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for Laser Fusion and Laser-Plasma Experiment
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Target fabrication technique is a key issue of laser fusion. We present a comprehensive, up-to-data compila-
tion of laser fusion target fabrication and relating new materials. To achieve highly efficient laser implosion, organic
and inorganic highly spherical millimeter-sized capsules and cryogenic hydrogen layers inside should be uniform
in diameter and thickness within sub-micrometer 0 nanometer error. Porous structured targets and molecular
cluster targets are required for laser-plasma experiments and applications. Various technologies and new materi-
als concerning above purposes are summarized including fast-ignition targets, equation-of-state measurement tar-

gets, high energy ion generation targets, etc.
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Fig. 1 Low mode specifications for capsule out-of-round, in rms per
mode. The data is shown in reference 3.
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Fig. 3 Mono-dispersed sized emulsion generator (left), polystyrene
capsules from the emulsion (right above), and various cap-
sule size range (right below).
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Fig. 4 (a) A schematic view of an emulsion and the core W1 phase
ofthe emulsion centered by the deformation of emulsion due
to the sloshing. (b) Comparison of the centering process
of a compound emulsion with the Norimatsu model. The os-
cillation mode is sloshing mode. The vertical axis is the off-
set of the core in mm and the horizontal axis is the time in
second. In the set of photographs, the left and middle pho-
tographs show the first vertically lengthened phase and the
first compressed phase, respectively. The right photogra-
phy shows the final equilibrium position in the lengthened
phase. Time origins for experiment and simulation are ar-
bitrary.
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Fig. 5 Atthe early time of the emulsion curing process (C0 30 min),
the distillate ratio of 1,2-dichloroethane/benzene was higher
than that at the late time (above). This means the curing
was not governed by the boiling point (benzene 0 800, 1,2
-dichloroethane 00 83 0 ), butthe solubility inwater (benzene
0.2 g/100 g, 1,2-dichloroethane 1.0 g/100 g at 50 (0 ).
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Fig. 6 The PAMS capsule showed a surface roughness 0 30 nm
within the mode 70 20. The roughness mode number cor-
responds with theoretical modes of Marangoni convection
cells formed during the curing of emulsion.
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Fig. 7 Polyimide capsule was obtained using emulsion technique
via soluble precursor of poly(amic acid) capsule and chemi-
cal imidation process.
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Table 1 Specification of GDP capsule for high power laser implo-
sion experiments.

Laser system laser energy  capsulediameter capsule thickness

NIF (US) 18 MJ 2mm 200 pm
Omega(CRYO)(US) 40 kJ 900 um asthinaspossible
LIL* (France) 60 kJ 1mm

LMJ* (France) 18 MJ 24mm 175 um
Gekko XI1 (Japan) 25 kJ 500 pm*** 7 um**

* Ligne d'Integtation Laser
** Laser Mega Joule
** Polystyrene capsule has been used and GDP capsule is not used.
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Fig. 10 Layer formation by direct injection of the IR laser beam.
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cooled until solid starts forming. The temperature is then
held constant during the solidification. (Ref [48])
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meric acrylate with muti functional groups.



Journal of Plasma and Fusion Research Vol.80, No.7 July 2004

oboboboobobobobooobooobobOobO Le-
bedevOOOOOOOOOOOOOOOOOODOOOOOO
gooumiO0O O DZ)OODOOOOO0OO0OO0OO0OO0O0O0
MOO0000MFg. 120 ODO0O00O0OOOOOOOO
gboboobooobooboobobobobooooooon
goboooookwbbHDOOOOOOOOOOOOObOODbO
sooumO00000000D0O00ODOO0OOODOOOO
gboboooobobobosKObOieo2oKOOOOO
oboobooooboobobobooooon
0N oobooooooboog
gboobooboboooboooooobogoboboboo
gbb20KODOODOODOOOOOOOOobOOoDbOoD2s1x
10°¢mikg”l00010TOOOOOOODOOOOODOOO
oooboobobooooooobobooooboooboon
ooobo3smmiOoooboboboobooogoogn
gbobooooboobooboboboboobmmm
om ooooobo
gboboboboooobooboooboobobobooboo
gbobobooobooboobobobobooooooon
boboboooboobouoboobobobooooooo
OO000O00OOKozioziemski DO OOOOOOOOOO
obobooboodDOO0OOO0OO0OODbOObOOObOObOOn
MMomod 2mmd OO0 40umO000 00O D 1000 400
umd O HDOOOOOOOOONIFODOOOOOOOO
oboHbODOObOOoooooooobooboooooooon

i monitor

sample

Fig. 12 Cryogenic solid hydrogen layering module with a spiral
channel to fabricate self standing target. (Ref [50])

goobobobooooooooboooobobobo
gboboboboooooobooboobooboboobo
gboboboboooooobooboooobobobo
goobobobooooooooboooobobobo
gboboboboooooobooboboobommo

gbobooboooboobooboboboboooooog
gooboboboooooooobooooboobobo
gboobooboboooooooboobooooboboobo
goboboooooooboobobbbboboboooooo

OO

yogooaoooonbon
goobobboooboooobbbbboooooo
gbooboobobooooooooboooobobobo
gooboboboobooooooooooboobobo
0000MmoooOoOo0obDOo0oOoooOboOoOooOkevOO
gobooboooboommymmoobobooooo
0000000 FgRBOOOODOOOODOOOOODOO
gobooboobooboobobooboooooDoo
goobobobooooooooboooobobobo
gbobooboboooooobooboobooboboobo
gboobobommmoooooboooooboobobo
gooboboboobooooooooooboobobo
gbobobobooooooboobooooboboobo
gooboboboooooooooboooobobobo
gbobobobooooooboobobooboboobo
gboobobobooooooooboooobobobo
goobobobooooooooboooobobobo
gboboobobooooooon
gbobooboooboobooboboboboooooo
gooboboboobooooooooooboobobo
0000004 000000000000 O00D0O0OOO0
gooboboboooooooooboooobobobo
gbobobobooooooboobobooboboobo
gooooboobbooooooobobbbboooooobooo
OFigM4M000000C0O0OOOOO0ODOOODOOOO
gbobobooooobobommo
gboboboooboobobobommmoooog
0000000DpDooOooOooooOoooLupPbOOOOO

Fig. 13 (Right) The implosion target for efficient heating of the
highly compressed plasma. A gold cone is attached poly(d
8-styrene) capsule. (Left) An x-ray image of the implosion.
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Fig. 14 Structure of cryogenic foam target with gold cone guide.
Gaseous DT isfilled in to the target using gas feeder shown
in the figure.
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Al foil

Fig. 15 Schematic structure of single molecular membrane glue,
(left) ideal modified surface with isobutylsiloxy groups on
the aluminum surface and (right) possible mechanism of
the adhesion.
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Table 2 Fabrication of low-density foam.

method applicable materials structure size
Evaporation of polyurethane 010 um
volatile solvent polystyrene
Freeze-Dry PMP 010 um
Aerogel see Table 3 O um

Table 3 Starting materials to prepare foam via aerogel technique.

Starting material foamdensity ~ structuresize  foam shell ref

(mg/cm®)  (um) fabrication
Poly(4-methyl-1-pentene) 2.5001200 0.10 10 No 76,77
Multifunctional 5000 200 05 Yes 67 69
acrylate
Divinyl benzene 500 200 01 Yes 70
Resolcinol/Formaldeyhde 1000 100 0ol Yes 71
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Fig. 16 Scanning electron microscope image of poly(4-methyl-1-pentene) foam prepared from a) 1-butanol, b) 2-methyl-1-propanol, c) 2-

butanol, and d) 2-methyl-2-propanol.
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Fig. 17 Schematic view of coagulation process in terms of nuclear formation and lamellar growth. The lamella size would be determined by
the ratio of nuclear formation rate per lamella growth ratio, and be correlated with affinity between alkyl chain of alcohol and the side

chain of poly(4-methyl-1-pentene).
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Fig. 18 Pulse shape of high power laser (left) and the perturbation growth of the capsule surface and damage generation in the capsule during

laser irradiation.
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Fig. 21 Schematic diagram of magnetic suspension system for la-
ser fusion target "MINO-2", where a nickel coated polysty-
rene capsule was magnetically centered within 5 um ac-
curacy. (Reference 97)
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