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SOLITON ENERGETICS IN EXTENDED PEIERLS-HUBBARD MODELS:
A QUANTUM MONTE CARLG STUDY

D. K. CAMPBELL
Theoretical Division and Center for Nonlinear Studies, Los
Alamos National Laboratory, Los Alamos, New Mexico, U.S.A.

T. A. DeGRAND
Dept. of Physics, Univ. of Colorado, Boulder, Colorado, U.S.A.

S. MAZUMDAR
Theoretical Division and Center for Nonlinear Studies, Los
Alamos National Laboratory, Los Alamos, New Mexico, U.S.A.

Abstract Using quantum Monte Carlo techniques, we study the
effects of on-site (U) and nearest-neighbor (V) Hubbard inter-
actions on the energetics of solitons in coupled electron-
phonon (Peierls) models of quasi-one-dimensional materials.

The importance of understanding the combined effects of electron-
phonon (Peierls) and electron-electron (Hubbard) interactions in
real quasi-one-dimensional materials has in past few years become
increasingly clear. Several recent studies,l-6 using exact

1,3-5

diagonalizationz’6 or quantum Monte Carlo techniques, have

established the need to go beyond earlier approximate treatments,
including Hart;ree-Fock,7-9 perturbative,8 and variational methods.10
In this brief note, we present partial results of a continuation

of our previous study5 of soliton energetics in Peierls-Hubbard
models; details will be published elsewhere.11

The model Hamiltonian is

2
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+

n, = c. cC, i i
where i,0 Cl,U i,0 In the physical context in

and n, = 2 n,
1 1
g

which H describes trans-(CH)x, the displacements (ui) of the (CH)

N

units along the chain are coupled (with strength @) to the hopping
term which transfers n-electrons between adjacent sites, the
Hubbard U(>0) models the Coulomb repulsion occurring when two 7-
electrons of opposite spin (0 = *%) occupy the same site (i.e.,
(CH) unit), and the Hubbard V -- 0 < V < U/2 -- describes nearest

neighbor repulsion.
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FIGURE 1 Magnitude of energy difference between neutral
soliton and neutral dimer for N = 21: (a) V1 21 =
’
v; (b) V1,21 = 0.

3,11 we have

Using an "ensemble projector Monte Carlo” method
(for V = 0) previously5 (1) established that dimerization presists
even for large U(> 4to); (2) calculated neutral soliton creation
energies; and (3) proved that "soliton doping" persists for U # 0.
Here, in view of limitations of space, we focus exclusively on
the energetics of charged and neutral solitons in the presence of
both U and V. As previously,5 we work with a fixed phonon con-

figuration, which for the pure dimer is such that sequential
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transfer integrals alternate between t, = to(li26), while for the
"single site" solitons’11 is such that the bond alternation
reverses about the central site. We choose an N = 4n+l system
(N = 21), which choice, together with the single site soliton,
eliminates any elastic energy differences.

In Figs. 1 and 2 we plot IAESI, the magnitude of the energy
difference between the soliton (8) (which always has lower energy)
and the dimer (D) versus U for the neutral (DO,SO) and positive

(D+,S+) systems, respectively. The different symbols in each

T T T T T T T T T T T T T T T T T T

Vig v
121 V2 0 §
® v=0 ® v:0
0.20- o vai q 0.40 o v=I —
A ve2 a v=2
v V3 } ¢ V=3 z

030 .

i
oo

[=}
o
T
o
=
—o—
——
1

|AE 4| (x10)
O
o

JAEg+| (X100
o]

2
o
T
o
o
o
o
o
ot
?—‘_‘b—o—d
T
Cet]
o
L2
O 101 D

[oXo}] o8 — [oXle) o g 8 ~
. [ 2 T i
Il Il | 1 i | 1 | | I 1 1 1 L 1 1 [ L
o I 2 3 4 5 6 7 8 o | 2 3 &4 5 6 T 8
v u

FIGURE 2 Magnitude of energy differences between charged
soliton and charged dimer for N = 21: (a) V1 21 =
’
vV (b) V1,21 = 0.
figure refer to different values of V. Importantly, to obtain a
result which can be extrapolated smoothly to the infinite chain,
it is essential to assume that V # 0; that is, although there

is no hopping between sites 1 and 21, one must include a "nearest

neighbor" repulsion. A full explanation of this effect will be

11

provided elsewhere. Here we simply note that taking V 0

3 1,21 -
artificially breaks the symmetry between S+ and S . In the
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infinite chain, this symmetry should not be broken in our model;
additional physical effects, such as a (0-n) coupling, are required
to break the symmetry. In Figs. 1 and 2, the parts labelled "a"

- "yt - -
have V1,21 = V whereas those labelled '"b" have V1,21 = 0; note

the dramatic differences. Focusing only on the physically rele-
vant "a" parts, we observe several important features. First,

the ground state of an odd chain is a soliton for both charged

and neutral systems even for nonzeroc U and V. Second, the degen-
eracy between s° and S+ is destroyed for nonzero U and V. Third,
although it is not indicated on Fig. 2a, which shows only S+, when

Vl 21 = V our results show that S+ = S_, to within our Monte Carlo
¥

errors. Fourth, the neutral soliton stabilization energy decreases
continuously with U (for V = 0) and with U-V (for V # 0). The
charged soliton stabilization energy remains relatively flat as U
is increased for V = 0, while for both U and V > 0 the charged
soliton can be more stable than the pure Peierls (U = 0 = V) case.
This very strong stabilization of the charged soliton may be
responsible for its apparent ready formation in doping experi-

ments.
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