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Fig. 1. Temporal waveform of radiant temperature.
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Fig. 2. Streamline of the inertial confinement target cap-
sule (a) and the streamlines of the fuel in the stagnation
phase (b) during simulation calculations. In panel (a), the
red lines represent the trajectory of the DT fuel, the blue
lines indicate the trajectory of SiO,, the green lines show
the trajectory of CH, and the black lines represent the fu-
sion rate curve. In panel (b), the red lines depict the tra-
jectory of the DT fuel, while the green curve represents the
trajectory of the shock wave.
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Fig. 3. The one-dimensional simulation provides the tem-
poral and spatial distributions of ion temperature (a), ion
density (b), and fusion reaction rate (c) in the hot spot of
the shock-compressed implosion.
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Fig. 4. Neutron yield from different grids.
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Fig. 8. Spatio-temporal distribution of ion temperature under different experimental conditions is shown as follows: (a) Radiation in-

tensity increased by 1.2 times; (b) shell thickness reduced to 16 pm; (c) fuel gas pressure decreased to 35 atm; (d) electron-ion

thermal conductivity reduced by 20%. In all figures, the red lines indicate the fusion rate curve of the hot spots.
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Fig. 9. The fusion rate curve (a) and the neutron imaging

intensity distribution (b) of simulated experiment.
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Fig. 10. Simulation experiment’s streamline diagram, red
lines represent the motion trajectory of DT fuel, blue lines
indicate the motion trajectory of SiO, and green lines de-

pict the motion trajectory of CH.
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Fig. 11. Comparison of the calculated fusion rate curve (a)
and the spatial distribution of neutron imaging (b) with the

diagnostic data from the simulation experiments.
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Fig. 12. Calculated spatio-temporal distribution of ion temperature (a) compared to that from the simulation experiments (b). The

red dashed line indicating the trajectory of the shock wave.
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Fig. 13. Comparison of the calculated ion temperature time curves with the simulation values for four spatial points at distances of

4 pm (a), 16 pm (b), 22 pm (c), and 31 pm (d) from the center of the hot spot at the stagnation moment. Tj is the ion temperature

of the grid, and z is the coordinate of the grid.
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A method of calculating spatiotemporal distribution of ion
temperature in hot spots of one-dimensional implosions
based on multi-diagnostic parameter analysis”

TANG QiY»f  LIU Pinyang!  SONG Zifeng! CHEN Bolun
LIU Zhongjie?  YANG Jiamin D?)?
1) (National key Laboratory of Plasma Physics, Research Center of Laser Fusion, China Academy of
Engineering Physics, Mianyang 621900, China)
2) (Key Laboratory of Nuclear Physics and Ion Beam Application of the Ministry of Education,
Institute of Modern Physics, Fudan University, Shanghai 200433, China)

( Received 5 January 2025; revised manuscript received 10 February 2025 )

Abstract

In inertial confinement fusion (ICF), the ion temperature of hot spots is a critical parameter determining
fusion gain, and its spatiotemporal distribution provides insights into energy deposition and dissipation
processes. However, directly diagnosing such a distribution remains challenging due to the extreme
spatiotemporal scales of hot spots (~100 ps, ~100 pm). To cope with this challenge, a computational method of
reconstructing the spatiotemporal ion temperature distribution in one-dimensional implosion hot spots through
multi-diagnostic parameter analysis is proposed in this work.

Taking shock-compressed implosions for example, the physical process is simulated via the one-dimensional
(1D) radiation-hydrodynamics code MultilD. The analysis shows two key mechanisms. One is that the
propagation of reflected shock waves governs the rapid temperature rise and spatiotemporal differences in peak
temperatures, and the other is that ion-ion conduction and ion-electron thermal conduction dominate the slow
temperature decline. These mechanisms are found to be universal under different initial conditions. Based on
these characteristics, a mathematical model with 10 parameters is developed to describe the spatiotemporal ion
temperature distribution. The relationships between this distribution and experimental diagnostic quantities,
including neutron yield, average ion temperature, time-dependent fusion reaction rate, and neutron imaging
profile, are rigorously derived.

Using computational cases as simulated experiments, key diagnostic parameters related to ion temperature
are generated as constraints. Genetic algorithm is employed to optimize the model parameters, and the resulting
ion temperature distributions show excellent agreement with simulation results in the fusion phase, thus
validating the effectiveness of the method.

This approach provides a way to reconstruct the ion temperature distribution in near-one-dimensional ICF
experiments by using traditional neutron diagnostics, thus bypassing the limitations of spatiotemporally
resolved measurement techniques. Although theoretically extensible to 2D/3D scenarios, challenges such as
increased model complexity and insufficient multidimensional diagnostic data must be addressed. This method

provides a valuable experimental way for understanding formation and evolution of hot spots, calibrating
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radiation-hydrodynamics codes, and optimizing implosion designs, which is of great significance for achieving

fusion ignition.
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