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We analyze the effects of a reservoir having a generic spedtatored noisgon the index of refraction of

a system of strongly driven two-level atonfgas pro

bed by a weak field. We show that for high Rabi

frequencies(), a simple analytic expression results for the susceptibility fundtidth respect to the probe
whenv~(), wherev is the detuning between driving and probe fields frequencies. Several distinct features are
revealed in that function when compared to the one resulting from a reservoir with a white-noise spectrum
(atom-vacuum coupling We also show that the Mach-Zehnder interferometry could permit distinguishing

between the two kinds of spectra and we point out t

he sensitive dependence of the index of refraction of the

atomic gas o) and find a signature for the non-Markovian evolutiff1050-294{©9)01811-9

PACS numbdps): 42.50.Ct, 32.70.Jz, 42.50.Hz

I. INTRODUCTION

In many quantum systems interacting with an environ
ment the evolution of the density operator can be describe
in the framework of a master equation

t
idp(t)/dt=[H,p(t)]+foK(t—t’)p(t’)dt’, (1)

whereH is a Hamiltonian operator responsible for the intrin-
sic properties of the system and its interaction with applie

place, e.g., for atoms inside high-Q electromagnetic cavities
when the discrete structure of the cavity modes becomes es-
aential[z]. In particular, when an atom in a cavity is strongly
riven by an external radiatiofthe pumping field or simply
the pump the phenomenon of dynamical supression of spon-
taneous emission occu3—6]. Also, it was shown that if an
atom is strongly pumped at a frequency near a two-level
transition frequency and is probed by a weak figalled the
probe, then depending on the functional form of the cavity-
reservoir spectrum, the form of the atomic response function
r the absorption spectrum significantly change comparing
ith the Markovian casg7,8]. Yet as another instance, for a

external fields, an& (t—t') is a superoperator taking into |4_density atomic gas confined into a cell or a cavity with

account an interaction with some infinite reservoir. An effec-

tive width of the two-time kerneK(t—t") is called memory

closed ends, when the coupling between the atoms and the
cell modes prevails over the vacuum-atom couplitige

time; it is the mean interval of time that separates a variablgyhite-noise spectrum being shadowed by the colored spec-

at timet’ from its derivative at a later timg such that the
former influences significantly the latter. Frequently enough

trum), the absorption line-shape function changes from one-
to two-bump shape beyond some critical temperaft@r&Q).

sufficiently good results can be obtained under the simpledtiore recently it was verifiefil 1] that “memory” effects on

assumption of a zero memory time, whek(t—t')
«§(t—t"), leading to what is known as a Markovian evolu-
tion. In such a case, the spectrum of the operitor) does
not depend on the frequency, representing a white noise. A

the atomic absorption line shape functighe imaginary part
of the susceptibility with respect to the probare signifi-
cantly enhanced when the atoms are strongly driven and then
the colored noise leaves a signature, which is characterized

though any real evolution is, strictly speaking, non-bYy @ linear increase as a function of Rabi frequency of the
Markovian, the corrections due to a finite memory time argh€ights of the peaks of the absorption line shape function.

very small in many casd4].

However, there exist examples of physical systems whe
a nonzero memory time or a frequency-dependen
“colored”-noise spectrum lead to significant changes in th
dynamical properties of the system. Such a situation can ta
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i%ehnder interferometer. We show that by analyzing the de-

In this paper we concentrate on the real part of the atomic
gusceptibility functiony’, which could be determined, e.g.,
yia measuring the dispersive part of index of refractioh,
of a gas of strongly pumped atoms with the help of a Mach-

pendence of the functiop’ on the Rabi frequenc§) and the
detuning between probe and pump field®ne could infer
about the nature of the coupling between atoms and the
colored-noise reservoir created by the cauity cell). We
also show that for high values 6f (compared to the natural
atomic decay constant of the upper levahd Q~v, the
measurement of the modified atomic decay rate and the dy-
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namic frequency shift for several values @f and » could  should be considered in E@l). Each term has its own spec-
permit us to determine the functional dependence of the cellrum and operators of one reservoir commute with the opera-
reservoir spectrum on frequencies. tors of the other.

The paper is organized as follows. In Sec. Il we present a The solution to Eq(1) with Hamiltonian(3) can be writ-
stationary solution to the generalized master equation for &n asp(t) = po(t) + Ap(t), whereAp(t) is a small correc-
density matrix of a two-level atom driven by a strong pump-tion term to the density matrigy(t) of the driven atom due
ing field and probed by a weak monochromatic probe field into the weak probe field; thus, the functiond/(t), i
the presence of a reservoir with an arbitrary spectrum. In=1,2,3,4, at the stationary regime read
Sec. lll we present an analytical expression for the dispersive

part of the atomic susceptibility function for high Rabi fre- Wi (t) =W +AW,(t), (6)
guencies under the resonant condition, and establish charac-
teristic features of the non-Markovian evolution. A possible W,(1) = W5 + AW,(t), (7)

experimental scheme and the connection between the suscep-
tibility function and the photocurrent output of the Mach-
Zehnder interferometer is discussed in Sec. IV. Finally, Sec.
V presents our conclusions.

Wa(t)=Wze ™ 1+ AWj(t), (8)

W,(t) =Wye' 1t + AW, (1), 9

II. THE STATIONARY SOLUTION

OF THE GENERALIZED MASTER EQUATION whereW; (W53) is the unperturbecby the probg population

of the upper(lower) atomic level, andV; and W, are the

Let us specify the concrete structure of the generalize¢oherence coefficients; the terms with the prefixcorre-
master equatiofil). An atom is modeled by a two-level sys- spond to the corrections due to the probe. Taking into ac-
tem, so its density matrix is @22 Hermitian matrix count the first Floquet harmonics, the tertgV;(t) can be

written as[13]
p=Wy|1)(1]+ W, 2)(2|+W5[1)(2|+W,[2)(1]. (2) ‘ .
AW, (t)=6W,+ pe "'+ p* e, (10

We assume a rotating wave coupling between the atomic
variables and the externgbump and probefields, so the AW,(t)=— W, — pe~ "t— p*ei*t, (11
HamiltonianH reads

AW (t)=e 91 sWo+ SW, e "+ sW*e'™), (12

1 - i
H=-wqoq+ (Fe '“tto, +Fe '@2g +H.c), (3
5 @000 (Fy + T2 + ) AW, () =AW; (1), (13

wherewy is the atomic transition frequenclf, (F2) andw;  where v=w,—w; is the detuning of the probe from the
(wp) are the coupling constant and frequency of the drivingdriving-field frequency. Inserting Eq2) and Egs.(6)—(13)
(probe field and we considel;|>|F,|. The coupling con- into Eq. (1) leads to a set of algebraic equations determining
stants can be expressed in terms of the vector dipole-matrighe coefficientséW,, 7, 6W,, W, , and SW_. In the
element between the excited and ground atomic statgs special case of a zero temperature of the rese(tais sim-
and the electric-field strengtt asF;= — u,»-E;, i=1,2.  Plification is quite adequate for optical transitiorend the
The reservoir is assumed being made of an infinite num&Xact resonance between the driving field and atomic transi-
ber of oscillator modes interacting resonantly with the drivention frequency.w; =y, these algebraic equations read
two-level atom(this is the most common model adopted to

describe formally a reservoir although other ones were pro- Q(v)7—iF 8W, +iF} SW_=—iF5(W5)*, (19
posed 12]). Then, the superoperator kernef{t—t’) can be
written as[11] Q(0) SW, +iF* SWE —iF 1 0Wo= — (iF 5 SW* —iF ,6W, ),
(15
K(t—t')- =Tre[Vgg,e o[ Vgg, pr- 11, 4
Z(v) W, +i2F% p=—iF5 (Wi —W5), (16)
where Ly-=[Hg,-] is the Liouvillian operatorH, is the
free (atom plus reservoirHamiltonian, Z(0) SWy+i2F7 SW, +i2F3 n*
= —Z(0)WZ —iF* (W7 —W5), (17)
VSR=f Jg(o—wg)(blo_+H.c)dw (5) ST
Z(—v)OW* +i2F* 9* =0, (18)

is the atom-reservoir resonant interaction term, the function

g(w— wo) =D(w— wg)| k(w— wy)|?> combines the reservoir We defined

spectrumD (w— wg) and the coupling constant(w— wg)

that may be frequency-dependent, angdis the density op- Z(x)=ix—=T'(x), (19
erator of the reservoir at thermal equilibrium. For more than

one reservoir interacting with an atom more terms in . Qx)=—ix+I'(x)+T'*(—x), (20
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= ig(w—wq)

r« )= ———
(x) 0 Xtwg—wt+le

dw

o 1
:J'o J(w—wg)| X+ wyg— w) +iP) m) do
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Averaging the vectorial dipole-matrix elements over angles

faopion= 1122l (1 is the unit matriy, we obtain the scalar
susceptibility function with respect to the probe field fér
atoms per unit volumgl1l],

(v,Q) N|* |26W, IF NAS&VV( Q)
Vl =5 = V! 1
X 3 |#12 +12 30300

(29

where P stands for the principal value. We consider thatvhere\y=2wc/w, is the wavelength of the atomic transi-

g(w—wg) is nearly an even function of its argument; this

tion and W, (v,Q)=%yoW_ (»,Q)/F, is the dimension-

assumption is quite reasonable since the atom and reservgéiss coherence functidit does not depend on the probe field

exchange energy resonantly. ThE(0)=7g(0) is real up

and its modulus is less or of the order of unjtwhich de-

to small corrections. We also note from the right-hand sidgyends on two frequencies: the detuning between the pump

of the first equality in Eq.21) that |T'(x)|<|T'(0)|. The
other quantities that enter Eq4.4)—(18) are the coherence
coefficient of the unprobed syste8],

_ —iFIT(0)
[ — (22
[%(0)+2|F,?
and the upper energy level population,
. |Fal?
; : (23

I'2(0)+2|F, %

The population of the lower energy level is promptly ob-
tained sinceV; =1—W7 .

IIl. THE ATOMIC SUSCEPTIBILITY FUNCTION

The delayed induced polarization of an atom that results

after the application of an external fieﬁit’) is

- t -
P(t)=f x(t=t")-E(t")dt’, (29)

0
x(t—t") being the dyadic susceptibility. For a monochro-

matic field,E(t) = E,e”'“'+c.c., and Eq(24) in the station-
ary limit becomes
P(t)=2Rde '“'x(w)-Ey]. (25)

where

(@)= fom;((t)e*iwtdt (26

is the Fourier transform having the property* (w)
=x(—w). Writing the polarization vector as an average

value of the atomic dipole momept,

P(t)=(u())=Trp(t)m()], (27)

and probe frequencies and the Rabi frequenc2 =2|F,|.

The square of the matrix dipole elemeépt; ;|2 is replaced by
the naturallvacuum atomic decay constant

y=(dwy| 12?1 (3hC3). (30)
Solving Eqgs.(14)—(18) one gets

W, (1,Q)

Z*(—v)

Z*(0)

QA Z(v)+Z* (= v)]-2Q(»)Z(¥)Z* (— v)

i(\/\/ﬁ—\N‘f){ﬂz(l— )—ZQ(V)Z*(—V)l

(3D
W, — W5 = 2I%0) (32
2 orq0)+0?
The standard (Markovian case corresponds to the
frequency-independent functiong(w—wg)=ge. Then,

I'(x)=T'(0)=mgg, so forQ=0 (no pumping function (31)
assumes the canonical foréW., (»,0)=(v+iy/2)~* pro-
vided the constantg, and y [Eq. (30)] are related as fol-
ows:

y=2m(g. (33
For the sake of simplicity we shall express hereafter all the
guantities having the dimension of frequerjtie I'(x), v,
Q] in units of y, unless it is stated explicitly that all the
parameters are dimensional. Then, in particulgiQ)=1/2
in the Markovian case.

Formula(31) can be simplified in the case of a strong
pumping fieldQ2>1. One can verify that under this condi-
tion, the real part of Eq31) attains its maximum value at a
frequencyv= v, slightly shifted from the Rabi frequency

3
=0+ EF,(Q)-FO (34)

il

The subscriptsR,l) stand for real and imaginary parts. For

and using explicit expressions for the elements of matrixhe frequencies close tg,, the real part of the susceptibility

p(t) given in the preceding section we obtain

P(t)=2 R Ws(t)t15]. (28)

function changes its behavior when compared to the usual
situation of a two-level atom probed without pumping,
namely, the real part acquires the Lorentzian shape,



4048 PRATAVIERA, MIZRAHI, DODONOQOV, AND BRINATI PRA 60

27) —1 5.0
~ dv—vpy)
ResW., (v,Q2)=1 120I'(0)['r(Q)| 1+ ————
II'r(Q) .
(35) 0
60
(again up to small corrections of the order®f ). Now one ~ 3.0
can see that by varyin@ it should be possible to determine 2
experimentally the real part of the functidi({)) since the g 100
width of the Lorentzian shape sv=3I"g({2). The shift of ° 2.0 140
vy, from Q, 3I'(Q)/2, could also be determined. Thus, by 180
varying Q it should be possible to determine the complex 1.0 220
functionT'(€2).
There is, however, a delicate point. As was emphasized in

[2], in the case when the spectral functipfw — w,) signifi- 00, 50 100 40 180 220

cantly differs from the white-noise constant, this function
depends actually not only on the frequencies but it is very
sensitive to the spatial and angular coordinates of the atom FIG. 1. The function RéW_. , Eq. 35, versus and y,=15 in
too. Due to the discrete structure of the resonance modes imits of y for 7=0. The numbers at each curve stand for the Rabi
the cavity, the characteristic space scale of changeg®f frequency in units ofy.

— wy) is of the order of the wavelength corresponding to the

maximal coupling between the atom and the cavity. At eactoting that by disregarding tern®(1/2) in Eq. (38), vy,
point inside the cavity this function has distinct sharp—Q>0 (v,—{<0) means a positivénegative y.. The
maxima. Since we have no possibility to control the positionwidth of the line is

of the atom with high precision, the observable effects are

determined by theaveragedspectral functiong(w— wy), Av=3[y+y(1+720%) 71, (39
where averaging is performed over spatial and angular coor-

dinates in a volume whose dimensions are much greater thaand it shows thaty, can assume values only in the open
the optical wavelength. Evidently, the dependence of the avinterval (—y,»); thus, two different situations may happen
eraged spectral function on its argument is rather smooth. Ttr an atom in a cavity 4.#0): (i) For y,<0 the linewidth
illustrate the general results given above, we suppose an eftv is always narrower than the natural linewidthy(2) and

v

fective spectral function it becomes broader with increasiify althoughA v<<3+v/2.
o (ii) For y.>0 the linewidth is always broader thary/2 and
g(w—wo)=0o+ g1+ 2(w—wg)?] %, (36) it becomes narrower with increasify. We judge that these

effects are worth being verified experimentally as discussed

fh the next section. The height of R&V. (v,Q) is (all the
aTrr]equencies,r and vy, in units of )

where the first term represents the vacuum white nois
whereas the second is for the cavity modes and a Lorentzi
shape is assumed as is frequently df2g although other

functional forms are also possible depending on the type of

20)2
the cavity[17]. In Eq. (36), 7 is a correlation time for the h=ResW. (Q,v,,,7)= 1+ 70 _
colored reservoir variables argl is an effective coupling " 3Q(1+ yo) (1+ y+ 7202)
constant of the atom with the cavity-colored spectrum, (40

whereagy, is the coupling constant with the high-frequency

“white”-vacuum modes, which do not feel the presence of alf 7=0, or 7#0 andy,<8 the height decreases monotoni-

cavity; note that forr=0 one gets the vacuufrcavity white ~ cally as 1) asQ is increased; however, for#0 and y.

noise. An advantage of functiof86) is that it permits a >8 (depending on the geometry of a cavity, it is possible to

simple calculation of integra21) (provided the lower limit ~ reach the valuey.~100[2]), thenh increases for values of

of integration is extended te-«): Q7 in the open interval (0[%y.—2)— Vv(7.—8)]¥? and
0.9(ye—2)+ Vyc(y.—8)]"?), attaining a maximum and

1 1+ixr B afterward decreasing monotonically for values(bf larger
POO= | v e 2| 77279 B7 than 0.5(ye—2)+ Vye(ye—8)l.

In Figs. 1-4 we plotted R&W,, (v) for »=20 (this func-
noting thaty, could be positive or negative. With this form tion is antisymmetric with respect te). The numbers at
of I'(x), the point of maximum of RéW_ (»,Q) is each curve correspond £» and we considered=0 (Fig. 1)

and7=0.01(Figs. 2 and 3 In Fig. 1 for high Rabi frequen-

3y} cies (0=60) andy.=15, ReSW, (») has the maxima at

vm=0+ m+ (5) (38 ,~q, and their heights decrease a$)1/For 7=0.01 and

v.=15, RedW, (v) suffers a drastic changeee Fig. 2,

thus due to the non-Markovian character of the evolution; theontrary to the behavior for=0, now the maxima are lo-

shift |v,,— Q| attains its largest value| 3.|/8, at7QQ=1; so, cated atv,,, shifted to the right fromQ, and the peaks
by varyingQ until the shift attains its higher value, it should decrease, pass through a minimum, then increase again

be possible to determine experimentajlyand . It is worth  monotonically and the linewidths decrease. Fer0.01 and
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5.0 0 50.0
220
100 140 180
4.0 40.0
-~ 30 =3 30.0
2 i
o <
vg 2.0 9 20.0
1.0 10.0
0.0 0.0
20 60 100 140 180 220

v
FIG. 4. The function R&éW, , Eq.(35), versusv in units of vy,
0 =100; y.=0 (solid line), 7=0.01 andy.,= — 0.5 (small dashes

. . . andr=0.01 andy.= 15 (large dashes
v.=—0.5 (Fig. 3 the lines are much more narrow than in

the previous cases and even narrower than in the case of the ihe index of refractionn=n’+in", of a gas inside the
atom interacting with vacuum modes only,=0; however,  cayity, due to the known formula
the heights of the peaks decrease monotonically with in-
creasing(). (21 ("2

In order to compare the shapes of the curves for Markov- Amy’=(n)7=1=(n% 4D
ian (y.=0) and non-Markovian evolutions ¥#0,  The index of refraction can be measured, e.g., with the aid of
7=0.01), but the sam€), we picked the curves labeled as g palanced two-port Mach-Zehnder interferométet]. The
100 in Figs. 2 and 3 and plotted them in Fig. 4, in @ zoom-indevised experimental setup can be seen in Fig. 5. Beam
of the abcissa coordinate. The solid line is far=0; the  emerges through the cell where its original intensity is at-
others are forr=0.01 and the smalllarge dashed lines tenuated due to the atomic absorption; besides, it acquires a
correspond toy.=—0.5 (y.=15). A finite 7 and y.<0  supplementary phase due to the index of refraction of the
(7.>0) modifies the shape of the solid curve in three asgas. The phase shifter compensates the spurious phases in-
pects:(a) a shift of the point of maximum to the leftight)  troduced by the beam splitters, effects of the faces of an

FIG. 2. The same as Fig. 1, fer=0.01.

of v=Q, (b) a narrowing(broadening of the widthAv (al-  “empty” cell, etc., such that the difference in photocurrents
though it is wider the largef) is) and (c) a decreaséin-  j. and |4 be zero. For typical lasers the phase fluctuations
creasgin the height of the curve. can be neglected because the phase angle diffuses away from
its initial values at a rate inversely proportional to the mean
IV. A POSSIBLE EXPERIMENTAL SCHEME number of laser photorid5]. Also, atomic-collision effects

can be neglected since we consider a low density[ 8k
We have established that the space-averaged spectighd Doppler broadening can be substantially reduced quite
function of the colored vacuum in a Cavity can be determinecbe|ow radiation linewidth by Working at mK temperatures or
from the real part of the averaged atomic susceptibility,
x=x'+ix", with respect to the probe field, provided the Do J
pumping is strong enough. In turn, the averaged susceptibil- ' ;
ity can be easily recovered from the real and imaginary parts

1.0
60

%0.5 100 probe — 51 — /
L 1 phase shifter 2
2 140
180 220 FIG. 5. Mach-Zehnder interferometric scheme: a probe beam
interferes with itself after being splitted and 4 are 50:50 beam
splitters, 2 and 3 are perfect reflecipriseama goes through a cell
Jt (closed optical cavityfilled with a two-level atoms gas at density
0'020 50 100 140 180 290 getting out asa’ while beamb passes through a phase shifter be-

coming beanb’. Beamsc andd are collected at the photocurrent
detectordD . andD4 and the currenftor photocountdifferencej is
FIG. 3. The same as Fig. 1, far,=—0.5 andr=0.01. measured.

v
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by using experimental techniques of laser beams as reported(272/3)(Ac/\3)y is the saturation intensity andg

in [16] for compensation of the atomic recaoil. =102 W/cn? for that transition. Thus in order to attain
The amplitudes of beams andd are given in terms of (/y~100, the intensity of the driving field should be of the
amplitudes of those odi and b, order of 10 W/cri; a laser beam focused on a small region
within the cell could permit attaining such high values for
c=/neXoh+i\1— e kot(1-ng, (42)  the Rabi frequency.
d= \/;e_ikol‘(l_”)a-l—i \/1T7;ei’(0b, (43) V. DISCUSSION AND CONCLUSIONS

Here we discussed the effects of the cavity modes on a
where 7 is the transmitivity coefficient of the beam splitter, driven atom by analyzing the dispersive part of the suscep-
Xo is a phase introduced by a phase shifter,s the free- tibility with respect to a probe field, much weaker than the
space wave numbel, is the length of the driven-atoms gas driving one. We considered that the cavity modes participate
crossed by the probe, amds the (compley index of refrac-  with a colored spectrum additionaly to the white-noise spec-
tion in that region. Thus, in the presence of atoms driven byrum of the vacuum. We showed that for high values of the
a strong field, the difference in photocurrefify=j4—j. Rabi frequency() (measured in units of the natural line-

x(c*tc)—(d*d), (for xo=0) is width) and for detuningsy~() the function y’ takes a
Lorentzian shape with width, shift, and height depending on
Si0=jd—ic=linck SIN(A ), (44) Q). Thus, by varying the values @ these quantities could

be determined from the experiment. We discussed a possible
wherej . andj4 are the photocurrents detected at pertsid ~ experiment based on the Mach-Zender interferometry, the
d; jinc is the photocurrent associated to the probe withoufneasurement of the index of refraction of the driven atoms

cell or interferometer. gas in the cell cavity could permit us to infer about the nature
of the cavity colored-noise spectrum; however, we do not
k=exp(—2mn"L/\), (450  exclude the possibility of a better scheme of measurement. It
is worth commenting about the role of the Rabi frequency on
Ap=2m(n"—1)L/\,, (46)  the peculiar behavior of enhancing the effectsrpjualita-

tively, it can be understood by looking at the reservoir fre-
are, respectively, the attenuation factor and the phase diffeguency spectrum in the dressed-atom formaljdsi: At on
ence between beansandd, )\, is the wavelength of the resonance fw=0), the driving field splits the atomic-
probe, anch’ andn” are the real and imaginary parts of the transition frequency fronawg to wo*(}; thus, assuming the

index of refraction. Introducing a phagg= 7/2 in beamb’, instance of spectrum (36) one gets g(Q7)=gp
the photocurrent difference becomes shifted by this same-g./[1+(Q7)?]. Forr#0 it is possible to reduce the effect
phase, such that of y. around the shifted transition frequency by increasing
the Rabi frequency; thus by diminishing the influence of the
O] wi2=linck COSA @). (47 cavity modes on the atom, the modified linewidth should

approach the natural one, verifying a narrowibgoadening
Squaring and summing the difference in photocurréA®3  of the linewidth forg.>0 (g.<0). The driven atom pre-
and (47) and then dividing the result by the squared photo-senting a lower sensitivity to the cavity modes at the new
currentj;,. one gets the square of the attenuation faetor transition frequenciesy, =+ Q, is reflected by the probe that
from whichn” can be obtained. Thus, it becomes possible taesponds showing sharper and higher peaks with increasing
isolate the pure oscillatory part of the photocurrent, b QO when y.,>8 with a new damping constany— vy
related to n'. For 2m|y'|<1 one can writt A¢  +y./(1+72Q?). For small driving fields the line shapes of
%N)\(%L ResW., (v,Q); then for appropriate values ofy, Figs. 1-3 are replaced by the usual dispersionlike shapes
L, andN, such that A ¢)<1, it could be possible to extract around the origin. In conclusion, we showed that by strongly
the phase differenc& ¢ from the photocurrent, thus the real driving two-level atoms and using the above-described inter-

part of the index of refraction would be obtained immedi- ferometric setup, the effects of the cavity could be put in
ately. For y.=10 and 260 <220 one verifies thah relief and the functiod’(v) could be estimated from experi-

~10"%, which is an upper limit for RéW_ (v,Q). ment.
For instance, one could consider the 852-nm line of the
6S,,,— 6P5, transition in Cs atoms with natural width
=3.3x10" s 1. Equationl/Q?=14/? [18] relates the in- G.A.P. thanks CNPq for total financial support. S.S.M.
tensity of the driving field to the Rabi frequency, whége thanks CNPg and FINEP for partial financial support.
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