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Abstract

A radically new ICF target design is described that is designed to achieve ultra-high deuterium densities
in implosions. This target is based on emerging technology for creating deuterium clusters with densities
approaching 102¢/cm? at room temperature in a Pd structure. Our initial studies of such clusters have
relied on stress formation of dislocation sites in Pd thin films to the number of cluster sites per unit
volume remains low. Here a new method employing nano-structuring of the Pd significantly increases
the site density over the target volume. This in turn suggests that a sizable region of the compressed
target deuterium can reach densities an order of magnitude higher than possible with prior target

designs. This can significantly increase the fusion reaction burn density, hence the target burn-up

efficiency.
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A volumerically-loaded wltra-high-density deuterivm
cluster material is described here for use as a deuteron
beam source in laser maner interactions. Due o high
valumerric loading, the material has potential to provide
enongh deuteron beam fTux for the inertial confinement
Susion (ICF) fuel ignition, avoiding depletion problem
encatniered by current proton-dreiven fast ignition (FI). In
addition, accelerated dewterons can fuse with the ICF fuel
fhath D and T) to provide extra “bonus* energy pain,
which further relaves the laserdriver energy needed
Prefliminary TRIDENT sul-Petawan Laser experimerts
have provided some encouraging results showing thar our
cluster foils with a relative low packing fraction, can
achieve a high vield of the accelerated deuterons even in
the presence of an unwanted surface contaminari.

LINTRODUCTION

To date, Fast Ignition approach (FI)' is being pursued
as a way of reducing the laser energy required to ignite
the inertial confinement fusion (ICF) fuel capsule, thereby
achieving higher gain with less energy. In Fl, the main
fusion fuel target is first compressed with minimum
heating, and then a separate short-pulse high-intensity
laser (“Petawatt Laser”) is fired onto the pre-compressed
target, generating an intense particle beam (originally
electrons) which is directed towards the fuel, creating a
small “hot spot” in the center of the fuel. A relativistic
glectron beam though will have problems achieving
localized energy deposition and focusing. Proton Fast
lgnition' turns these problems into advantages with
strongly localized energy deposition and hetter focusing
through the use of ballistic uapctonem but proton
sources suffer from beam fluxes that may be two orders of
magnitude below what is required for FI due to
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insufficient h}-dmgﬁﬂ in the contamination coating on the
accelerating foil”

Deuterons as well have previously been considered as
an ignition source, but their achievable initial energy was
considered to be too high (7 ~ § MeV) to form a desived
hot spot.* However, some recent laser beam acceleration
experiments on protons’ suggest that the laser and target
parameters can be adjusted to achieve ion beams within
the desired range of initial energies and spectra with low
AEE for maximum use of the beam. This opens the door
agam to the consideration of deuteron Fl1. And, as already
mted, deuterons can fuse with the target fuel (both D and
T) as they slow down in the target, providing a “bonus”
energy gain. Depending on the target plasma conditions,
this added fusion gain can be a considerable contribution.”
A key issue then is the development of a laser-ion
acceleration foil that can serve as a high yield deuteron
source,
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Fig. 1. Proton-driven fast-ignition concept.”

By analogy with the proton acceleration mechanism,
the so-named Target Normal Sheath Acceleration
(TNSA)' with the laser-ion acceleration foil scheme
illustrated in Fig. 1, a thin layver of deuterated coating
might be used to generate a deuteron beam. Howewver, that
approach would face the same flux depletion problems
encountered in proton beam work to date. An alternative
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FIG. 1. (Color onlnel (a) Frown-driven fag dgrition concept; proton cre-
ated by the lager converter fodl inemetion continue in the conical insert 1o
ht the cenier core of the fuel (Refs 2 and 6). (b) Hohlraum-based proton
FI concept for heavy bon beam driven fusion. Here the conwener foll for
the FI proton don beam enters on the skde of the hohlmum while the
mamn heawy lon conpression beams hit dhe tamper-converters on the ends
(Refa, 5 and &)

plasma.m Far this reason, we focus on the enclosed converter
foil approach here.

Creation of the deuteron ion beam can be done with a
Petawatt laser hitting a converter foil much as employed for
the proton concept shown o Figo 1. Protons are tvpically
obmined from a hydrogenous coating on the converter foil
surface. Likewise, a deuterated coating could be used for
denteron beam generation. However, there appears to be a
new option for the construction of the converter foil that
could poentaly improve the converter foil performance
with a more volumetric-like loading of the hydrogen. or in
the present case, deuterium. ™" This approach is based on
recent experiments showing the existence of ultra high den-
sity deuteriim “clusters” (D-cluster) n metal defects using
emperatire programmed desorption B:hnjque.r‘ % In re
lated but somewhat different conditions, Badiei er af. found
ulradense deuterium (or wverted Rydberg matter ) at the sur-
face of iron oxide.”” These various experimental results sug-
gest that deuterium can form condensed states in the material
defects with densities as high as 10°% am®. Now, further
studies are needed to increase the packing faction [ie., num-
ber per cubic centimeters icm®)] of clusters in the host ma
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terial and thereby secure sutficient deuteron flux n FIL If the
packing fraction can be increased by an order of magnitude
more compared o the present results, the D-cluster materials
could potentially be the basis for an mmproved converter foil
design to achieve a deuteron fast igniter for ICF targets. Al-
though the energy of the deuterons created in the Petawatt
laser interaction needs considerable theorefical study and ul-
timately experiment demonstration, this potential, combined
with the realization that the desired deuteron energies are
prediced for proton experiments, encouraged us (oore-
evaluate deuteron FL In the present page, we focus an evalo-
ation of the added energy released as the energetic deuterons
interact with the target fuoel jons This added energy gain,
although is an imporant featire, has not previously bheen
evaluated. Thus, in this article, we use a modified energy
multiplication factor F, to quantity the bonus energy in terms
of the added “hot spot™ heating by beam-target fusion
reaction.'® The deuteron beam energy deposition range and
time are also callated to estimate the deswed deuteron ini-
tial energy.

Il. CALCULATION METHODS FOR THE MODIFIED
EMERGY MULTIPLICATION FACTOR F_
AND THE TOTAL DEPOSITION ENERGY Eiop

Earlier, Bathke and Miley e¢ al'® caleulated the fusion
power generated by non-Maxwellian beam ions injected into
various magnetically confined fusion fuel sysems. Here we
extend this technigue © estimate the added fusion reactions
obtained from injection of energefic deuterons info a come
pressed denterium-tritiom (DT) ICF target. The ratio be-
tween the fusion energy £y produced and UPE ion energy in-
put £ o the plasma is termed the F value:

E‘. v v -
| E,,i (EVdE
A .
E;

(1)

Here £, and £, are, respectively, the average initial energy
and the asymptotic (thermalized) energy of the injected

single ion, 22849
; _ . d
S(E)=2 n[{m{-&)}b]ﬁ(.&ﬂm( E) (2)
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where m, is the mass of eleciron and sy is the mass of the
injected ion, both of which are in atomic mass unit (amu).
[erv)y, is the fusion reactivity for the njected ion § of species
£ having atomic fraction s in the target, (Ey 1s the corre-
sponding energy released per fusion, and T, is the target
electron temperature.” When substitting Eq. (3) 1o Eq. (1),
we can see that the ny n Eq. (3) cancels that in Eq. (1), and
F is nearly independent of the target density (p). However,
In A, the Coulomb logari thm, also enters throogh the T, and
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(57) ABSTRACT

A method is provided for producing neutrons, comprising:
providing a converter foil comprising deuterium clusters;
focusing a laser on the foil with power and energy sufficient to
cause deuteron ions to separate from the foil; and striking a
surface of a target with the deuteron ions from the converter
foil with energy sufficient to cause neutron production by a
reaction selected from the group consisting of D-D fusion,
D-T fusion, D-metal nuclear spallation, and p-metal. A fur-
ther method is provided for assembling a plurality of target
assemblies for a target injector to be used in the previously
mentioned manner. A further method is provided for produc-
ing neutrons, comprising: splitting a laser beam into a first
beam and a second beam; striking a first surface of a target
with the first beam, and an opposite second surface of the
target with the second beam with energy sufficient to cause
neutron production.

35 Claims, 8 Drawing Sheets
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