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1. The Rosenbluth Convective Parametric  

Amplification of Plasma Waves 

 

In the 1972 paper [1], Marshall Rosenbluth developed the 

theory of the three-wave parametric coupling for weakly 

inhomogeneous media. He studied the two plasmon parametric 

excitation in the WKB approximation. The plasma 

inhomogeneity is assumed to be linear: 

ωpe
2
(x) = ωpe

2
(xc)

 
(1+x/LN),                                                     (1) 

LN= (d ln ne (x)/ dx)
-1

,
                                                                                            

(2) 

ωpe
2
(x) = 4π ne(x) e

2
/ me.                                                                                      (3) 

Here ωpe(x) is the angular electron plasma frequency; xc=0 is 

the location of the crirtical surface defined by: ω0 = ωpe
 
(xc); ω0 is 

the angular frequency of the laser radiation; ne (x) is the plasma 

linear density profile; LN is the plasma inhomogeneity scale 

length; e and me are the electron charge and mass, respectively. 

In the approximation of a homogeneous laser radiation electric 

field, it is shown by Rosenbluth that the two-plasmon parametric 

decay, which takes place in the quarter critical density of laser 

plasma corona, ω0 = 2ωpe(xc/4), has a convective character. As a 

consequence, the excited plasma waves are convectively 

amplified. The convective parametric amplification is also 

studied by A.A. Galleev et. al., (1973) [3]. 
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 In addition to the convective parametric amplification of 

plasma waves, Rosenbluth carried out a seminal research in the 

generation of laser beat waves. He was among the first to address 

the importance of plasma density inhomogeneity effects on 

parametrically excited plasma waves. 

 In 1973, Rosenbluth and Sagdeev studied various parametric 

instabilities, focusing on the application to laser thermonuclear 

fusion [2] The Rosenbluth parametric amplification has been 

used in the theory of free electron lasers and plasma electron 

acceleration, {see for example a review by Stefan, Cohen, and 

Joshi (1989) [17.c.]} 

The philosophy on how to achieve the optimal laser pellet 

coupling has been changing through the years. In this paper I 

have in mind the ideas and laser thermonuclear fusion 

experiments of the 1970s. Accordingly, I discuss some major 

work on the convective-absolute character of parametric 

instabilities in the research centers in the States, (with the focus 

on the work of Rosenbluth with his collaborators), and in Russia 

in the 1970s [4].   

The presentation style in the seminal paper [1] is typical of 

Rosenbluth. Here is what Freeman Dyson
1
 says about the 

Rosenbluth style, 

“Rosenbluth’s papers were written in the Fermi style, cutting 

out inessential details and making the main points easy to 

understand.”  

A 1972 paper of Rosenbluth initiated a vigorous research in the 

character of parametric instabilities, convective versus absolute, 

in a laser, [see Fig.1], Tokamak, magnetic mirror, and bumpy 

torus thermonuclear fusion research {Brueckner and Jorna 

                                                 
1
 Freeman Dyson (b. 1923), a British-born American physicist.  
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(1974)[5]}, Afanasiev et al., (1978) [6], Nuckolls et. al. (1972) 

[7], Kidder (1991) [8], Brueckner (1992) [9], Rosenbluth (1994) 

[10], the work at various laboratories in the USA and Russia 

[11]}.                                                                                                                                                                                                                                             

In Russia,
2
 they say: when the Tsar builds there is a plenty of 

work for the masons’ guilds. I see the Rosenbluth 1972-paper in 

that spirit. It is rich in ideas, of a deep scope, and error free. In his 

1955-Science paper [12], Edward Teller
3
  says that many of his 

young collaborators have made errors, but Rosenbluth’s 

calculation was error-free.  

 

2. The “Gradient Effects” on Convective-Absolute 

 Character of Parametric Plasma Instabilities 

 

The interplay between the plasma density inhomogeneity, the 

inhomogeneity of plasma electron temperature, and the 

inhomogeneity of the laser radiation electric field affects 

crucially the character of plasma parametric instabilities: the 

convective versus absolute.  In this paper the phenomena due to 

the gradients are referred to as the “Gradient Effects.” The 

gradients can cause the convective-absolute interchange in the 

character of parametric instabilities.  In the work by Piliya [13], 

whereby the homogeneous electric field is assumed, it is shown 

                                                 
2
 Marshall Rosenbluth’s ancestors moved to the States from Odessa, 

Russia, at the turn of the 20
th
 century. 

3
 Edward Teller (19082003), a Hungarian born American physicist, 

known as “the father of the American hydrogen (thermonuclear) 

bomb.”  
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that the temperature gradient can lead to the change of the 

convective into the absolute instability. 

The plasma density inhomogeneity causes a variety of effects: 

it narrows the parametric resonance region, which enhances the 

parametric threshold values; it causes the appearance of the 

reflection surfaces in plasmas and, as a consequence, the 

possibility for the counter propagation of the parametrically 

coupled plasma modes. This, in turn, can lead to the appearance 

of the absolute parametric instabilities as shown by Perkins and 

Flick [14].  

 

3. Parametric Thresholds in Inhomogeneous Plasma 

 

A significant increase of the parametric threshold value in 

inhomogeneous plasma occurs if: lei > LN, where lei is the electron 

mean free path, lei = vTe / νei, vTe is the electron thermal velocity. 

This is natural if we are reminded of the fact that the strong 

parametric coupling, as a rule, is realized through the dynamics 

of the electron plasma component. 

The narrowing of the region of the parametric excitations due 

to the plasma inhomogeneity is described by, {[1] and [2]}: 

0∫∆x
T (k0 - k1 - k2) dx =1                                                           (4) 

∆xT is the width of the region of parametric coupling and 

approximately the width of the parametric turbulence region.. 

 

4. Parametric Interaction of Laser Radiation 

 with Inhomogeneous Plasma 
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 The propagation of electromagnetic wave in inhomogeneous 

plasma is studied by Ginzburg [16]. The Ginzburg profile of the 

laser electric field for the case of normal laser incidence is given 

by: 

E0 (x) = 2 E0 (k0 LN) 
1/6

  Αi {(k0 LN) 
2/3

 [(x/LN)-νeff/ω0]}.         (5) 

In (5), E0 (x) is the laser electric field profile; Αi denotes the 

Airy function, which is oscillating for x < 0. The width of the 

Airy function maximums is given by (c
2
LN/ω0

2
).

1/3
 It is also 

approximately the distance between them. The wave number of 

the laser radiation is k0. The effective collision frequency, νeff, 

which describes a variety of the plasmon dissipation precesses, is 

given by: 

νeff = max{νei; ωpe(rDe/LN)
2/3

; (ω0Vp/LN)
1/2

;νT}                        (6)  

In (6), the second term describes the dissipation of plasmons 

due to the convection; rDe is the electron Debye length. The third 

term describes linear saturation mechanism due to the plasma 

corona expansion; Vp is the expansion velocity. The parametric 

turbulence collision frequency, νT(E0), due to the weak and strong 

parametric turbulence is discussed by  Rosenbluth and Sagdeev 

[2], and due to the generation of suprathermal electrons, 

quasistationary magnetic fields, and laser radiation harmonics by 

Stefan [17b]. 

In the case of normal incidence, laser radiation does not reach 

the critical surface. For the oblique incidence, however, the 

tunneling effect takes place in the region of the reflection surface, 

so that the electric field structure is built up in the area of the 

critical surface. The field structure is given by, Ginzburg (1964) 

[16]: 

E0,max (x) = E0 [Φ(θ0 )max /2πk0 LN) 
1/2

  (ω0/ νeff )                       (7) 
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Here Φ(θ0 ) is the Ginzburg function:  Φ(θ0 )max ~ 1.2 for θ0, max 

= 0.7; θ0 is the angle of incidence. 

 

 

 

Figure1. The geometry of laser radiation thermonuclear fusion pellet 

interaction. Laser radiation electric field has two components: p-component in 

the (x,y) plane and s-component, which is normal to the (x,y) plane. The 

formation of plasma is assumed to be 1D with inhomogeneity along the x-axis 

and inhomogeneity scale length LN. θ0 is the angle of incidence and  LE  the 

width of the evanescence of laser electric field. The critical region is defined 

by ε(ω, xc ) = 0, (ε is plasma dielectric permittivity), The reflection region is 

defined by ε(ω, xR ) = sin
2θ0 . ∆R is the thickness of the thermonuclear fusion 

pellet shell and R is its radius. The structure of the electric field in the 

reflection region is qualitatively the same for the s- (E0x = E0y = 0, E0z ≠ 0) and 

p-polarization (E0x ; E0y ≠0, E0z = 0). The structure of the laser field in the 

critical region is shown for the case when nonlinear processes occur, leading 

to the appearance of a multiple-peak structure of the laser electric field. 
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 The propagation of laser radiation through the inhomogeneous 

plasma leads to the variety of parametric processes: 

a). Two plasmon decay: t → l + l, ω0 ~ 2ωpe. Here, t denotes 

laser radiation, a transverse wave; l denotes a plasmon, (a 

longitudinal wave - an electron Langmiur plasma mode).  

b). Stimulated Raman scattering: t → t + l, ω0 ≥ 2ωpe.  

c). Plasmon-phonon decay: t → l + s, ω0 ~ 2ωpe. Here s denotes 

a phonon, an ion sound (acoustic) plasma mode. 

d). Stimulated Brillouin scattering: t → l + s, ω0 ≥ ωpe. 

e) The secondary parametric decays can occur in both critical 

and quarter critical density regions. The excited plasmons can 

further decay, (secondary decays), into another plasmon, l1, and a 

phonon, l → l1 + s1, and so on. This process is referred to as the 

plasmon cascading. Another possibility for a secondary decay is: 

l → l1 + a. Here, “a” denotes the aperiodic low frequency mode. 

If the low frequency mode is heavily damped, the process is 

referred to as the stimulated plasmon scattering on ions, l → l1 + 

i. The plasmons can also be scattered off electrons, l → l1 + e. 

f). Modulational instability can occur in both critical and 

quarter critical density regions. The growth of plasmon can 

trigger modulational instability and subsequent plasmon collapse 

{Zakharov (1972) [29]} 

The laser electric field gradient in the regions of the Airy 

function maximums affects the parametrically driven plasma 

modes in a crucial manner: due to the electric field gradients, the 

wave number component along the gradient kx → 0. This means 

that the plasma mode(s) is “trapped” by the laser field gradient 

and, consequently, grows in time at that region. Accordingly, 

parametric coupling has an absolute character. 
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In the laser field given by (5) and (7), the convective-absolute 

interchange can occur. This is also true for the expanding laser 

plasma corona. Depending on the velocity of the plasma corona 

expansion, the absolute parametric instabilities can be converted 

into convective. 

 

5. Two Plasmon and Plasmon–Phonon Decay: 

 Dispersion Relations 

 

The two plasmon parametric coupling in an inhomogeneous 

plasma (t → l + l) is described by the following dispersion 

relation, {Silin (1973) [24]; Kaw at al. (1976) [25]; Stefan, Krall, 

and McBride (1997) [17 a]}: 

εl (ω1, k1, x)  εl (ω1- ω0, k1- k0, x) = 

 [(k1- k0) • rE]
2

  [(2k1- k0)• k0]
 2

/ k
2
 (k1- k0 )

2
                              (8)   

ω0 = ω1+ω2                                                                                                                       (9) 

k0 = k1+k2                                                                                                                    (10) 

Dielectric permittivities of the parametrically excited plasmons 

are εl (ω1, k, x) and εl (ω1- ω0, k1- k0, x) {Krall and Trievelpice 

(1973) [18]}. 

rE = e E0 / me  ω0
2 

.                                                                 (11) 

From (8), it follows that the parametrically excited plasmons 

counter propagate [18] in the plane normal to k0 x E0. The 

propagation of the plasmons takes place at the angle 45
o
 with 

respect to E0. 

For the plasmon-phonon decay instability, the dispersion 

relation takes the form, {Silin (1973) [24.a]; Stefan, Krall, and 

McBride (1997) [17 a]}: 
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εs(ωs,ks,x)εl(ωs - ω0,ks - k0,x) =  

k
2
(ωpe/ωpi)

2
[(ks - k0) • rE]

2
/4(ks - k0)

2
                                    (12) 

Here εs(ωs,ks,x) is the dielectric permittivity of ion-acoustic 

mode.  

 

6. Stimulated Raman and Brillouin  

Scattering: Dispersion Relations 

 

Dispersion relation for the stimulated Raman Scattering, t → t 

+ l, ω0 ≥ 2ωpe(x), {Silin (1973) [24.a]; Kaw at al. (1976) [25]; 

Stefan, Krall, and McBride (1997) [17 a]; C.S.Liu and 

V.K.Tripathi 1994) [25.b]; W.L. Kruer (2003) [25.c]}, is: 

εl(ωl,kl,x)+{µ-
/Dt

-
  + µ+ 

/Dt
+
} = 0.                                          (13) 

µ 
+, - 

= (¼} (k/kl ± k0)
2
[ωpe(x)/ω]

 2
 [(kl ± k0) x rE]

 2
,               (14) 

Dt
+,- 

= εt(ω ± ω0,kl ± k 0,x)-c
2
(k ± k0)

2
/(ωl ± ω0)

2
.                          (15) 

Stokes, (
-
), and anti Stokes, (

+
), components of the scattered 

laser radiation, kt
± 

• Et
±
 = 0, according to the conservation of 

energy and impulse, satisfy:  

Dt
+,- 

~ 0.                                                                                 (16)      

The dielectric permittivities of the parametrically excited 

plasmon, εl (ωl, kl, x), and scaterred laser radiation, εt (ωl ± ω0, kl 

± k0, x), are given by Krall and Trievelpice (1973) [18]. If the 

excited plasmon is heavily damped, ω0 >> ωpe(x), by linear 

Landau damping, the dispersion relation (10) describes 

stimulated Compton scattering. 

The dispersion relation for the stimulated Brillouin scaterring is 

given by (10), whereby εl (ωl, kl, x) → εs (ωl, kl, x).  
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7. Two Plasmon and Plasmon–Phonon Decay: 

 ParametricThresholds, Growth Rates, and Turbulence 

Collision Frequencies 

 

 For the absolute two plasmon decay: ∆xT ~ LN ln 
-1 

(ωpe/νei), 

the parametric threshold in a high temperature inhomogeneous 

plasma, lei >>LN, upon the action of the laser electric field 

(4),{Rosenbluth and Sagdeev (1973) [3}, {Silin and Starodub 

(1974) [15.a.]}, is given by: 

(rE, THR / rDe) ~ (√3 /2 k0 LN)
1/2 

.
                                                                     

(17) 

The parametric growth rate is given by: 

γl+l = k0rE ωpe                                                                          (18) 

In the paper by Silin and Starodub (1974) [15.a.], it is shown 

that in the electric field (4), two plasmon parametric decay is an 

absolute instability. The excited two plasmons counter propagate 

and “collide,” which in an inhomogeneous plasma lead to the 

plasmon wave number along the density gradient, kx → 0. 

Consequently, the two plasmons are trapped by the “collision.” 

The local turbulence level is built up and saturated, among other 

competing saturation mechanisms, via plasmon modulational 

instability {Rosenbluth and Sagdeev (1973) [3]. 

The trapping of the parametrically excited plasmons, t → l + l, 

due to the plasma inhomogeneity is studied by Lee and Kaw
 

(1974) [20]. It is shown that plasmon trapping prevents the wave 

energy convection from the coupling region. Consequently, the 

two plasmon decay is an absolute parametric instability.  

In 1976, Liu and Rosenbluth [21] studied a high temperature 

inhomogeneous plasma, νei → 0, in interaction with the laser 

radiation electric field (3), (t → l + l. It is shown that the two-

plasmon decay has an absolute character if: krE < (3/2) (k rDe).
2
 If 

k < kcoll, this condition is always satisfied. Here, kcoll is the 
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plasmon collisional wave number at which the plasmon linear 

Landau dissipation is equal to the collisional dissipation.  

 

 

Figure 2. The dispersion curves for the laser light - a phonon, plasmon - a 

Langmuir plasma mode, and a phonon – an ion acoustic plasma mode. The 

region (1) corresponds to the excitation of the long wavelength plasmons – the 

strong parametric plasma  turbulence region. The region (2) corresponds to the 

weak parametric plasma turbulence and the region (3) to the strong linear 

Landau damping. kcoll is the collisional wave number; kd the decay wave 

number, and kMOD the modulational wave number. Convection of linearly 

excited plasmons is mainly along the density gradient, while in the case of 

parametrically excited plasmons in the plane of incidence (k0, x). The plasmon 

cascading is presented in the form of the line-like satellites, which corresponds 

to a weak parametric coupling approximation.  

 

The saturation of the two plasmon decay can be achieved via 

the cascading saturation mechanism {Rosenbluth and Sagdeev 

1973 [2]; namely, via the secondary decays of plasmons: plasmon 

decays into another plasmon coupled to phonon (ion acoustic 
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mode, or a heavily damped phonon, (this is the case of the 

stimulated plasmon scattering on ions){Silin (1973) [24], Kaw, 

Kruer, Liu, Nishikawa (1976) [26}}. Another possibility is the 

quasilinear plasmon-electron interaction{Galeev, Oraevsky, and 

Sagdeev (1972) [23]. 

 

 

Figure 3. Strong parametric coupling of plasmons 

 (Langmuir wave) and phonons (ion acoustic wave). In this case the 

 turbulence spectrum in the “red” region (k < kd) is continuous and 

accompanied with the “blue” satellites (k > kd). 

 

In the case of the cascading saturation mechanism,{Afanasiev 

et al. (1978) [6]; V. P. Silin and V. T. Tikhonchuk (1986) [24. 

B]}, the effective collision frequency is: 

νT, l+l =  νei El 
2
/E0

2
 = 2 (ωpe  / ωs  ) (vTe/c)

 2 γ(Eo, LN)              (19)   

Here, γ(Eo, LN) is the inhomogeneous plasma parametric 

growth rate for the secondary decay in the quarter critical density 

region {a detailed description is provided in: Afanasiev et. al. 

(1978) [6], p.129}. In (19), ωs is the ion acoustic angular 
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frequency. From (21) the stationary parametric plasma turbulence 

level, El
2
, can be estimated. 

 

 

                 ---Stimulated Brillouin Scattering---------- 

 

 

                                                        - 

             Stimulated Raman 

                        Scattering---                                                 ←---Strong Parametric Turbulence;  

Plasmon Collapse--------------------------------------------------  

                     

                                                       Plasmon Cascading ←-------Weak Parametric Turbulence      

    

 

Figure 4. Parametric Plasma Turbulence Regions. LW – Langmuir 

wave, plasmon. Region (1) corresponds to the strong plasma parametric 

turbulence. Region (2): cascading of plasmons – weak plasma turbulence. In 

region (3), a strong linear Landau damping takes place. nc is the critical 

 plasma density. 

 

Parametric turbulence collision frequency can be estimated 

based on other saturation mechanisms.  Liu and Rosenbluth [21], 

Liu Rosenbluth, and White [23] studied the pump depletion as 

the saturation mechanism. The density profile steepening in the 

quarter critical density, as a saturation mechanism, was studied 

by Langdon et. al., (1979) [27]. Modulational instability and 

caviton formation could also be an efficient saturation 

mechanism [2] for the two plasmon parametric instability [28].  

The plasmon-phonon decay can be either absolute or 

convective instability. The convective-absolute character of the 

decay instabilities in the critical region, (t → l + s), is studied by 

Silin and Starodub, (1977) [15.b.]. It is shown that the parametric 
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decay instability is absolute if the inhomogeneous character of 

the laser field is taken into account. In the paper of Perkins and 

Flick, it is shown that the aperiodic oscillating two stream 

instability, (t → l + a), which occurs beyond the critical surface, 

is the absolute instability in the approximation of a homogeneous 

laser electric field.  

In the case of absolute plasmon-phonon decay, ∆xT << LN and, 

accordingly, it is not important in view of the laser radioation 

absorption. It is quite different with the convective plasmon-

phonon decay. Here ∆xT ~ LN, so that the convective instability is 

preferential. The convective threshold is given by, Afanasiev et. 

al. (1978) [6]: 

k0 rE, THR  ~ (vTe/c)
 
(ks LN)

-1/2
                                                  (20) 

The growth rate is: 

γl+s = k0rE  (c /vTe)  (ω0 ωs )
 1/2 

                                               (21) 

In the region defined by:   ωpi (me/ mi)
 1/2

 <<ω0-ωpe(x) <<ω0 ln 
-1 

(ω0/νei), the most favorable saturation mechanism is the plasmon 

cascading{see Kruer in [25.a]}. The turbulence collision 

frequency is given by: 

νT, l+s  =  2 γl+s                                                                                                              (22) 

In a strong turbulence region, Fig.2, 3, and 4, the modulational 

instability leads to a caviton formation with the trapped plasmons 

- Langmuir modes. Subsequently, the trapped plasmons collapse, 

transferring the energy into the domain of strong linear Landau 

damping. This is the mechanisms of the generation of 

suprathermal electron component in laser fusion plasma. The 

suprathermal electrons have a deteriorating effect: they lead to 

the preheat of the pellet core. The turbulence collision frequency 

is given by, {Afanasiev et. al. (1978) [6]}: 

ν T 
plasmon collapse

  =  ωpe (mi/ me)
   

(k0 rE)
 4 

x 
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(ω0 / ωpe )
 4 

(c/vTe)
 4 

                                                                (23) 

 

4.2. Stimulated Raman and Brillouin Scattering: 

 Parametric Thresholds, Growth Rates, and Turbulence 

Collision Frequencies 

 

The convective-absolute character of the stimulated Raman 

scattering is studied by Silin and Starodub (1974) [15.c.]. It is 

shown that the stimulated Raman scattering becomes an absolute 

parametric instability if the wave number of the scattered laser 

radiation, kt,is smaller than k0, which is satisfied in the vicinity of 

nc/4, ω0 ~ 2ωpe. In this case the trapping of the scattered laser 

radiation takes place, leading to the absolute nature of the 

instability. For ω0 >> 2ωpe(x), it follows that kt~ k0, so that the 

stimulated Raman scattering is the convective instability.  

The threshold value for the absolute Raman scattering, {Silin 

and Starodub (1974) [15.c.]}, is given by: 

k0 rE, THR  ~ (k0 LN)
-2/3

                                                            (24) 

From (17) and (24) it follows that the absolute Raman 

threshold is higher than the threshold for the absolute two 

plasmon decay.  

The growth rate is given by: 

γt+l = k0 rE (ωpe ω0)
1/2

                                                             (25) 

Stimulated Raman scattering, t → t + l,  and two plasmon 

decay, t → l + l, are the competing parametric processes in the 

quarter critical density region {Rosenbluth, White, Liu (1973) 

[22}; Liu, Rosenbluth, White (1973) [23]; Silin and Starodub 

(1974) [15.c.]}. In the approximation of homogeneous plasma, 
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the thresholds for the stimulated Raman scattering and two 

plasomon decay are identical:  

k0 rE, THR  ~  (νei / ω0),  k0 LN → 0                                          (26) 

In the case of the laser electric field intensities much above the 

threshold value the growth rates of stimulated Raman and two 

plasmon instabilities are identical, {Rosenbluth and Sagdeev 

1973 [3]}: 

γt+l ~ k0rE ω0 ; (rE / rE, THR) = m >>1.                                       (27)  

Large “overthreshold” coefficient, m >>1, indicates a strong 

coupling of the parametrically excited modes when their 

dispersion characteristics are significantly modified. 

Saturation of the stimulated Raman scattering due to the 

quasilinear plamon-electron interaction is studied by Gallev, 

Oraevky, and Sagdeev (1972) [26], which seems to be adequate 

for the case of convective Raman instability.  

In the case of absolute stimulated Raman scattering, Silin and 

Starodub [15.c.], the turbulence level of plasmons can be high, so 

as to trigger the modulational instabilities {Rosenbluth and 

Sagdeev [3] V.E Zakharov (1972) [29]}. Modulation instability, 

(strong plasma parametric turbulence, takes place for k, k0, 

satisfying: 3 k0 rDe < (me/mi)
1/2

; k <k0. A physical picture of the 

stimulated Raman scattering saturation via the strong turbulence 

process is given by Rosenbluth and Sagdeev. Based on their 

arguments, νT is given by: 

νT, t+l = (c / λ0 ) (vTe / c)
 4

(ωpe  / ω0)
2
                                       (28) 

A high turbulence collision frequency does not necessarily 

mean a high efficiency of laser absorption. 

In the case of the stimulated Brillouin scattering, the minimum 

threshold is achieved if k
2
 = 2k•k0 is satisfied. The convective 

threshold is given by, {Rosenbluth and Sagdeev (1973) [3]}: 
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k0 rE =  (vTe/ c) (k0 LN)
-1/2

                                                      (29) 

The growth rate is: 

γt+s~ k0 rE  (ωpe / ω0) (c / vTe) (ω0 ωs)                                      (30) 

The stimulated Brillouin scattering is not important parametric 

instability for the absorption of laser radiation in plasma corona. 

 

6. Laser Radiation Absorption due to the  

Parametric Plasma Turbulence: Convective 

Versus Absolute Parametric Instabilities. 

 

As to the absorption efficiency of laser radiation via the 

parametric turbulence, {Afanasiev et al., (1978) [6]}, it is to be 

noted: 

• Low threshold for a particular parametric instability 

does not mean a higher importance from the aspect of 

laser radiation absorption. Instability with a higher 

threshold can have much faster growth rate. 

• The absolute character of a particular parametric 

instability does not lead necesseraly to a higher laser 

absorption rate. In some cases, due to the wide region 

of coupling, ∆xT, convective parametric instabilities 

lead to higher radiation absorption. 

• High parametric turbulence collision frequency still 

does not mean necessarily a high absorption of laser 

radiation. 

To evaluate the relevance of a particular parametric process 

with respect to the laser radiation absorption, the following 

criteria should be considered: 
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(νT/νei)(∆xT/LN)= n >1.                                                          (31) 

(I0 / I0,THR ) = m > 1.                                                              (32) 

The demand that the parametric absorption coefficient is larger 

than the thermal (bremsstrahlung) absorption coefficient is given 

by (31), which determines the efficiency of the laser radiation 

absorption in laser thermonuclear fusion. 

 The laser radiation intensity, (W/cm
2
), is denoted by I0. The 

“overthreshold coefficient,” m, determines the strength of the 

parametric coupling — the scaling of the parametric growth rate 

with the intensity of laser radiation electric field E0. 

 

Paramettric 

Coupling 

Coupling 

Region 

∆xT 

 

Threshold 

value 

 

Growth 

rate 

νT 
n 

 

m 

(νT/νei) 

(∆xT/LN) 

Two 

Plasmon 

Decay 

~ LN ln
-1 

(ωpe/νei) 

“Absolute” 

See (17) 

See  

( 18) 

See  

(19) 
n>>1 

High 

Parametric 

Absorption 

Stimulated 

Raman 

Scattering 

~ LN ln
-1 

(ωpe/νei) 

“Absolute” 

See (24) 

See  

(25) 

See 

(28) 
n>>1 

High to 

Medium 

Parametric 

Absorption 

Plasmon -

Phonon  

Decay 

~ LN 
“Convective” 

See (20) 

See  

(21) 

See  

(22) 
n>>1 

Medium to 

Low 

Stimulated 

Brillouin 

Scattering 

~ LN 
“Convective” 

See(29) 

See 

 (30) 
Low n>>1 Low  

 

Table1. Laser thermonuclear fusion: Efficiency (m) of the laser radiation 

absorption via parametric turbulence channels. Summary of the above 

discussed parametric effects. The estimates of “m” are based on the parameters 

in the experiments in the 1970s. 
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 It is to be noted that in the 1970s, in some papers the 

interpretation of the experiments with the same I0 led to 

confusion. As I0 includes three parameters: laser radiation energy, 

laser pulse duration, and the laser focusing area, obviously the 

physics is not the same as these parameters are changed for the 

same I0. 

For the absolute parametric decay, t → l + s, and oscillating 

two stream instability, t → l + a, (∆xT / LN) < < 1, so that (31) is 

satisfied for large m.  In contrast to the parametric decay 

instability, which can be either absolute or convective, the 

oscillating two stream instability is an absolute instability. For the 

oscillating two stream instability (∆xT / LN) ≤ 1, and, accordingly, 

it is more favorable than the absolute parametric decay 

instability.  

In the case of two plasmon decay in the quarter critical region, 

which can be either convective or absolute, (∆xT/ LN) <1, so that 

(23) can be satisfied with relatively small m.  

Saturation of Raman scattering instability via strong plasma 

turbulence process, (modulational instability), leads to the 

caviton formation, which propagate into the lower density 

regions. There the plasmon collapse occurs and the plasmon 

energy is transferred, through linear Landau damping, to 

electrons. This is one of the mechanisms, leading to generation of 

suprathermal electrons {reviewed by Stefan (1989) {17.b]}. Here 

(∆xT/ LN) <1, so that, according to (31) and (32), a strong laser 

radiation absorption takes place for larger m. The summary of the 

effects discussed is given in the Table 1. 

In the magnetic confinement thermonuclear fusion research, 

the parametric phenomena are richer due to the variety of 

magnetized plasma modes and possible primary and secondary 

parametric excitations. 
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7. A General Comment on the Parametric 

 Plasma Turbulence 

 

The picture of the parametric saturation processes, however, is 

far from being clear, as the saturation mechanisms swiftly 

interchange their importance, depending on the dynamics of the 

particular parametric interaction. In other words, parametric 

plasma turbulence leads to a “turbulent” system of possibilities, 

not easily identified by the theorists and verified by the 

experimentalists [30]. 

 

8. Marshall Rosenbluth: 

 A Life in the Thermonuclear Fusion Research 

 

Marshall Rosenbluth started his research in thermonuclear 

physics through his involvement in the development of the 

American hydrogen bomb {Teller (1982) [31]} He ended up his 

research as one of the ultimate authorities in thermonuclear 

fusion research and a passionate advocate for a peaceful use of 

thermonuclear energy. 

As he was observing a 15 megatons thermonuclear bomb 

explosion in the South Pacific, in 1954, Rosenbluth said,
4
 

“The thing was glowing. …It was a much more awesome sight 

than a punny little atomic bomb. It was a pretty sobering and 

shattering experience.” 

                                                 
4
 Freeman Dyson, Marshall N. Rosenbluth: Biographical Memoirs. 

Proceedings of the American Philosophical Society, Vol. 150, No. 2, 

June 2006. 
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Thereupon, Rosenbluth dedicated his life to the development of 

a peaceful thermonuclear fusion. His initial idea was to use a 

deuterium-tritium pinch plasma confined by a magnetic field.
5
 

Many of his papers became widely known… on stabilization of 

flute perturbations by finite Larmor radius (with N. A. Krall and 

N. Rostoker)… on the trapped particle instability (with H. Berk).
6
 

The “burning of fusion plasma” has been a dream of every 

plasma thermonuclear fusion scientist. In 2000, about the 

“yearning and burning” Rosenbluth said,
7
 

“As we have realized for many years, the point at which 

science and the fusion energy goal converge is in a burning 

plasma experiment… We can imagine many possible 

experiments, covering a wide range of goals and 

costs…Applicability of results from a Tokamak burning 

experiment to other concepts… where other phenomena may be 

dominant is still more speculative. It is likely that we are many, 

many years away from being able to consider seriously a non-

Tokamak burning plasma experiment… Let’s move expeditiously 

from yearning to learning.” 
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in quantum mechanics, hoping that the true meaning of the calculation 
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 of University of California in 

La Jolla, CA, used to say that the turbulence is the most difficult among 

all the problems in physics. 
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