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I. Introduotlon 

In t h e  last yeare exolton propagetion I n  oondensed moleoular 
systems and the  Influenor of the  exolton-phonon In te rac t ion  on the  
propamtion rooess have b e m  orasidered I n  a nmber  of papers 
(see, 8.g. - . h par t los l a r ,  t h e  generalined master e q u t l o  PO/ (WB) method and the  s t o o h ~ t l o  L l o u r l l l e  equation approaoh 
were devqloped t o  t r e a t  the oohermt and lnooherent exolton motion 
from a twlf led  point  of v l w .  In t h e  exp l lo l t  oa loula t lons  the  exolton 
l a  a sum@d t o  $nteraot wlth a phonon bath I n  t h e m  equlllbrllrm 
/4sd whloh in a high temperature approximation o m  be rep1ao.d by 
t h e  ln t e rao t log  wl th  a o l a s s loa l  s toohast lo  f i e ld .  m e  s toohast lo  
approxlPgtlon qan be e r t l o u l a r l y  useful  in t r e a t 1  the  op t loa l  
I lneaUp,  probJem 3 12s7f and t h e  d isorder  lnfluenoe/ I. 

t he  o t4er  hand exolton propagation oan a l s o  be of I n t e r e s t  
l q  a no&-equillbrlm s l t l ra t lon  when some re leoted  v ib ra t ions  of the  
p4onon s;7st.a e r e  s t rongly  exolted. Thls e l tua t lon  r i g h t  be of im- 
portauoe f o r  so l id8  in whloh t h e  phonon syrtwa Is brought I n t o  a no- 
eqrnll lbrl ln etate/9/ ,  ba t  a l s o  I n  moleoular aggregates re levant  I n  
b io logloal  systems f o r  rh loh the presence of v ib ra t iona l  s t a t e s  h r r l a g  

/ I O /  a no-themal d i s t r i b u t i o n  has been dleoussed sInoe a long t i a e  . 
Furthemore I n  the  l i g h t  exposed ohlorophyll system of groen leave8 
e n e r n  tr-fer t o  tho  reaot lon oentres  Is rea l l aed  by e x o l t o ~  lud 

I 
t he re  a r e  indloat lons  f o r  the  simultaneous preaenoe of n o n - e q u i l l b r l ~  

/11/ phonon s t a t e s  I n  t h l s  sys tea  . 
I mi8 paper is a n  attempt t o  address the  problem of exol ten  

motion in a n o n - e q u l l l b r l u  s i t u a t i o n  by i m e s t l g a t l n g  exolton pro- 
pagation in the  presenoe of a s t rongly  exolted coherent v ib ra t ion  
wi th in  the  (H(E oonoept. Tt~o amplitude of the  driven v ib ra t ion  Is oon- 

I 
s idered a s  a n  order  parameter I n  the  phenomenologloal theom of 

I 

I 
seoond order phase t rans i t ions .  We use t h l s  g e m r d  foxmulation In 
order t o  omit t h e  mloroscoplo d e t a i l s  of the d r iv ing  meohania. 
This meobanisra Is desorlbed by same phenomenological pumpparmeter 
whloh f i x e s  the  pos i t ion  of t h e  amplitude. The plrmpparareter 1s arsu- 
med t o  f l u o t u a t e  around some moan value. Phese fluottmt10Ias model 
va r i a t ions  of t h e  energy supply I n t o  the  driven mode and r e s u l t  in 
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I n  our osse of e ro i ton  propagation ia t h e  f i e l d  of a d r iven  wave 
the  average over t h e  aapl i tude  n u o t u a t i o n e  i s  e s s m t i a l  t o  obta in  
the  kernel  of t h e  (IYB, beoause thlr average replaoea the  ueual puaatm 
meohaaiaal t r a o e  over the  bath va r i ab les  perfoamed t l t h  t h e  dexwity 
matrix. 

In order  t o  de r ive  the  QM we start f rm the  equation of motion 1 
f o r  the  om-par t io le  d m s i t y  a e t r i x  oorrespomdm t o  (1)-(3) 

I 

i % ~ c  = [ E  - c ,~tll + (v,,~,, - 
(3-t (11) 

i 
where f o r  ehortneee 1 

I 

w a s  lntrodaaed. Repreeentlng (11) a e  

and h e r t i n g  (13) i n t o  the  r.h.r.of (11) one obtaine f o r  the  exoitom 
oooupation fuaotione %(t) = gkk(t) t h e  equation 

P k  F 7 

Her we asemre that only neares t  ne ighbour t r an r fe r  elements 
V-k ktl .n a m e r e n t  from se ra  and ampler diagonal tnrtl.1 oondl- 

I 

I 
noam g ,(r-o) - rh%(*o) i. (14). ne y mot- ~ O - M O ~  
e l r e n t r  of t h e  f a n  kt2 and )erfolri . l l  t h e  s toohast io  average 

by deooupling the  produot ef t he  exponentials  and pklc ln  the  
r.h. s. of (14) ( the  braokete d .. . > a r e  Inoluded i n t o  the  def in i -  
t i o n  of q(t) ) one obta ins  the  following 

wi th  t h e  seoond order kernel  ln \Vl 
l- 

Here the  time a rgment  of the  kernel  i s  wr i t t en  i n  the  s t a t ioae ry  
faam, 1.e. a e  a funct ion of t-k. !h i s  f o m  r e s u l t s  a f t e r  the  complete 
noise  average indicated b r  the  brackets hae been perfomed. we note 
that the  kernel  (16) i s  the  c l@asical  version of that  0.e 7;)sIYg 
from the  polaron t ransf  ormatiop (see sec t ion 2.6.3 of ref .  ). 
Pina l ly  oonsidering a per iodic  ejetem with equal s i t e  energies a s  v t l l  
aa tr  f a r  matri laments taking the  f luo tua t ions  of the a p l i l u -  
det~ uCB(t) and ,f+'(t) of the  forward a d  backward t u n i n g  r a r t a  ~6 

Indepelld ent we obta in  

where 

%re  \ v l2 i e  the  neares t  neighbeur t r ans fe r  ~ a t r i x  elceent I ~~f 
f o r  leil asd ~ ~ - 5 % ~  a being the  l a t t i c e  c c n s t a t .  

3. Calculation of the  a kernel  

s e  e x p l i c i t  ca l cu la t i cn  of the  kernel  i s  a cent ra l  p o i r t  of tr.~ 
t ranspor t  theory based on the @HE. I n  our case the  kernel  i e  f t u c  

by perfoming the  average over the  f luo tua t ions  of the  aapll tude r t r ~ l -  
t i n g  from the  noise in (10). As a consequence of t h e  r e a l  p m p p a r ~ n t t t r  
f luc tua t ions  (8) tke  phase cancels out of the ~ D B ( I O ) ,  1.e. the 6 ~ e r a g e  
corresponding t o  (10) reduces t o  t h a t  over the f luc tua t ions  Of tbr 
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4. Disoussion of Jkoiton Propagation 

'Phe properties of exoiton propagation resul t ing froP the  
exp l io i t  f o a  of the  kernel (31) depend en the t i r e  soales s e t  by 
the  parameters 8 and r , a s  re11 a s  on the o s o i l l a t i o m  due to  the 
Besrel funo t ionrh ioh  a r e  governed by the parameter g preportional 
t o  the  mean amplitQde r, of the  driven r fb ra t ion  aooordlng t e  (32). 

Nrst of all r e  note tha t  f o r  t >> P-'the t i r e  deosvlng expomen- 
tial In (31) domlaates. In t h i s  t i r e  region the  exoiton progagation 
beoones dif fusion l l k e ,  1.e. the  mean square displaosment 

i s  proportional t o  t. Using the inequa l i t i e s  (28) and (30) r e  ebtain  
the  fo l lo r ing  expression f o r  the dif fusion ooeffioient D 

where C(g) l a  given by R 

In p u t i o u l a r ,  f o r  g < 1 t h i s  reduoes t o  

-1 -pt 
I n  the  t i r e  internal  X - 4  << C 4 P the  exponential e i n  (31) 
ensuring the  long time decay of the  kernel is  not effeotive,  on the 

of the  amplitude has oompletely . In t h i r  in te rna l  the  kernel (31) i s  non-de- 
owing  end oro i l l a t ing  i n d i o a t l q  a ooherent oomponent i n  the exoiton 
propagation. b i s  seen from the  argument of the b s s e l  function 

pronounoed osoi l la t ionr  ooour f o r  g 2 1. B e s e  e s o l l l a t l o ~ a  
modib the exoiton t ransper t  remukable. As a oonsequenoe the time 
dependent dif fusion ooeffioient ~ ( t ) -  ~ & < ~ ' k ~ >  beoomes step 
l l k e  in8remIng Instead of a s i r p l e  l inear ly  inoreasing behaviour 
U8rully found f o r  ooherent transfer.  

I n  the  shortes t  time i n t e r r a l  t 6 x - A  rad la l  relaxation has 
net oocurred yet and the kernel contain8 additional osci l la t ions  
due to  ooso t In the exponentlol i n f l u e n o i ~  the ooherent tmns- 
fer .  

% 

E 
A f u l l  disousrion of the  properties of exoiton propagation 

must be based m a nuaeriorl  ev u t i o n  of the kernel (Xl) and the 
resul t ing dirplaoement (33) r e  note the f o l l o ~ i n g  p i n t :  
b e  parameter r dividing the region of dif fusive motion from tha t  
of ooherent propagation oruoially depends on the re laxa t lon i l  pro- 
pe r t i es  of the anplitmde a s  expressed by the parameters i n  the 
oorrela t ion innotion (22). ~n p u t i o u l a r ,  r inoreares i f  the 
re laxat ien t i r e  ef the  rad ia l  f l u o t u t l o m  x-" \A.I-' ge ts  s h o r  
t a r ,  on the  e ther  hmd, t h i r  effeot  o.em be oompensated by a deorease 
of the  a m p l i t ~ d e  of pnmppuameter f l u o t u t i o n s  beoause of A'', Z/%. 
Honor by ohaaging the oharaoter is t ios  of the driven vibrat ion m e  
o m  inflmenee the t r a a r i t i o n  from the ooherent t o  dif fusive l i k e  
exoitan propagation. 
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