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INFLUENCE OF D I S S I P A T I O N  ON QUANTUM SOLITON P A I R  
CREATION I N  THE SINE-GORDON MODEL 

KAZUO HIDA* and ULRICH ECKERN 
I n s t i t u t  f u r  Theorie der Kondensierten Materie, 
U n i v e r s i t a t  Karlsruhe, D7500 Karlsruhe, FRG. 

Abs t rac t  The in f luence o f  d i s s i p a t i o n  on the quantum 
s a l i t o n - a n t i s o l i t o n  p a i r  c rea t i on  r a t e  P i s  ca l cu la ted  
f o r  the sine-Gordon model using the  path i n t e g r a l  fo rmula t ion .  
The ex terna l  f i e l d  dependence o f  P i s  shown t o  change 
d r a s t i c a l l y  i n  the weak f i e l d  l i m i t .  The r e l a t i o n  t o  the  
e l e c t r i c  conduc t i v i t y  o f  commensurability pinned CDW i s  
discussed. 

INTRODUCTION 

It was suggested by Makil  t h a t  the  quantum c rea t i on  o f  s o l i t o n -  
a n t i s o l i t o n  pa i r s  i n  the  sine-Gordon model i s  r e l a t e d  t o  the  

e l e c t r i c  conduction i n  commensurate CDW system. I n  s o l i d  s t a t e  
physics, s o l i t o n s  are  usua l l y  coupled t o  a heat bath and sub jec t  
t o  damping. The purpose o f  t he  present work i s  t o  i n v e s t i g a t e  
the in f luence o f  d i s s i p a t i o n  on the quantum p a i r  c r e a t i o n  r a t e  
o f  s o l i t o n s .  

THE MODEL 

We consider the  one-dimensional quantum sine-Gordon model i n  an 
ex terna l  f i e l d  whose Lagrangian i s  given by 

where cp i s  the bose f i e l d ,  E the externa 

constant, and w the  frequency o f  small  

coscp-1:) + Ecp) ( 1  

f i e l d ,  A a p o s i t i v e  
amp1 i tude o s c i  1 l a t i o n s  

The no ta t i on  :: denotes the normal product. 
n L When E i s  smal ler  than cC = 2~ , t h i s  system has an i n f i n i t e  

ser ies  o f  metastable s ta tes  w i t h  values o f  cp = cpo t 2n1~ (n: integer) ,  
where cpo vanishes i f  E = 0. The decay r a t e  P o f  one o f  those 
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468 K. HIDA AND U. ECKERN 

states, i n  the semiclassical  approximation, i s  given by2 
P=K.exp(-SB), where K i s  a determinantal fac to r ,  and SB the 
Euclidean ac t i on  S, evaluated f o r  a s i n g l e  
Spec i f i ca l l y ,  S i s  g iven by 

s 2 y 3 .  

S = - [ t E d ~ t S d  (2 )  

whereJE i s  obtained f r o m 2  by t+- iT,  and the  coupl ing t o  the  heat 
bath i s  described by’ 

m 

-m 

I n  the l i m i t  o f  small E , the bounce i s  a bubble with ( P = ~ I T  on the 
X-T plane i n  a background w i t h  cp=O, and the  s i z e  o f  the  bubble 
i s  much l a r g e r  than i t s  w a l l  ( t h i n  wa l l  approximation). 

RESULTS 

For weak damping (rlzno/A << w )  we f i n d  the fo l l ow ing  resu l t s :  

P Q exp(-128w2A/~) (4a) 

The expression (4a) coincides w i t h  t h a t  o f  Maki’. I n  the presence o f  
d iss ipa t ion ,  however, t h i s  does no t  ho ld  fo r  small E , and the  
crossover t o  the expression (4b) i s  found. 

For strong damping (rl nu), we f i n d  

P Q (8% /IT E)  
2 2 -128rluA/~ 

( 5 )  

DISCUSS ION 

The correspondence between our Lagrangian and t h a t  o f  the  

commensurability pinned CDW i s  given i n  Table I 
l a t t e r  system, P i s  p ropor t iona l  t o  the  e l e c t r i c  conduc t i v i t y  

I n  the  
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INFLUENCE OF DISSIPATION ON QUANTUM SOLITON PAIR CREATION 469 

present system 

except a p re fac to r  which i s  weakly dependent on E 

absence o f  d i ss ipa t i on ,  the t y p i c a l  sca le  o f  the  e l e c t r i c  f i e l d  
i s  given by E~ = 6 4 A ~ ~  = (16vF/~coN ) E ~ .  Although vF 2 10 ... 10 c o y  
quantum tunne l ing  phenomena could be observed be fore  the CDW 
i s  depinned c l a s s i c a l l y  i f  commensurabi l i ty i s  h igh enough. 

On the o ther  hand, our r e s u l t s  shows t h a t  the  t y p i c a l  sca le  o f  
e l e c t r i c  f i e l d  i n  the d i s s i p a t i v e  case i s  given by ~~=128nwA,  

which i s  smal le r  than E~ f o r  small q . 
w i l l  be publ ished elsewhere . 
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. I n  the  

2 2 

The de ta i l ed  c a l c u l a t i o n  
7 

One 

TABLE I 
pinned CDW and the present system. N: commensurability; 
co: phason ve loc i t y ;  e: e lec t ron i c  charge; E :  e l e c t r i c  
f i e l d ;  vF: Fermi ve loc i t y ;  ‘r2: backward s c a t t e r i n g  t ime 
due t o  impur i t i es .  

Correspondence between the  commensurabi 1 i ty 

cp A E n 

I 

V F 0, 4eNc2 ‘,2 
2 

Commensurabil i t y  

pinned CDW 
‘2’F vF -2 4~rN c0 
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