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Fig. 1. The schematic view of indirect driving shock wave

experiments via lasers.
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Fig. 2. Radiation distribution in the surface of the sample for hohlraum with different lengths.
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Fig. 3. Radiation wave at different pulse duration of laser:
(a) 3 ns; (b) 2 ns.
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Fig. 4. (a) Radiation wave; (b) loading shock wave at different

pulse duration of laser.
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Abstract

High intensity laser is an efficient method for shock generator to study the dynamic fragmentation of
materials, in which the direct drive is widely utilized. The continuum phase plate is used for smoothing the focal
spot of the laser, but the loading region is usually smaller than the designed value. In this work, we study an
experimental technique for investigating the dynamic fragmentation of metal via indirectly driving a high-
intensity laser. Firstly, the radiation distributions on the sample for four different hohlraums each with a
diameter of 2 mm but different length are simulated via the IRAD software, in which the proper hohlraum with
a diameter of 2 mm and a height of 2 mm is selected for the experiments. Secondly, the peak temperatures and
radiation waves under different laser energy and pulse durations are measured. The peak temperature decreases
simultaneously as the laser energy decreases. In addition, the loading shock waves under a peak temperature of
140 eV and different radiation waves are estimated via the hydrodynamic simulation. It is revealed that a peak
pressure of several tens of gigapascals is acquired and the peak pressure is greatly increased when the 10 pm CH
layer is placed on the sample. In the end, the dynamic fragmentation process via indirect drive is investigated
by using the high energy X-ray radiography and photonic Doppler velocimetry. The radiograph is a snapshot at
600 ns and shows a typical result of the spall process. The first layer is measured to be 0.06 mm thick and 0.3
mm away from the unperturbed free surface. It is also exhibited that the hohlraum is expanded to a large
extent but is not broken up. The jump-up velocity and time of spall are measured to be 0.65 km/s and 131 ns,
respectively. The average velocity of the first layer is estimated to be (0.63 + 0.1) km/s, obtained via the
distance of 0.3 mm divided by the time difference of 469 ns (600 ns minus 131 ns). The one-dimensional loading
region is 2 mm, and the flatness is better than 5 %. This work provides a reference for designing new hohlraum,

shock wave loading technique and dynamic fragmentation process.

Keywords: indirect drive, dynamic fragmentation, high energy X-ray radiography
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