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QUANTUM FLUCTUATION OF THE ORDER P A W T E R  I N  POLYACETnENE 

ZHAO-BIN SU, YA-XIN WANG, AND LU YU 
Inst .  of Theor. Physics, Academia Sinica,  Beijing, CHINA. 

Abstract The e f f ec t s  of the l a t t i c e  quantum f luc tua t ion  upon 
the order parameter i n  the Pe ie r l s  systems a re  s tudied using 
the Green's function technique. The order parameter is redu- 
ced compared with the adiabatic value but survives the quan- 
t um f luctuat ions i n  agreement with the Monte Carlo simulation 
r e su l t s .  

INTRODUCTION 
I- 

I n  the standard model of the P e i e r l s i n s t a b i l i t y  as well as the SO- 

l i t o n  excitetion* the l a t t i c e  distortion is t reated as a c-number. 

However, the rmvrtwn f luctuat ions of t he  l a t t i  oe are  s ign i f i can t .  

The question whether the order parameter survives such f luc tua t ion  

w a s  discussed by Pu2 and Hirsch and Fradkin3 using the Monte Carlo 

technique. The quantum corrections t o  the phonon frequencies and 

the so l i t on  energy were considered by Nakahara and Maki. 4 

In  t h i s  paper we b r i e f l y  report  the r e s u l t s  of an ana ly t i ca l  

study on the e f f e c t s  of quantum f luctuat ions upon the  dimerization. 

A coupled system of in t eg ra l  equations f o r  the order parameter,the 

complex energy gap and the wave function renormalization is deriv- 

ed using the Green's function technique and i s  solved numerically 

f o r  different  s e t s  of parameters. The order parameter is always 

reduced compared with the adiabatic value but the dimerization per- 

sists. 
consistent with the Monte Carlo r e su l t s .  Detai ls  of t h i s  calculat-  

ion w i l l  be published elsewhere. 

In  case of trans- (CH) t h i s  reduction is  of 8 '$ which is 
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76 Z. 8. SU. Y. 2. WANG AND L. YU 

We start from the discrete  version of  the SSH Hamiltonian.' After 

carrying out the Fourier transformation and s h i f t i n g  the momentum 

origin we end up with the following Hamiltonian 

matrices, T the temperature. Unless specif ied otherwise, we w i l l  

use the SSH s e t  of parameters, namely, W = 4t  = 10 eV, q4.1 eV/ 

i, K= 21 ev/ A . 
THE COUPLED SYSTEM OF ECXlATIONS 

I n  the continuum l i m i t ,  t he  coupled system of equations f o r  the olu; 

der parameter and the  renormalized Green's functions f o r  e1.ectrons 

can be derived i n  the one-loop approximation e i t h e r  by use of the 

closed time-path Green's function formalism6 o r  using the Matsubara 

technique. 
The renormalized electron function can be writ ten as 
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QUANTUM FLUCTUATION OF THE ORDER PARAMETER IN POLYACETYLENE 77 

The coupled system of equations f o r  t h e  order parameter t i c )  

complex gap func t ion  A(oJ= r$ / Z and the  wave funct ion  reno- 

malization Z ( W )  is given by 

, t h e  

where 

and b(bdf i )  i s  the  phonon spectrum. 

enuation i n  t h e  s t r o n e  coupling theory of superconductivity7 a l -  

thou@ t h e  p h p i c a l  content i s  d i f f e r e n t .  

cons t ruc t ive  the re  where a8 it i s  des t ruc t ive  here f o r  t h e  order  

parameter as seen from the  negative sign i n  Eq. (11). 

This system of equations is very similar t o  t h e  El iashberP  

The el-ph i n t e r a c t i o n  is 

The stystem of equations (10) - (12) has been solved f o r  t h e  follow- 

i n g  phonon spectrum 

I 0, otherwise. 

with Wf = 0.1 eV, 

nonnali za t  i on condition. 
r = 0.03 eV, s= 3 and Be determined from t h e  

The r e s u l t s  f o r  t he  real and imaginary p a r t s  o f  A ( u )  and 
z(w) are shown i n  Figs. 1 and 2 correspondingly. As seen 

is x w h ~ ~ @ d  from the  curve, the  ~ e p  at t h e  band edge A ( @ ) =  W 
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I 8  Z. B. SU, Y. Z. WANG AND L. W 

compared with the adiabatic value 4. 0.867 eV. The order pare  

meter defined by (8) which is  a l so  the asymptotic value of A M )  f o r  
large w turns out t o  be q(0) I 0.804 eV. This value is  8 '$ redu- 

ced. Monte Carlo calculations give 15 o r  20 $ reduction. I n  

view of the  approximation involved i n  the  continuum l i m i t  such a& 

reement should be considered sat isfactory.  

3 2 

-90.16 

--0.12 

- -0.08 0.4- 

0.2. 

I .oo 
0.3 0 'Cr"crV) z * p  

O . 8 a  

FIGURE 1 Real and imaginary par ts  of the gap parameter 
c( =4.1 eV/ 1, 

for  

FIGURE 2 Real and imaginary parts for the  wave function re- 
normalization g(wJfor a( 4.1 eV/ 1. 

We have examined the  dependence of A(w) and L(W) upon vari- 
OW parameters. 
of the phonon spectrum and its cut-off as well as the electron cut- 

The r e s u l t s  obtained are  insensi t ive t o  the width 
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QUANTUM FLUCTUATION OF THE ORDER PARAMETER IN POLYACETYLENE 79 

of f  which we take as 5 eV. 

n i f i c a n t l y  i f  we modify t h e  el-ph coupling constant d . The gap 

parameter f o r  o( = 3.2eV i s  plot ted i n  fig.3. Here we f ind more 

overtones which are  suppressed by damping f o r  stronger coupling. 

However, t he  picture  changes qu i t e  s i p  

rnrAl ‘ 9d .ors  

- ~ 0 . O S O  

--O.OlS 

FIGURE 3 The gap parameter f o r  LX 3.2 eV/ A. 
We have a l so  calculated the densi ty  of states and the op t i ca l  

absorption with the lat t ice f luctuat ion being accounted for. These 

r e s u l t s  w i l l  be reported e l ~ e w h e r e . ~  The work i s  i n  progress t o  

consider the combined effects of the l a t t i c e  f luctuat ion and the  

Coulomb correlation. 
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