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Efficient Fast-Heating of Fusion Fuel with Ultr a-Intense Short-Pulse Lasers
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Institute of Laser Engineering, Osaka University, 2-6 Yamada-oka, Suita, Osaka 565-0871

(Received February 2, 2004)

The first demonstration of fast heating of highly imploded fusion plasmas has been made by using a novel
target geometry (cone shell target) with an ultra-intense short pulse laser. Significant enhancement of thermal
neutron yield has been realized with sub-ps PW laser heating, confirming that the high heating efficiency is
maintained as the short-pulse laser power is substantially increased to near equivalent power to the ignition
condition. The efficient heating could be caused by the efficient guiding of heating pulse with the hollow cone
and self-organized relativistic electron transport (conductivity channel) from the recent basic experimental
results. According to all the results, we are now developing a 10 kJ-PW laser system to study the ignition-
equivalent temperature heating physics. The development of such high energy PW lasers will also promote
new scientific applications such as high energy-density physics.
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Fig. 1 Fast ignition concept consisting of implosion, heat-

ing and ignition-burning of the fusion fuel, whichis
resembl e to the petrol engine with a spark plug.

314

KILMBATELHETH S, Fig.2(a)ld 20 E WHE
WL LWRITHRED 7 — 7y N THh A, BEE5003
70y DEREBET I AF v 7EIRY 2V (CDY = V)
WEB(Zo%E, @Ml ofEa—r &AL &
I— Y OEHIICDY = VLA 5503 7 u YREEIE AN
EICEESN, 573 70 VEOSHEEYH LTV,
WG T 7 A OBENRKICR Y, MELH O 56
L—H =W s T, 33— rONFITEZEN R
NCTwas, ZHEIREORERWE(ZZTEE) 2 a—>
OMFHIMESH Z & T, BIELTRRTSETHL—ED
KIS 0257200 TH A . FEERTIZCD ¥ = VIR DI
L—%—nHEL, EAEEBEEDSO-1000EBEORTRE T T
A% 3=V DRIRICREINES Z LD TE /2. Fig. 2(b)
33— IR S N REE T 7 A3 h 5 DX
BaRnT. BT 7 AP ER SNz EmIC05s~1E 3
DREREL —F — 2 &8I — > ONEIENLTRE T 2
LT T I AR L (BB 5 2 ki
I L7z, Fig 3l3MBD Y 4 I v F 2o 4 I v 7
5100-150 psiEERESE 72 L DX T L — I v L TH
5. —HBIC X 2O XHEIAEH S, ok, I
BL—H— L)V FBOBHRT 7 X~ shTnsb 2
& TR RO XHRGESEATEE S L7z, AhERE N L B
A DURTHRAET 5 BT OB THL Il R o 7z,
Fig. 41384 77 A~ %0.5-1% 7 v FOBERE L —
PF—TMBA L7 EDOBPUFOWMMERLZLDOTH
5. 0587y FOINEL —H—T, 4005ERED T
A= 5100075 BE IS INEL T X BERVE UG % 3HTREEE R &
FDHIENTERY, THIMRL —F =25 a7 7
T AIND LA F —fEERIERDN5-30 BIRETH B 2 &

Fig. 2 (a) Cone attached plastic shell target and (b) x-ray
image of theimploded core of the cone shell target.
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Fig. 3 X-ray framing image of the core plasmas heated by
100 TW laser light at 150 ps after the maximum com-
pression.
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Fig. 4 Thermal neutron yield as a function of the heated
laser power. The solid lines show simple calcula-
tions of the coupling from laser to the core plasmas.
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Fig. 5 Energetic electron heating at the rear surface of the
Al plane targets for (a) the cone geometry and (b)
the open geometry.
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Fig. 6 Energetic eectron and proton distributionsin the cone
geometry.
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Fig. 7 Relative temperature of the energetic electron heat-
ing plasmas and filament numbersin the heated area
as afunction of the heating laser power in 200 um Al
plane targets.
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Fig. 8 Relative balance between the thermal pressure and
magnetic pincing forces as a function of self-heated
plasma temperatures. The gray dotted line corre-
sponds to the balance with the magnetic field due to
the energetic electrons (without areturn current) and
the black lines the balnce with the conductivity-cur-
rent gradient. r in the figure is aradius of the elec-
tron stream and a half width of the half maximum
for a Gaussian profile.
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Table 1 Energy conversion from laser light to particlesand
electromagnetic wave in different laser power or
intensity regimes.
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