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Squeezing - a new nonclassical effect in radiation theory ­

has recently become the ,Bubject of ext ens í.ve theoretical /1-16/ and 
experimental works /21/. Squeezing i8 characterized by a field state 

in whicb the variance Df two noncornmuting observables is less than 
one half of the absolute value of their cornmutator. The reduced quan­

d	 tum fluctuations in resonance fluorescence have been investigated 

in /9-15/. In tbe work /15/ the collective effects on squeezlng 
in resonanoe fluorescence have been discussed. In these works the 

reoeived squeezing was small. 

In this paper we discues the reduced quantum fluctuation Df 
tbe mixture of two Bpectrum sidebands in collective resonance fluo­

rescence. A large squeezing qf the m~xture Df sidebands is presented 

while it i~ absent for the whole field of resonance fluorescence. The 
N two-level atarna, concentrated in a regjon small cpmpared to the 

wavelength Df alI the relevant radiation modes, interact with a mono­
chromatic driving field wi th requency ~ and wi th an emi tted fj eld 

(Fig.1). In treating the externaI fl.eld classically and using the 
Born and Markov approximation with respect to the poupling of the 
system with the vacuurn field, one can olJtajn a'master equation for 

the reduced denai ty matrix.f for the system alone in the f'o rrn /17/ 

ai = - i [ f (.."!t.t- ~<f ) + q. (J.2"""~.t,) ) f J 
ôt 

~-I 

~-/ (~-f {~ f - ,{)t f J
~1 +)J..c.)= L~. 

(1) 

where .1; '1,(;( is t-he .r'ad í a tive s pcrit ane oue transi ti on proba bility 

per uni t t í.me for a a í.ng Le atam _t.o c ha nre fro.rn the Lev eI "1 2 ~ to 

1.4'>; E;= W.I./ - Li) ia the í requnecy vô-at urrí ng of 8' r ee onanc e a 
Ú" = oI.z.~ E is. the met r í x elernent o f the dr í v ng field and atol<IJ o	 í 

lnteraction. The opera tare · = f. 1 ,: ~ <J 1 ; (t~ j" =4; ..t) 
< ,I ~	 

.Ti J 11:=/ te 
are the collective angular momenta ~f the etorna. They satisfy the 
commutation relation 

[J':·/J·~·,J= J·./O .. __ J./.ã,"/
J -	 » f..J Jt l.J '-J 

The atol..ie eoherenoe phenome r.a 8~ Le I Ll.ue t r-at ed wj'1h r rea t er­
lucidity by introducing tt~ Jchwirger yppresentatj2! fur argular 

Ob.ellirlelíHh.i~ IDicnrryT 1 
U~WX RtclfeaoBlmII 

1 ~IA~ Uf..I'~;T!=M A 



momentum /22/ 

-I
J .. = C,~, ( L'~ i; ~..t.).

(. J ·t J 

V/here Ci. obey the boson commutation relation 

[ c. c : = 0., ,
(. .I J' l. J 

Further, we consider only the case of intenee driving field or l~ rI 
1I'~1 

jof large detuning ~ so that 

:l. l.)~~ V...!L -:.(lá-+Cr »N0,t4' 
If (2 ) 

After performing the canonical transformation 

c-( z: Cos ~ G" -f Sin ~ G.t,. 

-fC.:z.. = - sin y G", ÚJ$ ~ Cil-z ' 

.2.6- () 
-- Jwhere i';} ~f z: 
Õ 

one can find that the Liouville operator L appearing in equation 
(1) splits into two componente Lo and L1 • The component Lo 
Ls slowly varying in time whereae L-1 contains rap.idly oscillating 

terms at f~equenciee 2st and 4 J1 • For the case of in tense dri ­
ving field or large detuning ~ ao that the condition (2) is satis­
fied, it i8 reasonable to make the secular approximation, i.e., to 
retain only the alowly varying part /11,18/. A correction to the re­
sulta obtained in this fashion will be of an order of (~~/Jt)~ 

Making the aecular approximation, one can find the station8ry 
eolution of the maater equation 

" li
U~U-l= Z- L X Ali I Alf >c "" I. JI(f - = 

Ití~ o 
(4) 

~here U ia f.I unita~y operator repres'erÍting the cenonica],. 'trens--, 
formation (J) " 

",. N1~_ .(, J +r: , 
• ' J 1z -,~,o:. C ",7" ,/ " ... ''x. --f 

" ~~..
 
;
 

...­
2 

J N-f '> is an eigenstate of the operators N= R RF21 ;f I 1;( '1 ..t~ 
here
 

R l.J' = QI,.'~ ~J' ( l.'.1 i = 1~ L) .
 

The operatora Q. sa"tisfy the 'boson commutation relation 
l. 

[G, Q."1J - Ô" 
LI J - I.J 

80 that 

[ R," J R. I", /' ] z: R".,~. /J' - R '/. Ó, . /' . (5)
J (, J "J (. J (,J 

In the case of resonance X= 1, the solution (4) reduces to the 
aolution of Agarwal "et alo /17/ • 

By using solution (4) one can calculate the statistical 
moments <: R. It\ > where « 8~ indicates the expectation value 
of an operator oS B in steady-state (4),. In particular, we find 

11+1 N:-t4 
N X - W."I ) X oi X 

('R '>=-­ (6)...., s 
(~ _ -I ) ( J( li.,. ": '" ) 

N2.Xu+t (-2.N!J.+.2N_1)X N t ; (#1./ )LXN"!X~X.t. 

-< R"f ~ = (X _ -t ).t. ( X V+ <; 1 ) 
~ (7 ) 

The variance of the fluctuations in the fluorescent field rnay 
be derived by uaing the following relatjon between the radia­
tion field and the atomic operetor in the far-field limit /12-15/: 

-\ Ao -('tV(~-~ )(+t -:, {~l -., <f{~):r ,{t- _)eE (K/'tJ:: E r>cltJ + ":l. C'
f-ue (8) 

where _'"') -"-4 
)( }((ci)()( ) 

~ W L I
<li (y.) :=
 

,1,1f r c 2. 
,t~
 

o 
~ ..., •
oL anà X are the transition diQole moment and the observation 
point vector, respectively; ...t. = ,';{ J 

/
' E(t) is the positive-fre­

quency part of the radíation field. 

We shall conaider the variance of fluctuations in the in-phase 
( E.,) and out-of-phase componente (E.z) of the scattered field 
ampli tude 
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JE =	 1. (Eff'i '-E l- ) and E..r.. = ~t, (E.{"f_' E l-J) . <: (I:> ~/..: >= f -: R,.z R..l 1 ~ S l,"n.t..q. 
., .:t 

+ .i	 UJs 2. ç , 
(9 )	 < R..Lf 1<12.. ~ ~ 

(14 )
ile	 speak of squeezing in the radiation f'Le Ld if the normally orde­

where 
red variance of the electric components E1 or E:z. is less than 

zero /12-15/. 
..t. ..t.t. « : ( s E1 ) : >= < E., : '> - «E~ > <o	 -: «...lA {(.u. ~ = - < R..,: -3- 1" (N -4) c R".., ~ -t N ,(15 )' 

.t.. -tor .t.-	 < O, 
~) <: R R. > = - -: R t.? + (N.,./ ) < R1 ;> • 

( t> E.,t.) : .> -= -c : E.:z. : '> -<'E.z. >	 {.:l, .,2,.f S 11 S -1 S< 
(10)	 (16 ) 

From the canonical, transformation (3), one can find The va Luea «R"4 ~ and <t<.,~':; can be found in rela tions (6-7). 
From relations (13-14) one can see that tbe squeezing occurs 

R»a /) t:n .t..~ ..,. (~..z - R1 -1 ) Súa q {pJ 9' in the in-phase compor'lent E., • The detailed behaviour of t he nor­
:f.,t -1	 = R.l-1 (,0 S %,. ~ 

mally ordered variance of the electric component E4 against the 
para~eter ~ is plotted in Fig. 2. As 1s sbown in Fig. 2, the 

R-tA sin: t.(j + ( R.l.~ - 'R"4 ) 4e.n y CoS Y" J-1:z..= F<1.2.~s'L9 substantial squeezing occurs for tbe mixture Df two sidebands while 
the optimum normally ordered variance Df the electric components Df 

(1 f) the whole scattered field can r eac h the value - f:l I <t1.2. /10/ .and 
Due to Apanasevich and Kilin /19/ one can consider the operators for our caSe Df intense driving field or large detuning d tbe 

R.t4 (i") , I$.l. (f) and ~..2. (1-)- R.,,,(t-) as the sources, Df spect- squeezing Df the wholé scattered field is absent. I~ concltision 
rum components a t frequencies W-t!l..n. , W-..2. Jl. and c::..v • The	 we note that the factor Df squeezing for atom~c operators 
reduced quantum fluctuations for the whole scattered field are inves­

tigated in the work /9-14/. In this paper we consider only the reduc­	 ;r~ = i (J:,.:t. T ~ ) 

tion~ Df quantum fluctuations Df the m1xture of sidebands. After	 
"­"'" suus t t u t í.ng tbe operator J :t in the relation (8) by the operator	 :r - L (J :T )-í

1	 A. 12... Z1'# 
tV
 

j-t.to -= Rf:l. ÚJS~~ - R.:lI .$L"n l..~ 'can be de:(ined as /15/
 

-	 .t..(12 ) ,,2;< c~ ..T~) -?5 
a~d using the steady-state solution (4), one can find F,t:. = 

[<[~-,S;J?I (17 ) 

-- :t•	 II .:t < (6.r~) ~<: t» E" )%.: >- = ~ < R1.ll.. R ~ (St-'n ~5 - .5,n,~§ C;::J l.~) I. F,M = 
J< [ ~ -' 5~ J ? I 

(18 ) 

..,	 1 <r< R '> (Có-;j9§_ S,n.t..ç ÚS
Z§ ) , (13) By using the relat10n (12) one can show that the factor Df squeezing 

.:L ;Lf 42. s can	 reach the value F
1C 

'" 0.5 fop any number of atoms N • 
The authors thank Aliskenderov E.I. for helpful discussions. 
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Fig.I. Schematic representa­
Xtion of two-level system in­

teracting with monochromatic 
incident f í.eLd. 

Fig. 2. Normally ordered variance ~ 

~	 " <: t »E.,) : > as function ofX. I 
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06Hapy~eHO SHa~TenhHOe ITOH~eHHe KBaHTOBhlX ~KTya~A 
HnH C~aTHe CBeTa B CMeCH KpaAHHX cneKTpOB KOnneKTHBHOA peso­
HaHCHOA ~yopec~eH~H B cnyqae CHnbHoro BHemHero nonH HnH 
60nhmoAqacTOTHOH paccTpOHKH, KOr~a c~aTHe CBeTa He cy~eCTBy­
eT ~R nonHoro nonR ~yopec~eH~H. 
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The substantial reduced quantum fluctuations or squee­
zing of the mixture of two spectrum sidebands of collective 
resonance fluorescence are observed for the case of intense 
driving field or of large frequency detuning while they are 
absent in the whole field of resonance fluorescence. 

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