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ENHANCEDENERGYDEPOSITION SY?METRYBY HOT

ELFCTRONTRANSPORT

D. Wilson, J. Flack, E. Stover, D. VanHulsteyn,

G. HcCall, ●d A. Hauer

LOS ALAMOSNATIONALLABORATORY ,,hl .1+,’

High ●nergy ●lectrons produced by resonance absorption carry the C02 laser

energy ●bsorbed in a laser fusion pellet. Since a symmetric implosion is

crucial to obtain high DT densities, the definition of technlqueo to obtain

●ydnmetric ●nerRy depoaiton la important. One of these, ●ymmetric lacer

illumination of the pellet surface, is diacummed in ether papers at this

conference. Thie paper ●ddremeen the ●dditional ayrmnetrization that can he

●chieved by lateral transport of the hot (suprathermal) ●lectrons as thev

deposit their ●nerRy. ,

Thim paper la djvided jnto two parts. First, a Ka[ ●xperiment will be

dimcumaad thtt, ●lthough desfgned for a different purpose, chows a eurpriuing

mymnetrization of ●nargv deposition ●chieved by addinu a thin layer of plastic

to ● co~per sphere. Seccnd, our ●?forts to numerically model ?hls ●ffect will

be diocussed.

1 /!::ii<:iti

.Ib emission of ‘ radiation can be used t dla~noae suprathermal ele trnn

tranoport. In the ~ radiation proceoa, ● hi

●nd ●jeets ●n ●tomir l-mm ffOm tha K ●hel . In the aubaequent data OF an

outer ohall ●lectron i to the K ahello ● t&,

:ur experiment, ● 250 m diameter copper ophe

75um layer of,, plug ic (CH) wam ●dded
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●uprathermal electrone. An additional 3 urn nickel coatina wae added to a few

targets to identify the spatial extant of the lneer epots.

Theoe targete were illuminated by between 2 ●nd 7 focuosed beams from the 8

baam HELIOS lacer. The typical C02 laoer pulee had a full width at half maximum

of 0.7 na with a 10 to 90% rise time of 0.24 ns and a 90 to 10% decay time of

1.1 no. The laser spot diameter wao estimated to be about 100 Mm with a peak

intensity of about 1016 w/cm2. Suprathennal electron temperatures derived from

the faetest ion velocity varied frou 70 to 100 keV. Spatial extent of the

euprathennal electron ●nergy depostlon was measured by an x-ray pinhole camera

with ● 100 urn diameter pinhole ●nd a 25 urn nickel filter. Another pinhole

camera with ● cobalt filter that doea not tranamit copper 1$ radiation verified

that moat of tht signal recorded by the nickel filtered camera was due to &

radiation rather than bremaatrahlung radiation produced by the suprathermal

electronrno

Figure 1 la ● reproduction of the pinhole image of a copper sphere coated

with both CH ●nd nickel. The observed ●rotosion lo dominated by the & radiatinz

emitted from the outer nickel layer. The pinhole camera is viewing this 6 beam

@hot from ●bove ●t ●n ●n81a of 30 deareem relative to the normal paaainu throuuh

the top beam spot. Observe that the radiation 19 strongly localized to the

laser ●pots. In F’iRo ? only 2 laser beam- ●re incident on a bare copper sphere.

Again note that the ●min~ion la concentrated ●t the lacer cpota. In Fig. 3

hwever, ● weakly ●mittina 75 Urn thick plastic layer has been added, therefore

●saentially ●ll of the ●miosion comes from the topper sphere. Observe that the

rediation ●mimalon la now symmetric. In thio 7 beam ohot thrge of the top four

beam- were proaent. It 10 this aywaatrization ●ffect that we ●ttempt to

understand.
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Figure 4 displays the calibrated emission from images of the bare copper

sphere (Fig. 2) ar.d the plastic coated ephere (Fig. 3). Film den8ity ham been

converted to ●mistion in unite of copper I& photons per vm2 acroae a diameter ae

●een by the pinhole camera. In both cates the diameter passes through the

ce~~r of the later spot.

Our numerical calculation of this experiment uee results from both LASNEX,

which models both hydrodynamic motion ●nd euprathermal electron diffueicn, and
.

ACCEPT,l a three-dimensional (3-D) Monte Cario electron/photon transport code.

Since suprathemal electrons are created at the critical surface for 10.6 um

light ●nd transport into the copper sphere to create & radiation, the location

of the critical surface will be crucial to suprathermal ●lectron transport.

Because combined calculations ,>f two-dimensional (2-D) hydrcdynamice and

suprathermal electron transport are prohibitively long, we have chosen to model

the ●xperiment firmt with one-dimensional (l-D) hydrodynamic calculations and

then, in ● static geometry, study ,the 2-D suprathermal ●lectron transport and

the ●ttendent electron/photon caacade including both K x-rey and bremsstrahlunq

production and traneportm

Since suprathermal ●lectrons lose their ●nergy and create ~ radiation on a

time scale that is

modeled the radial

ohort compared to the duration of the laser pulse, we have

denmity profile at 0.7 ns, the midpoint of lao~r pul~~, AC

thio time the critical surface has ●xpanded to a radius of 410 urn in Lhe plastic

coated target ●nd to 320 ~m in the ba~e copper target. Th~ LASNFX calculated

radial density profile for the plaatic coated target is presented in Fig. 5.

1. J. A. Ilalbleib, “ACCEPTt A Three-Dimensional Llectrwt/Photon Monte Carlo
Tran-port Code Ueing Combinatorial Ccometry,” Sandia National Laboratory,
SAND-79-0415, Nay 1979.
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was approximated by the dashed profile and used by ACCEPT in the

shown schematically in FiO, 6.

In the ACCEPT calculations we have assumed that the laser strikes only the

annular section of the geometry which is located along the symmetry axis. This

is ~onsistent with the 100 vm diameter laser spot at tightest focus. The

absorbed laser energy is then converted into electrons with a distribution in

energy of a 1-D MaxwellIan directed inward with a uniform hemispherical

distribution. This isotropic distribution should give rise to more

symmetrization than a monodirectional source directed radially inward and thus

provide a conservative approach to the choice of the source distribution.

The pinhole camera observations were simulated by integrating the energy

distribution in the copper sphere predicted by ACCEPT to one optical depth

(25um at p = 8.9 g/cm3) along l~nes-of-sight emanating from an arc as seen by

the camera. This approximation was convenient for the present work. The Ka

em.ssion was assumed to be proportional to the energy deposition. This Is a

justifiable approximation that will be relaxed in future studies where &

emission and transport will be tallied explicitly.

ACCEPT results tive compared in Fig. 7 with the observed emission for the

bare copper sphere case. The number of suprathermal ●lectrons intror!’iced into

each Monte Carlo problem wcs chosen to yield acceptable uncertainty statistic.

An absolute magnitude for the )$ emission could not be obtained from our simple

Caleulazions, therefore both experimental and numerical results are normalized

for presentation. Bote that the relative calculated and observed Intensities

agree quite well.

Poor agreement between calculated (ACCEPT) and observed intensity can be

●een in Fig. 8 wh?n the 75 urn plastic layer ia ●dded. The observed

●ymmetritation i$ not predicted. In fact the electrons product the same energy
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deposition asymmetry when the calculation is repeated in the same geometry

assuming no interaction with the plastic. The ●lectrons behave a~ if the

plaatic is transparent to scattering interactions (e.g. ●lectrons still deposit

●nersy in the plaatic). We are unable to explain the symmetrization of ●nergy

depciaition caused by the 75 urn thick plastic layer.

Outward motion of the critical surface waa obeerved to ●nhance symmetry in

our Monte Carlo simulations. The criticai surface of the plaatic coated target

however, would have had to move much farther than the bare copper sphere target

erlticul surface. Our I-D hydrodyrlamic calculations 6how thnt the differential

expansion of the critical aurfa.: was not large ●nough to account for the

mcaoured difference in ~ymmetry.

Varying the euprathermal electron temperature from 50 keV to 200 kc\’

produced no substantial change in symmetrization. Return current electric

fields are probably not the cause either. They ehould inhibit rather than

●nhance lateral transport. Increasing the electron-ion ecatterin~ croes-section

by a factor of 10 In a 2-D LASNEX diffusion calculation ehowed little

●nhancement.

Clearly a better experiment ehould be performed and improvements in theory

need to be made. In a future experiment, a sinRle lacer beam with ‘.aryinR peak

intensity should be used so that multibeam effects can be ●laminated and the

euprathermal ●lectron temperature can be varied. The plastic layer thickness

should be varied so that the transition between b~re copper aeymmetry and full

●ymmtry can be examined in greater detail, Critical eurface mation ohould be

meaeurec! as well ●s the muprathermal ●lectron generated bremeetrahl\’nR spectrum

from which the ●uprathemal ●hctron temperature can be inferred.
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When modeling this experiment, both ~ emission ar.d transport, not just the

energy deposition should be tallied. Variations in the ACCEPT code scattering

cross-sections snould be explored as well as combined Monte Carlo suprathermal

electron transport and hydrodynamics calculations. We hope that these

improvements in experiment and modeling will improve our understanding of this

interesting and important effect.
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FINJRE2, PINHOLEIMAGEOF A250 MICRON

DIAMETERBARECOPPERSPHERE
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FIGURE% PINHOLEIMAGEOF A 250f’lICRON
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F16URE4, CALIBRATEDEMISSIONFROMIMAGES

OF THEBARECOPPERSPHEREANDTHEPLASTIC

COATEDSPHERE
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FIGURE6. ACCEPT/LASliEX2-DGEO!lETRY
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FIGURE 7, COMPARISON OF ACCEPT RESULTS
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FIGWE 8. COMPARISONOF ACCEPTRESULTS

WTH OBSERVEDEMISSIONFOR THE PLASTIC

COATEDCOPPERSPHERE
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