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Suppression of fluorescence in a squeezed vacuum
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A scheme which results in the simultaneous narrowing of all three spectral peaks of the Mollow triplet is
proposed. In particular, we investigate the effect on resonance fluorescence of processing the squeezed output
of an optical parametric oscillator by propagation through a linear dielectric. The frequency-dependent squeez-
ing phase induced by this process is found to result in subnatural spectral widths for appropriate parameter
choices. The line-narrowing mechanisms at the Rabi sidebands manifest themselves in the second-order cor-
relation function of the fluorescent field which is found to decay at a subnatural rate. The potential for
experimental realization of these phenomena is discu§Sa950-29476)08912-3

PACS numbgs): 42.50.Ct, 42.50.Dv, 42.50.Hz, 32.64.

[. INTRODUCTION linewidth in order to ensure that the field &scorrelated on
time scales comparable to natural atomic lifetimes. In a
It is now well known that squeezed states of lihtcan  strong driving _field, this_ naturally allows the_ analytical stu_dy
have a profound effect on atomic damping processes. In paff squeezed fields similar to those of Parkins and Gardiner;
ticular, it has been establishg2] that when a two-level atom that is, squeezed fields with different squeezing properties at

interacts with a broadband squeezed vacuum, the transverl frequencies corresponding to the three peaks of the fluo-

atomic polarization quadratures exhibit different decay ratesr'es'(l':ﬁgtlisn%?(r:lg?r?v.vin mechanisms found at the Rabi side-
One of these decay rates is slower than found in the norm%la g

vacuum and becomes arbitrarily slow in the strong squeezin nds in the presence of colored squeezed light suggest that
L . : y . 9sq auantum effects will manifest themselves in the second-order
limit. Subnatural linewidths have been predicf@liwhen an

) h . h th agorrelation functiof8—10]. Carmichael and WallgL1] dem-
Intense monochromatic pump resonant with the naturag,q aieq that the decay rate of the second-order correlation

atomic transition frequency is added to the model of an atong,nction is equal to the widths of the Rabi sidebands. Thus,
damped by a broadband squeezed vacuum. The emissi@fipnatural decay rates will occur for the conditions which
spectrum is found to be highly sensitive to the relative phasgesyt in subnatural widths of the Rabi sidebafi#ig]. The
of the pump and the squeezed vacuum. For appropriatgensitivity of photocounting techniques suggests that it might
choices of pump phase the central peak of the familiar Molbe desirable to consider a measurement of the second-order
low triplet is found to display a subnatural width which be- correlation function rather than the emission spectrum.
comes arbitrarily narrow in the strong squeezing limit. In this paper we shall propose and theoretically investi-
More recently, various studies have been carried out omgate an experiment which should result in significant narrow-
the influence of squeezing bandwidths on resonance fluore@iig of all three spectral peaks even for modest squeezing
cence. Parkins and Gardirf&] and Parking5,6] studied the  strengths. We shall show that by processing the output of a
influence of colored squeezed light on resonance fluoregparametric oscillator by propagation through a linear dielec-
cence by stochastic simulation of the wave function. Theytric [13] or some other suitably dispersive element, the three
found that the inclusion of squeezing of bandwidths into theSpectral peaks occurring in the strong driving regime can all
model results in new line-narrowing mechanisms at the Ragp€ Made to exhibit subnatural widths. For modest squeezing,
sidebands. Furthermore, it was established that the degel€ Shall show that these widths may be less than those pre-
eracy of the squeezing source strongly affects the relativggted in the strong squeezing limit when the squeezed beam

widths of the three spectral peaks of the fluorescent spectru St colore_(g n(t)lstﬁ proplertles: Flilrr]thermoreathe(:jse quanttlmtj ef-
which occur in the strong driving regime. These qualitative ects manitest themselves in the second-order correiation

results were also found by Yeoman and Bard@l who function. We establish that this particular statistical measure

resented an analytic technique to investigate the behavior g2y > at a rate forbidden by semiclassical theory thus pro-
P y d 9 ding a signature of the nonclassical behavior arising from

a coherently driven atom damped by a squeezed vacuu e quantum correlations of the squeezed field.
with finite squeezing bandwidth. By deriving the master tpe ey 1o all of this lies in the fact that the output of an
equation in the dressed atom picture it is possible to relax thgtical parametric oscillator is a unidirectional beam of small
restriction that the squeezing bandwidth is muph greater thaggig angle. Consequently, it is possible to perform conven-
the Rabi frequency. However, the theory still requires thejonal optics with practical sources of squeezed ligh]. It
squeezing bandwidth to be much greater than the atomigas recently been shown that propagating a squeezed beam
with a Gaussian profile through a dispersive medium results
in a modulation of the squeezing phd4&]. By tuning the
*Present address: Max Planck Institute @uantenoptik, Hans- parameters representing the dielectric it is possible to engi-
Kopfermann-Str. 1, 85748 Garching bei hzhen, Germany. Elec- neer a situation where the squeezed field incident upon the
tronic address: goy@mpg.mpg.de two-level atom is maximally squeezédnsqueezedat a fre-
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quency corresponding to the central atomic transition antN(w) and|M(w)| characterize the squeezed vacuum field
maximally unsqueezedsqueezed at frequencies corre- gutocorrelation functions

sponding to the Rabi sidebands. It is this situation which we

shall investigate in this paper. To do this we use the master (b'(w)b(w"))=N(w)s(o—w'), ©)
equation derived by Yeoman and Barnjgtt. We note that

although this master equation assumes that the two-level (b(w)b(w’))=|M(w)|exdi¢s(®)]d6(2wp—w—w'),

atom interacts isotropically with squeezed modes ovetra 4 (10
solid angle, it represents, to a good approximation, the cur-

rent experimental proposal of a squeezed beam injected int\('eélhIIe ® (), the squeezing phase, describes the phase differ-

a Fabry-Peot resonator. This ensures that the atom pred0m|f\1:/]iz(fa ?heetwerg;;h; tphhea??ivci):\ ﬂ:‘?elfc&?uefﬁaetdisfmw)’ and
nantly couples to squeezed modds,16. Indeed, it has P 9 L '

recently been shown that the dispersive profiles which occur D(0)=2¢, — b w). (12)
in a weak to modest driving regimgl7] may be recon-
structed in a Fabry-Pet cavity [18]. Finally, we note thaf) denotes the Rabi frequency and that
the atomic polarization quadratures and population inversion
Il. THE BLOCH EQUATIONS AND FLUORESCENT have been defined as
SPECTRUM

1 : .

We consider a coherently, resonantly, and strongly driven ~ {(9x)=5[(o-) et ealt (o) e (Pmeal], (12)
two-level atom, damped by its interaction with a squeezed
field which has frequency-dependent squeezing parameters 1 _ .
and squeezing phase. The Bloch equations describing such a <0'Y>=?[<a',> gmeatll— (g ) e (dLmeal] (13)
system may be derived following the prescription of R&{. :
where it is assumed that the pump frequency, the central _
frequency of squeezing, and the bare atomic transition are all (oz)=([o,0-1). (14

exactly resonant. The result is
D —— o o e oy o e v
FYIM(@at Q)[sind(wat Q){av), @) SItII(zglr the remainder qf t.his discussion we consider the pa-
(o)==~ (rrre) =200y @ is0 pemit analyic oxpressions o be fount

whereo .. represents the Pauli pseudospin operators for the

for the fluorescent spectrufil9]. To do this we make two

N IM ind 4 principal assumptions. First, we consider a squeezing phase
() =7IM(@n)lsinb(@a) (o0 ( 2 (wA)><UZ> with frequency dependence given by

- 70<0'Y>v () A
P(A) =D () + - (15
where

with ®(w,)=0 or r. The result of this assumption is that
the terms si®(w,) and simb(wa+2) appearing in the Bloch
, (4) X ! h . L
equations(1)—(3) are identically zero. This permits simple
analytic expressions for the eigenvalues of the Bloch matrix.
1 As we have already explained, a squeezed field with squeez-
N(wa+Q)+[M(wa+Q)[cosP(wa+ Q)+ Ak ing phase characteristics described by 8d&) may be gen-
(5) erated by propagating a squeezed beam through dispersive
optical elements such as certain types of g[d$s.
G(wpa) and 6(wp) are principal part integrals The second assumption which we make is that the un-
processed squeezed beam is sufficiently broadband so that
the squeezing parametéM§w) and|M (w)| may be replaced
by constantdN and|M|. Within this second assumption we
note that we may substituteo— yﬂza(wA)zo into the

1
N(wp) —|M(wa)|coSP(wp)+ >

Y=Y

Yo=Y

Y = dA
5(wA)—Z@fﬂAJFQHM(A—i—wAHCOSI)(A)

tN(A+wa)], (6) Bloch matrix shown in Eq(17).
) A natural consequence of these two assumptions is to for-
Glwn) = — f* dA  YIM(A+wp)|sind®(A) @) bid the study of strongly squeezed fields with frequency-
@A v _A+Q A7 ' dependent squeezing phase. The reason for this is that in

order for the Markoff approximation to be valid we require
whereA is the deviation from the natural atomic transition the squeezing phase to be slowly varying compared to the
frequency, natural atomic linewidth. Thus, if we wish to study the situ-
ation where the squeezing phase at the Rabi sideband fre-
A=w—wps. (8) quencies differs significantly from the squeezing phase at the
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central atomic resonance, it is necessary to consider a strong —va 0 0

driving regime in which the three spectral peaks of the fluo- (ox) 0 (ox) 0
rescent spectrum are well separated. However, in this strong” (o7) | = 0 Yo 20 (o) |—| ¥
driving regime the squeezing parametdi) and|M ()| ot Q

may be approximated as constants only for weakly or mod- {ov) 0 o R {ov) 0
estly squeezed fields. This is due to the fact that in practice (17

there exists a correspondence between the squeezing band-

width and the squeezing strength of realizable squeezefihe fluorescent spectrum may now be calculated in the usual
beams. For example, the squeezing parameters associat@@nner by applying the quantum regression thedi2zhto

with the beam produced by an optical parametric oscillatothe formal solution of the Bloch equations and substituting
are s|ow|y Varying in the frequency domain On|y when op_these results into the Wiener-Khintchine theor&ﬁ]. For
erating significantly below threshol®0]. In this parameter the parameter regime resulting {d7), the result may be
regime the squeezed output exhibits only modest squeezingPProximated by

Alternative sources of broadband squeezed light, such as the
squeezed output of optical parametric amplifig24], give

only modest squeezing. In particular, it has been demon-
strated that the output of an optical parametric ampljfdy

has noise fluctuations 0.5 dB below the shot-noise limit with
no noticeable loss in noise reduction over a bandwidth of the 3

1 2 Y, 4
S(w)=Z(;;—) 5w —wA)+16;_’—

7(21"‘(“) —wp)?

order of GHz. Either way, we may only consider modestly 3y |2

and weakly squeezed fields if we wish to study the situation 2 +(w —wpt+Q)?

where the squeezing phase is significantly different at the 2

Rabi sideband and central atomic frequencies. However, this 3

limit does allow us to invoke the approximation + 3y 12 . (18
29 +(w —wpa—0 )2

1
Q> N+ [M|+ > (16) Inspection of Eq.(18) reveals that in the strong driving

regime the fluorescent spectrum is composed éffanction

and a three-peaked structure comprising three well-separated
in Eq. (3). Lorentzian_ peaks._ Thesg contribgtions arise,. respectively,

from elastic and inelastic scatterif@4]. The incoherent

The limit on squeezing strength described above is, how Lo .
ever, not unduly restrictive. The reason for this is that thecontr|but|on to the spectrum of scattered light has a central

master equation, used to generate the Bloch equations peak of widthyQ and two sidebands shifted in frequency by
(3), is derived within the assumption that the field dynamics® with widths 3y . Consequently, appropriate choices of
are Markoffian. Specifically, this means that we require theb(w,) result in simultaneous line narrowing or line broad-
field to be sufficiently slowly varying in the frequency do- ening of all three spectral peaks of the incoherent contribu-
main so that it appears correlated over atomic time scales. tion. These peaks may not, however, be made arbitrarily nar-
This must be true for all values of Rabi frequency. Howeverrow even when the squeezed beam is a minimum uncertainty
in the absence of a driving field it is found that the transversestate obeying the equality
atomic polarization quadratures exhibit two distinct decay
rates[2] given by y(N+|M|+3) and y(N—|M|+3). Thus, IM|=VN(N+1). (19
for the Markoff approximation to be valid we now require
the field bandwidth to be very much greater than each offhis is due to the fact that the strong squeezing limit, as we
these distinct rates. For a field with frequency-dependenhave already explained, is not only forbidden in the theory
squeezing phase given by E45), the bandwidth is approxi- but is also incompatible in practice with the required fre-
mately equal to the Rabi frequendy, Consequently, for the quency dependence of the squeezing phase.
theory to be valid it is necessary in any case that the inequal- Further examination of Eq18) reveals two interesting
ity (16) is satisfied. features of the fluorescent spectrum. First, the integrated
A final simplication of the Bloch equatior{¢)—(3) results  spectral intensity of the coherent component of the spectrum
from the assumptions we have made about the squeezirgf scattered light is vanishingly small in the strong driving
phase and strength. Within the constraint of Markoffian fieldlimit. This is in keeping with the behavior found in the ab-
dynamics the correction to broadband squeezing characterisence of squeezed lighe4]. Second, the ratio of the inte-
tics, 26(w,), will be negligibly small. This may be reasoned grated spectral intensities of the central peak of the incoher-
if we substitute(15) into (7) and impose the condition for ent component to each of the Rabi sidebands is 2:1. This
Markoffian dynamicg16). As a result of this substitution we behavior is also found in the normal vacuum and has been
find that, to a first approximatiorG(w,) may be neglected. explained in the dressed state bd&5].
Substituting these assumptions of strong driving, modest In Fig. 1 we plot the incoherent component of the Mollow
squeezing, and Markoffian field dynamics into the Blochspectrum and the incoherent component of the fluorescent
equations leads to a simplified set of equations spectrum described in E@L8) for parameters corresponding
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FIG. 2. Mollow triplet whenQ =10y (dash dot ling N=0;

FIG. 1. Mollow triplet whenQ)=10y, N=0 (dash dot ling . .

. fluorescent spectrum in the presence of squeezed vacuum with

fluorescent spectrum in the presence of squeezed vacuum wi : -
requency-dependent squeezing phase wlifer 10y, N=0.3,

frequency-dependent squeezing phase wifes 10y, N=0.3, - 112 - _ )
|M|:[N(N+l)]1/2, (I)((UA):O,CD(CUA+Q):7T, G((.UA):O(SO"d L,\:e|)_|:N(N+1)] y(p(wA)_qu)(wA"FQ)_’TT; G(wA)io(solld
line). '

to the modestly squeezed output of an optical parametric :i —ig
oscillator obeying the equality shown in E@l9). The @) 2[e D+ 121, 20
squeezing phase at the central atomic frequedidyw,), is
chosen to be 0 so that all three spectral peaks simultaneously 1
exhibit subnatural linewidths. This figure shows that even for |B)=—
moderate squeezing strengths significant line narrowing of V2

the Rabi sidebands is possible when the squeezed beam js.. . L :
processed by propagation through a linear dielectric or suitdef'ned to be the eigenstates of the time-independent inter-

able dispersive element. Indeed, an 80% reduction in Iine§1Ction Hamiltoniar{7] with eigenergiesi(1/2 and —4{)/2,

width occurs for all three spectral peaks whiir=0.3 as respectively. The Bloch equations in the dressed state basis
depicted in Fig. 1. This line narrowing significantly exceeds?® then found to be
the Rabi sideband line narrowing possible when the
squeezed field is the finite-bandwidth output of a nondegen- E(paa—pﬁﬁ) ==Y, (Paa—Ppp) ~4G(@p) (Papt Ppa),
erate or degenerate parametric oscilld@r 29

In plotting Fig. 1 we have made the approximation that (22
G(wp) =0. The exact form of the fluorescent spectrum for (

[—e '%t1)+]2)], (21)

nonzeroG(w,) is rather complicated and we do not detail ~ 9Pas Yo %HQ Pap

Y
the results of the calculation here. Instead, we simply plotthe  dt 2 (Paat Pgp) 2 Pha 2
result. This is shown in Fig. 2, where we plot the fluorescent (23
spectrum for nonzer®(w,) along with the corresponding
Mollow spectrum. This figure shows that the line narrowing IPpa  [IPap
predicted in Fig. 1 is maintained wheB(w,) is finite but gt | ot
small due to the restrictions imposed by the Markoff ap-
proximation. The principal difference between Fig. 1 andwhere p;;=(i| p | j )with i,j denoting the dressed states
Fig. 2 is the slight asymmetry of the central peak in Fig. 2.a and S.
As we shall now show, this is due to a population inversion Inspection of(22)—(24) reveals that in the dressed state
in the dressed state ba$s—27). basis the Rabi frequency appears as a classical driving term
in the equations of motion for the off-diagonal matrix ele-
ments. This feature corresponds to the frequency shift of the
lll. DRESSED STATE ANALYSIS Rabi sidebands in the spectrum of scattered light. In addition
The nature of the atomic system under consideration sud® this we may identify the damping rate of the off-diagonal
gests that an analysis of the evolution of the dressed stat&ements, 3 /2, as the width of each Rabi sideband. The
might be instructive. To do this we introduce two dressedequations of motion for the diagonal elements, on the other
states/ @) and|3), hand, do not contain a driving term as they correspond to

*

: (24)
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transitions with frequencw, . In the absence d6(w,) the  For the initial conditions corresponding to a photodetection
damping of the dressed state population inversion, and henaecurring at timet=0,
the width of the central resonance, is simplg. In this in-

stance, the steady state of the dressed state population inver- (0x(0))=(0v(0))=0,
sion is zero leading to an entirely symmetric fluorescent

spectrum(see Fig. 1L However, whenG(w,) is nonzero (02(0))=-1, (30)
@ee F'g.‘ 2_we f'!‘d a finite dressed state population INVEr e second-order correlation function may be calculated by
sion. This inversion naturally Iead§ to an asymmetry in themtegrating the Bloch equatior&7) and substituting the re-
Ilr?;[r%‘:‘gggaf svehcégrz'OHg;N;VSé]ﬂgieangge;;itdiggiiggom_sulting functiqn<az(r)> along with the quantum.regrlession
asymmetry occurs only at the central resonance and not |Qto (28). Again we assume that the squeezed field is broad-

X . . ) ) Band to maximize the potential for new quantum effects. We
the sideband frequencies. This feature is predicted by thSIso assume that the squeezing phase has the frequency de-
evolut!on of the dressed s_tates. th#o or ar we find that pendence described in E(L5) and that we are in a strong
the dlago_nal and off-dlqgonal matr_lx elements are a"driving regime wherg16) is valid. The result of the calcu-
coupled via terms proportional tg|M|sind [26]. A conse- lation, to a good approximation, is
guence of the fact that the matrix elements corresponding to ' '
each of the dressed state transitions are affected is an asym- 3y
metry in the entire fluorescent spectrum. However, in the g?(r )=1—exp< - _“> cod) T, (31)
regime of nonzer@(w,) we find that the equations of mo- 2
tion for the off-diagonal matrix elements are unchanged and ) ] ) )
that only the equation of motion for the population inversionWherey,, is defined in Eq(5). In the absence of squeezing
is influenced by this quantity. Consequently, the dressedN=|M|=0) this reduces to the strong driving limit of the
state population inversion in this special case leads to afamiliar expression derived by Carmichael and Wllg],
asymmetry only of the central fluorescent peak.

(29

4

3
g?@(n=1- ex;{ - —7) cod)r. (32)
IV. THE SECOND-ORDER CORRELATION FUNCTION

In this section we calculate the second-order correlationFrom Eq.(31) we may deduce that the damping rate is equal
function for the fluorescent field emitted by a strongly tg the widths of the Rabi sidebands of the fluorescent spec-
driven, two-level atom damped by a broadband squeezeglym and hence, for appropriate choices of phase, will be

bath with frequency-dependent squeezing phazlse. significantly slower than that found in the absence of squeez-
~ The second-order correlation functif®,9], g‘”(t,t+7),  ing. Consequently, this statistical measure may be used as a
is defined to be signature of nonclassical effects.

-) ) (+) (+) In Fig. 3 we plot the second-order correlation function for
(ETOE T+ DE T (t+ NET(L) a strongly driven two-level atom damped by a modestly
(ET(HE™)(1))? ' squeezed bath witN=0.3. The squeezing phase at the cen-
(25 tral atomic frequency®(w,), is chosen to be zero. These
h =) (+) h . parameters correspond to subnatural linewidths of the Rabi
where E (t) anq E (t) represent the c_ontmuqus-mogje sidebands with widths approximately equalyts as shown
creation and annihilation operators of the field. It is possible, Figs. 1 and 2. Also plotted in Fig. 3 is the second-order

to recast the second-order correlation function in terms of th%orrelation function for an atom damped by its interaction
atomic operators at retarded times using the source-field eXiith the zero point motion of the normal vacuum as shown

pressiong 28] in Eq. (32). We note that the minimum which occurs after
) the first Rabi oscillation suggests a higher level of antibunch-

g (t,t+7)=

Ir—R]
c

(26) ing in the presence of the squeezed light considered here than
that found in the normal vacuum. It is this phenomenon
which may be sought in experiment.

Ir— R|) 27) As a final remark we note that the considerable reduction

c /)’ in damping rate of the second-order correlation function for
realizable squeezing strengths is attributed to the processing
with R denoting the atomic position. The free or vacuumof the squeezed beam to induce a frequency-dependent
field operators make no contribution g2 (t,t+ ) due to  squeezing phase. In a broadband squeezed vacuum with con-
the normal ordering in the definitiof25) so we may obtain stant squeezing phase the damping rashvigysgreater than
g@(t,t+ 7) by replacing the electric field operators by the that found in the normal vacuum irrespective of the value of
source operators. For notational simplicity, we lelenote  the squeezing phase. In addition to this the damping rate

the retarded time argument i26) and (27). The second- depicted in Fig. 3 is markedly slower than that found in a

order correlation function may now be defined solely insqueezed vacuum with finite squeezing bandw[di®] and

E(S_)(I’,t)=,u0'+(t—

Eg“(r,t)z,ur(t—

terms of the atomic operators constant squeezing phase. It has been establist@dhat
for a squeezed field with these properties, the damping rate
g2t t+ 7= (o (Do (t+no_(t+ 7)o (1)) 28) of g®®(7) is equal to the widths of the Rabi sidebands and

(g, (t)o_(1))? has a value%(2y0+ v,) With y, and y  defined, respec-
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sequence of the nonclassical field correlations and conse-
quently provides a signature of quantum mechanical behav-
ior. As experiments with squeezed light progress, it is
i pertinent to consider whether the line-narrowing mechanisms
' predicted for a two-level atom in a squeezed vacuum may be
improved by processing the squeezed light. It is also topical
i to consider alternative experiments to measure quantum ef-
A fects rather than the fluorescent spectrum with its inherent
[ AR A problems associated with frequency analyzing weak fluores-
[N I cent beams.
Y In this paper we have investigated the effect of a squeezed
oW beam with frequency-dependent squeezing phase on a coher-
05- b ently driven, two-level atom. Squeezed light with this char-
ooV acteristic may be generated by propagating the output of a
parametric oscillator through a linear dielectric with disper-
sive properties. Appropriate parameter choices lead to mark-
0.0 e b ) edly subnatural widths of all three peaks of the fluorescent
spectrum in the strong driving regime. The line-narrowing
mechanisms found at the sidebands manifest themselves in
FIG. 3. Second-order correlation function whed=10y, the second-order correlation function which is found to de-
N=0 (dash dot ling second-order correlation function in the pres- Cy at a subnatural rate. This quantum statistical measure
ence of squeezed vacuum with frequency-dependent squeezigglggests that nonclassical effects in resonance fluorescence
phase whenQ =10y, N=0.3, [M|=[N(N+1)]*? ®(w,)=0, in a squeezed vacuum may be detected in photocounting
D(wpat+Q)=m, G(wp)#0 (solid line). experiments as well as in the fluorescent spectrum and the
absorption spectrur80,31. Throughout, we have neglected
tively, in (4) and(5) and®(w,) and®(wa+ Q) both equal  the losses associated with propagation through the dielectric
to either 0 orm. When the squeezed field is the output of amedium. This, however, does not present any great problem
degenerate parametric oscillator, the minimum damping ratbecause the quantum effects noted in this paper occur at
permitted isy/4. The parameters required to achieve thismodest levels of squeezing.
minimum correspond to the strong squeezing limit for the As a final remark we note that the theory presented in this
rather unrealistic situation where the squeezing is maximizegaper assumes that only one atom is present in the squeezed
at the central peak and is negligible at the Rabi sidebantieam at any moment in time. When multiatom effects are
frequencies. When the squeezed field is the output of a nortaken into account it has been shown that the second-order
degenerate parametric oscillator the minimum damping ratgorrelation function contains terms arising from first-order
permitted approacheg/2. This occurs for parameters corre- and second-order correlation functions arising from the
sponding to the strong squeezing limit with maximum single atom theory11,28. Consequently, quantum effects
squeezing occurring at the Rabi sideband frequencies arfeeyond the Mollow regime will only register if all three
negligible squeezing at the central atomic resonance. spectral peaks exhibit subnatural widths. The theory pre-
sented here satisfies this criterion.

g(e)(,t)
5
T

V. DISCUSSION
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