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For direct drive ICF, nolitulifonilitics in laser illumination can seed ripplcs at the 
ablation front in a proccss called iruprinr. Such iionunifonnities will grow during 
tlie capsule iniplosion and can peiietratc  lie capsule shell. impede ignition, or de- 
grade burn. We liavc siniulatcd iiiipriiit for a number of of experinicnts on the 
Nova laser. Rcsults are in generally good agreement 4 t h  experimeiiial data. W e  
have also siiiiulated iinpriiit upon National Ignition Facility (NIF) direct drive ig- 
nition capsules. Imprint modulation aniplitude coiiiparable to tlie intrinsic surface 
finish of -40 nni is predicted for a iaser bandwidth oi 0.5 T I k  Ablation hili 
tiiodulatioiis experience growth faccors up to several tliousand, carrying modula- 
tion WCU into the nonlinear regime. Saturation modeling predicts that the sliell 
should remain kitact a t  tlie tiiiic of peak velocity, but penetration at earlier timcs 
appears more marginal. 

1 Introduction 

In direct drive inertial fusion: spatial nonuniformities in the laser intensity cre- 
ate hydrodynamic perturbations in the imprint. process. These perturbations 
grow during the implosions and can degrade performance. Beam smoothing 
schemcs ' I 2  introduce spatial and ieinporal incoherence into tile laser beam, 
giving a strongiy modulated speckie pattern at any instant of time. In time 
average, the modulation smooths out to a iarge degree. Thermal transport be- 
tween wbere tlie laser energy deposits and the ablation front gives additional 
smoothing. We have examined the imprint and grovith in numerical simuia- 
Lions, and tested the modeling against experiments. Siiiiulations can assess 
imprint upon ignition capsules such as tilose pianned for the National Ignition 
Facility (XI I?). 
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2 Numerical Method and Shnulatiolls of Experiments 

. -  . -  

imprint has been simulated using the computer code, LASNEX. Simulations 
are two-dimensional with reflecting boundary conditions in the transverse di- 
rection, and include multigroup radiation diffusion, electron conduction by 
flux-limited diffusion with a flux limiter of fe = 0.1, and ray trace laser depo- 
sition. The speckle pattern is introduced by adjusting the powers of the rays 
according to their aim point on the surface of tlie target. 

After some time, the growth history of a perturbation created by laser 
kiprini paraileis that of a perturbation originated ab the target surface. This 
facL hz.. been confirmed in Nova imprint. experiments 3. Consequently, we 
tiefiiie the. "equivalent surface finish” which is the spai,ial amplitude spectruni 
wilicii results in  tlie same xnodulatioil gro\vt.h history as SOMC- given imprint 
condition, during the parallel evolution. A reiated quantity is the “imprint 
eficiency” wl~icli is the ratio of the equivalent, surface finis11 to tlie intensity 
modulation amplitude. As  long as the hydrodynamic perturbations are linear 
( a  < O.lX), the imprint amplitude should be proportional to  the intensity 
modulation. This quantity tells hoiif smooth the beam must be to obtain a 
desired level of target smoothness. 

Experiments on the Nova laser have measured effects of imprint. hlodula- 
tions arising in a planar foil accelerated by the lases w r e  diagnosed by x-ray 
radiography. imprint of modulations from random pliasc plates (RPP) ’ and 
sinootbing by spectral dispersion (SSO)’ for 0.53 p i  light at loi4 W/cm2 were 
examined3. The equivalent surface finish decreased from 1.24 pin for RPP il- 
lumination to 0.26 p m  for SSD with 0.9 THz bandwidth. imprint of 0.35 pin 
and 0.53 pm RPP illumination at 1 - 2 x 10l3 W/cm2 was compared4. The  
0.35 p m  light generated higher imprint by a factor of -1.G5. Simulations were 
in approximate agreement with these experiments. Imprint upon 3 pm-thick 
Si foils was probed with an XUV laser of 15.5 nni wavelength, for 0.35 pm 
light at 3 x 10l2 W/cm2 5 -  Simulations agreed with the imprinted modulation 
aniplitude for RPP illumination, but predicted a factor of -3 too little little 
modulation for SSD with 0.33 TIIz bandwidth. 

3 NIF Capsule Iniprint 

The dimensions and pulse shape of a N I  F ignition capsule design are shown in 
Figure 1. The capsule is driven with a shaped pulse of 1.5 MJ of 0.35pm light 
and gives a clean 1-D yield of up ‘ to 30 h4J. We have calculated imprint for 
t.liis capsule a single spatiai frequency at a time. We have evaluated iniprint in 
planar geometry, as convergence effects are small during the imprint phase. An 
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uncorrelated intensity pattern was imposed every laser coherence time. Thus, 
the laser intensity was take to be a cosine in space direction and white noise 
in time, with a coherence time of 2 ps, corresponding to the O S  THz NIF 
bandwid tb . 

Pulse shape. 0.35 p n  laser 
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Figure i .  NIF capsulc dcsigl and pulse shape 

We cvaluateci the imprint eficiency at 2 ns, by which tiliie we expect 
the iniprint is mostly complete. We also used the 2 11s tirne-average of the 
white noise intensity modulation as the source amplitude to get the imprint 
eficiency. Tlie resulting cficiency was about 30 p n  for I < 100, falling off 
a t  higher I froin thermal smoothing. Multiplying these imprint efliciencies by 
tlie intensity modulation spectrum, we get the equivalent surface finish mode 
spectrum shown in Figure 2. The total power under this spectrum corresponds 
to 36 nni rms, conipared to 30 nni rnis from the surface finish spectrum. 
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Figure 2. Ii~iprit~c and surface finish spectra Figure 3. Modal spectrunl at peak velocity 

The modulation aniplitude during the implosion was evaiuated by multi- 
plying the equivalenb surface finish by a growth fact-or spectrurn. The effec- 
tive surrace finish used \vas the quadrature sum of imprint and surface finish, 
sho~vn by tlie top curve in Fig. 2. We used the expression for the growth 
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rate7 ~ ( t )  = a- ~ C U , ,  where the acceleration, a = 8.5 x 10'5cm/s2, the 
wavenumber, C = r/l  = O.lcm/l, the density gradient scale length, L = 0.5pm, 
and the ablation velocity, v, = 3.4pmjns. The linear growth factor on the ab- 
lation front to the time of peak shell implosion velocity is GF(C) = era*, where 
Ai = 4.66ns is the acceleration time. 

The resulting amplitude spectrum is shown in Figure 3. -4ccording to the 
saturation model of AaanS: modes enter into nonlinearity wlien the amplitude 
exceeds 27-/1, shown as the dotted line for a radius of 250 pm. The modes 
above 1=30 are nonlinear, substantially so at the peak of the linear speci.rum at 
1 % 100. 'rhe daslied curve shows the mode amplitude corrected for saturation. 
The rins bubble amplitude at peak velocity is 12 pm, weil below the sliell 
tliickness of 110 p i n .  2-D muli.imode siiniilations are i n  progrcss 1.0 test t.hc 
saturat.ioii inode1 and check iipon s i d  viability. 

4 Coiiciiisious 

Lasnex simulat.ions of imprint are in reasonable agreement with experimental 
datz for several beam smoothing conditions relevant io the perfonnance of 
ignition capsula. Simulaf.ions of imprint upon a specific igiiition design indi- 
cate that. bandwidf.h of 0.5 TRz will be suficient to yield imprint. comparable 
in  effect io an expected intrinsic surface finish of 30 - 40 nm rms. klodula- 
tions of this level at the ablation front evolve well into the noniinear regime. 
Esamination of slleil viability to such modulations is stili in progress. 
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