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ABSTRACT: The role of non-linear excitonic effects in absorption
phenomena was analysed. It was shown that non-linear effects
essentially define the dielectric properties of molecular cry-
Zggls, such as refraction index as well as absorption coeffici-

The existing analysis of the absorption phenomena in cry-
stals are namely founded on the idea that the basic mechanism
which characterizes these phenomena is the exciton-phonon inte-
raction (see 1,2).There is no doubt that exciton-phonon inte-
raction plays an important, sometimes dominant role during the
light absorption in condensed medium, but in our opinion, the
role of other mechanisms must not be neglected especially exci-
ton-exciton interaction.

The reason of the underestimation of the non-linear opti-
cal effects in the theoretical treatment of the absorption phe-
nomena lays in the uncorrect application of the Green’s functi-
on method. In the usual approach, higher exciton GF are decou-
pled in such a way that only those operators acting in the sa-
me moment of time are contracted. This introduces only minor
corrections of exciton energies and infinite lif?times'of eleme-
ntary excitations. In the limits of this approach and based on
these results, one can easily conclude that non-linear optical
effects can not play an important role in the absorption phe-
nomena.

The correct application of the GF method, in which the hig-
her GF are decoupled so that the operators acting in different
moments are contracted too, changes at once the above described
picture, leads to finite quasi-particle lifetimes and indicates
that exciton-exciton interaction cannot be neglected in absor-
ption phenomena.

The aim of this paper is to investigate the role of the
non-linear optical effects in the light absorption phenomena.
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Using tRe known procedure (see 1) which connects the
dielectric permeability tensor with the exciton GR; we get
the following connection;.
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where A;A(RUS)= K é( K.z,Kp G_&Jlbm M)
In the above relations the following simbols are used:&m(l’(,u))is
the dielectric permeability tensor, ¢ is the speed of light, D
is the vector amplitude of the electric field Z,s-— where V is
the crystal volume and N is the number of cells 1n the crystal.
F P A,f\ are the retarded and advanced exciton GF.

We shall calculate the exciton GF given in formula (1.1)
for the exciton Hamiltonian of the following form:
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(1.2)
Here [\ is the isolated molecule excitation energy, while X ’
Y and Z are matrix ellements of dipol-dipol interaction. The
order of magnitude of A'"Se\l while X ,\/ and\z ‘are 10-100 times
smaller. We shall suppose that X ,Y and Z are real and even.
Other details on this Hamiltonian can be .found in the Ref.4.
Following the general theory of double-time temperature
dependant GFs) from (1.2) one obtains the equations of motion
for r and
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(1.3)

The essential element of further analysis is the treatment
of higher (Paulion) GF appering on the right hand side of the
system (1.3). The direct decoupling of higher Paulionic GF, as
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in 5) would give only minor corrections to the energy and infi-
nite lifetimes, so the influence of non-linear effects on the
absorption phenomena would be neglected 2). In order to obtain
finite lifetimes one should set the system of equations of mo-
tion for higher Paulionic GF, which would extremlly complicate
the calculatlons. It is much 81mpler to express higher Paulionic
GF in terms of Boson GF and decouple them strictly according to
the Wick’s theorem. First, we must express Pauli-operators in. ‘te-
rms of Bose-operators'B andfb , using the exact boson represe-~
ntation for Pauli-operators in the approximate form:

P-B-B'BB  ; P=¥-BBD L

After the substitution of (1.4), higher Paulionic GF are
decoupled after the following scheme:
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One should mention that in (1.5) all terms proportional ‘to the
square of exciton concentration are neglected. As (1l.4) is only
approximate, all terms containg products of more than three GF
are also dropped.

Further calculation is standard, but.rather complicated,
and will not be given here. We use the approximations of the
nearest neighbor interaction and the small wave vectors, negle-
cting all the terms of the order( )and the spatial dispersion.

The final result is the following:
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Here x ,y and Z are the matrix elements of the dipol-dipol
interaction between the nearest neighbours.

Now, one can finally calculate dielectric constant (C.(LS) ref-
raction indexnWand absorptlon coefficient :luﬁ) In the isotro-
pic approximation Aw,(k(ﬁ)a-_iaé) and ALA/’FEa&Lp so by combining
(1.1) and (1.6) we arrive to
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From the relation W) +TRWNVEdwe obtain:
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The estimation of the coefficients dj , clp and Pywas performed un-
der the assumption thatf)y ,.Q.yand.Qg_are of the same sign and the
same order of magnitude.fLtx)and®(X)are presented on the Fig.l for
3‘50.5 '1 and 2. .

We can summarize our results in the following way:

Exciton-exciton interaction plays an important role in the
light absorption processes. Its contribution is comparable to
those of exciton-phonon interaction. The essential element in the
theoretical treatment of the exciton-exciton interaction is the
decoupling of higher GF, which must be founded on Wick’s theorem,
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involving the contractions of the operators acting both in the
same and diferent moments of time (see 1.5). Numerical calcula-
tion (see Fig.l) shows that the role of -exciton-exciton intera-
ction has strongest influence on weak dielectrics ( K(l») beca-
use it gives absorption maximum in the interval 04 uS< Qa. Ab-
sorption is allways present due to the exciton non-conservation
effects. Neglecting these effects might in certain cases (kine-
matical and dinamical exciton interaction approximately equal )
lead to the wrong conclusion about the small absorptioh.
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