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External field effect on quantum features of radiation emitted by a QW in a microcavity
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We consider a semiconductor quantum well in a microcavityedr by coherent light and coupled to a
squeezed vacuum reservoir. By systematically solving érgrgnt quantum Langevin equations in the strong
coupling and low excitation regimes, we study the effectxafiten-photon detuning, external coherent light,
and the squeezed vacuum reservoir on vacuum Rabi splittidga quantum statistical properties of the light
emitted by the quantum well. We show that the exciton-phaletuning leads to a shift in polariton resonance
frequencies and a decrease in fluorescence intensity. Wesladsv that the fluorescent light exhibits quadrature
squeezing which predominately depends on the excitonephaetuning and the degree of the squeezing of the
input field.

PACS numbers: 42.55.Sa, 78.67.De, 42.50.Dv, 42.50.Lc

I. INTRODUCTION reservoir. Our analysis is restricted to the weak excitatio
regime where the density of excitons is small. This allows us
to neglect any exciton-exciton interaction thereby sifypig

Study of radiation-matter interaction, in two level quantu our problem considerably and vet preserving the ohvsieal in
mechanical systems have lead to several fascinating phenom P y yetp 9 Py

ena like the Autler-Townes doublé&l [1], vacuum Rabi spiii sight. We further assume the cavity-exciton interactiobeo

. : : . ; strong, which brings in interesting features. Note that oe-c
], antibunching and squeezi —7]. In particulatein . ! ; . .
. . L2 sider the external field to be in resonance with the cavityenod
action of two-level atoms in a cavity with a coherent source o .
throughout the paper. We analyze the effect of exciton-quihot

light and coupled to a squeezed vacuum has been extensive Ltuning. external coherent liaht. and the squeezed r@sery
studied [BE16]. Currently there is renewed interest in such 9, gnht, q

studies from the context of semiconductor systems like quanon the quantum statistical properties and polariton resces

. ; ._In the strong coupling and low excitation regimes. The ef-
gjprg”cil:(:t? égﬁ?;gﬂg{fég%@é]z?'vlirlé?se'rre%%tﬁ_m'alfect of the coherent light on the behavior of the dynamical

tersubband excitonic transitions which have similaritiesvo evolution of the intensity fluorescent light is re_markably d
) S : : ferent to that of the squeezed vacuum reservoir due to the na-
level atomic system has been primarily exploited. Howeter,

is important to understand that the quantum nature of fluore ture of photons generated by the two systems. This is due to

cent light emitted by excitons in QWs embedded inside a mi"iihe distinct nature of the photons generated by the coherent

d : . . and squeezed inputs. This effect is manifested on the inten-
crocavity somewhat differs to that of atomic cavity QED pre- _. . S
_ . . . . sity of the fluorescent light. Both sources lead to excitatio
dictions. For example, unlike antibunching observed imegto

embedded in a cavity a QW exhibits bunching effects in theof two or more excitons in the quantum well creating a prob-

fluorescent spectrum of the emitted radiation [23, 24]. frant ability for emission of two or more photons smultqneously.
. ; , . : As a result of this, the photons tend to propagate in bunches
in the strong coupling regime, for a resonant microcavi-Q

: ) . " . other than at random. Moreover, the fluorescent light echitte
interaction, exciton-photon mode splitting and oscilfgtex- b L o .
L Pl é y exciton in the quantum well exhibits nonclassical proper

citonic emission has been demonstrafed [25-27]. Recentlx | drat .

effect of a non-resonant strong drive on the Intersubbaod ex amely, quadrature squeezing.

tonic transition has been investigated and observatioruof A

ler Townes doublets were reportéd/[28-30]. In light of these

new results an eminent question of interest is thus, how does!l. MODEL AND QUANTUM LANGEVIN EQUATIONS

the quantum nature of radiation emitted from a QW in a mi-

crocavity get effected in presence of a squeezed vacuum en-We consider a semiconductor quantum well (QW) in a cav-

vironment and non-resonant drive? We investigate thisen thity driven by external coherent light and coupled to a single

current paper. mode squeezed vacuum reservoir. The scheme is outlined in

We explore the interaction between an external field and &ig. [I. In this work, we are restricted to a linear regime in

QW placed in a microcavity coupled to a squeezed vacuuriwhich the density of excitons is small so that exciton-excit
scattering can be ignored. We assume that the driving laser i
at resonance with the cavity mode while the exciton tramsiti
frequency is off resonant with the cavity mode by an amount
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the phase correlations of the squeezed vacuum reservoir, re
spectively. Further, the exciton noise operatgy satisfies the

N.M following correlations:
_
=] (oteto) -0, @
Y

r
b
iy

(GHOGA(t)) = (Gn(D)Gn(t)) = (GHOGHE) ) = 0.
(8)
Following the method outlined in_[21], we obtain the so-
lution of the quantum Langevin equatiofi$ (2) ahd (3) in the
strong coupling regimey(>> v, ) to be

FIG. 1: Schematic representation of a quantum well (QW) irivaed a(t) = m(t)e +n+(t)a(0) + n3(t)b(0)

cavity coupled to a squeezed vacuum reservoir. :

t
+ [Ldtnie-e)p@)+ [ dtmie- )G, ©)
0 0
mode frequencies. The interaction of the cavity mode with

the resonant pump field and the exciton is described, in the -
rotating wave and dipole approximations, by the Hamiltania (£) = n-()b(0) — ma(t)e —ns(t)a(0)

t
H = AbTb+ic(al — a) + ig(a’b — ab’) + Hisss, (1) — | dt'ns(t —t)F(t) + /0 dt'n_(t —t")G(t'),

wherea and b, are the annihilation operators for the cav-

ity and exciton modes satisfying the commutation relation \ypere

[a,al] = [b,bT] = 1 respectively; g is the photon-exciton

coupling constant;, assumed to be real and constant, is pro- m(t) = 1 sin put e~ (CHA/DE (11)

portional to the amplitude of the pump field, afflss is the iz

Hamiltonian that describes the interaction of the excitdh w

the vacuum reservoir and also the interaction of the cavity 1

mode with the squeezed vacuum reservoir. n+(t) = 5~ [2ucos pt £ iAsin pt]
The quantum Langevin equations, taking into account the a

dissipation processes, can be written as

e—(l“+iA/2)t’ (12)

da o« na(t) = < sin pte= (AT, (13)
- = — lLL
o 2a+gb+€+F(t), (2)
1 1 AN ;
t) == — = |cos(ut) + — sin ut) | e~ THA/Dt (14
—ZIZ = —(% +1A)b —ga + G(1), (3) malt) g 9 (ut) 2 ut) a4

. . . — — 2 2 i
wherer and~ are cavity mode decay rate via the port mir- wherel' = (s +7)/4 andp = \/g® + A?/4. Using these
ror and spontaneous emission decay rate for the exciton, r§0!utions we study the dynamical behavior of intensity, pow
spectively; F = /iF andG = /7Gin with F, and Gy spectrum, second-order correlation function, and quadat
being the Langevin noise operators for the cavity and emcito Variance for the fluorescent light emitted by the quantum wel
modes, respectively. Both noise operators have zero mealfl the following sections.
i.e., (Fin) = (Gin) = 0. For a cavity mode coupled to a
squeezed vacuum reservoir, the noise oper&gtdt) satisfies

. . . Ill.  INTENSITY OF FLUORESCENT LIGHT
the following correlations:

<Fi (t)Firﬁ(t’)> = (N +1)8(t —t), (4)  Inthis section we analyze the properties of the fluorescent
light emitted by excitons in the quantum well. In particu-
lar, we study the effect of the external driving field, exoito
T o\ I, photon detuning, and the squeezed vacuum reservoir. Note
<Fi”(t)F' (¢ )> = No(t - 1), ) that the intensity of the fluorescent light is proportiortattie
mean number of excitons. To this end, the intensity of the flu-

orescent light can be expressed in terms of the solutioreeof t
<E (t)E (t/)> = <Ej\(t)F‘|j1 (t/)> = M(S(t - t/)v (6) Langevin equations as

whereN = sinh?r andM = sinh r cosh r with r being the ; ) ) ) ! o
squeeze parameter characterize the mean photon number antg'®) = e a1+ n- (@) +KN/O Ins(t—t")|?dt’. (15)
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FIG. 2: Plots of the fluorescent intensity [EQ.121)] vs sddlme~¢ FIG. 3: Plots of the fluorescent intensity [Ed.22)] vs sddiene
fork/y =1.2,¢9/v =5, A/y = 2, and for different values of /~. ~t for k/y = 1.2, g/v = 5, A/ = 2, not external driving field
(e/~ = 0) and for different values of.

Here we have assumed the cavity mode is initially in vacuum
state [a(0)a(0)) = 0] while the quantum well initially con-  Figure[2 shows the dependence of the intensity of the fluo-
tains only one exciton(h’(0)b(0)) = 1]. In [@B) the first rescent light on the external coherent field. In general, the
term corresponds to the contribution from the external cohe intensity increases with the amplitude of the pump field and
ent light while the last term is due to the the squeezed vacuuraxhibits non periodic damped oscillations. Although thisre
reservoir. Itis also easy to see that the intensity is inddpat ~ a decrease in the mean number of excitons for the initial mo-
of the parameted/, which characterizes the phase correla-ment, cavity photons gradually excite one or more excitons
tions of the reservoir, implying that the same result cowdd b in the quantum well leading to enhanced emission of fluores-
obtained if the cavity mode is coupled to a thermal reservoir cence. However, the excitation of excitons saturates as tim
Performing the integration using EqE_{1B)4(14), we obtainprogresses limited by the strength of the applied field. From

) 2 N the steady state intensity? /g2, we easily see that the field
(bTp) = 5_2 + % + (A + KNy )e 2 §trength has to exceed the exciton-ph_oton coupling constan
g 4w in order to see more than one exciton in the quantum well in
5 : -
€ _or¢ Tt the long time limit.
+ 72 (Are™F = 2x5e7) (16) On the other hand, the effect of the squeezed vacuum can be
studied by turning off the external driving field. Thus gt
where e = 0in Eq. [20), we get
A2
M (t) = — sin? ut 2, 17 25N
1) = St o+ cos” an O7) = S5+ (a0 (22)

2 In Fig. 3, we plot the intensity of the light emitted by the ex-

g .
Aa(t) = T2 (f T Pha 2“t)’ (18) " citon [Eq. [Z2)] as a function of scaled time for a given
photon-exciton detuning. This figure illustrates the depen
A dence of the intensity on squeezed vacuum reservoir imping-
As(t) = cos ut cos(At/2) + o sin putsin(At/2).  (19)  ing via the partially transmitting mirror. Here also theeint
’ sity exhibits damped oscillations at frequerly = 2(g? +
We immediately see that the intensity of the fluorescent lighA?/4)'/? indicating exchange of energy between the excitons
reduces in the steady state to and cavity mode. The intensity decreases at the initial nmbme
and gradually increases to steady state valfesV/4T' 2.
) (20)  While the intensity increases it shows oscillatory behavio
AT p? which ultimately disappears for longer times. Unsurpagmn

As expected the steady state intensity is inversely prapuat the intensity increases with the number of photons coming in

to the decay rate. The higher the decay rate the lower thfough the mirror. Comparing Figél 2 ad 3, we note that
intensity and vise versa. the intensity has different behavior for the two cases. This

In order to clearly see the effect of the external coherenf@" be explained in terms of the nature of photon each source

light on the intensity, we se¥ = 0 in Eq. [20) and obtain Is producing. In the case of coherent light, the photon idistr
’ bution is Poisson and the photons propagate randomly. This

2 leads to uneven excitation of excitons that results in nanpe
tpy — & —2rt _ —Tt : . . . P
(b'0) = = (1 + Are 2A3e™ ). (21) odic oscillatory nature of the intensity. In the case of speel

2 2 N
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FIG. 5: Plots of the incoherent component of the power spactr

[Eq. (28)] vs scaled frequendw — wo) /v for /v = 1.2, g/ = 6,
squeeze parameter= 1, and for different values of detuningy /.

FIG. 4: Plots of the fluorescent intensity [EQ.120)] vs sddlme~¢
fork/y =1.2,9/v =5, r = 1.8, pump amplitude /v = 7 and for
different values of exciton-photon detuning ().

vacuum source, however, the photons show bunching property
and hence can excite two or more excitons at the same time.
This in turn implies that depending on the strength of the im-
pinging squeezed vacuum field, there will be one or more ex-
citons in the quantum well.

For the sake of completeness we further consider the effect
of detuning on the intensity of the fluorescent light at a give
pump field strength and squeezed photons. Fiflre 4 shows
the intensity as a function of scaled time& When the photon
is out of resonance with the exciton frequency there will be
less number of excitons in the quantum well and hence the
fluorescent intensity decreases. This is clearly showngn Fi
4. (w—wo)/y

FIG. 6: Density plot of the incoherent component of the power
spectrum [Eq. [(26)] vs scaled frequengy — wo) /v and A/~ for
V. POWER SPECTRUM k/v = 1.2, g/ = 6, and for squeeze parameies 1.

The power spectrum of the fluorescent light in the steady
state is given by where

EN g2 A+4p—2w
Sincoh(w) J {F2 [ a

T 6B\ (B = (w—wo)]?
~A+4p+2
+ pre )

where ss stands for steady state. The two time correlation 2+ [% —p— (w—wo)]?
function that appears in the above integrand is found to be

S(w) = 1re / - dr )T B bt 4 7))ss,  (23)

Q0 0

(26)

We note that the power spectrum has two components: co-

2 KkNg? _ herent and incoherent parts. The coherent componentis rep-

(BT ()bt +7))ss = = + ce (a2 resented by the delta function, which indeed corresponds to
g ATu the coherent light. The incoherent component giver[by (26),

x (peos pr + I'sinpr). (24)  arises as a result of the squeezed photons coming through the

port mirror. From Eq.[(26) it is clear that the spectrum of the
Now employing this result in[{23) and performing the re-incoherent light is composed of two Lorentzians having the
sulting integration and carrying out the straightforwaritha  same widthl" but centered at two different frequencies:

metic, we obtain wo = p+ A/2andw —wy = p — A/2. We then see that
the detuning leads to a shift in the resonance frequency com-
g2 ponents observed in zero detuniny € 0).
S(w) = Qﬁgz'(S(W — wo) + Sincon(w), (25) In Fig. [3 we plot the incoherent component of the power



TABLE I: List of eigenvalues and eigenstates for single amd ¢xcitation manifolds. Herg+ = /4¢2 + (A2 £ 2u)2.

Eigenvalues(shifts) Eigenstates (Exciton polartions)
Single excitation A2+ p 1)+ = [(A +2u)[1,0) + 2ig|0, 1)]/x+
manifold
A2—p 1) = [(A+2u)[1,0) + 2ig|0, 1)] /x~
Two excitation A+2u 12)4 = [iv2g]2,0) + (A 4 2u)[1, 1) +iv/29(0, 2)] /x+
manifold
A 2)0 = [~iV2g]2,0) + A[1,1) +iv/290,2)]/p
A—2p 12)- = [~iv/2g[2,0) + (A —2u)[1,1) +iv/2g0,2)]/x—
Two 12,0 2wot2g —57 2wt 21 +A
excitations I1,1) Ey — 2e00 12,0 N =] 2wt A
manifold 10,2) 11,1) e A
2e0-28 10,2) ——i 200-2p+A
Wo
Wy
Single 11,0) wotg v Wotp+A/2
excitation 10,1) A = o A A =
manifold o8 wor A2
wWo (UO
10,0) = 0 10,0) ——X. 0
(a) (b)

FIG. 7: (a) Dressed state energy level diagram for singletesadexcitation manifolds when the exciton is at resonandd whoton. (b)
Dressed states energy level diagram when the exciton fregjus detuned by\ from that of the photon. We have assum&do be positive
for sake of simplicity. The bare statps, m)(n, m = 0, 1, 2) represent: numbers of excitons ane numbers of photons. Even though there
are 6 possible transitions there are only 2 distinct trarsifrequencies namelyw — wo = ¢+ A/2 andw — wo = —p + A/2, where

w=+g>+A%/4

spectrum as a function of scaled timefor the cavity mode shown in Fig. [¥(a), for two excitation manifolds there are
initially in vacuum state and for the quantum well initially three dressed states which are equally spaced in energy. Thi
containing one exciton. For zero detuning the power spattru energy separation is the same as the energy separation in one
consists of two well resolved peaks centered atwy = +g. excitation manifold. Out of the six possible transitionmsnfi

This splitting can be understood from the dressed state erwo excitations to single excitation and then from single to
ergy level diagram (see Fig 7(a)). Note that for the caseground state, there are only two distinct frequencies. &her

in which there is only one excitation, there are two possi-fore, the emission spectrum consists of two peaks. Thid-is di
ble degenerate bare stated:; 0)—one exciton and no pho- ferentfrom the atom-photon coupling in which the increase i
ton, and|0, 1)—one photon no exciton. However, the strongexcitation number increases the number of emission spactru
exciton-photon coupling lifts the degeneracy of these tax@b  peaks.

states and results in two dressed states (exciton polajiton ) )
1+) = (|1,0) +1]0,1))/v2 and|—) = (|1,0) — [0, 1))/v/2 On the other hand, for nonzero detuning case, _the emis-
with eigenvalueg and— g, respectively. In general, since the SN spgqtrum has.two peaks whose cente.rs are shifted to red
exciton-photon system is coupled to the environment, ercit (for positive detuning). Here the one excitation bare state

polartions are unstable states. Thus the decay of the excitd|1: 0), |0, 1)) are separated b and the two excitation states

and cavity photon leads to exciton polaritons decay, whicl2;0), |1,1), and|0,2)) as well. The eigenvalues and corre-
yields two peaks in the emission spectrum. sponding eigenstates are given in Table I. The excitongrhot
coupling leads to the generation of dressed states (expiton

It is worth to note that even though we start off with a sin- laritons). The decay of these states to the one excitatidican
gle exciton in the quantum well, the cavity photons excite tw the ground state gives rise to two emission peaks whose fre-
or more excitons in the quantum well. This results in morequencies are different from the zero detuning case as shown
dressed states in multi excitation manifolds. For examgde, in Fig. [ (b). Further, the density plot for the power spec-



Ap?cos? pr + A%sin® pr + AT psin(2u7)
N 16u2[A2 + 412]

A . (D)

and(b'b),, is given by [20). The term in EqL_(R8) represents

1 the second order correlation function for the coherenttligh

] This can easily be seen by setting = M = 0. The first

] term in the square bracket is the contribution to the second-
order correlation function from the squeezed vacuum reser-
voir while the second term describes the interference term b
tween the coherentfield and the reservoir. Note that-at co

A g(2> becomes unity as it should be, showing no correlation be-
0.0 05 1.0 15 20 25 3C tween the photons.

YT The dynamical behavior of the second-order correlation
function is illustrated in Fig[]8. We see from this figure that
FIG. 8: Plot of second-order correlation function versusmadized  the correlation function shows oscillatory behavior wits o
time 7 for g/v = 5, /v = 1.2, A/y = 0, squeezing parameter cillation frequency equal to the photon-exciton coupliogc
r = 1, and for different value of pump amplitudg-. stant (g) for zero detuning case and in the absence of the ex-
ternal driving field. However, the frequency of oscillatisn

_ reduced by a factor of 1/2 in the presence of external coheren
trum clearly shows that there are indeed two peaks separategdq.

by 2u = 24/92% + A2 /4 as illustrated in Fig.16.

05L.. . ~>—" .

It easy to see that@ (0) is always greater than unity indi-
cating photon bunching. This is in contrary to what has been
observed in atomic cavity QED, where the photons show an-
tibunching property [16]. This is due to the fact that theye i
) ) ) a finite time delay between absorbtion and subsequent emis-

In this section we study the second-order correlation funcgjgn of a photon by the atom. In the case of semiconductor
tion of t_he light gmltFed by the quantum well. Second-or_derc‘,jwity QED, however, the cavity photons can excite two or
correlation function is a measure of the photon correlation y,4re excitons at the same time depending on the number of
between some time t and a later time: T Itis also anindi-  photons in the cavity leading to possible multi photon emis-
cator of a quantum feature that doesn't have classical gnalogjon This is the reason why the photons emitted by excitons
Quantum mechanically the second-order correlation foncti 4re hunched. Indeed, excitation of two or more excitonseén th
is defined by quantum well is shown in FigEl[2-4.

(bT(t)bT (¢t + T)b(t + 7)b(1))
(bt (1)b(t))2,

The correlation function that appears[inl(27) can be obthine
using the solutior{{20) and together with the propertiesef t
Langevin noise forces. Note that as the mean values of the Next we study the squeezing properties of the fluorescent
noise forces are zero and the Langevin equations are linedight by evaluating the variances of the quadrature opesato
we apply the Gaussian properties of the noise forces. To thi§he variances of the quadrature operators for the fluoréscen

V. SECOND-ORDER CORRELATION FUNCTION

9@ (1) =

== (27)

VI. QUADRATURE SQUEEZING

end, using Eq[{20), we obtain light is given by
1 (R s AL =1+ 2(b"b) & [(b%) + (b)) F () £ (b))*, (32)
g% () =1+ 7 |5 (40245 + N2A3)

g2 whereb, = (b' +b) andb_ = i(b" — b). It can be easily
+ —5 [M Ay + N Az cos(AT/2)] e‘”] , (28)  seen from this definition that the quadrature operatorsfgati
g the commutation relatiofb, b_] = 2. Itis well known that
where for the fluorescent light to be squeezed the variances of the
* ucos jr sin(A7/2) — A cos(Ar/2) sin pr guadrature operators should satisfy the condition thaeeit

Ay (1) 1 Ab% <1 or Ab? < 1. Using Eq. IC!:D) and the properties of
H the noise operators we find the variances to be
g% cos ut[21 cos(At/2) — Asin(At/2)]
+ (2[A2 + AT7) » (29) kNg>  2kMgT
A =1+

+
T2~ p2(AZ +4I7?)

2
(eosput + Tsinpr), (30) + [2A1(8) + 26N Ao(t) £ KM)\AL} e 2, (33)

g
Az(T):W
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FIG. 9: Plots of the steady state quadrature variaficé [(33tueeze
parameter for g/v = 5, k/v = 1.2, and for the different values of
exciton-photon detuning /~ .
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FIG. 10: Plots of the quadrature variande](33)] vs scaleetjt for
g/y =5, k/v = 1.2, squeeze parameter= 1 and for the different
values of exciton-photon detuniny/~.

the cavity-exciton coupling strength and amount of squegzi
provided by the reservoir. Further, it is apparent that éréh

is any squeezing it can only be present in thequadrature.
Thus for rest of this section we will only discuss the proper-
ties of variance in thé_ quadrature. As a special case, we
consider that the cavity mode to be at resonance with with the
excitonic transition frequency and pat= 0 in Eq. (35). We
then find that

A2 =1— " (1—e2) <1, 36
. Kﬂ( e )< (36)

Equation[[3B) then suggest that higher squeezing in the-rese
voir leads to better squeezing of the fluorescent light. th Fi
we confirm this behavior by plotting the steady stAf

as a function of the squeezing parametein addition, from

Eq. [36) we see that as 2" — 0 quickly with increase in

the maximum possible squeezing achievable in our system is
50% for k = ~. This is also depicted to be true in Fig. 9.

In presence of detuningA # 0) the behavior ofAb%
changes dramatically. We find that for some small detuning
A/~y = 0.5 there exist a range of the squeezing parameter
r (0 < r < 1.3) where one can see squeezing of the fluores-
cent light emitted from the exciton, however for higher wdu
of r it vanishes. This thus implies that in presence of detun-
ing stronger squeezing of the reservoir leads to negatieetef
on the squeezing of the emitted radiation from the excitons.
In Fig. [I0, we plot the time evolution of the quadrature vari-
anceAb? (Eq.[33) as a function of the normalized timefor
r = 1 and different values of detuning. It is seen, in general,
that the variance oscillates initially with the amplitudeos-
cillation gradually damping out at longer time. Eventugadlly
large enough time the variance becomes flat and approaches to
the steady state value. Interestingly, our results shotetren
though there is no squeezing of the fluorescent light at the
initial moment, for small or zero detuning, transient squee
ing gradually develops. Moreover, we also find that for weak
squeezing of the reservoir, even in presence of small deguni
the initial transient squeezing is sustained and finallgsca

in which \; and\, are same as defined earlier in section (l1l) @ steady state squeezing. This can be understood as a con-

and

g° | Asin(At/2) — 2T cos(At)
I p? (A% 4 4172)

Ay =

_sin[(A = 2p)t]  sin[(A +2up)1]
2((A=2u)  2((A+2p)

Itis straightforward to see that in the steady state theags
reduce to

kN g? 2kM g°T
2Tp?  p2(A2 4412)°

AbL =1+ (34)

kN g? 2kM g°T
2T p2 p2(A2 +412)°

AV =1+ (35)

sequence of strong interaction of the quantum well with the
squeezed photon entering via the cavity mirror. In case of
large detuning the exciton is unable to absorb photons from
the squeezed reservoir and thus no squeezing develops in the
fluorescence.

VII. CONCLUSION

In this paper we consider a semiconductor quantum well
in a cavity driven by external coherent light and coupled to a
single mode squeezed vacuum reservoir. We study the pho-
ton statistics and nonclassical properties of the lighttiemhi
by the quantum well in the presence of exciton-photon detun-
ing in the strong coupling regime. The effects of coherent
light and the squeezed vacuum reservoir on the intensity of
the fluorescence are quite different. The former leads to a

From the above expressions we find that, in the steady stat&ansient peak intensity which eventually decreases tana co
the quadrature variances crucially depend on the detuningjderably smaller steady state value. In contrast, therlatt



however, gives rise to a gradual increase in the intensitly anthe quantum statistical properties of the fluorescenceteait
leads to maximum intensity at steady state. This differénce by the quantum well can be tested experimentally.
attributed to the nature of photons that the two sources pro-
duce. As a signature of strong coupling between the excitons
in the quantum well and cavity photons the emission spectrum
consists of two peaks corresponding to the two eigenergergie
of the dressed states. Further, we find that the fluorescence e
hibit nonclassical feature—quadrature squeezing—asut ofs
strong interaction of the excitons with the squeezed pt®oton One of the authors (E.A.S.) is supported by a fellowship
entering via the cavity mirror. In view of recent successfkd  from Herman F. Heep and Minnie Belle Heep TexaSM
periments on Autler-Townes effect in GaAs/AlGaAs|[30] and University Endowed Fund held/administered by the Texas
gain without inversion in semiconductor nanostruct ,[3 A&M Foundation.
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