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A possibility of the appearance of new excitations , 
being the result of the interaction between Frenkel exci­
tona , 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 a finite life­
time which is of the order of 10-14 se� and it is plausible
to assume that they ar• responsible tor the large broadening 
of absorption lines experimentaly fQund in optical systems.

The exciton Hamiltonian, corresponding to two level 
scheme of molecular excitation will be analysed. Thie Ha­
miltonian is of the form: 

where P and p+ are the Pauli-operators. The details about
I:::, • cl. and fa can be found in the reference f 1 ) • 
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The properties of the system with Hamiltonian ( 1) will 
be analysed with help of the Green's function r;§' "' << /;. (I:) I fjt'co)>>. 
Using the standard procedure of the Green's :ruction method 
we obtain 

where 
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The further procedure consists of: overgoing from 
Pauli-operators P to Bose-operatorB 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 ot the



Wick's theorem. So we obtain the :tollow.ing equatio1Ltor the 
�ourier component GfCE) ot the boson Green's function: 
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EN( i) a Ei - Mi 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 

[ (,I} ; .!.. { [  + E ± ( VA :i. -,. BJ. -tA)fl!l. + i [E :t (�2. -A) 11:l]2
�.lI R, 0 l 2. s 2 J 

(2) £ 2.
E £ .2£[ = S l/ + T _,

I,I E.,Z + £/ + - l £'- f- E. 2.
s r 

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 ot the first Bri-
110\n's zone . The notationa · used in the last two formulae 
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where m c n: ia the effective maaa of ezcitona , a ia the
o(. a. 

lattice constant and � ie the boundary vector of the tirat Brill-
ouin 's zone . As we aee :from ( 7) , the additional kinemati-
cal ezcitatione have the finite life-time 

A (E/ + £/) 
£., £.,. I E" - £3 / 

- 11, 
"--' /0 s ( 10) 

Bow the kinematical levels arising in the polariton 
system will be analysed. T�e polaritons are· a "mixture " of 
excitons and vacuum photons which arise . due to the retarded 
interaction of electrons in electromagnetic ' tield: 

e > 4 � (10) - me � Pn.,. · Ad' • 
The electron momentum operator i can be ezpresaed in 

terms of exciton operators , corresponding to three kinda of 
ezcitone : the usual ones and two kinds of kinematical exci­
tone. Going over from the momentum operator to the operator 
of the electric dipole, we obtain the interaction ( JO) in 
the following form : 

(/1}

....., 
and after expressing d in terms of exciton operators ( 11 )
and vector potential in terms of photon-operators we finaly 
:rind : 
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where 

The functions u and v figuring in W are due to the di­
agonalization of the vacuum phot�ne 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
citona ( the usual as well as the kinematical o�es ) ,  photons 
and their interactions can be written in the form 

/\ 
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After the canonical transformation 
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b�i = Ji.Ju.;;JfJr'J1t1 .,. u.;- rs) JJ�erl ,
the llemiltonian (14) reduces to 
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!h• functions u and v as well as the energies �(�� are
defined by the system of equations 
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The secular equation of the system C i7)  requires the 
numerical calculations, but independently, one can easily 
ct>nclude that all energies � {i'J have imaginary parts, end 
coDBequently, all excitations of the system have finite li­
fe-time. This is a very important conclusion which leads to 
the idea that the large broadening. of optical excitations 
linee C about 300 cm-1 ) ie due to the . presence of kinemati­
cal levels . Such a large broadening could not be theoretica­
lly explained as an effect of exciton-phonon interaction. 
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