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1. Introduction

The rapid development of fibre-optics communications, various techno-
logical applications of laser radiation call for creation of optical media with new
properties. In the present work specific artificially created optical media are
discussed, in which the weak monochromatic electromagnetic radiation may
induce autophasing oscillations of dipole particles. The autophasing of dipole
oscillations arising as a result of the positive feedback will lead to a sharp in-
crease in the effectiveness of the field-medium interaction and, as a conse-
quence, to new physical phenomena. Such media are called below
“supercoherent” or “SC-media”. Taking into account the immediate practical
applications and terminology used in the literature the term “high dispersion
optical media” will be also employed, although the latter refers only to one of
the properties of the SC-media, and not all high dispersion media are neces-
sarily supercoherent (see part 4). The aim of this work is to put forth a hy-
pothesis about possible creation of SC-media as well as to discuss some of
their properties. A rigorous theoretical justification for the hypothesis will be
given in the framework of comprehensive theoretical and experimental investi-
gations of supercoherent media. Below is presented the motivation for the in-
vestigations, physical arguments to substantiate the effect of supercoherence,
the current status of research on high dispersion media and heterogeneous
optical media, the difficulties associated with their creation, the role of the local
field effects, the physical mechanism of supercoherence and an analogy with
lasers, suggestions about the creation and studies of the properties of cluster
supercoherent media as well as references to some experiments; specific ex-
amples of cluster media are also discussed.

2. Motivation for investigations

Practical interest in the studies of the SC-media is connected, first of all,
with their high dispersion, reduction of the velocity of light in a SC-medium by a
factor of 2-10 and more, as well as with the possibility of regulating the refrac-
tive index of the SC-medium. Let us point out only some of the applications for
an optically transparent medium with a high and controlled index of refraction.



This is a simple and cheap means of increasing the resolving power of an opti-
cal microscope [1] (Fig.1), increasing the density of information may record on
optical discs (Fig.2), precision and ultrafast control of the laser beam (Fig.3); a
controlled transfocator lens with the variable focal length (Fig.4). Other more
special applications are also possible such as provision of coherent energy
transfer from the electron beam into the radiation of a free electron laser at a
low electron velocity in the beam, particle acceleration in the laser field [2],
construction of highly-sensitive superconducting photodetectors [3], laser di-
agnostics of biological objects [4].

SC-media are interesting from the point of view of their new fundamental
physical properties, which are the condition of a broad spectrum of various
practical applications. There is a close analogy between the SC-medium and
laser, where “authophasing” and, as a consequence, high coherence of photon
oscillations in a light wave are realised. Due to the coherence of radiation, la-
sers are also in wide use in fundamental scientific investigations. Unlike lasers
the autophasing of particle (dipole) oscillations and not of the electromagnetic
field photons takes place in the supercoherent medium, which leads to a very
high dispersion. The sharp increase in the dispersion at the expense of the lo-
cal field, the Clausius-Mossotti catastrophe, has long been predicted theoreti-
cally [5,6]. It is suggested a possible transition to the supercoherent medium
and is an analogy to the transition to laser generation. The practical realization
of supercoherent optical media might lead to progress in fundamental as well
as in applied fields of physics much as it happened after the discovery of the
laser.

3. On the possibility of SC-media creation

Before starting comprehensive theoretical investigations, it is useful to
consider a simple model of a high dispersion medium and adduce elementary
physical arguments in favour of its practical realization. Let us assume that we
want to create a medium in which the light velocity is ten and more times less
than in the vacuum. In order to evaluate its possibility, let us consider the
mechanism of changing of the electromagnetic radiation phase velocity (Fig.5).



An electromagnetic wave coming from the free space induces oscillations
of the medium’s dipole-particles, which are shown in Fig.5 as oscillators. The
field in the medium is due to the re-emission of the dipoles. For the linear case,
when the external field is not very large, the re-emitted field has the same fre-
quency as the incident one, but the further it is from the medium’s boundary,
the more it delays in phase. The phase delay is connected with the finite time
of absorption and re-emission of the field by each particle. As is seen from
Fig.5, the phase delay causes a reduction in the light speed, which implies an
increase in the refractive index of the medium. Thus, the increase of the time
of the atom-field causes growing of the refractive index of the medium.

How great can be the atom’s time of response to the influence of an electro-
magnetic field? In the linear case, when an atom interacting with the field plays
the role of a harmonic oscillator, the response time can be infinitely large if the
resonant conditions are fulfilled without any losses:
(i) the frequency of the field coincides with the frequency of the atomic
transition,
(i) energy losses of the field in the medium are negligibly small,
(iii)  phase distortions at an atom-field interaction are sufficiently small.
When the conditions (i) — (iii) are met, atoms are excited even by a very weak
field, which consequently requires more time. In the ideal case, a reduction in
the wavelength as well as an increase in the refractive index are restricted
only by non-linear effects arising when atoms are highly excited. The weaker
is the exterior field, the greater is the maximum value of the refractive index. It
is interesting to note that when (i) — (iii) conditions are fulfilled, nonlinear opti-
cal effects, such as harmonic generation, parametrical generation etc., might
arise even in weak fields. In the case of a very weak field, when separate
photons are registered, dispersion in a resonant transparent medium is re-
stricted by quantum fluctuations.

A medium in which all conditions (i) — (iii) are fulfilled for each atom inter-
acting with the field is supercoherent. There is a close analogy between the
SC-medium and laser amplifier, the linear theory of which predicts infinite am-



plification of the field at the generation threshold, which is limited in the next
approximation by nonlinear effects.

There is no difficulty in meeting the condition (i), which is fulfilled upon
making a choice of the resonant atomic transition (for example, the line D, of
the atomic Rb*, which is resonant to the radiation of a 794 nm semiconducting
laser [7]) as well as the condition (i), which is fulfilled either by adding active
atoms into the medium that radiate at the frequency of the external field or by
using three-level A-schemes [8,9].

The condition (iii) is of fundamental importance and most difficult to fulfil,
as resonant media are very sensitive to phase fluctuations, especially when
there is a great concentration of particles (see below). But a-priori there is no
principal limit to the fulfiiment of this condition as well. A strict justification for
the fulfilment of the (iii) condition in a number of specific cases is one of the
key tasks in theoretical investigations of supercoherent media.

4. The current status of research on the studies of high dispersion media
and heterogeneous optical media

Optically transparent homogeneous media with a relatively high disper-
sion (the refractive index n being of the order of a few unities) are well known.
They are, for example, semiconducting compounds with possible n ~ 2 — 3 and
higher [10]. At the same time, such media cannot be called supercoherent, as
the frequency of the optical radiation propagating in them without significant
losses is far from the resonant with any energy transition. A contribution to the
dispersion in non-resonant media is simultaneously made by a lot of transi-
tions, and a high index of refraction is achieved not due to the high excitation
of separate dipoles, as expected in SC-media, but owing to the high concen-
tration of particles. Well-known high dispersion transparent media are solids,
as a rule, with concentration N, ~ 10 atom/sm®, or liquids. Development of a
detailed theoretical model of dispersion as well as calculation of the dielectrical
permeability in condensed media is a very complicated problem (see, for ex-
ample, [11]). As a rule, it is considered more from the point of view of predic-
tion of the medium’s physical properties by its known dielectrical permeability



than with the aim of creation of a medium with a high and controllable index of
refraction.

Of special interest are the studies of the optical properties of heterogene-
ous non-resonant optical media representing an optically transparent matrix
with microparticles of a substance having a dialectric constant different from
the dielectric constant of the matrix. Some of the heterogeneous optical media,
the so-called photon crystals (PhC) [12], have “forbidden optical zones”: the
optical radiation of a special frequency range doesn’t propagate in PhC. Some
of PhC are two-dimensional: they have forbidden zones only for two dimen-
sions (that is for the electromagnetic radiation propagating in some plane). An
atom, placed in a two-dimensional PhC and having a resonant transition with
the frequency within the PhC forbidden zone, will radiate for the most part in
the direction perpendicular to the plane “forbidden” for the radiation. In this
case, PhC act as radiation collimators. This property of PhC is planned to be
used for decreasing the space divergence of light beams in the systems of op-
tical communications.

In heterogeneous non-resonant optical media significant increase is ob-
served of the non-linear optical properties of microparticles in comparison with
the non-linear optical properties of the homogeneous material that constitutes
microparticles [12].

In some experiments an increase in the refractive index was observed in
heterogeneous non-resonant optical media [22] and fabrication of an effective
antireflection coating based on the heterogeneous polymer film was reported
[23].

Comprehensive literature is available on the studies of the properties of
the radiation of a separate dipole (atom) near a conducting or dielectrical parti-
cle [13]. The main conclusion is that the velocity of the dipole spontaneous ra-
diation in such a system turns out to be many times greater than that of an
isolated dipole. '

Of particular value is the discussion of resonant optical media (ROM), in
which dispersion is conditioned by one or several optical transitions being in
resonant with the radiation, other transitions may be neglected. In fact, the



polarizability of a resonant atom is ~ 2’, where 1 is the wavelength of the in-
cident optical radiation (see formula 3), which is many times greater than the
size of the atom. On the other hand, the polarizability of a non-resonant parti-
cle of the size a is of the order of its volume a*. Thus, in the dipole approxi-
mation when the size of an elementary particle in the medium is much less
than A, the interaction of a resonant atom with the field is much more effective
than that of any non-resonant particle. Our prime interest being in the possibili-
ties of the supercoherent medium construction, ROM will be our chief subject
of discussion. At the same time, experiments on heterogeneous non-resonant
media might turn the necessary “first step” in the direction of experimental
studies of heterogeneous ROM.

In the framework of the ROM analysis it is possible to construct a reliable
and clear model of a high dispersion medium which, what counts, allows con-
trol of the refractive index with the help, for example, of an additional resonant
radiation in schemes [8,9]. One of the tasks of the theoretical investigation is to
show that a high refractive index, n ~ 2 — 4 and higher, is possible in ROM with
a small absorption.

The most known model of high dispersion ROM was suggested in [8,9]. It
was based on the employment of coherent effects of the so-called A-atoms [9]
in a gas medium (Fig.6 b). A strong electromagnetic field resonant to the tran-
sition b™-a together with the non-coherent pumping at the transition b-b’ lead to
the amplification of the weak “probe” field resonant to the transition b-a. If the
frequency of the probe field is detuned from the resonant by the quantity §,, the
medium consisting of A-atoms becomes absolutely transparent, as is seen in
Fig.6 a, where the refractive index and probe field absorption in the gas of
A-atoms are illustrated as functions of detuning from the resonant. From Fig.6
a it follows that the refractive index of the probe field at the point of transpar-
ency will be highly great, of the order maximally possible in the vicinity of the
. resonant. The curves in Fig.6 a borrespond to the concentration of particles N,,
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is the characteristic polari-



the probe field, A and A, are correspondingly total and natural line widths of
the transition a — b.

Taking A .to be ~ 1 ym, y/y,, ~ 1 we have: with 2zayzyN, = 1,
N, ~4-10" sm®, which corresponds to the resonant gas partial pressure not
less than 0.001 Torr. As

n=1+27za,N, - An,(5), (1)
where An (5) is curve 2 in Fig.6 a, 2zaywyN, = 100 is required to provide
n>10.

A great number of publications, such as [15] and others, are dedicated to
the studies of high dispersion resonant media like those suggested in [8,9]. In
fact, the evidence for this effect was given in experimental work [7], but the
measured values of the refractive index turned out relatively small: (n—1)~10*.
First of all, this was due to the fact, that the experiment was carried out at the
concentration of resonant atoms N, ~10" sm?, while an increase in the con-

centration destroyed the coherent interaction of the strong field with the probe
field, which led to the disappearance of the effect.

Realization of the so-called “slow light” [16] has been recently reported. It
deals with the observation of a very small group velocity of the light pulse
propagation. It is important to stress that only optical media with a small phase
velocity of the light are under discussion.

In paper [17] a scheme was proposed for increasing and control of the
refractive index using the Rayleigh scattering of the probe field into the reso-
nator. In [17] a mechanism was used analogous to the one of increasing the
refractive index at the expense of the local field, which is discussed below.
This scheme [17] provides, in fact, a better control of the system’s parameters
than in the case when the local field is used. Evaluations performed in [17]
showed that to achieve a significant increase in the refractive index in real
conditions, media with particles the polarizability of which is approximately 100
times higher than the maximal polarizability of a resonant atom are required.
This is just the case for the cluster supercoherent media, which can also make
it possible to realize the idea [17]. Conceivably, the optimal conditions of the



supercoherent medium realization might come about from the joint action of
the mechanisms [17] and local field.

In our opinion, the problem of coherence preserve in ROM at the high
concentration of particles N, >10" +10"” sm® (condition (iii)) is of great im-
portance for the achievement of the high dispersion and supercoherence. Both
theorists [18, 19] and experimentators [20, 21] are well aware of this problem.
Although in a number of cases it is underestimated in the theoretical studies of
coherent effects, such as [8,9]. For high dispersion ROM it reduces to the re-
quirement:

2nay N, >>1. (2)

The difficulties associated with the fulfilment of requirement (2) are discussed
in the next part. A rigorous justification for condition (2) to be fulfilled for a cer-
tain resonant medium is one of the key tasks of theoretical studies of high dis-
persion ROM.

5. Difficulties associated with creation of high dispersion resonant opti-
cal media
The basic problem necessary to solve for creation of high dispersion
ROM is the fulfilment of condition (2). Let us consider the typical polarizability
3 E s
220 v’
meeting requirement (2). Here y is the total width of the resonant transition
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line. For a gas consisting of two-level resonant atoms
Y=Y+ Yu +7Vn> (4)
where y , is the natural line width, y, is the inhomogeneous line width, y ., is

a contribution to the line width either due to the resonant dipole-dipole interac-
tion of particles or to the “self-broadening”. The latter plays a decisive role in
suppressing coherent processes in resonant media with the concentration of

particles N, 210" +10" sm?, that is when the fulfiilment of requirement (2) can

be expected for the electromagnetic radiation within the optical range 4~ 1



pm. Now let us discuss the physical mechanism of self-broadening and evalu-
ate the quantity A 4, for gases.

Self-broadening is conditioned by the process of resonant energy ex-
change between the particles at the expense of their dipole-dipole interaction
with the characteristic energy V,, (see Fig.7). This interaction leads to a shift of
resonant transition levels [5,6,20] as well as to its self-broadening. The self-
broadening is due to the following: the time of interaction for each pair of at-
oms is different, and the position of the energy levels for each particle changes
very rapidly near an average from interaction to interaction. A simple qualita-
tive estimation of the quantity of self-broadening is as follows: #ay, ~V,,,

where V,, ~ u*/r;, u —is the dipole moment of the transition, r, ~ N,'” is the

2 .3

mean distance between the particles. Using 7, =_§_,uha3) the following may be
C
written:
3 N A
=2 —y .D, 5
ydd 2 (2”)3 }/xp ( )

where D is the dimensionless constant. In paper [18], where self-broadening
was calculated with regard to the fluctuations of the particle density in the gas
at the expense of their thermal motion, D ~ 70 was obtained, which is in
agreement with the experimental data. With no thermal motion, for example, in
the case of motionless particles chaotically placed in the matrix, D ~ 1 [21] is
possible to evaluate, self-broadening, in this case, being connected with the
Van Der Waals interaction between the particles through spontaneous radia-
tion. Thus, D ~ 1 = 10 is evaluated. Substituting (3)-(5) in formula (1), disre-
garding the inhomogeneous self-broadening, for the sake of simplicity, it is not
difficult to obtain:

32N, 1 A
2 (27)* 1+1.5DA’N, /(2%)’

n=1+

n,(6). (6)

In Fig.8 the curves for the maximal n determined for 6 =6, (see Fig.6 a) are

given as functions N,. As is seen, when self-broadening is taken into account,
the maximal n~1.7 even with the “optimistic” evaluation of D = 1.



Thus, self-broadening is a serious obstacle to creation of high dispersion
resonant media. It doesn’t allow fulfilment of requirement (2) by simply in-
creasing the number of particles. Therefore, a search for resonant media with
a relatively small self-broadening is necessary for the creation of SC-media.
The idea that self-broadening can be suppressed in the so-called cluster me-
dia is discussed below, in part 8, its rigorous physical justification will be given
separately in the framework of a comprehensive theoretical analysis of SC-
media. The problem is simplified, as there is no requirement for the complete
suppression of self-broadening for the creation of SC-media. In the next part it
will be shown that when factor D is decreased up to a critical value, the Clau-
sius-Mossotti catastrophe may arise consisting in a rapid “avalanche-like” in-
creasing of dispersion, which implies a transition to the supercoherent medium.

6. Local field correction

The so-called local field correction may play an important role in creation
of “supercoherence” in the medium. It makes allowance for the dissimilarity of
the electromagnetic field acting in a medium on the microscopic scale of the
order N,'?, a mean distance between the particles, from the “mean” field,

which is the result of a statistically averaging of the fields due to the sufficiently
great number of particles. The “mean” or “Maxwell” field in the medium is a
solution of the Maxwell microscopic equations. The local field correction has
been calculated in many publications [5,6,20]. It has been shown that in the
field in a homogeneous isotropic medium there is

4z -

10(=E+TP' (7)

where E is the Maxwell field, P is the medium's polarization. The physical
meaning of formula (7) is consideration of the energy of a dipole-dipole inter-
action of particles in the medium polarized by the exterior field. It should be
noted that although formula (7) agrees well with the experimental data, it
makes allowance for the local field correction averaged over a great number of
particles [6]. A more rigorous analysis requires taking into account the fluctua-
tions of the local field which, in fact, are to lead to self-broadening [18]. Thus,

E

10



both the local field correction and self-broadening have the same physical ori-
gin: they arise as a result of a resonant dipole-dipole particle interaction;
therefore, in all calculations they must be taken into account simultaneously.

A consequent description of the medium in the electromagnetic field re-

quires the field £ to be replaced everywhere by E

[20] predicted bistability due to the local field.
In order to account for the decisive role of the local field in creation of su-
percoherence, let us calculate the linear polarizability of the medium taking into

In doing so, the authors

loc *

account the local field for the case of the A-scheme depicted in Fig.6 b. The
polarizability induced by the probe field E is

P=a,N,An,(5)E,, =ca,N,An (5)[E + (4r/3)P], (8)
where the dimensionless function An, (5)is determined from an analysis of an
interaction between A-atom and the resonant fields, the function An, (5) is il-

lustrated in Fig.6 a. Let us chose detuning from the resonant & =4, corre-

sponding to the total transparency so that an,(6,) is real. Then from equation

(8) and the definitions P=4nyE, e =1+4ny, n= Je we obtain
2ratyNyAn, (6,)
1-(47/3)ayN,An,(d,)
As is seen from equation (9), » — o with
Ny > N, =3/[4ra,An,(5,)] = const ~ 1. (10)

The given peculiarity about the refractive index is specific to any transparent

©)

medium where the local field correction is taken into consideration, it has long
been known and is called Clausius-Mossotti catastrophe [6]. As far, as the A-
scheme is concerned, it was pointed out by the authors of [22]. Along with it, a
substantial increase in the refractive index predicted in (9) has not been ob-
served in practice for the reasons discussed below. In our opinion, the peculi-
arity about expression (9) with N, — N, testifies to the appearance of the su-

percoherent medium. Of course, this process does not lead to an infinite in-
crease in n, which is to be conditioned by the nonlinear effects, but it can bring
about a substantial increase in n as well as supercoherence. Where will the



increase in n come to a halt, what properties, apart from the high dispersion,
will the supercoherent medium have? An unambiguous answer is difficult to
provide without an analysis of the nonlinear problem. It is assumed that there
may arise domain structure of electric dipoles analogous to that observed for
magnetic dipoles.

Below we are going to discuss once more the physical origins of super-
coherence, which can be now clarified using the local field. But first, we shall
discuss why the peculiarity of n following from (9) was not observed in the ex-
periment as well as what requirements are to be fulfilled to make it observable.
For this purpose, let us consider expression (3) for «,, in which y is deter-
mined by formulas (4), (5), inhomogeneous self-broadening being disregarded
here. Substituting an obvious expression for «,, into formula (9), it is easy to

see that the denominator (9) becomes zero, n — « with the concentration of
particles

3
N, >N, = [ij ! . (10)
27 ) 2mAn,(6,)—-3D/2

To provide the peculiarity n —» «, N, > 0 is necessary, which is possible if
D<—43£An1(50). (11)

For the case of the A -scheme given in Fig.6 b, requirement (11) is equivalent
to D < 0.53. Thus, a substantial increase in n at the expense of the local field in
the gas consisting of A -atoms fails to arise even with the “optimistic” evalua-
tions of D~1. Even for the maximally possible for resonant media An, = 0.5,
which corresponds to a two-level system, D < 2 is required, whereas all esti-
mations which are in agreement with the experimental data give D ~ 10. Thus,
self-broadening is one of the reasons why the increase in n is not observed
experimentally.

In Fig.9 functions for the maximal n(N,) are presented, which have been
found with the help of expression (9), in which An,(5,) is determined from

Fig.6 a. When Fig.8 with no local field correction is compared with Fig.9, it be-
comes clear that the role of the local field increases with the decreasing of self-
broadening. A sharp increase in n as well as a transition of the gas consisting
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of A-atoms into the «supercoherent» state may be expected as self-
broadening decreases approximately in 20 times.

7. Physical mechanism of supercoherence. An analogy with the laser

In order to better comprehend in what way is connected with the local
field correction, let us discuss the physical origin of the latter more thoroughly.
Let us consider a dipole (a two-level atom) linearly interacting with the reso-
ikF

nant electromagnetic field, that is a plane wave Ee* . An isolated dipole ab-

sorbs an energy nhw at the point 7 =7 and starts to oscillate coherently (in
phase) with the field E. The induced dipole moment of the atom is

d, = a,An Ee" (12)
where a,An, is the polarizability, « , is determined by expression (3), An, <1
is a dimensionless function depending on the detuning of § of the field fre-
quency from the natural frequency of the dipole oscillations and atomic energy
levels scheme. For the case of the A-scheme, the function An,(5) is depicted
in Fig.6 a. Note that the response (re-emission) of the dipoles to the effect of
the plane electromagnetic wave E is a field coherent to E, not a single plane
wave but their superposition (Fig.10 a).

Now let us consider many dipoles in a medium. The energy #w absorbed
by one of the dipoles leads not only to its coherent oscillations but also to the
coherent oscillations of its neighbours exposed to the “multimode” radiation of
the dipole (Fig.10 b). The difference in the field at each point of the medium
with the respect to the average field is connected with the dipole radiation
modes that do not coincide with the mode of the incoming field. In averaging
over many particles in a volume >> A*, all modes except for the incident one
are mutually eliminated. As a result of the difference of the local field from the
average field, there arise in a medium consisting of many particles a dipole
moment greater as accounted for by one particle than that of an isolated dipole
with the same absorbed energy, and the higher is N, the greater is this differ-

ence (with no regard for self-broadening). According to formula (9), the local
field correction becomes relatively big when a N, > 1. At the same time, ac-
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cording to (3), two or more particles are contained in the volume ~ A °on the
average. Thus, for a ,N, > 1 an increase in the concentration of particles leads
not only to an increase in the polarization of the medium P ~ N, but also to an
increase in the effective dipole momentum accounted for by one particle, which
implies a positive feedback between P and N,. Notice that this feedback can
be of importance for a gas consisting of resonant atoms the polarizability of
which is a, >>r,, where r,, is the size of the atom, and therefore, a ,N, can

be great enough in comparison with unity. For a gas consisting of non-
resonant particles consideration of the local field leads only to slight correc-
tions [6]. The polarizability of a non-resonant particle is truly of the order of its
volume, therefore, for a gas consisting of non-resonant particles the condition
a N, > 1 is fulfiled only with a very high density of the order of condensed
media density whereby gas cannot exist.

There is an analogy between the supercoherent and laser media. In the
latter there is a positive feedback between a part of the pumping energy radi-
ated by the active medium into the coherent (laser) mode of the field and the
photon number in the laser mode: the greater is the energy of the laser mode,
the more effective is the transformation of the pumping energy into the coher-
ent radiation. For the coherent medium it turns out that the greater is the num-
ber of particles N, 4 in the volume A° the more effectively a separate particle
is polarized by the exterior coherent field, which implies a positive feedback
between the concentration of particles N, and the polarization of the medium
P. The positive feedback in the laser gives rise to the macroscopic coherent
radiation if the threshold condition is fulfilled, that is if the energy flux into the
laser mode exceeds the energy losses in this mode. A positive feedback be-
tween P and N, might lead to the Clausius-Mossotti catastrophe consisting in
an avalanche-like growth of P and a transition of the medium into the superco-
herent state. Laser pumping is a mechanism of particle transition from the
lower to the upper laser level. For the supercoherent state the pumping con-
sists in an increase of the concentration of particles N, . A variable undergoing
a phase transition in a laser is the photon number, for the supercoherent me-
dium it is the medium polarization. In a laser a phase transition starts from the



state when the photon number in the laser mode is relatively small and
changes slowly as pumping increases and is completed at the state when the
photon number is great and rapid growth of the photon number takes place as
pumping increases. In the supercoherent medium a phase transition is carried
out by the polarization: it starts from the state conditioned by the linear interac-
tion with the exterior field and is completed at the supercoherent state, the
properties of which are as yet unknown.

The threshold requirements for the emergence of supercoherence are
formulated by analogy with the laser ones: the energy flux into the coherent
mode of the polarization (coinciding with the mode of the weak exterior field) at
the expense of an increase in N, is to exceed the energy losses in this mode.
However, the mechanisms of energy losses for the laser and for the superco-
herent medium are radically different. For the laser they consist in a decay of
the field from the resonator as well as in the losses through absorption inside
the resonator. These losses are comparably easy in control, which is achieved
by regulating the transparency of the resonator mirrors and (or) decreasing the
inside-resonator losses through absorption. For the supercoherent medium the
losses of the macroscopic polarization are conditioned by the phase distortion
of the coherent oscillations of the dipoles, which is primarily due to self-
broadening. Self-broadening is taken into consideration in an analysis of the A-
scheme, the results of which are presented in Fig.9. Requirement (10) is a
threshold condition, (11) being a necessary requirement for the emergence of
supercoherence in a gas consisting of A-atoms.

Now it is possible to more specifically formulate one of the key problems
of the theory of supercoherent media. This is a search for a medium in which
self-broadening is so small that condition (11) is fulfilled. In the next part the
hypothesis is discussed that requirement (11) is possible to fulfil in the so-
called cluster resonant media.
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8. Possibility of a high dispersion and supercoherence in cluster reso-
nant media

Let us bring forward some heuristic arguments in favour of the hypothesis
formulated in the headline of this section. Further, its rigorous justification will
be carried out in the framework of a comprehensive theoretical study of super-
coherent media.

In place of separate resonant atoms interacting with the field, groups
consisting of N, >1 atoms are suggested to be used, which are clusters the
size r, <<A/27x, where A is the wavelength of the optical radiation. As
A/Q27)~2-10"sm and r,, ~10"sm is the characteristic size of the atom, the
maximum size of the cluster may be 7, ~2-10°sm, so that a cluster may con-

sist of up to10° particles (with their maximum concentration in the solid state of
~10% sm™). A cluster may be represented by a metal or semiconductor par-

ticulate, as well as consist of a transparent dielectric matrix with impurity reso-
nant atoms. A cluster consisting of one or several resonant atoms near a metal
particulate is also possible.

Let us assume that with the characteristic size r, ~2-10°sm a cluster
contains a not-to-great number of resonant particles, not more than 10* +10°.
Correspondingly, their concentration in the cluster is not higher than

N ~10° +10¥sm™, the mean distance between the atoms being

(NH'? ~107°+107 sm <<,

at’?

so that the atomic energy levels are not over-
lapped. The characteristic polarizability of one cluster
a, =ayN,(r, | A®) >>a,, (13)
of the characteristic polarizability of a separate atom, if
Ny(y, /Aw)>>1, (14)
where Aw 2y, is the line width of the atomic resonant transition in the cluster

conditioned by self-broadening and dielectric matrix inhomogeneities.
Condition (14) is easy to fulfil if the resonant atoms in the cluster form an
ordered structure and self-broadening can be disregarded, because of the
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density fluctuations are absent. As the size of the cluster is much smaller than
the wavelength, the cluster can be regarded as a separate dipole with the
characteristic polarizability «,, >> «, .

It is possible that the first problem to solve in the experimental studies of
cluster resonant media is the creation of a particle the size much smaller than
the wavelength the polarizability of which is greater than that of a resonant
atom at the allowed dipole transition. Its simple solution is the construction of a
cluster consisting of two resonant atoms.

Let us forget, for the time being, that a cluster includes separate resonant
atoms and consider it as a structureless particle with the polarizabilitya,, >> «, .

In the same way as in the medium consisting of separate atoms, there may
arise in the cluster medium the Clausius-Mossotti catastrophe, a transition to
supercoherence with

a,N, — const ~1 (15)
where N, is the concentration of clusters. But if for a medium consisting of

separate atoms a transition to supercoherence is not allowed due to self-
broadening, self-broadening may turn out sufficiently small in a cluster me-
dium, so that condition (15) will be fulfilled. In fact, if «, >> «,, condition (15) is

fulfilled when the mean distance between the clusters N;'* >> 4. At the same

time, the interaction of the cluster with the dipole radiation of other particles is
to provide the local field correction as before, but the fluctuations of the dipole
radiation responsible for self-broadening are suppressed as a result of their
destructive interference.This hypothesis was used in calculating self-
broadening in a gas consisting of atoms in [18], where contribution into the
self-broadening of the atom was taken into account made only by the neigh-
bouring particles from the volume ~ A*, the results [18] being in a good agree-
ment with the experiment. Thus, the hypothesis that the concentration of reso-
nant atoms in clusters the size r, << A/2x reduces density fluctuations on the

length scale ~ A, and consequently, leads to the decreasing of self-
broadening, seems to be true (see Fig.11). Relatively narrow lines of the reso-
nant absorption observed in semiconductors serve as the circumstantial evi-
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dence in support of this hypothesis. Actually, according to formula (5)

Ya!7, ~107° N, for the optical range when 1/27~107 sm, and D~10. As
out of all terms constituting the full line width (see formula (4)) only y, ~ N,
supposing y ~ y,, With N, >>10" sm™. Thus, taking the concentration of reso-
nant particle in a semiconductor to be ~10* sm™ , the characteristic concen-

tration of atoms in a crystal lattice, we obtain that y/ Yo ™ 107, whereas for the

real semiconductors y >10™" Hz, y,, ~10” Hz, so that y/y , ~10*. This con-

tradiction indicates that self-broadening in semiconductors, where the particles
are orderly located in the crystal lattice, must be suppressed. At the same time,
as the order in the crystal lattice of semiconductors is not ideal, it is with a high
probability disturbed sufficiently far from any predetermined point with the aim
of decreasing self-broadening of a sufficiently “short-range” order at the dis-
tances, in any case, much less than the size of the crystal.

There have been a number of reports on increasing refractive index of or-
ganic multilayers by addition of metal clusters [23], on the production of a high-
quality antireflection coating based on porous films with the pores the size
much smaller than the wave length [24].

These publications reveal a keen interest shown by the experimenters
and engineers in optical cluster media as well as point out their first practical
applications.

9. On the experimental determination of the polarizability of the cluster
Theoretical calculations of the polarizability of the cluster must be in
agreement with its experimental measurements. Polarizability can be meas-
ured by the energy of the radiation re-emitted backwardly by the cluster. Let
the radiated power of the monochromatic radiation incident on the cluster be
equal to W,,. Let us consider a cluster consisting of N two-level atoms resonant
to the incident radiation. The number of atoms is such that the mean distance
between the atoms Ar >>r, than the size of the atom, the size of the cluster

r, <<k where k is the wave vector of the resonant radiation. For example, if



Ar~107 sm, so that the concentration of resonant atoms in a cluster
N, ~2.5:10° sm™ and r, ~10™ sm, we obtain N =10°.

As r, <<k™ the cluster radiates as a dipole. For the sake of simplicity, let
us assume that each atom interacts with the radiation independently from the
others and denote the polarizability of a separate atom in the cluster as «.
Then, the dipole moment of the cluster will be d = Na E,, where E,, is the inci-
dent field strength. According to known formula [25], the power of the dipole

w4]d|2

——sin’ 6 dQ where 6 is

radiation into the small solid angle dQ is dW =

the angle between d and the direction of the dipole radiation. In considering
the backward radiation, so as 8~ 7/2, dQ=2xsinfdf ~2xdé, it is possible
to obtain the total power AW of the dipole radiation into the small solid angle
4 2 2 2
= Q—Iazl—sN——ELB , Where Dis the size of the detector aperture, L is the
C
distance between the cluster and detector, L >> D . Let us assume that the line
of self-broadening of a separate atom in a cluster is conditioned by the spon-

AW

taneous radiation, then max|a|*=1.5t"*. Taking into account that
c

W, =
4

SE} where S is the area of the cross-section of the incident field , we

obtain: — ==—"-——_. Assuming that D=1sm, L=10sm, S=0.1sm*> and

k=10 sm™ we obtain that AW /W, ~10° N*. The present-day techniques al-

low registration of the scattered laser radiation with AW /W, ~107*. Thus,
cluster radiation is easy to detect even if a cluster includes only a few resonant
atoms. The evaluation will be evidently more optimistic if the dipole radiation of
several identical clusters is registered.

As atoms interact with each other due to the dipole radiation, the as-
sumption of independence of the radiation of the cluster's separate atoms
must be rejected after a more thorough analysis of the radiation of a separate
cluster, which is to be fulfilled in the future.
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10. Some types of cluster media and possibilities of their manufacturing
1) Clusters, consisting of a transparent dielectrical matrix, such as
“aerogel” SiO,, or semiconductor matrices with impurity resonant atoms or ions
implanted into separate zones of matrices the size r, <2-10°sm <<k™. One of
the possible technologies of clusters manufacturing is the method of ion im-
plantation [26]. It allows one to reach the concentration of ions of up to
10% sm™, this corresponds to 10 +10* atoms in a cluster, which is, in fact, suf-
ficient for the construction of a supercoherent cluster medium. Clusters are
manufactured in the following way: 1. preparation of a macroscopic sample
with the maximum possible concentration of ions; 2. destruction of the sample

into microparticles; 3. separation of particles the size r, <2-10°sm, which pre-

sent clusters; 4. implantation of the clusters into an optically transparent matrix.
Construction of clusters is possible by using the ion implantation as such:
passing an ion beam through a mask with the holes the size ~ r,. The polari-

zability of a separate cluster is controlled by changing the number of resonant
atoms. The most difficult to realize is the provision of regular ion distribution in
the cluster. Its realization depends, in particular, on the possibility of controlling
the location of a separate ion. An important problem in the theory of cluster
media is studying whether the condition of the atomic regular distribution in the
cluster is principally necessary for the achievement of a high polarizability of
the cluster.

2) It is possible that a suitable source material for the formation of clusters
will be laser crystals, where resonant particles are impurity metal ions [27,28].
As a resonant transition their absorption bands can be used, which are ap-
plied, in the case of a laser, to optical pumping.
Cluster media may be manufactured from laser microcrystals the size
r, <2:10°sm placed into a transparent matrix, for example SiO,.

Let us first look closely at some simple consideration in favour of the as-
sumption that the polarizability of a separate cluster must be much greater
than the polarizability of a separate ion in a crystal, which is the requirement
for the achievement of supercoherence. It is common knowledge that the band
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width of the ion absorption in laser crystals y ~10" Hz. The line width of an

isolated ion in a crystal y, ~10° Hzand is conditioned by its interaction with
phonons. Let us assume that the mechanism of formation of absorption bands
is the interaction of an ion with the neibouring impurity ions, that is self-
broadening. Inhomogeneous broadening in crystals is negligibly small in com-
parison with self-broadening. As was mentioned above, the mechanism of self-
broadening is a random shift of the resonant level of the ion at its interaction
with the neibouring one. Assuming that each neibouring ion makes approxi-
mately equal contribution into self-broadening, we obtain that the number of
the neibouring atoms forming the band is N, 2y /y, ~10°, and, as was men-
tioned, these atoms are concentrated in a volume with the linear dimensions
~k™ (where k~10° sm™ is the wave vector of the resonant radiation), which
corresponds to the characteristic concentration of ions ~10% sm™. As a cluster
the size r, <2-10°sm contains only N <10* ions, the absorption line width of

the cluster will be y_, <107y . Its polarizability, correspondingly, will exceed the

polarizability of an ion in a macrocrystal by two and more orders of magnitude.

Contraction of the absorption line in a medium consisting of clusters, laser
microcrystals, is to be observed regardless of the type of impurity atoms. A
corresponding experiment is important for the provision of support for the
mechanism of line contraction suggested in the present work. To obtain a su-
percoherent medium, it is necessary to use impurity ions with the maximum
possible dipole moment, such as, for example, Cr-ions. Laser crystals with
rare-earths ions are less suitable, as their dipole moments are small; therefore,
for the provision of supercoherence cooling of the corresponding crystals will
be necessary up to the temperature when the phonon self-broadening will be
by one or less order of magnitude less than the natural one.

3) Clusters are semiconducting particles. The electromagnetic field is
resonant to the optical transition valence band — conductive band. In this case,
a macroscopic semiconducting crystal is destructed into microparticles; parti-

cles (clusters) the size r, <2-10°sm are separated and implanted into a trans-
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parent matrix. This is a simpler method than the preceding one, but its weak-
ness is that the polarizability of a separate cluster is limited, as it is fully deter-
mined by the polarizability of the source semiconductor sample. Estimation of
the maximally possible polarizability of a semiconducting cluster is one of the
tasks of the theoretical investigations of supercoherent media.

4) Clusters are particles of a material intermediate between the semicon-
ductor and metal, for example, a semiconductor with a high concentration of
donors. An electromagnetic field of an optical or infrared range induces in them
resonant oscillations of the electron gas at the plasma frequency. They can be
manufactured by the method analogous to items 1 and 2. Clusters are placed
into a transparent matrix, for example, SiO,.

5) Clusters are metallic particles implanted into the semiconductor matrix
with self-conductivity. Metal implantation is possible, for example, according to
technology [3]. In the area of the semiconductor matrix near metal cluster there
may arise a p-n transition with a high concentration of active carriers. The truth
of this hypothesis is supported by the anomalously high absorption observed in
the semiconductor matrix with metal clusters [3]. Determination of the zone
structure on the metal cluster — semiconductor boundary is rather a difficult
task, which may require much effort and time.

6) Clusters are dielectric particles in a transparent active matrix, probably
in a film. Resonant interaction of clusters with the electromagnetic field is not
obligatory. This line of investigations has arisen in connection with experiments
[29], which will probably start in the nearest future. The appropriate medium
has been obtained, the experimental equipment is being mounted. The line of
theoretical investigations will be dictated by the results of the experiments.

7) A cluster consisting of a particle of metal with one or several resonant
atoms near it. According to [14], the presence of a metallic particle may sub-
stantially increase the velocity of the spontaneous radiation y ¢, of a resonant
atom and, correspondingly, reduce the relative contribution of self-broadening
into the full width of the resonant transition (see formula (4)).

Let us make a list of tasks that can be solved in the first stage of theoreti-
cal investigations of supercoherent media.
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1) Calculation of the polarizability of a cluster with a small number of reso-
nant atoms, N, >2. Determination of the dielectrical function of the corre-

sponding cluster medium as well as of the requirements for a transition to su-
percoherence.

2) Analysis of the mechanisms of broadening of atoms in a cluster and
self-broadening in a cluster medium.

3) Calculation of the polarizability of the cluster, the dielectric function of
the cluster medium and the requirements for the transition to supercoherence
for a great number, 1<< N, <10°, of resonant atoms in a cluster.

4) The same as for the semiconducting and metal clusters in “the aerogel”
SiO,.

Possible lines of experiments on the construction of supercoherent media
as well as on investigation of their properties:

1) Creation of a medium consisting of a polymer or any optically transpar-
ent “matrix” (including liquids, ice and so on) and dielectric nanoparticles (that
is the size much less than the wavelength) dissolved in it. The dielectrical
constant of a dielectric is different from the dielectric constant of a matrix. In-
vestigation of the optical characteristics of the medium: its index of refraction,
absorption, scattering (Rayleigh scattering) for various frequencies of incident
radiation. Investigation of this medium as a photon crystal is a search for the
“forbidden zones” in the spectrum of the propagating optical radiation. Com-
parison with the corresponding characteristics of homogeneous media: media
consisting only of the substance of the matrix or only of the substance of par-
ticles.

2) Creation of a medium consisting of an optically transparent matrix with
metallic nanoparticles as well as investigation of its optical properties.

3) Creation of semiconducting nanoparticles interacting in resonant with
the electromagnetic field: the interband transition frequency of the semicon-
ductor coincides with the frequency of the electromagnetic radiation. Investiga-
tion of the optical properties of one or several nanoparticles, the resonant tran-
sition line width including. Comparison with the characteristics of semicon-
ducting macrocrystals. Analogous experiments on nanoparticles of laser mate-
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rials, for example, of the NdYAG crystals, glasses with Nd impurity atoms.
Comparison with the optical characteristics of separate atoms. The final aim is
the creation of a nanoparticle the polarizability of which exceeds the polari-
zability of a separate atom.

4) Investigation of the optical properties of resonant nanoparticles near
metallic particles.

5) Creation of a medium consisting of an optically transparent matrix with
resonant nanoparticles as well as investigation of its optical properties.
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Fig.7 Resonant dipole-dipole interaction of a pair of atoms at the collision
leading to self-broadening
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Fig.8 Refractive index of a probe field resonant to the transition a-b of a three-
level L-atom (Fig.6.b) as a function of the concentration of atoms at the
point of transparency (5 = &,) with consideration of self-broadening but
without regard for the local field correction. Self-broadening increases
as factor D also increases (see formulas (5), (6)).
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Fig.9 Refractive index of a probe field resonant to the transition a-b of a three-
level L-atom as a function of the concentration of atoms at the point of
transparency taking into account self-broadening and local field correc-
tions.

Fig.10. a — radiation of a separate dipole, b — dipole interaction through re-
emitted fields
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Fig.11 a — basic contribution into self-broadening is made by the atomic inter-
action at the distance ~ A.

b — with the concentration of clusters N;'* >> 1 the probability of the

atomic interaction at the distances ~ A is slight, therefore, self-
broadening is less than in Fig.11 a.

30



References and comments:

[1] B.Born and E.Wolf, Principle of Optics (Pergamon, Oxford, 1980)

[2] J.Fontana and R.Pantell, J.Appl.Phys. 54, 4285 (1983)

[3] O.A.3aiimupopora “UccnepoBaHne ONTUYECKUX CBOMCTB NOMYNPOBOAHUKO-
BbIX Cpej, C knactepamu antoMuHua”, pabota npeAcTaBrieHa Ha KOHbepeHLum
“Advanced technology and

science”, Como,ltaly,1994 .

[4] UccneposaHus Buorornyeckux TkaHel ¢ NOMOLLbBIO CENEKTUBHOMO OTpaXxe-
HUSI NasepHOro U3ny4eHus NPoBOAATCS, B YAaCTHOCTU, B YHUBEpCUTETE LUTaTa
Texac, Austin, USA.

[5] H.A.Lorentz, Wiedem.Ann. V.9, p.641 (1880); L.Lorenz, Wiedem.Ann. V.11,
p.70 (1881)

[6] C.J.Bottcher. Theory of Electric Polarisation, Elsevier. Amsterdam, (1973);
[7] A.S.Zibrov, M.D.Lukin, L.Hollberg, D.E.Nikonov, M.O.Scully, H.G.Robinson,
and V.L.Velichansky, Phys.Rev.Lett., 76, 3935, (1996);

[8] M.O.Scully, Phys.Rev.Lett., 67, 1855 (1991);

[9] M.O.Scully, and Shi-Yao Zhu, Optics Communications, 87, 134, (1992);
[10] “®usuyeckme BenuumHbl® cnpaBouHuWK nod pea. W.C.Mpuropbesa u
E.3.Meiinuxosa, Mocksa, SHeproatomusgar, 1991, ctp.531.

[11] O.B.Oonros, E.Makcumos YOH, 135, 441, (1981)

[12] Yablonovitch E., and Leung K.M., 1991, Physica B, v.175, 81. J.P.Dowling
and C.M.Bowden “Anomalous index of refraction in photonic bandgap materi-
als” Journ. of Mod. Opt., v.41, p.345, 1994.

[13] S.Nie, and S.R.Emory. Science, v.275, p.1102, 1997; B.C.3yes,
A.B.®paHueccoH «UHTeHcudukaumus nokanbHoro nonsi B6nMan HaHocTep-
XXEeHbKOB U HAHOOCTPUN» rotoBuUTcs k ny6nvkauum, 2000.

[14] H.F.Hamman, A.Gallagher, and D.J.Nesbitt. Appl.Phys.Lett. v.76, p.1953,
2000. M.B.Mohamed, V.Volkov, S.Link, and M.A.EI-Sayed Chem.Phys.Lett.,
v.317, p.517, 2000

[15] M.Fleischhauer, C.H.Keitel, M.O.Scully and C.Su, B.T.Ulrich, S-Y Zhu
Phys.Rev.A, 46, 1468, (1992); S.E.Harris, J.E.Field, and A.Kasapi Phys.Rev.A,
R29, 46, (1992)



[16] O.Schmidt, R.Wynands, Z.Hussein, and D.Meschede, Phys.Rev.A, 53,
R27, (1996); “Hayka v xwu3Hb”, No 2, 2000, cTp.42.

[17] A.N.Oraevsky, |.E.Protsenko, and A. Botero “On the problem of increasing
and controlling refractive index by amplification of scattered light” Quantum
Electronics, nocnaHo B nevatb, 2000.

[18] J.A.Leegwater and Saul Mukamel, Phys.Rev.A, V.49, p.146 (1994);

[19] V.A.Sautenkov, H.van Kampen, E.R.Eliel and J.P.Woerdman,
Phys.Rev.Lett., 77, 3327, (1996)

[20] Y.Ben-Aryeh, C.M.Bowden, and J.C.Englund, Phys.Rev.A, 34, 3917,
(1986); M.G.Benedict, V.A.Malyshev, E.D.Trifonov, and A.l.Zaitsev,
Phys.Rev.A, 43, 3845, (1991)

[21] |.E.Protsenko "Local field and Self-broadening". 29th Winter Colloquium
on the Physics of Quantum Electronics, January 3-6, Snowbird, Utah, USA
1999.

[22] J.P.Dowling and C.M.Bowden, Phys.Rev.Lett., 70 1421, (1993)

[23] A.Convertino, ... "Organic multilayers as distributed Brag reflec-
tors"Appl.Phys.Letts. 75, 322, (1999); "Infrared distributed Bragg reflections
based on amorohous SiC/SiO, heterosystem”, Appl.Phys.Lett. 70(21),2799
(1997); Appl. Phys. Lett., 71(6),732 (1997)

[24] “Hayka v xu3Hb” No12 cTp.111, 1999

[25] N.O0.NaHpay, E.M.Jlucpwmy “Teopus nonsa”, Mocksa, “Hayka”, 1988 ctp.
233.

[26] “Pusnyeckas sHumknoneaus” pea. A.M.Mpoxopos, Mockea, “CoseTckast
aHumknonegus”, 1990, cTp.197 —199.

[27] KamuHckuii A A. “NasepHble kpuctannbl” 1975

[28] “CnekTpockonua nasepHbIX KpUCTannobl ¢ WOHHON CTpykTypoi” Tpyabl
®UAH, Tom 60, 1972.

[29] B.A.CayTeHko, YacTHoe coobLleHue.

Received by Publishing Department
on May 31, 2001.

32



Ipouenko H.E., Camoitnos B.H., 3aitmunopora O.A. 114-2001-90
CynepKorepeHTHbIe ONTHYECKUE KIIaCTEPHBIE CPelbl

OO6cyXnarTcs BO3MOXHOCTH CO3JaHUS M CBOMCTBAa IPUHLUIHMAILHO HOBOTO
THIIA TETEPOTEHHBIX ONTHYECKUX Cpel, COCTOSIIMX M3 YaCTHL-KJIACTEpOB pa3Me-
POM MHOT'O MeHblIle ITHHBI BOMHBL. Kaxnas u3 yactuu BKI04aeT 60s1b110€ KOmuye-
cTBo aroMoB. IIpemckaspiBaercs, YTO B KJIACTEPHBIX CpelaX MOXET BO3HHKHYTb
SIBIECHHE «CYIEPKOTrepPEHTHOCTU» — B3aMMHOM (pasUpoBKU KosebaHHil aTOMOB
B pe3oHaHCHOM none. [lepexon K cynmepKorepeHTHOCTH — pa3oBbIii Iepexol, KO-
TOPBIA MOXET CyIIECTBEHHO M3MEHMTh ONITHYECKHE CBOMCTBA cpensl. B yacTHOCTH,
ee IOKasaTelb MpeIOMIIEHUs MOXeT yBeauyuThes B 10 u Gonee pas.

Pa6ora BrimonHena B Jlaboparopuu ¢usuku yactuu OMSH, B HayuHoM LeH-

Tpe npukiIagHbix uccnegosanuii OMSN u B @usuveckom uncturyre uM. I1.H.Jle-
6eneBa PAH, Mocksa.

INMpenpunt O6BEAMHEHHOrO HHCTUTYTA SAEPHBIX HccienoBanuid. dy6Ha, 2001

Protsenko L.E., Samoilov V.N., Zaimidoroga O.A. D4-2001-90
Supercoherent Optical Cluster Media

The possibilities of creation as well as the properties of a new type of hetero-
geneous optical resonant media consisting of cluster particles, the size much
smaller than the wave length, are discussed. Each particle includes many resonant
atoms. It is predicted that the effect of «supercoherence» might arise in cluster res-
onant media, which consists of mutual phasing of atomic oscillations in the reso-
nant field. A transition to supercoherence is a phase transition, which can change
essentially the optical properties of the medium. Particularly, its refractive index
can be increased up to factor 10 and even more.

The investigation has been performed at the Laboratory of Particle Physics,

JINR, at the Scientific Center of Applied Researches, JINR, and at the P.N.Lebe-
dev Institute of Physics of RAS, Moscow.
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