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I. Int.!.2.ª!:!Q1!Q~ 

During the last years a large number of works has ~een 

conccntrated on the problems of collective interactions of atoms 

with a. laser field and wi.th the vacuum of radiation such as 

3uperfluorescence (see (I} and refs. there1n), collcctive reso

nanoe fluorescence [2-eJ, collective double optical resonance[9], 

collective Raman scattering (10- 14J , etc. • 

In the one-atom case the effects due t he fluctuating 

driving fieldShave been discussed for resonance fluorescence 

l12-19], double opt1cal resonance [29 J and Haman scattcring 

l20-23]. Puri ~nd Has san [e] hav e 

fluctuat1ng driv1ng laser field 1n 

statistical properties of resonance 

the paper (eJ V/here only the exact 

stud1ed the effects due to 

collective spectral a~d 

fluorescence. Contrary to 

resonance h~s been considered, 

in this paper we discuss the off-resonance case for the collccti

ve resonance fluorescence in an intense fluctuating laser driving 

fiold and investigate the spectral and statistical properties 

due to the phase and amplitude fluctuations of the d~iving 

field. 

JI. ~he~Q~i~~_~~gQi~Qn 

We consider a system .of N two-level atoms concentrated in 

a recion s~.ll compnred to the v/ave-length of alI the relevant 

rad1ution modes (Dickc model) interacting w1th a mode of mono

chrom~t1c ~riving ficlq of frequency 00~ and wJth the vncuum 

of other modes (fig.l). In treating the externaI field classica11y 

aud using the Markov and rotating V/ave approximation ",11en 

dcscribinc thc coupling of thc system with the vacuum fie1d, one 

f}!tll>Chl,\J( l<i.i.tn RHCTHTY1 t 
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onn find a master equation for the reduced density matrix f 
for the atomic sy s t em alone in the form [6,8,26 J 

àf - [d [ E"(t") ~1 + E (t ) J;".t ' f J 

- } 8 [c\.t - ~., , s] - ( .. ) 

- ~1 ( J.t1 J;t ~ - .t J,.t ~ ~1 + f~., Jf.t ) 

~-

1 

with .2 ~.H being the transition rate from tha leveI 1:<.'> to 11 > 
due to the atomic interaction w ã.th the l'oservo1r; 8 = <..V.t1 - W L 

is the detuning of laser frequency from tho atom10 rcsonance 

frequency Wl.., ; d is the dipole matr1x olomont j E (t) 

1s the driving laser i'ieldj J"l<e t k,e = I.,.t) a.rc the c o'll.e c t ãve 

operators (angularmomenta) desor1b1ng the atom10 6ystem and 

having in the Schw1nger representation [27, 7J tho f'ollov/1ng fonn: 

Jke = C;Ce ( k. e ~ -I" .t ) ) 

.f 
where the aperators C 

k and C 
k 

obay the boson commutat1on 

rela.tions 

[ Ck • c; J :: 8ke 

t\ud can be treated as annih1lat1on and orention operators for . 

atams populating thelevel I k > . 
In the following, the laser f1eld i8 assumcd to have the 

form 

-c' cf ('i. , 
E(t) z: ( Eo + E (t») e ) </>0 ::" ~ ( o ) ) (2)1 

where ECo and 10 
are the nonstoohast10 parts of the 

I,> 
f1eld amplitude and phase while e, ce : cP (~ ) are the 

stoohast1c var1ables. 

.. 2I 

5Fig. 1. Sohematic diagram of th~ two-level 
I i 

WL 

12> 
atams, interacting with the laser driving
 
field and w1th a vacuum af radiation.
 

I J 11> 

Following Pur1 et alo [6,8J we d1scuss the case in which the 

phase fluctuations are descr1bed by the "phase d1ffus1on model" 

l24J and the ampl1 tudo fluctuat íons are described by the nonwh1te 

Gnuss1a.n prooess, i. e. the follow1ng r eí.at í.one are sat s f'Led tã 

(3)dep(t) ;:: /(i) 
di; 

is Gaussian white no1se w1thwhcre /í"? 
-- .-,--- (4)

." fi) :: C J /,( (i yt rr ') = ..t.~c 6 (i· t ') 

and 

:: o J e, (t) t (I') (11 f" -;(4 (i-i)~ '1 ::::: IJ é1 ) e (5)t: (t )
i 

(6)
E" (i '/ ri ') ::= o 

E. (t) -= d E., (t ) the quant1ties 0c and ~~ Y1hcrc 1 

describe thc band_widths du~ to the frequencyand amplitude 

fluctuations of the laser f'Le l d , and (/J €'f)t; 15 a mca sur-e of th e 

fluctuat10ns Of the Hab1 frequency. 

Aftcr I~r1 et aI. [6,8J, for the later use, we 1ntroduce the 

tram~form[\tion 

• J • 4> fi , ,.. . J.('''-) 
- L ?1t <P ft' - t .-_. <13 I. cp.. J 

'X'l1l u : -= e e.t fl e T' 3 

(7) 

where J,3 ::: J.z.t - .Tf-( • 
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It is easy to show that-an e~uation fo; U1~, ft> has the forro 

d WmJt):: [lo _ i. (m + li) <P(f>- t"~(t)L.l- JW~(t)) 
(8) 

where
 

. ] ·8 [

Lo W1J't == -t.éo[Jf.t-t~~}Wm -~i: ~-'WmJ-

- ~., ( ~i J,.t Wm - .t~.t Wrn ~1 .,. Wm '?;., ~.t ) 

li Wm ::: t [J3 , W71l ] ) 

l,t W11t ::' [ ~1 .,. ~~ 1 W'11l ] 

wi th Eo == d. Eo be í.ng the resonanco Ro.b1 fI~enCY. our 

next step is to obtain the master e~uation for ~n(t), the 

transformed density operator averaged over tho onsemble with 

respect to the distribution of the phases. Aftor Van Kampen 

[25J, using the theory of multiplicativa Btoohnstio processes, 

one can find 

d W ti) _m [ Lo - ~ (m + L1 ).2-_ L' é-1 (t) L.t.] W,.,11 ri )
dt  (9) 

z: L w (i-)m 

Equation (9) has been investigated in tha work by Purri 

and Lawande [6] wher e the exact steady-state opera tor W
-

nt 

(5) 

is given for the case without the amplitude fluctuations, i.e. 

for the case wi th 6
1 

(t) = O 

Further, we consider only the case of an intense externaI 

field or of a large det~ning. 8 , 50 that the Habi frequency 

.n, satisfies the following relation: 

I, " .t .t. -1/2
..O.. - (- S T ~ ) » N't.t1 } ~c:( ;r~ (10)

- Jt o 
I 

4 .. 
t 

After the canonical transformatton 

C == G co5lf -t Q,t st.·n~. (11)
1 1 

C,t. =- Q., S~n'5' .,. ôl,t ces cf 

Vlhere 'Í<;J ..t ~ ::' 2fc/5 and after performing the secular 

approxirnation [J,7], i.e. ignoring the part of the operator 

in eq. (9) oontaining rapidly oscillating terms with frequencies 

n.n. ( n=2,4),eq.(9) reduces to the following forro: 

2.i t ri) SÚ1 ç. ust; .ft ~,;. It) =r.t: + ~ - z,Z,t  1 

. /l J W-' (t) 
(12) 

, m 

-/ ~ +
where Wm z: U Wm U wi th U beí.ng the unitary 

operator representing the canonical transformation (11) J 

v 2. -" •l' W/ tt ) :: _ 0c= m Wm (t) - ca: [D3 
w"; (t)J:1 

o m 
(13)

~1'n (cesR-lj _ .Si11~C;) [D3 , in: rt)] ) 

1 w I (t) := - 1 ( R,z1 R ~; (t ) - t Ri :t wmít) R.t1 T ~)~-{ R1~ ) 
1 n

1 m 
- Z~ (Ri:L R,z; Wn: (t) - ~ R.e1 W';(t)R12 + W';(r)~~ f$,4 ) , 

(14T 

2,.-.1 -I -I !l. (i 5) 
~ W'(i,)::: D~ W m tt) - .t 1'.; Wm (t ) D:J + Wm (i) D.3 
.t '1n • 

:{3 W~ li)" r D ,~": It) ] 1 (16)
3 ... 

vrhere D~:: R,u. _ Rf'( with R~j:= Gi G; (L,j::-.f~ 1-)
 

are the o~11ective angular momenta of "dressed" atoms
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li = ~., ces "q T ~ S "11 ~(j , CCSx,.q 

l/... ::- ~-1 s t''tJ "q	 + ~ ~ ,·n.t(j=. ~5:t-C; ) 

~c (L .	 .(,)!Lz~ t; ~,f St''tt1~ CoJZ-q + - cos t; - SI.?t ~ •1t • 

l::::/	 =/

Now we derive an equa t Lon for l\í'91t fi) (i.e. W ft) 
11t 

averaged over the .distribution of the amplitude fluctuations). 

Again, we us,e the theory of multiplioativa stochastic processes 
~I 

[25 ] and arrive at the equation for W1If (t) in the form 

d~ ~~(tJ= [.f.	 .. ~ - (Xo ~ Xl(·tJ)~] W'''; v>, (11) 

where 

Yc	 6. . ~ fl,x =	 ~1 St'fJ~~' cos"C; + - ( ~.5 éj - 3 i-n C; )o 

(LJt) " . t-	
It 

+	 1t~. St71 g. Coj .t~ 
2l'a,. 

• 
(.1 f ) t- ..(, x. - Ya t

Xi (t) = - 4 --' S cn. li· COj t; e 
~a. 

and the L10uville operators ~ ~.~. have the same forms as 
o r ., ~	 '" 

given in (13-15). For the case of exac t resonance, i. e. C igLq 
equation (17) reduces to that derived by Furi and Hassan [8]. 

The stationary solution of equat í.on (17) t ak es the form 

i. o fo,.. m:l: o 
&::' I( S)\'(I :: 

'nt r'f..>	 A..4 L
N 

1. IM> <M.J fo,., m. 'C" O ) 
111:0 

( 18) 

6 ., 

vrhere 

Z'f ;; • 'll':4 ct 'J" t1 .,. Ye d~ .(.Y.7.. :.
1Z,t 21'.:., .,. ~ c if) .tq 

Z N+.f_., 

A = 
]...-1 

1\
IM> 1s an eigenst.ate of the operators RU and N:: 

wher e R,"::' ~:G. ( i,j=1,2) •• The operators=R14 -t	 Rol.t I I. J 

G, and ex'!" satisfy the boson commutat1on relationsr.	 ,
 

+

[Q,;,~!' J :::	 Ó',) . (19) 

80 that 

(20)[R .. ,R.,.,,]= R .. , C., . .. R.,. á .. " . 
r. J 'J' 'J LJ 'J tJ 

For the later use, we introduce the characteristic
 

function
 

i~ 'Ilof-fT~ { e i 1 ~1~ ~ [$,1:iR. (1) :- :: <e ~ 
H 

Y w~-t.. " A" o1 
:-  Y--1 

where y :."	 1.. e "1 

AlI statistical moments of lldressed" atoms of the foItll
 

< R
q 
~ can be f'ound froro the characteristic func tion
H 

'1 ( '2) and have the following fO':fm: 
R"f 

8'1'f 
< Rf1 ~ :: -- .rR ·( i ) I .	 (21) 

êJ (l:~ y<:t 11 t f ~ o 

The expectat10n values of the atomic observables averaged 

ovcr the distrlbutions of the phas e a.nl amplitude are given by 

7 
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'Il-tm p '" '1l-fm p "t 2<~1 %~t >:: T,., f ~.f ~~:t e(t ) J 

TI'" f ( J.z.,1t+nt r,/ ~:z.'tt )' ~: (-,I) } )= '(22) 

where, as denoted above, A I = U A U 
• 

w1th U being the unltary 

operator representing the canonlcal transformat1on (11). 

It i8 easy to show irom the atationnry Golution (18) that 

ft'fffl. P '1t ' 
::<~., $, J1.t ~5 

TI'" ~ (J 11. J. PJ?1.)' W{S) 2 
} 'l.f ~ 11.. o J lf -m. = o 

1 (23)O 1f m:;l: O 

.~ using the canonica1 transformat1on (18) one oan write 

the expectation value (23) via the statisticnl moments ti 
< /111 ~ 

given in the relation (21). 

.As it is seen from (18) and (23), in the aeoular approxima

tion, only the phase fluc~uations (but not the amplitude 

fluctuations) of the laser driving field affeot the stationary 

atomic density matrlx and consequently atom10 observables and 

their correlatlon functions (23) • In tho oase of exact 

resonance ( ci~.2.~ =., ) \Ve have Z::'[ for alI values 2l"c and the 

phase fluctuations a150 do not iniluence the atomic observables 

and their oorrelation functions of thc form (23). The 

influence of the phase fluctuations on tho steady-state intensi_ 

ties and photon s~atlstics of the spectral components wi11 be 
r~ 

considerod in the fol1owing sectionno 

,
 8
 

111., ~i~~~i~iQ fluorescence spectrmn 

In this section we consider the effects tl~t may arise in 

the collective steady-state fluorescence spectrum due to the 

phase and amplitude fluctuat1ons. 

Sino e the operator :ft- in master e quat í cn (17) c ommutes 

Vlith the operators :to and:t'.t this equation describes a 

Markov process despite the time-dependent coef'ficient X-t (t ) o 

Thus, the two-tim,e averages may derived from thê one-timeaverages 

by taking the advantage of the quant um refressi on theorem (28]. 
Tbe steady-state spectrum of the fluorcscent l1ght is proport1o

nal to the Fourier transforros of the following atomic correlation 

f'unot ãnns 

<J(t')J ~ :: {t:1ft <J fi T"t i r a: >
.ti U, 5S i~~ ~1 1t (24) 

B~ us1ng the transformation (7) and canonical transforma~ 

tion (11) one finds 

<.li.f > = TI"' f ~1 ~ (i) J = (25) 

;;; S,on ~ ces ~ < D" > + c.osL,.<'!z.,>_ Elon ~<R 2
1 71 -I~ 1

1 

where 
~ I 

T,., (R \XI (t)}o.<«, ~ = 1 lJ 11t J (26) 

Equations of mot1on for can be derived by uaing<RiJ ~ 

master equation (17) and have the fo11owing forms 

9 
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dt
d <D~ ~ ::: -.. ( ~ m:L..,. :l Z1 + ~ Z~ ) <D~ ~ _ 

< J: ('C)J ::: == Sin fl,~. Cos.f.g « ()~N, 2 ra,. ) -~ CC. ~ ~ ~ ~~ 1~ S~ ~ S - e 
- ~., ( 5 tn '! - CoS (j ) <D~ ~m f o . 

. :t t. 
~ A.t" SL.7t ~ . GOS tj .+ (5 in (j - co s:l.c; ) <N + .e N >m ) 

(27) + 
r. 
ra., 
o . -2( -r
.U.!l.'t'-r:;'t"-~(e a_ 1 )

cL T c.os lt<j <R,z1 R1~ ~ e 
di < R..t1 ~n = :l is:, < R~" ~ m - ["(

c 
m:z.-+ !t m: t5

c 
(S /7'/ .t.C5 _ ~ -~ 'r 

e-.ti.J1.CC-r:;-r- z ( e a_ 1 ) 
.. CO$:t{j ) + -1)(0 + "X1 (t) + .2. Z1] < R:l1 >m + S in-tc5 <R,%, R-l

1 
)s 

) 

where 
..t ..fr;: (..1~1)~ 

- õ'~1 ( S i-n L q - Ccs.t.q ) ~ ])3 R.:-t ~ ) (28) z= ,( 6 S crt <J. Co,5 ~ 
J~ a

In the case of exact resonanoe, c:i'ãt.(j =J ) eq,uat1ons 

(27-28) reduce to the linear different1al equations der1veft ~ :: ..2. llí~ (cos "(j + S ,"n -4(j ) + ~ (1 -t 4 s in .t§ . cos.e~ ) 
by Puri and Hassan [8J. . ~ , ~. R)+ "t2 4 ( 5 in tj - COs g ) ( N - s. < 11 ~ (3 O)J 

For the one-atam case, one can use the well-known operator 
re1ation ri = .t ~:U <:.os.t~ (" + s ,"n .t.y. ) + ~ (-t + 5 S l n ~q _:3Cos 9q ) 

R.. R·, ... = R·.,8.. , ( i,J;i;J':::
LJ tJ l-J J' -til) 

... ~6 (.o t,) 
2-

St?l~lf· co,~~ .. ~1 (sin"q- ccs"q )(N-.z<~~ 
and cquations (27-28) a1so reduce to th~ l1near d1fferential ~4 (31) 

s. s. fi- •equations of the paper [12,19]. ra.. == })21 (S in ~ - ce.s ~) (N + ~ N) < D ~ 
8 ( 32,)

For a general case, we Use the factor1zat1on 
By using the commutation relations (19-20) one can write 

< ()3 '\.j ~ =- -: 1>..3 ~ • < R.. 2 (29)
.5 LJ m <D3 

%, 

~ 5 == " <R11 
~

~ - lf N < R11 >s + N 
~ 

(33)
Bf using the steady-state density matr1x (18) one can s~ow 

<R 
:L 

that t~e factorizat1on (2~) yields an error of an arder (RU. R.t1 ~ == -, + (N.,." -1 ) < R >- ,11 /$ ti 5 
~"Iz (J4)

of N 1n the ealou1ation of the steady-ntate fluorescent 

spectrum wh1ch can be neglected when N 1s large [2.11]. Q.

<~ ~ RU. ~ = - <R1of .is -t ( N- i ) <R11 >s + N ) 
(35)

It 1s "eà.sy to see that "1th factorization (29) the equations 

(27-28) have s1mp1e expanential solut1ons. Us1ng the re1ation where the statist1cal moments <R.... ~ and < R 
"f 2 are found'., 5 '11 .5(2~), the solutions of equat1ans (27-28), and applyine tho from equat10n (21). 

(,.) ('1'
quantum regres&ion theorem one obtains the fo11o~1ng eXprC&0ions 

The steady-state spectrum af the fluorescent 11ght 1s 
for the correlat1on funct1Qn (2~) 1, proport1ona1 to the Fourier t rans rorm of thc corre1at1on 

L 
lO 

! Il 



function	 <J.. ( '[ ) J ~ and ha s the following form 
....A , 1~	 53 the speotrum (J6) Ls in agreement wi th the work [8] and Ls the 

00 _ " ( "V- w ) ~- ]
S ( V) rv	 .i. Re [ 5 e L. <.r ('C) J" 2 d 't" same as that for N=l, except for the fact that the inteusi_ 

.t o .21 1~ 5.5 
~ties of all inelastic.components are proportio~al to N • 

fi !l (.t ra,. ) ro J: 
In contrast with the exact resonance case [8] the spectrum::: S in ~. cos ~. <D ~ - T . ----:~o---r-='!lI ,.
8 o ( V.. ut) -t o (
 

"
 (J6') is not symmetric whenever ctg..t~ 4= -/ • In fig.2 the 

~ o&> (_-I )?t1 11. r" -+ 11 b"q relative inte.nsities of the two sidebands, l.e. the values 

t GOS"<f <".z~ R1.t ::S -e n~ ~(V-"t- 2J1);' (I;+ ll~)!lo I_.,,/N = Sin"if <R1:< 'S" ~/N(;olid curves) and I-t;1/N:; C05~q<R:l1R1!l~/N 
(dashed curves)are plotted as functions of the parameteT ciq~~.11	 'n ~ 

Q.	 00 (-1) 2 l-r -t '1l.. t:t 
~. .....eeoç-.	 A,. As is clear from fig.2, the intensities of the two nidebandst sino y. <Ri" R..t"' 'S /-.. 11,! (,) W -+2.íl Y"-I-(r-t 1t~) 

~	 ~ n=o v- L. 4 
are e qua'l only in the case of. exact resonance Cctg.e.~ = -1 ) or 

i"	 rt Ttt S in 2~ . Cos!tq . O ( )) - Wi. ) . in the case of ~c =O which rneans that the asymmet~y of the 
Jl., f { 36 )o spectrum 1s caused by the vhase fluctuations of the laser 

The steady-state fluorescence spectrum (J6) contains three driving field. We note that the values I t 1 are the intogratcd 

spectral lines centered at y~ W ,W ±:l.l1. • In the intensities of the two sidebands and the value I = 
L L o 

= 5 t",J ~~.	 Ccs:l./j <~~~ Ls the integrated intensity (the surn ofoff-resonance case, 1. e-e when c:Lqlg :/:.{ the central 

l1ne at Y= C<l contains the elastic canponent with the intensity 

proportional to N 
R. 

and the Lorentzian shaped component vdth 
•	 .t .2( s. ftt). the width ro and intens1.ty 5 cn ~. ces 'tj <03 ~ - r . 

o J~I/N lo/N2The two sidebands are sums of the Lorentzians of widths 
2.0ç -t -n.;fa. ) íJl.:: ~ ~... ceut er ed at frequencies V:: C~..t - e a: . 

and )J:= WL. -t :<..a.. ,and having the intensities wh í.ch are 

proportional to si n"~ < R.,~ ~-I.::s and C05 ~'1 <R4 1 R1:i ~~ 
respectively. For off-resonance case and a larga number of 

1.0 2.0 3.0 ctg2 'f	 1.0 2.0atom~, as for the nonfluctuating laser drlving field [2], the 

widths and intensities'of the three inelastic lin~s are Fig. 2. The relative intensities Fig. 3.	 The relative intensity
proportional to N (i.e. their peak intensities are independent	 I+J.fN (dashed curves) andI_J.j/l/J lc/lV~as a fUnction of the para

, >	 (solid curves) as functions ofof li ).	 meter C,tCh2.!f for fixed N=5q. Cur-
the parameter ~2. ~ for fixed 

In the oase of exact z-eacaanoe ( cilJl.~ ::: -I ) one can s e e :í ves (1 )-(3) correspond to '6C./~'-I= 
I N=50. Curves (1)-(2) correspond to =0; 0.5; 4, respectively. 

that Ç"=O and the elastic component vanã sh es , In this case Yc f t ti. =0 and 4, respectively. 

12
ff 13 



I ~ I 

elastic and inelastic components) of the central peak which i5 

plotted in figo J. As nas been not ed above, in tn e off-reso

nance case (see figs. 2-J) the phase fluctiations strongly 

affect the 1ntegrated intensities of the spectral lines while 

the amplitude fluctuations. have no influence whatsoever on these 

quantities. In the case of exact resonanoe, the integrated 

intens1ties of the spectral lines are the sarne as these for 

the case when the phase and amplitude fluctuntions of the laser 

driving fie ld are abs ent ,' 

I V• ~o t Q.!L~ tai!.~!.i ca, of -1h.Lê.E.Q~_Q2E!.Q,Q.!Hllli!! 

In this section we discuss the influenoe of the p~~se and 

amplitude fluctuat10ns on the photon statistics of the spectral 

components. By using the canonical transformntion (11) one can 

wr1te the collect1ve angular momentum of atoms J in the 
-?-1 

follaw1ng form: 

J~ :: S ['11 g. cos g D!.I + c.os:t.§ R. _ Sl'n.z.~ •R1 tJ41 ~ ~1 ~ (J7) 

As tis clear fram thp. previous section, tho operators
 
:l . 2

CCs .1:: R SÚJ r: C05 a . [) and - 5 ln ç R can be cons1dered as 
~ :l{} ~ "'.3 1:l 

operator SOUTces of the spectral lines center ed at V= CV -t J2.Jl.-:W
L L 

and W L -:l.a. and for later use these operators will be deno
-+.+ + 

ted by 5-t" ,50 and 5.- 1 ,res.pectively. 

We introduce the degree of second-order coherence for the 

speotral line S ( e= o.. t: J ) in the following forro:e 
+ + q.(.t} < ~ Se Se Se ~ 

:: (Je)
t, e ( < s.,. s ~ )2.e e 5 

By using the statiouary atomic density matrix (lS) and 

commutation relations (19-20) one can find 

, 14 

(2) . I, ~.t 

C:r '::" < D5 >s / ( <D:; ->s ) (J9)
o... o 

{L) (.t I 
CT ::: Ci ::: (40)<Ri !l R1~. K.t1 R:l 1 ~ / «Ri: ~1 ~)2 )1"1 -",,-1 

1, where 

" s :z, 1l11<D:; :>s e: 16 <R11 ~ - B.1.N<R"1 ~ + flltN <R11 ~ . 
8 (41) 

g IV < ,R11 ~ + N" J 

<R1~ F\1:l R~1 ~1 ~ ::: < R1: ~ - a (N+ i-) < R1~ .::s + 
2 Z Z

+ (N -t 5 N -t 5 ) <R 1 - (N -t ô N -t Z) <R11 ~ 
11 

(42) 

~the statistical moments <D ~ 
3 and <Ri~ R,r-1 ~ are found fram 

(JJ-J4-) and < 1\ 11.); can be found according to11 .5 equation 
(21). .(ts has been ment10ned in 

?l 
Sec.2, the stat1sticul moments 

<R11 >s are iridependent of the amplitude fluctuations and as a 

consequence tbe amplitude fluctuat10ns of the laser dr1ving 

field do not lnfluence the photon statistics of the spectral 

components. 

For the one- atom case, by using the well-~nown opcrator 
relation 

R.. R./'" :::
L J L J R.. / 8./. (i,jJ; j/= 1-~) JL J , J 

~ne can obtain 

(f(.t) 
= < 2 

Ri" + R~~o.. o ~ / (<R.r1 t R.t< ~) :: 1 

{.t. } ("z )
 
~ :: Ci := O
 

1" .., _·C ~1 
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II 

ThU~, the photon statlstics of the central component remains 

Poissonian and the sidebands have subpoissonian statisttcs,I 
as for the case when the phase fluctuations are absent. In other 

words, f~r the one-atorn case the phase fluctuations do not 

affect the photon statistics of the spectral components. 

Contrary to the one-atom case, the phase fluctuations 

strongly afIect the photon statistics of the collective spectral 
(:2- ) 

degrees OI second-order cohercnce á andcomponents. The 0", o 
(.t ) as functio ns 'of the parameter <::L91!tj ar e plot ted 

Gj:-(,t. .f 
4 and 5, respBctively. As is seen irom figs. 4-5,in Iige. 

.t 
except for the point of exact r-eso nanc e , 1. e. ot g '1 =.f , 

the phase fluctuations of the laser Ileld play an important 

role in determining photon statistics of particular spectral 

components in the cqllective resonance fluoresoence. The character' 

of the photon statistics (Poissonian, superpoissonian ) can 

even be changed due to phase fluctuations as ia evident 

from fig.4. 

l21 
G~l.~'[21 

Go.o 2.0
I 

1.8 
1.8 

1.6 
1.6 

1.4 
L4 

12 
1.2 

1.0
 
ctg 2 lfl
 
3.0 

Fig. 5. The degree of second-or-Fig. 4. The degree of second I" (1.)
der coherenc e lY :to t, t J as a .í'uncarder coherence ~:~J as ~ runc 
tion of the par~eter ct~ ~ ~ fortion oi' the parameter.ct~ ~ f'or 
fixed N=SO. The curves (1)-(2)fixed N=50. Curves (1)-(2) cor
correspond to (c.f'{{ 'Li =0; 4,respond to '(e./"11 =0; 4, respec
reapectively. 

, 
tively.
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+ ct~24'! ! 

0.0 1.0 2.0 3.0
0.0 1.0 2.0 

Y. f~mQlu.§:h.Qg.ê. 

We have considered the problem of collective resonance 

fluoresoence in the strong laser field with the phase and 

amplitude fluotuations. The steady~state solution for the 

atomic density matrix averaged over the phase and amplitude 

fluctuations has been obtained for the general óff-reeonance 

case within the secular approximation. Analytical formulas 

for the spectrum of resonance fluorescence have been derived. 

It has been shown that in the off-resonance case the spe.ctrum 

is asymmetrio wi t.h the asymmetry wh í.ch is determined by the 

phase fluctuat ions solely. The explici t analytical formulas for 

the degrees of the second arder coherence for particular 

spectral components have also been obtained. It has been shown 

that, unlike the one-atom case, in the collective resonance fluo

rescence the photon statistics of individual spectral components 

depends strongly on the phase fluctuations of the laser field. 

f It should be noted here that the approa cb presented in this 

papel' can be used to investigate the lnfluence of the phaee and 

amplitude fluct~~tions on the two-time intensity-intensity 

correlation functions, the cross-correlations between the 

speetral components and the macros copie nonclassical effects 

such as squeezing and violation of the Cauchy-Schwaxz 

inequality. The research in this field is"in progresso 

Th.e authors thank Professor N.N.Bogolubov, Jr.
 

for his help and valuable discussion •
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IllyMOBCKHH A.C., Ta.Hacb P., qaH Kya.Hr E17-87-436 
KorrrreKTHBHaH pe30Ha.HCHaH <Prryopecu;eHu;HH 
B HHTeHCHBHOM cPJIYKTall;HOHHOM no <Pa3e H aMIIJIHTy,ne 
rra3epHoM none 

PaccMOTpeHa KorrrreKTHBHaH pe30Ha.HCHaH <Prryopecu;eHUHH a 
CHCTeMe ,D;ByxypOBHeBbiX aTOMOB, B3aHMO,D;eHCTBYfO~X C HHTeH
CHBHbiM cPJIYKTYall;HOHHbiM no <Pa3e H aMIIJIHTy,ne Jia3epHbiM norreM. 
.lJ.rrH 06LJJ;ero CJiyqafi C qacTOTHOH paCCTpOHKOH o6cy)I(,D;eHbl 3cPcPeK
Tbl, B03HHKafOLJJ;He B pe3yJibTaTe BJIHHHHH cPJIYKTYaJJ;HH JI8.3epHOfO 
nOJIH Ha cneKTp H Ha CTeneHb KOrepeHTHOCTH BTOpOro nopH,D;Ka 
cneKTpaJibHbiX KOMnOHeHT <Prryopecu;eHTHOfO noJIH. 

Pa6oTa BhiiiOJIHeHa B Jla6opaTopHH TeopeTHqecKoH: cPH3HKH 
011.HH. 

llpenpHHT 061>eAHHeHHOro HHCTHTyra HAepHbiX HCCJieAOBaHHH. ,lly6Ha 1987 

Shumovsky A.S., Tanas R., Tran Quang 
Collective Resonance Fluorescence in an Intense 
Laser Field with Phase and Amplitude Fluctuations 

E17-87-436 

The collective resonance fluorescence from a system of two
level atoms resonantly driven by a strong laser field with the phase 
and amplitude fluctuations is considered. The effect of the field 
fluctuations on the spectrum as well as on the degrees of the se
cond-order coherence of the fluorescent field is discussed in delail 
for the off-resonance case. 

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