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I. The three-dimensional models of strong Langmuir turbulence
(SLT), discussed below, came into light after the prediction of
Langmuir waves (LW) collapse [l]. The first model was suggested
in [2]. The main hypothesis of [2] can be formulated in the follo-
wing way. The LW energy is transferred from the power-containing
long-wave range k~k, to the dissipative short-wave one k=k; >k,
by the collapsing cavities. The energy of LW trapped in the cavity
does not change in the process of collapse until Landau damping
becomes essential. The collapse is of supersonic self-similar charac-
ter.' All the formed cavities are approximately the same in size
ay~ky ' and in energies ol trapped waves E, Under these assump-
tions the spectrum of waves in the «<inertial» range k,<k<k; is
defined easily (and identically in all the SLT models). Indeed, the
estimate :

T_'l{k} ~Vmod (R) ~wp [ Weay [k}({nnf]}w

is valid for the typical time t(k) of cavity deepening. Here w, is the
ion plasma frequency, n, and 7 are the plasma concentration and
temperature, Weeo(R) is the density of the LW energy in the centre
of cavity of size k~' (in the «inertial» range W...(k)~E,k®). Taking
into account that the number of cavities passing through the scale k&
per unit time is independent of k, one can estimate the concentration
Neao (k) of the cavities of size k7' and the mean energy density
W (k) ~ Neaw(k)E, of LW of length £~

W (k) cot (k) cok %2, ko< k<k; .




In the dissipative range k=k; the authors of [2] equated the
time of LW transfer through the spectrum with the time of Landau
damping:

T (K) ~y (R) ~ Opelt (0pe/R) /11

(here wpe is the electron plasma frequency, n(v) is the concentration
of electrons with velocities of order v). This condition was consider-
ed together with the quasilinear diffusion equation for the electron
distribution function [(v) =n(v) /v '
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Assuming that the quasistationary state with the independent of v
electron flux

J=v%D o

ov

is established in the range v v;=w,./k;, the authors of 2] obtain-
ed the following distribution of electrons and waves: '

n(v)oou™2,  vu;  W(k)ook 2, kk.

In this treatment the estimate 7 (k) ook *? was used, which does not
take into account the LW absorption. The absorption was taken into
account in [3], where the expression for the transfer rate in terms
of the spectrum:

W (k) ~ Neao (k) Weao (k) k300t (k) b~

was added to the basic relations of [2]. As a result, the formulas
for the principal values in the dissipative range take the form:
t(k)cok™ 2, W(k)ook™52,

n(v)ocov™ "2,
This result was admitted correct in the review [4]. However, for the
spectrum W (k)cok™°/2 obtained in [3], the typical time of electron
diffusion f4(v) ~v?/D(v) grows when v decreases and, consequ-
ently, in spite of the assumption made in the works under discus-
sion, the quasistationary electron distribution with the v-independent
flux /=0 has no time to be established in the range v<u;.

Another SLT model was suggested in [5], where it was as-
sumed that all trapped LW have been absorbed in the cavities of
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 scale kr_l, and W(k) decreases exponentially in the range k>>#k;.

Then the electron diffusion in the range v<v;(f) is negligible and
the distribution n(v) remains the same, as just after acceleration,
which took place at the times {/, when vf(#’) =v. The concentration
of accelerated (and thereby all other) electrons is defined from the
condition that at k~Fk; the modulational instability increment coin-
cides with the decrement of Landau damping:

—3/2
1 (Uf) ~nyYmod (pe/ V) /Wpeco vy f;

n(v)cov ¥%,  wv<xu;.
For this distribution the decrement of Landau damping in the range
k>k; approximately coincides with their modulational instability in-
crement, calculated in the absence of dissipation. Since the dissipa-
tion slows down the collapse, the assumption of authors [5] about
the absorption of all trapped waves at k~#k; is justified. The law of
increasing the velocity v; is determined from the condition £ (vf) ~1
and turns out to be the following: vjoof?.

One more SLT model was suggested in [6]. It was assumed
there that the minimum velocity u,, of electrons taking part in

- energy absorption is practically time-independent and equal to seve-

ral thermal velocities. The formula W (k)cok %2 was used in the
whole range A< wpe/vy;,, i- €. the influence of absorption on the col-
lapse dynamics was neglected up to the scale of cavities
Fmin ™~ Umin / @pe (Which is equal to several Debye lengths r,). Further,
the self-similar solution of the diffusion equation has been construc-
ted, which satisfies the condition of constant power supply to plasma:

i { dvo'f (v) =const .
di

As one can show, this solution looks as

f(u,t) =t=°F (v/t?) .
For the spectrum W (k)cok 32 the typical diffusion time decreases
with diminishing of the electron velocity, and the quasistationary

distribution with the constant flux J is established in the range
v os(l):

f(v, ) oot 2 (v/t?) 52 =4y 5/2

When {—oo, then f(v, {)—-0, which confirms the assumption about
the weakness of Landau damping in the range v>>u,, . The contra-
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diction, however, reveals in another place: for the solution of the as-
sumed kind, the number of electrons with velocities greater than
some lixed value v from the range (Unin» f) decreases in time (as
{7%), but the flux of electrons is directed from the range v'<v to
the range v’>uv, rather than vice versa. Consequently, such a solu-
tion does not exist. |

2. The analysis presented above solves the problem of SLT mo-
del choice in the limits of conventional set of hypotheses, but it does
not touch upon the question ol their own correctness. Some base for
the doubt about the latter can be found already in [7], where the
existence of an infinite number of bounded states in a self-similar
cavity was proved for the spherically-symmetric scalar collapse and
the possibility of extending this theorem to the case of an asymmet-
rical scalar collapse and even to the case of LW collapse was clai-
med. The complete prool has never been published. Probably, there-
fore in the more recent paper [8] it was claimed still unknown, ii
an infinite number of bounded states exists in a self-similar cavity.
The interest of the authors of [8] to this question was excited due
to the noticed by. them «effect of funnel», which consists in the fol-
lowing: in the remaining aiter a collapse the concentration «funnels,

when it contains an infinite number of bounded states, the «fall on
the centre» [9] of untrapped plasmons and, consequently, the addi-
tional energy absorption should take place. This idea did not receive
further development. Meanwhile, it is possible to show that the
theorem [7] may be extended in fact to the case of the Langmuir
collapse and the «effect of funnel» in fact takes place. [ can not dis-
cuss that in more details here, because the main object of the pre-
sent communication is another effect, which related fo the «effect of
funnel», but is stronger and exists irrespectively of the correctness
of theorem [7]. As it is known, the macroscopic movement of ions,
accelerated in the collapse process, continues also after absorption
of LW initially trapped by the cavity. The estimates show that the
kinetic energy of this movement is sufficient for 2 cavity deepening
by approximately '

W° g2
A:(—- _,_) 1
Wi kg =

times, where W°= W(ky) is the mean energy density of Langmuir
turbulence, Wﬂlmnn?”(fagrﬂ}z is the lowest value of W° compatible
with the condition of modulational instability of the main scale wa-
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ves. When cavity deepens by A times, the number of bounded in i*t
states grows approximately by A'Y2 times and becomes of order”
A'Y? In each new bounded state some number of plasmons is trap-
ped. This may influence the ion motion, absorption of trapped waves
and acceleration of the resonance electrons. I have obtained the
self-consistent solution of the problem, which takes into account all
the process mentioned above. The character of this solution depends
on the parameters of the problem, i. e. there are several regimes of
SLT. It turns out that one of the most interesting is the threshold
(W°~W,,) regime of SLT with not too wide inertial range, for
which every new bounded state traps the same energy as the first
one. In this case, the SLT spectrum looks as follows: in the inertial
range the relation W(k)ocok™3? remains correct (but the coefficient
differs essentially from the one obtained in the previous modelg]; in
the range k~#k; W (k) decreases exponentially by (k;/ky)**® times;
when kj<h<k(ki/ky) ', then W (k)ocok™'"7 and when k>kj, then
W(k) decreases exponentially again. The electron distribution is
described in the range v<w; by the relation n(v)cov™%°®, while n(v)
remains exponentially small in the range v>>wv;. Velocity v; increases
with the time as #*. The power, absorbing in the each cavity, turns
out to be much larger than in the previous SLT models and the
threshold regime of SLT takes place in a far wider range of power
supplies to plasma, than it was assumed earlier.

) «An infinite number of bounded siatess mentioned in the th_eurem- [7] trans-
forms into In (k;/ky), when the finiteness of inertial range is taken I!:Et(:.l' acc&_unt. Fac-
tor In (k;/k,) is not very essential compared to A% and, therefore, it is omitted here

and further.
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