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Recent research works toward the goal of laser fusion
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& Ignition

Scaling law of minimum fast-heating energy for ignition
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S. Atzeni, Phys. Plasma, Vol. 6, p. 3316 (1999)
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RTI suppression
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J. Nuckolls et al., Nature (1972) National Ignition Facility (NIF)
= One kJ of laser energy may be sufficient to 192 beams 1.8 MJ

generate an equal thermonuclear energy =

Laser Compression of Matter to Super-High
Densities: Thermonuclear (CTR)
Applications

JOHN NUCKOLLS, LOWELL WOOD,
ALBERT THIESSEN & GEORGE ZIMMERMAN

University of California Lawrence Livermore Laboratory

[_" The electrons in white dwarf cores are Fermi-degenerate, so
| Hydrogen may be compressed to more the pressure is a minimum determined by the quantum mechan-
| than 10,000 times ]jqujd densi“.- by an ical uncertainty and exclusion principles”. The _p:essure of
implosion system energized bY a hlgh dense hydrogen with Fermi-degenerate electrons is'
encrgy laser. This scheme makes pos- 3 3 2 RTNE It SRTNG
sible efficient thermonuclear burn of PewZne [ i (_ ) AN ( ) i :I
simall pellets of heavy hydrogen isotopes, 4 b A
and makes feasible fusion power reac- Ko wan
tors using practical lasers. where n,is the electron density; g = E*_ (: ue)' is the Fermi
m n

energy; & Tis the thermal energy; F is Planck's constant, and m
is the clectron mass. At 10* times liquid density (n.=5x 10*%),
the minimum hydrogen pressure occurs when k T<Zg,, and is

THERMONUCLEAR burning occurs extraterrestrially in stars and
rrecteially in nie
A A ~10'? atmospheres.

lear explosions'.  The specific thermonuclear
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RTI suppression
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RTI suppression
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Si activation data |[winrer  worPP  Targetdia
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: 0 ~1000 pm

no suffix: Si activation
K: konck-on
2: secondary reaction

600 XLD compression had been

by | PR demonstrated using ultra-smooth plastic
: ] shell in the 1990’s.

8 ' 1 M H. Azechi et al., Laser Part. Beam 1991.
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RTI suppression
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*S. Fujioka et al., to be published Phys. Plasma & Phys. Rev. Lett
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RTI suppression
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Density contour image of 2D sim.

Perturbation wavelength: 20 ym
Laser intensity: 10" w/em?
19ns

Growth Rate of RT inst.
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RTI suppression
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Efficient heating with cone-shell target
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R. Kodama et al., Nature

Photograph of cone-shell

heating

1 beam /

1.053 um/ CD shell
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Efficient heating with cone-shell target
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X-ray framing images clearly shows the enforced heating of the core
plasma.Enhancement of of the thermal neutrons was proved only when the
heating pulse was injected at the maximum compression.

(a)

(b)
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Efficient heating with cone-shell target
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Heating was realized in the time duration of less than 100ps at near the
maximum compression.
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Efficient heating with cone-shell target
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Efficient heating with cone-shell target
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Enforced heating is realized at a heating power equivalent to the ignition
condition on the current.
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Cone-shell implosion on OMEGA
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OMEGA Laser Facility
University of Rochester

60 beams
30 kJ in 3w (0.35 um)
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C. Stockel (LLE, UR)
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Cone-shell implosion on OMEGA
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Time-sequence images of backlit core plasm 35 beams 12 kJ on target
q ) bl UCIEN 15 beams 6 kJ on backliahter (V)
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Cone-shell implosion on OMEGA
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Photograph of cone-shell

X-ray emission

from core and cone tip

Core plasma Tip of Au-cone
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Cone-shell implosion on OMEGA
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Cone-shell implosion on OMEGA
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FIREX project
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FIREX: Fast Ignition Realization EXperiment
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FIREX project
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FIREX project
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FIREX project
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0.5MeV Maxwellain Beam ( 7 = 1.6E20W/cm?, t = 10ps, r, = 20um, E, =67kJ)
Ops 10
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Density (range: 0 — 900 g/cc)

D ) i

Ion temp. (range: 0.1 — 200keV in lpg-scal¢)

2.0MeV Maxwellain Beam ( 7 = 6.0E20W/cm?, t = 10ps, r, = 15um, E, = 140kJ)
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Impact fusion scheme

ERREIRNF-—BRRELTEHLT,
BEE TS XY DEMERZ M TTHE

@

S. Fujioka
(ILE. Osaka)

M. Murakami et al., submitted to PRL
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Impact fusion scheme
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Impact fusion scheme
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