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Abstract

In this paper, we have studied the squeezing atidtital properties of superposed three light tedmorder to
carry out the analysis, we have obtained the sagéipn density operator along with the Q-functione have
calculated the mean photon number, the photon nuras@nce and the quadrature variance for therpoged
three light beams. It has been found that the npdexton number and quadrature variances of the gaped
three light beams are the sum of the mean photarbats and quadrature variances of the separateblgims,
respectively. The quadrature squeezing of the paged three light beams is the average quadraqueesing
of the three light beams. In addition, the meant@hmumber and quadrature squeezing of the supsniptbsee
light beams increase with linear gain coefficient.
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1. Introduction

Quantum properties of the light generated by varioptical systems such as lasers and with thetedfdight
on the dynamics of atoms. The quantum propertidiglaf are largely determined by the state of ightimode.
The quantum states of light are number, chaotibernt and squeezed states [1-6]. In a squeeatsl the
quantum noise in one quadrature is below the vaclawel at the expense of enhanced fluctuationshin t
conjugate quadrature, with the product of the uagaties in the two quadratures satisfying the uadety
relation. Squeezing is a nonclassical featureghttliSqueezed light has potential applicationsédetection of
weak signals and in low-noise communications [1-6].

A three-level laser is quantum optical system incivhihree level atoms in a cascade configuratiatially
prepared in a coherent superposition of the topbanttbm levels, are injected into a cavity coupieé vacuum
reservoir via a single-port mirror. When a thregeleatom in cascade configuration, it makes a ttiamsfrom
the top to the bottom level via the intermediateeletwo photons are generated. If the generatgt linodes
have the same frequency, the three-level lasazidsts be a degenerate three-level laser; otherivisecalled a
nondegenerate three-level laser [1, 7].

Some authors have arrived at the conclusion tleastiperposition of coherent light beam with sonteiot
light beam does not affect the quadrature variasfcthe other light beam [8 -10]. Fesseha has stutle
statistical and squeezing properties of superpasatberent and squeezed light produced by one mode
subharmonic generations in the same cavity. Apglgirslightly modified definition for the quadraturariance
of a pair of superposed light beams and compariitig tive quadrature variance of a single cohergtit beam.
He has shown the quadrature squeezing of the sogmtdight beams is half of the squeezed lights Thijust
the average quadrature squeezing of the sepaghtekams [11].

In this paper, we seek to study the squeezing taithtical properties of the superposed three lmgams
produced by a coherent light and a pair of dege¢edahaee-level lasers. In order to carry out thalygsis, we
first obtain the density operator for the superpaseee light beams in terms of the respective Gztions.

2. Density Operator
Suppose[)'(éf,él,t) is the density operator for the first light beasay for the coherent light beam. Then

upon expanding this density operator in normal oedel applying the completeness relation for caftestate,
we see that

p(&8.1)=[d’aQa; a,+ aa* DB @)POP a), @
where
Q1(01,67+ “t) Z ) @)

is the Q-functlon assomated with the coherenttligram.

On the bases of Eqg. (1), the density operatordpegposition of the second light beam with thet finse and for
superposition of the third light beam with the ffias well as the second light beams can be writespectively
as
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is the Q-function assomated with the second aind tight beam respectively. Now combination of Ef, (3),
and (4) then using Baker-Hausdorff identity and thedinition that the coherent state is the dispiaeet
operator acting on a vacuum state, we easily obtain

0 0
pa,at)= jd ad’ad’aQ,(a,,a,+— 1)Q.,@,.a +— )
oa, da, -
0
xQy(ay ,a, St oow S O|agra,ra)ataral.
a3
Eq. (7) represents the density operator for sugsitipn of the three light beams.

3. Photon Statistics

In this section we seek to study the statisticalpprties of a superposed three light beams. Weulesdcthe
mean and variance of the photon number for therpoged three light beams employing the resultingsite
operator and the Q-functions of the respectivet ligtams.

3.1 The Mean Photon Number
The mean photon number can be expressed in terthe density operator as [15]

n, =Tr(p(t)a*a), (8)
Where the subscript “s” stands for the superposeans. Applying Eq.(7)in Eqg.(8), we get
N, =<4’ (D4,() > +<&, (D4,t) >+ <&, ()aL) >+ <&, (t) ><aft) >+ <a f1) ><a'(t) >

+<8," (1) ><&(t) > + <& (1) ><ayt) >+ <a,t) ><ayt) > +<a; (t) ><af) >

(9)
in which

ar(af(t) >—.[d aQ(a, ,a|+aa* ta’a,i=123 (10)
We next proceed to determine the expectation vati@§) >,we can write as

R 0

< al(t) >= szalQl(al ’a1+r‘1* 1t)a1’ (11)
in which
Ql(a a+t— a * ’t) Ql(al ,al,t)exp[@ ¢ )—0’ )_] (12)
with

R 1 R R
Ql(al ’ayt):]_Texp[_ala1+q¢)(a1+a1 )—Cf (t)]' (13)

kt/2

2 -
is the Q-function for the coherent light. Whegét) =?£(1—e ), using Eq. (12) in Eq.(11), we can be put

in the form
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where

. ., 0

D(A,a,,a;)=expl@t)-a, )—lexpda,)
oa,

Based on eigenvalue equation for a differentiaratoe A:
Af (x) = af (X)
that satisfies
e*f (x)=e*f(X)
We easily get
D(A,a’,,a,) = expla,).
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Substituting Egs. (18) and (13) into Eq.(14), tikarrying out the integration and upon performing

the differentiation and also settind) = 0, we get
<&(t) >=q(t)-

Following a similar procedure, one can easily vyettifat
<&, (t) >=< a,(t) >=< a,(t) >=<a,(t) >=0,

<&1)a,1) >= (1),
<&0E,0>= 5 -1=a-1

2 2

1 1

and
<8)(1)a,(t) >=—2—-1=a,-1,

2
u, -v,

& o b
azz - bz2 a22 - bz2
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2(An+K) 2(An +k)
Finally, the mean photon number of the superpolsezbtlight beams is

inwhich U, =

ﬁs = D S
2(An+k) 2(As1+K)
At steady state the mean photon number turns dog to
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Fig.1: Plots of the mean photon number [Eq. (2&)bug7 for k = 0.8, A = 25, and for different values&f
Fig. 1 represents the mean photon number [Eq. [4283us/], for k = 0.8, A = 25, and f&& = O(solid curve),
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& = 0.5(dashed curve), agd= 1(dotted curve). The figure indicates that theam photon number increases
with & and decreases wiifg.
We observe from Eq. (26) that the mean photon nurobéhe superposed three light beams is the sutheof
mean photon numbers of a coherent light and agbaiegenerate three-level lasers.
We consider the case in which the two lasers tiawesame linear coefficient, upon setting=AA, = A, Eq.
(26) reduces to
_4e®  Al-n)

= kE O Atk
We easily see from Eq. (27) that the mean photanbau of the superposed three light beams is theamea
photon number of a coherent light plus two timethefmean photon number of degenerate three-laset .|

(27)
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Fig. 2: Plots of the mean photon number [Eq. (#2&)sus/} for k = 0.8,&= 0.5, and for different values liner
gain coefficients (AA,).

The plots in Fig. 2 represent the mean photon nuribe (427)] versugy, for k = 0.8,€ = 0.5, and for A=
5,A, = 10 (solid curve), and A= 10,A = 25 (dotted curve). The figure shows that the rmgloton number
increase with the liner gain coefficients;(/A\;) and decreases witfj.

3.2 The Variance of Photon Number
The variance of the photon number for the supegbtsee light beams is defined by

AN’ =< (A" (t)a(t))* > -n. (28)
Using commutation relation

[é, é*] =3 (29)
where

a=4a+a,+a,, (30)
with the aid of Eq. (29), Eq. (28) can be writtartlie form

AN’ =< &"%a°>-n2+3n,. (31)
Therefore, the variance of the photon number ferstiperposed three light beams turns out to
AN’y =N+, +2M (0, +by) + (b, +b)° + 20 (M + N )+ N 5+ 3, (32)

We easily see from Eg. (32) that the variance aftg@h number for superposed three light beams @tegréhan
that of the mean photon number. This shows thafptieon statistics of the superposed three lighintseis
super Poissonian. The variance of photon numbesdperposed three light beams is does not the $uheo
separate light beams.

4, QuadratureVariance
In this section we seek to determine the quadratan@ance of the superposed three light beams.guldrature
operator for the superposed three light beamsfisateby

a, =Vx1@" +a), (33)
with the modified commutation relation
[&, a] =6i. (34)
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In view of this commutation relation, superposerk¢hlight beams is said to be in a squeezed dtati¢her
Aa, <3or Aa_ < 3such thatAa,Aa_ = 3.The quadrature variances can be defined by

MR =<&2>-<3§, > (35)
Using Eq.(29)and (33), we can write as
A& =3+2<@’a>+<&@>+<@?>7<a" >’F<a>’-2<a" ><a>. (36)

Finally, the quadrature variance of the superpdisezk light beams is turns to be
AA2 =3+ AL[(]-_”) i\/:l-_’72] (1_ g AT+t )+ Az[(l_ﬂ) i\ll_ﬂz] (1_ g Akt )
’ A7 +k A +k

We observe that the quadrature variance for supetpthree light beams is the sum of the quadrataniances
of the separate light beams. We consider a spees¢, in which the two lasers have the same ligaar
coefficient. Hence upon setting; A A, = A, we get

_ / 2
Aéi:3+ 2A[(1 Z])ikl ,7 ](1_9_(A,7+k)t)-

Upon setting t = 0, the quadrature variance Eq) (8duces to
(0&2), =3 (39)

Eq. (39) represents the quadrature variances éothttee mode coherent or vacuum state.
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Fig.3: Plots of the quadrature varianf@’ [Eq.(37) Jversusy for k = 0.8 and for different values of the linea

gain coefficients(AA,).
Fig.3 represents the variance of the minus quadrdEq. (37) versug , for k = 0.8 and for A= 25,/ =

50(dotted curve), A= 50,A = 75(dashed curve),and A& 75,A = 100(solid curve). We observe from the figure
that the quadrature squeezing increases with teadigain coefficients. Moreover, the maximum gaade
squeezing described by Eq. (37) forA75,A = 100 and k = 0.8, is found to be 58.13% and ccatu7= 0.12

below the coherent state level.

5. Conclusion

In this paper, we have studied the squeezing aitital properties the superposition of a cohelight and a
pair of degenerate three-level lasers. In ordecany out the analysis, we have obtained the swsérpn
density operator along with the Q-functions, weéhaslculated the mean photon number, varianceegptioton
number, and the quadrature variance for the supetpthree light beams. It is found that the meaotqh
number of superposed three light beams is the $uheanean photon number of the separately lightiseand
guadrature variances of superposed three light baarthe sum of the quadrature variances of tharaggly
light beams. In addition, the mean photon numbeahefsuperposed three light beams increase widadigain
coefficient and proportional to amplitude of drigicoherent light. It is also found that the quadmsqueezing
of the superposed three light beams is the averages of the three light beams. This results shihas the
presence of the coherent light decreases the quaglisjueezing of the superposed three light belsimeover,
for A, =75, A =100, k = 0.8, the maximum squeezing for supexgdbree light beams is found to be 58.13%
and occurs at) = 0.12 below the coherent state level.
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