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I. Introduction 

Tbe fundamental property of squeezed light is the reduced 

quantum fluctuations in tbe one-quadrature phase. 

Atter tbe early works by Oaves [1J) in wbicb the potential 

application of squeezed light for detection of gravitational 

waves was shown, a large amount of theoretical (2-16J and ex­

perimental works [17-1aJ is conoentrated on tbe generation 

of squeezed light and its applioation to overoome the sbort­

-noise limit [19J. In recent works the radiative deoa;y [21 J 
and speotroscopio properties [22] of an atom interaoting wi tb 

a broad-band squeezed vacuum have been considered. 

In this work we discuss the collective resonance fluo­

rescenee from N driven atoms which are damped by white squeezed 

noise. In the oaae of intenae external field the stationary so­

lution tor the density oparator of the atomio system is given. 

In the general oa.e (witbout the oase ot exact rescnanoe) the 

density matrix of the atomio eyetem is dependent on • ph..a 

differenoe ot tha driving fiald and equeezed vacuum. The depen­

dence of the epeotrum ot fluoresoence end photon statistics of 

spectrum components on the parametera ot the eque.zed vacuum 

ere analyzed. 

II. Uasle tiQuatlon. 

I.et N two-lIIvtll atulU b. oonoentrated in a reKlon emaIl oom­

parod t o the wave-hngth or all the n1evan t r.diation mod•• 

(J)lcke mod. I ). 'l'h. etolllll ere lntu'llotll1j1; wi ttl .. 01.....10.1 driv­

Ing rLeid ot frequenoy W and With the 'luantJlled D1uitIIllUd. r.­
L 
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diation field. The Hamiltonian ot the system in t~ eleotric 

dlpol0. rotating-wave approximations and in the interaction pic-

t n r-o	 n,," b" '111'1 t ten in following forml 
_i ....i .L 

, I	 1.\ (J ,J).. G e ~ + G e ";,t.
f, If If A~ 

( JJ /	 r t J;t r ' ) (1)
1/ "0 ,f 

",1.'1111 ,~ I.~, I'~ lit llin 11 .. I.IUll",.... tlr lhu 18uor'I.rroquen~y 

"""1	 lltn _1.11111, IPfl"lltltl,'f1 rl'"II\ltHIt:Y('~ti (if L:~E. wbere~ 

i .. 11,0 .. 1.,,1111.' 0111',>1" ,""m""l and E is the amplitude of the 

,I,'iVI"I', r : ..ld; J, 1',J~ 4,1) ere the collective (angular) ato­, 
Ill! C (J pe r-ators which satisfy the commutation relations 

[ J" L, J = J" S" - L, 15, " ) 
(2 ) ·1 ' ., 'I. J .)~) 

H,...d is the free Hamiltonian for the quantized radiation field; 

rand r : are operators defined in terms of the positive and 

negative frequenoy components of this field, respectively. 

The normal treatment of the resonance fluorescence is con­

aiderad in many worka [23-25] in which the quantized radiation 

field is initially taken in the usual vacuum state. 

In this work we assume that all the quantized radiation 

modes coupling to the atoms initially are squeezed [20-22J. 

The band-width of the squeezing is assumed to be auffioiently 

broad ao that the squeezed vacuum appear. as di-correl.tsd 

squaozed white noioe to the S tOJD8. Then I the cor-re la t ion funo­..
tions tor free perta f.. lind r (the no Lae operators) of 

,,"~r 'r~~ 

the operators r lind r" can be writ ten as [20-22] 

(r
t 

(tJr (t'» 'lfPcSet,t)= f ,.. ~ ~ r~~ 

t C P .. f ) S ( t . t ')<~ <t) r ' ( t'> > = ,.., tr,r 
,~ 

l'IQle r s a :«,<r (~'f (t'»'"
l "'f	 (J)jru 

c r ' (Oft (i',) .. If I Q I e- j f" 8 ( t t ' ) fro., ,rt, 

~ 

where r is the spontaneoue emission rate of an atom in the 
i +11 

ueual unsqueezed vacuum; P and GO' 'G I e are the parameters 

charaotarizing the squeezing with lGi/? P(P"1). where the equa­" 
lity	 holds tor a minimum-uncertainty squeezed state. 

Using the relations (1) and (3) and after making the uni­
-i »; (X. -:J:. )

tary transtoI'lll8tion U =e r :u 1# ,one finda tha master 

equation tor the reduced density operator f of the atoms in 

tha following form [20]: 

er 
= - i. [ .!.. 8. (J'1- J ) + Go (J i J) J(1.t ~ 11 1t Ai ) oJ

cH 

+ I (P.. 1) Pit! ~4 - ~f ~$.f .. H, C. ) 

... :f.p,(J.fJ - J 1ft H,C,) 
.., ...1 1~ U, 4f 

!.IQle-i+(J ~J _Jt. r .. He) 
.z, tf .t~ A~ 

'40 ...!'Qle' (J fJ _ J ! .. He)i! Lf 
1 It 't ft.	 ) 

(4 ) 

where 4' • .t+ - cl'y I s the phaae difference of the driving field
L 

and squeezed vacuum. 

P'ollowin~ previoue works [;:»,26 J we Introduoe the Sohwin­

ger repre.entation for the co L'lec t Lv e a tomfc oper.tors J, • 
~J 

s (l,• a., C',J • ~,.£) ( ~,) 
I J = , J 

•where the operatora Q" and a. obey the boaon oommutation 

relatione .. r a., a, ] = S 
J ~) 

and oan be traated a. tho annihilation and oreaUon operatora 

for the ato_ baing pepula'8d in tlla Inel I ~ >• 
Atter "ertermlne tha 08l\Onloa1 (dn•• lng) tr8llatol"llaUon 

• C. Cq.J (j f' Cot I~n.~(:\,f ((,) 
q,... Ii - C Ie:.. (j t C.. C4.tf

1 

"'tal", i'~jCn,r.II~.'Irv~' I 
••.o:Ji/m,.,. .Il "\.I" " II 'I'~ 

_-.§!1EiJlt'~~ ,~~, 



wbere ~ (.tlj) = .l G /0 
on. can split tbe Liouville operator L appearing in equation 

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

frequencies .e.tl and ~.J1 , with .J\. denoting one half of the 

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

ficiently large and satisfiee the relation 
JI, .& II"..n. = (1. 8 + <#) »N '1	 (7 )

It 
In thie case the secular approximation [23-24J is justified 

and we retaln only the slowly varying part of the Liouville 

operator. We have then the master equation 

af 
[ .J\. (R - R ) J i J +- = - " u H

.H 
1. .., 

+	 & ( R3 i ~~ - R~ ! 1" H. c.) 

... l	X ( ~ R?f - R~-1 RU ; ) +f	 Rf t 

i	 X't ( Rl ., 'i R1( - Rf.t R f ) + H. C. ~ (8)
Zf 

where R.. = c ' c . (',i= I,L) are the collective operstors of 
~ J 'J 

"dressed" atoms eatiefying the commutation relation 

(	 Ri j R .... , ... ) = R, ' ... 8". _ R.,. <f .. , (9)I 
'J II IJ 'J 'J 

& = t ( P + 1
t 

- 'Q I GoS ... ) S'i,.·fi· c.os"y 
(10) 

!. ( p (CO,,"'~ -to SiN- tf h co,,·~ t ., Q I co.s .,
I	 •i	 a. .	 .c (11)

Sift Ii CoS"<I ] , 
X,J'" I [ P (COJ +c;; t s.,..f(f ) + Ii,.. tt; + C/(J' Go,). 

(12 ) 
:5.' ..,.1 (I Gos.l <i J 

(1) )R,. ~ .. -Rf 1 
... 1"f • T f T , where T Ls the unl tary op.rator repr"."n tI rig the 

oanonloal tran.formation (I,). 

-,I 

Th. ma.ter equation (8) gives the exact steady-state 

solution 
-1	 II'" X ""1

f = Z [ I n., >< 'I.., J (14 ) 
ft.f = 0 

where 

X:. X., / XL	 (15 ) 

Z	 = (X Nt1_ 1 ) / ( X - ., ) 
(16 ) 

The	 state 1'"'1) is the eigenstate of the operators andR1f 

R t R • The solutlon (14) allows one to calculate all the 
11 U ... 

stationar,r expeotation values of the atomic observables. Some 

of the resulte that will be ne.ded for our further considerations 

are given ln Appendix. In the caee of exact resonance c~~ = ., 

on. shon trom (11)-(12) and (15) that X. -/ and the solution 

(14) reduc•• to 
--1	 N 

f- = (AI·H) r. I '""1 > < n,f I	 (17 ) 
~:o 

The .olution (17) i8 ind.pend.nt of the parametere ~ a of the 

.que.s.d vacuum, cons.quently ell the one-time expect.tion v. ­

lu•• ot th. atomio ob••rvabl•• are ind.pendent ot that the 

yaouua i••qu.ez.d or not. In tb. g.neral ott-r••onanoe 0... 

the d.naitl operator t - in (14) 1. pb...- ••naltly. and all 

tb••t.ady-atat••xp.otation Yalu•• ot the atoml0 and tl.1d 

ob••rYabl.. ar. d.pend.nt on tbe paramet.r. ot .qu••••d yaouua. 

In ••otlon. III and IV .. loy••tllat. the lnflu.no. ot tbe 

.qu••••d yaOUWB on th. tluora.o.nt .peotrum and photon .ta'l. ­

tl0. ot .peotrum ooapon.nt•• 

III.	 01"41=1"" tlY0f!'o,po, 'Rlo'rum 

'ollo.ln, ton. work (22J the .t.ady-.tate .peotirua ot the 

lluor.so.nt light ha. b.en oaloul.te4 •• Llle lI'ourl.r tran.form 

ot	 toh. at.o.l0 oorrelaUon lunaUon 

<J ( t ) J .>- • t, <J (t t ~ ) J (i I > (HI) 
If U. J ~ jf It 

1\ 
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and aquatiollB (20)-(22) reduce to the linear differentialThis scheme for calculating the spectrum assumes that there 
equationsexists a 8111all "window" of unsqueezed vacuum IIIOdes through which 

J, < R.(tJ>::: - ~ < R~ (t» t' .t~ (27)Iwe can view the fluorescence. For the case N» P the intensity 
clt " 

of the fluorescent field dOlllinates over the squeezed noise thus 

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

.(0000 >. denotes an expectation value over the steady-state
S 

(14). According to the transformation (16) we have 

J (t): S,onfioCos(j R.,.(tl1- ~.s"'~ R•• (tl- sin"~ R (tJ
l1 ,,4' 1~ 

(19) 

The equatiollB of lIIOtion for <Roo (t» can be derived by 
'J 

using tbe master equation (8), and have the folloWing form 

~ <R~("> :; - ~ <R~(tJ) - ~ < R:(t» ~ (N"~.tll/)1­

dt (20) 

cL <II. (0) :: - ,t,A <'«11.(1»- ~ <R.fL(tl) ­
ctt U. 

(21 )- :C < f R~ a», #tit(t)1> J 

d ~ ~ - <R.. (t»:: - < R (tl) (22)
ch·4 at 1L
 

wbere
 
~ R (t) Roo (t J1 -; R,. ce» go. (t) of' Rc : (t) R.. (j J •
1 ~ 'IJ ;I LJ "I /I 

lo:: ,n [(P~ 1)(sin"~ of UlS-t~ ) 1-..t IQICos <,60 GOS'\ "in c~ ] •
(2) 

o ~ = r [( p~ i )(~t.t .U-P1"i cos&~ )- 1/~1 cos; cas"f sc» &f J • 
~ (24) 

1. :: !.. ( ~ in·~ - c.os"!i ) 
C .l (25 ) 

Kquation. (20l-(~2) are .0 tar exaot. They oontain, ho..ver, 

turmu with tho pr-oduota or operator. whioh make them un.oivable 

In ~he ~.n.ral oaoe. 

"or the one-atom oaOB one oan u.e the .ell-knollTl operator
 

reiation
 

Roo R., ~ R S '_ (£,J,£,'J'. -I,.t)
 
(2b)") I J IJ £ J 

~ < R (0) =- - li.ll <R . t t J) - Y... c Ru,ctJ) ) (28)
1cit tot ...
 

sf c Rl f (tl) = *< R1 • (t) >* (29)
cLt ClL.t ... 

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]. 

Por the case of exact rlfsonance, 1.~., ctCJ1.~ :: ./ we have
 

~ =- 0 and all equations (20)-(22) reduce to exact solvable
 

linear difterential equations. 
In the general case, to 4eal with the product terma we appl1 

a decorrelation .chema .imilar ~o that used b1 Co.pagno aad 

Per.ico [25]. The only ditterence consi.t. in tha taot that 

We decorrelate 81mmetrized products ot operators (anticommu­

tator). This allow. us ~o pre.erve ona-atOlll 'erma unchanged and 

clearly .epara~e them from the oolleotive term-. The decorre­

lated operatore that do not enter into the equation. a. "proper" 

variable. are replaced b1 tbeir .tea~-.tate average. caloula­

ted with the den.ity matrix (14). 

If- >=~<R .>. R- .. (JO)< ~ R, ' R';i I > ::- l <IfJ .J 6" , J 

With auoh approximation. equations (20)-(~2) have .illlple ex­

ponen t La I .olution. with the one-atolll (l.a. ~, 1. ) and 001180­

tin (i,l'I. 'If <R,,'I\) damping oon.tant olnrly ..parated. Uponc 

neglecting ~he oolleotive part one luun4ldlately obtain. the one-

a~o. reaulta. ~ u.ing the den.ity matrIx (14), one oan ahow 

that [2J,2~j 1n tbe oa.e ot larSe N the deoorrelation ()O) 
-~ 

y lalda a ••aU error (With an order or IJ ) in the oaloula­

tion or the .tea~-.tate tluore.oant 8peott'um. 'l'he explioit
 

expre•• ion. tor the ooUeottve terma ot the dampln~ oon.tant.
 

1 
t. 
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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 [21J. one obtains 

the following expressions for the correlation tunction (18) 

-+ -Y'C-~,;.n.'C
 
<Jtf('t)~.t>S = Si"f·<R,,tAJ1 >S e .,
 

l' - ;: C -t .I, ,;4 t:
 
t COS ~. < ~I R e ., _
't >s 

." ,t, t -iff:.".a
+ ~,n f·cos '; « R ~ -	 Ie) e 0 l' S," ~. COoS ~ Ie }3 

(J1)where 
.to	 """ r, :0: ~ ( H + .t II) <R, ~ / ~ I ()2) 

()))~ = ~ + a'c « R, >s 

~ = ~-t l' )'C < R, >s ()4) 

Th. expressions for the weighting tactore of the parti ­

~ular exponent. are given in Appendix. 

The .teady-state.speotrum of the tluor.ac.nt light ia pro­

portional to the Pourier transform of the correlation function 

(31)	 and ha. the following fOnDl
 
oa -i ( a»: c.U ) e
 

L 
SCUJ)- .!. Re [ S e . <J (~)J » JT:]=

t 0 ~ It' 
. .t -t~, ~ = SPI. fiCO$ ~ « R3 ?s - r~ ) . _ + 

(LV _ W )t..+ '1.r, 
L • 

.. Y.,
 
... (..01 ~ <Rtf R,t ~ (1.41- w _ .I.11.y".... 1........
 

L 

"" 
t ~ ~,. +~ . <R R .>. ;'t ...... 

,t l, 5 ( w _w .....I1.).t.+ Ir .. 
l of 

t .i "'7lt~ co.sl.S' r~ O(W-W )	 (J"».a.	 L 

Th. tluor••o.nolll .VllIotr·IJm (J'J) oontaln. ttl"e .plllotral I In•• 

the elastic component with the intensity proportional to N .t 

and the Lorentzian shaped component with the linewidth ~ and 

intensity Sc:,..L~ COS-f «"3.1.1 - It!) • The two-sidebands are 

Lorentziens of linewidth ~ centered et frequencies w= «{. ..1.12. 

and W = WL. of .t.n. • and having the intensities which are pro­

portional to S~", f~ <R,t ~1 >s and C<l.s f <~U R,t ~ • res­

pectiv.ly. In the oase of exact resonance we have ~ = 0 and 

the spectrum ()4) reduce. to _ 

Sew).., ! 'HII.,,,,) 
Yo 

{	 +-.I.1£ (W- W~).tof' )". 

... ! 'tfo 
l' .! ~-t 

(J6).. a. - 1.	 S -~ 
J I 

~ (w- "'L.- .lJl) ... 't (W-ut.,.I.Jl.) of 1f-t 

wh.re )'0 and Yt are the one-atom linewidths (a•••qa. (23)­

(24» b.ing taken for the C8se of exact resonance 

'. = t [ P l' t l' I CiI I COS +] I (37 ) 

~ = ! r sp .. 1 - I Ci' Cos 4> J	 (J8)of'.. .t 

It is cl.ar from the relations (36)-(38) that in the cas. of 

.xact re.onanc. the ela.tio component vanishe•• the int.nsi­
£

ti•• of all three in.lastio oomponents ar. proportional to N 
and are ind.p.ndent of the param.t.re ot .qu••••d vaouum while 

the lin••idths. and con••qu.ntly the pe.k int.n.itie., ar. 

d.p.nd.nt on the param.t.r. of the squo ••ed vaouum and beoome the 

pha••-s.nsitive quantiti••• Por an lllu.tration WI a••ume the 

.qu••••d vacuum b.ing in a highly .que.z.d minimum-wlo.rtainty 
.I VL• ta t.. 1••• , P» -f and Gl. (Pof') w. have I 

z ,1P't	 if 0 
(9)\ "0	 •• - t	 n

It	 ~r. -	 IC " 
I' 

oentlllnd at frequc"101efl W ~ "{ i W t .Ill. In the oCr-r'e.onanoe
l	 'v ir .; . 0r P" 

ue••• 1.e •• When c L~I.~ .. I the 011111 tr'lc1 Uno at w. ("'l uuntaln. -	 (40 )

\ 
t	 

r r 4> ::: nr "t .I P(t 

1\ 

'I 



thus. the sidebands are broadened while the central peak hu 
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the phase difference ~ • We note that the narrowing or expan­

sion of the linewidthB are sufficiently large when squeezed v. ­

CUUlll is in highly squeezed ( p » I) minimUlll-uncertainty state 

a supernatural or subnatural linewidth bJ changing the ph... T I!l/N 

difference <#> by " . 1-6 
.& ~.. 

In another case when P«" and G/ = (P -+ P) we h.v. 
1.4 

'I '{(i+{P) > 11 ~f .; = 0 " 

~ 
z i 

1 
0 (41) 1.2 

~o % i(;-fP) '" 
~ ";/ ~ = " .L 

, 
1.0 

\ 
'Ii' - !(1_,,)< !)' i.t et = 0 , 0.8 

- .& 3. .It 
(42 ) 

- J 5 
" f 

q 
0.6 

't.. ~ - ( .1 of If) > - ¥ =" J. .L Jr 0.4 

thus the narrowing or expansion of the linewidths of the cent­

ral component and sidebands take place in the dependence on 

28 T l!l/N 
N·50 24I I ! 1/ N 
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The relative .1nt.nlli tie. I IN (.ol1d ourv.. ) and I. IN


f4 Ii -y 

(d••hed ourve.) •• funoUon. of the p.rlllDehr cI,lft tor N. 25 

(.-b) and N. '0 (o-d). The ourve. (l)-(J) oorre.pond tal
 

IL fl...&. • )t'&
'-Ill'" 0 J , .. t.IIlI/::(P+P) • .,.01'0 and ,.a. .IQI,,(P1' • 

~. n • re.p.oU"ell. 

(.ee rel.tions (39)-(40». 

In the off-resonance case. as is cleer from eqs. (32)-(33) 

the l1newidths contain the one-etom (~ ; ~ ) and collective 

parts ( ~ c R >s ) and they are, in the general ceae , dependent
3 

on the parameters of squeezed vacuum. For large numbers of 

BtODIII H~.f from relation for <R!J >s given in AppendiX one 

findo 

:;:; '!. N I s c n. t<i - GosL~ J if d1"~ ~ t , 
~ <It, >s .t (4) ) 

t nua , for the c.oe or N» 1 the oolltloUve pal't of the .peotrum 

11new1dth. 1. l11d"Vtlll<hlllt of the per.weter. or IHI'''IIIZed V.Ollum 

and. dominaLfts OVIII' the Unft-BtOIll val't. roo '(., . Conllequently the 

.peotrum 11new1dth. are .ppro~1m.t.ly lnd.pendent of th.t the 

y.ouum i ••qu••med ur not. 

Oontr.ry to th. e••o~-re.oll.no. 0 ••• the ll1t.n.l'1e. of 

the epeo~rUID oomponent. Bf'B .h·onl4' depend on th. p.r.... '.r. 

of th••qu••••d yaouum. 1n ril. 1 .-4 the rel.Uye 1ntensl'h. 

lei II 



ot the two sideban~s, i.e., the quantities 1_1 / " = sin -+f <~:.fI~ 
(dashed curves) and It,/N =eos"i.(R R >. IN (solid curves) 

, 'll '''"S .s. 
are plotted as tunctions at tbe parameter cil} 'f tor vari­

oua values ot P " c:v I and 4> • In tig. 2a-b the relative 

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

components), i.e., the quantity 1
0 

/ 
14

1, = $t'n"qcos~y<R,t~/Nf, 
is plotted as a function of the parameter etc} %t; for the sam. 

values at P, IQI and 4> • 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 

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

squeezed vaouum (see curves in fig. 1, 2 the intensities ot 

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

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

sitie. of two sidebands are quite different for the off-reso­

a 
10m 2 

b 

03 1 10 m 2 ,03 N-50 
N a 25 

0202 

0.1 01 

'!J ~ 

0.0 10 20 30 ~tgr 00 10 20 30 ~tgr 

l1&&.1. 
'l'be rtldhe intenatty I. IN" .. a funotion ot the par_'el' 

~"f tor II~ ~') (a) and II: ,>0 (b). The ourve. (1 )-0) oorres­
.. ~ J. a. ~ pond. tal P.IQI=o I p"'l"a,. (Pt P) , .... 0 and. p.1 ,/lt/-(Pt") , 

•• " , ,.•• peot,lv_ly. 

12 

.t nanoe case c:lcJ ~ 1-" and. spectrum becomes asymmetric. For a 

large number of atoms N»" tram the relations for <R. R >. 
~ c1 ~ S 

<R R ~ and. <~. 2 given in Appendix, one finds
'-t .lI • ., 'S 

I COs +~ . IVI I 'It• .., I t ';f d~~y + -I 
1 

~ 

I_1 =: Sl·n."~. fiX/IX."" " ;f c/~.t.y :#" 

ftN,.t .l ( Ss I '71. ~. CDs ~ N- r~ ) it cJ~~g >1 J 

I 
0 % 1 S i.n "(i. C4s"('§ N-. .1.E. ) " i d~"Cj <-I 

'1- J( 

thus in the ott-resonance oase the intensities of spectrum 

oomponents are strongly d.ependent on squeezed vacuum even tor a 

large number at atODlll N»" wben the spectrum linewidths are 

independent at one. 

IV. Photop statistics at the speotrum oomponent. 

In this seotion w. d.iSOUB. the intluenoe at the .quee.ed 

yaouua on the photon stati.tios at the .peotrum oomponents. 

Aa is olear trom the preYiou••ection and eq.(19), the 

operaton Co,s'&f ~~ , I£'",§ QtSg ItJ and.- s,'_g. ~~ Oan be oonsidered 

a. operator-.ouroe. at the .peotral line. oentered. at frequ­

enoie. W: W t .. .11 __ W and. tV _.t.ll and for later u.e the.e ope-
L ~ L 

~ # # 
rator. will be d.enoted by S , .s I Sand S, • re.peotively.

#4 ., 0 -. 

rollowinK ret•• [23,28J we introduce the degree of .eoond-ord.er 

ooherenoe tor the .peotrum oomponent oft (t= ~ 11) in the re i­

lowinl tOl'lll .... ')
("I <~Sl{{./ 

(i. ( e '" 0, t -I ) (44 )
~ -C(- -s-;~-'>-)!-e. t 

<,&1 t l
The quan\! ty G de.orlbe. tho photon .taU.tio. of the 

(t 
.peotrum oomponent Se • 

Ue1ng eq.. (14) and (1 '1) one filld. 

j() ) Il (4') )d.. '~ < R: ,), / ( < R
0, " ~ 

I :1 



--

(£ ) R -, / J. GC.t.1 (46 )G_i,_i= <Rit~·f.tR.U 14~ «R1tR".,~)= 1, .., ..
 
where the expectation values <~~, c R~

~ 
~ 

R R >. <Ru. R1t R"4 R< it .l4 s ol4 >s
 
are given in the Appendix.
 

liS' 3. 
('" \ 

The degree of .econcl-orcler coherence <i e a. a tUDGtion of theo 
parameter c~,J.~ for Uxecl N= 25. The 'curv.. (1 ).(J) corres­

.&. ~ 
pond tOI p"", ..o; P:.t ,/<J/=(P+PJ ,,;= 0 and p=.£ ,
 

IQI:(P"'P)~~ ,respectively.
,.= n 
I 

121 
G!l,!l N ·25 

CD CD
1.9 

1.8 
GI21 

2.01 0,0 1.7N = 25 
1.8 1.6 

1.6 

1.4 

, .2 13 
CD 

1.0 1~ \:---- = "!J 12 ~ 
~O 1'0 (j) 2'0 )'0 ctgf' 00 10 Clgl1.0 20 

..... 
l1I.a....!. 

(LI 
'rhe de,;ree or e.oond-order coherenoe GIl, '4 a. a tuno Hon of 

th, par... ter (J1 1 r., for fixed 1/= 2~. The Gurve. (1 ).(]) oor· 

re.pond tOI P.. '~'~ 0 I P.,,·2 ,ICAI ,,(P~'f r ) I~ 4-0 and ,~.t ,, 

IQI.(~P)V.l, 1/1= n, re.peotively. 

H 

Por the one-atom case, bY using the operator relation (26) 

one tinda 
c.t. ) ",,(.II (.I.)

<i s-4 ... ,. G = 0 
0,0 '*,," -4,-4 

thus the photon stati.tios of the oentral component remalne 

Poissonian and the sidebands have Hubpois80nian statistios as 

for the o.se in the unequeezed vacuum. 

Por the oolleotive ca.e, the degrees of seoond-order cohe­

ranoe for the spectral line8 given in (45)-(46) are depenclent 

on tha parameters ot squeezed vaouum and become phase-senei­
,l't1ve quantitites. The behaviour of the degrees of coherence G 

~l & ~o 
and <ii4" . a8 a function of the parameter d1 ~ for fixed /(.25

," 4 
and for various values of f., ,~ I and 4> is plot ted in figs. J 

and 4, respectively. As is cle.r from figs. 3-4, except for tha 

point or the eltact resonanoe c:tfjl~ ." ,the parameter8 

of the squeezecl vacuum including the phaee difterenoe ~ play 

an iaportant role in determining photon st.ti8tic8 of the Mal­

low triplet. 

v , Conoluaion8 

We h.ve oonsidered the problem of colleotive reson.noe tluo­

re.cenoe in the squeezed v.ouum. Por the inten8e external tield 

the analytioal eolution for the 8te.dy-stats density operator 

for the atomio .yetem ie found. An.lytic.l formule8 have been 

derived for the IJpeotrum of the resonanoe fluoresoenoe end for 

the degrees of the 8eoond-ordered coherence for the epeo trwn 

comp~ente. 

1 t h •• Ullen llhown th.t in the calle of 0 Ilao l rellOIlBJIce lhe 

In tenel tie. of the epeo trwn ccerponen t .... Indep'Hlden t of .que.zed 

veouum whl1. the 11newidt~ ara .ubn.tural or eupematural in 

the dependenoe on the par_tere f', IGI I an4 pha•• 41frerenoe 

la 



I 

~ of the driying fi.ld and squ••z.d y.cuua. Contr.r.J to tn. 

.xaot reson8ll0. c•••• in the ott-re.onano. oue the int.neiti•• 

of the .p.otrum components .re d.p.nd.nt on the .qu••••d V.OUlla 

and the .peotrum beoome , in the g.n.ral 0.... .syaaetric whil. 

the linewidtba are approximat.ly independ.nt of the squ.e••d 

vacuum for a large number of atolllll N» 4 • 

W. have .lao shown that 1n the oolleotive and ott-re.onano. 

case the photon statistios of sp.otrum compon.nt. are d.pend.nt 

on the parameter. of the squeezed vaouum and beoome phase-sen­

sitive quantities. 

AppendiX 

In thi. Appendix we give the explicit .xpr.ssions for the 

.t.ad¥-st.t••v.r.g•• of the atomio oper.tors that oan be oalcu­

lated with the use of the density matrix (14) 

<R 
41 

..<R11 

, IIi J,
(R z > Z [N)( _(3N+jH-~N·d)'1. -to 

Ii , 
t Jifl. ~.r, N·H 

+(3N ... 'N-J,)X -(H-tJNtJX'd)X f­

(AoJ) 
..	 X a... ,,~ 1-... X] / (X-i) " 

<Po1: >, :: Z- f r,/,x N..~ (" Ii ++ .. Ii J_ , N "of , Ii - -0 X"f \ 
J" Ii ... 

+ (,,,"t	 UN .. 'Ii • 1IN·+4) X 

_	 (It"" ... 41 ,,' ... , N.I_ 4l Ii - U ) X " .. &., (N +of .. N'of 

NH " • ..] / 1
of "'" ... " )	 x - x .. 41X .. 1., X - X ( X- 1 ) 

(A.4 ) 

1(. 

-4 ,,~~ 1I~4 tooJ / >-: Z [	 NX - (Ii~ f) X + X ( X-1) (A.1)
S 

-4.& Hi3.c. N~1.>.::: Z [H X - (J AI of" .t Ii- 4) X + , 

.t Hif " J / ( )J
f- (II~ f)	 X - X - X J( - 1 

(A.2 ) 

-f ~ ~ I. N + J 

< R~ :>s:: N - .t < R ~ f 4 
(A.5) 

,I.... .t.<R~ >, = 4 « R44 >s - -+ N «Rw>S + N. (A.6) 

...<RuR,u>'	 = - < Rt1 ~ + (H+O <Ru >s (A.7) 

I.< Rtf Ru. >s = - ~ -to (N-4) <R11 >s + N I (A.8)< R11 

<RJ,):: «c«:» - 5~N<R1f!>- +Jl~H·<R.t.>. 
~ 

-< R
fI, 

-to 

Retel'!po., 

5 11 S S .", s 

'NS<R14>s+N; ) (A.9) 

Po Po R	 >. - <R">. - .t ( N., .l ) < If.>- "i­
10t ~U li $ - 1t S .,., S 

(N ....+ 5 N of' 5 ) <R... .>. - (N "-+ 3 N ~ ~ ) <R >- . 
11	 S f.f $ (A.10) 
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U1yMOBCKHA A.C., 'IaH KyallI' E17-88-325 
CneKTpanbHMe H CTaTHCTHqeCKHe cDoAcTDa 
KonneKTHBllol\ pesoHaHcHol\ cP.nyopecUellumf 
B c*aTOM BaKyyMe 

O(5cy*p;aeTCJI npo(5nCMll KonnCKTHIlIIotl pesollQllcHoA 4Jnyopec­
uellQHH BTOMOB B (5enoM C*STOM wyMe. nonyqellbl SHanHTHqeCKHe 
4JopMynM p;nJl CneKTpa pesollBHcHol\ clJnyopecUcHQHH H p;nJl CTe­
neHH KorepeHTHOCTH aropo ro nopnrnee cnex rpansuux KOMnOHeHT 
Iloxas aHbl cy*eHHe, yWHpeliHe cnexrpansnux nmmA H aCHM­
MeTpHJI cnexrpe , xo-ropae BOSIIHKnH lis-sa CJKUTOrO WyMll. 

l'1I(50TQ nunonnena D no(50poTolHIiI Teopc1'1I'ICCKOA tPHSHKH 
omm. 

npenpHHT 06101,QllIIOHHoro HIICTHTyU MOpllr.tX HccnOAOIIIIIHA. ,Ily611. 1988 

Shumovsky A.S., Tran Quang EI7-88-325 
Spectral and Statistical Properties of 
Colloctive 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
aonance fluorescence and for the degree of aacond-order 
coherence for spectral lines are calculated. The narrow­
ing, expansion of linewidths and asymmetry of apectrum 
caused by squeezed vacuum are Hhown. 

The i.nves t Lga.t Ion has been purformed lit the Labora­
tory of Theoretical PhysicR, JTNR. 
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