
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 20 February 2013, At: 12:46
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Soliton Energetics in Extended
Peierls-Hubbard Models: A
Quantum Monte Carlo Study
D. K. Campbell a , T. A. Degrand b & S. Mazumdar c
a Theoretical Division and Center for Nonlinear
Studies, Los Alamos National Laboratory, Los
Alamos, New Mexico, U.S.A.
b Dept. of Physics, Univ. of Colorado, Boulder,
Colorado, U.S.A.
c Theoretical Division and Center for Nonlinear
Studies, Los Alamos National Laboratory, Los
Alamos, New Mexico, U.S.A.
Version of record first published: 17 Oct 2011.

To cite this article: D. K. Campbell , T. A. Degrand & S. Mazumdar (1985): Soliton
Energetics in Extended Peierls-Hubbard Models: A Quantum Monte Carlo Study,
Molecular Crystals and Liquid Crystals, 118:1, 41-44

To link to this article:  http://dx.doi.org/10.1080/00268948508076186

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948508076186
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
46

 2
0 

Fe
br

ua
ry

 2
01

3 



Mol. Crysf. Liq. Crysr. 1985, Vol. 118. pp. 4144 
0026-8941 1851 I I84-004 I 1$10.00/0 
0 1985 Gordon and Breach. Science Publishers, Inc. and OPA Ltd. 
Printed in the United States of America 

SOLITON ENERGETICS IN EXTENDED PEIERLS-HUBBARD MODELS: 
A QUANTUM MONTE CARL0 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 
effects o f  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. 

Using quantum Monte Carlo techniques, we study the 

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. 
diagonalization2’6 or quantum Monte Carlo techniques, 
established the need to go beyond earlier approximate treatments, 
including Hartree-Fock,’-’ perturbative ,8 and variational methods. 
In this brief note, we present partial results of a continuation 
of our previous study 
models; details will be published elsewhere. 

Several recent studies, 1-6 using exact 
3-5 have 

10 

5 of soliton energetics in Peierls-Hubbard 
11 

The model Hamiltonian is 
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42 D. K .  CAMPBELL, T. A.  DE GRAND AND S. MAZUMDAR 
+ where ni,u c. c and ni = 2 ni,u. In the physical context in 

which d describes trans-(CH)x, the displacements (ui) of the (CH) 
units along the chain are coupled (with strength CY) to the hopping 
term which transfers n-electrons between adjacent sites, the 
Hubbard U(>O) models the Coulomb repulsion occurring when two T[-  

electrons of  opposite spin (0 = 2%) occupy the same site (i.e., 
(CH) unit), and the Hubbard V -- 0 < V < U/2  -- describes nearest 
neighbor repulsion. 

U 
i,(J i,u 

0 I' 

- 
0 
x - - 
ti= - oa 

I I I I I I I I  
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U 

r 1 1 1 1 1 1 i r  
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0 V.1 
A V.2 
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4 

FIGURE 1 Magnitude of energy difference between neutral 
soliton and neutral dimer for N = 21: (a) V = 1,21 
V; (b) VlYz1 = 0. 

Using an "ensemble projector Monte Carlo" we have 

(for V = 0) previously5 (1) established that dimerization presists 
even for large U(2 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. 
figuration, which for the pure dimer is such that sequential 

As previ~usly,~ we work with a fixed phonon con- 
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SOLITON ENERGETICS IN EXTENDED PEIERLS-HUBBARD MODELS 

t r a n s f e r  i n t e g r a l s  a l t e r n a t e  between t+ 5 t o ( l + 2 6 ) ,  whi le  f o r  t h e  

" s i n g l e  s i te"  s o l i t o n 5 '  l1 i s  such t h a t - t h e  bond a l t e r n a t i o n  

r e v e r s e s  about t h e  c e n t r a l  s i t e .  We choose an N = 4n+l system 
(N = Zl), which choice ,  t o g e t h e r  w i t h  t h e  s i n g l e  s i t e  s o l i t o n ,  

e l i m i n a t e s  any e l a s t i c  energy d i f f e r e n c e s .  

I n  F i g s .  1 and 2 we p l o t  INs ( ,  t h e  magnitude of  t h e  energy 

43 

d i f f e r e n c e  between t h e  s o l i t o n  (S) (which always has  lower energy)  

and t h e  dimer (D) versus  U f o r  t h e  n e u t r a l  (Do,So) and p o s i t i v e  

(D , S  ) systems,  r e s p e c t i v e l y .  The d i f f e r e n t  symbols i n  each 
+ +  

0.2c 

- 0.13 
0 

f 
a - aic 

x - - 

0.0: 

I I I I I I I I ~  

1 1 

VI,Zl = 0 

v*o  
0 V * I  
A V = 2  
v v.3 

0 1 2 3 4 5 6 1  
U 

FIGURE 2 Magnitude o f  energy d i f f e r e n c e s  between charged 

s o l i t o n  and charged dimer f o r  N = 21: ( a )  V1,21 = 

V (b)  V1,21 = 0.  

f i g u r e  r e f e r  t o  d i f f e r e n t  v a l u e s  of  V.  Impor tan t ly ,  t o  o b t a i n  a 

r e s u l t  which can be e x t r a p o l a t e d  smoothly t o  t h e  i n f i n i t e  c h a i n ,  

it i s  e s s e n t i a l  t o  assume t h a t  V # 0;  t h a t  i s ,  a l though t h e r e  

i s  no hopping between si tes 1 and 21, one must i n c l u d e  a " n e a r e s t  

neighbor' '  r e p u l s i o n .  

provided elsewhere."  Here we simply n o t e  t h a t  t a k i n g  V1,21 = 0 

a r t i f i c i a l l y  breaks  t h e  symmetry between S and S-. I n  t h e  

1 ,21  

A f u l l  e x p l a n a t i o n  of  t h i s  e f f e c t  w i l l  be  

+ 
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44 D. K .  CAMPBELL. T. A .  DE GRAND AND S. MAZUMDAR 

i n f i n i t e  chain,  t h i s  symmetry should not be broken i n  our model; 

add i t iona l  phys ica l  e f f e c t s ,  such a s  a (a-n) coupling, a r e  required 

t o  break the  symmetry. I n  F igs .  1 and 2, t he  p a r t s  l abe l l ed  "a" 

have V1,21 = V whereas those l abe l l ed  "b" have V1,21 = 0;  no te  

t h e  dramatic d i f fe rences .  

vant "a" p a r t s ,  we observe seve ra l  important f ea tu re s .  F i r s t ,  

the  ground s t a t e  of  an odd chain i s  a s o l i t o n  f o r  both charged 

and neut ra l  systems even f o r  nonzero U and V. Second, t h e  degen- 

eracy between S and S is destroyed f o r  nonzero U and V .  Thi rd ,  

although it i s  not ind ica ted  on Fig.  2a, which shows only S , when 
t = S - ,  t o  wi th in  our Monte Carlo 

Focusing only on t h e  phys ica l ly  r e l e -  

0 + 
t 

= V our r e s u l t s  show t h a t  S v1 ,21 
e r r o r s .  Fourth, t h e  neu t r a l  s o l i t o n  s t a b i l i z a t i o n  energy decreases 

continuously with U ( f o r  V = 0)  and with U-V ( f o r  V # 0) .  

charged s o l i t o n  s t a b i l i z a t i o n  energy remains r e l a t i v e l y  f l a t  as U 

i s  increased f o r  V = 0 ,  while f o r  both U and V > 0 the  charged 

s o l i t o n  can be more s t a b l e  than t h e  pure P e i e r l s  (U = 0 = V) case .  

This very s t rong  s t a b i l i z a t i o n  of t he  charged s o l i t o n  may be 

responsible f o r  i t s  apparent ready formation i n  doping experi-  

ments. 

The 
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