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R. O. Bungerter and D. J. Meeker
University of California, Lawrence Livermore Laboratory
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Abstract

In this paper we review the power, voltage, cnergy and other
requiroments of electron and ion beam fusion targets. We discuss
single shell, multiple shell and magnetically insulated target designs.
Questions of stability are also considered. In particular, we show

that ion heam targets are stabilized by an cnergy spread in the ion buan.

Introduction

In this paper we roview the status of charged particle fusion
target design at the time ol the lst International Conference on lLlectron
Beam Rescarch and Technology and describe some of the innovations and
pragress af the intervening two yecurs.

Tarpets having gain (thermonuclear yield/input cnergy) <1 are
interesting from a scientific point of view and considerable progress
has been made in the design of these targets. However, ultinutely tar-
sets having gain considerably greater than L are needed. In order to
limit the scope of this paper we discuss only targets having gain >1.
¥Research performed under the auspices of the U.S. Department of Energy

under contract No. WTU0S-ENG-48.



Electron Roam Targets

Two of the tuargets discussed at the last 4:on.-’1,-r-or1cel’2 are shomn
in¥ieg, 1 ard 2.

Tu onc—limensional computer simulations, the target in Fig. 1
achieves gain = 1 at a pesk inpub power of 360 'I‘H.3 b similar target
with 2 carbon ablator gives gain = 1 ab an input power of 225 TV .ll The
two-~snell design of Fig. 2 achieves pain =~ 1 at a peak input power of
250 T4,

Relatively little progress has been made in improving these electrons
driven targets during the last two years, Calcuiations ot Sandia

5

laboratories on time-varying voltagz pulses” have not been very
eneouraging.  Some calculations have been performed at Llvermore on
Largets simllar to that shown in Fip. 1 but having larppr yleld. In
rarcticular, the target shovn in Fim. 1 gives a yield of 282 1A with a DT
iuel mass of 880 pg. The required input power is 1200 TW. the
input enerpy is 6.6 MJ and the gain 1s 24,

Ton Eeam 'largels

Two years agn the ion beam targets shown in Tig. 3 and 4 were

r'cpor'tcr.i.l’z A newer target design is sﬁown in Fig. 5.6 The prinzipal
feature of this target is the high Z, high density tamper surrounding
rhe low 2, low density pusher. Low 7 materlals are more effective in
stoppins lons than hizh 7 imterials. This is illustrated in Fig. 6.
M enhanced dzposition in the low Z material creates a tamped explosion
that efTiciently drives the fuel inward. The characteristics of this
tarqet ere given ia Tadle I. The chief advontage ¢f this firpet is that
it #ives hich sain (~100) at relatively modest inoun powzr ard en=riy.
fieh Larget gain is expected to significantly reduce th.2 cost of an

Tronind confinzment fusion power nlant. The chizrf dicadnniasze of this
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taeoet is the reguirenens o rathor precise puloe shapins.

FMarmotically Insulated ebs
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For hiph fin tiwpets questions of fuel cleanliness, implosion
symnretiy, fluld instability and tarpget fabrleation must be addressed.

In gpite of thes= difficulties, the appeal of low power scurces

= glgnificant gain continues to be of intarest and we shoil

pradinet

ate this approach further.

Ton beam Target Stabilisy

T2 consequences of Raylelgh-Taylor instability were discussed at
the last conference. »2 The growth rate for this instability is given
by v =Vaka where o is the Atwood number, k is the wave number and a is
th acceleration perpandicular to the unstable interface. If the
unstable interface is replaced by a region in which the density varies
exponentially with scale length L = 1/8 one rust rmake the replacement
k- %EE 1 dnen B < k this effect becomes lmortant and reswlts in
considerable stabilization.  Beeause of multipl scabtoering and
brepooteahlung, 1 FeVoelechrons have a deposition profile that falls off
very mrwdually at the end of the vange.  Such i extended deposition
proUile results in minimel sensitivity to fiuid instabilities, but aluo
considerabie preheat and low thermonuclear gains. Jons, with o siup
cutoft at the end of their range, vesult in vore oficient, lower power
inplosions but preatly increased sensitivity to Fluid instablility.
Inwever, putting an enersy svread on the ion beam will spread out the
deposition at the end cf the range. By suitably 1:'noos'mg this spread
in anerpy and adjusting shell  thicimesses appropriately, one can otill
ashieve a rolatively efiiclent implosion but with rroatly reduced

nwoitivity to fluid inchability. Tigure 9 shows the plots ol dl/dz for

=n lon bearm with an avernse ersrpy of 10 BV unior viwelous conditicons.

Cwve A ls the dzposition profile for a2 monosnersetic beam focused

Curve B i L vrolile for n
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mopucieeretie boan bul asstnes a0 10 eV transverso vemperature ol the

sourse vhlch spreads the beom to 1.66 mn ¥0HI 16 a distance of 1 m from

source. flence, tho buam s no longer radially focused.  Curve C 1o

. ~

Live proTils for a beam

an averagse cuerpy ol 10 Y bub with »

ian soread in enerciecs of 17.6% FWME] and o 10 €V tronsverse

source. These sources are applied to the tarpet
chows T Pig, 100 The target consists of a ¢old nhell with a 2 ma inner
rizins and 1 g of solid UT in a 100 p thick inner layer. The pold
shell varies in thickness from 0.21 rm for the radial deposition A to
(.73 ma for the deposition C.

Fops doposition A the required power 1s 500 TW while for deposition
0t remmidred pewer increased to 700 Thd.

Tiwe highor vower fov case O ogcurs because the ppold shell l1s

thint- Lo acoomodate the crentor lon range and becanse the implesion

towilth the extended deponsition profile,

cof the donsity scale length T as 2

time for the thros depesition profiles.  Pletted Tor

reference 1s 1/K For the radial profile i,

ther seale length 15 much 1less than 1/k while for C, the scale length
caeneds LA

iclness alzo goes with a shallower

P"

o Lhat a pgreater sheli t
density sradient as shown in Pig, 12, Some of the dncrease 1s due to
the Met that the initial shell is thicker for casze .

7 reduetion in growth 25 cne joes from A tn ¢ is evident from
L ditoperson relaticns given in Flis. 130 The ouwrves are snalysic
poanlan nnd show An (n/nﬂ) = nydt as a functlon of . The quantities
oard nfee respectively the inltial and finnl porturbation amplitude.

N o v

G oare feom LASHEY caledabions. As a resilt of the wnodif
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denaity rradient, case C caslily swvives with 100 ?\ curface finich.

(r; conclusion, it should be possible to exploit deasity gradient
wxii{ication to reduce the sensitivity to fluid instability of charped
prarticle deiven micro-fusion irplosions.

For fon beams sources, the reduction is achiecved by introducin
o oonerssy spread on the driving source. This ray have important

consaguences for pulsed power technology.
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Fig. 6 - Deposition Profile or 6.5 MeV Protons Incident on ‘larget.
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Fig. 7 - Magnetically Insulated Targets
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Fig. $ - Various Methods of Obtaining Magnetic Fields
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Fig. 9 - Fnergy Deposition of 10 MeV Protgns in Gold at a Temperature
of 200 eV and Density of 5 gm/cm™.
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Fig. 10 - Target Used for lon Beam,
Density Gradient Stabilization Study.
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Fig. 11 - Density Scale Length as a
Function of Time for lon Beam Target.
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Time, ns Power, TW
0 1.6
10 1.6
14 16
7 240.0
20.5 240.0

Power varies linearly between values iisted.

Input energy MJ

Yield, MJ
Gain

1.28

113.0

8R.0

Table 1 - Properties of Ion Beam
larget with Low Density Pusher

trput power
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Table 2 - Sumary of Optimized lon Driven
Targets lmploying Magnetic Fields



