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Abstract 

The use of shorter wavelength laser l igh t both enhances co l l i s iona l 

absorption and reduces deleterious collective plasma effects. Coupling 

processes whicn can be important in reactor-size targets are briefly 

reviewed. Simple estimates are presented for the intensity-wavelength regime 

in which co l l i s iona l absorption is high and col lect ive ef fects are minimized. 
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Laser plasma coupling can be influenced by a rich variety of collective 

plasma effects. Many of these collective effects either decrease the 

absorption or give absorption into a tail of very energetic electrons. These 

features of the coupling have placed a premium on the use of short wavelength 

laser light. As the wavelength (X Q) of the light is decreased, the light 

penetrates to higher density plasma since the critical density (n ) 

increases as jT . For a given absorbed intensity, the heated plasma, 

both denser and lower in temperature, is then much more collisional. The 

greater collisionality both enhances collisional absorption and reduces 

collective plasma effects. 

The qualitative advantages of shorter wavelength light have long heen 

recognized. The thrust of the laser fusion program to shorter wavelength 

began in great ernest when deleterious collective effects emerged at 

unacceptable levels in implosion experiments with 1.06 u light. Theoretical 
2 3 estimates ' emphasized that the collective effects would be much reduced as 

4-6 the wavelength was decreased, and many experiments throughout the world 
demonstrated the improved coupling. 

Let us start our discussion of wavelength scaling by indicating the 

general region of parameter space of interest for laser fusion applications. 

A very important characteristic of a reactor target is the large size of the 

underdense plasma. The characteristic size, R, is typically of the order of 

1/2 cm, which corresponds to many thousands of laser-light wavelengths for 

1.06 u light. The peak intensity of the light used U cirive the target can 

vary considerably with the details of the design. Typically the peak 

intensity is in the range of 10 -10 W/cm . 
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Both the absorption efficiency and the heated velocity distribution are 

crucial features of the laser target coupling. It is optimum to directly heat 

as many electrons as is possible and, in particular, to avoid the generation 

of extremely energetic tails of hot electrons, which can preheat the inner 

fuel due to their long range. Preheat is a very important issue, since it can 

preclude achievement of the very large compression needed for ignition and 

burn. In practice, less than 0.1% of the input energy can be allowed to end 

up as preheat in the fuel. Depending upon details of the target design, 

electrons with energy of order 50-100 keV can preheat the fuel. If an 

appreciable number of such electrons are generated, a thicker ablator is 

required, which increases the energy needed to drive the target. 

WAVELENGTH SCALILNG OF INVERSE BREMSSTRAHLUNG ABSORPTION 

The optimum absorption mechanism is also the simplest - inverse 

bremsstrahlung absorption. In the classical limit, inverse bremsstrahlung is 
just collisional heating. As electrons oscillate in the electric field of the 

laser light, they are randomly scattered by the ions. Coherent energy of 

oscillation is thereby converted into random thermal energy. The heating rate 

is then the oscillatory energy times the electron-ion collision frequency, 
v e i- By conservation of energy, this heating represents a damping of the 
1 ight wave. Hence 

2 2 \£, nm v 
8-n vei ~ ' ( 1 ) 
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where v = eE, /mm , n is the plasma density, E. and <u are the 

electric field and frequency of the light wave, and v is an effective 

collision frequency which describes the damping of the light wave. This 

damping rate is then 

">=— \n = ( 3 X 1 0 ' tn"1^72 IT ' ( 2 ) 

cr ev cr 
where Z is the ion charge itate, a is the electron temperature (in eV), 

n is the critical density, and A is the ratio of the maximum (b ) cr -" max 
and minimum (b • ) impact parameters. In particular, b = v /w 

* mm r r r m a x g Q 2 2 and b . is the g rea te r OT 7e /mv or Ti/mv , where Fi i s P lanck 's min a e e 

constant and v i s the e lec t ron thermal v e l o c i t y . Note t h a t v has 

dependences which are c h a r a c t e r i s t i c of the p roper t ies of Coulomb c o l l i s i o n s ; 

i . e . , \> increases w i t h dens i ty and charge s t a te and decreases as the plasma 

heats . The absorp t ion length is the v e l o c i t y of l i g h t d i v i ded by v. I t i s 

apparent t h a i t h i s absorp t ion can be very high in large reg ions of underdense 

plasma. I t i s a lso apparent t ha t the s lower e lec t rons are p r e f e r e n t i a l l y 

heated, since the e l e c t r o n - i o n c o l l i s i o n f requency var ies as v , where v i s 

the v e l o c i t y of an e l e c t r o n . Hence inverse bremsstrahlung produces " s o f t " 

heated e lec t ron d i s t r i b u t i o n s . 

Although the major dependences of t he e l e c t r o n - i o n c o l l i s i o n frequency 

can be simply es t imated using the Coulomb fo rce law, a more d e t a i l e d t reatment 

i s necessary t o ensure the proper averaging over the v e l o c i t y d i s t r i b u t i o n of 

the e lec t rons and t o i l l u s t r a t e the heated d i s t r i b u t i o n s . Since in laser 

f u s i o n app l i ca t i ons the photon energy i s much less than the e l e c t r o n 

temperature, the c l a s s i c a l and quantum desc r i p t i ons agree except f o r minor 

m o d i f i c a t i o n s . So we begin w i t h the k i n e t i c equat ion f o r a plasma w i th 
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uniform density n, t rea t ing the e lec t r ic f i e l d j f the l igh t wave in the dipole 

approximation; i . e . E = E cos oo t . Then 

dt m - dy A dv v 3 av L e e m ' [6> 

4 2 where f is the d i s t r i bu t ion function of electrons and A = 2vnl e /m 

tu a. The f i r s t term on the right-hand side describes electron-ion 

co l l i s ions , and C ( f ) denotes the operator describing electron-electron 

col 1isions. 
p 

For low in tens i ty l igh t [(v /v )" « 1, where v is aciain the 
os e os 

oscillatory velocity of electrons in the light wave], the calculation is 
o 

straight forward. Expanding the distribution function as f = f (v) + 

f-i(v) cosb, when b is the angle between v and E, we obtain 

^ 1 - ^ = - ^ . (4) dt m dv 3 1 ' v 

Solving for f , and computing J, = -e J f-. vdv, we can then readi ly 

calculate the average rate of energy absorption by the plasma: 

< J 1 • E>= - ^ A n m v ^ j dv - ^ g(v) , (5) 

where g(v) = [1 + ( ^ - ) ] . As long as (^-) « v , g(v) = 1 and 
V UJ 

< J 1 • F > = ^ L A nm v ^ f Q (0 ) . (6) 

2 
Noting that < J 1 • E >= •g | - then gives 
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^ v = -ffAf o(0) , (7) 

where UJ is the electron plasma frequency. 
The damping rate depends on the zero-order distribution function. The 

form of this distribution function in turn depends on whether 

electron-electron collisions (with frequency v ) can equilibrate the 

distribution faster than electron-ion collisions cause it to heat. If 
2 2 2 2 v v >> v .v (i.e., if Z v /v « 1), the distribution function ee e ei os v ' os e " 

remains Maxwellian. We then obtain the result usually quoted in the 

literature and the one used in Eq. (2): 

2 7 4 

u/ 3 ( 2 * ) ^ n vj; 

2 2 However, i f Z v /v >> 1, electron-electron col l is ions cannot os e 

equi l ibrate the d is t r ibu t ion function su f f i c ien t l y rap id ly , and the form of 

the d is t r ibut ion function becomes determined by the co l l i s iona l heating. In 

th is l im i t , we return to the kinet ic equation to obtain 

. ° l l - l i 1 < L ( v 2 f ) . (9) 
at m -. 2 dv I 

3v 

Substituting for f,, approximating g(v) = 1, and looking for a self-

similar solution, we find 

i 5 - 1 (-) f - V 5 U , (10) 
0 u 3 

,5A V2 ^ 5 

where u = (—J^. t) . Hence the self-consistent distribution function is 
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suner-Gaussian in this limit. Since the distribution is rather flat-topped, 

there are fewer particles near v = 0, and the collisional damping rate is 

reduced by a factor of - 2. 

Although quantitative calculations of the collisional absorption of 

course depend on the details of the density profile and the plasma temperature 

(i.e., heat transport), it is instructive to make some crude estimates which 

illustrate when this absorption can be efficient. The condition that the 

absorption be > 70% is that the density gradient length, R, of the 

underdense plasma near the critical density be greater than an absorption 

length; i.e., ^ R / c > 1- We next relate the plasma temperature to the 

laser liyht intensity I via a free-streaming estimate which allows for 

moderate electron transport; i.e., I = .1 ne ev • Combining these 

estimates gives a bound on the intensity in W/cm : 

. c l n 1 4 Z Rfcm) .... 
I < 5 x 10 j — - , (11) X u 

where Z is the ion charge, R the plasma scale length in cm, and X the 

laser light wave length in microns. For reactor targets, R ̂  0.5 cm. Hence 
14 4 1 < 2.5 x 10 Z/x , which is a readily accessible intensity for 

target design using lasers with x < 1. The wavelength enters so strongly 
3/2 since ^^ % n/e e . As the wavelength decreases, the light 

propagates through denser plasma which is also cooler. 
Recent experiments * " ' with .53 u - .26 u light are quite 

consistent with our simple estimates of inverse-bremsscrahlung absorption. 

For example, in LLNL experiments^ ' in which gold targets were irradiated 

with .53 u light, the measured absorption was greater than 70% for I < 
15 2 3 x 10 W/cm . If we estimate an ion charge state of 30 and a plasma 
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s i z e of ^ 100 u f o r these experiments, Eq. (11) gives 1 < 2 x 10 

W/cm . When Be (Z = 4) t a rge t s were i r r a d i a t e d , the absorp t ion dropped 

below 70% f o r an i n t e n s i t y which was about a f a c t o r of t en lower , again as 

expected. These are very promising r e s u l t s , i n d i c a t i n g t h a t t h e r e i s a 

s i g n i f i c a n t c l a s s i c a l regime ava i lab le f o r t a r g e t design us ing s h o r t 

wavelength l a s e r s . 

WAVELENGTH SCALING OF COLLECTIVE EFFECTS 

The above ra the r i dea l i zed d iscuss ion ind ica tes tha t c o l l i s i o n a l 

absorpt ion can be s u f f i c i e n t l y potent t o g ive good absorpt ion f o r short 

wavelength laser l i g h t . The key quest ion then becomes: are c o l l e c t i v e plasma 

e f f e c t s s u f f i c i e n t l y suppressed? Since inverse bremsstrahlung i s most 

e f f e c t i v e near the c r i t i c a l dens i t y , c o l l e c t i v e e f f ec t s at lower dens i ty can 

i n p r i n c i p l e s t i l l s p o i l the coup l ing . 

We note t ha t r e q u i r i n g c o l l i s i o n a l absorp t ion of the l i g h t wave before i t 

reaches a dens i ty n << n would s t r o n g l y reduce the range of permiss ib le 

vR i n t e n s i t i e s . For example, we use the c o n d i t i o n tha t —- > 2, where 

v = v . and R is now the loca l scale leng th at dens i ty n . Re la t inq the 
e i n c r 

plasma temperature t o the i n t e n s i t y as b e f o r e , we obta in 

3 

C ' ncr 
! < 2.5 x 10 U O iSSl ( J L ) J . (12) 

Note that the permissible intensity is reduced from that given in Eq. (11) by 
1 n 3 

the factor of about «• (-—) . The estimated dependence on density is so 
Z strong, since v = ̂ - v e i , v e i a - ^ , and - _ a n . 
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This naturally brings us to a discussion of the other coupling 

mechanisms, which are related to collective plasma effects. It is well-known 

that, due to the long range of the Coulomb force, a plasma supports waves. 

These are collective modes of oscillation, which correspond to charge density 

fluctuations. In laser fusion applications, there are primarily two plasma 

waves of interest. The first is a high frequency electron plasma wave which 

occurs at the natural frequency with which electrons oscillate. The second is 

a low frequency ion acoustic wave, which is the analogue of a sound wave in an 

ordinary gas. The important point is that the laser light can excite these 

waves, which in turn can heat the plasma and/or scatter the light. In other 

words, collective effects can either increase or decrease the absorption. 

Just as importantly, collective processes can change the character of the 

absorption. We've already pointed out that collisional absorption generates 

soft heated velocity distributions. In marked contrast, absorption via plasma 

waves typically leads to suprath-rmal electron generation. Consider an 

electrostatic wave with electric field E sin(kx - ut). Slow electrons just 

experience an oscillatory motion, which in the absence of collisions leads to 

no heating. However, fast electrons (i.e., those with v -\, a/k»v ) see 

a nearly constant field and can be efficiently accelerated. Hence, faster 

electrons are preferentially heated, leading to a heated velocity distribution 

characterized by energetic tails. 

Resonance Absorption 

Resonance absorption is the simplest example of absorption via plasma 

waves. The physics of this coupling is straight-forward. Consider a plasma 

with density n(x) and a high frequency electric field, E L sin w t, which 
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oscillates electrons along the density gradient. This oscillation clearly 

generates a charge density fluctuation, on, at frequency OJ : 

on = n(x + x ) - n(x) - x • V n , 
OS' ' - OS ' 

2 where x = -eE. /rru> cos w t. Hence, whenever a component of os L o o ' r 

the laser light electric field, E, , oscillates electrons along a variation 

in density, a charge density fluctuation is directly driven. Near the 

critical density, this driven fluctuation is at just the frequency at which 

the plasma naturally responds, and so an electron plasma wave is resonantly 

excited. For high intensity light, the plasma wave grows in amplitude until 

it saturates by accelerating electrons, producing energetic tails. Note that 

resonance absorption takes place whenever E. • V n i 0; i.e., for 

so-called p-polarized light. 

Since resonance absorption operates on the zero-order density gradient 

due to plasma expansion, it is a fairly ubiquitous phenonmenon and has been 

the subject of many calculations. " Although resonance absorption is 

basically a linear process, nonlinear effects play a crucial role in the 

heating. Important features predicted quite some time ago were (1) nonlinear 

steepening of the density profile near the critical density due to the 

pressure of the locally generated plasma wave and the reflecting light wave, 

(2) polarization-dependent absorption, which is partially reduced by critical 

surface rippling, (3) an absorption efficiency of typically about 20-30% when 

averaged over the rippled surface and (4) heated electrons in a quasi-
2 4 Maxwellian distribution with a temperature scaling as (IA )' , wiiere I is the 

intensity of the light and X is the wavelength. Resonance absorption is 

clearly less of an issue for short wavelength lasers both because inverse 
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bremsstrahlung reduces the amount of light reaching the critical surface and 

because the resonantly- heated electron temperature decreases. 

The calculations of resonance absorption have been supported by many 

different experiments with high intensity laser light and small underdense 

plasmas. Of particular interest to the issue of wavelength scaling are recent 
4 experiments at Ecole Polytechnique with 1 u, 1/2 \i, and 1/4 u laser 

light. High energy x-ray data from these experiments indicate that the 

resonantly-heated electron temperature scales as ( U 0 ) ' • Foth the 

magnitude of the temperature and its scaling appear to be in quite reasonable 

agreement with calculations. 

Plasma Instabilities 
Collective effects can become considerably more complex for intense laser 

light in the large regions of underdense plasma characteristic of reactor 

targets. This complexity is primarily because plasma waves are also excited 
12 by instabilities. As shown in Table I, most of these instabilities can be 

most simply described as the resonant decay of the laser light into two other 

waves. The frequency matching conditions then determine the region of plasma 

density for which the various instabilities occur. The ion-acoustic-decay 

instability corresponds to decay OT the light wave into an ion acoustic wave 

plus an electron plasma wave and takes place near the critical density, 

n . If the product waves are two electron plasma waves, we have the 

two-plasmon-decay (2 w ) instability, which occurs near 1/4 n c r . The 

Raman instability represents the decay of the light wave into a scattered 

light wave plus an electron plasma wave, a process which occurs for n < 1/4 
n • The analogous scattering process in which the electron plasma wave is 
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replaced by an ion acoustic wave is called the Brillouin instability. This 
instability operates throughout the underdense plasma. Finally there's the 
filamentat ion instability, a process which also occurs for n < n c r . Any 
local increase in the laser light intensity pushes plasma aside, either 
directly via the enhanced light pressure or indirectly via enhanced heating 
ana subsequent expansion. By refracting the light rays inward, this density 
depression further enhances the intensity. The net result can be the break-up 
of the incident light beam into intense filaments. Self-focusing of the 
entire light beam is a subset of this instability. 

The Raman ana 2 tu Instabilities 

Wherever one of the product waves is an electron plasma wave, very 
energetic electrons can be generated. The ion-acoustic-decay instability, 
which takes place near the critical density, tends to be limited by the 
steepening of the density profile which occurs there and by coliisional 
absorption which reduces the intensity reaching the critical density. Of 
particular concern for hot electron generation are the two-plasmon-decay 
instability (n = 1/4 n ) and the Raman instability which produces its 
most energetic electrons near 1/4 n . Computer simulations of these 
instabilities in large regions of plasma with density near 1/4 n show more 
than 10% absorption into electrons with a characteristic temptiature of order 
100 keV. 

The linear theory of these instabilities allows us to estimate their 

threshold intensities as a function of laser light wavelength. As a first 

approximation, the threshold intensity is generally set by the density 
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g r a d i e n t , which l i m i t s the region over which the resonant coup l ing can be 

sat i s i f i e d : 

5 x 1 0 1 5 b k e V 

I-r 'v. r— 2 w i n s t a b i l i t y (13) 
u u 

Ij "v- 10 — J T T YR Raman instability near -r n or 
u u Raman side scatter 

2 
where I, is the intensity in W/cm , b is the electron temperature 
in kev, and L (A ) is the local density gradient length (laser light 
wavelength) in microns. Note that, for L ^ 2 x 10 , the threshold 

13 2 intensities due to gradients can be rather low (̂ 10 W/cm ) even for 
1/4 u light. 

Fortunately collisional effects can reduce generation of these 
instabilities by short wavelength light. First, collisions introduce a 
threshold intensity which can be determined by balancing the growth rate with 
ihe collisional damping of the waves. At 1/4 n , the collisional threshold 
for either instability is 

I T -* X
4
 1 0

3
 Z • (14) 

u keV 

For a plasma with 1=3 and b, „ = 1 irradiated with 1/4 u light, 
14 2 I-j-^ 10 W/cm . Secondly, the incident light can be collisionally 

absorbed before it reaches a given density, an effect crudely estimated in 
Eq. 12. For a plasma with a local density scale length of L = 2000 u and 
Z = 3, laser light with a wavelength of 1/4 u is absorbed before 1/4 n 
for I <• 5 x 1 0 U W/cm 2. 
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There are a growing number of experiments on R;iman scattering in 

laser-irradiated plasmas as well as some rather detailed experiments on 

the 2^ instability. In experiments with a large region of underdense 

plasma, Raman scattering as large as about 10% has been measured. In these 

experiments at LLNL, a large region of underdense plasma was formed by 

irradiating a thin CH foil (7000A thick) with a 1 ns, 2.5 kJ pulse of 1.06 

u light. This foil was predicted to expand through about 1/4 n c r at about 

the peak of pulse, giving a large (% 400 u) region of plasma for Raman 

scatter and the 2w instability. Indeed, about 10% of the light was 

observed to the Kaman scattered, most into the rear hemisphere, but even about 

one percent into the forward hemisphere. In addition, measurements with a 

streak camera showed that the forward-emitted 3/2 u light (a signature of 

plasma waves near 1/4 n ) and the high energy x-rays (a signature of heated 

electrons) were both correlated and came at the expected time in the laser 

pulse. 

Brillouin Scattering 

In addition to producing very energetic electrons which can preheat the 

target, there is also concern that plasma instabilities can significantly 

degrade the absorption. Here the principal culprit is the Brillouin 

instability, which represents the resonant decay of the incident light wave 

into a scattered light wave plus an ion acoustic wave. Since the ion sound 

frequency is much less than the light wave frequency, the Manley-Rowe 

relations show that nearly all of the energy of the incident photons can be 

transferred to scattered ones. Hence, if this instability were efficient, 

most of the laser light energy could be scattered away from the target. We 
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nute that the scattered light may still be absorbed before it leaves the 
plasma. This is particularly true for Tight side-scattered in a high-Z plasma. 

Reflectivities of 50% or more have been computed for large, uniform 
18 regions of underdense plasma. The threshold intensity is usually 

determined by gradients in the plasma. As representative, let's consider the 
threshold for Brillouin backscatter due to a gradient in the expansion 
velocity of the plasma: 

T 7 x 1 0 1 5
 n

 ncr , , 
l l * — 6 k e V — ' ( 1 5 ) 

u u 
where we have approximated the gradient length for expansion velocity by 
L , the density scale length in microns. For a plasma with an electron 
temperature of 1 keV and a scale length near .1 n c r of 2000 u irradiated 
with 1/4 u laser light, I T -\, 1 0 1 4 W/cm 2. 

A number of different experiments ' indicate that sizeable Brillouin 
scatter is possible for high intensity light in large underdense plasmas. For 
example, in experiments at NRL with 1.06 u light at T ̂  10 
W/cm , about 40% of the light was back reflected when a prepulse was used to 
prepare a sizeable region of underdense plasma. In these experiments, the 
frequency shift, intensity dependence of the reflectivity, and ray retrace 
properties of the reflected light confirmed that Brillouin scatter was 
responsible for the enhanced backscatter. 

Filamentation 
Lastly, the laser light can break up into intense filaments as it 

propagates through the underdense plasma. This enhancement in intensity can 
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introduce other i n s t a b i l i t i e s and aggravate deleterious co l lec t ive ef fects. 
20 The fi lamentation can be driven by e i ther ponderomotive or thermal 

21 mechanisms. 

I t ' s convenient to describe ponderomotive f i lamentation as convective 

growth with spat ial gain coeff ic ient Kf. A threshold in tens i ty I can 

then be estimated by the requirement K.- T | L > 1, where L is the plasma 

size. I f we use a quasi-stat ic theory and neglect the ion pressure re lat ive 

to the electron pressure, 

3 x 1 0 1 5 b n 
h - LA O • ^ 

There is likewise a collisional threshold intensity determined by the 

condition K C T , A , > 1, where A . i s the inverse bremsstrahlung FIL abs abs 
absorption length. This threshold becomes 

I T% 3 x l O 1 2 ^ A(ir-) • <17> 
keV p 

If we use 1/4 u light to irradiate a plasma with a density of .1 n , an 
cr 

electron temperature of 1 keV, an ion charge state of 3, and a size of 2000 u, 
I T-10 1 4X . 

cm 

In thermal filamentation, a local increase in intensity produces a 

density depression by the enhanced collisional heating and subsequent plasma 

expansion. Refraction of light into the density depression further increases 

the intensity, leading to instability. In the simplest model of thermal 

filamentation, we simply consider the propagation of a plane light wave 

through a slab of plasma. The plasma heating is described by balancing the 

inverse bremsstahlung absorption with the electron heat flow: 
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•;T Vb = - K I e : i t 

where we are neglecting the contributions due to plasma f low. Here K is 

the classical thermal conductivi ty,K is the spat ial dampiny coef f ic ient for 

inverse bremsstrahlung, o is the electron temperature, and I is the laser 

l i g h t in tensi ty . To lowest order we assume no spatial var iat ion in the 

in tens i ty of the l igh t except in the di rect ion of propagation (x -d i rec t ion) . 

We then have 

— - K ( X ) 
dX O v ' 

eo 
dX 

-K I (X) 0 0* ' : i9) 

where the subscript o denotes lowest order. For a given density n (x ) , th is 

equation determines the temperature b (x) consistent with the heating. 

We next introduce a small perturbation in the l ight in tens i ty transverse 

to the direction of propagation; i .e . I = I (x) [1 + a cos ky ] . This 

in tens i ty perturbation w i l l create a perturbation in temperature, which in 

turn leads to a var iat ion in density. In the quasi-stat ic l i m i t , the density 

perturbation is readi ly calculated from the energy balance equation, giving 

n = n (x) o v ' 

K I o 

o eo J 

(20) 

The growth of f i lamentat ion is f i n a l l y obtained by solving the wave 

equation with th is intensity-dependent density. The maximum spat ia l gain 

coef f ic ient becomes 

th _ 1 V v os 1 
7 oi v A x-o e mf p 

(21) 

where we have assumed that kX , » 1 and Z >> 1. Here v is the 
mfp os 

electron oscillatory velocity in the light wave, v is the electron thrrmal 
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velocity, and A ^ is an electron mean-free-path (v /vei-, where 
v g i is given in Eq. 2 ) . 

Thermal filamentation can be quite significant in dense, cold plasmas 

produced by irradiation with short wavelength laser light. It has a greater 
v . v 

spatial gain than does ponderomotive filamentation provided — — > —p- , where V 
\»ei- is the electron-ion collision frequency. We will estimate a threshold 
intensity, I , by the condition that growth occurs before the light is 
collisionally absorbed; i.e., by < a <\, 1 : 

g aDs 
62 

I ~ ! . 6 x 1 0
1 4 J ^ _ ^ . (22) 

ncr X 
V 

If we use 1/4 u light to irradiate a plasma with a density of .1 n and 
14 2 an electron temperature of 1 keV, Ij % 2 x 10 W/cm . Note that this 

threshold intensity had very little dependence on wavelength, since the 
electron temperature is expected to decrease as the wavelength decreases. 

There have been many indications that filamentation is playing some role 
21 22 in laser-plasma experiments. ' However, the evidence is generally 

inairect and difficult to quantify. Very little is known about the nonlinear 

consequences of filamentation, either ponderomotive or thermal. This remains 

a potentially very important area for ongoing research. 

Summary 

In summary, we have given a br ief overview of important laser-plasma 

coupling processes and have estimated the intensity-wavelength regime in which 

the various processes can be s ign i f i can t . I f we use short wavelength laser 
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light, collisional absorption is quite potent over a substantial range of 

intensities. Recent experiments with short wavelength light and small 

underdense plasmas indeed show a significant regime of high absorption. 

Minimizing collective effects in reactor-size plasmas can impose more 

substantial restraints on the intensity. There is growing experimental 
23 evidence that instabilities can become more potent as the size of the 

underdense plasma increases; i.e., as instability thresholds due to plasma 

inhomogeneity decrease. However, there still appears to be a promising regime 

for target design in which collisional absorption is high and collective 
effects are minimized. The crude estimates presented here indicate that this 
regime is accessible with short wavelength (̂  1/2 - 1/4 u) laser light at 

14 2 an intensity of order 10 W/cm . Clearly more calculations and 

experiments are needed with larger regions of underdense plasma to more 

quantitatively define this very promising intensity-wavelength window for 

laser fusion applications. 
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Table I: A partial list of the instabilities which can be driven by laser 

light propagating in plasma. Here w is the electron plasma 

frequency, ai. is the ion accoustic frequency, and w 

(ou ) is the frequency of the incident (scattered) light wave. 
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Resonant coupling of laser light into two other waves 

• Ion acoustic decay instability "pe + ^ia a t " - n c r 
Two piasmon decay instability LOQ -»• OJ + co^ at n — 1/4 n 

Raman instability 

Bril louin instability 
"sc + ^ p e a t n $ 1 / 4 n c r 

"sc + w i a a t n < "cr 

Filamentation Light at n < n_ 

TABLE I 
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