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In many systems, involving interaction between the electro-
magnetic field and matter, statistical propertiers of light are
predicted to have a nonclassical behaviour. Such nonclassical
effects are of interest because they provide instances in which
the quantum~mechanical nature of the field manifests itself,
The most well-known exagyles of these effects are photon anti-
bunching ’lf,squeezing/ and nonclassical correlation between
light beams’% 4/, The existence of nonclassical correlation in-
dicated by violation of the Cauchy-Schwarz inequality has been
observed in two-photon cascade emission’%. It has been shown
that such correlations are expected in a two-mode two-photon
laser /%, parametric amplifier 787/, resonance fluorescence
three-photon hyper-Raman process’® and four-interacting-mode
system 719/, In this paper, we give another example, where a non-
classical correlation between light beams may appear.

We consider a lambda — configuration three-level atom being
in a lossless cavity (fig.1). The upper level 3 is connected
with the lower levels ! and 2 by dipole transitions,whereas the
transition | » 2 is forbidden, The hamiltonian describing the
interaction of the atom with a two-mode resonant radiation fi-
eld in the dipole and rotating wave approximations is given by
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\:"“”H&re, the operator Ryj=|j><j]| describes the population of
level j, with the energy 10, and state vector |j>. Ry = [i><]]|

is the operator of the atomic transition from level j to leveli,
The photon operators a, ,a; describe the field modes of the

resonance frequencies w,={lg-Q,. g;8 are the parameters

iof atom-field coupling.

| It should be mentioned that the atomic

' dynamics and' photon statistics of the mo-—
del described above have been rigorously

3 examined /11.12/. The time behaviour of the

w photon-number variances and cross corre-

2] lation has been discussed /!3/. Due to pro-

2 sress toward the realization of a single

T atom in a cavity 714/ the model is of large

interest.

Fig.1. Energy level siructure of the lamb-
1 da-configuration atom considered.

We now define the degrees of second-order coherence of light
in modes &{?) and the degree of mode correlation gf§> to be 78/
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As is well-known in intensity measurements on two beams
the quantum translaticn of the Cauchy-Schwarz inequality
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holds for field states with positive definite Glauber represen-
tations. Another form of this inequality is

Vv <0, {4)
where the courrelation functicn V is defined to be
+ +
= <« at gt "++
V = calajaza > <a,a,8,8,><8,8,858, > . (5)

The performances of the inequality V > O are possible for the
field states with sign—-indefinite Glauber representations
?h”,az), ?(al,ag) 3 o /3107 sgSuch violations show the pre-—
sence of nonclassical correlation between the beams and are the
subject of our further consideration.

We assume that the atom is initially on the lowest level 1.
In paper/!1/the time-dependent photon distribution P, (n, n,)
has been found explicitly and rigorously. It reads
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The function P(ny, ny) is the initial photon distribution. It is
of interest to consider the case when both the pump beam (the
field in mode 1) and the signal beam (the field in mode 2) are
initially in Glauber coherent states. The initial photon distri-
bution P(ny, ny ) then takes the form
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Let us introduce the notation ,(..vw.) = X (....;.)P(nl, n, ).
It can be easily shown that nyng
0y ru1n2 = rn]_+1nz” Ny fnln2 = Dp rn1n2+1 ’ )
where f, is an arbitrary function of n; and n,. Using the re-

ns
lations 1(95 and eq.(6) we can obtain
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We assume that the initial mean photon numbers are large, i.e.,

n,n, > 1. Then the functions R;, ,  and R can be ap-
: 172
proximated by’ 1%/
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where the function F is given by
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x exp[-T, ~ Ty + X+ X, - X,In(x, /0, ) - x,1n(x, /1y)].

The approximate expressions for the other functions R‘an1+k1n2+k2

(a=1,2; k;, kK, =0,1) can be obtaineéi from (11) Ey changes

By >0+ ky, 32 - by o+ ky and F(...:gg)» E’(..._:'klg1+ koBo+ £
Hence, taking into account the assumption ii;,D, >> | we can
easily see that R ntk gtk = Ranlnz . By using the latter

and after substituting eqs.(10) into eq.(4) we get the approxima-
te expression

v :r[anznlnz - “2(1 + lens)][angnianr n, (1 - Rlnlnz)]. (13)
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On the other hand, we have Rgpnn, < I. Hence, we can see from

eq. (13) that the Cauchy-Schwarz inequality (4) is violated if

v = anznlnz— n, (1 + R1n1n2)> 0. (14)
Note that for small times the correlation function V is nonposi-
tive, i.e., V £ 0. Using eqs.(11) and (12) we can describe the
time behavicur of v and V, It has a feature of collapses and
revivals very similar to those examined in /1%13and refs. therein/
We restrict ourselves to the so-called quasisteady value of v
which is reached either in the time regions between collapse
and revival or at very large times ! » s ., In these regions of
times the function F(.; g5) approaches unity 712,18/ “Therefore,
the steady value of v can easily be found. Taking into account
the assumption m, »>>1 this value is

g
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It is seen that vy, > O if: 1) the coupling of the atom with
the signal mode is stronger than that of the atom with the pump
mode, i.e.,

e
f——1
By
and, 2) the mean number @i, of the initial photons in the pump

mode is so large that

> 1 (16)
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Here the threshold value (61/Hz)mresh is
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Under the conditions (16) and (17) nonclassical correlation bet-—
ween the beams will appear in the quasi-steady time-regions.

In fig.2 we plot the dependence of the threshold value (@;/
/0y )inresn ©f the photon-number ratio for the appearance of non-
classical correlation upon the ratio Eg/g; of the coupling cons-
tants. The minimum value of the quantity (0y/%p )thresn 15

4G/3 + 1)/3 and occurs at gp/gy =[2(1 + I/\/‘?ﬁ}%-

Finally, we notice another simple case for the violation of
the Cauchy-Schwarz inequality in the system. This is the case

when no photon is initially in the signal beam, i.e., when
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Fig.2. The dependence of
7 (ﬁl'[ﬁZ)mresh upon (g2 /gl)'

P(nl,n2)=§n20 P1 (nl). From

eqs.(2) and (6) we can easily see
that g{2) is then equal to zero.
Therefore, if the pump beam is
initially in a nonvacuum state,
i . - . . i.e., if P,(n;=0) < 1 the ine-
1 2 3 4 5 6 quality (3) is violated for t > O.
%/9; This means that when the signal
beam is generated from its initial vacuum by pumping the atom
from the ground level 1, the nonclassical correlation between
the beams occurs for all times t > 0, arbitrary relations of
coupling constants and for arbitrary (nonvacuum) initial states
of the pump beam.

In conclusion, we have shown that even the simplest model of
light beams interacting with an atom follows a dynamics leading
to nonclassical correlation between the beams. The conditions
for the appearance of such a nonclassical correlation have been
presented.
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liymosckuit A.C.
Hexnaccuueckas KOPPEIALHA MexOy MNy4YKaMH

CBe€Ta B MOIenbHOH cucTeMe Tuna [xeHHca -
KaMMuHIrCa

HeenepoBaHa reHepauds HeKJIaCCHUYEeCKOoU KOPDEeALHH MexXny
Ny4yKaMu CBeT4 B TPEeXypOBHEBOH HIBYXMOOOBOH MOZeNIH THIA
IOxeiinca - KammuHrca.

Pa6ora BumnonseHa B JlaBopatopun TeopeTHHYeCKONH GHIUKH
OVAH.
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The appearance of nonclassical correlation between
light beams due to the interaction with an atom in
a three-level two-mode Jaynes—Cummings—type model is exa-
mined.
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