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Abstract. Physicsof the inertial fusion is basedon a varietyof elementssuchascompressiblehydrodynamics,
radiationtransport,non-idealequationof state,non-LTE atomicprocess,andrelativistic laserplasmainteraction.
In addition, implosion processis not in stationarystateand fluid dynamics,energy transportand instabilities
shouldbesolvedsimultaneously. In orderto studysuchcomplex physics,anintegratedimplosioncodeincluding
all physicsimportantin the implosionprocessshouldbe developed. The detailsof physicselementsshouldbe
studiedandtheresultantnumericalmodelingshouldbe installedin the integratedcodesothat theimplosioncan
be simulatedwith availablecomputerwithin realisticCPU time. Therefore,this taskcanbe basicallyseparated
into two parts.Oneis to integrateall physicselementsinto a code,which is stronglyrelatedto thedevelopmentof
hydrodynamicequationsolver. Wehavedeveloped2-D integratedimplosioncodewhichsolvesmass,momentum,
electronenergy, ion energy, equationof states,laserray-trace,laserabsorptionradiation,surfacetracingandsoon.
Thereasonableresultsin simulatingRayleigh-Taylor instability andcylindrical implosionareobtainedusingthis
code.Theotheris codedevelopmenton eachelementphysicsandverificationof thesecodes.Wehadprogressin
developinga nonlocalelectrontransportcodeand2 and3 dimensionradiationhydrodynamiccode.

1. Introduction

Physicsof theinertialconfinementfusionis basedonavarietyof elementssuchascompressible
hydrodynamics,radiationtransport,non-idealequationof state,non-LTE atomicprocess,and
relativistic laserplasmainteraction.In addition,implosionprocessis not in stationarystateand
fluid dynamics,energy transportandinstabilitiesshouldbesolvedsimultaneously. In orderto
studysuchcomplex physics,anintegratedimplosioncodeincludingall physicsimportantin the
implosionprocessshouldbedeveloped.Thedetailsof physicselementsshouldbestudiedand
theresultantnumericalmodelingshouldbeinstalledin theintegratedcodesothattheimplosion
canbesimulatedwith availablecomputerwithin realisticCPUtime. Therefore,this taskcanbe
basicallyseparatedinto two parts.
Oneis to integrateall physicselementsinto a code,which is stronglyrelatedto thedevelop-
mentof hydrodynamicequationsolver. In the previous work, the integratedimplosioncode,
ILESTA-2D[1] hasbeenmodifiedto beanimplicit arbitraryEulerianLagrangiancode(ALE)
for therobustnessandsaving thecomputationaltime[2]. Themostdifficult problemwasrezon-
ing andremappingmethodin this ALE algorithm. An improvementof this methodhave been
doneto enablethe codeto clearly capturecontactsurface,ablationsurfaceandshockwave,
andsuccessfullyprogressed.Nevertheless,the difficulty of the rezoning/remappingwasstill
remainedwhenwe simulatecomplicatedproblem,suchasnon-linearRayleigh-Taylor insta-
bility usingthe improved ILESTA-2D. Therefore,we appliedtheCubic-InterpolatedPseudo-
Particle(CIP)[3] methodwhich hashigh-orderaccuracy in spaceandtime. The featureof this
new codeis describedin section2.

Theotheris codedevelopmentoneachelementphysicsandverificationof thesecodes.Wehad
progressin developinganonlocalelectrontransportcodeandmulti-dimensionradiationhydro-



dynamiccode.In thispaper, wedescribelateststudyonthenonlocalelectrontransport.Recent
worksshowedthatthenonlocalelectrontransporthasimportanteffectson theRayleigh-Taylor
instability in the laserimplosion[4][5][6]. We developedthe codethat simulatesthe electron
transportbasedon the Vlasov-Fokker-Planckequation. In this code,the electrondistribution
functionis expandedinto thezero-thandfirst orderpartsof Legendrepolynomials,andthey are
solvedat thesametime. In thispaper, outlineof thehybridcodein whichthisnonlocalelectron
transportcodeis coupledontoILESTA-1D andits simulationresultis shown.

2. Integetrated Implosion Code

2-1. Numerical Methods in Integetrated Implosion Code

In the integratedimplosioncode,mass,momentum,electronenergy, ion energy, equationof
states,laserray-trace,laserabsorption,radiationtransport,surfacetracing andother related
equationsaresolvedsimultaneously. Thehydrodynamicsolveris themostimportantandbase
algorithm. Becausethescaleratio of theexpandedplasmato the target shell thicknessis ex-
tremelylarge,theimplosionmustbesolvedby Lagrangiancoordinateto savethecomputational
resourcesandto capturethe large gradientvaluesin thespacephaseclearly. Therefore,most
of theALE implosioncodesarebasedonLagrangianmethodin which thecomputationalgrids
move along with the material. In general,computationalgrids are destroyedusing the La-
grangianmethod.In orderto continuethe calculationstably, it requiresthesophisticatedand
expensive rezoning/remappingalgorithm.In caseof complicatedsimulation,it needsgraphical
userinterfacefor rezoning[7]. To avoid suchproblem,a simplehydrodynamicsolver wasde-
velopedusingCIPmethod[3]. TheCIP hassomecharacteristicsof Lagrangianmethod,though
by fundamentalformationsarederived for Euleriancoordinate.To obtainpressureimplicitly,
we alsoappliedC-CUP(CIPandCombined,unified procedure)[8], andthis methodenableto
capturetheablationsurfacestably. ThisCIP methodis applicableto trackthematerials.

2.1 Example Calculations

As an example,the laser-drivenRayleigh-Taylor (R-T) instability wassimulated.A target of
surface-rippledpolystyrene(���������
	 g/cm� ) wasirradiatedby greenlaserbeam( � �
�����
��� m).
The target thicknessis 16� m. Perturbationwavelenghandamplitudeare30 � m and0.6� m,
respectively. In Fig 1., the densitycontoursat t=1.5nsis shown. New hydrodynamiccode
enablesusto simulatetheinstability without complicatedrezoning/remappingsystem,thusthe
bubbleandspikestructureis simulatedclearly. Thegrowth ratesestimatedfrom presentcode
areshown in Fig.2,with experimentalresult[4]. Thoughthegrowthrateof thesimulationalmost
agreewith thatof simulationresult,they seemslightly low comparedwith theothercodes,such
asILESTA-2D. This mustbecausedby thelow laserabsorptionraterelatively comparedwith
ILESTA-2D. Thiswouldbeadjustedafterfurtherstudy.

To checkthecapabilityof thepresentcode,anonuniformimplosionwassimulatedalso.A tar-
getof surface-rippledpolystyrene(���������
	 g/cm� ) wasirradiatedby greenlaser( � �
�����
��� m).
The target shell thicknessis 25� m.Theperturbationmodenumberand amplitudeare 8 and
1.0� m, respectively. In Fig 3., thedensitycontoursat t=2.2(left)andt=2.5ns(right)areshown.
At t=2.2ns,bubbleandspikesstructureof nonlinearRayleigh-Taylor instability causedby the
accelerationwereobserved,andthetargetwasalmostbrokenup. Ontheotherhand,at t=2.5ns,
thetargetwasdeceleratedby thehigh pressurein thecenterregion andbubbleandspikewere
grown to theoppositesideasthey wereobservedin accelerationphase.This featurewassimilar



to theexperimentdoneby Becket. al[10].
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FIG.1. Thedensitycontoursat t=1.5nsus-
ing presentcode. Thestructure of nonlinear
Rayleigh-Taylor instability is simulatedsta-
bly

FIG.2. ThedispersionrelationofR-Tgrowth
rates.
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FIG.3. Simulatedresult of Rayleigh-Taylor instability in implosion. The densitycontoursat
t=2.2ns(left)andt=2.5ns(right)are shown.X andYare thedistancefromthecenterin cm.

3. Nonlocal Electron Transport

It hasbeensuggestedthata kineticeffect on electrontransportis importantin analyzingtarget
accelerationof relatively thin plasticfoils. In suchacase,it mustbesolvedby theFokker-Plank
equationfor thermalconduction.Generally, a Fokker-Planckcodeis not robustandconsumes
much CPU time. A new numericalmethodhasbeenproposedrecentlywherethe electron
distribution functionis extendedinto thezero-thandfirst orderpartsof Legendrepolynomials,
andthey aresolved simultaneously. This methodis morestable,andit is easyto couplethis
solver with conventionalhydrodynamicequation. In order to study the effects of nonlocal
electrontransporton the hydrodynamics,the presentcodewascombinedwith the integrated



implosioncode,ILESTA-1D which is the1D integratedimplosioncode.

Usingthis hybrid code,we considerthecasewhenCH foil is acceleratedby thelaserablation.
In this case,thethicknessof CH foil is 16� m, overcoatedwith Al (0.03� m). The laserwave-
lengthis 0.53� m andthepulseis a flat top squarewith 2.2nsduration.Thelaserabsorptionis
calculatedbasedon the inverse-bremsstrahlungfor theMaxwellian limit. In Fig.4(a)we show
thedynamicscalculatedby Spitzer-Härmmodelwith a flux limiting factor f=0.1. The results
basedon the Fokker-Plankmodelareshown in Fig.4(b). Comparingthe two models,an in-
creaseof thedensityscalelengthis seenfor thetheFPcase.Theseresultsareimportantfor the
estimationof thelineargrowth of theRayleigh-Taylor instability.

(a) (b)

FIG.4. Theradius-timediagram of SH model(a) and FP model(b). Thecritical surfacefor
the laser wavelength� ���
������� m is plotted in the figure with lines crossingLagrangianfluid
trajectories

4. Summary

In summary, the following statusof our computationalcodesat ILE Osakawerereported.1)
Thebasicpartof thenew 2-D integratedimplosioncodeis developed.This codecansimulate
notonly Rayleigh-Taylor instability in laser-drivenplanartargetreasonablybut alsoimplosions
in ICF. 2) An hotelectrontransportcodebasedontheFokker-Planckequationis developed,and
it wascombinedwith theILESTA-1D. Thedifferenceof simulatedresultbetweenSpitzer-Harm
modelandtheFPmodelis shown whenaCH foil is acceleratedby thelaserablationusingthis
hybridcode.
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