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A possibility of the appearance of new excitationms,
being the result of the interaction between Frenkel exci-
tons, will be analysed here., It will be shown that these
new excitations appear as the result of kinematical inte-
raction of the initial excitations. They have & finite life-
time which is of the order of 10'14 sec and it is plausible
to assume that they are responsible for the large broadening
of absorption lines experimentaly found in optical systems.

The exciton Hamiltonian, corresponding to two level
scheme of molecular excitation will be analysed, This Ha-
miltonian is of the form:
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where P and P' are the Pauli-operators. The details about

/A , ¢ and 3 can be found in the reference [1]).

The properties of the system with Hamiltonian (1) will
be analysed with help of the Green’s function /;5» =<< B(x‘)/ 63'(0)»,
Using the standard procedure of the Green’s fuction method
we obtain
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The further procedure consists of: overgoing from
Pauli-operators P to Bose-operators B, according to the app-
roximate formula P = B - B'B B, and decoupling the higher
order boson Green’s functions with the strict use of the
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Wick’s theorem. So we obtain the following equation for the
PFourier component GE(E) of the boson Gresen’s function:
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E(B) = €p - Mp are the exciton energies. The energies of
the additional levels of the system are obtained by letting
the bracketed expression in (4) to tend to infinity, and they
are given as follows
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The expression (6) is obtained in the small wave vec-
tors approximation and the expression (7) corresponds to
the high wave vectors, close to the end of the first Bri-
110in’s zone. The notations used in the last two formulae
are:
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2 .
where m = OLZ, is the effective mass of excitons, a is the

lattice constant and #£& is the boundary vector of the first Brill-
ouin’s Eone, As we see from (7), the additional kinemati-
cal excitations have the finite life-time
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Now the kinematical levels arising in the polariton
system will be analysed. The polaritons are a "mixture” of
excitons and vacuum photons which ariac_duo to the retarded
interaction of electrons in electromagnetic field:
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The electron momentum operator p can be expressed in
terms of exciton opsrators, corresponding to three kinds of
excitons: the usual ones and two kinds of kinematical exci-
tons. Going over from the momentum operator to the operator
of the electric dipole, we obtain the interaction (10) in
the following form:

A

N -2 S thevd 4 P g '
H”‘ me Z 5 AL gg%‘;[dﬁ‘; st]"qrf Y *)

aw P
venIT)

and after expressing E’in terms of exciton operators (1l1)
and vector potential in terms of photon-operators we finaly
find:
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The functions u and v figuring in W are due to the di-
agonalization of the vacuum photons Hamiltonian and a part
of the retarded interaction proportional to the square of
vector potential, The explicit form of u and v can be found

in [3].
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So, the total Hamiltonian of the system, including ex-
citons ( the usual as well as the kinematical ones ), photons
and their interactions can be written in the form
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the Hamiltonian (14) reduces to
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The functions u and v as well as the energies E’(’U are
defined by the system of equations
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The secular equation of the system (:17) requires the
numerical calculations, but independently, one can easily
conclude that all energies ?.i(i,’) have imaginary parts, and
consequently, all excitations of the system have finite 1i-
fe-time., This is a very important conclusion which leads to
the idea that the large broadening of optical excitations
lines ( about 300 cm 1) is due to the presence of kinemati-
cal levels. Such a large broadening could not be theoretica-
1ly explained as an effect of exciton-phonon interaction.
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