “sub-scale” capsules with a ~25% reduced size compared to the “full-scale”
experiments that achieved ignition on NIF. This was done as a cost-efficiency method for the first phase of the
campaign development. Reducing the implosion scale impacts the instability evolution due to the fixed scale length
of the ablation front. For a given x-ray drive spectrum and capsule dopant concentration, the x-ray attenuation length
in the ablator is a fixed physical length scale. As the capsule is scaled down, therefore, this fixed attenuation length
does not scale, and the density scale length of the ablation front becomes proportionately larger at subscale than full
scale. This makes sub-scale implosions relatively more stable at the ablation front than their full-scale
counterparts. For the same reason, sub-scale capsules also require higher dopant concentrations if they are to
attenuate the same number of hard x-rays in a scaled down dopant layer. Another consequence is the reduced laser
backscatter down to a noise level in these types of experiments; future full-scale experiments will allow a more in-
depth study of laser backscatter.

The sub-scale SQ-n experimental campaign is using existing experimental platform to demonstrate each of the
design points that is predicted to improve capsule implosion compression in the simulations at NIF [23]. The
experimental results of the campaign first phase are reviewed in this paper. The first step is the design of the laser
drive to obtain a single accelerating shock compression; the stability measurements are done through the
measurement of the ice-ablator interface and the ablation front growth rate.; finally, the compression quality is
measured during layered DT capsule implosion.

II.  Laser drive design

A key concept behind the SQ-n design is that it only has a single shock in the RM phase, followed by a smooth
compression wave rather than multiple successive shocks. To achieve such smooth shock evolution, we used the
keyhole platform [27]. In these experiments, a liquid deuterium-deuterium (D2) filled capsule replaces the traditional
DT ice fuel inside the hohlraum and is imploded using the full 192 NIF beams. As only the RM phase and the start
of the acceleration phase is of interest, the laser pulse has been truncated just after reaching the peak power to limit



optics damage to the NIF laser system.
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Figure 3: (a) The shock-timing Keyhole platform enables the direct measurement of the sequence of shock
waves launched into an indirectly driven capsule. A gold cone inserted into the capsule and a turning mirror
open two lines of sight for the line-imaging VISAR, which tracks the velocity of the leading shock front in
cryogenic liquid D2 along the equatorial (90-315) direction [28- 29] (b) Starting from a 3-shock design,
incremental changes to the laser pulse picket power slope of the rise to peak power have been applied for the
VISAR experiments. (c) Leading shock velocity history in the liquid D2 determined from the VISAR signal along

the equator of the capsule. While the 15t and 2nd iterations of the laser pulse induce a series of shock waves,

with a distinct velocity jump when the 2nd shock catches up to the 15t shock, the 37d iteration of the pulse shape
(red) produces a shock wave with the desired continuously increasing velocity up to ~4.8 ns.

An imaging cone [Fig. 3(a)] opens a line of sight to a VISAR diagnostic that measures the shock velocity inside
the capsule shell through interferometry, details on the diagnostic and data analysis is given in Ref. 28. The first
iteration of the pulse design used slightly increased picket (first laser pulse step) power compared to the 3-shock
HDC design as well as a ramped rise [blue curve on Fig. 3(b)]. This results in a slight acceleration after the first shock
breakout, between 3.3 ns and 4.3 ns [Fig. 3(c) plain blue]. A strong second shock catch-up event is still present at
around 4.35 ns and needs to be smoothed out. The second and third iteration of the experiments increased
progressively the picket pulse and the ramp to the peak power duration, with each iteration seeing a higher shock
acceleration after the first shock reduced acceleration upon 1-2 shock catch ups. The final design [Fig. 3(c) plain red]
shows a continuously increasing leading shock during the RM phase as desired, note that the first shock is truncated
due to lower data quality on this shot. A later second shock can be observed around 4.9 ns and is due to a reverberation
of the shell as the release wave from the first shock breakout rebounds from the ablation front in a so-called N+1
shock. This smooth shock evolution is predicted to make the fuel-ablator interface accelerate as required. The velocity



measurement is consistent with the calculated value of low-adiabat of about ~3 for the SQ-n drive [23]. This achieves
the goal of keeping an adiabat close to the previous HDC sub-scale design of 2.6 and far from the higher adiabat sub-
scales “Big-foot” [30,31] at 4.6-4.7.

III. Stability measurement

One of the core mechanisms predicted to reduce the compression performance in ICF implosions is the
hydrodynamic instability growths that are generated at the different interfaces and produce material mixing. Three
main mixing regions can be identified: the ablation front instability, the fuel-ablator interface instability, and the hot-
spot instability. Measuring and controlling the mixing is key to improving the stability throughout the implosion. In
this paper, we are focusing on the ablation front and the fuel-ablator interface, the hot-spot instability measurement
platform being under development.

II1.a Fuel-Ablator interface acceleration

A key feature of the SQ-n design is to achieve continuous acceleration of the fuel-ablator interface that is
predicted to result in an early-time oscillation of the instability seeds and thus improve stability. It has been designed
to create a 10-20 um/ns?2 acceleration of the DT fuel-ablator interface after the first shock. The initial Atwood number
(A) at that interface, 4 = (paviator = Pruet)/(Pavtator + Pruct). i stable (negative). Early time, before the second shock
breakout, the 1nstab1hty seeds are predicted to be on the order a micron or less, even for the more instable HDC
design [26]. Such a small scale is not measurable in-situ but can be inferred with simulation. Fig. 4 presents the
simulation of the evolution of the growth factor for a 1 um wavelength for the HDC (red) and SQ-n (blue) drive
using the Hydra code [32]. When the ice-ablator interface is not accelerating during the shock propagation phase,
the perturbation experiences RM growth linear in time (red). Now, in the presence of an acceleration of the ice-
ablator interface, the growth of simultaneous RT instabilities appears. Rather than a linear growth, the resulting
growth factor is now predicted to be oscillating (blue line) [26]. The growth equation for the instability at a time t in
this case is:

h
h(t) = hycos(yt) + 7osin(yt)

With hg the initial perturbation amplitude, and y = Agk, with g the acceleration and k the wave number. The initial
growth rate for the RM being hg gy, = AV Akhg with AV the velocity jump at the interface caused by the shock. This
results that the RM have a maximum amplitude of fiov/1 +AVZ4k/g,  This leads to a decrease of the perturbation
growth during the shock propagation phase and will reduce the instability seeds for the subsequent RT phase. A direct
consequence is the reduction of mixing during peak compression (stagnation). If the oscillation is slow (small mode
number) then the growth is the same as RM-only, so this stabilizing mechanism is only helpful for fine-scale
features like HDC microstructure. The main concern at this interface is mixing seeded by the 100nm — lum
scale grains [33] which is why this stabilization mechanism is expected to be helpful.
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Figure 4: Simulation using the Hydra hydrodynamic code [32] of the growth factor evolution for I-um wavelength perturbation in
the case without ice-ablator interface acceleration like with HDC drive (red) and with ice-ablator interface acceleration with
the SO-n drive (blue). In the presence of an accelerating interface, the growth factor will oscillate rather than grow linearly
which will limit the seeds of instability for later time.

To measure the ice-ablator interface acceleration during the RM phase, we used refraction enhanced
radiography (RER) [24,34-36]. This platform consists of a 1-dimensional x-ray point projection imaging witha 5 um
slit and a zinc (Zn) foil backlighter, producing 9 keV photons as the source as shown in Fig. 5. This imaging system
is used to radiograph the limb of a capsule that is imploded inside a hohlraum using the SQ-n drive. The refraction
at the density gradients of the limbs is used to improve the imaging contrast compared to classic absorption [37].
This system yields a 1-dimensional x ray, time-resolved image over 2 ns with about 6-um spatial and 100-ps
temporal resolution. RER is used on an ICF shot with a trittum-hydrogen-deuterium (75% H, 24.2% T, 0.8% D) ice
layer inside a undoped capsule using 160 NIF beams to drive a gold hohlraum with 1.015 MJ total energy, 14 NIF
beams are used for generating the x-ray backlighter and 18 NIF beams were turned off for symmetry or geometrical
purposes as presented in Ref. 24. Because less beams were used to generate the hohlraum drive, an energy
compensation proportionate to the loss of the 32 beams has been applied to the remaining 160 beams. An asymmetry
is expected to occur in the slit-x-ray streak camera axis perpendicular to the RER probed limb region and thus is
expected to have less impact on the measurement. The capsule used in the experiments are undoped to increase the
RER image contrast. While this difference would result in a light difference in shock velocities, the overall behavior
of the ice-ablator interface is unchanged and allow relevant comparison between different drive designs.

5 um slit width for point projection

B - x-ray streak
' camera

Backlighter drive
on Zn foil (9 keV)

Hohlraum with a capsule

Figure 5: Refraction enhanced radiography (RER) experimental set-up. An ICF implosion target is radiographed
using a point projection method. The x-ray backlighter is a Zn foil driven by 16 NIF beams and down-selected to
line using a 5-um slit.

Fig. 6 (a) and (c) show the measured streaked 1D radiographs using the previously described RER platform
for an HDC type implosion (a) and SQ-n type implosion (c). They can be read as a shock plot with the time on the
x-axis, the capsule radius on the y-axis and the x-ray intensity as the greyscale. From a radius of 0.7 mm to 0.84 mm
is the fuel, including the ice layer; the dark region between 0.844 mm and ~0.880 mm is the capsule ablator; and
after that is the outside of the capsule. Inside the ablator, 3 shocks and the rarefaction wave are clearly visible for the
HDC case whereas the SQ-n has only 1 shock and a rarefaction wave. A lineout of a simulated RER along with the
absorption and density is presented on Fig. 6 (b). Region 1 is the fuel, region 2 is the fuel-ablator interface, region 3
is the first shock front and region 4 is the ablation front. Looking at the RER in plain red, it has high-contrast refraction
fringes for all interfaces, allowing a precise measurement of the evolution of the interfaces. The data obtained in the
case of the HDC drive [shown in Fig. 6(a)] shows very good agreement with the simulation, as presented on a RER
as lineout on Fig 6(b) in plain blue, with the shocks and the rarefaction wave visible; the ice-ablator interface is also
very well delimited which allows the measurement of the interface trajectory. The same measurement was
performed for the SQ-n drive [Fig. 6(c)][24], and the interface velocity evolution comparison is shown on Fig. 6(d).
It is shown that after each subsequent shock, the HDC drive sees no acceleration of the ice-ablator interface as the
velocity is flat. On the other hand, the SQ-n drive has a smooth acceleration of the interface after the first shock of
20 um.ns™! as shown by the black dashed line on Fig. 6(d). This value is as predicted by the simulation and should
reduce the hydrodynamic instability seeds and improve stability throughout the implosion. Note that the SQ-n data

a



on Fig 6(c) displays a pinching after 4 ns which is caused by the saturation of the camera, resulting in the larger error
bar of the velocity on Fig 6(d). An explanation for the discrepancy with simulation at this time is the drive difference

at later time due to turned off and backlighter NIF beams in the experiment while doing the simulations with all NIF
beams as drivers.
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Figure 6: (a), (c) Experimental data [24] of the RER signal for the HDC and SQ-n designs, respectively. The HDC
design shows traces inside the ablator for the first, second, and third shocks whereas the SO-n shows traces of the
first shock and a very faint second shock when the rarefaction wave is reflected onto the ablation front. (b) Line
out of the simulated density profile for an HDC implosion (black dashed) at 2.8 ns showing the different density
gradients due to the interface in comparison with simulated RER (red dash-dotted) expected x-ray
transmission and data from RER shot (blue plain) from Fig 6(a). (d) Measured and simulated ice-ablator
interface velocity for the SO-n (blue) and HDC (red) drive as presented in Ref 24. Fig (a), (c) and (d)
reproduced with permission from A. Do et Al., Physical Review Letters, 129, 215003, 2022. Copyright 2023
by American Physical Society.

ITIL.b Ablation front growth rate

The SQ-n design is based on keeping similar stability as a previous design called “Big-Foot™ [30,31] while
working at lower adiabat. To verify this stability hypothesis, the hydro-growth radiography (HGR) platform [38] has
been used to measure the ablation front areal-density growth and compare it to previous designs. In this experiment,
2-D perturbations are pre-imposed on an HDC capsule shell [Fig. 7]. To allow comparison with previous
experiments, mode 90 and mode 150 (Ao = 64 um and 38 um respectively) were chosen. Ideally, a mode number
close to the peak growth factor, around mode 60, the measurement becomes more challenging as less good quality

cycles are radiographed due to the higher wavelength. The Mode 150 serves as control point as it usually converges
towards the ‘zero-nod’.
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Figure 7: Experimental configuration for the HGR platform. An HDC capsule with 2D pre-imposed
perturbations, and an imaging cone is placed inside a hohlraum. The backlighter consist of a scandium (Sc)

foil generating 4.3 keV photons to radiograph the perturbation growth. A framing camera is used to record
the images at four different times.

The temporal evolution of the perturbations is measured using 1-D radiography. The resolution is set by the
10-um-wide slit and the backlighter energy by the foil material (scandium, Sc, 4.3 keV). The image is recorded on
a 4-strip framing camera with each strip triggering at a different time [Fig. 8(a)]. Fig. 8(b and c) and Fig. 8(d and ¢)
show lineouts of the optical density amplitude for the first and last time of the mode 90 perturbations and mode 150
respectively. The amplitudes grow as wavelengths are decreasing throughout the implosion. The measurement of
the optical density amplitude allows the calculation of the areal density (pR) amplitude. It can then be divided by the
initial areal density (poRo) to obtain the areal density growth factor (dimensionless) [39].
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Figure 8: (a) Images of the perturbations at four different times. Lineouts of the mode 90 and mode 150
perturbations at the first (b) and (d) respectively and last (c) and € respectively time step are displayed.

The metric used for comparison with previous experiments is the radii convergence ratio (C;), defined as the
ratio of the capsule radius (at ablation front) at the considered time over the initial radius, Ro. Fig. 9 presents the areal
density growth factor for different implosion designs at a convergence ratio of 1.5. C; 1.5 is close to the saturation
limit of the growth of initial large amplitude perturbation in our ablator and representative of the measured C; range
in our experiments. Early ICF experiments at NIF used a depleted uranium hohlraum (red squares); its lower M-



band x-ray emission reduces x-ray preheat of the ablator and requires less ablator doping [40]. It was then realized
that having this lower M-band preheat is reducing the constraint applied on the ablation front hydrodynamic
instabilities, leading to accrue growth factor and thus more instable interface. The following campaigns, named HDC
and Big-Foot (BF), used gold hohlraum designs obtaining better growth factor (light blue diamonds and green
circles). The growth factor at mode 150 is very sensitive when approaching the ‘zero-nod’ so it is not surprising that
for some measurement a certain level of discrepancy is observed relative to the simulations. As previously stated,
one of the goals of the SQ-n design is to reach lower adiabat than the BF campaign while keeping a similar ablation
front stability. As a comparison, we displayed BF simulated growth factor at C; 1.5 with a maximum around mode
80. The measurements show that the SQ-n growth factor measurements are low and close to the BF ones as expected.
It implies that the ablation front stability has been conserved with this new design.
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Figure 9: Comparison of the measured areal density growth factor for different drives at a C, 1.5: HDC drive
with different hohlraum material (red square, light blue diamond); Big-Foot (green circle); and SQO-n drive (dark
blue triangle).

IV. Improved compression measurement
The step after the drive design and the interface stability measurements is to measure the resulting capsule
compression for SQ-n through capsule implosion experiments. The compression is inferred through the fuel areal
density, pR, that is directly related to the down scatter ratio (DSR) [41]. The latter is measured by the neutron time-
of-flight diagnostic (n'TOF) [42] on NIF. A detailed comparison and discussion about the DSR of the SQ-n campaign
is presented in Ref 25. In this paper, to compare normalized values over the different campaigns, the compression
ratio (CR) is used as a criterion for capsule compression quality and is defined as [43]:

_ (pPR)pr
= or

with (pR)gt the fuel areal density at the peak neutron efnission or bang time (BT) and (pR)o the fuel initial
areal density. This quantity is insensitive to capsule dimension and fuel ice thickness and allow a fair comparison
between the experiments.

The SQ-n implosion used the new “W-inner” capsule design presented in Fig. 2 with a 0.4% W-doped inner
layer in the ablator placed inside a gold (Au) hohlraum (10.13 mm length, 5.40 mm diameter, 3.45 mm laser entrance
hole size). The fuel used in these experiments was either tritium-hydrogen-deuterium (75% H, 24.2% T, 0.8% D) or
deuterium-tritium (50% D, 50 %T). A ~43-um ice layer is formed at the interface with the ablator. In these
experiments, 192 NIF beams drove the hohlraum with either 1.3 MJ or 1.5 MJ. The energy was gradually increased
to reduce coast time. Previous NIF sub-scale capsule implosion campaigns [44-46] have shown a very strong
correlation between the CR and the coast time, defined as the time between half of the laser drive turn-off and BT.
Reducing coast time will reduce the radius at peak velocity with the effect of increasing the energy transfer from the
implosion kinetic energy to the hot spot energy.



The CR measurements are plotted against the coast time on Fig. 10 for four different drives; the shot data
summary is presented in Table 1. The HDC and BF measurements follow the same linear trend of CR vs coast time.
On the other hand, the SQ-n CR measurements were higher for the same coast time. The highest SQ-n CR is tied
with the higher adiabat “4-shock CH” campaign [5,47] for the highest CR ever measured on NIF capsule implosion
experiments. The “4-shock CH” design relied on low adiabat (~1.6) but has proven to be very unstable and
underperformed both in terms of predicted yield and compression [48]. On the other hand, the SQ-n design, while
having a higher adiabat (~3) increased stability and is expected to get better yield. While shot to shot variation of
~5% is present as shown by BF and HDC points, the SQ-n points display higher CR than any other equivalent shot
at a coast time around 1.1 ns. Comparing to BF shots, this is a 13% 4% improvement in CR. This net increase was
predicted by simulations in Ref. 23 where 15.8% better compression performances was expected from SQ-n with
relative to BF in the same condition. This support the fact that the compression improvement is mainly due the
improvement of stability by the SQ-n design. Overall, the SQ-n has improved compression between 15% + 3% and
30% £6% for the same coast time compared to similar experiments, which is very promising and will lead to a higher
yield amplification than the 1.4 MJ record previously mentioned.
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_ 26 ++ + SQ-n design
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Figure 10: Measured convergence ratio relative to the coast time for the HDC drive (red triangle), the Big-Foot
drive (green diamond), the 4-shock CH drive (black circle), and the SQ-n drive (blue square).

Table 1: SO-n campaign shot data breakdown of coast time, convergence ratio, neutron yield and ion temperature.

Shot name Shot type  Coast time CR Neutron Tion (keV)
(ns) yield

N220115-001-999 | THD 1.07 258+1.03  6.54108+1.610%  3.99+0.13

N220320-002-999 | DT 1.05 250+1.00 443105 +1210%  4.03+0.13

N220501-003-999 | THD 0.5 26.0+1.04 5.8010°+2.0102  3.84+0.13

N220604-001-999 | DT 0.56 255+1.02 6.6110°+1.810"*  4.32+0.19

V. Summary and Conclusion

In conclusion, a new indirect ICF drive called SQ-n has been designed to improve compression performance by
increasing stability throughout the drive. This paper reports on the experimental campaign that demonstrated the key
hypotheses of this new design: (1) a smooth compression wave replacing the second and third shocks in the drive
induces an acceleration of the ice-ablator interface during the RM phase and (2) a “W-inner”-type doped capsule
will increase stability throughout the implosion. The measurements showed that the stability in the SQ-n design was
controlled throughout the implosion. This led to an improvement of 15% + 3% to 30% 6% in capsule compression.

10



The next step will be to confirm the lower amount of hot and cold mix using a high-spatial and energy resolution x-
ray imager. Following this measurement, the design will be improved to reach a lower adiabat of around 2.5 and
begin ramping up to full-scale experiments to increase the yield.
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