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EESTRACT
The success cf laser fusicrn cepends on obtzining near isentrcric
compression of fuel to very hirh densities and irriting this fuel. Tr
date, the results of laser fusion experiments have been based rairly on

the exploding pusher implosion of fusion capsules consisting cof thin glass

microballoons (wall thicknese =f less than 1 micren) filled with low density
DI gas (initial density of a few mg/cc). Maximum IT densities of & few

tenths of g/cc and temperatures of a few keV have been achieved in these
experdments. We wlll discuss the results of LASIEX target design calculations
for targets which: (2) can corpress fuel to much higher densities

using the capabilities cf ex.stin; Nd-glass systems 2t LIL; (b) allow

experimental rieasurement of the reak fuel density achieved.
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The success of laser fusicr depends on obtaining near isenrr g o
‘ . compression of fuel teo very hirh densities and irndting this fueid ..'
To date, the results of laser fuslon experiments have teen baced rainly
on the exploding pusher implosicn of fuslan capsules consisting -7 +hin
glass microballoons (wall thiclmess of less than 1 micron) f£411led with low
density DI' gas (iritial density =f a few mr/’cm3‘.-. Maximm DT iensities <7
. a few tenths of g/cn:3 and temperatures of a v® kel have bteen achieved In
these exper‘irmz-nt:s.2 Experiments which can compress “usl to hdedwr
densitles are desirable and necessary., We rresent the resulte -0 osym
caleulations for targets which:
A, Can corpress el Lo a pear averwe-density ~f =17 r,/cr::

using the caratilities of a 2.5 ™V, !ld-glass systorn

“ similar to the JANUS laser facility at ILL with the ‘wo-bear

2
: clamshell focuslng system™.
{ B. Can be fabricated.

C. Allow experirental determizatlorn of the neale fuel density

achleved bty measuring the a-particle eneryy locs and/cr
the observation of neon x-ray iine emission in the 1 keV

reglon. Apprcoximately 10 T reszcticns in the tarrst

are required tc rroduce a detectable signal In the a-particle
tire-of-flight detector which has an energy resnlu‘ion of

‘ aboat 150 kev.” The threshold for the rieutron ‘detector
1s in the range of 309-103. A energy resolution ~f about

.

1 eV is necessary ©o measure the neon x-ray iine
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Glven a laser system without rulse chapi:n;e capabilities, *re 11mie
in compressing fuel to high densities is the lectrry, preheat effent,
The rreheat of the fuel can be reduced Ly loweriny: *he peak laser jows:

used. But this would decrense, z*. “re same tire, “ie strenth <F <he :oon

cmdssion silenal as well as the U0 reacti-n yislds., Thus, the jroper ~ouawel

desipn must give both density and U7 reactlon viels I experimental

determination of the peak averse-dersics achle
the wparticle energy ioss.

We show in Fipure 1, three targpet jeziens wideh can cenpress
1o peak averape-densities of abcut 1-10 ;;/c:r,}. I vach rase, the Ml l=
3

at an initial density of 2 x 1¢77 ./ and 5 ccopesed of OT and o7

neon by mole fraction. The carsule “hich =releses the fiel car
of plass, plastic, carbon, beryllium, ete. In Fipjus Je, the capsule io

surrounded by a high O tanper which alsc zets as 2 ;reheat shield w3 =

low Z ablatc». The fuel capsule iz encased Y a low T ablator in

Figure la, represents a thici~wall fuel capsuie. T advantapez ~7 *he

target shown In Fipgure Ic is cvershadowel by the fabricaticn oorglex?
Therefore, we will omit further discussicns concerning this target, 7-

is clear that the simplest target tc construct is & ~lass ricroballoo:
(Figure 1a). Therefore, we cencentrate our discussion on this type 7
targets. But, it is important to note that cxyper nid high I raterial in
the glass (5102) wall increase the x=ray tackirowd 1 the 1 kel region
and thereby increase the difficulcy In the necr 1ine emission measwerents,

The targ.t deslgn calculations have beer periovmed using the TADNX
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MD code with laser absorpticy - v classieal as well as plases rotabiliey
pmccsses.5 To sirulate the lase:r absorrticn iue @ plasma instabiiities, we
assume that if the laser radla*ion renetrates to or bteyond a Jdensity

0.8 p s Where 5 1is the critical density for the laser electrons, ‘hen

257 of the laser crergy is placed in zhe suprathe-ml elect'z'c.ns." Tl
surrathermal electron spectrun is chwracterireq by o temperature ¢

c.olaser atoor vl

which 1s six tirmes the thermal clectron L:rmyer:

due to inverse bremsstrahlung is raduced vy o facler of 7

density profile steepening «ffexvs.  'sing <hese puaameters,

been able to obtaln mord agreement tetwesn cxrevimental and
simulation results for several d!If~rent ':m*et'::.ﬂ'

The clamshell focusing syster cin illuminate a spherical tzy-
in a near uniforr. manner. Thus, cne-dilmensional (17) LACHEX sirulatleon
calculations can yleld reasonablv sa!isfacteory results, Fieues O oad ?
show the 1D simulation resulss Tar a €0 dlareter, 3.7 um thickness

rlass microballon lrradiated wilth z cf varylny: rulse

length., A ‘ussinr tenporal rulse shape ls assumes i all cases. i
b

expected, we fId that “he rear verare~fuel-density in lnversely jrvportional

to 1lts temperature, thermonuclear rield, and rle lacer jower used, M.ck

neating of the DT lons {ra.: the exploding rlass rdcroballoon which -~uures the

electron and ion temperatures <r diverme with reduced pulse width (Increased

laser power) is apparent. The results for the same target using the three-

temperature (3T) model 1 “ere surrathermal electrors 4o not exist are shown ;

in Flgure 2 to demonstrate the elfect of fuel :reheat.

As noted above, approxiratelw 107 17 reactlons are required by tle



aparticle wime-cf-Clipht detetor,  From e, wWe see that

requirement can be satistied tyv a 1000

laser rulse with 2 width
less than 200 ps, Mpeure b shews the effects oY laser irradiaticn «~nem?y
an the peak average~density :nd reutron yiold fcr a 200 ps ‘aussian

Lterporal pulse. liot surprisingly, <he neutrern vield drops rarfdly with

T e fanes

reduced laser cnergy. “he rear averare-fuel-density o aboeut I v/on

ig, however, irsensitive w¢ i larpe incident erergy variatinn

Ve have attem ted tc desiiT, & €0 ur dlameter rlass micrrtallcar - zrpet
vhich can corpress fuel to reav-zverare~dersities <of about 1 #/crm using
2C ps. The thiviawss

L0 J of laser enerry and z rulse lenyth 7 abcut

of the glass rdcrobalioon has teen reljuced., it <he

that 1t Is rot pessible te ottuls

“ is, however, Irsiryuctive

ard 105 DT reactions using 2 ©
to show the relatlonship between the electron terrerature in the fuel ani

round ir the I

the neon line emission strerfth ~ersus x-ray
Fipure 5. The target is 2 €3 . dlameter, 1 um hiclmess plass mioroballoor,

irradiated with a S0 7 laser rulse of varying durztion.

1line emission strength can » “th Time, = steady state

lead te serilcus errors. %We nave, vrerefore, used 2 tire deperdent caleilztien.
The attenuation of the neon x-~ray line erdissior by the rlass hag not veen
Included In these calculations., Freliminary estimates indicate - errer
of less than a factor of 2 frerm this scurce. Jorservatively, s winimur. .

electron temperature of about 230 eV in the ruel or a line/tackiround

ratio of about 4 is desirable c1 the observatlcr «f the neen i1ine ermission

with 2 1 ym thiciness glass rioroballoon. Because of this, experirental
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verification of the achieverent »f a peax averare-fuel density of freater
than about 1 g‘/cm3 using a S0 J, 200 ps laser pulse and a £C un dlameter
glass microballoon is improbatle.

Experimental verificatlons can be made for a density of about 1 r/cm3
using a %0 J laser pulse ard a & um diameter glass microballeen, e

iscuss the results of two-dimersiornal (ZD) LASNFY calculaticns. “woretrical
ray tracing is used, ir thils case, tc¢ calculate the focal, refractive, and
reflective properties of the laser radiation., Magnetic field effects

are also included. An exanple of the laser spatial proflle used in these
calculations 1s shown 1n Figure €. Table 1 shows the results ~f these

2D sirmlations for a 40 um dlametor, 1 pm ‘hickness glass miorrbnllcon
irradiated by 2 100 ps, 50 J rausslar pulse, The offset has been varled.
Trese resulits are in good agrweme:nt wlth those cbtalned fron 1D simulatlons
and show that a peak density of abouv 1 f:/cn3 cen be achieved =nd
experimertally verified. The resilts are insensi<tlve to small variations
ir. the clamshell focusing pceitioning.

Using other target desigms and wiinh & maximur laser energy »7 10-100J
and longer pulse lerngths, pesi average-fuel-densitles of greater than 1 r/crrT‘
can be achleved. The DT reacticn yields are, however, extremely low.
Therefore, neon x-ray line emission reasurements must be relied upon to
verify the peak density achleveld, For thls methrxd %0 bte effective, the
x-ray backgrourd in the X kel range rust be reduced from those cnleulated
for the glass microbalicons discussed above. e Mind that it is j~ssible
to verify and achieve densities o 2-3 ft/cm3 with a thin-glass rmicroballoon

target surrounded by low I arlator, e.g., CH, C, Be, Flpure b, using
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50 J of incident laser energy. For densltles of about 10 g;/cm3, 160 7
of incident laser erergy and a target constructed entirely of low 2
material, Figure la, are required. The resuits of these calculations
are also shown in Table 1.

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

(1) X-ray background (proportional to Zu) 1s greatly recuced wizh

low Z capsule raterial.

(2) To obtain the maximur hydrodynaric implosion efficiency, the
initial density of the capsule material should be as hirh as
possible. For this reuscn, carton is preferred cver (¥ althourh
they have the same Z.

(3) Since all the targets must be fabricated, fatricatior rust be
considered to be the dominating factor. G5lass micretallccns
are unsuitable for our purposes tecause of its oxygen content.
(Oxygen has a bound~{ree edge at abcut 870 eV.) Thus, The
elimination of all oxypen from microballoon material is crucizl.

We have presented LASNEX simulation resulss which indicate that fuel

at an initial density of Z r.“,c_:/crr.3 can be compressed to reak average-
densities in the range 1-i0 g/cm3 usirg £0-100 J of incident 1.2 ur
laser energy. HNo temporal pulse shaping is required. Proper cholce o
the capsule material should allow experimental verification cf the peak

average-fusl-densities achieved.
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B oure Qaptions

Three targe. desipgrns which can commiress fuel to reak
average~densities <7 about 1-10 p/cme'.

1D LASHEX results \peax average-fuel-density and neutron

yileld versus pulse lensth) for & Eu um dilameter, 3.2 ur
thickness glass micrshulleon target irrediated by a 107 7,

1.2€ ym laser pulse.

1D LASHEX results {(rear averare-Tusl-density, peaw eleetrin
and ion temperatures versus palse lenpth) for a €€ pr dlameter,
3.2 pr thickness rlass rucroballoor. target irradiated bw

’ 100 J pausslan renparil laser pulse.

12 LASNER results {veze average-Suel—density and rsutre

rerey) Tor a {0 m diareter, 3.7 i

V-
0
v
I
41
D

versus incidert
thiciness rlass rderchilloon tarpet irradiated by z 200 rs
(F¥HM) gaussian teryorid laser rulse.

10 LASEX results (rea: 2]estron terperature in the fucl and

the ratic o “ine emission to ¥x~rayv backrround in

the 1 keV range versus incident laser pulse length’ “or a
£0 m diameter, 1.0 i thickness glass mieroballoor
irradiat=d by a 30 7 laser pulse.

An exaryle of ! spatial rreofile of the laser team

usoé In our 20 LAS caleuvlaticons. "he angle P s mearured

fror. the positive The laser team is assumed ‘o

be symmetrical atout the ¥ and Z axes.




INCREASED SHELL THICKNESS DECREASES ELECTRON PREHEAT OF
THE FUEL L]
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DENSITY INCREASES WITH DECREASING LASER
POWER. NEUTRON YIELD INCREASES WITH
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HIGHER ION AND ELECTRON TEMPERATURES IN THE FUEL IMPLY
LOWER FUEL DENSITY s
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PEAK FUEL DENSITY ISNOT SENSITIVE TO LASER ENERGY

VARIATIONS

Neutron yield
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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 [
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UNIFORM LASER ILLUMINATION OF THE MICROSPHERE IS DESIRABLE,
BUT NOT ESSENTIAL, FOR SUPER LIQUID DENSITY TARGET IMPLQOSION
EXPERIMENTS

]
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DT FUEL CAN BE COMPRESSED TO DENSITIES OF 1—-10 g/cm® WITH
EXISTING Nd-GLASS LASER SYSTEMS. EXPERIMENTAL VERIFICATIONS
ARE POSSIBLE

1<

Tiole 1

Laser Target Offset Peak DT X-ray emission (keV/keV) Alpha-particle
Diam. —um average-DT | reaction energy loss (keV}
Energy —J | Thick. — um density yield Neon Back- Line
FWHM —ps | material um glem? line ground BG OT |SiO,
50 46
100 1.0 35 13 45X 10% | 82X 10" | 9.4x 10" | 87 250 | 285
sio,
50 40
100 1.0 6.5 1.1 23X 10% | 84X 10 | 94X 10" | 89 210 | 240
sio,
50 40
100 1.0 -0.5 1.1 28x10° [ 5.4 x10' | 82X 10" | 66 125 | 290
Sio,
50 60
250 06 —Si0, |16 3.1 45%10% | 40X 10'5 | 1.2X 105 | 33 -1 -
08-C
100 70
1000 45 6.5 13.7 35 16X 10" | 256 % 10" | 6.4 - -
Be
10/76




