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ABSTRACT 

The success of l a s e r fusion depends on obta ining near i s e n t r c p i c 

compression of fuel t o very hlrJi d e n s i t i e s and i r r . i t i n g t h i s fue ] . Tr 

d a t e , the r e s u l t s of l a s e r f.isior. experiments have been based rr.air.ly on 

the exploding pusher implosion cf fusion capsules cons i s t i ng cf t h i n g l a s s 

nricroballoons (wall th ickness -f l e s s than 1 micron) f i l l e d with low dens i ty 

DT gas ( i n i t i a l densi ty of a few :ng/cc). Maximum PI' d e n s i t i e s of a few 

ten ths of g/cc and temperatures of a few keV have been achieved in these 

experiments. We w i l l d iscuss the r e s u l t s of LASI1EX t a r g e t design , -a lcula t ions 

for t a r g e t s which: (a) can compress fuel t o much higher d e n s i t i e s 

using the c a p a b i l i t i e s of ex^stiiv- Nd-glass systems a t LLL; (h) allow 

experiinental measurement of the peak fi;el dens i ty achieved. 

^Research performed under the auspices of the " . r . Energy Ren-arc-h ;ird 
Development Administration under Contract lie. V.'-7')50-ENG-1J8. 
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The success of l a s e r fusion depends on obtaining: near ir.oii'r j !•• 

compression of fuel t o very high d e n s i t i e s and i g n i t i n g t h i s f u e l . ' 

To d a t e , the r e s u l t s of l a s e r fusion experiments have been bar.ed ••iiir.ly 

on the exploding pusher implosion of fusion capsules cons is t ing '" "hir. 

g lass microballoons (wall th ickness of l e s s than 1 micron) f i l l e d with low 

densi ty ET gas ( i n i t i a l dens i ty of a few mg/cn :. Maximum DT i e n s i l i e s -'f 

a few ten ths of g/cnr and temperatures of a ">-? keY have been achieved In 
2 

these experiments. Experiments which can compress "uel to h l r j v r 

d e n s i t i e s a re des i rab le and necessary. V.'e present the result ." ~f i"3iiT. 

ca l cu la t ions for t a r g e t s which: 

A. Can compress fuel t o a peak averare-denst ty of : - ' " r/cr: 

using the c a p a b i l i t i e s of a C 5 Vtl, 'Id-glass system 

s imi la r t o the JAM'S l a se r f a c i l i t y a t iXL with ' he 'we-bea , r. 

c la i tshel l focusing system". 

B. Can be fabr ica ted . 

C. Allow expe r i r sn t a l deterrrJj.atier. of the peak fuel densi ty 

achieved by measuring the a - p a r t i c l e energy iocs ar.d/or 

the observat ion of neon x-ray l i n e emission in the i keV 

region. Approximately IC' TJI r eac t ions in the ta rge t 

are required to produce a de tec tab le s ignal in the a - p a r t i c l e 

t ime-of - f l igh t de t ec to r which has an energy reso lu t ion of 

abojt 150 keV.'' The threshold for the neutron de tec to r 

i s in the range of 10"-10 . An energy reso lu t ion of about 
r 

1 eV is necessary to measure the neon x-ray line width. 



l i v e n a l a s e r system without r u l s e siiapinr c a p a b i l i t i e s , ' h e li::.'*. 

In compressing, fuel t o hip^i d e n s i t i e s i s the •.•lectrr>:. preheat e f f e c t . 

The preheat of the fuel can be reduced t y lowerinr "he peak l a s e r tower 

used. But t h i s would decrease , at the sane t i r e , "tie s t r e n r t h of the noon 

emission s i fna l a s well as the X reac t ion y i e l d s . Thus, the proper \-jvf_ 

design must give both dens i ty and ~S.' r eac t ion yielr. i f experimer.tal 

determination of the peak averse* — ier.si ty achieved i s t c be measured I y 

the i*-parttele energy l o s s . 

We show in F ip i r e 1, t h r e e rarr.c-t iesitT.s w!.ie:', car. compress: r ; r . 

t o peak average-dens i t i e s of abcu" 1-10 r/cir. ' . 1:. each " a s e , the fut" '.r. 

at an i n i t i a l dens i ty of 2 x IC" 0 ,-/•<?? and i s -ciTosed of ?T v.r. :" 

neon by mole f rac t ion . The capsule ' .hie;, encloses the fuel car. !••- ::n :• 

of g l a s s , p l a s t i c , carbon, beryl l ium, e t c . It: Plttstv. ] C ) the capsule :c 

nurrounded by a high " tanper which a l so ac ts as a : reheat sh ie2 i s.i •• 

low Z a b l a t e " . The fuel capsule Is encased ly a lev: Z ab la to r In " I r . M IV 

Figure l a , r ep resen t s a th ick-wal l fuel ca r su l e . T'.e advantages :̂" "he 

t a r g e t shown in Figure l c i s overrhadowei by the f ab r i ca t ion c-.TVlexities. 

Therefore, we w i l l omit fur ther d iscuss ions concerning t! i is tarcc-t . t r 

i s c l e a r t h a t the si j iplest t a rge t t c construct i s a r l a s s nicroballocr. 

(Fijj ire l a ) . Therefore, we concentrate our discuss;on or. t h i s type f 

t a r g e t s . But, i t i s important t o note tha t cxyger. "cid high Z n a t e r i a l in 

the g lass (SiO,) wall increase the x-ray background in the 1 keV region 

and thereby increase the d i f f i c u l t y In the nerr. lir.r emission rtBasure.-er.ts. 

The tarRet design ca l cu la t ions Iiave been performed using the :.A"!":7. 
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MD code wi th lasev a b s o r p t i n : >'•'-:•• '• j ' . a s s i ca l ir wi-ll is p las ty 'i.'.-.ial'IUty 

p rocesses . To simulate the laser ab so r r t i r n iue '. •• plasna 1j;sf 'it'll IMe:-, WP 

assume tha t If the l a s e r r ad i a t i on j e n e t r a t e s : o or i-eyond a densi ty •',' 

O.S p , where p^ I s the c r i t i c a l dens i ty for the Inner e lect ron: ; , 'he:. 

I'j'x of the l a s e r energy i s placed in the s u p m t t w n a l electron.-.. "h" 

suprathermal e l ec t ron spectrin:-, ir- charac ter ] rev. l-y .-• •erapernturo i 

which i s s ix t i n e s the thermal e lec t ron '.^-q-sTa'aar-. : a so r a l r o r j t : •:. 

due t o inverse bremsstrahlunp: i s reduced ry a fac te r of " t o rjituja' -:• 

dens i ty p r o f i l e steepening <-ffer::3. "s ' .nr 'hone parameters , v.-e havi 

been able t o obtain gord arreonent t ' twpor. ixpev:r.er.tal and Ij\f'."•"'. 

simulation r e s u l t s for severa l d Iff---l-en- • a r r e t s . 

The clamshell focusing syster. err. ill '-r.l .nate a spher ical i a r p ' 

in a near unlforr. nanner. Thus, one-dimensional (17) LAH-IEX simulation 

ca l cu la t ions can .yield reasonably sa' i r fact cry r e s u l t s . .-'irui<r>s .'. a:.l f 

show the ID simulat ion r e s u l t s f?r a CO ur. d ia r .c te r , 3.? pi" thicJmoss 

glass microballon i r r ad i a t ed with •-. 100 .",. l a se r r u l s e cf varyinr pulse 

l eng th . A 'iaassiar. temporal pulse shape i s assured ir. a l l cases . A.: 

expected, we find tha t the pea>: iv- rane- fue l -dens i ty i s inverse ly ; r r : o r ' ' o n a l 

t o i t s temperature , thermonuclear y i e l d , and '"ho Inrr-r power useo. :"•.• ck 

heat ing of the DT ions frou the exploding r J a s s rJcrobal loon which -aur^c the 

e lec t ron and ior. temperatures t o divorce with reduced pulse width (Increased 

l a s e r power) i s apparent . The r e s u l t s for the- saire t a rge t using the t h r e e -

temperature (3T) model \ ' iere suprathermal e lec t ror s do not e x i s t are shown 

in Figure 2 t o demonstrate the effect of fuel : reheat . 

As noted above, approxi ra te ly i c ' If? reacti-jns ;ire required by the 



tt-particle Mp»'-or-riii"ht dete 'tor. ••Voir. Y'.r.W' , we see "ha- \r.'.r. 

requirement can be satisfied ly a ICC J laser1 ru2se with a width 'f 

less than 20C ps. Pipure '• shows the effects of laser irradiation '-r.SD-J 

on the peak average-density !J-.d r.eutror. yield 'cr a 200 rs 'iaussiar. 

lei:poral pulse, hot surprisinrly, the neutron yield drops raiiiHy with 

reduced laser energy. The peak averare-fuel-density of about 2 r/c:rr 

is , however, insensitive to the larfte Incident energy- variations. 

We have a t t e s t ed to desi>T. h TO urr. diateter flass rdcrrtallcor. -arr-et 

fctiich can ccr^ress fuel to reak-averare-der.sities of about 1 •-/or/ usinr 

\:Q J of laser enerry and a pulce lenrfh if abcut ."CO ps. The thickness 

'jf the p.lass rlcrobalioon has teen reduced. ?.:t the results indiiat" 

that i t is not possible to ?ttair. a i eak averare-fuel-density ••:" 2 ••/-"•' 
5 and 10 DT inactions usir.c a "C ." 2aser pulse. T* i s , however, instruct '.ve 

to show the relationship between, the electron tenrerature in the fuel ar.J 

the neon line emission strer.ptr. versus x-ray iackrround in the 1 ke'.' reploi., 

Figure 5. The target is a €0 ; :~ diarete- , 1 \x: *hickness ,-lass "icroballoor. 

irradiated with a 50 'T laser pulse of varying duration. ?lr,ee the necr. 

line emission strength car. vary with t ine, a steady state calculation ;ar. 

lead to serious errors. V.'e have, therefore, used ? t i r e dependent calculation."' 

The attenuation of the neon x-ray line errissior. by the rlass has not leer. 

Included in these calculations. Freli.-r.inary estimates indicate an CITC:-

of less than a factor of 2 fi'c~ this source. Conservatively, a :ciii1irur. 

electron temperature of about 5C? eV in the fuel ov a line/backitrcunri 

ratio of about k is desirable for the observation, i f the neon Ii : t >•:".! srti or, 

with a 1 \m thickness glass n.i cr oballoon. Because of ti l ls, experircnrai 



verification of the achievement :-f a peak average-fuel density of greater 

than about 1 g/cra' using a 50 J , ?00 ps laser pulse and a 60 mi: diameter 

glass microballoon i s improbable. 

Experijnental verifications can be made for a density of about 1 g/cnr 

using a 50 J laser pulse and a -? urn diameter glass microba]loon. V.'e 

discuss the results of two-dir.er.sior.al (2D) LAFNKX calculations. '.oometricai 

ray tracing is used, in this case, tc calculate the focal, refractive, and 

reflective properties of the laser radiation. Magnetic field effects 

are also included. An example of the laser spatial profile used in these 

calculations is shown in Figure C. Table 1 shows the results of these 

2D simulations for a ^0 vrr. diametor, I prr. 'hiekness glass mi crorill.con 

irradiated by a 100 ps, 50 J raussiar. pulse. Th? offset has teen varied. 

These results are in good agr-eeme::t with those obtained fron. ID simulations 

and show that a peak density of abouv 1 p/cn." can be achieved and 

experimentally verified. The results are insensitive to grail variations 

ir. the clamshell focusing positioning. 

Using other target designs and wi.-h a maximum laser energy of ',0-100 J 

and longer pulse lengths, peak average-fuel-densities of greater than 1 r/eir ' 

can be achieved. The DT reaction yields are, however, extremely low. 

Therefore, neon x-ray line emission measurements must be relied upon to 

verify the peak density achieves. For this method to be effective, the 

x-ray background in the 1 keY range must be reduced from those calculated 

for the glass microbalioons discussed above. V.'e find that i t is jossiblr 

to verify and achieve densities of 2-3 g/cmJ with a thin-glass p-.lcrobnlloon 

target surrounded by low Z ablator, e .g . , CH, C, Be, Figure lb, using 

http://two-dir.er.sior.al


50 J of incident laser energy. For densities of about 10 g/cm , 100 J 
of incident laser energy and a target constructed entirely of low Z 

material, Figure la, are required. The results of these calculations 
are also shown in Table 1. 

It is important to note that the choice of the low Z microtallocn 
material is controlled by three factors: 

(1) X-ray background (proportional to Z ) is greatly reduced with 
low Z capsule material. 

(2) To obtain the maximum hydrodynamic implosion efficiency, the 
initial density of the capsule material should be as hirti as 
possible. For this reason, carbon Is preferred over CK although 
they have the sane ;. 

(3) Since all the targets must be fabricated, fabrication must be 
considered to be the dominating factor. Glass microballr.cns 
are unsuitable for our purposes because of its oxypen content. 
(Oxygen has a bound-free edge at about 8?0 eV.) Thus, the 
elijniriaticn of all oxygen from raicroballoon material is crucial. 

We have presented 1ASIEX simulation results which indicate that fuel 
at an initial density of 2 mg/cm can be compressed to peak average-
densities in the range 1-10 g/cr? using r0-100 J of incident l.Of (in 
laser energy. Ho temporal pulse shaping is required. Proper choice of 
the capsule material should allow experimental verification of the ;>eak 
average-fuel-densities achieved. 
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FI -ore Captions 

Three tar je ; . designs which can compress fuel to peak 

averap.e-densit ies of about 1-10 y/ar.'. 

ID I.AS'IEX r e s u l t s i.peak average-fuel -densl ty and neutron 

y ie ld versus pulse length) for a 6u yr, diameter , 3.2 ur. 

th ickness g l a s s njcrr ,hallccn t a rpe t i r r a d i a t e d by a 10 r .", 

LOG jjrn l a se r pu lse . 

13 I.A5.'IEX r e s u l t s 'p^ak avera fe - fue l -dens i ty , peak e loc t r r r : 

and Ion temperatures versus pulse l en r th ) for a £C uir. i i s r . e t e r , 

3.2 pir. th ickness r l a s s microballoor. t a r g e t i r r a d i a t e d by 

a ICO J paussian :e: tporal l a s e r pu l se . 

II' 1.AHEX r e s u l t s (peak avera£e-fuel-der.si ty and r.eutrcr: y i e ld 

versus incident l a se r eneri^y1 for a CO us d i a n e t e r , v f ;.~ 

thickness c l a s s rdcrcbal lcon t a rge t i r r a d i a t e d by a 200 ps 

(rVrrl-i) R u s s i a n t e rpo ra i l a s e r pu lse . 

II. LAS2X r e s u l t s (peak e l e c t r o n temperature i n the fuel and 

the r a t i o uf the neon l i n e emission t o x-ray backrrcund in 

the 1 keV ran^e versus inc ident l a s e r pulse lenpth} for a 

GO m diameter , 1.0 jr. th ickness g lass inacroballoor. 

i r radiat- jd by a ~0 •' l a se r pu l se . 

An example of the assursed spa t i a l p r o f i l e of the l a s e r ICJT. 

used i n our 2D LAK.T.X ca l cu l a t i ons . "he angle ti !s nearurr-d 

froir. the p o s i t i v e 0. a x i s . The l a s e r beam i s assumed t o 

be symmetrical about the X and Z axes. 



INCREASED SHELL THICKNESS DECREASES ELECTRON PREHEAT OF 
THE FUEL 
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DENSITY INCREASES WITH DECREASING LASER 
POWER. NEUTRON YIELD INCREASES WITH 
INCREASING LASER POWER L3 
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HIGHER ION AND ELECTRON TEMPERATURES IN THE FUEL IMPLY 
LOWER FUEL DENSITY 
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PEAK FUEL DENSITY IS NOT SENSITIVE TO LASER ENERGY 
VARIATIONS L5 
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A MAXIMUM ELECTRON TEMPERATURE OF 300 eV OR HIGHER IN THE 
FUEL IS DESIRABLE FOR NEON X-RAY LINE EMISSION MEASUREMENTS l i 
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UNIFORM LASER ILLUMINATION OF THE MICROSPHERE IS DESIRABLE, 
BUT NOT ESSENTIAL, FOR SUPER LIQUID DENSITY TARGET IMPLOSION 
EXPERIMENTS |jg 
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DT FUEL CAN BE COMPRESSED TO DENSITIES OF 1-10 g/cm3 WITH 
EXISTING Nd-GLASS LASER SYSTEMS. EXPERIMENTAL VERIFICATIONS 
ARE POSSIBLE |g 
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