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1. There are at least two ways of the heating of 

plasma by intense electro-magnetic waves and in particular 

by a laser radiation: 

the usual Joule heating, which presents to be a heating 

due to the inverse bremsstrahlung induced by a laser radia­

tion 

the anomalous heating occuring because of the generation . . 
of collective plasma oscillations and their absorption. If the 

first one has been investigated quite sufficiently, the last 

wanted to be paid more attention for the anomalous heating 

namely iS more natural and perspective from the point of. 

plasma physics viewf1 , 21. It should be mentioned first that 

we mean the anomalous heating that occuring due to collective · 

processes and exceeding the Joule heating essentially.Here on 

thebasis of the results had derived in/J-S/ the analysis of. 

possibilities of the anomalous heating of plasma and 

dense plasma especially by intense radiation is given and 

there are determined the ranges or temperatures and densities 

of plasma in which such heating is sufficiently effective.The 

purpose of our work is to give also the review and the syste­

matization of thresholds of the radiation intensity above 
~ 

which there arise instabilities and the excitation of collec­

tive plasma oscillations and consequently a possibility of 
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the anomalous heating. We have considered the generation 

of these oscillation with their frequencies both less and 

'greater than the binary collision frequency. The last case is 

especially essential for dense plasma. l<'inally the systemati­

zation of the effective frequencies corresponding to anomalous 

processes of the heating is given as functions of incident 

energ~ temperature and density of plasma. 

In the present r.eview the dimension of. volume of plasma. 

heating iS· supposed to be much greater than the wavelength of 
' . . ' 

laser radiation only. The opposite limit of an interaction of 
' .r ' 

H.F. fields with plasma has been imrestigated in detail in 

literature(for eia~ple,so-calied parametricinstabilities/
9

,
10

1), 

This analysis and the simple qualitative argumants show that the 

results of w~rks/9,lO/ are not longer valid for the case ;f 

small wavelengths because they yield wrong conclusions (for 

example. an independence of the excitation of waves on the 

angular d·ivergence of .a radiation). 

It is worth to .proceed further to give here the· defini­

tion of the effective frequency describing the anomalous 

heating process. 

Let Gl be a capacity of the generation of collective 

oscillations by the laser radiation of intensity I -=We 
where W is a density of radiation energy. Later instead of 

W we use a dimensionless quantity U.0_=W/n.,Te. Then the 

rate of the heating is determined by the relation 

Q 
'feff -::, W 
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the rate of the· Joule dissipation respectively ·to be 

v- = V { Wpe)2 
41 & . Wo 

z 
is the frequency of the laser radiation, Wpe 

.Comparing (1) and (2) we can defi.ne tlie effective 

frequency of the anomalous· heating 

w: Q 
. Veff ;:::: Wp~ W 

(2) 

(J) 

The quantity Q can be calculated if the growth rate of 

the excitition of collective oscillations ( as a function 

of J and wavelength is··.known for the amplitudes of oscilla­

tions are determined 'by t~e.nonlinear saturation. If a distri-· 

bution of the oscillation eriergy over wavelengths. is characte­

rized by the dimensionless quantity 'Wk and J ~ dk . cor­

responds to the .ratio of the total oscillation energy to the 

density of thermal energy of plasma particles 1 then 

(4) 

therefore 

,, - w/ _.!_ Jv 
Veff - w/e Uo ak % dk 

(5) 

The growth rates have been derived in a·series 

of works done by Soviet, Italian and American physicists.Their 

results will be utilized for the further analysis. 

2·. As was ·already mentioned we consider the collective 

oscillations which wavele~gths are less than geometrical di­

mensions of plasma.Therefore the boundary and the skin-· 

layer effects were ignored. Under such conditions.the main 
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mechamism of the instability of a laser beam is so-called 

decay-instability/ll/ and the aperiodic instab:l.lity of a se­

cond-sound type with the_ imaginary phase velocity/6 ,B,l2/ 

to be important at sufficiently great intensity of laser (last 

process we have named as quasidecay). 

lie assume that the transverse wave beam of high-frequency 

W 0 > Wpe with angular divergence, .1 ti. goes through 

plasma. Then 'the principal types of decay are as follows: 

t is for laser, t for Langmuir, S for ion-sound (w > V;.) 

and a- for acoustic (W< Vi) waves respectively 

t- t'rS 

t- t' + l 

t - t'+l __,.t'+l'+ s is cascade process 

t- t' +a.. 

and the quasidecays t - t' + S t-t-'+0:.. where· S 
a correspond symbolically to aperiodic growing potential 

perturbations at respectively w >Vi. and w <. v;.. 
Becides that there is another process 

t - e + s 

when the frequency of the laser radiation approaches the 

Langmuir frequency .- 0J 0 ~ uJpe • Let us consider the 

first type of'a-decay in more detail. The remaining types 

and 

can easily be studied dealing an~logously. i1.t first we shall 

analyse the:. question-'about thresholds of the intensity above 

which the-ion-sound decay instabilityis possible and threshold 

of the transformation-of it into that of the qu~sidecay type. 

-.1' ;: ~r -... .: ·, .':; ' t ·~ . ·~" ~ ... 

,, 
6 
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Using the. results of worll61 we have for the grouth rate. of 

the ion-sound instability inspired by the transverse wave 

beam 

\/" = ,Q!'(~)J 4 !J' .. 
ak V8 w • .Atr. 

(6) 

Here and throughout the work is a critical 

angular divergence,kll=k..1~ is a critical wave length of ion­

sound oscillations excited and de= lfe/wpe , w. ::k..c 

Ve = VTe /me' v; = V're/m/ • 
The formula (6) is valid at Ll 8. >A!?;, r/mt/m: and 

f < k lfs 

Taking into account the electron ~andau damping of 
II' (:n rne )1h . k 1fs S -oscillat.ion Os =- 8f7ii. (1+k'd/)Jh. we get that only 

the waves with. their total growth rates. being positive are 

unstable 

'L =(.k +fs >O. 
total 

From this we have the threshold 

Where 

)L = me/mi 

In this notation 

7 

(7) 

(8) 

(9) 



The conditions Irs I < ~ < k v; - 'J . 
lead to )A- U.,>U. >U. 1 

The quantity 

mation of 

u2 :=;U-*u! is the threshold of the transfer­

S -instability into that of the quasidecay type, 

at u; > u2 new aperiodic solutions of the second-sound ·type 

app~ar (see work/61). More detail analysis of the growth 

rates of quasidecays gives 

(. ·= w (u• )'/" 
k s u2 

and 

V' = Ws . 4k 

{ .1 &. u~ )0 
L1 f)* Uz 

( A8.: Uo )* 
~~ Uz 

a..t ( <:!& )2 
.;ri. U,z >U.>u2. 

k 4- kll 

a;t alP. ) 2 
u. > Uz ( ~ . 

k <.kiJ 

It has been reported in/6/ that besides the kinetic 

(decay) instability with the growth rate proportional to 

there may occur the instabilities_of hydrodynamic and dissi­

pat.ive types with the growth rates proportional to a square 

or cubic root of uo 
. The 5 -kinetic instability growth rates K: ·and ft.ta.e 

as the -functions of the wave number at various values u. > Ut.h 

are.·shown in Fig. 1. We ean see there that the peak of the 

growth rate lies at 

wave number k = k4 

k = k.. , therefore s - waves with the 

and the frequency W 4 = k" V'
9 

have the greatest amplitudes. The thresholds of various 

types of s - waves instability as the function of. L1 &, are 

plotted in :'ig. 2. At certain u. and L1 fJ. we put into. 
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different areas of .the instability that characterized by di!~ 

·ferent growth rates and their dependences of u. 

Figure 2 9orrespond to a certain fixed k • As the 

detail trearment shows the boundaries of areas change sig­

nificantly with . · k 

Figure. J depic,ts the thresholds and the regions of various 

types of instabilities as the functions of the wave number of os­

cillations excited at certain .6. tYo > .1 IJ.,.. (see the. line 

5-S in ~ig. 2). The above mentioned Fig. 1 shows ftottd 

. and as the function of k along the line I in Fig.2. 

The dependence of ftotal on k along the lines 2 1J and 4 

is presented in .. Fig. 4~5 and 6. The growth rate in Fig. 4,5, 

has a maximum at. k = k corresponding to the transfer­. trans . . 
. !Dation of t.he .ki~,etic ,inst~bility into that of qusidecay type. 

A slight slope off· ( at .'1<. > ktrans is· (as ~n Fig. 1) asso-.. 
ciated with the Landau damping. The region of . .wave numbers in 

~- '·" •. ' 

. which r ~ ( m..A,>C is. significantly greater to the right of 
k . 

trQns than to the left.: therefore the kinetic instability 

is·. to. be the main in c.ases 2 and J. In case 4 only the quasi-

'de.cay insta~ility remains. Finally the growth\ate as the 

function of· Uo at certain k 
is presented in Fig.· 7. 

(section c<:-ol in Fig. J) 

·The mos~ .interesting ra11ge of. angular divergence of 
.... •' . .. ' 

a las~r beam at ).c ~ Wpe is 

.Cl . ·.o · 1/2 ife -J 
A l7a > A ll* X )1- C X {0 ' 

Let us analogous to Fig. 2 draw the picture of the distribu­

. tion of the areas of different types of the instabilities in 

v.ariables Uo and 4 &o We. qualify now as the kinetic area 



f 
.I 

that where except the kinetic instability may occur quasidecay 

instabilities but with growth rate being less th.a.n the rna..:: 

ximum of the kinetic. growth rate in the same area see Fig.4· 

and 5 (analogous for the quasidec'ay insta'bi.i'ities with 

y-,__·u:;l·~nd '{"' u;/J ). Vle' get then I!'ig~ a. 
~~e can now see that the kinetic instability area "is 

significantly broader than that s}lown in Fig. 2 ahd 'above 

~entioned ;values .Ll 8. > 10-
3 

lie in it. 

These results allow us to calculate the effective rate 

of the anomalous heating associated with the generation 

and the absorption of ion:...sound as illations. Thus if u. > u 
< th 

the kinetic instability arizes that leads to a r~pid (expo­

nential) increase of the ~-wave energy. In time scale of 
1 u < < 

order 'C ~ v; ::::; •A ·~ the s- oscillation amplitude grows 
OA )A tu)dU• 

very much and the nonlinear interaction of s- "Waves (such 

as induced scattering of them by plasma, ions with a growth 

rate fsc or "correlation" S-'S deoay/lJ/ with a growth 

rate of ord!r· 8~~ fsc. )come into the game, As a result 

of this interaction the s -wave energy goes away from the 

region of the generation in angle as well as in wave number. 

At a certain level.of the S -wave energy the rates of these· 

two ·processes (i.e. the process of the generation s-wav9e 

by a,laser beam and the transformation of their energy due 

to induced scattering on plasma ions) rush to __ be equal in 

the generation region.Therefore we have a steady flux of the 

laser radiation energy transforming .into the S -oscillation 

energy with its furthe dissipation by plasma particles. _The 

condition (k:::: fsc gives the form of the quasisteady S- wave 

10 
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spectrum in the ·generation region. Using (5) we get 'the 

effective rate of the anomalous heating \)e~f The equation 

yields 

(10) 

Integrating over k from k t·o, k ma-x 
we find 

Th,e width of this spectrum Ll k x k" 
• Now we get substi-

tuting ;.»'{ iiJ,tO (5) 

-.Jeff 
c w. r-cl 1'e f (Ll/ / ~ (. J t.Ut/ 
c.uf'~ 4Js n Ll• k (Ll t9oY'~ ~ ' (for s-waves) 

or 

\Jtj/ ==;/12 u) tJ 811 Wee· Te u. 
, pe Ll t9. w. r; Uih 

-1/2 
where fL uth > Uo > Uth • 

{ 
cu. -~Y 

uth- , at Uo- U.th 

~t 1 U • > Uth (11) 

- 1/t If u. > u u the growth rate 
;- th . 

goes to be proportional 

so (11) is not more 
-'12 and f w: dk == ur: -1 •lz to · u... 

valid • A rude estimation W 0

5 
~ f at Uo '? ~ Uo 

and decreases with -Vz 
leads us to the result that VeJf "'u. 

increasing of l). , therefore VefS 
has a peak at 

- -f2 u.- uthf 

(12) 

when 
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the so-.called"oorrelation decay" is now the main interaction 

of S -waves and -Jeff decreases with Tefr, factor. 

·,These estimatio~s for Veff are based· on ·the equation 

fk = Yse , but it can be possible if the broadening of the 

angular divergence of a radiation takes time longer than th~ 

nonlinear interaction of S -waves time. In the opposite case 

the increase of the angular divergence concerning the scat­

tering of t -:wayes leads to a decrease of t'he linear growth 

rate~ This decrease of '4 at small A!9. (initial) can be 

significant up to the threshold fs • The instability comes 

then to an e.nd because of the angular:relaxation~ There is 

p~ssible the situation when . ~otal > 0 ·even at A 19. x1 

or more c~rreotly at Ll t9.;;:. A t9,.eta.x ~ Estimations give 

A t9relhx ~ ( ~; /' • 
If c1 B. < A eref!Ax then at the initial stage 

determined by the line~r growth rate 

2 
Veff ::: fk ( :;jp•e ) 

~ i.e. 

Yefl 

In time of the order lj tk the divergence A JJ. 
reaches 4 Buf.Q..x and Yeu is described again by (11) 

With A e. 'X 4 erelo.x 

\) ~ v- (. .n ) ( ~ )z - t.l 14 w 
eff - ~~ . .1l7rela.x Wpe - • C 0 

and 

12 
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We can derive from (12) that Veff (max)= w. VJ/c 

'(16) 

at Uo ·;:,',f • When .1 flo > .1 t9reta.x ·, Ye11 and Uu, are 

determined by (11) and (8) and the. change of ..1t9. during 

the interaction turns out to be small. 

The anomalous heating takes place only when v,fi· > Ye 

therefore we have for ND-;.:.Cc)pe/ve ( the number of particles 

in Debye radi~s sphere) at the angular relaxation possible 

to be neglected 

(17) 

and 

(17a) 

In the opposite case 

ND
s _ -'lz (Wet )J __ 1_ Uti.. 

- )l w~ .1'!9.4'19. Uo 

As it was done above we can find·tne effective frequen­

cies corresponding to the remaining chan~els of the decay. 

Those t-t'+f. and t-t'+{ -t'+l't$ give app~o-

ximately the same heating frequencies (the cascade 

if it is Possible l eads. to a smaller Ve~f pr9cess , J 
) as 

for the first one· associated with the stabilization of the 

e :-wave i!lstability due to their induced scatter~ng 

d d t l l' t S decay. Utili-on. ions:.an~_ the _secon ue o -

zing the results of/4/ and (5) we get 
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or taking into account 

· e _ .J_ (~ )3 -8:~. c2 
Uth - Nn Wee A • i? 

the threshold 

we have 

,,t ~v ~-('lfe)'~ ~ u. 
Vtff e Wo C me u-th 

and 

e Wpt! ( V'e )'~ m, • V (max) ~ Wo T me 
eJJ 

e 
uth · 

(iB) 

from (== Ye 

(19) 

(20) 

The condition necessary for the dissipation due to 

process to be enchanced is 

(
_f_ )' m, (~)If (4z9.f = Ne 

ND > > . 1fe m, CVpt Uo -::: D 

e 
and when Velf being maximum 

l Wo { C )"me ND (min) = w,. ve. fni 

Comparing (17a)_and (22) one can -find 

N: (min) ~A {)o ( Vt) 3 
-J12 • 

N~ ( mirt) c Jl 

(21) 

(22) 

This means that the process t - t' + s is more effec­

tive at v; /c < }' '12 
( w. /w,t f/J (if A t9. ~ u.J~ / w.Z) • The 'pro-

ceases of the anomalous dissipation studied above took place 

when w. "7 wP" snd c.Jo>2U7pe :for t ~t'+f channel. At 
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eJI 

\Y e can now find fl 
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same u •. ve.H= Y1 
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important at A Bo 
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(19) 

(20) 

ipation due tci 

(21)' 

(22) 

i 

p is.mor~ eifec~ 

:J~j w,Z) ; The 'pro­

lie~ :above took place 

t'+e ·channel-. ·At 
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the process t- t' + l is imp_ossible, the 

decay goes to be the main and at the same time the 

efficiency of the t - t' + s · process enlarges. 

The anomalous dissipation frequency due to the t - e +S 

decay_can be easily derived via the growth rate with allowance 

for the energy densities of t 

equivalent. Ther~fore 

and ~ -waves rush to be 

(2J) 

The 

condition 

threshold .of this instabilit;y is followed 

vfelsl > v_e·. :. thl!:Eefore u ts =gin' _!_ and 
. th me ND 

from the 

fs · t.i. 
VeH = ~e Uti! • (24) 

· Formula (11) for f; -t' + s channel in the resonance 

region w. '-" Wpe is· formally the same if 

being substituted in lieu of d {),.. • Here one must keep 

therefore 

s . 4t9* cUpe ().) u· 
~Jf (r-es) = Uo <il9o ko C pe < CJpe 419' •. (25)' 

We can now find from comparing (25) and (17) that at the 
_,t, .1s 

same U., .veH = v•ff (rv..) when 

In' the resonance _region the t- t' + S 

important at A B. < L\ -{)1 • The generation of 
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followed by. the simultaf!Eious-increase of the angular diver­

gence continues untill il -B. ::::: .1-B., , if .1 fY1 « :1. and then 

the -b-. l + s. process becomes the main. 

J. The above results are valid for quite rarefied and 

sufficiently hot plasma. Let us see how the interaction of 

a laser beam with plasma changes in the case of the influence 

of the pair particle collisions to be essential (if not 'de-

termining),i.e.in dense plasma. The dispersion curve w (k) 

and the damping rate '{ (k) for low frequency (L.F.) osci~­

l~tions are plotted in Fig. 8 (s_ee/7/). One can see that in a 
.- . 'i 

plasma with temperatures of electrons to-be,greater than 

that of ions fe ;:::.3'r,· the ion-soundbranch C:V>Vi. 
' ' 

trans-

forms into acoustic that W<Vi. at k=k~~=Ye/Ve. •. 
1/.z 

The damping rate rrk) ~ )l w(k) deorea;ses With decreasing 

k for k > k v.. and becomes constant, and equal to 
1/2 k. L- 1/2 k 

)l- .. ;;_ if .-v>n..'>)1 v. 
. 1k 

In the wave number region k x )-< k.., · the damping 

rate is of order of frequency (the region of a significant 

absorption of ~ ~ossillations), then it decreases with 

decreasing k as follows 

k 2 v;' k 
'((k) ~ ~ = ,P1/'kv wU:) 

As was shown in /?/.the decay probability increases 
1. 

approximately with ( k-v / k) factor when k becomes less 

than k~ • Curve III in Fig.8 depicts the growth rate of 

L.F. oscillations due to the presence of a laser radiation in 

plasma. 
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{Y 1 « 1. and then 
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the interaction of 
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mtial (if not 'de­

>ersion curve w (k) 

iency (L.F.) asci~-

1e can. see that in a 

;~ ;gre~ter than 

Jh c.v > V L trans­

k-J:'Ve!ve 

s with ,decreasing 

and equal to 

~ :· the damping 

· of a signif.ioant 

decreases with 

>ility increases 

k bee ames less 
'·. 

:he growth rate .. of 

1_laser radiation in 

The influence of pair collisions on the generation 

of L.F. oscillation and consequently on the anomalous dissi~ 

pation connected With thiS iS generally speaking miserable 

if k~ much less than kA where the growth rate of the 

instability has a maximum i.e. 

or 

On the other hand one can see that the growth rate 

increases with decreasing k being less than Vi. if k < k., . . ' 

This is illustrated -in·Fig. 9,where thresholds· u. and u 2 

with allowance for the generation of acoustic oscillations 

·are pictured. It is easily seem that ion-sound oscillations are 

not being excited and acoustic waves become unstable in the re-

gion k m'" ~ k .S k ma.lC when Uo < U~, • Although the 

growth rates of a. -waves less than·. Vi their effe~t can be 

quite essential if an interaction of a laser with plasma 

continues long enough. (longer than time of accumulation of 

~ -osoillati~ns in the interaction region, in other words 

longer than the. inve:;-se g;r:owth rate of ~-wave interaction). 

Therefore the thresholds of excitation of a.-waves are sig­

nificantly less than those for s -waves. 

We shall g:ive.the frequencies of the anomalous heating con­

nected with the gene~ation'of_acoustio waves and range_of 

plasma densities in which these processes are essential. 

The influence of pair collisions of plasma particles 

can in: fact be important at yet k4 > k~ • If the impulse 
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,,-·· • • of laser radiation is sufficiently short for ~r~ < lj~ 
- . k 

the·. accumulation of _L.F. oscillations does not occur and 

the dissipation of laser energyto be~Joule type. This takes 

place at r; > '(k and /'4 > 'irad > 1/fr ~ 
When t;_ > h and the impulse of a laser is long the 

angular relaxation of the laser beam occurs and VeJJ de~ 

creases to be less or of order rk in about time.:..scale "1a: . 
If '(T < (,. or 

-Jk c )2 4 8. ( We~ )·3 . 

Nn > ND1 rn = fl (v, de. w. 

the laser flash ene10gy can be anomalously dissipated• 
- . 

When 

N 1/2 -
· D1 ( r) > ND > fl N111 r r J 

the condition '(k > '{~ yields 

N», ft"} 
u. > u~" ( v) ~ ut, N» 

(28) 

·(29) 

(JO) 

When (27), (28) and (JO) hold the effective frequency of 

absorption is determined by (11) ~ · 

Finally the-dissipation becomes that of Joule type at 

ui, ( v) > u • > ut~. · (Jl) 

···Let· us now study the range of plasma parameters necessary 

for the effect of Coulomb collisions to be decisive. It is 

clear this occurs at . K
6 

< k~ 

Wet c _1_ 
N» < w. ve t.e. 
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and .1: min iS 
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By oomparil 
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->}A 
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that the growth 
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-¥+ 
ND <,P 
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.k 

l()t occur and 

type. This takes 

Lser is long the 

and · Veu de-

IUt time-scale -(!. l!;. . 

(28) 

.s.sipated; 

(29) 

(JO) 

frequency. of 

~ Joule type at 

(Jl) 

~rameters necessary 
,_, . 

lec1sive. ·It is 

(J2) 

-- ... , 

' . t 

I 
.· 

Suppose k!l ~ k " 
from Fig. ·9 

Then.as it follows 

cs> '( 'l'z u. t; (max)= : fL Wa Uu, 
V'{A) -"'~ 
•k (ma.x)-~k k 

4 min 

and .1::,..1" 
. '{,'"'' . k is given by equation k (max)= ~ therefore 

'{.
{A.) . k -~{Pi 

and ( ma~) ::: '{ ......!!. Lt __..!!!. • 
k k4 /' u. . 

By comparing ~tt!..a.x1 and ft (max) we find at 

k " 1ft J7T.' r:: > JA. v u;;. (JJ) 

that the growth rate of a, -instability is greater than that 
,, /" 

of ion-sound type, that is why when (JJ) or 

(J4) 

hold the anomalous dissipation and relaxation of t -wave 

beam in angle go ·Via the. generation and absorption of acous-

tic instability • 

. . . When "the level of laser beam energy is sufficient · to 

lay Ll 8. ~ (w,.
1 
/w:/ in U.t.l. the anomalous dissipation 

due to acoustic instability. appears at a higher 

-3/v { Uth )J/z Wpll · c , 0 
ND < }'.. u · - - Ll flo • . • w. Vi 

(J5) 

Suppose now u. to be less than Ulth there remains then 

only the ·~-wave instability. In this case and when (J4),. 

(J5) hold we have for vt;! 
~co.l - v'S) -J(y k.~ ( ~)J/2 v· 

tH - tH )A.. k;· Uo < · L 
(J6) .. ·• . 



'The· effective dissipation frequency·due to the exci­

tation. of L.F. fluctuations is a sharp decreasing function' 

of laser radiation frequency. More_over, the L.F. instability 

threshold increases with increasing~ w. These facts 
a~e illustrated ~nJ'igs. 11,12. Figure u .. shoi'(S that the 

instability breaks down when a· plasma .density decreases up 
. . . . . 

' I . "' - D )Y'"' . • ( - ) . . to w. wpe ~ ot.Cit = ( u.; uth , u,A == ut, o<-., at fixed 
Uo and , w. 

The characteristic dependence· of the anomalous dissi-

pation due to the generation of both s and a.. -waves as 
a function of GVo is depicted in Fig. 12. 

4. The main conclusions of this review are as follows. 

(1) In dense plasma the long anomalous dissipation is 
-~~-possible only at Wo / w pe > )J • 

(2) Th~ anomalous dissipation grows with increasing of 

laser radiation intensity untill u o < U 2 •• Further decreas-
ing Vef{ When u. becomes greater than ui! makes 

fairly intense transverse radiation to be useless. 

(J) The processes following the interaction of a laser 

beam with plasma used to be of two types: the anomalous dissi­

pation and scattering of radiation. Last effect can .. be more · 

easily observed. 

(4) The utilization of beam ·with a small angular diver­

genc.e .for the enc.han_ced heating in _many cases is unsuitable 

as -the anomalous scattering .following heating_ enlarges rapidly 

the angular divergence. For the clear observation of the 

anomalous dissipation the threshold corresponding to a suffi-

cient.ly large angular· divergence sh·ould be .exceeded~· 
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(5) The thresholds for. the enhanced ab~_orption . 

. are not large, but an explicit experimental study of this 

requires that a series of above conditions and restrictions 

have to be fulfilled. ~or example having used formula (16) 
. ~9 

at n. ~10 and Te ::: .3 Kev . we get that the electric field 

t:ensity of laser radiation has to exceed [th-::::J:Io'vo~ .. f. 

The rate _of the an~malous absorption is then Ve.f1-::::.10
11

s.tc·• 

that exceeds the rate of Joule dissipation by two orders. 

This value· of according to (27) concernes with . 

excitation of _ion-sound oscillations. 

The anomalous effects ~or beams With a small angular 

divergence when (16) is no longer valid also appear though 

the angular relaxation_makes their clear id.entification 

difficult. 
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an area of kinetic instability,t:: < Ws ; '(k ~ u. 
an area of quasi decay instabilityt;, >Ws ; in. IIa ~"' u::Z 
IIb d1- "' u/13 

• · . 
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if k~ much less than kA where the growth rate of the 
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On the other hand one can see that the growth rate 

increases with decreasing k being less than Vi. if k < k., . . ' 
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Therefore the thresholds of excitation of a.-waves are sig­

nificantly less than those for s -waves. 

We shall g:ive.the frequencies of the anomalous heating con­

nected with the gene~ation'of_acoustio waves and range_of 

plasma densities in which these processes are essential. 

The influence of pair collisions of plasma particles 

can in: fact be important at yet k4 > k~ • If the impulse 

17 
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,,-·· • • of laser radiation is sufficiently short for ~r~ < lj~ 
- . k 

the·. accumulation of _L.F. oscillations does not occur and 

the dissipation of laser energyto be~Joule type. This takes 

place at r; > '(k and /'4 > 'irad > 1/fr ~ 
When t;_ > h and the impulse of a laser is long the 

angular relaxation of the laser beam occurs and VeJJ de~ 

creases to be less or of order rk in about time.:..scale "1a: . 
If '(T < (,. or 

-Jk c )2 4 8. ( We~ )·3 . 

Nn > ND1 rn = fl (v, de. w. 

the laser flash ene10gy can be anomalously dissipated• 
- . 

When 

N 1/2 -
· D1 ( r) > ND > fl N111 r r J 

the condition '(k > '{~ yields 

N», ft"} 
u. > u~" ( v) ~ ut, N» 

(28) 

·(29) 

(JO) 

When (27), (28) and (JO) hold the effective frequency of 

absorption is determined by (11) ~ · 

Finally the-dissipation becomes that of Joule type at 

ui, ( v) > u • > ut~. · (Jl) 

···Let· us now study the range of plasma parameters necessary 

for the effect of Coulomb collisions to be decisive. It is 

clear this occurs at . K
6 

< k~ 

Wet c _1_ 
N» < w. ve t.e. 
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Suppose · .k 

from Fig. ·9 

CS) 
(. · (max) = l 

. k . 

and .1: min iS 

e = kz ~h. Uo 
m£n. · v }' Uth" 

By oomparil 

koJ ·. 
->}A 
k4. /• 

that the growth 

of ion-sound typ1 

-¥+ 
ND <,P 

hold .the anomal 

beam in angle g 

tic instabilit; 

.When -the 1 

-lay tl 8.; ~(wet 
due to acoustic 

. . -Jj. 
ND <)' 

Suppose now L1. 
only the a.. :...w 

(J5) hold. 'we ha 

io.l 
\)tH = 



• .. 
~· 'l'r.J < I/(. 

.k 

l()t occur and 

type. This takes 

Lser is long the 

and · Veu de-

IUt time-scale -(!. l!;. . 

(28) 

.s.sipated; 

(29) 

(JO) 

frequency. of 

~ Joule type at 

(Jl) 

~rameters necessary 
,_, . 

lec1sive. ·It is 

(J2) 

-- ... , 

' . t 

I 
.· 

Suppose k!l ~ k " 
from Fig. ·9 

Then.as it follows 

cs> '( 'l'z u. t; (max)= : fL Wa Uu, 
V'{A) -"'~ 
•k (ma.x)-~k k 

4 min 

and .1::,..1" 
. '{,'"'' . k is given by equation k (max)= ~ therefore 

'{.
{A.) . k -~{Pi 

and ( ma~) ::: '{ ......!!. Lt __..!!!. • 
k k4 /' u. . 

By comparing ~tt!..a.x1 and ft (max) we find at 

k " 1ft J7T.' r:: > JA. v u;;. (JJ) 

that the growth rate of a, -instability is greater than that 
,, /" 

of ion-sound type, that is why when (JJ) or 

(J4) 

hold the anomalous dissipation and relaxation of t -wave 

beam in angle go ·Via the. generation and absorption of acous-

tic instability • 

. . . When "the level of laser beam energy is sufficient · to 

lay Ll 8. ~ (w,.
1 
/w:/ in U.t.l. the anomalous dissipation 

due to acoustic instability. appears at a higher 

-3/v { Uth )J/z Wpll · c , 0 
ND < }'.. u · - - Ll flo • . • w. Vi 

(J5) 

Suppose now u. to be less than Ulth there remains then 

only the ·~-wave instability. In this case and when (J4),. 

(J5) hold we have for vt;! 
~co.l - v'S) -J(y k.~ ( ~)J/2 v· 

tH - tH )A.. k;· Uo < · L 
(J6) .. ·• . 



'The· effective dissipation frequency·due to the exci­

tation. of L.F. fluctuations is a sharp decreasing function' 

of laser radiation frequency. More_over, the L.F. instability 

threshold increases with increasing~ w. These facts 
a~e illustrated ~nJ'igs. 11,12. Figure u .. shoi'(S that the 

instability breaks down when a· plasma .density decreases up 
. . . . . 

' I . "' - D )Y'"' . • ( - ) . . to w. wpe ~ ot.Cit = ( u.; uth , u,A == ut, o<-., at fixed 
Uo and , w. 

The characteristic dependence· of the anomalous dissi-

pation due to the generation of both s and a.. -waves as 
a function of GVo is depicted in Fig. 12. 

4. The main conclusions of this review are as follows. 

(1) In dense plasma the long anomalous dissipation is 
-~~-possible only at Wo / w pe > )J • 

(2) Th~ anomalous dissipation grows with increasing of 

laser radiation intensity untill u o < U 2 •• Further decreas-
ing Vef{ When u. becomes greater than ui! makes 

fairly intense transverse radiation to be useless. 

(J) The processes following the interaction of a laser 

beam with plasma used to be of two types: the anomalous dissi­

pation and scattering of radiation. Last effect can .. be more · 

easily observed. 

(4) The utilization of beam ·with a small angular diver­

genc.e .for the enc.han_ced heating in _many cases is unsuitable 

as -the anomalous scattering .following heating_ enlarges rapidly 

the angular divergence. For the clear observation of the 

anomalous dissipation the threshold corresponding to a suffi-

cient.ly large angular· divergence sh·ould be .exceeded~· 
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(5) The thresholds for. the enhanced ab~_orption . 

. are not large, but an explicit experimental study of this 

requires that a series of above conditions and restrictions 

have to be fulfilled. ~or example having used formula (16) 
. ~9 

at n. ~10 and Te ::: .3 Kev . we get that the electric field 

t:ensity of laser radiation has to exceed [th-::::J:Io'vo~ .. f. 

The rate _of the an~malous absorption is then Ve.f1-::::.10
11

s.tc·• 

that exceeds the rate of Joule dissipation by two orders. 

This value· of according to (27) concernes with . 

excitation of _ion-sound oscillations. 

The anomalous effects ~or beams With a small angular 

divergence when (16) is no longer valid also appear though 

the angular relaxation_makes their clear id.entification 

difficult. 
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I is 
II is 

in 

III a 

IIIb 

an area of kinetic instability,t:: < Ws ; '(k ~ u. 
an area of quasi decay instabilityt;, >Ws ; in. IIa ~"' u::Z 
IIb d1- "' u/13 

• · . 

" ,r Vz is an area of hydrodynalJiic instability. ~<Ws ; Ok ~ u. 
is an area of dissipative tnst~bility fc < W

5 
3 ~ ~ u. •. 

u3 = u2 (,•J)o l.a19k )2 
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in Fig. 2. 
Lines 1,2,J and 4 concern Figs. 1, 4, 5 and 6,respectively~ 

k is the wave number sep~rating the ·kinetic instability 
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Fig. 10. Just like that in Fig. J with allowance for the 
generation of acoustic oscillations. 
(1) k4 > k>J 
(2) k4 < k oJ 

Is is an araea of s -wave kinetic inAtability. 
Ia is an area of a.-wave kinetic instability. 

For the s-s section s and ct.-waves to be unstable. 
For the a.-a. section only 

a-waves to be unstable. 
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