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Recent experimental data are used as a basis for an analysis of the process of collisionless dissociation of
molecules in a laser field. Some specific features of the vibrational-rotational spectrum of polyatomic

molecules are established. The departure of molecules from the vibrational ground state independently of
the rotational quantum number J is explained. A distribution is obtained for the density of vibrational
states over the band for large vibrational numbers, and this is used to explain the large red shift of the
optimum laser interaction during the dissociation stage of the process.
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1. Collisionless dissociation of polyatomic molecules
in an infrared laser field has attracted considerable at-
tention (a number of review articles has been publish-
ed'')), The subdivision of the vibrational excitation of
polyatomic molecules into two stages'?! is now general-
ly accepted. These two stages are: (1) traversal of
several low-lying levels and (2) subsequent excitation
in the so-called quasicontinuum, where the density of
vibrational states is very high. It was originally as-
sumed that the traversal of several low-lying vibration-
al levels occurred as a result of field broadening
whereas the accumulation of energy in the quasicontin-
uum is definitely due to the high density of vibrational
states and consequently, the resonant character of the
process. Subsequent studies of the excitation of high-
lying vibrational states showed that the resonant char-
acter of the transitions in the quasicontinuum is not in
itself sufficient because these transitions occur with a
considerable change in the vibrational quantum numbers
and are, therefore, highly forbidden.

It has been shown'3! that, for symmetric molecules,
intramode anharmonism, which removes the degener-
acy of high-lying vibrational states of a degenerate
mode, leads to the formation of bands of levels. Inter-
band anharmonism ensures that band formation in-
volves the states of other modes (Fermi resonance).
The result of this is that bands of relatively well allow-
ed transitions appear in the quasicontinuum, and the
only forbidden transitions are those forbidden on the
grounds of symmetry. The band structure of the quasi-
continuum has, in fact, been confirmed experimental-
ly.“’

Recent experimental work suggest that the excitation
of low-lying vibrational levels requires a more careful
analysis. For example, Ambartsumyan et al.'*! have
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shown that the traversal of the low-lying levels in the
case of the SF; molecule occurs in fields of moderate
intensity (of the order of 100 kW/cm?). Ambartsumyan
et al. suggest vibrational compensation of anharmonism
due to successive P, @, and R transitions as the mech-
ansim for the traversal of low-lying vibrational levels.
However, this model is too schematic for a polyatomic
molecule. We draw attention to the theoretical work of
Larsen and Blombergen,'® who pay considerable atten-
tion to the possibility of two- and three-photon reso-
nances during the traversal of the low-lying vibrational
levels.

However, the models mentioned above were based on
the assumption that only particles in a narrow range of
values of the rotational quantum numbers J participat-
ed in the excitation process. Recently, it was found ex-
perimentally’”’ that the molecules could be removed
from the vibrational ground state independently of their
initial rotational state. It was shown that, in moderate
fields of exciting radiation, beginning with =300 kW/
cm?, and for pulse lengths 7,=100 nsec, the SF, and
SiF, molecules can leave the vibrational ground state
practically independently of J under conditions includ-
ing rotational relaxation of the gas. This result is well
outside the usual framework of the “bottleneck” ef-
fect.t®]

In this paper, we consider the mechansim responsible
for the trapping of many rotational states during the vi-
brational excitation of molecules in a strong infrared
field. We shall show that this trapping cannot be ex-
plained within the framework of the main vibrational
transition alone, but is a consequence of the complicat-
ed structure of several low-lying vibrational levels as
well as the presence of the quasicontinuum in the case
of the polyatomic molecules. Even a considerable de-
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parture from the resonance, involving the intermediate
vibrational -rotational levels, will not then prevent the
effective population of the higher-lying vibrational
states when the two-, three-, and so on, photon reso-
nance conditions are satisfied.

Next, we shall consider the accumulation of energy
by a molecule in the quasicontinuum, calculate the den-
sity of states in the bands, and explain the red-shift
effect and the dependence of the energy accumulated by
the molecule on the energy of the laser pulse.

2. In this section, we shall consider the spectrum
of low-lying vibrational levels and will investigate the
spectral width of two- and three-photon resonances by
considering the particular example of SF,;, whose spec-
troscopic parameters have been adequately investigat-
ed. Consider an SF; molecule with a given quantum
number J in the vibrational ground state. The 0-1 tran-
sition of the v, mode of this molecule has three rota-
tional branches (P, @, and R). Anharmonism produces
the splitting of the second and third vibrational states
of v, into three and four vibrational levels, respective-
ly.t®? Resonant two- or three-photon transitions can
take place to each of these states when the laser field
frequency has the appropriate value. Moreover, each
two-photon resonance has five rotational branches
(J=0;+1;+2), and each three-photon resonance has
seven branches (J=0;+1;+2;+3). The result is that,
for given J, the SF, molecule has 3 single-photon
(Fig. 1a), 15 two-photon (Fig. 1b), and 28 three-photon
(Fig. 1c) resonances of the mode v,.

When these spectra are recorded for a tunable laser
with a linewidth of 0.03 cm™, the width of the observed
resonances is determined by the Coriolis splitting of
the vibrational-rotational state which, according to
McDowell, '2°7 amounts to 0.0037J cm™, i.e., 0.17 cm™
for J=50. The figure of 0.03 cm™ is characteristic
for pulsed CO, lasers used in experiments on collision-
less dissociation. This exceeds the mean separation
between the Coriolis structure components.

The observed width of the resonances does not de-
pend on the number of photons involved in the reso-
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FIG. 1. Probabilities of one-photon (a), two-photon (b), and
three-photon (c) transitions in SFg with rotational quantum num-
ber J=50 as functions of laser frequency v;. The intramode an-
harmonic constants are chosen arbitrarily.
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nance because the Coriolis splitting increases linearly
with the vibrational quantum number. Thus, it is clear
that, for J=50, the resultant width of two-photon reso-
nances is 3 cm™ and that of three-photon resonances

is 6 em™. The region in which the resonances exist

is determined by the magnitude of the anharmonic split-
ting of the second and third vibrational states. The re-
sultant relative overlapping of this region by the two-
and three-photon resonance bands is close to unity.
The region of existence of the resonances and the width
of each of them increase with increasing J. The rela-
tive overlap does not, therefore, depend very much on
dJ.

This leads us to the important conclusion that one
can alway isolate a frequency band near the frequency
of the main transition in which, for given laser fre-
quency, all the particles will experience a two-photon
or three-photon resonance with high probability and in-
dependently of their rotational state without, generally
speaking, entering into resonance with the main tran-
sition. The width and structure of this region are de-
termined by the spectrum of low-lying vibrational
states and the gas temperature. Figure 2 shows the
calculated dependence of the fraction of the total num-
ber of illuminated SF, gas molecules undergoing two-,
photon (Fig. 2) and three-photon (Fig. 3) resonance as
a function of the frequency of the exciting laser for gas
temperatures of 300 °K and 50 °K, on the assumption of
a thermal distribution of the particles over the rota-
tional states.

The calculations were performed on a computer on
the assumption that all the molecules were in the vibra-
tional ground state, i.e., the influence of hot bands
was ignored. The fraction of particles in the @ branch-
es of the two- and three-photon resonances was deter-
mined by extrapolating spectroscopic data on the @ -
branch widths of the main transition of the mode v,.t1!!
In the calculations of the fraction of molecules in the
side branches of the two- and three-photon resonances,
we took into account the dependence of the width of each
resonance on J (0.034J cm™!), the statistical weight of
these rotational states (~J2), and the Boltzmann factor
at the given temperature.

It is important to note that Stark broadening of the
levels in the field was not taken into account. This
broadening will obviously lead to an increase in the
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FIG. 2. Fraction of molecules undergoing two-photon reso-
nance as a function of laser frequency (in the case of SFg). An-
harmonic constants a =1 cm'i, B=-12 cm“, Y=-=0.5 em-l,

Broken curve— T= 300 °K, solid curve—50 °K.
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fraction g of the particles and to the smoothing of the
curves in Fig. 2. This will be particularly appreciable
when the magnitude of the Stark broadening is of the or-
der of the width of each of the resonances, i.e., of the
order of 0.2 cm™ for SF,. There is no doubt that the
influence of hot bands at room temperatures leads to

a considerable smoothing of the curves in Fig. 2. It will
be clear from the ensuing analysis that these curves

are essentially the resonance characteristics during the
traversal of low-lying vibrational levels. It is precise-
ly these curves that restrict the selectivity of the ex-
citation. This selectivity is considerably enhanced when
the gas temperature is reduced, but falls as the inten-
tensity of the exciting field increases.

0 350 w,cm?

3. In this section, we consider the efficiency of ex-
citation of molecules detuned from the resonance on the
main transition and undergoing two- or three-photon
resonance. We shall assume that all the molecules un-
dergo two- or three-photon resonance independently of
their initial rotational state, and the detuning from
resonance on the main transition for a given excitation
frequency is determined by the magnitude of J.

We shall now consider the case of the two-photon
resonance. Suppose that we have a system of three dis-
crete levels, 0, 1, and 2, each of which is illuminated
by laser radiation of frequency w,;. The detuning of the
0-1 transition frequency from w, is A, and the detun-
ing of the 0-2 transition from 2w,is, in general, A,.
The dipole moments of the 0-1 and 1-2 transitions are
d, and d,, respectively. The probability amplitudes a,
(¢ labels the levels) in the approximation of slowly-var-
ying amplitudes!!?! are given by the solutions of the
following equations:

; = 1.1
ih t 2 a, ( )
3 1 . 1
ih-a—at—'=_\,a,+—2—-d,Ea°+?dzEag, (1.2)
da, 1 .
h == sy — i (1.3)

The case [4,| <1/2|Ed, |, for which the 0-1 transi-
tion is in resonance with the laser field, presents a
trivial situation. We therefore consider the case of
large intermediate detuning |A,| > | Ed,| and |4, |
> |Ed,|. In this case, level 1 is practically unpopluated
and, consequently, we have }h’aal/atl «<Aa, in (1.2).

If we use this condition, we can rewrite (1) in the form

L da, |dEN
at 47,

d,d.E*

44, (2.1

Qo az,
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FIG. 3. Fraction of mole-
cules undergoing three-
photon resonance as func-
tion of laser frequency.
Broken curve—T7T=300°K,
solid curve—50 °K,

da,
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(- 122 (2.2)

)a _ d.d,
48, 1%

4A,

Neglecting, for simplicity, the change in E during the
time of the pulse, and demanding that the two-photon
resonance condition 44,4, = | Ed, |+ | Ed,|* be satisfied,
we obtain the following expression for the population of
the upper level:

(3)

Thus, the population of the second level oscillates with
the frequency

< Q=|dd:EY4RA,|.

|az|*=sin® (|d,d.E*/4hA,|1).

(4)

In practice, the vibrational-rotational levels of a
molecule are degenerate in the component M of the ang-
ular momentum J along the direction of the field. Av-
eraging over M leads to a rapid attenuation of the oscil-
lations over one or two periods. This, in turn, leads
to the equalization of the populations of the upper and
and lower levels.'¥

We can now use (4) to determine the maximum inter-
mediate detuning A, .. for which the equalization of
populations occurs during the time 7, of the pulse:

A= |diiE/ 4],

(5)

Let us now suppose that the intensity of the laser field
is I=10° W/cm?® and d,=d,=0.3D, 7,=10" sec. Equa-
tion (5) yields A, =+2 cm™. These values of the dipole
moments are characteristic for the SF; molecule. The
region of intermediate detuning A, =+2 ecm™ contains
eight P or R branch lines of the main 0-1 transition
in the case of this molecule. Since SF; levels with J
> 80 are practically unpopulated at room temperature,
half of all the molecules undergoing two-photon reso-
nance will be found to occupy the second level after
the application of the laser pulse. It is clear from (5)
that the trapping band and the number of excited mol-
ecules both increase in proportion to the pulse energy.

Let us consider the case of the three -photon reso-
nance which may turn out to be an effective mechanism
for the excitation of those particles for which the two-
photon resonance condition is not satisfied. Suppose we
have a four-level system in which the bottom level cor-
responds to the vibrational ground state with rotational
quantum numbers J and M. The dipole moments of the
0-1, 1-2, and 2-3 transitions are, respectively, d,,
d,, and d;. The detunings from resonance for levels
1, 2, and 3 are, respectively, A, A,, and A,. As-
suming that |A1| , |A2| >> ]Edif , and A, satisfy exactly
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the three-photon resonance condition, we find that the
population of the third level is

ns=sin® (|E*d,d:ds/8A,A1|¢). (6)

Averaging over M as in the case of the two-photon
resonance, and assuming that the equilibrium value
n,=1/2 is established after one or two oscillation per-
iods, we find from (6) the maximum values of A=A,
= A, for which the populations of the top and bottom
levels become equal during the time of the pulse:

s (B

If we take I=1 mW/cm?, 7,=10" sec, and d, =d,=d,
=0.3D, we obtain A=x1.2 cm™. In the case of SF,

this band contains 50 lines belonging to the P or R
branches, and this shows that the field is very effective
in taking molecules with different J to the top state. It
is clear from (7) that the width of the band increases in
proportion to I3/4r1/2 in the case of three-photon reso-
nance.

The above analysis was carried out without taking in-
to account the upper vibrational states, and this may
correspond to simple or asymmetric molecules. How-
ever, in the case of symmetric polyatomic molecules
such as SF, or SiF,, the irreversible trapping of parti-
cles into the higher vibrational state must be taken into
account.

We now introduce the purely phenomenological prob-
ability w of this trapping process in the four-level
scheme, assuming thereby that, beginning with the
fourth level, the density of vibrational states is high
enough to ensure that the quasicontinuous approxima-
tion can be employed.'?

The set of equations for the probability amplitudes
for the four low-lying levels is

da Ed

ip,a_;gT'a,, (8.1)

dE
ihé—a—'=A.a,+d’2E a,+ o aq, (8.2)

da d.E d.E’
il = Ayt ——ay+ ——a, (8.3)

da d:E’

iha—t’-=—ihwa,+ 50 (8.4)

We consider the following two limiting cases:
w> | E*d,d.dy/8A,A.|, (9)

w< | E*d,d,d:/8A A:|. (10)

Condition (9) corresponds to the case of moderate fields
when the frequency of the oscillations in the four-level
system is less than the rate of removal to the upper
states. In this case, the resultant population of the
lower levels decays in accordance with the expression

Z" Ia(l’=e};p[—% (d.dzd,E’/SA.A,)'t], (11)

fem0

which enables us to estimate the maximum detuning of
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the intermediate states for which the molecules effic -
iently escape to the upper vibrational states during the
time 7, of the laser pulse:

(8,8:)"=|E*d,d.d./8h|" (2%, /w)". (12)

When I=1 MW/cm?, 7,=107 sec, d,~d,~d;=0.3D, and
w=0.7%x 10° sec™ (see Sec. 4 below), the quantity
(A,4,)*2 is equal to 1.5 cm™. A trapping band of this
magnitude is sufficient for the field to take practically
all the molecules into the quasicontinuum, independent-
ly of their rotational state.

Condition (10) is satisfied for strong fields, and the
population of the lower levels decays in accordance
with the expression

- (13)
by

1m0

Within the framework of the problem formulated above,
this case is less interesting because (10) signifies that
the quasicontinuum begins with the third level for high

intensities (see Sec. 4).

In this section, we consider the removal of the mol-
ecules to the upper vibrational states, the efficiency of
this process, and its dependence on the laser field fre-
quency. The high-lying vibrational levels form a con-
tinuum because of the high density of states. By a
quasicontinuum we understand a density of states for
which the separation between neighboring levels is less
than the Stark broadening.'?’ To describe the process
of energy accumulation in the quasicontinuum, Akulin
et al.'?) used the model of isolated levels close to reso-
nance, but a physically more correct model must take
into account the presence of a large number of closely
spaced states. The dynamics of the population of such
a system depends on the statistics of the matrix ele-
ments of the transition dipole moments. If the phases
of the dipole moments are random, the kinetic equation
becomes valid. A rigorous derivation of this equation
can be based on the Zwanzig method.l'*? We discuss
below the range of validity of this method.

When Stark broadening is greater than the level sep-
aration, the transition probability in first-order per-
turbation theory can be calculated from the formula
used for transitions in the continuum?®!?’

wa (e, &) =|Eda|’g (vho)§(e—ex—ho), (14)

where g(€) is the density of vibrational states. Accord-
ingly, the population of the quasicontinuum is localized
on levels in the neighborhood of viw. If we sum the en-
tire perturbation-theory series, we can show that the

5 function must be replaced by the Lorentz curve with
width

|Eda| % (vhe).
To estimate w, we must take into account the band
character of the vibrational spectrum of polyatomic

molecules.!'3 The point is that, in polyatomic mole-
cules with degenerate vibrations, bands of levels of
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width of the order of y,~ av?, where a is the character-
istic anharmonic constant of the molecule, are formed
in the neighborhood of the harmonic energy as a result
of anharmonism. We shall assume that the dipole mo-
ment of transitions allowed on the grounds of symmetry
between all the levels in neighboring bands is roughly
the same. If a band with vibrational quantum number »
contains N, levels, the sum rule for the squares of the
dipole moments shows that the absolute magnitude of the
partial dipole moment of a transition from a level in one
band to a level in a neighboring zone is d, =d,v'/?N;}/2.
The density g, of levels in a band can be estimated from
the ratio of the number N, of levels in the band to its
width 7,

g~ No=a~'v*N..’

The resultant kinetic coefficient of a transition from
a band to a band is

w(v)=|Ed,,|*vN,'g.~v",

so that, when the laser field intensity is I=1 MW, «
=3 cm™, and d,=0.3D, this expression yields w= 0.7
% 10° sec™ for the fourth level. This was the figure
used at the end of the last section.

The criterion for the validity of the kinetic equation
is the condition that the w(v)-neighborhood of the ener-
gy viiw contains a large number of levels, i.e., wg,
> 1. This is equivalent to the condition for the exis-
tence of a quasicontinuum

Ed.(v)g>1. (15)

Both d,(v) and g(v) depend on the vibrational number v.
The character of these functions is determined by the
number s of degrees of freedom participating in the
formation of the band of levels. In fact, the number of
levels is N,~v*! and, consequently, g,~v°* and d,
~pt/2N;1/2~y1-8/2 in accordance with the sum rule for
the squares of the dipole moments. Hence, it is clear
that, when s =4, the condition given by (15) is not vio-
lated whereas, for s>4, it becomes more stringent as
the vibrational excitation increases. The degree of
degeneracy of a mode of the polyatomic molecule does
not exceed three. However, in the case of spherical-
top type molecules, a further degree of freedom ap-
pears as a result of the removal of K degeneracy.t'®)
Moreover, the characteristic situation for polyatomic
molecules is that where, in addition to the modes which
resonate with the laser radiation, there are modes with
frequencies w/2,w/3 which participate in the Fermi
resonances with levels of the excited mode and take
part in the formation of bands. Thus, in the case of
SF,, there is the triply degenerate mode vg~v,/3. If
we take these modes into account, the criterion for the
validity of the kinetic equations for characteristic in-
tensity values turns out to be satisfied even for the third
or fourth level.

Thus, the kinetic equation

dp.
5_‘;=w(v+i) (P\'H_Pv)—w(v)(Pv_pv-i)7 (16)
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is valid within the limits of the above criteria, where

p, is the population of the band ». This equation can

be conveniently solved by using the diffusion approxima-
tion

(17)

The transition probability w(v) then takes on the signif-
icance of a diffusion coefficient.

In the approximation adopted abo('e, in which the di-
pole moments of the transitions between levels belong-
ing to neighboring bands are constant, and the level
densities are distributed uniformly within the band, the
diffusion coefficient w is given by

w(v)~E*v. - (18)

In this case, the solution of the diffusion equation (17)
can be used to obtain the energy § accumulated by the
molecule as a function of the energy of the laser pulse:

&~ (J'Idz)m, (19)

and this is in qualitative agreement with experiment.l5!

However, to obtain more accurate results, we have
to carry out a more detailed analysis of both the level
distribution in the band and of the transition dipole mo-
ments. As a first step in this direction, let us deter-
mine the level density in the band for a triply degener-
ate mode. In the quasiclassical approximation, this is
given by

g.(e)= ”‘jdv, dv, dvyd (v, + v, + vy — ) 8[e — a (v, + v, + v,?)
0

— B (v, + vws +0,05) ]

20 a+ﬂvz<8<2a+ﬂv2
_ |3 =2al" 3 5 (20)
21 3 [p—2alvr | "
_—l - —_—
3"3—2al [ n arccos( 4(3e—av*—Bv?) ) ]'
+
ﬁz—lv’$e<av‘

where € is the detuning from the harmonic position of

E

(v-!)hu

FIG. 4. Level density g in
band with large (> 1) vi-

brational quantum numbers
when the harmonic energy

falls into the band.

(v-1)he

s
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the energy and a and B are the intramode anharmonic
constants. Figure 4 illustrates this schematically for
a>0 and B<-a. It is clear from this figure that the
level density is a maximum between the red end of the
band and its center of gravity, and decreases toward
the blue end.

The above preliminary analysis leads to the follow-
ing conclusions. The application of laser radiation at a
frequency close to the frequency of the main transition
is not the optimum procedure from the point of view of
accumulation of energy in the quasicontinuum. The
character of the density of states and hence of the dif-
fusion coefficient changes with increasing vibrational
excitation. This leads to a change in the exponent in
(19). For example, if the dependence of the diffusion
coefficient on v is w ~v™, where A is some number,
then, by solving the diffusion equation in (17), it can
be shown that the energy accumulated by the molecule
is given by

8~(j1d:

where I is the laser field intensity. From the point of
view of traversing the quasicontinuum, the optimum
situation is that in which the molecule is illuminated by
radiation of frequency shifted toward the red by a con-
siderable amount relative to the frequency of the main
transition, where the density of the vibrational states
is a maximum.

) 1/(24A)

(21)

The above conclusions are illustrated in Fig. 5a. The
parabolas in this figure correspond to the positions of
the upper (€ =v?) and lower [€=1/3(a+3)?] edges of the
band, and the parabola shown by the broken curve cor-
responds to the center of gravity of the band €
=1/4(2a + B)v?. The dotted curve corresponds to the op-
timum frequency of the exciting field when v =3 is the
starting level. The slope of the straight line deter-
mines the detuning A of the optimum frequency of the
main transition. Excitation at the frequency of the
main transition corresponds to the v axis.

Moreover, Fig. 5a shows the level-density distribu-
tion g in the tenth and twentieth band. For the chosen
values of the anharmonic constants (=1 ¢cm™ and B
=-12 cm™), the red shift of the optimum frequency is

20 S

50 cm™, which is in good agreement with experimental
results.[

It is clear from the above discussion that the red
shift depends on the anharmonic constants of each mol-
ecule. However, there is no unique way of determining
the anharmonic constants from the red shift. Figure
5b shows the positions of levels corresponding to the
mode v, for a=-4 cm™,8=1 cm™. In this case, the
levels belonging to this mode are taken out of reso-
nance by the field, and the accumulation of energy
by the molecule can occur at the frequency of the main
transition only by connecting levels of other modes to
this band. When the red shift of the laser frequency
corresponding to the second stage is A~20-50 cm!?,
the detuning of the mode v, is compensated and the exci-
tation of the molecules may turn out to be more effec-
tive because of the larger transition dipole moments.

5. The above analysis thus enables us to describe
the leading features of collisional dissociation of poly-
atomic molecules. These features are determined by
the specific excitation of a few low-lying levels and the
subsequent population of the set of high-lying vibrational
states. Polyatomic molecules generally are character-
ized by a high density of vibrational-rotational states
and this plays a fundamental role for both the low-lying
and high-lying vibrational levels. In fact, the density
of two- and three-photon resonances, averaged over the
ensemble, is high for the low-lying vibrational levels.
This ensures that a substantial fraction of the molec-
ules illuminated by fields of moderate intensity (0.1
-1 MW) will absorb two or three photons independently
of the positions of the intermediate levels with a prob-
ability of one-half. This situation may be realized in
complex (SFg, SiF,, BCl,) and relatively simple (D,0)
nonsymmetric polyatomic molecules. The excitation
selectivity of the molecules is determined by the com-
plex structure of a few low-lying vibrational levels. To
increase this selectivity, the molecules must be cooled
and the minimum possible laser intensity must be used
during the first stage of the excitation process.

In the case of complex polyatomic molecules with
degenerate vibrations, one has to consider the possi-
bility of a further escape into the quasicontinuum. This
ensures that practically all the molecules enter the re-
gion of the quasi-continuum under the action of the laser

FIG. 5.
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field. For molecules for which the formation of the
quasicontinuum involves the participation of not less
than four degrees of freedom, further accumulation of
energy is described by the kinetic equation. The rate
at which the energy accumulates is very dependent both
on the density of vibrational states in the neighborhood
of the excited levels and on the magnitudes of the dipole
moments of the corresponding transitions. The removal
of degeneracy and Fermi resonances lead to the forma-
tion of bands of relatively well-allowed transitions in
the quasicontinuum. Efficient accumulation of energy
in the quasicontinuum requires a large red shift of the
laser field frequency relative to the resonance 0-1
transition.

We note in conclusion that the above analysis refers
to two stages of collisionless dissociation of molecules,
namely, traversal of the low-lying levels and the ac-
cumulation of energy in the band structure of the quasi-
continuum of high-lying vibrational states. The process
of only the dissociation of highly excited polyatomic
molecules requires a separate analysis.

We also note that problems connected with the effect
of laser radiation on the vibrational degrees of freedom
of molecules were first discussed by Askar’yant!®! and
Bunkin et al.l1”!

The authors are indebted to A. M. Prohorov for his
interest and support in this research.
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Resonance fluorescence in x-ray K spectra
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An analysis is made of the special features of the characteristic K x-ray fluorescence spectrum when the
excitation is provided by an emission line of some element B, and the energy of this line coincides with
the K absorption edge (lies within the natural width of the edge) of the investigated element A. It is
shown that the K x-ray emission lines of the elements A are shifted toward lower energies and have
profiles different' from the usual Breit-Wigner shape. This effect has to be allowed for in precision
measurements of the x-ray line energies and in studies of other effects associated with small line shifts

(such as the chemical and isotopic shifts).

PACS numbers: 78.70.En

INTRODUCTION

The processes associated with the excitation of an
atom by electromagnetic radiation of frequency close to
the resonance frequency of the atom and with the sub-
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sequent emission of light are well known in optics and

are called resonance fluorescence.l!] A characteristic
feature of these processes is that the profile and width
of the emission (fluorescence) line depend strongly on

the distribution of the primary radiation.
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