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For the last years, a large number of theoretical [1-3 

and refa. therein] and experimental works [ 4-7) is concent::-ated 

on the problem of gen~tion of squee zed light. Poten ~ ial a pp l i 

cations of the squeezed light in th~ det e c ti on of gra~ i tJ wav e s 

is widely disoussed C2,8-9], 

The squeezing in the basic model of quant un op t i c s - t he 

Jaynes-Climmings-type model-has been c ons i d er ed i n t he papers 

[IO-15J, where the magnitude of s qu e e z t ng i s r a t he r small . 

In this letter we discuss the s qu c az r ng i n t he s pectrum 

oomponents of fluo::-escence f rom N two-l ev e l at oms i nt eracting 

with a strong cavity mode. We s how that in oon t rnst with the 

oollective resonance fluore s cence in a fr e e s pn ce , whe r e the 

squeezing is_absent in separ a t e spe c t r um oom po ne n t r 16 ] , for 

the proper paraoeters of the syst em t he s queez i ng is present 

only in ene separate sideband. The cond it ions f or ::- e ce i ving 

the large -~egt~e of t he squeezing havo b c en d i s cus s ed. 

We consider a system of N two-l ll.vel at oms i nt eracting with 

a single intens e caVity mode at fr e qu ency "'L (Ta v i S_C\ll1lI;Iin r;s 

model). In t he case when t he cavi t y mod e i s i p. t ense s o t t at 1t 

can be treated class i cal l y , the Hamiltonian of the s ys t em 1n th lJ 

i nt c rnc t i on r cpr u se nt at Lcn has the follo wi ng f O::-::1 [ 17J: 

H :I 0 (~l" - JI1 ) +- G (~J. t- ~.) , (1) 
..t. 

wh e r o 0 : W..z. - wI. 1.s t he detuni ng of t h e cavity :node WL. f r om 

thn ntorn10 r-ononn nce f r cq\ll:nc: y Wit ; G = - d1 1 Cl i s the r e

e nna nc u Ilnbl. r r uqucno y <1n ncr1 hlnp, t he in t c r n a l10 n o f th e cav ity 

med n wilh t hfl a tomie aya t l/lR j JJ.,. e ( Ie, l .: 1 , :' ) nr u t hn cc l l nc t Iv« 

(\n ~~ l nr momun t n or tho n l tllUi o nYlIl um hnvl.ll /l I II l ho :Je hwl n llo r 

r c pr ea e nt n t l on t h o f Orm h i = aL at ( 1.:., e • (,L) ) 

z 

where the operators aJc. and a.~ obey the boson commutation 

relation 

[ ak. I a/ 1 = J"t. 

and can be treated as annihilation and creation op erators for 

the atoms be Lng populated in the level J k. ') • 

We make the canonioal transformation permitting us to 

move from trace two-level atoms to atoms "dressed" by the 

external field 

a.- ;: W4 If Q + oSha,," &J.,. (2)oj 

Q,z.. : - sin: " {(i t CiJS If &.z.. 

where ttZ.If:..t.~/0 and the operators QIc,. and Q: satisfy 

the boson commutation relation 

[QIc. )~;J = Slc.e ( k, e = /,2.) 

Aftor the canonical transfar.ation (2), the Hamiltonian (I) be

oomes 

H = Sl (Q.z..t Q,v - Q,. r;). ) (J) 

n = (.!. JI. + U'" ) ttLwhero 
4 

Us1n~ tho I~unll to ni nn (J) one oa n find the explioit form 

:tor tho oper l1to r ll Q, (b), QJ.. Cot) and write tho oolleotive 

a.ngu l nr momonta of' ntomn 1n the t e r m 
t UJlt to -:ziAtJ 

~ , {+;) = So"" S..., Q + S_. Co (4) 

J.~ (i) =[~f (t)]ft ( ,) 
WhOTO 

So =st'n.tp C()J lp rw.s 1. If ~ ,.. Jh'l. <lJI t i . f J;.J J «(,) 

s.: :: cos 1lf [ (..O.!' II .ral _ sin:'lf!],t - .f.. sJ-n. <If J;] (7) 

I
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4s' _ (8)-. - shv If [ sin,1.1(1 s.: CJJJ LII .!,4 + ±Jrn- <lfI0 ] 

(9)J3 = 1;1. - 1,/ 

Following refs. [18J we define the transient spectrum of the 

fluorescence into other modes as 
T T 

SF (vJ) = 2,T5eLL:, 5dt.l ~p Lrr. iV) (L +1). rr .;. 1lJ) (L t)] 
o 0 

<:&I(t,)J,2.(tl)/e<p[-i(~h(iL-t4)] ) (ro) 

where r is the bandwidth of the de t ector, r i s t he t im e 

at which the spectrum is evaluated. The -!. •••> indi cat es the 

average over the initial state of the a tomi c system. 

By using the definition of fluoresc ence spec tr um (ro) and 

relations (4)-(5) one shows that f or the cas e of int ense caVity 

mode the members in spectrum (8), which are pr op or ti onal t o Jl .n, 
are ienored and t he ope rators S_f ) So and St1 can be co nsi

dered as the op er ator-sources of the spectrum components at 

frequenoies WI. - lil ,WL and CVL t 211, r es pe cUv ely[19]. 

Further, we disouss the squeeZing in t he spe ctr um compo

nents 50) S!:.-I • A:3 aa easily se en from the r eLa t ion (8), tho 

op er ator So i8 th o Hermitian operator So-l" = So and s qu e e z Lng 

ill absent for tho oontral spectrum component So 

Tho nquooz lnp, pro por ti oll of th e two s i de band s S.• a nd St·. 
mn,. bo ntudlcd by I n t r od uol n p, th e Hermiti a n operators 

s., = L~ + i L2 ( II ) 

5., = 1/.1 + l R:J.. ( 12 ) 

Wo op onk of "lJu llozl np, f.n thl! npo o t rum oomponont s 5.1 i f U w 

normnlly-ordor llil v n r l Ano o or t ho op ornl or u l.. or Ll. 16 Leua 

thnn ZOTO 

<: (i1 L1 / : ') <0 or <: (lJ.L.r '/ <0 (D) 

and in the spectrum component 5+1 if the normally-ordered 

variance of the op erators R, or R1. is Le 55 than zero 

~ : (6 R1 t .> <0 or c. (.1 R.~ s. 'l <0 (14) 

Let the atoms be initially in the fully s ymme t r i c collective 

state 

(15)fa,.. .= I 1\... J /'l..L '7 « 11.-1. ) n-1 I. 

wbere I'l..t and 1'1. are the population of the atoms i n exci ted
1 

and ground states, respeotively.
 

By using exp r es s i ons (7)-'.8) for the atolUo oporators S~.
 

and 5'1 lone findS
 

< :(.1L.t) = .i S I'"",,"I ~ [.!. NL~l Dl.+ N_ D,01 l ll ] :?O ) (16)
4- 'f.l .z. 

1<: (aLl.) ~ / ; - .i ~ i t1 Vcosll'f (D.t + co c.os - :;. V_N~. 2101)) (17 ) 

8 

, (1 8 ) <: (fj«, l:) :: t COSY-tj' [i (N t.- Dl.) +N + ucos l ip] ~ 0 

.( : (A R.. t : / = -1 r.os+lp CQt ~1f (OL. :LD t:.o5 · 1~ lf _ N~ 2 N) I (19 ) 
I 

"horo D:: n.l. _ 11.1 1 11 tho I niUa.l popul n U on 11lVOTolon o.t thu nt o-

mi o lI,. ntcm . !-' r om th l at iOnn (16)- (19) ono t ha.t t h 

IIqulIo lline mn,y be p ro llon t onl 1 1n out- O.t- llhIlDD uompunnrrt a L 

and ~ • 1'ho TcrinnOOIl ~ : ( lJLJ, )' .. ) and ( .. (Ll R,. )"".. > nr, 

d opnru1 on t on tho nYllt om paramot orn H,D nnd otg l..lp • Yo r t h o 011 

of th l nXAot r OllonnnOll otll: 411 -1 und t or t ho cn an whon UIO I nl t .1 nl 

<1 

, ~ 



atomio population inversion is equal to zero (D=O), as is seen 

from the relations (16)-(19) the squeezing is absent for all 

spectrum components of the fluorescence field. 

For the case when all the atoms are initially in the 

ground state, i.e. D=_N, the relations (17) and (19) reduce t o 

<:(ll. L.z..f: >=+- N sin 'rep car.2lp (" +- Cl)$.2.Cf) ' (20))
4 

<: Ul R.zJ >:: - N CO~~lf C()J ~lf ( -( - CLlJ ll.f) (21) 
~ 

Thus, the squeezing is present in the left sideband Sol if 

o(otgLIf < :1. (i.e. J /0 ) and it is present in t he right 

sideband Stl if ctgJ.lf'>1 (i.e. e5 <0 ). In this oase the 

varianoes c: (Ll L..)~) and (: (Ll (}.l.l: > are proportional to N. 

In the general case the conditions of the squeezinr, in the 

left sideband S-1 oan be found from tho re1Ation (17) in tho 

followinR forml 

U) «: (.1 Lz. /",' '> <0 

_1 I 

~J : (,t~ Jtp > 1 and D.> _c-oS <-If +- 0 ( 22) 

or 

o < c. ~1.lP <1. and D <_ c.o5 -~~lf - 0
1 

• ( 2) ) 

0, ( - I. ~ . ) '1z
whor e = W.s l. 1f + "II- .2./11 . 

( 1'4 ) 
Annlop,ou ely, tho oondL t; 10n:l for the nqueez1.ng 1n UIO Ti l~h 1; 1I11! U

bnnd St1 onn bo f ound f rom r ol ntl on (1 9) 1n t ho 1'0 1111 

( 11) <:(Il Ra.) L.. ) <0 
and 0 ( COj -1<1.p _ DI ( 2,}) dl"p > .1'1 

or 

0< dr/'I; ( nnd 0 > ··f 
" If 'f' 0 ( ~ (») 

whl'l T D 1.1 ( olm,! from q . ( 24) . 

Comparing relations (22) with (25) and relations (2) with 

(' 

(26) one shows that for the proper system parameters ctg~lf and D 
the squeezing is present only in one of the side-bands but not 

simultaneously in the two side-bands. These results are different 

from the steady-state collective resonance fluorescence in an 

intense laser field and in a free space[16Jwhere the squeezing 

is absent in all the three spectrum components taken separately 

and it is present only in the mixture of the two sidebands as a 

result of the quantum correlation between them. In the other 

words, in the fluorescence field in the Tavis-Cummings model the 

one-mode squeeZing is presented while in the steady-state collecti

ve resonanoe fluoresoence in a free space only the two-mode squee

zing is presented C16]. 

The detailed behaviour of the relative variances Vl = (: 14 4. f-/'/ N 

(o o11d curves) andV1'l "(: (Li. p')..i':>/;I/ (dashed curves) 0.8 functi ons 

uga i ns t the po.rumot ere ctg"'l! for N-lO, D-1Q (curveo(j)) and D~-8 

(curveo @) 10 plot tod 1n the figure.All i o noon from the figure 

th(~ !l quo c zl n~ io moot 1l1r ge if 1111 the I.Lt omu 0.1'0 1ni t1ully in the 

gr ou.nd (o r oxcI t lllJ) II til t o. Tho r oduct i on of th o value 101 ent ui l s 

th e r educ t i on of th o li quo e ~ ing . 

Finally, we di neunn th e fuet or n of nquo o z1n~ fOT tho ntomie 

oporl\tor n LJ. nnd Rl. whioh hnvll tho 1'oll owln R f ormf16 

<: (lHd 1
: ) 

(27)FL = 
t I c r L.) i; J 

Fn = <: (~R, ) -.. > ( 28) 

where ;
1 I c t 12., I (J. L. J 

J. I <C L! I L, J >I ::: .i t //1 ~lf I 0I . I C.o·r2.lf I ( 29 ) ] 
~ 4
i I c [ RI ) R J) J = ~ COJ ~Cf / D/ . I CD~ lit I ( )O)

l 
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For the oase D"-N. u8in~ tho relatione (20)_( 21) 00e f1nd o 

of t GO' .ll/ if et~ ~If >1. 
FL :: 

[ _ (.., + COS <If) if 0 < ~ .l ll < 
( n ) 

_ (1_ UJS2.<p) d !Jl.t.p >1.it

F~ = l of_ W!.2.1./ if o <: cJglCI « 1. 

( ) 2) 

ThUll, t h ll !I\otll r of nquOOll1ng ~ enn t end t o tho limit ed valu 

11. --I (:1.o.thoIOQ't, of IIquoolill ng) 1 r altion ot ,( ll ~ 1 

II 

and the fae tor of squeezing can tend to the limited value~ 
FA. .. -1 in the small region ctg~ 9 1 • We note that in the 

case of exact res onanc e ctg2 lf =1 one shows «t L1 L,] >=0I ) J 

<[fl.,) R.1.J >:: 0 and in this case the concept of squeezing f or 

the commutating operators l-, Ll. and /2, ) Rl- loses sense. One can 

show that though the normally-ordered variances 

(: (lJ. Lz.) l: > and c. (L1 Qz..f > are the normally-

ordered variances of the spectrum components of the fluorescence 

field, the factor Fl and ~ for the atomic operators are not 

coincident With the factors of squeezing for the corresponding 

field operators due the influence of the free parts of the 

fluoresoence field on the commutators of the field operators. 

However. for the off-resonance case ctg2 ~ :t :t and N» 1 this 

influence is small and the described system can give the fluo

resoence sidebands with the nearly perfeot squeeZing. The 

squeeZing for the whole fluorescenoe field can be investigated 

anal gously and the results are in agreement With the previ.ous 

work [20.21]. 
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EI7-88-709 
lli )~OBCKHH A.C., Ta Ha c P., qaH KyaHr 

Pa CCMOTpeHO c ~ aTHe CBeTa B crreKTpanbHb~ KOMrr OHeHTax 
~nyopec~eH~HH N a TOMO B B Hge anbHOM pe30 HaT ope IMOAenb 
TaBHc a - Ka MMHHr c al. IToKa 3aHO, q TO B OTn Hq He OT KonneKTHB
HO H pe3 0HaHCHOH ~ny opec~eH~HH B CB o6oAHOM npocTPaHcTBe/16/1 
An H orrpe AeneHHoro nOA 6opa n apaMeTpO B CHCTeMW c.aTHe cy
~e c TByeT TonbKO B oT AenbHoH KpaH He H KOMrrOHeHTe ~nyopec
~eHTHo ro c ne KTpa . 0 6c~AeHo y cnoBHe no n yq e HHH 60n billO H CTe 
ueHH c~a T H H . 

Pa 60Ta BbmonHeHa B n a6opaTopHH Te Op e THqe CKOH ~H3HKH 

OHHH. 

Ilpenpanr 06'bellltHeHHOro HHcTltTyTa anepnsrx ItCCnell0BlUfHH. ily6Ha 1988 

Shumuv s ky 1\. S., 'I'a na s IL, 'l' r a n Qu ang EI7-88-7 09 
Li gh t Squeez i ng in Ta v is - CUlllmings 
Mnd l' I 

'l'hc I i g h t squ c cz i.ng in t he f I u o r c s c c nc e spectrum CO Ill 

pou c n t s fr om N t wo- l e v e l a t oms i.n a c a v i t y (Tavi s - C UIIl " · 

mi u gs mod u l.) i s c o n s i de red . l t i s s ho wn t ha t in co n t ra s t 
wi t h t h c Co O II c c t i v e r e s on an c e f l uo r e s c c n c e in a s p.:Ic e l I (I I 

[ o r 1:I 1 1~ p r o pe r pn r a mc t c r s o f t hc ay s t e m t h e s q ueez i n g i n 
pre S l: n L: 0 nl y i n 0 II c S t~ pa r II t u s i ll o II a nd 0 f t he flu 0 r e s t: l~ n" ,', 
s poc t r uui. Th e c o ud i t i.ou s f or r e cc i.v i. ng t he l ar ge d c g rtll' 
of the s qu e c z i n g hav e hc un d i uc u sucd . 
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