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Original scientific paper 

It is shown that a mean-field theory treatment of coupled incommensurate­
charge-density-waves (CDW's) provides the correct trnnsition temperature for the-
3D-ordering of the average CDW but fails to give the correct temperature for the 
ordering of the soliton lattice. The reasons for the failure are pointed ou,t. 

There exist a number of materials which may be viewed as arrays of quasi-one­
dimensional (ID) systems 0. As is well known2> a strictly one-dimensional sys\em 
with short-range interactions does not develop long-range order at a finite tempera­
ture. However, in the case of coupled linear chains at sufficiently low temperature, 
the system may undergo a phase transitjon of a state which has long-range order. 
In a recent work3 > we examined the phase transition of coupled incommensurate· 
charge density waves (CDW's) in a system of linear chains. The incommensurate· 
state of the CDW's can be described in terms of solitons4>. Accordingly, in such a 
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system besides the possible ordering of the average discommensuration shift, we 
may also have ordering of the soliton lattice. In Ref. 3 the problem was treated via 
perturbation, theory. For a coupling between the CDW's of the form I: cos (<pn -

n,lJ 

- <fJn +lJ), where Pn is the phase of the CDW at the point x of the n-th chain and the 
summation over /j refers to all n,earest neighbour chains, we found thP.t the soliton 
lattice is stable at low temperatures and that the average discommensuration shift and 
all the soliton lattice harmonics order at the same temperature. 

In the present Letter we treat the same problem using mean field theory, that 
is the interchain coupling is approximated by a mean field and the resulting ID pr­
blem is solved exactly. The Landau free energy density of a system of weakly coup­
led CDW's is given by 

f (x) = lo (x) + f;. (x) (I) 
where 

Jo (x) =; (�0 (��)' - T,, (� �) + 1{t [I+ cos(M q,.)J)

and 
1 

h = 2 l I: cos (<pn - Pn+lJ).
n,lJ 

The first term in/ 0 (x) corresponds to the elastic coupling along the chain, the se­
cond term describes the departure from the commensurability, the potential of which 
is given by the third term./;.. describes the interchain coupling between the CDW's.

The free energy density in the mean field app!·oximation is given by 

where 

ml 
f MF (x) = f o (x) - T L (L1* (x) e 1

tJln + L1 (x) e-1Pn),
n 

(2) 

The symbol () denotes thermal average and m is the number of nearest neighbour 
chains. From Eq. (2) we note that in the mean field approximation the original pr­
blem reduces to that of decoupled CDW's in an external potential. The value of the
latter is determined in a self-consistent way. Using the mean field free energy den­
sity, A can be calculated from the functional integral 

L1 (x) - f .@cpexp [-P f dy f MF (y)] e1q,n<x>. 
- f .@ p exp[-PfdyfMF (y)] · (3)

For T � Tc, the transition temperature, LI is small so that we can make the following
expansion: 

exp [- P f dyfM,] = 
exp [- PI dy/

0 
] � (1 + p� A f dyLl*(y)e'�·''' + c{

(4) 
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Thus in order to find L1 we have to calculate correlation functions for the decoupled
CDW's. This problem has been studied in detail in Ref. 5. Using the results of
this work we obtain 

L1 (x) = p: A f dy K (x - y) L1 (y) (5) 

with 
K (x _ y) = (eClq:,n(X)-q:,n(.V)]> O 

Fourier analyzing Eq. (5) we get 

/JmlL1 (k) = L1 (k) -4- Sk (T), (6) 

where Sk is the structure factor. It is evident that a non-zero solution of Eq. (6) occurs
at the critical temperatu1e Tc, which is the solution of the following equation 

(7) 

Eq. (7) implies that we get different transition temperature for different har­
monics. The maximum transition temperature occurs for the wave vector which
maximizes the structure factor. This corresponds to the transition temperature of the
average discommensuration. Using Sk (T) as given by Eq. (21) of Ref. 5, we obtain
that the transition temperature for the ordering of the average discommensuration
is given by 

(8) 

The same result has been previously obtained 3 > using perturbation theory. 
-r: µM 2 T For a wave vector k = 2 kF ± -2-, where T = T/T O and µ =

M 
f, we have 

a local maximum of the structure factor which corresponds to the ordering of the 
first harmonic of the soliton lattice 5>. Evaluation of the corresponding transition 
temperature gives 

rm = T(O) ( q ) 1 
C C 2 M µ2 M - 1'

(9) 

where q = T;/4 M2 T2
• From Eq. (9) we see that, in the context of the mean field

theory, the transition temperature of the first soliton lattice harmonic is different
than that of the average discommensuration. The same is also true for the higher
harmonics of the soliton lattice, whose ordering temperature decreases with the or­
der of the harmonic. 

We note that the results of the mean field theory regarding the ordering tempera­
ture of the soliton lattice harmonics differ from those obtained via the perturbation 
expansion 3>. The latter gave that the average discommensuration and all the soliton 
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lattice harmonics order at the same temperature. The failure of the mean field theory 
to give the correct ordering temperature of the soliton lattice harmonics is due to the 
fact that it is not capable of accounting for the modification of the ground state cau­
sed by the interchain coupling. If in the perturbation approach of Ref. 3 we ignore 
the modification cf the ground state wave function, we find that the temperature, 
at which the energy levels of the transfer matrix responsible for the ordering of the 
first harmonic cross the zero order ground state, is the same with that of Eq. (9). 

Summarizing, we have shown that in a system of weakly coupled incommensu­
rate CDWs a mean field theory treatment provides the correct transition tempera­
ture for the average CDW while fails to give the correct transition temperature for 
the ordering of the soliton lattice harmonics. 
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Originalni znanstveni rad 

Pokazano je da se teorijom srednjeg polja vezanih nesumjerljivih valova gustoce 
naboja dobiva ispravna vrijednost za temperaturu 3-D uredivanja srednje kompo­
nente valova gustoce naboja, ali ne i ispravna temperatura za uredivanje solitonske 
resetke. Navedeni SU razlozi za ovu poteskocu. 
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