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Progress of Laser-Driven Implosion
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"Implosion” of a spherical target is the key concept in inertial confinement fusion. The progress of implosion
researchisreviewed in this paper. Direct- and indirect-drive implosions have been intensively investigated for more
than 30 years. Numerous milestones, including the achievement of high-temperature, high density, central spark
structure, as well as heating of the compressed plasma by injected energy from an external source as the Fast Ig-
nition have been reached through these programs. Ignition and burn will be demonstrated in the near future.
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RELEL72DIHBE NI —HBED N IA N2 7
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Table 1 Progress of laser-driven fusion research.

Year Achievements + Country Institution®
Construction of lasers and high-temperature implosions
Construction of 10— 100 k] class laser systems for implosion study
1980 OMEGA (24beams, »: 5 k], 3w: 3 k]) USA Univ. Rochester
1983 GEKKO-XII (12 beams, w: 20 k], 2w: 15 k], 3w: 10 kJ) Japan Osaka Univ.
1985 NOVA (10 beams, w: 100 k], 3w: 50 kJ) USA LLNL
1986 Phebus (2 beams, : 20 k], 3w: 10 kJ]) France Limeil
1995 OMEGA-UG (60 beams, 3w: 40 k]J) USA Univ. Rochester
High-temperature, high-yield implosion experiments
1985 1012 neutrons, GEKKO-XII, 2w: 15 kJ Japan Osaka Univ.
1986 1013 neutrons, GEKKO-XII, 2w: 15 kJ, G=0.2%, 10 ke V Japan Osaka Univ.
1986 2% 1013 neutrons, NOVA, 30: 25 k] USA LLNL
(1995 104 neutrons, OMEGA-UG, 3w: 30 kJ, G=1.0% USA Univ. Rochester
Improvement of irradiation uniformity and high-density implosions
Technology development for improvement of irradiation uniformity
1984 RPP (Random phase plate) Japan Osaka Univ.
1987 ISI (Induced spatial incoherence) USA NRL
1989 SSD (Smoothing by spectral dispersion) USA Univ. Rochester
High-density implosion experiments
1987 —88 200 x liquid density (XLD), OMEGA, 3w: 3 k] (cryogenic DD) USA Univ. Rochester
1987 100 XLD, NOVA, 3w: 20 k] (gas DT) USA LLNL
1988—-90 600 XLD, GEKKO-XII, 2w: 10 k] (CDT plastic) Japan Osaka Univ.
Development of beam smoothing technology and HEP implosion experiments
1993 — GEKKO — XII, ASE (Amplified spontaneous emission) Japan Osaka Univ.
1994 NOVA, indirect drive USA LLNL
1995 — NIKE (KrF, nonuniformity=0.2%) , direct drive, planar target USA NRL
1995 — OMEGA-UG (60 beams, 2D-SSD, 3w: 40 kJ), direct drive USA Univ. Rochester
1995 — GEKKO-XII, PCL(paryially coherent light), direct drive Japan Osaka Univ.
Construction of ultra-intense lasers and fast ignition experiments
Construction of ultra short, ultra intense laser beams
—1996 1 PW laser, 1beam USA LLNL
- 1997 PWM laser (100 TW, 1beam) Japan Osaka Univ.
—2001 PW laser (1 PW, 1beam) Japan Osaka Univ.
2003 — LFEX laser (10 kJ/1—10 ps (1 — 10 PW), 4 beams phase-coupled) Japan Osaka Univ.
OMEGA — EP laser (5 kJ/10 ps)
Fast ignition integrated experiments
2000 Heating demonstrated, GEKKO-XII + 100TW laser Japan Osaka Univ.
2002 Heating up to 1 keV, GEKKO-XII + 1PW laser Japan Osaka Univ.
(2005) Heating of imploded cryo D2 fuel, GEKKO-XII + PW laser
Planned ignition/burning projects
(2010) NIF (192 beams, 3w:1.8 M]/500 TW), G=10 — 20, indirect drice USA LLNL
(2012) LM]J (240 beams, 3w:1.8 M]/500 TW), G=10 — 20, indirect drive France CEA
(2008) FIREX-1 (10 kJ implosion +10 k] heating), G=0.1, direct drive+fast ignition
(2013) FIREX-2 (50 k] implosion +50 kJ heating), G=1 — 10, direct drive+fast ignition Japan Osaka Univ.

( ):planned +G:target gain=fusion output/laser energy
*LLNL: Lawrence Livermore National Laboratory, NRL: Naval Research Laboratory,
Limeil: Centre d'Etudes de Limeil — Valenton, CEA: Commissariat 2 L' Energie Atomique
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Time Time

(C)] (b)

Fig. 1 Flow diagram of imploded core plasma. (a) Stagnation

-free implosion. (b) Heavily stagnated implosion.
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Main fuel

(a)

Fig.2 Schematic structure of core plasmas. (a) Central spark/
main fuel structure. (b) Heavily mixed core plasma.
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Fig.4 Structure of core plasmas. (a) Central spark and main
fuel (isobaric model). (b) Fast ignition (isochoric model).
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