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Abstract 

In this paper we review the power, voltage, energy and other 

requirements 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 beam targets are stabilized by an energy spread in the ion beam. 

Introduction 

In this paper we review the status of charged particle fusion 

target design at the time of the 1st International Conference on I.lectron 

Beam Research and Technology and describe some of the innovations and 

progress of the interveiun." two yours. 

Targets having gain (thermonuclear yield/input energy) <1 are 

interesting from a scientific point of view and considerable progress 

lias been made in the design of these targets. However, ultimately tar­

gets having gain considerably greater than 1 are needed. In order to 

limit the scope of this paper we discuss only targets having gain >!• 

*Her,earch performed under the auspices of the U.S. Department of Energy 

under contract Mo. W7,J05-ENG-18. 



Electron Beam Targets 
1 2 ri\vo of the targets discussed at the last conference ' are shown 

in Vi.fr. 1 and 2. 
In one—dimensional computer simulations, the target in Fig. 1 

achieves gain K l a t a peak input power of 360 TO.J A. similar target 
/I with a carbon ablator gives gain = 1 at an input power of 225 TW. The 

two-shell design of Fig. 2 achieves gain s 1 at a peak input power of 
250 TO. 

Relatively little progress has been made in improving these electrons 
driven targets during the last two years. Calculations at Sandia 
laboratories on time-varying voltage pulses have not been very 
encouraging. Some calculations have been performed at Livermore on 
targets similar to that shown in Fig. 1 but having larger yield. In 
particular, the target shown in Fig. 1 gives a yield of 2'!2 MJ with a UT 
fuel mass of 880 pg. The required input power is 1200 TW. The; 

input energy is fi.6 MJ and the gain is 2'l. 

Ion Feam Vargel.s 
Two years ago the ion beam targets shown in Fig. 3 and h were 

1 •? (, 

reported. '" A newer target design is shown in Fig. b- The principal 
feature of this target is the high Z, high density tamper surrounding 
r.he low ?., low density pusher. Low Z iraterials are more effective in 
stopping ions than high Z materials. This is illustrated in Fig. 6. 
The enhanced deposition in the low Z material creates a tarnped explosion 
that efficiently drives the fuel inward. The characteristics of this 
target arc given in Table I. The chief advantage cf this target is that 
jt i-jivw. high gain (~100) at relatively modest input power and ener-^y. 
High target gain is expected to significantly reduce thj cost of an 
•in-'-'viI confinatn^nt fusion power plant. The chief nir/id-.'a.ntage r>f this: 
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l/ii':',i't. is trio roquiiv-'.en'; cfrather precise pulse shaping. 

Magnetically Insulated Targets 

An approach to target design that has b"en extensively studied 

sir.-:'.: tho 19"'j Conference is the addition of a tragnetlc field to the 

I'Hi/i region. This is illustrated in Fig. '(. 'fhe purpose of the 

if.'if-/'-.-" '-•• f Jcld is two-fold. IT the fuel is at a sufficiently low 

d':n;:'."::•', the magnetic field can inhibit thermal conduction from the D? 

to 'I:-'- surrour.cii.ng pusher veil, 'fills allows one to use preheat in the 

DT and then do a nearly adiabatic compression of the fuel to reach 

hTi.it.ion conditions. A second advantage occurs at maximum compression. 

I:' I.lie initial mimetic field is sufficiently largo, the resulting 

compressed field can trap the alpha particles produced by the DT fusion 

reactions thereby heating the buniiig plas.v.u oven further. The net 

n;:;'ii:. Is a target design that should allow one to reduce the input 

t-'<iu!,,f:nent of the driving source. 

V.-'Si'.'lt:; or one class of these targets dcsi.'jied for 10 MeV protons 

is shown in 'fable II. Tney are characterized by relatively low input 

powers and, for' the larger si>:esj no pulse shaping requirement. Thus 

the advantage of low power appears to be possible. 

Tr.'-ro are disadvantages, however. The magnitude of magnetic 

field required is quite large if thermal co-.duction is to be limited. 

Govern "I i'lethods of producing this field are shown in Fig. 8 but all 

fall short of producing the large fields needed by these targets. 

Furthermore, even with r=gnetie fields the fuel density must be 

I'.w to maintain a large UT. This lev; fuel density Torces one to 

«••••:•.•:.'. lev; gain or to face the difficulty of fabrieating and propagating 

th'.- burr. Into a o'or.se fuel layer surrounding the low density core. 
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For- hiyh (5iin targets questions of fuel cleanliness, implosion 
symmetry, fluid instability and target fabrication must be addressed. 

In spite of these difficulties, the appeal of low power sources 
prudiicirv- significant <;ain continues to be of interest and we shrill 
investigate this approach further. 

lor. Beam Target Stability 
The consequences of Rayleigh-Taylor instability were discussed at 

1 2 the last conference. ' The growth rate for this instability is given 
by y ="Vaka where a is the Atwood number, k is the wave number and a is 
the acceleration perpendicular to the unstable interface. If the 
unstable interface is replaced by a region in which the density varies 
exponentially with scale len^h L = 1/8 one must rate the replacement 

]/R 7 

V. -• rv,-; - When B $ k this effect becomes important and results in 
considerable stabilization. Because of multipV • scattering and 
hrvTisstrahlunfi;, 1 F-'eV electrons have a deposition profile that falls off 
very rj'adually at the end of the range. Such an extended deposition 
profile? results in minimal sensitivity to fluid 'instabilities, but alr.o 
considerable preheat and low thermonuclear gains. Ions, with a sharp 
cutoff at the end of their ran,™, result in rare efficient, lower power 
implosions but pj-eatly increased sensitivity to fluid instability. 
However, putting an enerry spread on the ion beam will spread out the 
deputation at the end cf the range. By suitably choosing this spread 
in onorpy and adjusting shell thicknesses appropriately, one can still 
achieve a relatively efficient inplosion but with ;~'eatly reduced 
:\ insltivity to fluid instability, l'igure 9 shows 'he plots of ti'.'/d/. for 
an ion li-.'3in with an average energy of 10 MeV under virions conditions. 
Cui-ve A is the deposition profile for a irionoenerrtetic beam focused 
r-)!;:illy onto a np't erlrial t:\r~et. Curve B is the profile for a 
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!::oriL>o.!v,.vr.jti<:: bea::i but .'i;.;.;iu?.c.; a .10 eV trajisver-se temperature a t the 

.-.our.1" which spreads the bean to 1.66 mm Kv'HM at a d i s tance of 1 I;I from 

!.!•'.• s -uree. Hence, the b'.::m LG no ioniser r a d i a l l y focused. Curve C i s 

• Ln • pr-.-.Til-.: for a beaut v;ith an average euerFy of 10 i-teV but with r> 

euusslan snroad in energies o.f 17.67, FWI1M and a 10 eV t ransverse 
* 

ivrsm-'-r: v.;ro a t the source. These sources a r e applied t o the t a rge t 

::!:c/.-.-. \ri Pig. 10. The t a rge t cons i s t s of a pyld she l l with a 2 mm Inner 

radius and 1 Kg of so l id OT in a 100 u th ick inner l ayer . The ppld 

she l l va r ies in thickness from 0.21 nm for the r a d i a l depos i t ion A to 

f/.?'•; rtv.i for the deposi t ion C. 

Fry- deposi t ion A the required power i s 500 TW while for deposi t ion 

'.:, th'.- required power .increased to 700 TW. 

T:»- It'.fjier power for case C occurs because the yold she l l la 

[.hi':'-:--— t.o a.j-:-.)n,.odate the f?'eatc-r ion range and because the implosion 

:..; s->•-.-.-what l o s s e f f i c i en t wit!-, the extended deposi t ion p r o f i l e . 

r; . .-v.'ri in i-'ir.. 11 i s a p lo t of the densi ty scale length I, as n 

fun.-'.ion of tbffi for the th.--.-e deposi t ion p r o f i l e s . Plot ted for 

r--Terence i s 1/k versus tlm for 9, •-• 100. For the r a d i a l p r o f i l e A, 

the sca le length i s much l e s s than 1/k while for C, the scale length 

'•/.-:"-.!.-; 1/k. 

.';ote tha t a g rea te r she l l thickness a l so [pes with a shallower 

densi ty ;yadient as shewn in Fir;. 12. Some of the Increase i s due to 

• ttie fact t h a t the i n i t i a l she l l i s th icker for ease C. 

T-, • reduction i n growth as cn° ;;oes from A t'> ('• i s evident from 

the d" -.person r e l a t i o n s rdven .in Fi:-. 13. Tr.e curves a re ana ly t i c 

.-•••:-.i:!..-.;; and show Jin (n/n,,) = Jy6t as a function of k. The quan t i t i e s 

i; iL-id n 'ire respect ive ly the i n i t i a l and f inal per turbat ion amplitude. 

',.-!• :,. :.::;.; ;•.:«• from Lfi^iFZ calc-ulations. As a r e su l t of the modified 
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cl'.'tMjty /radient, case C ens 1.1./ sm-vives with 10.' A surface finish. 
li; conclusion, it should be possible to exploit density gradient 

wxllfioAtion to reduce the sensitivity to fluid instability of charged 
particle driven micro-fusion Irplosions. 

i'cr ion beans sources, the reduction is achieved by introduclr;;; 
an !T/.-rs' spread on the driving; source. This nay have important 
consequences for pulsed power technology. 
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I'iy. 1 - Sinyie Shell Target 
Driven by 1 MeV Electrons 
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Fig. 2 - Double Shell Target 
Driven by 1 MeV Electrons 
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Fig. 4 - Double Sliell Target 
Driven by 10 MeV Protons 



Tamper p = 11.3 (72.1 mg) 

Pusher p = 1.26 (16.8 mg) 

Fuel p=0.21 (1.00 mg) 
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I-'ii;. 5 - Ion Beam Fusion Target with Low Density Pasher. 
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l-iy. 6 - Deposition Prof i l e for 6.S MeV Protons Incident on Target. 



Fig. 7 - Magnetically Insulated Targets 
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l-'ig. S - Various Methods of Obtaining Magnetic Fields 
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\'\\\. 9 • Fjiergy Deposition of 10 MeV Protons in Cold at a Temperature 
of 200 eV and Density of 5 gm/cmJ. 
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P -- 19.3 gm/cm3 

f) = 0.21 gm/cm' 

0.221 or 0.223 cm 

0.200 cm 
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I-'ig. 10 - Target Used for ion Beam, 
Density Gradient Stabilization Study. 

Fig. 11 - Density Scale Length as a 
Function of Time for Ion Beam Target. 
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Fig. 12 - Shell Thickness as a Fig. 13 - Number of e-Foldings as a 
Function of Tine for 10 MeV Function of Wavepumber for Ion Beam 
Proton Target. Target. 



Time, ns 
0 

10 
14 
17 
20.5 

Power, TVV 
1.6 
V6 

16 
240.0 
240.0 

Power varies linearly between values listed. 
Input energy MJ 1.2S 
Yield, MJ 113.0 
Gain 88.0 

Table 1 - Proper t ies of Ion Beam 
Target with Low Density Pusher 
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TtiMc 2 - Summary of Optimised Ion Driven 
Targets employing Magnetic Fields 


