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SOLITONS AND BETHE ZONE SPLITTING

Lj.D. MASKOVIC AND B.S. TOSIC
IJnstitute of Physics, Faculty of Sciences, Novi Sad

We analyze the possibility o the soliton presence in the
systems with Beth splitting of exciton zones and treat their
properties by the method of eqquivalent Hamiltonian.

Bethe splitting of exciton 2zones occurs when the
multi-level excitation scheme can be applied to the molecules
/1,2/. In case of w levels, there appear in principle w dif-
ferent types of excitons. We shall analyze here the influence
of souch splitting to the solitons in molecular chains.

The Hamiltonian of the “frozen" exciton system corres-
ponding to w-level scheme of molecular excitations in the

harmonical approximation /3, 4/ has the form:
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B;a are Bose-operators creating the excitation of the type a
on n-th site, Za is the energy of the excitation of a-level
of the isolated molecule, D and R are matrix elements of the

dipole-dipole interaction.

Equivaleat Hamil . I
The Hamiltonian (1) is usually put in the form:
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where the matrix elements of M are glven by
o’ _
M:m =2 %aadnp t Dnﬁ - an (3

snd the given form is diagonalized by an unitary transforma-
tion with the matrix U of the same rank as M. This procedure
encounters a number of mathematical obstacles, so we shall
apply an approximate approach in which the Hamiltonian (1) is
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substituted by an effective Hamiltonian diagonal over the set
of molecular indeces a.

The general Hamiltonian of the system appearing in the
soliton theory includes also phonons and exciton-phonon inte-
raction:

He = H + H, (4)
where . p2 2
Hy = -5— [_ﬁn + Q [un - un_1] ] ;i Ho — H (5)

M is the mass of the molecule, Q -~ force constant and p = M-u
is the momentum o the molecule. "

The transition to the effective Hamiltonian is realized
through the unitary transformation
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leading finally to
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In this way, H,g is splitt into the sum of w independent
Hamiltonians with respect to a and this faciliates the soli-
ton analysis. An important restriction is the demand of the
positive efective mass o excitons, which 1is satisfied for
ﬁy > 0. This means that the number of various types of soli-
tons which can appear in the system is equal to the number of
terms in (8) with R, > o.

Let us suppose that for some fixed u, ﬁp>0 and test the
properties of the corresponding soliton. Writing down Schro-
dinders equation for the wave function

=) () By, 5 > = 15 ) |Ap(e)|? =1 (9)
£

f
and averaging it over coherent phonon states |Cp>, the conti-

nuum version of the equation obtained is
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Combined equation fo¥ phonon operators, averaged over states

lwylcy is

az - oz 2%u s

08 2 g, F GH aHy ;2 = @ —3 (13)
a t2 o 9 x2 M o

and the continuum form of normalizing condition is

+o0

de 18 (x,t)] = a (14)

Solving the sistem (10) and (13) we obtain the final
expressio for the energy and normalized amplitude. Energy of
the soliton of ¢ - type is
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where



o = —H (16)
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Normalized amplitude has the form
a'Q“J’z exp (Kx - éFp (k)t/h)

Ax,t) = — = (17)
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It is characteristic that each type of the solitons u,
has the corresponding type of lattice deformation given by

b, 1 &0y 1
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Hy
It is important to stress that wave-packets can form

also for ﬁp < 0, but only i oyk>oo' It is easy to deternmine
their energy:
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One can see that thier energy is higher that the energy of
the corresponding excitons, because the term arising from the
exciton-phonon interaction has the positive contribution. The
existence of these waves is rather doubtfull because they
would represent rather unstable excitations.

REFERENCE
/1/ V.M. Agranovich, Zh, Teor. Fiz. 37, 430 (1959)
/2/ R. Knox, Theory of Excitohs, Mir, Moscow 1966 (p. 166)
(in Russian)
/3/ V.M. Agranovich, Teoriya eksitonnov, Nauka, Moskva,(4978)
/4/ D.I.Lalovie,B.S.Tosi¢,R.B.Zakula, Phys.Rev. 178, 1472 (1969)

366





