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I. Introduction 

The fundamental property of squeezed light is the reduced 

quantum fluctuations in the one-quadrature phase. 

After the early works by Caves [ 1J J in which the potential 

application of squeezed light for detection of gravitational 

waves was shown, a large amount of theoretical [2-16] and ex­

perimental works [17-18] is concentrated on the generation 

of squeezed light and its application to overcome the short­

-noise limit [19J. In recent works the radiative decay (21 J 
and spectroscopic properties [22 J of an atom interacting with 

a broad-band squeezed vacuum have been considered. 

In this work we discuss the collective resonance fluo­

rescence from N driven atoms which are damped by white squeezed 

noise. In the case of intense external field the stationary so­

lution for the density operator of the atomic system is given. 

In the general case (without the case of exact resonance) the 

density matrix of the atomic system is dependent on a phase 

difference of the driving field and squeezed vacuum. The depen­

dence of the spectrum of fluorescence and photon statistic~ of 

spectrum components on the parameters of the squeezed vacuum 

are analyzed. 

II. Basis equations 

Let N two-level atoms be concentrated in a region small com­

pared to the wave-length of all the relevant radiation modes 

(Dicke model). The atoms are interacting with a classical driv­

ing field of frequency~~ and with the quantized multimode ra-



diation field. The Hamiltonian of the system in tm electric 

dipole, rotating-wave approximations and in the interaction pic­

ture can be written in following forma 
I i .L -j .,_ 

H = i ~ ( J'.u - ~i ) 1- G e ~~ + G ~ ~.c-

.+ Hl'4cl + (~~r+.r,Lr+) I (1) 

where S = ~4 -~·t is the de tuning of the lase~ frequeney 
-•+ .. 

from the atomic resonance frequency~~; Ci t = /' E, where ,,t 
is the atomic dipole moment and E is the amplitude of the 

driving field; J"i.j ( i., j = .f,.t) are the collective (angular) ato­

mic operators which satisfy the commutation relations 

[ J.. L. , J = J .. , 8. '· - J., . 5. . , 
LJ ' I J IJ L J I J IIJ ) 

(2) 

H~4d is the free Hamiltonian for the quantized radiation field; 

r and r"' are operators defined in terms of the positive and 

negative frequency components of this field, respectively. 

The normal treatment of the resonance fl~orescence is con-

AiriP.'rAci i'n mR"V Wt"\'1'111-o r'>'1-')c:; 1 of"' ur'h-4...-'h +'hl!llo .-.,.a.,..+~- ..... ~ - .... ~.; ....... .c--
~"" ----- L-- -- ~ -- ··------ --- ,.---·---- -----·--·· 

field is initial~y taken in the usual vacuum state. 

In this work we assume that all the quantized radiation 

modes coupling to the atoms initially are squeezed [20-22]. 
The band-width of the squeezing is assumed to be sufficiently 

broad so that the squeezed vacuum appears as di-correlated 

squeezed white noise to the atoms. Then, the correlation func­
+ tiona for free parts r... and r (the noise operators) of 

"",~~ ~~~e 

the operators r and rt can be written as [20-22] 

(r.,. cor ct'>) = trPcfct.t'J 
fl'e~ ~,.~c 

) 

< r: cor+ ct'> > 
~,.~~ tr~c 

= lf(P+f) O(t-t-') 
,· tA 

= l'lGllf t'J'(t-~') } < r~ (t, r~ ct'> > 
;~l'~t ~,,~ 

(J) 

< r+ ct> r"' (t')> = r 1a1 e-';"o(t-t'> 
t,•t tl'~~ " 

2 

where t is the spontaneoua emission rate of an atom in the •+., 
uaual unsqueezed vacuum; P and Cl = I ell e ara the parameters .., 
characterizing the squeezing with f<lf" P(P+t), where the equa-

lity holds tor a minimum-uncertainty squeezed state. 

Using the relations (1) and (J) and after making the uni-
-i ~ .. (X. - :J. ) 

ta:ey tranatormation u = e r ~.. ff • one finds the master 

equation for the reduced density operator f of the atoms in 

the following form (20]: 
~f 

'at 
= - i [ .! 8. ( J,.t- J ) + G- ( J + J ) t:1 J .t "' f1 f.t li I .J 

1- ~ ( P+ 1) ( J1l f ~ 4 - ~~ ~~ f + H. C.) 

i' ~ p . ( J.tf f Ji~ - ~.t ~of f + H. C.) 

't -i.+ . .t. -lale (J fJ _J f.,. H.c.) 
~ tf ~~ lf 

'4> £ !l<llt' (J 11 _ J f + H.c.)a Lf 
1 . it It 1£ J (4) 

whP.,. .. rlt ~.f.~ .dl i" f:hA nhA"P nif'f'p,..pnr.P nf' the driVing f'ield 
I ~ . ,.-

and squeezed vacuum. 

Following previous works [2J,26j we introduce the Schwin-

ger representation for the collective atomic operators 

:r.. = 
IJ 

+ a... a.. 
l J 

(i,j = 1,.£) 

J ..• 
LJ 

(5) 

+ 
where the operators "'' and a.• obey the boson co11111utation 

relations 

c a.. a.~ ] = s .. 
' , J "I 

and can be treated aa the annihilation and creation operators 

for the atoll8 being populated in the level I ;, >. 
After performing the canonical (dressing) transformation 

~1 :: c., """ lj ~ c.~. s ,;.,., lj I 

(6) 

a...., = - ~ sin ~ + e..z. ~s ~ 

... ...~ ... :;:-

.. VJ!b;j:;·'*J;.<il KHC'i.S.IJ1 I 
U-e}l!iWX HC :: .~? l\OII!:lm~ 

~SJl~!C3TEHA -



where ~(.t.~) = .tG /6 J 

one can split the Liouville operator L appearing in equation 

(4} into the slowly varying part and the terms oscillating at 

frequencies .e .il and ~ 1l , with ..fl. denoting one half of the 

Rabi frequency. We assume here that the Rabi frequency is suf­

ficiently large and satisfies the relation 

.Jl. : ( .! d .e. + Ci .& ) f/fl >> N 1 

" In this case the secular approximation [23-24] is justified 

and we retain only the slowly varying part of the Liouville 

operator. We have then the master equation 

tJi 
at 

- c.. [ .ll. ( RU- RH ) , f ] + = 
+ & ( R3 f R~ -

... _, 
R~ 1 + H. c.) 

+ { X1 ( R1t f R~ 1 - R~4 R1.c f ) + 

+ Xl ( Rl~ f R.tt - R1~ RZ1 f) + H. €. j 

(7) 

(8) 

where R + . 
.. =C. c. (£,j::l,t.) are the collective operators of 
I-J £ J 

"dressed" atoms satisfying the commutation relation 

( R;. I R,.,.,) = R,. i' 8.,. - R.,. S .. ' 
•J •J •• 'J •J 'J 

& = t( P-tf- JQico.s+).sin•f.c:os.a~ 

X = !. ( P ( c.o.s'~~ + .sin•f )+. cos 4f + &IQ I c.o.s ~. 
1 I. 

. Si1f"li. eosiL' ] 
x., = I [ p ( GOS -+~ + s ,,. ., tj ) + .s '.,,+ ~ + .t 141 I Go.S ~. 

.s ,· "".& <'. Go s .. (j J 
R, = R.u- R11 

(9) 

(10) 

(11) 

(12) 

(1)) 

"' + f = T f T , where T is the unitary operator representing the 

canonical transformation (6). 
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II 

The maater equation (8) gives the exact steady-state 

solution 
"" 11-f 

f = 
-1 N z [ X I n., > < n1 I 

"f: 0 
where 

X = x1 I x.t J 

z = ( X II+ -I_ 1 ) I ( X - 1 ) 

The state I '"'-t ) is the eigenstate of the operators 

(14) 

(15) 

(16) 

R11 and 

RH + Rlt. • The solution (14) allows one to calculate all the 

stationary expectation values of the atomic observable&. Some 

of the results that will be needed for our further considerations 

are given in Appendix. In the case of exact resonance c~~ = 1 

one shon from (11 )-(12) and (15) that X= -1 and the solution 

(14) reduces to N 
..., -4 
f = ( ltl-t I) r. I ,.,., > < '"'1 I (17) 

flf = 0 

The solution (17) is independent of the parameters ~ a of the 

squeezed vacuum, consequently all the one-time expectation va­

luea of tbe atomic observable• are independent of that the 

vacuua is aqueezed or not. In the general off-resonance oaae 

the deuit7 operator i in (14) is phaae-aenaitive and all 

the atea~-atate expectation values of the atomic and field 

oO.ervablea are dependent on the parameters of aqueesed vaouua. 

In aeotiona III and IV we investigate the influence of the 

aqueesed vaouua on the fluorescent spectrum and photon atatia­

tioa of spectrum coaponenta. 

III. Stea4l-etate, fluorescence spectrum 

Pollowing the work (22] the steady-state spectrum of the 

fluorescent light baa been calculated as the Pourier transform 

of the atomic correlation function 

< J ('t) J .>. = {,,.. < J (t + 't) J (t) > 
Jf u, s f • :P ll u. 

(18) 

5 



This scheme for calculating the spectrum assumes that there 

exists a small "window" of unsqueezed vacuum modes through which 

we can view the fluorescence. For the case H>> P the intensity 

of the fluorescent field dominates over the squeezed noise thus 

a "window" of unsqueezed vacuum modes is unnecessary, where 

(···· ~ denotes an expectation value over the steady-state s 
(14). According to the transformation (16) we have 

... . .6r- 0 J {t): s,·nr;.c.os~ R1(t)+ cos~ R. (t>- SHt. :s" (t) 
t1 ill 4f u. 

The equations of motion for ( R . . C t)) can be derived b.J 
'J 

using the master equation (8), and have the following form 

(19) 

!:! < RJUJ) = - ~ < RJ(tJ)- ~ < R3"(tJ) + ~ (N~..tAI) I 

dt (20) 

cL <R ltJ) 
J.t u. = - .t~.ll < R1,_etJ)- ~ (R1tCt>)­

- :~ < { RJ Ct> I R1a c-tJ J. > ) 
cl ~o 
d.t' "·14 \f,;) = 

.l 
"" 0 I .A .. '* J.t " ··u .... ' / 

(21) 

(22) 

where 
\ R5 ct>, Riiet>J: R5 ltJtij(t)+ R•i(~JR1 CjJ , 

~ = 1 r [(P .. i )( ,,·n. ·~ .. l:4s-t~) + .1/Q 1 Q,s<l. c:os~. &i" cf ] 1 
0 (2J) 

l = r [ ( p .. f )(ftt.sin"~.cos"'~ )-li~ICdsl c::as\ Sin .. t; J I 
.. (24) 

a'c : r ( . s .c.'- ) - S £n § - cos 7 . 
.t (25) 

Equations (20)-(22) are so far exact. They contain, however, 

terms with the products of operators which make them unsolvable 

in the general case. 

For the one-atom case one can use the well-known operator 

relation· 

1{.. R .•. ~ = R .. , 8.~. ( i,i, i,~i'= "'~ .t) 
~J 'J 'J ' J 

(26) 

6 

and equations (20)-(22) reduce to the linear differential 

equations 

J, <.R (t)) =- ~ < R.Ct)) T .t~ 
tlt ~ :J 

4. < R Ct>):: -.till.< R
1 

ttJ) - ~ < R1• ltJ) } 
dt 1.t t ~ 

4 <. Rl4 lt>) = * < R1• CtJ >* cit ... t ... 

(27) 

(28) 

(29) 

Linear differential equations (27)-(29) are exact solvable and 

their solutions are in agreement with the previous work on the 

resonance fluorescence of an atom in a squeezed vacuum [22]. 

For the case of exact resonance, i.~., ct~L~ = -1 we have 

~:: o and all equations (20)-(22) reduce to exact solvable 

linear differential equations. 
In the general case, to deal with the product terms we apply 

a decorrelation scheme similar to that used b.J Coapagno and 

Persico [25]. The only difference consists in the fact that 

we decorrelate symmetrized products of operators (anticommu­

tator). Thia allows us to preserve one-atom terms unchanged and 

clearly separate them from the collective terms. The decorre­

lated operators that do not enter into the equation• as "proper" 

variables are replaced b.J their steady-state averages calcula­

ted with tha density matrix (14). 

< { R R. l ) = .t < R5 R,·. > = .t < R._); R .. • ()O) 1 5 I •j J ~ ill ol 'J 

With such approximations equations (20)-(22) have simple ex-

ponential solutions with the one-atom (i.e. ~ 1~ ) and collec-o I T 

tive (i,e. ~-<R5~) damping constant clearly separated. Upon 

neglecting the collective part one immediately obtains the one­

atom results. By using the denaity matrix (14), one can show 

that (23,25) in the case of large N the decorrelation (JO). 
-~ 

yielde a small error (with an order of N ) in the calcula-

tion of the steady-state fluorescent spectrum. The explicit 

expressions for the collective terms of the damping constants 

7 



can be obtained with the use of the steady-state averages 

given in Appendix. 

Using the relation (19), the soiutions of equations (20)-(22) 

and applying the quantum regression theorem (21], one obtains 

the following expressions for the correlat~n function (18) 
_. -Yf:-.tb.IZ.'!: 

<J.ti('t)~.r.>s :s,·nf-<Rt.t".tt1 t ., 

.; - ;; 't + .I. t."J'l. 't 
+ cos ~ . < R.r1 R1" ~ e .... 

.t " .l -lft" .t .. +sin 'f. COS';(< R, ~- Ie) e 0 
.,. s,·,. ~- C<J.S t; Ie ) 

where (31) 

The 

.t "' Ie = ~ C N + ~N) < R5 ~ / ~ 
,.., 
;yo = ~ ~ .rc < Ra >s -
~ = "t-t .,. "tc < R~ >s 

I (32) 

(33) 

(34) 

expressions for the weighting factors of the parti-

euler exponents are given in Appendix. 

The steady-state.spectrum of the fluorescent light is pro­

portional to the Pourier transform of the correlation function 

(31) and baa the following forma 

':11!1 -i (W- '"·l ) ~ 
Scud ... iRe [ S e . <~ C~JJ".1 .>- d~J= .t o .. ., ts ._. 

= 
.t ~ sC:n-~.~.cos.tq (<R~ 1- Ie). (W- WL)t..,. ~.t. + 

.... 
lf.,. 

+ c.os -+i. < Rl., Rt.t >s . C w- w~..- .c.a.yi -t i-t L 

...... 
¥. 

· t (R R ). · :a. ...... .,. + SUJ ~. 1t ..,_., S (W- WL. +.t.tl.) + iY.,. 

.t .. 
Ie . o C W- w~,. ) + l. , in !f co.s (j .t. (35) 

The fluorescence spectrum (35) contains three spectral linea 

centered at frequencies W = Wt. ; ""- .t .lJl • In the off-resonance 

case, i.e., when ci<J,t,~ f: -1 the central line at W: WL contains 

8 

the elastic component with the intenai ty proportional to N .c, 

and the Lorentzian shaped component with the linewidth ~ and 

intensity s,;,o~.f cos"'~ (</C
8
.t.>s- Ie) • The two-sidebands are 

Lorentziana of linewidth ~ centered at frequencies W= w'--.1.12. 

and W= W~,..,. .t.ll. , and having the intensities which are pro-

portional to S'n, "§ ( Rfl. ~f ~ and Cc.s f < ~~ R,, >s , rea­

pecti'lely. In the case of exact resonance we have ~: o and 

the spectrum (34) reduces to 

Sew).., ..!.. N(N+L> { Yo + 
fl. (W- W ) ~ Y .C. 
- L. • -

a ~ 5 ~ +- t--
IJ ( W- WL- .1.11.)

1 
-t i/ -t ( W- WL + .t.Jl}*_,. i/" J I (36) 

where ro and rt- are the one-atom linewidtha (see eqa. (23)­

(24)) being taken for the case of exact resonance 

.... = t [ p.,. i + IQI cos+] (37) 

l'.: ! r ~P+ J.- /til eos+1 · (38) 
.& - ~ -

It is clear from the relations (J6)-(JB) that in the case of 

exact resonance the elastic component vanishes, the intensi-
.r. 

ties of all three inelastic components are proportional to N 
and are independent of the parameters of squeezed vacuum while 

the linewidths, and consequently the peak intenaitiea, are 

dependent on the parameters of the squeezed vacuum and become the 

phase-sensitive quantities. For an illustration we assume the 

squeezed vacuum being in a highly squeezed minimum-uncertainty 

"' ~ state, i.e., P>> 4 and Q = (P1 P ) we havea 

{ 10 ~ .I.P"t if ~= 0 

r. r q, = n 
lt - if 

IP 

(39) 

~ 
r-. ~ P"t if q, = 0 

.. .,. ~ .t P'l' if q, = n 
(40) 

9 



thus, the sidebands are broadened while the central peak baa 

a supernat>lral or subnatural linewidth by changing the phase 

difference + by IT • 

In another case when P ~< 4 and 
..& ¥.t. 

Gl = (Pof P ) we have 

~~::l(_i+fP)> 

¥0 % 'i ( 1 - rp ) < 

J' 
i 
y 
:L 

~ 
t. ::: !.cl-fP)< .!r 
~ .& .z. lt 
- ~ ¥... ::: - ( 1 -t r, ) > 1. )' .z. .z. At 

~~ .; = 0 I 
(41) 

,·I f = IT 

it ~ = 0 
(42) 

,· t q = IJ 

thus the narrowing or expansion of the linewidtha of the cent­

ral component and sidebands take place in the dependence on 

the phase difference q . We note that the narrowing or expan­

sion of the linewidths are sufficiently large when squeezed va­

cuum is in highly squeezed ( P » 4) minimum-uncertainty state 

(see relations (39)-(40)). 

UI ~u~ uZZ-~cgwua~~= =~==· ~= ~~ ~!~·~ ~~nm A~~· (12)-(13) 

the linewidthe contain the one-atom ( ~ ; ~ } and collective 

parts ( ~ < R~ >s ) and they are, in the general case, dependent 

on the parameters of squeezed vacuum. For large numbers of 

atoms II» 4 from relation for< R., ~ given in Appendix one 

finds 

~{R~ ~ ~ ! N 
t I . ~ .r.. I 

Stn ~ - CoS f it ci1£~ 1- I J 

(43) 
thus, for the case of N >> 1 the collective part of the spectrum 

linewidths is independent of the parameters of squeezed vacuum 

and dominates over the one-atom parts ~, t
1 

• Consequently the 
spectrum linewidths are approximately independent of that ·the 

vacuum is squeezed or not. 

Contrary to the exact-resonance case the intensities of 

the spectrum components are strongly depend on the parameters 

of the squeezed vacuum. In fig. 1 a-d the relative intensities 

10 
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of the two sideban~s. i.e •• the quantities I_.,;N = sin.§ <~,~ 
(dashed curves) and It_, IN =Cos4~·<'5o,Rt.t~ /N ~olid curves) 

are plotted as functions of tha parameter cit} {j for vari-

01111 values of p , I q I and tjJ • In fig. 2a-b the relative 

intenaity of the central line (the sum of elastic and inelastic 

components), i.e •• the quantity ro;,, = St"n .. !f cos"~< RJ. ~I l(t. 
is plotted as a function of the parameter ct~ "'t; for the same 

values of P, 1 Q I and cp • It is clear from figs. (1 )-(.2.), 

except for the point of exact resonance, that the intensities 

of spectrum components are strongly dependent on the parameters 

of squeezed vacuum and become phase-sensitive values. In un-

squeezed vacuum (see curves in fig. 1, 2 the intensities of 

the two sidebands are equal and spectrum is symmetric. In the 

squeezed vacuum (see curves 2 and 3 in figs.1 a-d) the inten­

siti~s of two sidebands are quite different for the off-reso-

a L 
O.JI JO/N2 

10/Nl 

N = 25 
0.3 N•50 

0.2 0.2 

0.1 0.1 

'!J 

h 

~ 

0.0 1.0 2.0 3.0 c tg 2 0.0 1.0 2.0 3.0 ctg 

llla..l· 
!be rtlativa intensity I. IN" as a function of 

dtJ'f for N: 25 (a) and II= 50 (b). The curves 
• ~.J. pond toa P=l~l=o; P=.t,JCll-= (P-tP), .,..=o and 

;: n , respectively. 
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the par .. -tar 

(1)-(.3) corres­

P=~ ,lq/•(pl+p)~ 

.t nance case c~ ~+I and spectrum becomes asymmetric. For a 

large number of atoms N >> -1 from the relations for < R. R >-
.1 41 4 s 

< '\..t ~ ~ and<~ 1 given in Appendix, one finds 

I ""' cos+t;. N/Jt--tl ,·;f c~,~y :f: -1 
1 -

r_., ~ s ,-,..+~ . 10/1 t--t I ,· i c I'} -tr; :1 1 J 

.t .t .s ftN 
it ci<J"'~ >-I -j $ Cn f. c.s !i ( N - 11-:-., ) 

I 
df"f <.., 0 - ... .a. " H.!. ) ,· i 

$ i,n ~ . C4S "§ ( N -
-1- X 

thUB in the off-reaonance caae the intensities of spectrum 

components are strongly dependent on squeezed vacuum even for a 

large number of a'toma N::J) 4 when tha spectrum linewidtha are 

independent of one. 

IV. Photon statistics of the spectrum components 

In this section we discuss the influence of the squeezed 

vacuum on the photon statistics of the spectrum components. 

As is clear from tha pr&Tious section and eq.(19), the 

operators 'os "t ~~ , s,·.,§ t».rf R J and- s,·.~ ~.t can be considered 

as operator-sources of the spectral lines centered at frequ­

encies W: WL. +~.I!;"{. and ""-- 3..1! and for later use these ope-
.. ., + 

raters will be denoted by S , S !!' S and S, , respectively • 
.,, 0 0 - .. 

Following refs. [2.3,28] we introduce the degree of second-order 

coherence for the spectrum component Se ( l= '?,U) in the f'ol-

lowing form 
{.fl) 

G-
t,t 

~ s.,. <st e{{> ( .t:: 0~ :t .f ) • (44) 

The quantity 

::: (<S.,S.))t 
£"' t e G describes the photon statistics of the 
t,l 

spectrum component se • 
Uaing eqs. (14) and (19) one finds .. I . .t :z, = < R5 >s ( < R3 >) 

ell,) 
o, 0 

(45) 

13 



(.t.) R I .2. 
G--t,-., = < R-t.t '\.t R.zl .t4 )s ( < R.,.t R.z-1 ~ ) = 

... .c. 
where the expectation values<~~· < R~ 1 

< R1t R.z., ~ < R1t R1t .R.z-t Rlt ~ 
are given in the Appendix. 

:Pis. 3. 

G<.t.• 
1,.., 

(46) 

,., l 

'fhe degree of second-order coherence <i
0

, 0 u a function ot the 

parameter c t,"~ for fixed N: 25. The curves (1 )-(3) correa­
.£ ~ 

pond toa Psttal=o; P:..t ,ta/=(P+P), t/1= o and P:.Z,, 

JQI:(pf:.p)f4 , += n , respectively. 
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~ ,14 
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respond toa P:IQI= o ; P=.:l ,/QI = (p~p) #4 -'=o and f: .t. J ~ J 

IQI ... ( ~p) Y.z , ~ = n , respectively. 
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Por the one-atom case, bY using the operator relation (26) 

one finds 
(£) 

<i = ., ..,_(.S) '-=. '"' .... ... .... : 0 
OJO #J 1 -~_,-1 

thus the photon statistics of the central component remains 

Poissonian and the sidebands have subpoiaaonian statistics as 

tor the case in the unequeezed vacuum. 

Por the collective case, the degrees of second-order cohe­

rence tor the spectral linea given in (45)-(46) are dependent 

on the parameters of squeezed vacuum and become phaae-aensi-
(.tJ 

tive quantititea. The behaviour ot the degrees of coherence G 
(.t l .t ~ 0 

and <i1 .,,.t~ as a function of the parameter dg ~for fixed N•25 

and for various values of P.. I~ I and q, is plotted in figs. J 

and 4, respectively. As is clear from figs. J-4, except for the 

point of the exact resonance citl~ -= -1 , the parameters 

of the squeezed vacuum including the phase difference + play 

an important role in determining photon statistics of the Mol-
, __ ~_..,_,_ ... ... ,.," ........ -...... 

v. Conclusions 

We have considered the problem of collective resonance fluo­

rescence in the squeezed vacuum. For the intense external field 

the analytical solution for the steady-state density operator 

for the atomic system is found. Analytical formulas have been 

derived for the spectrum of the resonance fluorescence and for 

the degrees of the second-ordered coherence for the spectrum 

components. 

It has been shown that in the case of exact resonance the 

intensities of the spectrum component are independent of squeezed 

vacuum while the linswidtha are aubnatural or supernatural in 

the dependence on the parameters P, /Q I and phase difference 

15 



"' of the driving field and squeezed vacuum. Contra%7 to the 

exact resonance case, in the off-resonance case the intensities 

of the spectrum components are dependent on the aqueesed vacuum 

and the spectrum become , in the general case, as7mmetric while 

the linewidtha are approximatelJ independent of the squeesed 

vacuum for a large number of atoma II>> 4 • 

We have also shown that in the collective and off-resonance 

case the photon statistics of spectrum components are dependent 

on the parameters of the squeezed vacuum and become phase-sen­

sitive quantities. 

Appendix 

In this Appendix we give the explicit expressions for the 

steady-state averages of the ato~c operators that can be calcu­

lated with the use of the densitJ matrix (14} 

_., N+t ll+.f J I t, 
<R

41
>s=Z [HX -lli+·I)X ,.x (X:1) J (A.1) 

. . .. - . ""' ,_ <. ~t"'.>. = z-'[H'"'x"T: c.zN~.tN-OX + 
14 s 

+ ( N+ 4 >"'X N-t
4
- X~ X J I (X-") J 

(A.2} 

I -4 5 N+ J, J 1. liT J 
(R). = Z [H X _(JN,.JN-&11-t-f)X + 

H s 
._ N+~ 5 t, N+4 

+(3N+'Ii-Jf)X -(N+~N.,.JN.,.<f)X + 

t x',. ;x .. + x] jcx-n" <A.J> 

(R.,:1 = Z-4 [N"XN+~ (ltN.+J,NJ_~Ii~+,ll-·f)XIif~.,. 

+ ('N"+ 41N 5- ,N•- 'ltN.,.4) .lC N+J 

- (J,N'~-t41.NJ+,N 1-4lN-U) 'CN'IS'f (N.-tl,IIJ+ 

11.,.., " , ., J I s -t It N + .f ) X - X - 41X - 41 { - X ( X- -f ) 

(.1..4) 
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< R 5 >s = N - l -< R 14 ~ 
(A.5) 

l. I. 
<R).: -4<R). --tN-<R). -t N'-5S 11S 11& · (A.6) 

I. < R
14

• R.t
4 
), = - < R1., >s + ( N+O < R14 ~ (Ae7) 

.. 
< R.t., R1~ >s : - < R11 >s + ( N-4) < R11 ~ + N 1 (A. 8 } 

< R"):: -16<R">.- 8l.N<R1~.>- +J/,IrN'"<R">. 
~.s 111 's 14s 

- BN 5 <R ). + N.f 
14 s ) 

~ Rf.t /1.1~ R.z.t R_,1 ), = " . ( R >. - l { N+ .t. ) < R11 ) + 
ff s s 

(A.9) 

... ' ' + (N +5N-1-5)<R ).
5

- (N +3N-1-l) <R ). · 
11 4<f S (A.10} 
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lliyMoBCKHi% A.C., llau Kyanr E17-88-325 
CneKTpan&H~e H CTSTHCTHtleCKHe CDOfiCTDS 
KOnneKTHBIIOA pesoHaHCHOA c1lJlyopec~eU~HH 
B C~STOM BaKyyMe 

O!Sc~aeTcn npo!SneMa KonneKTHnnoA pesouaucnol% cllnyopec­
~en~HH aTOMOB B !SenOM ClltaTOM WyMe. llonyqeJI~ auanHTHtleCKHe 
cllopMyn~ AnR cneKTpa pesouancuoA cllnyopec~eH~HH H AnR cTe­
neuu KOrepeHTHOCTH BTOporo OOPRAKa cneKTpan&HblX KOMnOHeHT 
lloKasanbJ Cy)lteuue, ywupenue cneKTpan&HblX nuuuA H acuM­
MeTpHR COCKTpa, KOTOp~e BOSIIHKnH Hs-sa ClKaToro WYMllo 

Pa!SOTll DblllOnnena D na!SopaToplm TeopeTIItiOCKOA WHSHKH 
OlUUI. 

fipenpiUIT Of> ... JUIHOHHOrO HHC'111TJT8 AAOPIILIX HCCnOAOBIHHI, ,lly6ua 1988 

Shumovsky A.S., Tran Quang E17-88-325 · 
Spectral and Statistical Properties of 
Collective Resonance Fluorescence in 
a Squeezed Vacuum 

The.problem of collective resonance fluorescence of N 
driven atoms which are damped by a white squeezed noise 
is discussed. Analytical formulas for the spectrum of re­
sonance fluorescence and for the degree of second-order 
coherence for spectral lines are calculated. The narrow­
ing, expansion of linewidths and asymmetry of spectrum 
caused by squeezed vacuum are shown. 

The investigat~on has been performed at the Labora­
tory of Theoretical Physics, JINR. 
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