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Abstract. Physicsof the inertial fusionis basedon a variety of elementssuchascompressibléydrodynamics,
radiationtransport,non-idealequationof state,non-LTE atomicprocessandrelativistic laserplasmainteraction.
In addition, implosion processis not in stationarystateand fluid dynamics,enegy transportand instabilities
shouldbe solved simultaneouslyln orderto studysuchcomplex physics,anintegratedimplosioncodeincluding
all physicsimportantin the implosion processshouldbe developed. The detailsof physicselementsshouldbe
studiedandthe resultanthumericalmodelingshouldbe installedin the integratedcodesothat the implosioncan
be simulatedwith available computerwithin realistic CPU time. Therefore this taskcanbe basicallyseparated
into two parts.Oneis to integrateall physicselementsnto a code,whichis stronglyrelatedto the developmentof
hydrodynamiequatiorsolver. We have developed2-D integratedmplosioncodewhich solvesmassmomentum,
electronenengy, ion enegy, equatiorof states|aserray-traceJaserabsorptiorradiation,surfaceracingandsoon.
Thereasonableesultsin simulatingRayleigh-Rylor instability andcylindrical implosionareobtainedusingthis
code.Theotheris codedevelopmenton eachelementphysicsandverificationof thesecodes.We hadprogressn
developinga nonlocalelectrontransportcodeand2 and3 dimensiorradiationhydrodynamiccode.

1. Introduction

Physicof theinertial confinementusionis basednavarietyof elementsuchascompressible
hydrodynamicsradiationtransport,non-idealequationof state,non-LTE atomicprocessand
relatvistic laserplasmainteraction.In addition,implosionprocesss notin stationarystateand
fluid dynamics.enegy transportandinstabilitiesshouldbe solved simultaneouslyIn orderto
studysuchcomple physicsanintegratedmplosioncodeincludingall physicsmportantin the
implosionprocessshouldbe developed.Thedetailsof physicselementshouldbe studiedand
theresultanhumericaimodelingshouldbeinstalledin theintegratedcodesothattheimplosion
canbesimulatedwith availablecomputemwithin realisticCPUtime. Thereforethistaskcanbe
basicallyseparateéhto two parts.

Oneis to integrateall physicselementsnto a code,which is stronglyrelatedto the develop-
mentof hydrodynamicequationsolver. In the previous work, the integratedimplosioncode,
ILESTA-2D[1] hasbeenmodifiedto be animplicit arbitraryEulerianLagrangiancode(ALE)
for therobustnesandsaving the computationatime[2]. The mostdifficult problemwasrezon-
ing andremappingmethodin this ALE algorithm. An improvementof this methodhave been
doneto enablethe codeto clearly capturecontactsurface,ablationsurfaceand shockwae,
and successfullyprogressed.Neverthelessthe difficulty of the rezoning/remappingvas still
remainedwhenwe simulatecomplicatedproblem,suchasnon-linearRayleigh-TRylor insta-
bility usingtheimproved ILESTA-2D. Therefore we appliedthe Cubic-InterpolatedPseudo-
Particle(CIP)[3 methodwhich hashigh-orderaccurag in spaceandtime. The featureof this
new codeis describedn section2.

Theotheris codedevelopmenin eachelemenphysicsandverificationof thesecodes We had
progressn developinga nonlocalelectrontransporicodeandmulti-dimensiorradiationhydro-



dynamiccode.In this paperwe describdateststudyonthenonlocalelectrontransport.Recent
worksshavedthatthe nonlocalelectrontransporthasimportanteffectson the Rayleigh-hylor

instability in the laserimplosion[4[5][6]. We developedthe codethat simulatesthe electron
transportbasedon the Vlasov-FokkerPlanckequation. In this code,the electrondistribution

functionis expandednto thezero-thandfirst orderpartsof Legendrepolynomials,andthey are
solvedatthesametime. In this paper outlineof the hybrid codein which thisnonlocalelectron
transporicodeis coupledonto ILESTA-1D andits simulationresultis shawvn.

2. Integetrated Implosion Code
2-1. Numerical Methodsin Integetrated Implosion Code

In the integratedimplosion code, mass,momentum.electronenepy, ion enegy, equationof
states,laserray-trace,laserabsorption,radiationtransport,surfacetracing and other related
equationsare solved simultaneously The hydrodynamicsolveris the mostimportantandbase
algorithm. Becausehe scaleratio of the expandedplasmato the target shell thicknessis ex-
tremelylarge,theimplosionmustbe solvedby Lagrangiarcoordinatdo save thecomputational
resourcesandto capturethe large gradientvaluesin the spacephaseclearly Therefore,most
of the ALE implosioncodesarebasedn Lagrangiammethodin which the computationagrids
move along with the material. In general,computationalgrids are destroyedusing the La-
grangianmethod. In orderto continuethe calculationstably it requiresthe sophisticatecand
expensve rezoning/remappinglgorithm.In caseof complicatedsimulation,it needsgyraphical
userinterfacefor rezoning[{. To avoid suchproblem,a simplehydrodynamicsolver wasde-
velopedusingCIP method[3. TheCIP hassomecharacteristicef Lagrangiarmethodthough
by fundamentaformationsarederived for Euleriancoordinate.To obtainpressuramplicitly,
we alsoappliedC-CUP(CIPand Combined,unified procedure)[8 andthis methodenableto
capturethe ablationsurfacestably This CIP methodis applicableto trackthe materials.

2.1 Example Calculations

As an example,the laserdriven Rayleigh-Rylor (R-T) instability was simulated. A tamget of
surface-ripplegbolystyrendp = 1.06g/cn?’) wasirradiatedby greenlaserbeam(\ = 0.53,:m).
The target thicknessis 16um. Perturbatiorwavelenghandamplitudeare 30 ym and0.6um,
respectiely. In Fig 1., the densitycontoursat t=1.5nsis shovn. New hydrodynamiccode
enablesisto simulatethe instability without complicated-ezoning/remappingystemthusthe
bubbleand spikestructureis simulatedclearly The growth ratesestimatedrom presentcode
areshavnin Fig.2,with experimentatesult[4. Thoughthegrowth rateof thesimulationalmost
agreewith thatof simulationresult,they seemslightly low comparedvith theothercodessuch
asILESTA-2D. This mustbe causedy thelow laserabsorptiorraterelatively comparedvith
ILESTA-2D. Thiswould beadjustedafterfurtherstudy

To checkthecapabilityof the presentode,a nonuniformimplosionwassimulatedalso. A tar-
getof surface-ripplegolystyrendp = 1.06g/cm?) wasirradiatedoy greenlaser(\ = 0.53m).
The target shell thicknessis 25:m.The perturbationmode numberand amplitudeare 8 and
1.0um, respecitrely. In Fig 3., thedensitycontoursatt=2.2(left) andt=2.5ns(right)areshavn.
At t=2.2ns,bubbleand spikesstructureof nonlinearRayleigh-Rylor instability causedoy the
accelerationwereobsened,andthetargetwasalmostbrokenup. Ontheotherhand,att=2.5ns,
thetamgetwasdeceleratedby the high pressuren the centerregion andbubbleandspikewere
grown to the oppositesideasthey wereobseredin acceleratiorphase This featurewassimilar



to the experimentdoneby Becket. al[10].
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FIG.3. Simulatedresultof Rayleigh-aylor instability in implosion. The densitycontoursat
t=2.2ns(left)andt=2.5ns(right)are shown.X andY are the distancefromthe centerin cm.

3. Nonlocal Electron Transport

It hasbeensuggestedhata kinetic effect on electrontransports importantin analyzingtarget
acceleratiorof relatively thin plasticfoils. In suchacasejt mustbesolvedby the FokkerPlank
equationfor thermalconduction.Generally a FokkerPlanckcodeis notrobustandconsumes
much CPU time. A new numericalmethodhasbeenproposedrecentlywherethe electron
distribution functionis extendednto the zero-thandfirst orderpartsof Legendrepolynomials,
andthey aresolved simultaneously This methodis more stable,andit is easyto couplethis
solver with corventional hydrodynamicequation. In orderto study the effects of nonlocal
electrontransporton the hydrodynamicsthe presentcodewas combinedwith the integrated



implosioncode,ILESTA-1D whichis the 1D integratedimplosioncode.

Usingthis hybrid code,we considerthe casewhenCH foil is acceleratedby the laserablation.
In this case thethicknessof CH foil is 16um, overcoatedwith Al (0.03um). The laserwave-
lengthis 0.53um andthe pulseis aflat top squarewith 2.2nsduration. The laserabsorptions

calculatedbasedon the inverse-bremsstrahlurfgr the Maxwellianlimit. In Fig.4(a)we showv

the dynamicscalculatedby SpitzerHarm modelwith a flux limiting factorf=0.1. The results
basedon the FokkerPlankmodelare shavn in Fig.4(b). Comparingthe two models,an in-

creasef thedensityscalelengthis seenfor thethe FP case.Theseresultsareimportantfor the
estimationof thelineargrowth of the Rayleigh-TRylor instability.
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FIG.4. Theradius-timediagram of SH model(a) and FP model(b). Thecritical surfacefor
the laser wavelength\ = 0.53um is plottedin the figure with lines crossingLagrangianfluid
trajectories

4. Summary

In summarythe following statusof our computationatodesat ILE Osakawerereported.1)

Thebasicpartof the new 2-D integratedimplosioncodeis developed.This codecansimulate
notonly Rayleigh-TRylorinstabilityin laserdriven planartargetreasonablyut alsoimplosions
in ICF. 2) An hotelectrontransporcodebasednthe FokkerPlanckequations developed.and
it wascombinedwith theILESTA-1D. Thedifferenceof simulatedesultbetweerSpitzerHarm
modelandthe FP modelis shovn whena CH foil is acceleratedby thelaserablationusingthis

hybrid code.
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