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A SOVIET-PAPER-ON LASEK .I'AKGET HEATING, SYMMETRY OF IRRADIATION, AND 
- - 

TWO-DIMENSIONAL EFFECTS ON COMPRESSION 

On F r i d a y ,  November 1 9 ,  1976, D r .  Yu. V. Afanasiev (Lebedev p h y s i c a l  

I n s t i t u t e ,  Moscow) p r e s e n t e d  a paper  e n t i t l e d  " T h e o r e t i c a l  Study of Lase r  

T a r g e t  Hea t ing ,  Symmetry of I r r a d i a t i o n ,  and Two-Dimensional E f f e c t s  on 

Compressiont1 t o  a p o o r l y  a t t e n d e d  p o s t - d e a d l i n e  s e s s i o n  of t h e  Annual 

Meeting of t h e  Plasma Pl lys ics  D i v i s i o n  of t h e  American P h y s i c a l  S o c i e t y  i n  

San F r a n c i s c o .  Because t h i s  r e p o r t  c o n t a i n s  new and i m p o r t a n t  i n f o r m a t i o n  

r e l a t e d  t o  two-dimensional c a l c u l a t i o n s  f o r  l a s e r  t a r g e t  compress ion,  i t  

d e s e r v e s  wider  d i s t r i b u t i o n .  

Afanas iev  e t  a l .  develop and u s e  a  one-dimensional s e l f - c o n s i s t e n t  

a n a l y t i c a l  model of t h e  s t e a d y - s t a t e  corona of a  l a s e r - i r r a d i a t e d  s l a b  t a r g e t  

t o  o b t a i n  t h e  e f f i c i e n c e s  of a b s o r p t i o n  of l a s e r  energy by t h e  t a r g e t  and 

t h e  p e r c e n t  r e f l e c t e d  f o r  v a r i o u s  Nd-laser-pulse  shapes  i n  t h e  range  between 

1012 and 1016 w/cm2. These t h e o r e t i c a l  d e d u c t i o n s  a r e  compared w i t h  t h e  

exper iment ,  The r-ode1 employs a  8 - f u n c t i o n - l i k e  energy  a b s o r p t i o n  of t h e  

laser l i g h t  a t  t h e  c r i t i c a l  s u r f a c e .  The symmetry of t a r g e t  i r r a d i a t i o n  

from a  multiple-beam system is  c o n s i d e r e d  and r e l a t e d  t o  t h e  s p e c i f i c  c a s e  

o f  t h e  216-channel 10-kJ Nd-glass i n s t a l l a t i o n  named "Delf in"  p r e s e n t l y  

under  c o n s t r u c t i o n  i n  t h e  Basov Labora to ry  a t  t h e  Lebedev I n s t i t u t e .  Two- 

d imens iona l  c a l c u l a t i o n s  o f  l a s e r - d r i v e n  compression f o r  a  70-p r a d i u s ,  4-p- 

th ick-wal led g l a s s  m i c r o b a l l o n  (RIAR = 17.5)  w i t h  a  100-5, 2-ns p u l s e  f o r  

b o t h  t h e  c a s e  o f  f l u x  asymmetry and inhomogeneity are g iven .  Both t h e  c a s e  o f  

large and' slnall i n i t i a l  asymmetry a.re p r e s e p t e d .  S h e l l  inhomogenet ies  l e s s  

t h a n  3% are found t o  be compat ible  w i t h  achievement  o f  1000-fold  compress ion,  

w h i l e  t h o s e  g r e a t e r  t h a n  10% l e a d  t o  s i g n i f i c a n t  d e v i a t i o n  of t h e  f i n a l  t a r g e t  

shape  f rom s p h e r i c a l  symmetry. 

T h i s  paper  i s  r e l a t e d  t o  t h e  impor tan t  and ' c o n t r o v e r s i a l  e a r l i e r  work 

by Afanas iev  e t  a l .  on  high-gain  l a s e r - d r i v e n  p e l l e t s  f i r s t  p u b l i s h e d  i n  JETP 

. L e t r e r s  21, 68 (1975) .  

* <. A s  a  r e s u l t  of  l a s n e x  c a l c u l a t i o n s  by T. Buckhol tz ,  J .  Brandenberg,  and 

u y s e l f  a t  LLL, and hy R .  Freeman and J. Brownell  a t  LASL, on l a s e r - d r i v e n  and 

plasma-focus-driven modif ied Suss!-an t a r g e t s ,  supplemented by some a d d i t i o n a l  

i tsfni-mation ga ined  i n  r l isr . l lssion w i t h  D r .  Afanas iev ,  i t  h a s  been p o s s i b l e  t o  
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t a r g e t  g i v e n  i n  t h e  r e f e r e n c e  above (122 M J ) .  Work i s  i n  p r o g r e s s  on ca lcu-  

l a t i o n s  of t h e  o t h e r  t a r g e t s  and w i l l  be  r e p o r t e d  s u b s e q u e n t l y .  

Appendix A g i v e s  t h e  paper  p r e s e n t e d  a t  t h e  APS mee t ing .  I have 

p repared  i t  from t h e  t e x t  and s l i d e s  p rov ided  by D r .  Afanas iev .  Although I 

have o c c a s i o n a l l y  made minor a d d i t i o n s  and changed c e r t a i n  a r t i c l e s  of 

speech  f o r  i n c r e a s e d  c l a r i t y ,  I have t r i e d  t o  s t i c k  t o  t h e  o r i g i n a l  t e x t  as 

c l o s e l y  as - p o s s i b l e .  

A few passages  and f i g u r e s  were d e l e t e d  i n  t h e  o r i g i n a l  t e x t ,  pe rhaps  by 

S o v i e t  censors ,  and t h e s e  a r e  so  i n d i c a t e d .  



APPENDIX A: THEORETICAL'STUDY OF LASER TARGET HEATING, SYMMETRY OF 

IRRADIATION, AND TWO-DIMENSIONAL EFFECTS ON COMPRESSION 

Yu. V .  Afanasiev, N .  G. Basov, E. G. Gamaly, N. N .  Demchenko, 

0 .  N.  Krokhin, V. B. Rozanov, A. A. Samarsky, and A. P .  Favorsky 

Lebedev Phys i ca l  I n s t i t u t e ,  Moscow 

I n  t h i s  r e p o r t  we s h a l l  cons ider  some t h e o r e t i c a l  problems of l a s e r  

t a r g e t  i r r a d i a t i o n  and compression i n v e s t i g a t e d  a t  t h e  l a b o r a t o r y  of quantum 

radiophys ics  of Lebedev Phys ica l  I n s t i t u t e .  

1. Of s i g n i f i c a n t  i n t e r e s t  i s  t h e  problem of abso rp t ion  and r e f l e c t i o n  

of l a s e r  r a d i a t i o n  i n  t h e  corona plasma of a  l a s e r  t a r g e t .  Up t o  now t h e r e  

has been no s a t i s f a c t o r y  t h e o r e t i c a l  i n t e r p r e t a t i o n  of numerous experiments 

on r e f l e c t i o n  and absorp t ion .  There i s  a l s o  no t h e o r e t i c a l  evidence f o r  t he  

formation of energy balance i n  t h e  corona. These problems w i l l  b e  t r e a t e d  

w i t h i n  t h e  framework of a  hydrodynamic d e s c r i p t i o n  of t h e  plasma corona. 

Consider a  p lane  s e l f - c o n s i s t e n t  problem of t h e  abso rp t ion  and r e f l e c t i o n  

of l a s e r  r a d i a t i o n  i n  t h e  expanding high-temperature plasma. Laser  r a d i a t i o n  

t r a n s f e r  w i l l  be  descr ibed  by maxwellian equat ions .  Let  a  monochromatic 
i m Z  

. e lec t romagnet ic  wave, p  = O , be i n c i d e n t  on a  p lane  plasma l a y e r  from 
0 

z = -  co. The process  of plasma hea t ing  and.expansion is  descr ibed  by t h e  

group of c q u a t i o a ~  i n  Fig.. 1. . . 
. .. 

Figures  2 a n d ' 3  show t h e  p r o p e r t i e s  of plasma p e r m i t t i v i t y  f o r  a  purely 

Coulomb ion-e lec t ron  s c a t t e r i n g  and f o r  t h e  ca se  of anomalous l i g h t  absorp t ion  

by plasma from t h e  d a t a  obta ined  by t h e  group of D r .  V. P. S i l i n  a t  t h e  

Lebedev I n s t i t u t e .  

A s  f o r  t h e  method o f ' s o l u t i o n ,  no te  t h a t  i t  is  donveki.int t o  in t roduce  

P and R func t ions ,  V = RIP, and then  t o  g e t  an  equat ion  f o r  V by making use  

of t h e  f a c t  t h a t  i n  t h e  r eg ion  above c r i t i c a l  d e n s i t y ,  where t h e  f i e l d  i s  

absenr, V = 0. 

The model we d i scuss  makes i t  p o s s i b l e  t o  produce a  phys i ca l ly  c o r r e c t  
. . 

se1.f-consistent d e s c r i p t i o n  of t h e  abso rp t ion  and r e f l e c t i o n  processes  of 

monochromatic r a d i a t i o n  by t h e  plane-expanding plasma l a y e r .  Moreover, i t  
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P e r m i t t i v i t y  f o r  Coulomb ion -e l  ec t ron  s c a t t e r i n g  

Anomalous absorp t ion  

Figure 2. 
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enables  us t o  i n t e r p r e t  such important problems a s  t h e  e f f i c i e n c y  of 

l ight-energy c o n t r i b u t i o n  t o  plasma, s p a t i a l  s t r u c t u r e  of t h e  r a d i a t i o n  .. 
f i e l d ,  and consequently,  t h e  s t r u c t u r e  of energy i n p u t ,  formation of t h e  

r e f l e c t e d  wave, and time evo lu t ion  of t h e  r e f l e c t i o n  c o e f f i c i e n t  depending 

on t h e  pu l se  and t a r g e t  parameters ,  p a r t i c u l a r l y  on the  prepulse  shape. 
15  -1 

The r e s u l t s  a r e  r epo r t ed  f o r  t h e  Nd-glass l a s e r  (w = 1 . 8  x 10 s ) i n  
2  t h e  range of f l u x  d e n s i t i e s  from 1012 t o  1016 ~ / c m  f o r  t h e  p lane  DT-ice and 

(CH ) -polyethylene t a r g e t s ,  which a r e  homogeneous a t  t h e  beginning of t h e  
2 n  

pulse .  

F igure  5 shows t h e  dependence of t h e  i n t e g r a l  c o e f f i c i e n t  of r e f l e c t i o n  
+ 

R = o ~ t q - d t / o ~ t q C d t  on t h e  i n c i d e n t  f l u x  q  f o r  t h e  DT-layer w i th  i n i t i a l  
2  

dens i ty  0 . 2  g/cm . Curve 1 corresponds t o  a  c l a s s i c a l  abso rp t ion ;  curve 2, 

t o  anomalous absorp t ion .  

A s  seen  from t h e  diagram, t h e  anomalous abso rp t ion  p l ays  an important  
2 

r o l e  a t  f l u x  d e n s i t i e s  above 1013 W/cm ; t h e  b a s i c  processes  a r e  t h e  decay 

of l i g h t  wave t o  t h e  Langmuir o s c i l l a t i o n  and t h e  ion  sound. 

Note t h a t  F ig .  5 i l l u s t r a t e s  t h e  comparison of anomalous and c l a s s i c  

absorp t ions .  An inc rease  i n  r e f l e c t i o n  wi th  q+ i s  a s s o c i a t e d  wi th  t h e  

dependence of t h e  upper l i m i t  i n t e g r a t i o n ,  t = t ( q t ) ,  eq.ual t o  t h e  t ime 

of l a y e r  b leaching ,  and decreases  w i t h  an  i n c r e a s e  i n  t h e  f lux .  

F igure  6 demonstrates the  t r a j e c t o r i e s  of t h e  motion of ~ ~ - p l a s r n a  

c r i t i c a l  d e n s i t y  a t  va r ious  f luxes .  We assume an  anomalous mechanism of 

absorp t ion .  
+ 

Curves q (t) i l l u s t r a t e  t h e  e f f i c i e n c y  of energy c o n t r i b u t i o n  t o  DT 

plasma, which depends on t h e  r a d i a t i o n  f l u x  and pu l se  d u r a t i o n  wi th  allowance 

f o r  anomalous absorp t ion .  From t h e  curves ,  i t  i s  seen t h a t  a t  any va lue  of 

f l u x  dens i ty  t h e  f r a c t i o n  of r e f l e c t e d  energy decreases  w i t h  inc reas ing  

pu l se  du ra t ion ,  T. This  i s  due t o  t h e . i n c r e a s e  i n  t ime of t h e  plasma l a y e r  

o p t i c a l  t h i ckness ,  kdz, .and t o  t h e  decrease  i n  t h e  r e f l e c t i o n  c o e f f i c i e n t ,  
2  

V ( t )  . Ry changing the va lue  of f l u x ,  the  r e f l e c t i o n  can i n c r e a s e  o r  

decrease ,  depending on t h e  pulse  du ra t ion .  

Figwse 8  shows t h e  p r o f i l e s  of d e n s i t y ,  temperature,  and energy 

inpu t  per  u n i t  mass f o r  t h e  moment of t ime t = 1 ns a f t e r  t h e  a c t i o n  of l a s e r  
2  

r a d i a t i o n  of 1014 W/cm . Note a  sharp  maximum of energy i n p u t  near  t h e  
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c r i t i c a l  p o i n t  connected w i t h  t h e  anomalous a b s o r p t i o n  mechanism. The same 
2  2 

f i g u r e  i l l u s t r a t e s  t h e  f i e l d  s t r u c t u r e  I E 1 and v a l u e  I E '  I n e a r  t h e  c r i t i c a l  . . 

p o i n t .  

F i g u r e  9  shows t h e  c a l c u l a t e d  r e s u l t s  f o r  c o n d i t i o n s  c l o s e  t o  e x p e r i m e n t a l  

f o r  t h e  r e f l e c t i o n  of a  4.75-ns-long l a s e r  p u l s e  a t  f l u x  d e n s i t i e s  6.10 1 3  
9 

w/cmL from t h e  p l a n e  p o l y e t h y l e n e  (CH ) l a y e r .  The i n c i d e n t  and r e f l e c t e d  
2 n  

p u l s e s  a r e  r e p r e s e n t e d  a s  w e l l  as t h e  t ime dependence o f  v a l u e  IV I 2 ,  which 

cor responds  t o  t h e  i n s t a n t a n e o u s  v a l u e  f o r  t h e  r e f l e c t i o n  c o e f f i c i e n t .  The 

c a l c u l a t e d  f r a c t i o n  of r e f l e c t e d  energy  (% 3.3%) a g r e e s  w e l l  w i t h  t h e  ex- 

p e r i m e n t a l  v a l u e  o f  % 3%. It shou ld  be  n o t e d  t h a t  t h e  i n t e r p r e t a t i o n  o f  

exper iments  w i t h  t h e  p lane  t a r g e t s  i n  terms o f  t h e  one-dimensional model h a s  

a q u a l i t a t i v e  c h a r a c t e r  because  t h e  s i z e  of a  f o c a l  s p o t  i s  normal ly  l e s s  

than  t h e  dimension o f  t h e  l a s e r  plasma. I n  t h e  g iven  c a s e ,  t h e  s i z e  o f  t h e  

l a s e r  plasma is  about  100 p, whereas t h a t  of t h e  f o c a l  s p o t  i s  50 u .  

F i n a l l y ,  F i g .  10 i l l u s t r a t e s  t h e  i n f l u e n c e  of t h e  l a s e r  p u l s e  c o n t r a s t  

r a t i o  on t h e  v a l u e  of r e f l e c t e d  energy .  A s t u d y  i s  made of t h e  r e c t a n g u l a r  
2 

1.7-ns p u l s e  w i t h  i n t e n s i t y  o f  1014 W/cm and of  t h e  same p u l s e  w i t h  a 3-ns- 

l o n g  p r e p u l s e ,  whose i n t e n s i t y  i n c r e a s e s  l i n e a r l y  from z e r o  t o  1011 W/cm 
2  

(energy c o n t r a s t  The r e f l e c t e d  energy i s  4.9% and 1. l t ,  r e s p e c t i v e l y .  

A n e g l i g i b l e  p r e p u l s e  energy changes t h e  r e f l e c t e d  energy by s e v e r a l  t i m e s .  

From t h e  r e p o r t e d  c a l c u l a t i o n s ,  i t  f o l l o w s  t h a t  t h e  f r a c t i o n  of r e f l e c t e d  

energy may b e  s i g n i f i c a n t l y  d i f f e r e n t ,  depending on t h e  amount o f  f l u x ,  shape ,  

and d u r a t i o n  o f  t h e  l a s e r  p u l s e .  Because of anomalous a b s o r p t i s n  p r o c e s s e s ,  
2 

t h e  r e f l e c f i ~ n  m r f f i r . i e n f  i n  t h e  m n g p  nf  f l ~ ~ x ~ s  i,p r o  l d 5  W/cm and p ~ l l s e  

d u r a t i o n  more than  1 ns i s  s m a l l  and amounts t o  s e v e r a l  p e r c e n t .  When compar- 

i n g  and i n t e r p r e t i n g  t h e  e x p e r i m e n t a l  d a t a  connected w i t h  measurement of t h e  

l i g h t - e n e r g y  c o n t r i b u t i o n  t o  plasma, we shou ld  t a k e  i n t o  account  a  number of 

e f f e c t s ,  such  a s  t h e  r e f r a c t i o n  of l i g h t  and nonnormal i n c i d e n c e ,  which i s  

n o t  c o n s i d e r e d  i n  our  c a l c u l a t i o n s .  

2 .  The r e p o r t e d  r e s u l t s  make i t  p o s s i b l e  t o  c o n s i d e r  t h e  problem of 

s t e a d y - s t a t e  motion of t h e  s u b s t a n c e  a t  s p h e r i c a l l y  symmetric i r r a d i a t i o n  

of a t a r g e t  w i t h  R r a d i u s  w i t h  t h e  laser r a d i a t i o n  f l u x  Q S t a t i o n a r y  
0  0  ' 

f low is  e s t a b l i s h e d  a t  t h e  expense  of s p h e r i c a l  expansion of t h e  expanding 

s u b s t a n c e .  The problem is  based upon t h e  assumption t h a t  l a s e r  energy i s  
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absorbed near  t h e  c r i t i c a l  dens i ty  i n  a  narrow zone. Hence, t h e  energy inpu t  

has  a  cha rac t e r  of 6-funct ion,  a s  shown i n  F ig .  8. I n  a d d i t i o n ,  i t  i s  

assumed t h a t  t h e  absorbed l a s e r  energy i s  processed i n  t h e  f l u x e s  of e l ec t ron -  

h c a t  conduc t iv i ty  descr ibed  i n  t h e  S p i t z e r  approximation. 

Heat f l u x e s  a r e  d i r e c t e d  from the  c r i t i c a l  zone t o  and from t h e  t a r g e t  

cen te r .  Equations of t h e  problem and t h e  corresponding boundary cond i t i ons  

a r e  shown i n  Fig.  11. 

Solu t ion  of t h e  problem depends on t h e  dimensionless  parameter 

which inc ludes  t h e  c o e f f i c i e n t  of e l e c t r o n  h e a t  conduc t iv i ty  K l a s e r  f l u x  
0 ' 

Qo, c r i t i c a l  dens i ty  p t a r g e t  r a d i u s  R and mass and charge of t h e  i o n ,  
c r y  0 ' 

M. and Z. I n  t h e  case  of l a r g e  va lue  y > l o 2  ( t h i s  case.  corresponds t o  
1 0 

l a r g e  QO and smal l  R ) ,  t h e  i n t e g r a l  curves a r e  represented  i n  F ig .  12.  
0  

To f i n d  a s o l u t i o n ,  i t  i s  necessary  t o  use  t h e  condi t ions  f o r  t h e  curves 

t r ansmi t t i ng  a  p a r t i c u l a r  son ic  p o i n t ,  where t h e  sound v e l o c i t y  i s  equal  t o  

t h e  v e l o c i t y  of flow. A t  t h e  c r i t i c a l  p o i n t  R = Rcr,  where p = p t h e  
c r  ' 

temperature i s  maximal, t h e  gasdynamic va lues  a r e  cons t an t ,  and t h e i r  
. - 

d e r i v a t i v e s  discont inuous.  The dependences of b a s i c  gasdynamicvalues of , 

v e l o c i t y ,  c r i t i c a l  r a d i u s ,  and maximum temperature a r e  represented  i n  t h e  

f i g u r e  by t h e  formulas.  With i n c r e a s e  i n  t h e  va lue  of f l u x  Q (or  decrease  
0 

i n  t h e  t a r g e t  r a d i u s  R o r  r a d i a t i o n  frequency w o y c r  % 'cr 
)  , t h e  r a d i u s  

of t h e  c r i t i c a l  po in t  s h i f t s  toward the  i n c i d e n t  r a d i a t i o n ,  whi le  t h e  s o n i c  

p o i n t  coord ina te  remains cons tan t  (R = 1.2 Ro). I n  t h e  case of smal l  va lues  
J 

of y 2 5 (small  va lues  of QO,  l a r g e  Ro and p ) ,  t h e  r a d i i  of t h e  c r i t i c a l  
c r  

and s o n i c  p o i n t s  co inc ide ;  a t  f u r t h e r  decrease  of y < 5 ,  they a r e  d r iven  
0 

toward t h e  t a r g e t  su r f ace .  I n t e g r a l  curves f o r  t h i s  ca se  a r e  shown i n  

Fig. 12. A phys i ca l ly  reasonable  s o l u t i o n  a t  y < 5 i n  t h e  ca se  of 6-shaped 
0 

energy inpu t  can be b u i l t  only under t h e  cond i t i on  tha f  a f  t h e  Souhuer 
dv - m. The f i g u r e  shows t h e  po in t  t h e  r a t e  d e r i v a t i v e  t u r n s  t o  i n f i n i t y ,  - - dR 

dependences of va r ious  gasdynamic values f o r  t h e  s t u d i e d  c a s e  of smal l  

f l uxes .  

The i n v e s t i g a t e d  s t a t i o n a r y  gasdynamic model of t h e  l a s e r  t a r g e t  

corona makes i t  p o s s i b l e  t o  p r e d i c t  a  number of p h y s i c a l  va lues  and compare 

them wi th  t h e  experiment.  To make such a  comparison v a l i d ,  i t  is  necessary  



Cond i t ion  o f  s t a t i o n a r y  f l o w  
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pvR2 = p* v* R*' = Constant 

F i g u r e  12, 

-18- 



for the substance-flow around the target to have time to stabilize, i.e. 

that the laser pulse be sufficiently prolonged. 
Rcr The quasistationary condition is T pulse > - . Throughout the 
v 

development of this model of the corona, we should include the generation of 

fast ions; but in a purely gasdynamic description the fluxes must be 

moderate, and fast ions do not play a significant role in the energy 

balance. Figure 13 illustrates B number of calculated physical values, such 

as the outflow rate, maximum temperature, position of the critical point 

radius, and maximum pressure in the corona. Besides, some experimental 

values are shown, namely, temperature, pressure, and velocity of corona. 

There is satisfactory agreement between them. However, the present experiments 

do not contain sufficient data for the interpretation. 

Of significant interest is a conclusion from.the model under considera- 

tion that the target corona and hence the process of compression depend on 

the complex action of such values as flux, radiation frequency, material and 

. radius of the target, and heat conductivity of plasma. If, for instance, 

the laser plasma heat conductivity is less or more than the predicted 

value, one can change experimental conditions to obtain the desirable 

characteristics of the corona. 

3. Consider the problem of symmetry and homogeneity of spherical 

target irradiation by means of multi-channel arrangements with a great number 

of laser beams. If we separate all the beams of the arrangement into groups, 

which correspond to the number of edges in regular polyhedrons (N = 4,6,8,12,20), 

and then distrih~lte them onto edges so as t o  preserve fhe symmetry of edge 
rotation, then it is sufficient to calculate the illuminance of a small 

ABC triangle. Illuminance of the whole target may be constructed for the 

reasons of symmetry. Our calculations are made on the assumption of an 

ideal optic and with allowance for small spherical aberrations. 

Figure 14 [missing] shows a mean-statistic light distribution in the beam 

used in, the c.alculations, geometry of sphere illumination by a single beam in 
t 

the case of ideal optics, and expression for sphere illuminance by a single ideal 

beam. To allow for the spherical aberration, it should be noted that the 
\ 

focal distance depends on the distance of the beam to its optical axis. All 

installation beams are separated as N x M x L, where L is the number of beams 

in each group, M is the nlimber of illuminating groups, and N is the number 



Figure  13. 
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of edges. Nonuniformity of illumination .is characterized by [text missing]. 

During target illumination it may be necessary to fulfill the condition that 

the light emitted by the target should not go to the laser system. For the 

tetrahedron with N = 4, such variations are possible without broken 

symmetry. For other polyhedrons with unbroken symmetry, this condition is 

not' fulfilled. 

Figures 15 and 1.6 [missing] illustrate the illumination dependence on 

the point coordinate along the triangle perimeter and the isometric projection 

of lines, which is equal to illuminance 4 x 6 x 9 and 20 x 1 x 10 variants. 

The calculations for N = 4 tetrahedron correspond to a 216-channel 

Nd-glass installation named "Delfin" of 10-kJ energy, which is under construc- 

tion at Lebedev Physical Institute. It is seen that under the condition of 

converging beams not reaching each other's aperture, the inhomogeneity of 

illumination may be less than 3%. Without regard for this condition, the 

inhomogeneity may be less than 1%. 

Figure 17 [missing] illustrates the dependences of the illuminance 

nonuniformity on the defocusing. The reported results indicate that by 

means of multi-beam installations, one can reduce illumination nonuniformity 

. to 1-3%. 

4. In conclusion, we shall report the results of two-dimensional 

calculations of target compression in the form of thin-walled glass shells. 

These calculations are performed at the Institute of Applied Mathematics on 

the basis of a two-dimensional hydrodynamic code and heat conductivity. 

The calculations are made for the targets and the conditions close to those 

in the experiments carried out at Lebedev Physical Institute. A study was 

made of two-dimensional compression of targets with'a radius of 70 p and 

wall thickness of 4 p. The energy introduced into the target is of 100 J, 

and pulse duration is equal to 2 ns. The shape of a spherical shell was 

assumed to be distorted (see Fig. 18). 

b Figures 19-23 illustrate the picture of two-dimensional compression 

for various moments of time for a small initial asymmetry and for large 

asymmetry. The influence of 2,6,10 harmonics was studied. 

From the results obtained, it follows that at the level of initial 

symmetry of [text missing], the perturbations develop slowly, so the target 



F l u x  v a r i a t i o n  
q ( t , e )  = qo ( t )  (1  + a s i n  n)  

V a r i a t i o n  o f  form 

R ( e )  = Ro ( 1  + - sin ne)  
Ro 

S i  O2 

= 2.26 g/cm 3 
0 

F igure  18. 
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F l  ux vari a t i  on 

.t = 1.95 ns 

10 u R 

Figure 19. 
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ux v a r i a t i o n  
a = 0.05 n = 10 

Figure 20. 
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Figure 22. 



- 

Figure 23.  



compression is close to a one-dimensional process. In another calculation, 

it is found that the inhomogeneity of irradiation is less than the deviations 

from a spherical shape. Of more influence is the inhomogeneity of the shell 

thickness. Note that the perturbation develops most powerfully at the final * 
stage of bremsstrahlung. The linear phase becomes nonlinear at the formation 

of jets. Under experimental conditions, however, the available deviations 

from the homogeneity do not prevent us from reaching bulk compression of 
3 

about 3.0 . At such values of compression, the difference of volume-averaged 

plasma parameters from one-dimensional calculations is negligible. It seems 

impossible to observe the influence of perturbations with the amplitude S 3% 
- - . . 

from integral measurements (for instance, from obscurograms). Perturbations 

greater than 10% can lead to significant deviation of the final target shape 

from spherical. 

* 
Perhaps the word "deceleration" is intended. (-H.L . S , ) 
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