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1 Introduction

Detonation is originally a term in the field of chemical combustion [1]. However, two other types of
detonation are now known: laser-driven (LD) detonation [2] and nuclear-combustion-driven (NCD)
detonation [3, 4]. The common feature of detonation is that a shock wave and a fluid-heating zone
propagate together interactively. A detonation speed is given by the Chapman-Jouguet condition as

Dy, :\/2(7CJ2 _1)(qreact +qext) 1)

where 7, ¢.....» 9. are the specific-heat ratio at the rear surface, the heat of reaction per unit mass,

and the added heat from external energy source per unit mass respectively. In chemical-combustion-
driven (CCD) and NCD detonations, ¢, >0, g.,, =0. However, ¢, <0, g, >0 in LD detonations.

Although CCD detonations have been studied extensively, details of LD and NCD detonations
have hardly been known. They are different from CCD detonations in the way that they contain hot
plasma. Because energetic particles with long mean free path are produced in the plasma, the
characteristics of LD and NCD detonations can be governed by their transport. Hence, studies of LD
detonations by laboratory experiments can contribute to the field of inertial confinement fusion [3]
and/or supernova explosion [4], which are relevant to NCD detonations.

Figure 1 shows an LD detonation. Laser starts to be absorbed in leading-shock-produced plasma
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and critical electron density for the laser respectively, ~ Figure 1. Schematic of laser-driven detonation.
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the laser heating becomes more remarkable nonlinearly as the ionization proceeds. This is a simplified
description of an LD detonation. In this paper, we present experimental results on quasi-planar LD
detonations where self-emission and Schlieren images of the detonations were observed edge-on.

2 Experimental arrangement

Experiments were carried out using GEKKO XII-HIPER laser system [5] at ILE, Osaka University.
Figure 2 shows the experimental arrangement. A planar aluminum target was irradiated by laser in
nitrogen gas at room temperature for creating a seed plasma for LD-detonation initiation. The pulse
shape of the drive laser is shown in Fig. 2. The spot diameter of the laser irradiation dy,, was 1.3-2.5
mm. The energy flux of the drive laser S; was 0.1-2.3x10"° W/cm®. For diagnostics, self-emission and
Schlieren images were observed by a streak camera (SC) and a gate camera (GC) respectively. The
lens L1 was the objective lens, which was an achromatic lens of 500 mm in focal length and 25 mm in
effective diameter. The center axis of the drive laser was observed by the SC. By dividing the optical
path to the GC into two and making their path lengths different, two gated images at different times
were simultaneously observed. The exposure duration of the GC was 200 ps.

3 Results and discussions

Typical data are shown in Figs. 3-5, where p; is the initial gas pressure. A streaked self-emission
image shows that a hot region propagated from left to right with an almost constant speed. The origin
of the coordinate y corresponds to the height of the center axis of the drive laser, and that of x
corresponds to the initial target position at y=0. The timings of the gated images are shown in the
corresponding streaked image. Because the detonations propagated in gas, the peripheral borders of
the fronts were affected by rarefaction waves, and the shape of the shock waves became a truncated
cone. However, the central portions of the fronts were fairly planar.
The Schlieren images were created by
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gradient of mass density dp/ox but also to Probe Laser E) N
. - S, 0.5
that of free-electron density on, /Ox . In the (4=053pm) 5
optical arrangement shown in Fig. 2, the ) 0 bt :
. . Experimental Chamber
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on,/ox <0 . Therefore, a truncated-cone-

shaped shock wave propagating from left to ;
right makes a trapezoidal dark Schlieren |
image. As another feature of the presented
Schlieren images, it should be noted that the
region ahead of the leading shock wave was
bright. This suggests that free electrons
existed ahead of the leading shock wave
and 0On,/0x <0 . These free electrons must
be produced by bound-free absorption of
energetic photons produced in the laser-
heated hot plasma.
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Figure 6 shows the exposure profiles of
the self-emission and Schlieren images. The
error bars on the shock-front locations
correspond to the accuracy of the timing
correlation between the SC and GC. It
should be noted that the self emission
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Figure 2. Experimental arrangement.
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Figure 3. Observed images in a p;=10 atm case.

(a): self-emission image, (b) (c): Schlieren images
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Figure 4. Observed images in a p;=1.0 atm case.

(a): self-emission image, (b) (c): Schlieren images
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Figure 5. Observed images in a p;=0.1 atm case.
(a): self-emission image, (b) (c): Schlieren images
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started earlier than the shock heating. The
energetic photons contribute to the heating of the
gas ahead of the leading shock wave not only by
deposition of their own energy but also by
boosting laser absorption. That is, the energetic
photons create free electrons, and such free
electrons induce laser absorption by inverse
bremsstrahlung.

Figure 7 shows detonation speed D obtained
from the SC images. Assuming 100% laser
absorption, ge«= St/(p1Dc;) where p; is the initial
mass density of the gas. Further, assuming

Greact| € o » the following scaling law can be
obtained from eq. (1).

«<(S./p)" 3)

The data were well described by eq. (3) although
they were lower than the calculated D, .

All data shown above are of 10 or 11-beam-
irradiation cases. On the other hand, in one-beam-
irradiation cases, the irradiation uniformity was
poor, and corrugated detonations were created.
Figure 8 shows such a corrugated front. The
propagation distances until # and #: Ax(#;) and
Ax(t,), at A-G in Fig. 8 are shown in Table 1.
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Figure 6. Exposure profiles of self-emission
and Schlieren images. (a) p;=10 atm,
(b) p1=1.0 atm, (c) p;=0.1 atm.
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ratio was almost constant  Figure 7. Detonation-propagation speed.
experimentally. The calculated

value from the pulse shape in Fig. 2 was 1.67, and
agreed well with the experimental results. This means
that the corrugated front shown in Fig. 8§ was not
unstable. This may be due to significant transport
effects of energetic photons produced in hot plasma.

4 Conclusions

Quasi-planar laser-driven detonations were generated.
It was found that the significant heating of the gas
started prior to the shock heating. In nonuniform-
irradiation cases, corrugated detonation fronts were
created, but they were not unstable.
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