N

N

A Luttinger model for 1-D organic polymers
C. Aslangul, D. Saint-James

» To cite this version:

C. Aslangul, D. Saint-James. A Luttinger model for 1-D organic polymers. Journal de Physique,
1984, 45 (9), pp.1409-1412. 10.1051 /jphys:019840045090140900 . jpa-00209880

HAL Id: jpa-00209880
https://hal.science/jpa-00209880v1
Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/jpa-00209880v1
https://hal.archives-ouvertes.fr

J. Physique 45 (1984) 1409-1412 SEPTEMBRE 1984, PAGE 1409

Classification
Physics Abstracts
71.10

A Luttinger model for 1-d organic polymers

C. Aslangul and D. Saint-James

Groupe de Physique des Solides de 'Ecole Normale Supérieure (*),
Université Paris VII, 2, place Jussieu, 75251 Paris Cedex 05, France

(Regu le 23 novembre 1983, uccepté le 17 février 1984)

Résumé. — Nous montrons que pour une interaction de Luttinger entre électrons quelconque, il n’y a pas de dimé-
risation du réseau pour un polymére organique a une dimension.

Abstract. — We demonstrate that for a Luttinger type interaction between electrons, no dimerization is found
in a 1-d organic polymer whatever the interaction strength.

1. Introduction.

In a preceding paper [1] (hereafter referred to as I), we have shown that a model for 1-d organic polymers in
the presence of lattice distortion and electron correlation can be obtained by taking the continuum limit of
a Hamiltonian built up by the combination of the SSH Hamiltonian and a Hubbard-type repulsion term. Our
starting point was thus the Hamiltonian [2, 3] of I, namely (see I for notations) :

H=Y J' dx{:/z,*(— i 3 2 + ml> Vot as [ W)WY +
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In reference [1] we remarked that in the present state of the art no exact diagonalization of this Hamiltonian
is known. The temptation is great to resort to a simpler description of the electron interaction for which the dia-
gonalization is known, namely the so-called massive Thirring model, the Hamiltonian of which being :

H =3 [ac{ (= moees e e o+ a S | 1.2

As is well known (2), the Hamiltonian (1.2) is the continuum version of the so-called Luttinger model for which
the interaction is between electrons, disregarding the spin, located on neighbouring sites, namely of the form :

+ +
Cu+l cn cn+l C" ’

(*) Associé au CNRS.
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We postpone to the end of this paper the discussion of the physical meaning of such a description for the
case of 1-d polymers and we rewrite Hamiltonian (1.2), supplemented with the elastic term, in a convenient
form for further use of the results of Thacker’s paper (3) :

Qaty) 'H, =Y, ‘[d’([w:(— ity % + 'm'1) Y, + Go Vi Vas ¥ag 'l’ls] + %fmg dx 1.3)

with the identification
m 8 a2 U
Taty’ —m, 90—4—;;- (1.4)

hvg = 2aty; my =

Note that m, and ¢ * ¢ have the dimension L™, whereas 7 and g, are dimensionless quantities. &, K and
t, are the standard parameters introduced by SSH [4].

2. Energy of the ground state.

We start from Hamiltonian (1.3) and we use the results of Thacker [3] (hereafter referred to as T) in order to
diagonalize it. Thacker has shown that the energy is given by (T. Eq. 2-56) :

E,=m, ; cosh ¢; 2.1

where ¢; is the so-called rapidity. For the ground state Thacker shows that :

where o; is a real number. The moment k; of each state i is related to «; by :
k; = mg sinh a;. (2.2a)

In order to compute (2. 1), one introduces the density of states which according to T (2.77) is the solution of

A
2 mp,() = mycosha — J do’ K(ax — a') p(a') 2.3)
-A
where
sin2 u

cosha — cos2 u (2.3a)

K(a) =

— — cotan™! (922> ) (2.3b)

and A is a cut-off introduced in order to avoid undesirable ultra-violet divergencies. For A > 1 the solution

of (2.3) can be obtained by a Fourier transform, and is found to be :
1 myyett=—7

p(a) = e —n(—m)— tan my cosh ya 2.9

where
= (2.4a)
The energy of the ground state then reads

2 A(1- A
mp y ed ™"

EGS = m » cosh a cosh yo da (2.5)
so that the total energy density in /vg units is given by
o _m_g y A~ sish(y + DA sinh(y —DA] 2 ,
(Lhvg)~! = el ) ) + — + —mg. (2.6)

Note an extra factor of 2 in the first term of the r.h.s. which takes spin degeneracy into account. L is the
length of the system.
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3. Results.

Equation (2.6) depends on the cut-off A. This is a particularity of the Thirring model, and as such the « exact »
solution (2.6) is of no pratical use if no prescription is given in order to determine A. Such a prescription must
rely on physical grounds.

Let us first investigate the case g, = 0, i.e. no correlation between the electrons. Hamiltonian (1.3), or
(1.2), reduces to the form of Takayama, Lin-liu and Maki’s [5] (hereafter referred to as TLM); (2.6) gives the
ground state in this case by setting

y=lim (1 — ¢

-0+

and reduces to (see Eq. (3.5) of paper I with U = 0)
-1 o mg . 2 ,
(Lhvg)~ ' Egg = — —n-[smhA coshA + A] + ;mo. 3.1
Introducing a cut-off in the momentum space by (cf. Eq. (2.2a)) :
inh A = ke 3.2
sin = m—— .

0
E{ takes the form

—10___'1(2)_k_c k_czuz & -IEC_ZI/Z -2—2
(Lhvg) ™" Egs = — = {m0<1+(m0 + log me * 1+ e + 5 m (3.3)

which is TLM result.
The desired energy is obtained by fixing m, through the relation

dE
dmg =0
which after a slight algebra yields :
A=Ay=2F 3.4
n
Equations (3.4) and (3.2) determine m, when k, is known and EJ takes the very simple form
k2
(Lhv,) ' Eg = — ;“ cotanh 2—: 3.5)

in agreement with equation (3.5a) of paper I.
In order to be complete, one has to determine k.. This is best achieved by comparing the results of TLM
with those of SSH. According to SSH the displacement m, is given by

K1 —a*m}) — E(1 — am?) = 2T"am0 (3.6)

where K and E are elliptic functions of the first and second kinds. In the limit of small m,, i.e. am, < 1 this

reduces to :
am, ~ 4exp[— (l + ZTN):I 3.7

Comparing this result with m, obtained from the above treatment, namely :

ak,

~ 2 ak e 2" (3.8)

3.9
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Let us now return to the expression (2.6) for the energy in the presence of electron correlation. At this point
one could make the assumption that k_is a constant, possibly 2/e. However when minimizing Eg with respect
to my, it is found that A decreases and tends toward zero when y decreases from 1 to 1/2. In physical words this

means that the more effective, the repulsion is the more the system tends to dimerize, since, according to equa-
tion (3.2), m,, i.e. the displacement, increases when A decreases. An unphysical result indeed. We therefore

conclude that k, must be a function of y.

This dependency will be obtained by using a physical prescription. Thacker has demonstrated the energy
of the lowest unbound fermion-antifermion pair in the massive Thirring model is given by (T Eq. (2.118)) :

E, =2mg =2m,

a given value, ie.

myet' "N =m

where m,,
m.
The ground state energy now reads

n(y — 1)

If one identifies this energy with the optical gap 4,,, one is led to minimize Egg with the restriction E, = 4

tan ny AL =7)

(3.10
opt

n(y — 1)

o ~tam 7 (3.11)

is a constant. Note that this equation determines k., through equation (3.2) as a function of y and

- I oy — 1 —a-p(sinh (y + 1) 4
(Lhvg) ' Egg = — = ﬂy—lm‘fp‘{e Aq y)( ;7+1 ) +

n tan my

sinh(y = 1)4\ 2= e 240 N p(y — 1)
y—1 n tan ny

(3.12)

E. is now a function of A and one should determine m, by setting

dEgs

dm, 0

dEg

a1 -0

It is easily found that this condition will lead to A4 — o, i.e. m, — 0. In other terms the system, in the pre-
sence of repulsion, even small, will not be dimerized. Note that A — oo does not impose k, — oo since m, — 0
and that, therefore, no undesirable divergencies have been introduced into the computation.

4. Conclusions.

We have now to precise the physical content of the
above model. As quoted in the introduction, the chosen
interaction is of the Luttinger type. It is plausible
that this interaction is in fact equivalent to an extended
Hubbard Hamiltonian with an on site repulsion U,
and a next neighbour interaction U,, in the limit
Uo/2t, > 1. Indeed, in this model the presence
of two electrons on the same site is prohibited by the
Pauli exclusion principale, since the effect of spin
(except for a trivial factor of 2 in the energies) has been
discarded. This is pictured by the anticommutation
relations. In other terms, the presence of two electrons
of opposite spins on the same site is also forbidden.

In the language of Hubbard Hamiltonian this means
that U,/2t, > 1, while the remaining Luttinger
like term may be interpreted as the interaction
between two electrons on adjacent sites.

It is therefore not surprising to find that dime-
rization does not occur in this situation. In a way it
confirms the result of the self-consistent field cal-
culation as presented in paper I which finds that
dimerization decreases when on-site interaction
increases.
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