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1. With the appearance of powerful lasers, new possibilities were un-
covered for acting on intermolecular processes, namely excitation and dis-
sociation of molecules, initiation and control of chemical reactions, etc. Re-
search on the excitation and dissociation of isolated molecules in a laser
field is the subject of a number of papers [1 - 5]. In [1] is considered the
interaction between a molecule and a field in the case when the acting force
either colincides with the field frequency and resonant transitions are then
possible through several levels, or in the case when the acting force 1s non-
linear in the field, and different field harmonics take part in the excitation.
The probabilities of two- and three-guantum dissociation of a molecule were
calculated in [2, 5]. Reference [4] is devoted to excitation of a Morse oscil-
lator. 1In all the cited papers, the threshold density of the laser radiation
was 10'* - 10%® W/cm?.

Dissociation and chemical reactions in molecular gases, induced by reso-
nantly absorbed infrared laser radiation, were experimentally investigated in
[6]. The threshold fluxes were of the order of 10% W/cm?. Physically this
circumstance, unlike in [1 - 5], is due to selective interaction of the radia-
tion with one of the vibrational degrees of freedom of the molecule and with
vibration-vibration relaxation of the excitations. In this case the vibrational
temperature can noticeably exceed the ftranslational temperature of the medium,
as was pointed out, for example, in [T7].

In the present paper we solve the nonstationary self-consistent problem of
dissociation of a molecular gas under the influence of resonant laser radiation
under conditions when the duration of the pulse is limited only by the time tm

of the vibration-translation relaxation. It is assumed that the considered vi-
brational branch of the molecule is almost harmonic for vibrational exchange up
to levels from which dissociation proceeds with a probabllity close to unity.
On the other hand, the anharmonicity is always important for the absorbed laser
radiation, so that absorption is possible only between the first two levels of
the molecule.

2. We assume that the vibrational energy exceeds the quantum energy hw of
the harmonic oscillator. In this case the time dependence of the molecule
energy distribution function F(t,i;) ( ﬁ;is the energy and t is the time) can
be described by a kinetic equation in the diffusion approximation:
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is the vibrational "temperature," tc is the time of vibration-vibration relaxa-

tion, Ng is the initial density of the molecules, Kk = I0/8, I is the laser-
radiation flux density, ¢ is the resonant-absorption cross section, gg* and £*%¥
are respectively the limit energy above which the molecules are populated only
by resonant collisions, and the dissociation energy, v{(x) is a function equal
to zero or unity depending on the sign of its argument.

We seek the function (1, €) in the form

®(r, ) =e ¥ p(d, }f¢(c)ds= 1, ¢(e*) =0, (2)
0

where e¥ = ZZ*/G is the reduced dissociation energy of the molecule. From
(1), with (2) taken into account, we can obtain two relations for determining
the dissociation-rate constant k and the vibrational "temperature" 6:
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Relations (3) have a simple physical meaning: the dissociation constant is equal
to the particle flux at the point € = ¢¥, and the energy loss as a result of
the dissocilation is offset by the energy absorbed from the laser radiation.

From (1) we obtaln for the distribution function ¢(e) the following solu-
tion
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where 1Fi1(x, ¥y, z) is the confluent hypergeometric function,
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Cﬁ+k are the binomial coefficients, and Co, C1, and C, are constants determined

by relations (2) and by the condition for the continuity of the flux J(eg) at
the point eg.

In the case of greatest practical interest e, = hw/8, i.e,, there is weak
anharmonicity, which does not affect strongly the resonant-exchange processes
but which excludes absorption of field quanta between all levels except the
ground and first-excited levels. We can then obtain with the aid of (3) and
(4) analytic expressions for the vibrational "temperature" 6 and for the dis-
sociation constant y = k/tc:
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3. It follows from (5) and (6) that in weak fields (o - 0) the dissocia-
tion constant is actually proportional to the radiation flux density. On the
other hand, in strong fields (o + «), the vibrational "temperature" and the dis-
soclation constant tend to a finite 1limit, corresponding to a bleaching of the
system, connected with the saturation effect. In conclusion, we present numeri-
cal calculations for a case close to the experimental conditions of [6, 7;,
i.e., £, = 10-% sec, b, = 107°% sec, hw = 0.1 eV, £% = 2 eV, 0 = 1077 cm

(pressure ~v100 Torr), I = 102 W/cm®. Then 6=20.2 eV and v = 10° sec™!. Thus,
th Vv 1 under these conditions, and consequently a noticeable fraction of the

molecules will be dissoclated prior to the onset of the vibrational-translation
relaxation.

Obviously, the results can be directly applied to the case of decay, re-
sulting from a chemical reaction, of a vibrationglly excited molecule. In for-
mulas (5) and (6) it is then necessary to take 45* to mean an energy close to
the activation energy of the chemical reaction.

m
—

[ B e T T o
=
[ T U I S N [

G.A. Askar'yan, Zh. Eksp. Teor. Fiz. 46, 403 (1964) [Sov. Phys.-JETP 19,

273 (1964)17.

F.V. Bunkin, R.V. Karapetyan, and A.M. Prokhorov, ibid. 47, 212 (1964)

[20, 142 (1965)7.

G.A. Askar'yan, ibid. 48, 666 (1965) [21, 439 (1965).

A.N. Oraevskii and V.A. Savva, Kratkie soobshcheniya po fizike (FIAN)

(Brief Communications in Physics) 7, 50 (1970).

F.V. Bunkin and I.I. Tugov, Zh. Eksp. Teor. Fiz. 58, 1987 (1970) [Sov.

Phys .-JETP 31, 1071 (1970)1].

[6] N.V. Karlov, Yu.N. Petrov, A.M. Prokhorov, and 0.N. Stel'makh, ZhETF Pis.
Red. 11, 220 (1970) [JETP Lett. 11, 135 (1970)7].

[7] N.D. Artamonova, V.T. Platonenko, and R.V. Khokhlov, Zh. Eksp. Teor. Fiz.

58, 2195 (1970) [Sov. Phys.-JETP 31, 1185 (1970)].

[\

Ul

INFLUENCE OF NONEQUILIBRIUM EXCITATIONS ON THE PROPERTIES OF SUPERCONDUCTING
FILMS IN A HIGH-FREQUENCY FIELD

B.I. Ivlev and G.M. Eliashberg

Institute of Theoretical Physics, USSR Academy of Scilences
Submitted 18 March 1971

ZhETF Pis. Red. 13, No. 8, 464 - 1468 (20 April 1971)

A number of experiments have revealed a certain increase of the critical
current of thin films [1, 2], and also of their transition temperature [3]
under the influence of a high-frequency field. As already noted [4], effects
of this type may be due to a redistribution of the electronic excitations,
which inevitably occurs under conditions of stationary irradiation. What re-
mained uncertain, however, was the possible scale of the effect, since the
calculations were made only in first order in the field intensity. The re-
sults presented below fill this gap.

We used for the calculation a model in which the film was assumed to be so
thin that the density of the high-frequency current in the energy gap A re-
mained constant over its cross section. At the same time we assumed that the
mean free path of the electron is small compared with the film thickness, mak-
ing it unnecessary to take into account the singularities due to reflection
from the walls.

The principal role is played in what follows by the assumption that the
lifetime of the excitatlon T¢ is large in relation to the energy transfer. In
the case of a metal at T << B8 (the Debye temperature) this time, as is well
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