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1. I NTRODUCTI ON 

In the l a s t d ecad e , t he spectral and s t atisti ca l p roper­

t ie s in t h e reson ance fl uorescence of two-level atoms in the 

p r es e n c e of a strong dr ivi n g l aser field ha ve received a gr e a t 

d eaL of at tention , bo t h theoreti cal 11 , 2 , 6- 22 J and experimental 

[3- 5J • Pu.r t h e r unde r s t a n di ng o f t h e flu ore scence dyn ami c s for a 

singl e-atom ca s e has been c o n s i de r e d i n t h e wor k s by Eberly et 

a1. [ 8, 11J , Re n a ud et a L , [ 16 ), Courtens and Sr llk e[17J and 

1ak-San Ho et 81 .[ 1) ] • 

I n thi s p ap er we inves t igate t he dyn ami cal evaluation of the 

colle e ti,e reson ance fluoresce~ce spectrum f r om N two-Ie'le l 

ato~s in t h e presence of strong a nd exact resonant dri vin g laser 

field . I n the secul02" approximat ion [15, 19 ] , t h e analyt ical for ­

muLas f o r a physical t Lme-edep endeat spectrum are given . The in­

flu e:J c e of t h e transient spec tral fo rm on t h e parameters cf the 

at oede system such as t he n umb er o f a toms N , a bsolu t e value 

of the initial a t omi c popula t ion Lnv e r s i on 101 , at omi c S POJl­

taneous t r a u s.i t ion rate 0" and the wi d t h of the f il t e r r is 

discussed . Essential differences of the transient spectral f orm 

f ror.! the ste n dy st a te spec trur:J will be shown in this paper. 

II . TilE BASIC EQUATIO;.rS 

We consider N t Vio -le v e l identi cal atoms of the Di cke model 

whi ch i n t erac t Viit h e. strong monochrornat i c mode of the laser f i. e Lc 

at f r-e qu e n c y 0.\ and Vii th the vu cuurn of other modes i n the con­

text of colle c ~i / e re s on a nce f l u oI' c s c en c e[ ' U- 21] 
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III t r un L.i ll[', t.h e nu L I'Le Ltl e l as :Ji .elll l;1 u url using t h e ex t e r 

Bo t'll Ilt lU Mll l ' \WV uj .p r-ox.i mut Lo n describing the co up l i n g of t h e 

U.Y:J t.urn w.l t.1I Lhe vu cu um fi e l d , on e f i nds a ma s t e r equat i on fo r 

tli c rud u c c d d e n u.i.L y ma t r i x fo r t h e redu c e d at omi c s y st em!( i n 

t h o Ln Le r-uc t Lon repre s en t a t i on ) i n t h e f orm [ 19] 

Of _ - i D.. r .1;2. of- J.z f ) f ] _ J a,1;2. f - J,z .f1;I +H. C), ( 1) 

~i 

Lr 
whc r o 0 i:1 Lh e a t omi c spon t a n eo u s t r a n si ti on r at e -0. i s theJ 

r-cuonu n t Hnbi fre quen cy . Th e op erat orB JtJ (i,j = 1 , 2 ) a r e 

t h u u s ua.l c o l le c t i v e a t omi c angul ar op er a tor s s a tisfy i n g the 

well-known co nunutat i on r e lat i on 

[ Jij ) J,"F ] = f iJI Jj ~" - f iJi [ iJ I	 (2) 

For s i mp l i c i t y , t h e laser f r equen cy 0J~ i s a s sumed to b e ex a ct ­

l y equal to the at omic t r a n s i t i on fr e quen cy W.l4 

Foll owi ng t he a ~ t hor s of the works ( 18 , 2 3] we introduce t ho 

Schwi n g er representation f or the a n gular moment um 

Jij ;: c c,	 ( ilj = 1;<'-) .I 

C ,.
where Ci , a nd obey t h e boson commutation relationJ 

[ Ci) Ci t ] = [ij. 

Further , we i n v e s t i g a t e only the case o f a n i n t ons e ex ter ­

n ul f ield so t hat the Rabi f r e quen cy j(L sati sfi e s t h e r elation 

.a >/ 0.	 (J ) 

AfL e r performi ng t he canonical (dre ss ing ) t r ans f o r mat i on 

Cf = 
A 

Q., + .( 
Qz.

Vi: Vi: (4) 

c = i: Q., of­
.j 

Qz.
I{LVi: 

one f inds tha t the Li ouvd Ll,e operato r L app e aring i.n e qu a ­

t ion ( 1) npLi t s i n to two co mp on en t s l, a n d L ~ . The comporien t 

L., is s l owly var ying in t i me whe r e as Lt con tai n s r a p i dl y os ­

cillating ter ms at f r equen.cies 2. S2. a n d 4..a. . Fo r t he case 

whon t h e relat ion ( 2) i s f u l f i l l e d , on e can mak e t h e se cular· 

approximat ion , Le ., to r e t a in onl y t h e s Low.l.y v aryi n g p a rt [18 ,19J 
and reduce t h e mas ter equ a tion ( 1 ) to the f or m 

of z _ d"l [ RJ ) f] + a (Z!<.J j RJ - R/f- i R/J 
Cit r 

t	 yo (t R,2. i Rz. f - RJ. f R" f -f 1<2., R,2.. ) 
g (5 ) 

t	 a (z, Roll f R,. _ R' 1 1<2./ f - f R12. Ru ) ) 

8 

wh ere f = Uf U+ wi th U i s the u n i tary op er a tor r ep r e s en t i n g 

t h e c anonical transfo r ma tion ( 4) ; R = RH - R.,1J 

R lj = Q/ QJ ( i ,j = 1 , 2 ) ar e the coll o c tiv e a ngul ar opera­

t or s of t h e dr e s s ed a t oms . The operat or s Q,' and Q7 s a t is f y 

the boson commutation 

[ Q,. ) Q/] = e5"d (6) 

s o that 

[ RiJ ) Ri:j'] :: Rtj ' 6i'.I - RiJ O/'jl 
(7 ) 

Th e e qu a t ion of motion f o r the exp ecta t i on v alue o f an ar ­

bi tra~y ( f i x e d ) atomi c oper ator 8 f o l l ows f rom equa ti on ( 5 ) 

<B~ .: ii1 (' [ 5.1 1<3]>t + .£ [ ct R) 5J RJ ),e ) to 

+ <R~[ B) R)J~J 10 f [«t R~j)B] 1<11 4+ <J~2.1 [~ R,)-? ( 8 ) 

1 i + <[ RJ2 } 5 J R" {+ (' RI~ [ B) R ] »; J ) 
whe r e 

( (3 >-t (Be-/;» :: Sf ( jJlf)B) (9) 

3 
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JTI pa r t LcuLar, we huve 

~ ( R = Zt'.S2 ( ~2 1 ~ _ .1 o<I<ZI>1;­Z f { 

J.i ( 10 ) J. 
4­

jf­- - < R,z %
M 

ci 
( ~3 ~ :: - 3"' <R..J > ( 1 1)

tlJ .t- t 

' By using the quantum regressi on t h eor em[24.25] one find s the 

equa t i ons of mo t ion for the t wo- t i me correlat i on f un ct i ons . In 

pa r-t Lcu Lar , we obtai n e quu t Lonn of mot i on f or t he t wo- t i me co r r e ­

l a tion fun c t i ons (R] (t to ~ ) R ( t I' j
J 

<R1.' Ci-+? ) R U)' 2 

and (R n Ci to b) 1<21 (0) 
i n t he fo l l owing f or m: 

t1I. (R1 (-b1-" ) R (+) >:: -r (R/ /.
d,c 

J t- 1;­
( 12) 

A. (R. z, (+ t 7; ) e; (tJ>-= (2 ...0. -1 4') (RJ.I R,z4 
~ ~ . 

( 13) 

~ <R/ 2 Cf t7:) Rz, (+) = t. ~..Q - i if) (R/2 RZ/4 . 
~ ~ ( 14) 

Equ a tion s ( 12- 14) gi ve t h e so l u t ions 

<R3 ( i t g) RJ (t ) ~ e-;-
~ 

Z" (R/ )1; ( 15 ) 

(11' .n. - .:U') 6 
<Rz,( t t 'b)R ,z (t--)=e 4- (RzJ<n)t; ( 16) 

(_ 2.. o. -J.. 0 ) r 
( R, 2 (t t 'G ) R, /«». e 4 (R,2 RJ 1 4 ( 17) 

The e qua t Lons r,f 110t i oC! :- " r t he exp e c ca t Lon Ifa :"u;;c (!?JJ. ~ 
t: 

<f) I) '-,a; Rn >~ and I<. n " ZI 4 "an L a deri ved f r om equut 1 0 ~ ( 8 ) 

- J1. r« 
<R::,2. /i- ::: <R.J2. IS + e ( (R; lc - (RJl. /s ) ( 11;3 ) 

.., -~ ?i- [ ( <RZ1 i : 4 :: ( R2.. , R, z /f + e R2.' R,J. >0 
( 19 ) 

_ ( RJ.' R,J. 1 + 1. (R J >' ( ea-+-_ 1) J 
. 

~ 
- ~ ot­

<R,i. Rl.1 )t- : <s; RJ..J)s + e 1- i , R/l /(.2/ >0 ( 2 0 ) 

_ <R 1l Rl, '?s - .i. <Rj l" (et"t-_ O]
4 

wher e 

<R.3l. ?s :: ( ~:t / -4, -"7 ~ = i. (Nt + .2.. IV) ( 2 1) 
3
 

<RZ 1 R,lls = ( R,z. R1.J ).s :: .i- (N l. r 2. N) )
 ( 2 2 ) 
6 

( .. . . ~ deno t es ~ he e~pe c tation v~lu e ove r the initial s ta te of 

the a t omi c sy s tem. I n t h-; case wh en t h e a toms are init i a l ly i n 

t he symme t r i c Di cke stat e 

.f~ :;- I h~ ) Ylz. > < h~ J n.L J , ( 2 ) ) 

wh er e 

I no f ) n..z., » " nL- I it-.) hI. >~~ 
:Lt~ I )'L,f J ~l.:> :: >'\..1 /""' ) I't-L ) , 

on e ca n f i nd 

<R-J >0 ::: 0 ) ( 24 ) 

( 25)( Q./ >" : (N If )~~ l. + 211 _ 

( Rz. {{'i ~ :: (/(n R >, :: /f (N2.+ 2. /'/ to oAt) ( 2 6)1 l i 

wher e
 

D::: h..z - f1...-1
 
I. 

and co mmu t a t Lor; re l a t i on U ) an d ha ve t he ex ac t s c l u t i on s i n 
II I . TI j.iE- D;';PBllDEllT FLUORESCE,1CE SPEC'l'RUM 

t he f ollowin g Lorm: 

}'ol l owi ng Eber l y e t a L , r2iJ the time dep endent phy si ca l 
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cpec t r um of the fluor ec cenc e f i el d hua the ex pl ici t form :
 
t t - t.. ( r' ll)
5 ( t r )	 J ( t - t .1. ) J I - - I l: 

) Wf J :=.2. r RL f Ol-
' t.l,. e. '"~ e ~ 

o •	 ( 27)
( J,; I ( t~ of- ~) J",1 ( /;J) >' 

where Ll = WJ _ W wi t h W i s the ce n t er f r e que n cy of the
L t
 

fi lter; r i s t he wi d t h of the filt er ; t is the t im e
 

at whi ch the spe c t r um i s eval uated . 

For the cas e of int ens e ex ternal f 'L eLd t he member s i n sp e c t ­
-1 

r um (27). whi ch arc proportional t o ..D. • are i gn or ed and the 

spe ct r um (n) r educe s t o of; J( t--t.z ) t - t.l.. ( ~_i ~) l: 

5 (t w r ) = r/ 2,- Re Solt e 5 d'& e) f }	 ~ 

" 
l <RJ ( t~ +~)!<.I (~.J > + ( RJ. I (t, t t) R,2. 

o 

(tJJ > ( 28) 

t <R IJ. (tJ- of- "G ) ~1. 1 (h ) >j 
For t he cas e when t he a toms a r e ini t i a l l y i n the Di cke 

stat e (2) ,	 u s i ng r ela t ions ( 17)-( 15) a nd (24) -(26) one can wri t e 

t h e sp ect rum ( 28 ) in the form 

5(t ,wi Jf ) = S. Ct)Wf )·f ) + S1 (t )Wt l r}TL (f)W;b r ) ) 

wher e ( ~9)
 

.l [ exr ( _ 1 Di)
Sd (t) Wi ) f) =~ [ <R.J >0 . r ----~ _
 
(r_1. 0") ( r _..t 0- + -24' II )
 

e.xp ( - ft) 2;;'p [-1 (r+ r -t l i!J.)tJ J
 
t (r_i r ) ( r_r _2i !lf (r_2. a+.2 i ll ) ( r; 0-_ 2.,. Ll) .
 

( R~>' [1	 .r e;r.p i - 1:. at)+	 3 s - -~-.:...~
 
f t r' + .U l1 (f-! rrir: -2,. 'ir t-.2,'Ll) (JO)
 

i oe.xp ( - f t-) t,rr e.;t.:f - '12, ( r+r f.2/ LJ)+J ,ll 
- (f_ f o ) ( r _ o_ 2i !J.) -t- ( f_.l.a"f 2 ,.Ll)(rT Ot 2J't1 ) ( f_ o_ 2i t1.) JJ " 

S1 ( 1:, Wi ' r) = Re. [ <Rl , R,~ >. . r [ ex p ( - t 'K"i; ) 

o (r-l r ) ( r-1 0'+.2t'Ll1) 

+ up ( _ f-l;) _ ~exp[- 'V<.( r+ .1/.2, o+ .u Ll J tl _ 7 
(r-i "d)(r -i- T - 2 it1 f ) r r; 3k ir)~ T 4.1/ J 
<() () "t- '1 r exP (- t ' -/; ).,. ~.u ~/~ /.	 ­

'.!' r+3/.2,.r+ .tt't!1 (r- a/LQ)(f- ..%...ir + U I1~ ) 

'%.. r ext (- ft) -I- brr f..XP [- ih Cf t .3,6. O' r 2i l1 f ) t J ' . lJ 
(f-lo)(f- ~r-:b.'tJ. 1) [( r_3f2.(")\ 4 i1.n(rTJ/.2. ~r.u 4) J 

L <F (31) 

S_~ ( t ) W;b r) :: Sot ( tJ. \ ~ .1-1 ) (32) 

/). ::. Wf - WI. j f).1 = W j- - w L - .l.Q.. 

f)...... : W - lJJL + l.fl. . 

The cxp e ctn
f 
t ion va l ues <R/ -1­ <RJ./ R,z. >s and ( R./?o, 

<R,1) R12. >0 i n e qa , (J6) , (J7) can be f ound in e qs . ( 21) , ( 22 ) 

and (25) , ( 2G), r esp e ct ively . 

Express ions (29)- (32 ) des cri be t he dy na~i c evoluat i on of the 

col le c t i ve f l uor es cen ce spe ctrum. Anal OGou s l y to the one -c t o~ 

f'l uor e s cen ce [1 6 J t he spe c trum (29 ) (ill t ne s t r ong ex t er-na.L f'Le.Ld 

CREe) co nt ~ins th~ e 9 Bp~c t rum comp01Wn t S c c n t er ~ d at fr e quenci EU 

Wj :: tJL l , (tJ... and ""Lt .(, 11 , respectiv ely . POl' the _ fl 

s tationo.r y l i nd.t t -'f .a the sp e ctrum ( 29 ) reduces t o [19] 

(" f 
S (0/,) Wi) r ) = 1. ( N 2..,. 2 N) ~ -;; + 7 

) .3 l(r r ).2. ( )J.
~ t Z T·	 Wf - W L ( 3 ) 

L + l.o	 r i r 
t -	 + _ _ ~O<:.--:-=__ L-- _ " z,	 4 -1 r -to t J 

J.... r)l t""\ )L ~ r ) .2.. ( )l..­{ - + 1. r + (W.L _W _2 .1 L ( - .,. 1 r + W-t _ wL + 2 i: 
· lJ It 1 L .'l... 4 J • 

The col l e ctive s t eady- s tat e sp ectr um ( 3) has the s arne f orm 

us for the single- atom case bu t all the wei ghting f a cto r s are 

pr opor t i ona l to N2. . The rel a t i ons be tw een t he peak i nt en siti ­

os of t he sp e ct rum componen t s (i . e . t he quanti ties 11. = S( ~.:: O ) ; 
~ 0 

J, = 5 (t11 :: 0 ) ; I! ::.£.1 ( t1-1 = 0 ») t a ke t he f c r m 
' I 1 ·f 

71I 



Is I : I, = ~ : 1 : 1 f or r» '(' 
0 .5" 1 '1 

: I{ . :: 3 : -1 : 1 for r« o (4 ) 

I~ o I L , ' I 

¥or U oho r t t i me l i mit rt , rt « 1 the p e.ik i n ten s i t i e s 

of t ho th r e e opec t rurn compon en t s So , 5_1 and St, a r e 

I s :: 
1 <R2.;> r t l.- ) 05 )J 00 4 

1I I =. IS :: <R..l.j R,'l.. >0 r t.l. (J6) 
- I tt 4 

l 'or t he cus e when al l the a t oms a re ini t i a l l y i n t h e ground 

sta te ( or exci ted s t ate) L e . D::- l1.2 - t't,1:: - N ( tN). one shows 

f rom e quat i ons (25 ) and ( 26 ) t ha t 

J< RJl. >0 ~ N ( 37 ) 

<Ql 1 R,2.>O = Y-( N 'L.+ N)

4­ ( 8) 

thus the pea k int ensi ty ( 35 ) of the cent ral component So i s 

proportion al t o N whil e t h e peak i ntens i t ies ( 6 ) of t he s i de ­

handn Sf 1 are proporti on a l to N2. For the case when the 

atomi c popula t i on inversion D = 0 , on e f i nds f r om e qs . (2 5 ) 

and (26): 

<QJ 2.'J :: .i (Nl.+ 2.N) = 4 </( Zl 1<'2- >c =- 4- (/(,2. RL/ ">a )
o ..t, 

thus in thi s cas e al l t he t hree sp ec t rum comp on en ts have t h e 

peak i n t ens i t i e s ( 5) , (J6) bei ng pr opor ti onal t o N L and r ela­

t ions be tw een the peak int en si ti es take t h e f or m 

I So : I L, : Is :: 4- : 4 : 1 0 9) 
" 

In other words, the fo rm of t he f l uorescence spectrQ~ (i .e . t he 

relations between the p ea k in t ensities ) in t h e i ni t i a l p e r i od of 

time i s quite dif fe r en t from t he s tea dy-st a te fluor es cence 

sp ectrum (33) and is s t r ongl y dep ende n t on the numbe r of a toms 

N and absol u t e val u e of t he a tomi c populati on invers ion 101 · 

For t h e Rydbe r g ~ tom s when r ?/ r ~ 0 t he fluores ce n ce 

spectrum (30) -(32) r edu ce s t o - (r. z, ~ {~) t}
l i _r!- 1_ e ,So ( t-) tJj- ) r ) :. <~ / (1 Re eo - tI t 2. 

. r - U .1 r L + 4/jl.- (40) 

-(E + i LJ 1) t S1 (~ Wf) r) :: <R R,2. ~ Re \ e_ r~ 1 + 2­ L e. z,
1 1 j(r_u /)1 r- to q. fjt~ ( 4 

) 

1) 

S _~ (-t-J Wj ) r) :: S1 (~1 ~ LL 1) ( 42 )
 

ThE: sp e c t r ura ( 40) - ( 4-:: ) Ls i n. ag re emen t wi '~ h our previou s Vlor k [ 2 1]
 

co n cerning t he colle ct ive resonan ce f l uo r es cence fr om N Btrn ~ s 

i n t he i deal cavi t y wh er e for the ca s e of 10 1-..J N on ly t he 

side ba nds exh ib i t supe rr ad i an t behavi our ( ...., N') whil e t h e i n­

tensity of the ce ntral component is propor t i ona l to N 
For t h e ot h er limi t ed cas e O )'? r , i gnor i ng t he te r ms 

whi ch ar ~ proportional · to J: in t he sp ec trum (2 9 ) , on e ob-
r 

tai n s 
-ri) { r/». S (t;WJJ):. ~ (Nl-+2.N)(1-e 

I (t/.t)'1.. + II 1.-
( 43) 

t 1 %. r 1 J/lr r J 
.L 
-

M, Q l- + ill!.. 
+ 

Z, 9116 ilL. + ~1' . 
As for the s t ea dy stat e spe ctrum (3) , i n t his ca se the transi ­

ent spe ctrum (43 ) ha s the sp ect r al f or m bei ng i ndep endent o f N 
and the. wei gh ting f a ct ors f or all t he t hr ee s p ect r um compone n t s 

are propor t i ona l to HI.. • 
In the s i ngl e -atom case ope f i nds f r om eqs . ( 2 ~ , ( 2 2 ) a nd 

( 2 4), ( 25 ) th a t 

<RJ 2. ?r :: «fl.} /. :: 1 

1( J!. 2., f<. 'J.. 1 = ( R.z/ Rll.. >0 ~ r. 
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Fig . 1. NOlwali zed pea k int ensi t y of the ce ntra l compone nt 

I s (t ) II (t ? o<") as a fun ction of ~t . The 
o So 

cur ves 1-4 coresponding to t he ca s es " = 1 , D = :!: 1 ; 

tV =. 6 ) D = 0 j II = 6 , D = :!: 6 an d rJ = 80 , D = :!: 80 J 

r e sp ec tively . 

'f I r =. 0· 1 

---"1.00,
0.90 }s ~1 (t)jI s~l(t- <D 1 

0.80 
a ) 

0.70 

0.60 

0.50 
0.40	 1.. =. o- OJ 

r 
0.30 
0.20 
0.10 
0.0 _	 tt 

0.0 0.50 1.0 1.50 2.0 2.50 3.0
 

b ) 

too r	 \ ~..~.~ 

0.90 IS! I(t)/Is!t { t - ~ 1 ~ 
0.80 
0.70 
0.60 
0.50 
0.40 

~/r :: o. t­0.30 
0.20
 
0·10
 
0.0 

- 0.10,	 ttI I I I I 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 
Fig . 2 . Nor mal ized pe ak int en s i t y of t h e s i deband s 

Is (tJ I I (t -:!> --J a s a f un ct i on of rt . Th e 
11 S:! 1 

curves 1-4 cor espond ing t o t he cas es N = 1, D = :!: 1 j 

11 = 6 , IJ = 0 ; II = 6 , D g :!:6 and N = 80 , f) =j g~ 

res Pf?d i'o'eL:/ 
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I
 

and s p e ctrUP.l (29 ) r educe s to t he time- dependent s pe ct r um of on e 

a tom in the wor ks [S , 16- 1'0 (in t he s e cul a r approxi mat i on ) . 

For t h e e;ene r a l cas e t h e dep endence of t h e t ransi en t peak 

int ensitie s of the s pectrum compon en t s So , S.t1 on the a tomic 

paramet ers N ID I '0 and on the wi dt h of t he f i l t er r 
i s s hown i n fj.c;s . ( 1) , (2 ) whe r e the no r mali zed p eak i n t en s i ti es 

of the ce ntral componen t , i. e . t h e quan t i ty 

I, ( -I; A ~O)r) /Is ( <>o) ~ ~OJ r ) ( s e c f i G. 1), 
ve J 0 

and of t h e ailiebands , i. e. t h e quantit i es 

r ( t LJ -0 r) l i (clJ IJ - Or)
5!:/ } :t~ -) 51(' ) 1, - ) / ( s ee f i r, . 2) " 

ur e p l ot ted us f uncti ons of the t i me e: ~ t f or va r i ou s val u e", 

of tne pa r amet er s f/ , D " tld 'fIr . In con t r ast wi t h t h e 

at cudy-cst a t e s pe ctrwn ( 33 ) wh er e the ap e c t r-um f or m i s independc l '. 

of the number of a t oms , i n t he ge neral cus e the t r an s i ent sp ect ­

r um f orm is depe;::icn t on the nwnber of a t oms N exep t the cus e 

when t he ini t i aI a tomi c popul a tion Lnve i-a.i.on D = 0 ( s e e the 

cu r ves ( 4) in f i GS . 1, 2) . 

As is s een f r om f i f,s . 1,2 an d r eLa ti ons ( J 1) , (3 2) , f or 

t he ca se when thc atoms ur e i ni t i ul l y in t he symmet r ic Di cke 

state ( 23) , t he spe ctrum i s symme t r ic . Ho wevcr , we no t e t ha t in 

the cas e whon a toms Bre i n i t i ally i n the cohc1'"cnt s tat e s o t h at 

<R.3>O * O, ene can show f r orn e qs , (1 9 ) , (20 ) that < RJ. J v.>; 
t= <:R,I.. R 2-J >-t; and consequ ent l y the f luore s cen cc spe ct r Ulll become s 

unsymme t r i c . 

IV . CONCLU SI O;;S 

We have considered the pr ob l em of ph ysical time- depende nt 

s pec t r um of the collective r e s onanc e f l uor es cenc e from IV t wc ­

l evel a toms in t he pres ence of the st r ong w1d exact re s on~,t 

l a s er dr i vi ng f i eld . By u s i ng t he s e cular approxi ma t i on t he 

an aly t i ca l f or mul a s fo r the trans i en t spec trum are gi v?n . In 

cont r a s t with the s t eady- s t a t e sp ectrum, t he form of t h e t rans i ­

en t sp ect r um is str ong ly de pendent on t he number of a toma N ,the 

a bsolu t e valu e of the ini t i a l a t omi c po pul ation JDI , spon t a n c­

ous t rans i tion rate 0 and t h e wid t h of the f i l t er r __ Par 

the i nit i a l period of t he time ( shor t t i me l i mi t ) and 101 ~ N 

only t wo s i debands exhibi t t he s up errudiance be haviou r ( ....... N 2-) 

whil ~ t he i ntensity of t he cen trel sp e ct r ulli compo nent i a pr o­


por t i onal cnly t o N
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