


I n  r e c e n t  yeare ,  t h e  problem of squeezing beoomee t h e  cent-  

r a l  problem of quantum o p t i c s [ l - 3  and r e f e .  the re in)  The eque- 

ezed l i g h t  hae been genera ted  i n  eome labora tor iee [4-71  and ap- 

p l i o a t i o n e  of t h e  equeezed l i g h t  hnve been widely dieoueeed[8-11). 

I n  t h e  papere[12,13J Hong and Mandel introduoec! 8 higher-order  

equeeaed e t e t e  t o  t h e  (2N)th o r d e r  i f  t h e  expeote t ion  ve lue  of  

t h e  (2N)th power of t h e  ,d i f fe renoe  between a f i e l d  quadra ture  oom- 

ponent and i t e  mean va lue  i e  l e e e  than  i t  would be i n  a ooherent 

e t a t e .  The higher-order  equeezed e t a t e e  def ined  by Hong and Msndel 

a r e  n o n o l a e e i c a l  e t a t e e ,  and they  a r e  examined i n  a number o f  

prooeeeee euoh a e  reeonanoe f luoreeoence[l3J  , eecond harmonio 

genera t ion  [I 3,143 and J a m e s  - Cummings model [15 1 . 
I n  reoen t  worke [ 1 6 , 1 7 ) ~ i l l e r ~  hee introduoed equeezing of  

t h e  equare of t h e  f i e l d  ampli tude whioh i e  a l e o  nonolaes ioa l  ef- 

f e o t  and i r  e x q l n e d  i n  harmonio g e n e r a t i o n  [l6,17) and two-atom 

reeonanoe fluoreroenoe[43].Tnpreeent work we ooneider  t h e  amplitude- 

rquared equeeaing i n  o o l l e o t i v e  reeonanoe f luoreeoenoe i n  an i n -  

t r n e e  e x t e r n a l  f i e l d .  It i s  shown t h a t  oont rnry  t o  t h e  mingle-atom 

oaee, t h e  amplitude-equared equeezing ooours i n  o o l l e o t i v e  reso-  

nanoe f luoreeoenoe.  The amplitude-gquared squeezing l e  p r e r e n t  

only i n  t h e  mixture of  two eidebands but  n o t  i n  r e p a r a t e  epeotrum 

components o r  i n  t h e  whole f luoreeoenoe f i e l d .  It i r  rhown t h a t  

t h e  o o l l e o t i v e  e f f e o t e  i n o r e a e e  t h e  degree of  t h e  amplitude-squared 

equeeaing. The i n f l u e n o e  of  t h e  thermal  r e e e r v o i r  on t h e  degree 

of  squeeaing i s  a l e o  disoueeed. 

Let N two-level atome be wonoentrated i n  a r e g i o n  emall  

oompared t o  t h e  wave-length of  all t h e  r o l e v a n t  r a d i a t i o n  mode8 

(Moke model). The atome a r e  d r i v e n  by a mingle-mode ooherent 

f i e l d  o i  t h e  frequenoy WL and ooupled t o  a r e s e r v o i r  oonta in ing  

a l l  modes o f  t h s  r a d i a t i o n .  I n  t r e a t i n g  t h e  e x t e r n a i  f i e l d  c l a s -  

s i c a l l j r  and u s i n g  rhe  Markov and r o t a t i n g  wave approximation f o r  

d e s c r i b i n g  t h e  coupl ing  of t h e  system wi th  t h e  thermal  r e s e r v o i r ,  

one a r r i v e s  a t  t h e  f o l l o w i n g  rcaster equa t ion  f o r  t h e  reduced 

atomic denbi ty  o p e r a t o r s [ l a J  : 

where 8: 2, - ut i s  t h e  deturiing of  t h e  l a s e r  f requency 

from t h e  atomic resonance frequency Cda4 ( = 9 - ~d,  I 

% 1  C = - <4 E, i s  t h e  resonant  Rabi f requency;  6/ i s  t h e  

spsntaileous t r a n s i t i o n  r a t e  from t h e  e x c i t e d  l e v e l  12 > t o  t h e  

ground s t a t e  I 1  ) ; 

- - + = 5; /dd, ) = C ~ . ~ P ~ ' ~ + / K I P I  - -f 3 is t h e  

Eieai p ro ton  n m b e r  i n  %he broad-band ~ h e r m a l  f i e l d  a t  f requency 

a r e  t h e  c o l l e c t i v e  opere.tors (angula r  momenta) of t h e  a t o r d c  

system. 

It i s  u s e f u l  t o  n o t e  t h a t  t h o  master  ~qrr .a t ion i t >  <an be 

a p g l i e d  r o  t h e  case  of  many Rydberg axoms i n  a low-Q c r v i t y  

p rov id ing  t" i s  r e p l a c e d  by t h e  a p p r o p r i a t e  c a v i t y  damping cons- 

t ? r ~ l ,  b k te(/ c k Z ,  8; 1 ) , where k i s  , he decay cons tan t  o f  

* * , ~ e  r,a":ty, i s  t h e  a ton-cav i ty  no& coupl ing  cous tan t  and 

- 
8 is the  oavi ty ist~irdrlgT19J a:); i s  taken  a t  t h o  f r a -  

quenuy of t h e  si.ngle--;:u\r"y mode. 
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For the one-atom case one can use the operator relation 

pd.,. gi;., = K..,$.+. ( ~ ; j , ~ ' , ' ; ' z  ) , 
' J  ' J 

then eq.(21) reduces to 

: :  > = 0 , 
thus the amplitude-squared squezing is absent for the single- 

atom resonance fluorescence . The amplitude-squared squeezing is 
also absent for the case of exact resonance. 

The behaviour of the relative normal-ordered varimce 

C: c ~ E , ) ~ :  > / c N ~ Y ~ )  4s a function of the parameter - 
~od '$  for the case of = 0 a d  for various numbers of atoms 

is shown in Fig.1. As is seen in Fig. 1, the enhancement of the 

degree of amplitude-squared squeezing occurs when the number of 

atoms increases. 

Fig. 1. Relative normal-ordered variance -(; ( A  Ez 1': > / ( , v a y z  1 
- 

as a function of the parameter c o ~ ~ $  for a = 0. 

The curves (1)-(4) correspond = 2, 20, 50, 100. 

The ~nfluence of the thermal reservoir on the amplitude- 

squared squeezing is shown in Fig.1 and 2 where the relative 

normal-ordered variance (: (dEJ )': > / ( l y Z p f  ) is plotted as 

a function of the parameter C ~ J ' G  for h1 = 50 and for various 

values of the thernal field intensity (Fig.2) or as a function of 

t .? 
Fig. 2. Relative normal-ordered variance d:  ( d  :> /(# ) - 

as a function of the parameter for = 0.4. 

The curves (1)-(3) correspond N = 2, 50, 100. 

- 
the parameter 9~ for the case of cOSLe = 0.4 and for various 

numbers of atoms. As is seen from Figs. 1.2, the thermal field 

strongly affects the amplitude-squared squeezing in the mixture 

of two sidebands of Mollowls triplet. For the case of 

9, /z n 3 4 0  G H g  , T - 2 OK we have 6 = 0.1 and a large 

squeezing can be possible. 

Summaring this work we note that the amplitude-squared 

squeezing is investigated for collective resonance fluorescence. 

Contrary to the single-atom case, where the amplitude-squared 

squeezing is &sent, the amplitude-squared squeezing occurs in 

the mixture of two sidebands but not in separate spectrum compo- 

nents. The degree of amplitude-squared squeezing is enhanced 

with the number of atoms increases. The influence of the thermal 

field on the degree of amplitude-squared squeezing is also consi- 

dered in this work . 
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Lan L.H. et al. El 7-89-61 9 
Amplitude-Squared in Collective Resonance 
Fluorescence 

The amplitude-squared squeezing, defined by Hillery / 171 

in collective resonance fluorescence is considered. Cont- 
rary to the single-atom case the amplitude-squared squee- 
zing occurs in the mixture of sidebands of the collective 
fluorescence field. The enhancement of the degree of amp- 
litude-squared squeezing is shown when the number of atoms 
increases. The influence of the thermal field on the amp- 
litude-squared squeezing is also discussed. 

The investigation has been ~erformed at the Laboratory 
of Theoretical Physics, JINR. 
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