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Comparative study of the transient evolution of Hanle electromagnetically induced transparency
and absorption resonances
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The temporal evolutions of electromagnetically induced transparéitl) and absorptionEIA) were
observed in a Hanle absorption experiment carried onCthdines of 8Rb vapor by suddenly turning the
magnetic field on or off. The main features of the experimental observations are well reproduced by a theo-
retical model based on Bloch equation where the atomic level degeneracy has been fully accounted for. Similar
(opposite phaseevolutions were observed at low optical-field intensities for Hanle-EIT or Hanle-EIA reso-
nances. Unlike the Hanle-EIA transients that are increasingly shorter for driving field intensities approaching
saturation, th&®# 0 transient of the Hanle-EIT signal at large driving field intensities present a long decay time
approaching the atomic transit time. Such counterintuitive behavior is interpreted as a consequence of the Zeno
effect.
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I. INTRODUCTION to obtain “light storage”[18].
A major advantage of the use of DTLS is that a single

Large attention has been paid in recent years to the fasceptical field may be enough to induce coherent effects. In-
nating properties of macroscopic samples of atoms or moldeed, the two orthogonal polarization componets and
ecules prepared in a specific linear combination of quantuna~) of the same linearly polarized optical wave couple dif-
stated1]. Such media are said to be coherently prepared anferent Zeeman sublevels of the ground and excited state. The
its statisticalmacroscopitdescription corresponds to a den- Raman resonance condition between ground-state sublevels
sity matrix with nonzero off-diagonalcoherenceterms. A is then automatically reached at perfect ground-state degen-
wide variety of physical consequences of coherently preeracy or destroyed by the application of a static magnetic
pared media have been observed and many crucial applicéield. As a result, the atomic response of a DTLS to the
tions achieved?2]. A few examples are: Coherence popula-excitation by a single optical field with linear polarization
tion trapping(CPT) [3,4] successfully exploited for subrecoil presents sharp variations as a function of the magnetic field
laser cooling[5]. Electromagnetically induced transparency around zero magnetic field. This is in essence the well-
(EIT) and the related topic of laser without inversigf. known (ground statg Hanle effect{19—21 intimately con-
Enhancement of optical nonlineariti€g] and efficient fre- nected to the Zeeman optical pumpirg)].

qguency generatiof8]. Very large dispersion9] and its ap- CPT and Hanle effects were theoretically and experimen-
plication to sensitive magnetometf§0] and optical propa- tally analyzed within a common frame by Renzoni and co-
gation with slow group velocity11,12. workers[23]. They studied the hyperfin@pen transitions

Most experiments and theoretical modeling on CPT, ElTof the D, line of Na. This work was followed by theoretical
and related coherence effects deal with three-level systems investigation of Hanle-CPT resonances in open transitions
a A configuration where the two long-living lower levels [24-26. Hanle-CPT resonances were also studied orbDthe
have different energies. This requires the consideration ofind D, lines of Rb in a vapor cell experiment. Inverted
two distinct optical fieldgcoupling and probe fieldsacting  Hanle resonance@ncreased absorptipnvere then observed
on either arms of thé. system. However, interesting energy- in the case ofF;—F.=F4+1 transitions[27,2§. These
level configurations for coherent spectroscopy purposes camsonances are related to the EIA effect previously reported
also be obtained using the Zeeman sublevels of a degenerate[13,14]. A theoretical investigation of the enhanced ab-
two-level atomic transition. sorption Hanle resonances has recently been presented in

The coherent spectroscopy of degenerate two-level sy$29].
tems(DTLS) was recently explored using mutually coherent  The temporal evolution of EIT signals was theoretically
optical fields[13—-17. A new coherent effect emerged corre- analyzed by Li and co-worke80] and experimentally in-
sponding to a resonant increase of the atomic absorptiowestigated by Cheat al.[31] for strong-coupling field inten-
Such effect was designated electromagnetically induced alsity. The low driving field intensity case was initially consid-
sorption (EIA). EIA is observed in DTLS in closed transi- ered in Ref.[32]. The influence of several relaxation
tions with a higher degeneracy in the upper 1e\8,14,16.  mechanisms such as time-of-flight, dephasing collisions and
Recently, coherent resonances in DTLS were used to proselocity changing collisions was studied [iB3]. A refined
duce very slow positive and negatiE5] group velocity and  treatment of the influence of the time-of-flight on the tran-

sient atomic response in coherence resonances was discussed
in Refs.[24,25.
*Email address: alezama@fing.edu.uy This paper is concerned with the study of the temporal
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evolution of the Hanle signal as the Raman resonance con
dition between the optical field and the ground-state Zeemar
sublevels is suddenly achieved or destroyed by turning off or
on a static longitudinal magnetic field. We focus on the com-
parison between the temporal evolution of the Hanle-EIT
(reduced absorptignand Hanle-EIA(increased absorption

resonances at various driving field intensities. The experi-
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ments were carried on thB, lines of Rb in a vapor cell.
Although we studied both stable Rb isotopes, only the results
concerning 8’Rb will be presented here. The two cases
(Hanle-EIT or Hanle-EIA resonancesan be observed de-

L1 L2
pending on which ground-state hyperfine level is excited. As )[ 1

P D1
already pointed ouf13,14,27-29 the atomic response | Laser
when the lower alkaline atom ground-state hyperfine level is l
excited corresponds, at the Raman resonance, to increast (b)
transparencyEIT). Conversely, the response obtained when F NDF

Fhe upper ground-state hyperfine Ievel_ is excite_d results in an FIG. 1. (a) Hyperfine level scheme for th&Rb D, line. (b)
inverted Hanle resonance corresponding to an increase of ﬂ&heme of the experimental set(pl, L2, L3, lensesF, mono-

a,tomic absgrptiomElA). For ":_m ElT-type tranSiti_on: the tran- mode optical fiber;P, polarizer; NDF, neutral density filteD 1,
sient following the cancellation of the magnetic field can beDz’ iris diaphragms; PD, photodiode

interpreted as the falling of the atomic system into the un-
coupled or dark stat€DS). For an ElA-type transition, the A second diaphragm, with smaller diameter, placed after the
transient corresponds to the atomic system evolving towardge|| selects the central part of the transmitted beam. The
the enhanced absorption stéAS) [29]. We have also stud-  transmission was monitored with an avalanche photodiode
ied the transients occurring when the Raman resonance COMOO MHz bandwidth and recorded in a digitizing oscillo-
dition is suddenly modified by the application of a magneticgcope.
field producing a Zeeman shift of the ground-state sublevels Tq study the transient behavior of the Hanle-EFEIA)
that is larger than the coherence resonance width at low lighiesonances, the longitudinal magnetic field was periodically
intensity but smaller than the excited-state width. This transyitched between two different constant vallgs=0 and
sient evolution correspond to the system leaving the DS 0B, ~ 250 mG while observing the temporal variation of the
the EAS in the case of EIT or EIA type transitions, respecyransmitted light power. For this, the coil current was driven
tively. by the square-wave output of a signal generator at 10 kHz.
The experiments are described in the following section ofafter being switched on or off the magnetic field reached a
the paper. Section II! is _devoted to the _discussion of thgew stationary value in approximately 0. During the
experimental results in view of a theoretical model of therecording of the absorption transients, the iris diaphragm
atomic evolution. Section IV presents the conclusions of thiﬁalaced after the cell had a diameter at least a factor of 2
work. smaller than the diameter of the iris placed before the cell
and defining the beam cross section. By this means, one
ensures that the collected light originates from atoms whose
transverse path across the cylindrical light beam is close to a
The experimental setup scheme is shown in Fig. 1. Adiameter. For these atoms the mean transverse transit time
2-cm-long glass cell containing a mixture ¥Rb and®’Rb  across the beam can be estimatedrasD(2kgT/m) %2
vapor and no buffer gas was used. The cell was slightlyvhereD is the beam diametel, the vapor temperaturég
heated above room temperature to obtain around 70% resthe Boltzman’s constant, anth the atom masg¢For Rb 7
nant absorption. The cell was placed inside a cylindrical coil=40 us for D=1 cm, andT =330 K).
for magnetic field control. The coil and the cell were placed The transient absorption records obtained for EIT- and
inside a cylindricalu-metal shield to reduce magnetic field EIA-type transitions are shown in Figs. 2 and 3, respectively.
components perpendicular to the cylindrical coil axis to lesQualitatively different transients are observed depending on
than 10 mG. The atomic sample was illuminated with a 1the magnetic field being on or off during the evolution. The
mW laser beam issued from an injection locked diode lasetransients observed when the magnetic field is switched off
(linewidth <1 MHz) whose frequency could be tuned and can be seen as the “preparation” of the atomic system in a
stabilized along the RD, lines (780 nm). The precise laser new steady state that corresponds to the DS in the case of an
frequency position was monitored with respect to an auxil-ElT-type transition or the EAS in the case of an ElA-type
iary saturated absorption setup. The laser light was spatiallyransition. Since this preparation is achieved via repeated
filtered using a 50-cm-long single-mode optical fiber. Theexcitation—spontaneous emission cyclé&eeman optical
linearly polarized laser propagated along the direction of thggumping in the absence of magnetic field, no oscillatory
magnetic coil axis. The intensity of the light was controlled regime is to be expected. A quite different behavior is ob-
with neutral density filters. An iris diaphragm placed beforeserved when the magnetic field is suddenly restored lifting
the cell defined the beam cross section at the atomic sampléhe degeneracy among Zeeman sublevels. The evolution to-
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FIG. 4. Intensity dependence of the exponential decay #ate
observed foB=0, the exponential decay ratg of the nonoscil-
lating component and the damping ragg of the oscillating com-
ponent of the transients observed & 0. (a) EIT-type transition.
(b) ElA-type transition. Light beam diameter at the cell 13 mm.

B
| Magnetic f'e'd—’1|0 Figures 2 and 3 present the variations with light intensity

T T T T of the transient evolutions of EIT and EIA-type transitions
0 20 .Ifo 60 80 100 respectively. In these series, the laser beam diameter is kept
ime (ks) fixed at 1.3 cm while its intensity is varied with neutral den-
FIG. 2. Observed transient evolution of the Hanle-EIT reso-Sity filters. The plots have been rescaled in order to present
nance in 8Rb for different driving field intensitiesl. (a) |  the same difference between the two steady-states regimes.
=30 uWicn?; (b) 1=90 uW/cn?, (c) 1=0.3 mWi/cnf, (d) | At all intensities, the transient evolution towards the steady-
=0.9 mW/cn?. Magnetic fieldB;=250 mG. Driving field tuned state regime wittB=0 is well described by an exponential
near the peak of theS,, (F=1)—5P5, Doppler broadened ab- decay. Similar decay times are observe®atO for a given
sorption line. laser intensity for EIT and EIA-type transitions. This is still
the case of th&+# 0 transients at low intensities, the damp-
wards the new steady state is then a damped oscillation thgig of the oscillating transients occur with similar character-
represents the Larmor precession of the coherently prepargstic decay rates for the EIT and ElA-type transitions. These
DS or EAS in the presence of the static magnetic field. Norates, which are also comparable to the0 exponential
tice the opposite phase corresponding to the EIT and ElAdecay rates observed for the same light intensity are of same
type transitions. magnitude than the inverse of the estimated time-of-flight
across the light beam. Significant differences between the
EIT and EIA transients arise f@+ 0 as the light intensity is
d increased. In the ElA-type transitidifig. 3) increasing the
light intensity results in a faster damping of the oscillating

transient. The damping rate of the oscillation closely follows

c the exponential decay rate of the correspondigO tran-
sient. The behavior is rather different for tBe£ 0 transient
in the EIT-type transition. In this case the temporal evolution

significantly deviates from a single sine-damped oscillation.
b It is better described by the sum of a sine-damped oscillation
plus a nonoscillating exponentially decaying term. The char-
acteristic decay rate of this nonoscillating term is rather in-
sensitive to the laser intensity and remains comparable to the
time-of-flight decay rate. For a quantitative analysis, the ob-
served temporal evolutions wefleast squarkfitted with the
function y,;(t) = A exp(— ) in the case of thd8=0 tran-

‘Magneticfield —?‘, sients and with the functiory,(t)=C exp(—nt)+D exp

0 (= mat)sin(Bt+¢) for the B#0 transients(A,C,D, 71, 75,
0 20 40 80 80 100 73, B, and ¢ are adjustable parametgrsSince theB+#0
transient for the EIA-type transition does not show any sig-

Absorption —

Time (us) nificant nonoscillating term, in this case, coeffici€ghtwas
FIG. 3. Observed transient evolution of the Hanle-EIA reso-taken zero. The fitting functions closely adjust to the data
nance in ®Rb for different driving field intensitiesl. (a) | (the differences would be barely observable on the scale of
~30 uWicn?, (b) 1=90 uWicm?, (c) 1=0.3 mWicn?, (d) | Figs. 2 and 3 The fitted values of the decay rates and the

=0.9 mW/cnf. Magnetic fieldB,;=250 mG. Driving field tuned oscillation frequency are plotted in Fig. 4. Notice thatand
near the peak S,,, (F=2)— 5P, Doppler broadened absorption 7, are growing functions of the laser intensitywhile 7,
line. remains approximately constant.
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do i r
0.3 j a:—g[Hz‘FﬁAPe'f‘Vi,O']—E{Pe,O'}
s _-7F FT(2FH]) D QYoQly— ¥(a—00), (1
mw .21 i g=-1,0,1
e a . I
= _ where H,= (B4Py+ BePe)F,B is the Zeeman Hamiltonian
Totd{ _-7 (By and B, are the ground- and excited-state gyromagnetic
L~ factors andr, is the total angular momentum operator pro-
jection along the magnetic fighd Qg.= Qgg (9=-1,0,1)
0.0 are the standard components of the vectorial operator defined

000 O.O?nversgli:ig diamgi;?(mm"?lzo 028 by Qge= Dge(dll D||e.>7l’ whereD ge=P4DP, and(g|Dlle)
is the reduced matrix element of the dipole operator between
FIG. 5. Dependence of the decay raje on light beam diam- g and € A=wy,—w is the optical field detuning an®
eter. Ligth intensity: 0.9 mw/cf =(Q/2) (2-Qge+8 Qep with Q the reduced Rabi
frequency: O =E(g|D|le)n . yo, represents a constant
Using the same intensity than in the case of Figl)2ve  pumping rate(due to the arrival of fresh atorm#n the iso-
have checked thay, is linearly dependent on the inverse tropic stateo,=Py/(2F,+1). For a given solution of Eq.
diameter of the diaphragm placed before the cell indicatindl), the instantaneous atomic absorption retf) can be
that this decay rate is essentially determined by the atomievaluated using
time-of-flight (see Fig. 5. . .
w(t)o—i Tr[o'eg(é'Dge)_o'ge(é*'Deg)]: 2

whereoeg= o8 .= Peo(t)Py.
Equation(1) represent a system of coupled first-order lin-
The experimental results presented above will be disear differential equations for the coefficientsaafUsing the
cussed in this section in view of a simple theoretical modeLiouville method the matrix elements of can be organized
of the atomic evolution. We follow the standard density-into a vectory and Eq.(1) rewritten in the form:
matrix approach using optical Bloch equations and the rotat-
ing wave approximatior{30]. Several simplifications are ﬂzM +p ®)
made. The atoms are considered at rest and the atomic dt Y+ Po.
sample is assumed to be homogeneous. The finite time-of- ) )
flight of the atoms through the light beam is taken into ac-WhereM(e,A,Q,T",y,B) is a matrix andp, a constant vec-
count in the calculation through a phenomenological decafPr corresponding to the pumping terparg.
rate[32,33. The theoretical model does not intend to repre- 1he solutiony(t) of Eq. (3) was numerically calculated
sent the actual level structure of tBe transitions ofS’Rb. for a magnetic field periodically alternatm_g be_tween two
Instead, we have chosen to analyze two model transition&okns’tal_nt valluesB|0=_0da_nd Elzo T_he opt|ca|df|e|(|j wash
Fy=1—F.=0 andFy=1—F.=2, which are the simplest taken linearly polarized in the direction perpendicular to the

to correspond to EIT and EIA, respectivglgd]. The two magnetic field. The results are presented in Figs. 6 and 7 for

transitions are considered closed in the sense that the radigl'fferent values of/I' and A=0, y=0.002", and 4B,

five d tth ed level | lusivelv into th d:-O'O%F' For small values of)/T" theB=0 andB+#0 tran-
Iglveel ecay of the excited level 1S exclusively Into the groundg;anis show decay times of the orderdbr both transitions.

i i ) . The behavior is rather different at larger intensities where the
Following the procedure and notation introduced in g o) transient is of comparable duration to e 0 tran-

[14,17, we consider an atom at rest with a ground legel gjent for the EIA-type transition but is much slower for the

and an excited leve¢ with angular momentd&y andFe,  E|T-type transition. In the latter case, ti&#0 transient

respectively, and energy separatiom,. Spontaneous emis- clearly deviates from a simple sine-damped evolution and

sion frometo g occurs at a rat€. The finite interaction time approaches a pure exponentia| decay in the |arge intensity

is accounted for by the relaxation rate (y<I'). The |imit with a characteristic rate of the order ¢f

atoms are submitted to the action of a magnetic fiBld A deeper insight into the transient evolution of these sys-

and a classical monochromatic electromagnetic fie(d) tems can be obtained by the analysis of the eigenvalues

=Ee&exp(wt), whereé is a complex unit polarization vector. and eigenvectory; of matrix M that can be numerically
Introducing the slowly varying matrixo=PypP calculated(i=1,...n with n=16 andn=64 for the consid-

+ PepPet PypPeexp(—iwt)+PepPyexplwt) (where p is  ered EIT and EIA transitions, respectivehAll the real parts

the density matrix in the Schdinger representation arf; of the \;’s are negative as expected for a stable system. For

and P, are projectors on the ground and excited subspace®=0 all the\;’s are real indicating that the equilibrium will

respectively, the time evolution of the systefin the rotat- be reached through exponential decays. B&0 some of

ing wave approximationobeys the \;’s are complex indicating an oscillating behavior as

IIl. THEORETICAL ANALYSIS AND DISCUSSION
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0

o B, ues of the evolution matrid as a function of light intensitya)
Magnetic f|eld\..|0 ElT-type transitionFy=1—F,=0. (b) EIA-type transitionFy=1
—F¢=2. The dashed lines represent real eigenvalues correspond-
o 2 4 & ing to theB=0 transients. Solid lines represent real eigenvalues of
vt the B#0 transients. Circles represent complex eigenvalsekd,

real part; hollow, imaginary parbf the B#0 transients. Ir(a) the
FIG. 6. Numerically simulated transients for the EIT-type tran- intensity units correspond to th@2/T"? ratio. An increase by a
sition Fy=1—F,=0 for different optical-field intensities)?/T'>  factor of 2.5 of(g|D|e)? was assumed itb).
=2%x102 (a), 6x107% (b), 0.02 (c), 0.06 (d), 2 (&) (A=0,
y=0.002", B4B,=0.03T). matter of fact, a constant eigenvalug=—1y is always
present. However, as will be discussed next, the correspond-
experimentally observed. For small values@f’, the\j's  ing decay mode is unobservable. In any case, in the limit of
can be separated in three groups depending on whether th&wv driving field intensity, the leading eigenvalues approach
corresponding absolute values of their real parts are of thghe time-of-flight decay constantas expected.
order of y or approache$/2 orI'. Group 1 of eigenvalues, The general solution of Ed3) is given by
which is the one of interest in this paper, is associated to the
evolution of the ground-state coherences and populations, _
groups 2 and 3 are related to the relaxation of the optical Y(I)ZZ a;Vvi exp(Ait) =M~ "pg, (4)
coherence and excited-state populations, respectively.
In general, the leading eigenvalue dominating the tempoy here the coefficients;, depend on the initial state of the
ral evolution of the atomic response should be the Sma"e%ystem. Two conditions are required on a given decay mode

(observablgone. Since the evqlution r_natrM includes the to be observable(a) The corresponding eigenvectarmust
escape of the atoms from the interaction redianratey) it be present in the decompositio) of y(t) (i.e., a;#0). (b)

is quite obvious that ng\;| can be smaller tha. As & pe density matrixo; associated to eigenvecter should
correspond to a nonzero absorption of the incident optical
field.

Using as initial conditions the steady-state solutions of

f—\/\/\/mfd Eq. 3 corresponding t8=0 or B=B;, we have identified
the observable decay modes verifying conditi@. The
o W" ", c condition (b) can be checked by calculating the absorption
) corresponding ter; according to Eq(2).

W Figure 8 shows the eigenvalues, corresponding to group 1,
of the observable decay modes as a function of the optical-

W field intensity for the two transitions considered. The decay
mode corresponding ta;=— vy is unobservable since the

corresponding decay is exactly compensated by the pumping

term py describing arrival of fresh atoms.
0 2 4 6 Let us now discuss in more detail tHg;=1—F.=0

1t transition. This discussion can be simplified by noticing that
this system is totally equivalent to the op&rsystem formed

FIG. 7. Numerically simulated transients for the EIA-type tran- DY states|Fg= 1m=-1), |[Fe=0m=0), and |Fg: 1m

Absorption —»

B
Magnetic field~| .

sition Fy=1—F.=2 for different optical field intensities)?/I"? =1) WhiCh can “leak” through spontaneous emission into
=2x10 3 (a), 6x10°2 (b), 0.02 (c), 0.06 (d), 2 (6) (A=0, the “sink” state |Fg=0,m=0>. This openA system has
y=0.00T", B4B;=0.03T). been studied in detail by Renzoni and co-workes|. Fol-
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lowing their steps, one can write optical Bloch equations for We discuss now the role of the contribution of the differ-
the openA system incorporating the time-of-flight relaxation ent hyperfine transitions to the observed transients. The hy-
constanty for all levels. Analytical expressions of the eigen- perfine structure of the ground level of Rb is well separated
values\| of the corresponding linear differential equationsin the absorption spectrum. However, due to the Doppler
system can be obtained f&=0 as a function of the relax- broadening the excited-state hyperfine structure is unre-
ation rates, the Rabi frequené€y, and the branching ratie  solved. Consequently, for a given frequency position of the
to the sink state. One can check that the observable eiged¥iving field coupled to one of the ground-state hyperfine
value is in this casen,=—y+O(Q%T?) in agreement levels 55,/(Fg), the atomic response is due to three differ-

with Fig. 8a). For B#0 the A\/’s have to be evaluated ent transitions to excited-state hyperfine levelB;5(F.
numerically =F4,Fq=1). The contribution of each hyperfine transition

Taking a=1/3, the opem\ system exactly describes the on the total absorption signal is a function of the specific
Fy=1—F,=0. The use of the simplek system helps to the isotope and transition considered, the precise position of the

dentificati he ei q di , optical frequency within the Doppler absorption profile and
identification of the eigenmode corresponding to a given 4 jight intensity. Nevertheless, it was shown that the total

For B=0 independently of the optical-field intensity, the ghsorption presents ElT-type coherence resonances when the
smallest eigenvalue ix;=—y. The corresponding eigen- |ower ground-state hyperfine level is excited and ElA-type
mode is, as expected, the dark stdigs)= \/FZ(|F9=1,m resonances for the case of the upper ground-state hyperfine
=—1)—|F4g=1m=1)). Since the dark state is not coupled level[14,27,29. In the case of the lower ground-state level,

to the light, it's transient temporal evolution is unobservable this is due to the fact that all three hyperfine transitions give
This is no longer the case f@+ 0 since then the dark state rise to EIT[14]. In the case of the upper ground-state hyper-

is not stationary and consequently the eigenmode corrdine level, the atom_i(_: response is quantitatively dominated by
sponding to\;~ —y is contaminated with the bright state 'g;e closed transition[5S,(F g=2)—5P3;(F.=3) for

| g = \/FZ(ngzl,mz —1>+|Fg=1,m=1>) and  thus Rb] which corresponds to EIA: However, this is only true
coupled to the excited state. As a consequence the transieWtOV'ded that the exciting laser is not too far detuned to the

: . , red side of the Doppler absorption profile and that the Rabi
evolution corresponding ta;~ — y becomes observable. It f . : . : .
requency remains small in comparison with the excited-state

re.m.ams.the _Ieadm.g elggnvalue even ‘f"t large values of thI‘?yperfine structure. In fact, significant distortions in the tran-
driving field intensity. This, together with the’ fact that the gjonts were observed for the EIA-type transition at maximum
oscillating mode decays at rate Rgwith [Rehz[>[\j| [see  ayailable light intensity(not presented Finally, let us re-
Fig. 8(@)] explains the slow exponential component of themind that for simplicity we have theoretically analyzed the
B+ 0 transient obtained for large optical-field intensity in the model EIA-type transitionFy=1—F,=2. However, we
ElT-type transition(Fig. 6). The dependence on driving field have checked that qualitatively similar results are obtained
intensity of \; presents a minimum at intensity [Q%/T*  for the transitionFy=2—F.=3 occurring in ’Rb. The
=0.1in Fig. 8a)]. Below this critical value, the driving field good agreement obtained between the observations and the
intensity is responsible for the faster damping of the tranjprediction of the simplified model, where a single atomic
sient. Abovel. an increase in light intensity results in the transition is considered, suggests that the essential features of
slowing of the atomic evolution. the atomic response are a direct consequence of the type of
The situation is rather different for the EIA-type transition the dominant transitids) rather than the specific transi-
Fg=1—F.=2[Fig. 8@)]. In this case, all observable decay tion(s) involved.
modes correspond to eigenvalues whose real partgimre The most intriguing result presented above is the unex-
absolute valugincreasing functions of the driving field in- pected, an rather counterintuitive long transient observed for
tensity. As a consequence, there is no exponential decay suB<+0 with driving field intensities near saturation for the
viving significantly longer than the damped oscillation for EIT-type resonances. Instead of being the cause of the rapid
B+#0. damping of the atomic evolution, the applied driving field is,
The simple model calculation presented above explaing this case, responsible for slowing down the evolution. This
the main features of the experimental observations. This is the consequence of the Zeno effE8¥] in the sense re-
somehow surprising in view of the several simplifications ofcently discussed by Lui§36]. In this context, the optical
the model with respect to the actual experimental conditionsfield is seen as a continuous measurement projecting the state
A first simplification is the neglecting of the atomic motion. of the system onto the DS and thus preventing its evolution.
It is justified by the fact that the Raman resonance conditiorAlso, increasing the driving field intensity results in an en-
between ground-state Zeeman sublevels is unaffected by theanced stability of the initial quantum state. Following the
Doppler effect. In addition, the model does not account foranalysis of Luis, the present result can be seen as the prepa-
the effect of the optical intensity distribution in the beam ration of a specific quantum statiie DS in our cageand its
profile and of the light propagation across the sample. Th@reservation via the Zeno effect. Indeed, a transient such as
influence of the former effect is minimized in the experi- the one presented in Fig(&# correspond to a slow nonoscil-
ments by only collecting light from the centrainiform in-  lating evolution of the population in the DS. As Fig(a8
tensity) portion of the light beam. No significant variation of indicates, the survival time of the DS increases once the
the transients with the atomic densityptical thicknessof  driving field intensity is abovd.. Although the quantum
the sample was observed. Zeno effect is usually presented in terms of the projection

023814-6



COMPARATIVE STUDY OF THE TRANSIEN . .. PHYSICAL REVIEW A 65 023814

postulate associated to measurement in quantum mechanicfserved transients are well reproduced by a theoretical
such picture is not essential in our case where the wholenodel based on the numerical integration of optical Bloch
dynamics is well reproduced by the Bloch equation treatmenéquations, where the Zeeman degeneracy of the atomic lev-
[37,36. The preservation of trapping states in optical pump-els is fully taken into account. As expected, for low driving
ing experiments at large optical intensities was first reportedield intensities all transient evolutions are governed by the
in [38]. More recently, a similar slowing down of the atomic time-of-flight relaxation rate. The falling into the DS or the
evolution was discussed and observed by Goelual. [34].  EAS (B=0 transientsoccurring for EIT and EIA-type tran-
From the Zeno effect perspective, the rather different temsitions, respectively, happens with similar decay rates that
poral evolution observed for Hanle-EIA resonances vidth are increasing functions of the driving field intensity. Inter-
#0, can be immediately explained by the nonexistence of &sting differences arise between tBe:0 transients corre-
state uncoupled to the light field. In this case, the absorptiosponding to the departure from the DS or the EAS for driv-
of a driving field photon does not “project” the atomic sys- ing field intensities approaching saturation. While the EIA
tem into a specific state and consequently, the preservation tfansient is rapidly shortened with the increase of the driving
the initial state via the Zeno effect does not apply. Insteadfield intensity, the EIT transient shows a slow nonoscillating
the observed and calculated decay rates are increasing funmmponent whose decay time is quite insensitive to the
tions of the optical intensity. optical-field intensity. The latter result is interpreted as the
preservation of the initial quantum state via the Zeno effect.
IV. CONCLUSIONS
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