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Inhibition of electromagnetically induced absorption due to excited-state decoherence in Rb vapor
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The explanation presented by Taichenaciesl. [Phys. Rev. 461, 011802(2000] according to which the
electromagnetically induced absorptiElA) resonances observed in degenerate two-level systems are due to
coherence transfer from the excited to the ground state is experimentally tested in a Hanle-type experiment
observing the parametric resonance onfiteline of 8’Rb. While EIA occurs in thé&=1—F'=2 transition
in a cell containing only Rb vapor, collisions with a buffer g&86 torr of Ne cause the sign reversal of this
resonance as a consequence of collisional decoherence of the excited state. A theoretical model in good
qualitative agreement with the experimental results is presented.
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[. INTRODUCTION state. Also, there is no simple connection between the EIA
resonances and the existence of a DS in d@Reited state,
There has been considerable interest in recent years faince such state has a lifetime limited by spontaneous emis-
the fascinating properties of coherently prepared atomic mesion and cannot account for the narrow spectral features ob-
dia[1]. Among the most studied coherent effects is the pheserved.
nomenon of electromagnetically induced transpargidy) An explanation for the EIA resonance was provided by
[2]. EIT has generally been modeled and experimentallyTaichenacheet al. [6] analyzing a four-level system inM
studied in three-level\ systems with two long-lived lower configuration. They showed theoretically that in this system,
(ground states and a rapidly decaying upgekcited state.  which is the simplest to present EIA, the enhanced absorp-
The two electromagnetic fieldpump and probeseparately tion is due to the transfer, via spontaneous emission, of the
couple each of the two arms of the system. A distinctive coherence created by the exciting fields within the two upper
feature of the EIT resonance is its narrow linewidth that cordevels. Although theN configuration does not correspond to
responds to the coherence decay rate of the ground-state dabe configurations actually explored in realistic DTLS, the
blet. The occurrence of the EIT resonance is directly linkedargument presented in R¢6] can be extended to such sys-
to the existence of a dark sta®9): i.e., a linear combina- tems[7].
tion of the two ground states uncoupled to the excited state. The purpose of this paper is to provide experimental evi-
EIT is a consequence of the system being pumped into théence in support of the argument presented in R&fby
DS. demonstrating that EIA resonances are suppre&satieven
EIT may also be observed in multilevel systems as thoseeversedlif the coherence of the excited state is significantly
involving the Zeeman substates of two atomic levels withdestroyed by collisions before the occurrence of the sponta-
angular-momentum degeneracy, hereafter called degenerateous emission decay. A simple theoretical model in good
two-level systemgDTLS). In such case too, the observation agreement with the observations is also presented.
of EIT is a direct consequence of the existence of a DS A convenient experimental scheme for the observation of
within the lower atomic level whek,=F, (F, andF, are  coherence resonances is the Hanle-type setup that uses a
the angular momenta of the ground and excited state, respegnique optical beam with linear polarization in near reso-
tively). nance with an atomic transition. In this scheme, the two op-
The pump-probe spectroscopy of DTLS witk&,<F,  posite circular polarization components of the light can be
also presents resonances in the probe transmission when tbensidered as the pump and probe fields. The light beam is
Raman resonance condition between ground-state Zeemaent through an atomic sample where the Raman resonance
sublevels is fulfilled. However, in this case, the resonancesondition is tuned, via the Zeeman effect, by a magnetic field
correspond to an increase of the probe absorption and hawdong the light propagation axis. The intensity of the trans-
consequently being designated as electromagnetically imnitted light is monitored. Hanle EIT or EIA resonances on
duced absorptiotiEIA) [3-5]. As in the case of EIT reso- theD1 lines of alkali-metal vapors were recently studied by
nances, the EIA linewidth is given by the coherence decageveral groupf8—13] (see inset in Fig. 4 for an energy level
rate of the ground level. Unlike EIT, the EIA resonancesscheme of thé’"Rb D1 line). Dancheveet al.[11] were the
cannot be associated to the existence of a DS in the grourfitst to observe a Hanle EIA resonance orFg—F.=F,
+1 transition of theD 1 line. They pointed out the fact that
the EIA resonance can be observed in spite of the transition
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The choice of the Hanle experimental scheme for coherstate. In the scheme of Fig(ld which can be considered as
ent spectroscopy is not only motivated by its simplicity. It an extension of the simpld system analyzed by Taichen-
also allows a special insight on the connection between coachevet al. [6], EIA is a consequence of the spontaneous
herence resonance and optical pumping. Consider the situgransfer of Zeeman coherence from the excited to the ground
tion depicted in Fig. 1. Figuresd and 1b) correspond to a  state. In consequence, the EIA resonance should disappear if
Fg=1—F¢=0 andFy=1—F.=2 transitions, respectively. the excited-state coherence is destroyed by collisions in a
In both cases, the quantization axis has been chosen paralighe comparable or shorter than the excited-state lifetime. In
to the _direct_ion of the light pro_pagation which coincides with he pasis corresponding to Figidl EIA can be prevented if
the orientation of the magnetic field. The Raman resonancg,e cojiisions are responsible for a significant equalization

condition is achieved for the two components of the optical e majization of the excited-state sublevel populations be-
field at zero magnetic field and destroyed for nonzero Magdt e the occurrence of spontaneous emisgiig. 1(e)]. If
netic field. In Fig. 1a) the optical field interact with & Ot#e excited state is completely thermalized then the total

system for which EIT is known to occur as a consequence spontaneous emission decay into a given ground-state Zee-
the existence of a DS formed by the antisymmetric combi- P Y 9 9

nation of the ground-state Zeeman sublevpisl) and man sublevel is the same for all ground-state sublevels. In
|+ 1). The situation in Fig. ®) corresponds to EIA which consequence, in the steady state, the population is preferen-

results, according to Reff6], from the transfer of coherence tally accumulated in sublevelg+ 1) resulting in an in-
from the upper to the lower level via spontaneous emissionc'€ased transparency. _
To demonstrate the influence of the excited-state coher-

Figs. 1c) and Xd) represent the same physical situation than
in level schemega) and level schemet) respectively, with ~ €Nce on EIA we have observed the Hanle EIT or EIA reso-
the quantization axis taken along the direction of the lineafances corresponding to the four transitions offitieline of
polarization of the light. In Fig. (t) the transparency ob- °'Rb both in a vapor cell containing only Rb vap@regli-
served for zero magnetic field is the consequence of the opgible collisiong and in a cell containing 30 torr of Ne as
tical pumping of the system into tHe-1) and|+ 1) sublev-  buffer gas.

els which are not coupled to the excited state. In F{d) the It is well known that room-temperature collisions with
absorption increase f@=0 is a consequence of the redis- light noble gas atoméHe, Ne, Ap produce different effects
tribution of the population of the ground-state Zeeman suben the 2S;,, ground state than in théP,,, or 2P, excited
levels (alignmenj via optical pumping. The atomic popula- states of several alkali-metal vapgfst]. The collisions of a

tion accumulates preferentially in th@) sublevel which has noble gas atom with an alkali-metal atoms in its ground state
the largest coupling with the excited state. Notice that withhas little effect on its electronic and nuclear spin. As a con-
this choice of the quantization aXiS, no coherence is buil%equence the a|ka|i_meta| atom can experience a Very |arge
among the excited-state Zeeman sublevels and thus cann@limper of collisions while preserving the ground-state co-
be transferred to the ground state. In the basis used in Figference. However, the atomic motion is affected by colli-
1(c) and 1d) the Hanle EIT and_EIA resonances appear as &jons hecoming diffusive. This results in a longer interaction
consequence of incoherent optical pumping. time before the atoms can leave the light beam or reach the

Since the choice of the quantization axis is arbitrary, thecell walls. The increased interaction time allows the obser-

two frames considered in the previous discussion can conve-_.. N . -
P vation of coherence resonances with time-of-flight limited

niently be considered for the analysis of the Hanle EIA reso-

nances under the effect of collisions affecting the exciteclmev\"dth.Of o.nly a few tenth; of HELS5-17. -
The situation is rather different for collisions between

0 2 a4 0 +1 +2 noble gas atoms and alkali-metal atoms in te,, state
F=0 F=2 [14]. At room temperature and for the buffer gas density
/. \ \ >< >< / corresponding to the experiments described below, the colli-
F=1 F=1 sions are sufficiently energetic and frequent to produce a
100 41 1 0 41 considerable broadening of the homogeneous width of the
a b optical transitiongwhich remains nevertheless smaller than
the Doppler width and théP,,, hyperfine splitting. Also
0 2 -1 0 +1 +2 2 -1 0 +1 +2 - : e - -
- - g - under such conditions virtual transitions to the neighboring
levels (mainly 2Pg,) occur [18,19 resulting in the non-
I I I I I I preservation of the magnetic quantum numbexr)( of the
<o ® electronic angular momentum during collisions. As a conse-
-1 g +1 -1 d“ +1 -1 "e +1 guence, a significant thermalization of the excited-state den-

sity matrix takes place in a time shorter than the excited-state

FIG. 1. Examples of energy level configurations in DTLS with a lifétime. The cross section for excited-state collisiona
linear optical field polarization(@ and (b) quantization axis per- Mixing was measured by several authors R&8-21]. Us-
pendicular to the optical polarizatioft)—(e) quantization axis par- iNg the figures in Ref.19] and the Ne density corresponding
allel to the optical polarization. The circles represent the sublevet0o the experiments, the collisional decoherence rate of the
population.(d) No collisional relaxation of the excited stat@) excited statey.,; can be estimated ag.,;~4I", wherel is
Collisionaly thermalized excited state. the excited-state spontaneous emission decay rate.
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The experimental setup is shown in Fig. 2. We have used Magnetic Field (mG)
two.cyllndrlcal vapkc]).r cells of the_dsznt])e dr:menSIO(mBam- f FIG. 3. Experimental parametric resonance signal for ije
eter: 2.5 cm, Iengt 15 cm) proviae y the same manutac., 2—F.=1 transition of Rb in the cell containing buffer gas.
turer and filled with natural rubidium vapor. One of the cells ;o quiation frequencyf =5 kHz. The two traces are on the same
contains 30 torr of Ne as buffer gas. The cell under considyetical scaleshifted for clarity.
eration was place¢at room temperatujenside a magnetic

shield formed by three coaxial cylindrical-metal layers. the frequency of the laser is scanned on Ehk line. Since
After degaussing of the.-metal shield, the total inhomoge- the resonance conditioAE,=2guzB=hf depends on the
neity of the residual magnetic field at the vapor cell was |eS%peCifiC isotope through the gyromagnetic fagdu is the
than lO,uG A CoaXial Solenoid, internal .tO the magnetiC.Bohr magneto)*] 0n|y one isotope Contributes to the ob_
shield was used to scan the magnetic field at the atomigerved spectrum. An example of such spectrum is shown in
sample. Fig. 4 where only thé1 transitions of®’Rb appear in spite
An extended cavity diode laser{1 MHz linewidth) was  of the cell being filled with natural Rb (72% &fRb). The
used for the atomic excitation. The laser frequency wagyromagnetic factors of the two hyperfine levels of the
monitored and stabilized on specific hyperfine transitionsground state off’Rb differ in absolute value by less than
with the help of an auxiliary saturated absorption setup. Ay 304 Consequently, all four hyperfine transitions can be
spatial filter was used to improve the spatial field homogeypserved in the same spectrum. Notice that the hyperfine
neity. The total laser power at the sample was approximatelgiycture is well resolved in the spectrum of Fig. 4. This is a
0.1 mW. The linear polarization of the light was defined by acjear indication that in spite of the rather strong collisional
polarizer placed before the cell. The light transmittedyegime, the atomic level structure resulting from the hyper-
through the vapor was monitored with a photodidd®0  fine coupling is preserved and that the total angular momen-
kHz bandwidth. o tum F, remains a good quantum number. The relative weight
In order to enhance sensitivity the coherence resonances the coherence resonances in the f@ transitions is

were detec.ted through a paramc_etric resonance t?Ch“iq%ﬁ)preciated in Fig. 4. The peak corresponding toRhe 1
[22]. In addition to the slowly varying dc magnetic field, a —F.=2 transition is smaller than that of tte,=1—F,

small ac component of the magnetic fi¢tiented along the  _ 1 ansition by a factor of 25 and is not visible on the
light propagation axiswas introduced with a secondary coil
driven at frequency. A lock-in amplifier detected the phase

IPD

=~ Coils

Magnetic shield —»

FIG. 2. Experimental setup. DL, diode laser; PD, photodiode.

Parametric resonance signal

II. EXPERIMENT

and quadrature components of the photodiode current oscil | . F=2

lating at frequency. Two different values of were used in RbSP, =, i 812 MHz

the measurements. For the cell without buffer gas we usec : 1 GHz
f=75 kHz and for the cell containing Né=5 kHz was 795 nm p—i
used. In both casefswas chosen to exceed the width of the o F=2 +—

corresponding Hanle resonances. A typical recording of the| RbS5S,, 6.84 GHz

lock-in output signal as a function of the solenoid dc current F=l —

is shown in Fig. 3. The central structure of the spectrum

corresponds t®@=0. The spectrum sidebands occurring for AN

2AE,=hf (AE; is the ground-state Zeeman energy shift > Rb —
allow a precise calibration of the magnetic field inside the «—M———»W‘L,——
solenoid. A \ .

In the cell containing the buffer gas where the resonancef =1 5 F=2 F=1>F=1 F=2_F =2) F=2_F=1
are well resolvedFig. 3), the parametric resonance scheme ° s ° s ° o °
used in the experiment allows for isotope selective spectros- FiG. 4. In phase parametric resonance signal as a function of the
copy. For this, the dc magnetic field is kept fixed at the valugaser frequencyupper track The dc magnetic field is kept fixed at
corresponding to the maximum of one of thisorentzian  the value corresponding to the positive sideband on Fig. 3. Lower
sidebands resonances observed on the in phase signal and ffage, reference saturated absorption signal. Inset, level scheme for
(in-phasé output of the lock-in amplifier is monitored while theD1 line transitions of'Rb.
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much narrower as expected from the increase in interaction

time due to the diffusive atomic motion. However, under the
present experimental conditions the observed linewidth is
limited by residual magnetic-field inhomogeneities. A sign
change is clearly observed for tiig=1—F.=2 transition

2 F=2 with respect to the cell without Ne demonstrating the
quenching of the EIA resonance and its reversal into EIT.

Ill. MODEL
W We present in this section a simple theoretical model con-
W-/\* M‘V’” taining the essential ingredients for the analysis of Hanle EIT
or EIA coherence resonances in DTLS. The model takes ex-

F=1-5F=1 F =1 F =2 . . .
i S e i 9 _° plicitly into account the Zeeman degeneracy of the ground
€ -4 0 4 8§ 8 -4 0 4 8  and excited states. It considers a unique electric dipole al-
Magnetic Field (mG) lowed atomic transition in a homogeneous sample of atoms
at rest. With respect to the conditions of the experiment, the
model contains several simplifications. The effect of the
@tomic motion, the spatial distribution of the light field, the
light propagation in the sample, and the influence of neigh-
boring transitions are not considered. Also the effect of col-
) ) o lisions is introduced in an quite simplified way through a
scale of Fig. 4. It is worth mentioning that the smBlj=1  sjngle collisional relaxation rate as discussed below.
—F¢=2 signal is, nevertheless, 100 times larger than the we consider a two-level transition between a ground state
residual signal due to the wings of thg=1—F.=1 peak g of angular momenturfr, and an excited stateof angular
estimated from a Gaussian fit. momentumF, with energy separatiofiw,. The atoms are
Figures 5 and 6 show the observed signals with the lasgfjyminated by an optical field of amplitudgé and frequency
in resonance with the foup1 transitions in the cell without ) |inear|y po'arized along the unit Vecterand Submitted to
buffer gas and in the cell containing Ne, respectively, usings magnetic field® perpendicular t@. The atoms are submit-
the same optical power. The beam diameter was 10 mm andq to collisions with the buffer gas. It is assumed that the
5 mm, respectively. Only the central resonance aroBnd collisions result in dephasing of the atomic optical dipole,
=0 for the quadrature signal is shown in Fig. 6. Withoutand can cause real transitions between excited-state Zeeman
buffer gas the observed resonances have a width which i§plevels.
determined by the time of flight through the optical beam. |n the frame rotating with the optical field and with the

Notice the sign reversal of thé =1—F.=2 transition ysual rotating wave approximation, the Liouville equation
(EIA) with respect to the three other resonan@9). Inthe  for the density matrixr of the system is

cell with buffer gas(Fig. 6), the observed resonances are

F=2-F=1
9 o

Parametric resonance signal

FIG. 5. Quadraturgupper tracg and in phasellower trace
parametric resonance signal for the four hyperfine transitions of th
D1 line of 8Rb in the cell without buffer gas. Comparable vertical
scales are used for all curves.

S r+
o= [hAP+Hg+V, 0]~ L Yean) ;COH){PG,U}

+ brq_Zl o, Q4erQeg= yot yoot yeano, (1

whereA=wy— o, Hg=— ugF,(94Py+9cPc)B=—M B is

the Zeeman HamiltonianR; and P, are projectors on the
ground and excited subspaces, respectiglyandg, are the
gyromagnetic factors of the ground and excited states, re-
spectively,ug is the Bohr magneton antlF, is the projec-

F =2 F=1 Fg=2 - F =2
-0.1 0.0 0.1 -0.1 0.0 0.1
X 50

Parametric resonance signal

N e tion of the total angular momentum along the direction of the
magnetic fieldl.
The atom field interaction is given by
F=1-Fz=1 F=1-F=2 505 05
-0.1 0.0 0.1 -0.1 0.0 0.1 /X0
Magnetic Field (mG) V=—-eQ, )

FIG. 6. Central structure of the quadrature parametric resonance
signal for the four hyperfine transitions of till line of 8Rb in ~ Q is a dimensionless vectorial operator related to the electric
the cell containing 30 torr of Ne. Comparable vertical scales arglipole operatoD through
used for all curves. The inset shown with thg=1—F.=2 tran-
sition was recorded with increased Rb density. D=Q(F|D|F), 3)
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Q=(FD|F¢)E/f is the reduced Rabi frequency of the op-
tical field ((F4D[|Fe) is the reduced matrix element of the
electric dipole operator for the considered transwd@ge

= ngJ are the spherical components of the oper&gQP, .

b is a branching ratio coefficient €b=<1). I' is the spon-
taneous emission decay rateand y., are relaxation rates
associated to transit time and excited-state collisions, respecw
tively. oq=P4/2F,+1 corresponds to an isotropic density
matrix for the ground level with unit total population and
0=P./(2F¢+1)Tr(Po) is an (incoherent isotropic den-
sity matrix for the excited state with the same excited-state
population tharn-.

The first term on the rhs of Eql) describes the Hamil- .
tonian evolution of the atom in the presence of the optical @ 0.017
and magnetic field. The second term account for the relax-&
ation of the excited state and the optical coherences. In adc -
dition to spontaneous emission we consider the relaxatior §
due to collisions with the buffer gas atoms. For simplicity, it 205 6 & w0 % 3 6 % 10
is assumed that the effect of buffer gas collisions on optical’s
and Zeeman coherences can be described by the single ri&
laxation ratey.,. The third term on the rhs of Eql) ©
describes the spontaneous emission transfer of populatio
and coherence from the excited state to the ground state. Fc
open transitions, the branching ratio coefficiénaccounts
for the atomic loss due to radiative transitions to external H
levels b=1 corresponds to closed transitign$he fourth ]
term on the rhs of Eq1) accounts, in the usual phenomeno-

0.21 b

0.1+

(Arb. units)

gnal
5

.01

Iogicgl way, for the finite interaction time. Although .this re- '1?1 0 -05 00 05 1_0'0'.21_0 05 00 05 1.0
laxation term concerns both the ground and the excited level 3
notice thaty is the only relaxation rate acting on the ground 10 ggHBB/F

state. The escape of atoms from the interaction region at rate
v is compensated at steady state by the arrival of “fresh” FIG. 7. Calculated signal for thEq=2—F.=1 (left column
atoms isotropically distributed in the ground stétar, in ~ andFg=1—F.=2 (right column transitions {(1=0.01"). Solid,
Eq. (1)]. The last term on the rhs of E€l) is an effective  quadrature signal; dotted, in phase sign@-—(d) ycon=0, ¥
isotropical repumping term introduced to compensate the ef=10 °T', 2f=10"°T". (¢) and (f) yeon=4T, y=10"°T, 2af
fect of the collisiondincluded in the second term of the rhs =10 °T'. In (c) and(d) the signal was averaged ourin the range
of Eqg. (1)] on the total excited state population. —5I'<A<S5T. Thg Yertlcal scales are independent for each row,

The steady-state solution of Ed) can be easily obtained Put comparable within a row.
numerically[4,5]. The solution of Eq(1) for conditions cor-
responding to the parametric resonance scheme where tHee transit time relaxation rate was taken s 107°T.
magnetic field along the light propagation axis is the sum o#Vhile plots (a),(b),(€),(f) correspond to the direct output of
a dc and a small sine modulated component is presented RHr model forA=0, plots (c) and (d) correspond to the
the Appendix. The calculation of the light absorption signalssignal averaged oveh in the range—5I'<A<5I" to in-
in phase and in quadrature with respect to the magnetic-fielglude the contribution of different velocity classes to the sig-
modulation are also derived in the Appendix. nal (A=—kv, k is the wave vector ana the velocity.

The prediction of the model for the transitions of tha ~ When different from zero, the collisional rate was taken as
line of ®Rb are presented in Fig. 7. Only tfig,=2—F,  Ycon=4I" a value estimated from the data in REf9]. The
=1 andFy=1—F,=2 transitions are shown. The param- precise value ofy.,; has small influence on the lineshape of
eters of the calculation were chosen to correspond approxthe signal provided that it is taken sufficiently larger tHan
mately to the experimental conditions. The same light intenNotice the sign reversal on the calculated signal correspond-
sity is assumed in all figures. We us€dI'=0.01 (the two  ing to theF;=1—F.=2 transition wheny.,#0 with re-
transitions shown have the same strehgtfhe branching spect to the case in whicji,)=0.
ratio was taken ab=0.83 andb=0.5, respectivelyfevalu-
ated through standard angular-momentum calgukusd the
signal corresponding to each transition was weighted propor-
tionally to the thermal occupation number of the lower level In spite of the simplicity of the model, the main features
(coefficients 5/8 and 3/8, respectivelfThe plots(a)—(d) in of the experimental observations are well reproduced in the
Fig. 7 correspond to the absence of collisions. In these plotsalculated spectrésimilar agreement is obtained for the two

IV. DISCUSSION
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hyperfine transitions not shownThe variation in the ampli- sults and the simple model clearly suggest that the preserva-
tude of the signal between the two hyperfine transitions igion of the excited-state coherence during the excited-state
essentially the consequence of the different values of théfetime and its transfer to the ground state are, as suggested
branching ratid. In plots(a) and(b) of Fig. 7, a nonresonant in Ref.[6], key ingredients for the occurrence of EIA.
contribution is clearly visible giving rise to the observed

slope in the in-phase signal. Such a nonresonant contribution ACKNOWLEDGMENTS

is negligible on the scale of plots) and(f). We attribute this

difference to the fact that the nonresonant contribution origi- The authors are thankful to D. Bloch for fruitful discus-
nates in the linear response of the atomic sample, while theions. This work was supported by the Uruguayan agencies
resonances are due to its nonlinear response. In an open twGONICYT, CSIC, and PEDECIBA and by ECQOSrance.

level system, the saturation intensif}3 is of the order of

yI'. With the values ofy used in the two cases considered APPENDIX
above, we havé€) <) ¢ for the pure Rb vapdplots (a)—(d)] ] ) ) )
and Q> Qs for plots (€) and (f). This explains the different In this appendix we describe the calculation of the para-

relative weight of the linear and nonlinear contributions in metric resonance signals. o

the two cases. Since the coherence resonance condition is YWe consider the evolution of the atom-optical field system
essentially Doppler-free, only wheR< Qs, the integration under the influence of a longitudinal magnetic field of the
over different detuninga (integration over velocity classes 0rm
result in a significant change in the lineshape. After integra-
tion, the nonresonant background is cancéksbuming that

the laser is centered on the Doppler profile agreement ) , )
with the experimental observatior?.p Pro g We seek a solution for the density matrix on the fowrft)

Several simplifications were assumed in the theoreticafl" o'+ al(t), where o’ Is a constant andrl(F) IS a time
model. The approximation consisting of considering an hodependent correction to first order . Substituting in Eq.
mogeneous sample of atoms at rest have already been dd)» We have
dressed; when necessary this simplification can be aban-
donec_i carrying on the integration over veloc;ity g:lassps as g—_ I—[ﬁAPe—MzBo+V.UO]— (r'+ Vcoll){Pe,Uo}
described above. Another important approximation is the h 2
simplified treatment of the collisional process described
through a unique scalar rate. Also, it is assumed in the model +br > QgegoQgg_ y0°+ Y00+ Yeon 0%
that the atom remain confined to the excited-state level dur- q=-101
ing the collisional process. However, for the Ne density used (A2)
in the experiment, inelastic collisions have a non-negligible
probability and a fraction of the excited atoms may be colli- i i
sionaly transferred to a different excited hyperfine level or 1= — —[AAP.—M,Bo+V,0]+ —~[M,B;,0%]coq 6t)
even to the P4, manifold [19]. In any case, such inelastic h h
processes are not expected to preserve the Zeeman coherence (T+ yeon)
of the excited levels. The overall consequence of the inelastic — coll
collision processes, followed by spontaneous emission, is to 2
provide a secon@ndirect path for the return of the atoms to
the ground state. With the assumption that this additional +bI' > QlotQd,—yol. (A3)
decay channel is isotropic, its contribution can be effectively a=-101
included in the collisional rate., .

B=By+ B,coq dt). (A1)

{Pe 10'1}+ ')’collo'1

If one identifies the matrix elements of ando* with the
components of column vectod® and Y?!, then Eqs.(A2)
V. CONCLUSIONS and(A3) can be rewritten as

We have studied Hanle EIT and EIA resonances on the
D1 line of 8Rb vapor both in absence and in presence of a
buffer gas. The coherence resonances were studied through a i
parametric resonance technique. We observed that the Hanle Y= MY'+Acogét), (AS5)
EIA resonance, occurring for thieg=1—F.=2 transition,
change sign in the presence of a buffer gas as a consequengbere M is a matrix with time-independent coefficients and
of collisions in the excited state. A theoretical model wasP and A are two column vectors associated wiflog and
presented that allows the numerical calculation of the paraH/%[M,B,,0°], respectively.
metric resonance signals. In spite of its simplicity, the model We are interested in the solution of E@\5) of the form
reproduces the essential features of the experimental results
on the assumption that the collision of the Rb atoms with the Y1(t)=a cog 6t)+ B sin(dt), (AB)
buffer gas result in the isotropic decoherence of the excited
state. The overall agreement between the experimental refter substitution in Eq(A5) one gets

MYC=P, (Ad)
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a=—M(81+ M?) A, (A7) Parametric resonance signals traces obtained from Egs.
(A7), (A8), and(A9) are shown in Fig. 7. The central feature
B=6(81+ M?) 1A, (A8) aroundB=0 reflects the Hanle absorption resonance present
_ ) ] . in the steady-state respon&eThe sidebands of the paramet-
wherel is the identity matrix. ric resonance signal occur when a characteristic frequency of

After numerical evaluation of vectors and B one can  yhe atomic systenthere the Larmor frequency contained in

retrieve the corresponding density matriees and o s and the evolution matrixM) approaches the modulation fre-

the corresponding light absorption coefficients, respectivelyquencyé_ The fact that in one case the resonances are dis-

|tinorp1)hase and in quadrature with the magnetic-field mOdUIabersive while they are absorptive in the other is due to the

fact that the relevant coefficients of matikin Eq. (A7) are
Ni<lm[e-Tr(oD)](i=«,B). (A9) essentially imaginary.

[1] For a general overview of coherent processes, see M. O. Scully  Andreeva, Opt. Commuri.78 103 (2000.
and M. S. Zubairy,Quantum Optics(Cambridge University [12] F. Renzoni, S. Cartaleva, G. Alzetta, and E. Arimondo, Phys.

Press, Cambridge, 1997and references therein. Rev. A63, 065401(2002).
[2] See S.E. Harris, Phys. Tod&@(7), 36 (1997, and references [13] G. Alzetta, S. Cartaleva, Y. Dancheva, Ch. Andreeva, S.

therein. Gozzini, L. Botti, and A. Rossi, Quantum Semiclassic. Gpt.
[3] A.M. Akulshin, S. Barreiro, and A. Lezama, Phys. ReVvbA 181 (2001.

2996 (1998. [14] W. Happer, Rev. Mod. Phy<l4, 169 (1972, and references
[4] A. Lezama, S. Barreiro, and A.M. Akulshin, Phys. Rev5%, therein.

4732(1999. [15] S. Brandt, A. Nagel, R. Wynands, and D. Meschede, Phys.

[5] A. Lezama, S. Barreiro, A. Lipsich, and A.M. Akulshin, Phys.
Rev. A61, 013801(2000.

[6] A.V. Taichenachev, A.M. Tumaikin, and V.I. Yudin, Phys. Rev.
A 61, 011802(2000.

[7] P. Valente, H. Failache, and A. Lezama, Phys. Rev67A

Rev. A56, R1063(1997.
[16] M. Erhard, S. NuBmann, and H. Helm, Phys. Rev.62
061802(2000.
[17] M. Erbard and H. Helm, Phys. Rev. 83, 043813(2002J.
[18] A. Gallagher, Phys. Re\l57, 68 (1967).

013806(2003.
[8] F. Renzoni, W. Maichen, L. Windholz, and E. Arimondo, Phys. [19] B.R. Bulps ar.1d W. Happer, Phyg. RevAA849 (1971).
Rev. A55, 3710(1997. [20] W. Kedzierski, J. Gao, W.E. Baylis, and L. Krause, Phys. Rev.
[9] F. Renzoni and E. Arimondo, Phys. Rev58, 4717(1998. A 49, 4540(1994.
[10] F. Renzoni, A. Lindner, and E. Arimondo, Phys. Rew®450  [21] M.D. Rotondaro and G.P. Perram, Phys. Rev58 2023
(1999. (1998.

[11] Y. Dancheva, G. Alzetta, S. Cartaleva, M. Taslakov, and Ch[22] J. Dupont-Roc, Rev. Phys. Ap@, 853 (1970.

043810-7



