PHYSICAL REVIEW A 74, 013811 (2006)

Coherent population trapping resonances in Cs atoms excited by elliptically polarized light
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Coherent population trapping (CPT) resonances study in Hanle configuration is reported for different polar-
izations of the exciting light field, on the D, line of Cs atoms. While for linear/circular polarization dip/peak
in the fluorescence is registered, in case of elliptical polarization, a complex shape resonance is evidenced
experimentally, whose profile strongly depends on the ellipticity of polarization. A theoretical model is pro-
posed and developed, which includes the influence on the resonance of polarization ellipticity, transverse
magnetic field, and spatial intensity profile of the laser beam. Good agreement is found between the theoretical
and experimental results. The reported results allow one to accomplish more profound than in previous re-
search analysis of the CPT resonances behavior pointing out their sensitivity to the light polarization and power
as well as to transverse magnetic fields. The presented study is of general importance for the wide application
of the coherent resonances in high resolution spectroscopy and precise measurements. The purity of linear/
circular polarization of the light needed in different applications can be estimated implementing the proposed

model.
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I. INTRODUCTION

Degenerate two-level systems provide many possibilities
for investigation of coherent effects arising from the interac-
tion of laser light with an atomic ensemble. In the so called
Hanle configuration, subnatural width resonances are ob-
served when a magnetic field is scanned around zero value,
due to the orientation/alignment of atoms induced by the
light field and its destruction by applied magnetic field [1,2].
Zeeman optical pumping modified by the magnetic field al-
lows for observation of both reduced absorption (dark) [1]
and enhanced absorption (bright) [3] magneto-optical reso-
nances in atomic medium, depending on whether F,—F,
<F, or F,—F,>F, transitions are excited. Here F, and F,
denote the quantum numbers of the total angular momenta of
the ground and excited states, respectively. Excitation with
pure linearly or circularly polarized light produces a single
dark or bright resonance in the fluorescence when the mag-
netic field is swept around zero [4]. Both types of resonances
have been previously investigated mainly with linearly or
circularly polarized light. However, in the real experimental
setups and in practical devices the pure linear/circular polar-
ization is not usually realized and it is important to clarify
the influence of the polarization ellipticity on the resonance
behavior. Due to the wide application of coherent resonances
in atomic clocks [5], in precise magnetic field measurement
[6], in slowing down of the light [7], and in other fields, an
investigation of the influence of the light polarization on the
resonance parameters is of general interest. In fact, the reso-
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nance shape, width, and contrast determine the ultimate ac-
curacy of the practical devices. A profound understanding of
the influence of light polarization ellipticity on atomic spec-
tra is important for both the construction of precision devices
and also for high resolution spectroscopy development. In
Ref. [8], the atomic angular-momentum distribution created
by optical pumping with elliptically polarized light has been
considered. Great attention has been paid to atomic motion
through light with gradients of polarization, in order to per-
form atom cooling below the so called Doppler limit [9,10].
Light polarization effects have also been of interest in the
study of nonlinear polarization spectroscopy [11] and atom-
light interactions [12], although these studies have been car-
ried out in the absence of a magnetic field. Moreover, in the
last work a theory was developed related only to atomic en-
ergy levels with small value of the angular momenta. A sub-
ject closely related to the magneto-optical resonances is the
nonlinear self-rotation of polarization that has been studied
theoretically and experimentally in transmission spectra of
alkali atoms [13]. In that case a discrepancy between theo-
retical and experimental spectra has been obtained. The dis-
crepancy has been interpreted in terms of nonuniform trans-
verse power distribution in the laser beam, not taken into
account in the calculations. Nonlinear magneto-optical rota-
tion of elliptically polarized light interacting with Rb atoms
has been studied [14] and it has been shown that for the
simple three-level A system, the rotation does not depend on
the light ellipticity. For more complicated N- and M-level
scheme, however, the ellipticity dependent rotation has been
evidenced. It should be pointed out that only the magnetic
field parallel to the laser beam has been considered there.
In the present paper we report on the effect of elliptically
polarized light excitation on coherent population trapping
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FIG. 1. Experimental setup.

(CPT) resonances in a Hanle configuration, taking into ac-
count also transverse components of the magnetic field. La-
ser excitation with different polarization ellipticities is ap-
plied to the D, line hyperfine (hf) transitions of Cs atoms. A
complex shape of the fluorescence profile is experimentally
observed: it consists of a “broad” dip containing a superim-
posed narrow peak. This shape strongly depends on the el-
lipticity of polarization, as well as on the magnetic field di-
rection. A theoretical model is proposed and developed,
which includes the influence on the resonance of (i) the po-
larization ellipticity, (i) the transverse magnetic field com-
ponents, and (iii) the spatial intensity profile of the laser
beam. Our study has shown that the origin of the complexity
of the resonance profile is related to the transverse magnetic
field. In this way, the experiment stimulated a theoretical
model development involving an additional magnetic field of
orthogonal to the laser beam orientation that can be ex-
panded to arbitrary field orientation. The theoretical study
has shown that, beside the resonance shape dependence on
polarization, its profile is strongly influenced by the irradiat-
ing power density. It turns out that the involvement in the
theoretical model of the nonuniform transverse intensity dis-
tribution in the laser beam is of principal importance for the
existence of the narrow peak in the fluorescence at high light
power.

Good agreement is found between the theoretical and ex-
perimental results.

II. EXPERIMENTAL SET UP AND RESONANCE PROFILE

The scheme of the experimental setup is presented in Fig.
1. A collimated beam emitted by a diode laser propagates in
the z direction of the laboratory coordinate system. The laser
light polarization is adjusted by means of two quarter-wave
plates. The ratio of the light intensity values along the x and
y axes (I,,l) is measured using a polarizing beam splitter
and a power meter (not shown in Fig. 1).

The laser light, with beam radius 0.15 cm, irradiates Cs
atoms confined in a cell placed in a solenoid SL producing a
longitudinal magnetic field B, along the z axis. The solenoid
is supplied by a signal generator and the magnetic field is
periodically scanned around B,=0 value. In the main part of
the experiment the cell and the solenoid are situated inside a
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FIG. 2. Energy-level diagram for the D, line of Cs. F,—F,
<F, transitions (solid line) are distinguished from F,— F,>F,
transitions (dashed line).

9192 MHz

F,=3

single u-metal cylinder for shielding against laboratory stray
magnetic fields. This nonperfect shielding results in a re-
sidual magnetic field of few tens of mG inside the w-metal
cylinder. In order to clarify the influence of an orthogonal to
the laser beam magnetic field B, on the resonance profile
(see the end of Sec. IV), a second significantly better shield-
ing system was used providing less than a 0.1 mG internal
transverse magnetic field. Additionally to the longitudinal
field, a well-controlled transverse magnetic field can be ap-
plied by coils situated in the shield (not shown in Fig. 1). The
D, line fluorescence is collected by means of a photodiode
and the signal is processed via a data acquisition system. The
fluorescence dependence on magnetic field B, exhibits a nar-
row feature when B, is scanned around B =0. The feature
profile is investigated for different polarizations of the irra-
diating light.

The Cs energy level diagram related to the D, line, with
the hf transitions, is presented in Fig. 2. It is well known that
the D, line of Cs consists of two groups of transitions—
starting from the two ground-state hf levels with quantum
numbers: F,=3 and F,=4. Due to the smaller frequency
separation between the excited-state hf levels compared to
the Doppler broadening, each set of transitions forms a
single fluorescence line. For each of these two lines, as pre-
viously shown [2,4,15], the sign (peak or dip) of the reso-
nances obtained through magnetic field scanning around zero
is determined by the closed transitions. Detailed experimen-
tal study [15] of resonance sign dependence on the exciting
light detuning has shown that there is no resonance sign
reversal along the fluorescence profile although the two types
(Fig. 2) of hf transitions (responsible for dark or bright reso-
nance) form the fluorescence line. As the experiment has
been done in dilute Cs vapor (thus avoiding velocity chang-
ing collisions between Cs atoms), the three hf transitions that
form a fluorescence line are excited independently, each one
at a different velocity class of atoms. Under these conditions
the open transitions are depleted due to the hf optical pump-
ing and do not play measurable role in the formation of the
resonance. At the same time, the closed transitions that do
not suffer hf optical pumping determine the sign of the
magneto-optical resonance. Therefore, for the F,=3 fluores-
cence line, the resonance sign is determined by the F,=3
— F,=2 transition and for the F,=4 fluorescence line—by
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FIG. 3. Resonance profile observed in case of excitation with
elliptically polarized light.

the F,=4—F,=5 transition. With linearly polarized light
(electrical vector on the x,y plane and B,=0) tuned to the
F,— F,=F,—1 transition, the atoms are optically pumped to
the my, =+ F, Zeeman sublevels noninteracting with the light
field (in a system of coordinates with quantization axis along
the electrical field vector), while when the laser is tuned to
the F,—F,=F,+1 transition, the atoms are optically
pumped to the sublevels most strongly coupled to the excited
state (i.e., mp,=0,+1). When B, #0 is applied, the popula-
tions of these noncoupled and strongly coupled states are
depleted by magnetic transitions. In this way, for the first
type transition, a dip (dark resonance) [1] in the fluorescence
is observed, while for the second one—a narrow peak (bright
resonance) [15,16] occurs. In this paper we consider only the
hf transitions starting from F,=3.

The CPT resonance in fluorescence, obtained by scanning
the magnetic field B, around B,=0, has been investigated for
different polarizations of the irradiating light. During all ex-
periments the laser frequency is tuned to the maximum of the
fluorescence line. With linear or circular light polarization, a
single dip or peak in the fluorescence is observed. In case of
elliptical polarization, the resonance profile exhibits instead a
complex shape, as shown in Fig. 3 for elliptically polarized
light with ratio of the intensities /,:/,=1.7. It can be seen
that a narrow peak is superimposed on a broad dip in the
fluorescence profile.

III. THEORETICAL DESCRIPTION

In order to analyze the CPT resonance behavior for atom
excitation by elliptically polarized light, the following theo-
retical model is proposed. It is well-known [17] that, for B
=0 and F,— F,=F,—1 transition, the light of arbitrary po-
larization prepares the atomic system into a so called “dark
state,” in which it does not interact with the light field.

In a system of coordinates with the z axis aligned to the
wave vector of the light, the elliptical polarization of the
light wave can be represented as a sum of two circular com-
ponents:
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FIG. 4. Scheme of the optical transitions within the F,=3
— F,=2 configuration, in the rotated system of coordinates.

E:E+1+E_1. (1)

However, as introduced and discussed in detail in Refs.
[18,19], a natural (x',y’,z’) coordinate frame can be chosen,
in which the polarization ellipse can be represented as a sum
of one circular component in the new x’,y’ plane and a
linear component along the new z’ axis:

E=E/ +E}. )

The y’ axis coincides with the y axis and the two frames are
connected by a rotation angle © around the y axis deter-
mined as followed:

cos O = M = \/Z . (3)
[EL|+[Eq| - VT

The axis z’ lies in the plane defined by the axis z and the
longer axis of the polarization ellipse (the angle between the
axes z and 7' being O). Here, it is assumed that the longer
axis of the polarization ellipse is along the axis x, so that
=1,

In the (rotated) coordinate system, using the z’ axis as a
quantization axis, the optical transitions between Zeeman
sublevels within the F,=3— F,=2 hf transition, driven by
the light field described by Eq. (2), are shown in Fig. 4. It
can be seen that only one state, namely Mpe=F,, does not
interact with the light. As a result of the optical transitions
and spontaneous decay of the excited states, all atoms are
pumped into the mg,=F|, state, thus ceasing to interact with
the light. In other words, due to the optical orientation, all
atoms are pumped into the dark state.

However, if a constant magnetic field H, is applied or-
thogonally to the atomic orientation (with respect to the ro-
tated coordinate system), the my, sublevels will evolve one
into the other and their populations will be mixed with a rate
proportional to the magnetic field value. Thus, atoms accu-
mulated on the mg,=F, sublevel will be transferred into the
mp,=F,—1 state, from where they can again be excited by
the light into the my,=F, state, which spontaneously decays
to mp,=F,, F,—1, F,—2. For the hf transition depicted in
Fig. 4, most of the atoms in the my,=F, state decay into the
Mpe=Fg, Fo—1, and not more than 5% of all atoms decay
into the mg,=F,—2 state because of the unfavorable
Clebsch-Gordon coefficients.
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FIG. 5. Three-level system, equivalent to the system of Fig. 4 in
the presence of small orthogonal magnetic field.

Thus, even in the presence of a small magnetic field mix-
ing the m Fo sublevels, most of the atoms will be accumulated
in the mp,=F,, F,—1 states. For this reason, without strong
sacrifice in the accuracy, the full F,=3—-F,=2 system can be
approximated as a three-level system.

A quantitative criterion for the applicability of this ap-
proximation is given by the following condition:

?R > ), (4)
where w | =g v’mH /#i is the evolution rate of the mp,
=F,, F,—1 sublevel population caused by the magnetic field
H |, Qp is the Rabi frequency of the optical transition mp,
=F,—1—mg,=F,, and 2I" is the spontaneous decay rate of
the excited state. Condition (4) means that the optical deple-
tion of the state mp,=F,—1 is faster than its repopulation
through the magnetic transitions. Thus, instead of the system
of Fig. 4, the three-level system shown in Fig. 5 will be
considered.

The equations for the density matrix elements describing
such three-level quantum system, are the following:

J :
Epe,e + 2Fpe,e + IQR(pl,e - pe,l) = 0’

0%
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d ) . )
SPert (' =iQ)p 1 +iwy p.r+iQg(p1 1 = pe) =0,

d . . . .
a_tpe,z + (T =iQ~iw)p,, +iw,p, 1 +igp1 =0,

d

. * .
gtpz,z —iw, pip+ingpy=a2lp,,,

d

gtpl,Z —iwp 2+ 1w (P = paa) + P, 2 =0,

d . . x .
P11 —iwg P +iwy py o+ k(e = p1 ) = 2T p, .

ot
(5)

Here w,=uygH, is the Zeeman splitting of the magnetic
sublevels due to the component of the magnetic field vector
which lies along the 7z’ axis, a; and «, are the branching
ratios of the decay of the excited state into the ground states
1 and 2 of the three-level system (a;+a,=1,@,=0.714), and
) is the optical detuning of the light frequency from the
frequency of the transition 1 —e.

From the system of equations (5) the particle conservation
law can be obtained:

J
Et(Pl,l + P22+ Pe.) =0.

The following normalization will be used:

prit+p2o+pe.=1. (6)

Equation (6) can be used to replace any of the equations
from the system (5).

The stationary-state solution of the system (5) can be
obtained:

Pe,e =

s 7
szg + [QIZe - w,(Q+ wz)]2 ™

2010 + 2T+ 207 + Q2+ (Q + 0,)* + 0y (307 +40,Q) + >

_ _ [ _ 2 2
where @ | =|w,|=pog\F,/2H /%, and H, =\VH+H,.

;)

Let us now consider the fluorescence behavior. The fluorescence intensity is proportional to the population p,, of the
excited state. The most interesting and important condition for applications is the weak orthogonal magnetic field w
<I',Qf. In this case, and at exact resonance (1=0), Eq. (7) is simplified to the form:

2 2
OQpwi

Pe.e

- az[a)g +(I% - ZQi)wz + Q;E] + oui[ZanIZe +2I2+ w?(l +3ay)]

(8)
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As the studied experimental resonance is observed in the
fluorescence dependence on the longitudinal magnetic field
H, (that means on the Zeeman splitting frequency w.), we
have performed the corresponding analysis of Eq. (8). This
analysis shows that two cases should be considered sepa-
rately: weak electromagnetic (e.m.) field (2x<I'/\2) and
strong e.m. field (Qx>T"/\2). In weak fields, the depen-
dence of p,, on w, gives a single peak centered at w,=0,

whose width is:
[Q) 20
Aa)Z = F + 72,

and whose amplitude is expressed by:
w? Qf

- O+ o2 2% +20,Q3)

Pe.e 9)

In a strong e.m. field this peak is split into two peaks,
= b E ,'Z—ZP
separated by a dip and centered at w ==yQp+1/2. The
two peaks amplitude is determined by:

2 2
O’

- RTL 10
a,I2(Q% - T%/4) (10)

pe,e

The population at the center of the dip, situated between
the two peaks, is again given by Eq. (9) which determines
the peak amplitude at the weak light field. In the limit of high
light intensity Q%>1?, from Eq. (10) follows that the maxi-
mum of the population does not depend on the light intensity
any more.

The underlying physical process leading to the splitting of
the peak in two peaks by increasing the light intensity can be
explained on the basis of Fig. 5. Under the influence of the
light resonant with the 1— e transition, the level 1 (and also
level e) are split into two quasilevels, situated on the two
sides of the unperturbed level and separated by the Rabi
frequency. Similarly to Autler-Townes effect, the transition
due to magnetic mixing of the levels 1 and 2 is most prob-
able when the energy of the state 2 coincides with one of the
quasilevels. When the Rabi frequency is smaller than the
transition linewidth, the two quasilevels are not resolved and
there is a single peak centered at w,=0. However, for Qi
>1"2, two peaks are registered, separated by a dip, whose
width is Qg. It should be pointed out that the single peak
centered at H,=0 (weak light fields) and the two peaks that
occur for strong light fields are due to the constant magnetic
field H, applied orthogonally to the atomic orientation [see
Egs. (9) and (10)]. Hence, the introduction in the presented
model of an additional magnetic field component orthogonal
to the scanned longitudinal magnetic field is of significant
importance for the adequate analysis of the magneto-optical
resonances.

In the present analysis the scanned magnetic field was
supposed to be along the axis z’ of the rotated coordinate
system, where the electrical field of the light is described by
Eq. (2). In the experiment, the magnetic field is scanned
along the axis z of the laboratory coordinate system. In order
to take this into account, in Eq. (8) the following substitution
should be introduced:
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FIG. 6. Dependence of the excited-state population on the
scanned magnetic field, for the cases of strong (dashed line) and
weak (solid line) optical fields: ©=10°, o, /T'=0.05.

2 _ 2 2 2
0] = 0| + @, sin” O,

w?=w> cos’ O, (11)

where @, is the Zeeman frequency for magnetic field along
the z axis of the laboratory coordinate system. The condition
for the angle O, and therefore the ellipticity at which it is
possible to observe the central peak, can be obtained in a
simple way. In order to observe a peak at w,=0, the follow-
ing condition must be satisfied for the p,, dependence on
W,

dp..

<0.
dm?

Calculation of this derivative at w,=0 leads to:

2L (12)

Thus, the ellipticity at which there is a central peak de-
pends on the ratio of the optical depletion rate of level 1 and
the rate of its repopulation through mixing by the magnetic
field. When these two rates are of the same order, the central
peak can be observed with polarization rather different from
circular.

As an example, the dependence of the excited state popu-
lation on w,, based on the analysis of Egs. (8) and (11), is
presented in Fig. 6, for the cases of strong and weak optical
field (at ©=10°). Thus, in the present work the proposed
simplified theoretical analysis shows that for weak optical
fields, a narrow peak in the excited-state population, centered
at w,=0 is expected. For the same ellipticity of the light
polarization, due to the peak splitting in strong light fields, a
broad dip is centered at w,=0.

Taking into consideration the experimental conditions, the
fluorescence is calculated for elliptically polarized light. In
Fig. 7, the calculated fluorescence dependence on H, is
shown, for the Cs F,=3— F, =2 transition at different laser
power levels and ellipticity /,:/,=1.7. These spectra were
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FIG. 7. Calculated fluorescence profiles at four different laser
powers. I,.:1,=1.7.

obtained by solving the optical Bloch equations (OBE) for
the level system corresponding to the Cs D, line. Averaging
over the atomic velocities was performed both for the atoms
crossing the laser beam and for those moving along it. The
methodology of these calculations was presented in an ear-
lier work [15]. From Fig. 7 it can be seen that the result of
the numerical OBE solution is in agreement with that of the
simplified analytical model described above. Namely, at el-
liptical polarization when increasing the light intensity, the
resonance starts as a narrow peak and passing through a
complex profile turns into a broad dip. It should be noted that
the fluorescence intensity variations with incident light inten-
sity are not large. As can be seen from Fig. 7, resonant light
differing in intensity by two orders of magnitude, gives a
comparable contribution to the fluorescence.

IV. COMPARISON BETWEEN THEORETICAL AND
EXPERIMENTAL RESULTS

First, the developed model was experimentally tested for
the case of atom irradiation by linearly polarized light. In this
case, as shown in [1], a dip in the fluorescence dependence
on the scanned around zero value magnetic field is observed
which is attributed to a coherent superposition of the ground-
state Zeeman sublevels by o* and o~ polarized laser light.
An example of the dark resonance experimentally obtained
with linear polarization of the light is presented in Fig. 8(a).
As can be seen, the shape and the contrast of the experimen-
tal profile are in good agreement with those following from
the model developed in this work. Note that the experimental
results presented in Figs. 8, 9, and 10 have been observed
applying the poor single-cylinder shielding (see Sec. II).

The case of circular polarization has been experimentally
examined in a previous work by Alzetta et al. [4], for Rb.
There, a peak in the fluorescence dependence on the mag-
netic field is evidenced and the following physical processes
have been suggested to be responsible for its observation.
For circular polarization of the light, the quantization axis
can be conveniently taken along the wave vector of the light
field. In this case again at zero magnetic field the atomic
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FIG. 8. Theoretical (solid line) and experimental (points) reso-
nance profiles irradiating atoms by linearly (a) and circularly (b)
polarized light. Laser power density is of 200 mW/cm?.

population is accumulated on nonabsorbing Zeeman
sublevels—for example, mp,=F,,F,~1 for o* polarization.
Application of a longitudinal magnetic field (parallel to the
quantization axis) does not redistribute the population, so no
resonance is expected in this case. However, a small residual

transverse magnetic field would play a role around zero lon-
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FIG. 9. Resonance profiles for three different light densities.
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nance profiles, for different degrees of light polarization ellipticity.
Laser power density is of 290 mW/cm?. In the model H
=0.03 G.

gitudinal magnetic field, thus redistributing the accumulated
population among absorbing Zeeman sublevels, leading to
increased absorption (fluorescence) around a zero longitudi-
nal magnetic field. Our experimental and theoretical results
related to the circular polarization are illustrated in Fig. 8(b).
It can be seen that they are in good agreement. In the mod-
eling, H, =0.03 G was taken, corresponding to the remain-
ing magnetic field inside the magnetic shield.

Let us consider now the case of elliptical polarization. As
shown in Sec. III (Fig. 7), it is expected that the narrow peak
will be transformed into a broad dip when the laser intensity
is increased. However, our experiment has shown that the
narrow peak is observed also at high power density (see Fig.
9). In order to analyze this discrepancy it should be pointed
out that in the theoretical model illustrated in Fig. 7, a con-
stant light intensity across the laser beam was assumed. Ac-
tually, in the experiment the light intensity is inhomogeneous
along the laser beam radius. Due to this fact, the regions in
the center of the beam, where the condition for a strong field
is met, provide the broad dip in the fluorescence spectrum,
while the peripheral regions of the beam, which have weak
intensity, create a narrow peak.

Moreover, in the experiment the laser beam is multiply
reflected at the cell windows. Each reflection decreases the
light intensity more than ten times (the reflection coefficient
at one quartz surface is 4%, giving 8% after reflection from
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FIG. 11. Dependence of the peak amplitude on the value of the
orthogonal to laser beam magnetic field B, for circular [a,
B,:39.5 mG (1); 31.6 mG (2); 4.1 mG (3); 0.1 mG (4)] and ellip-
tical [b, B, :79 mG (1); 47.4 mG (2); 23.7 mG (3); 0.1 mG (4)]
polarizations of the light.

the cell window). Therefore, the reflected beams provide an
additional contribution to the formation of the narrow central
peak. As can be seen from Fig. 9, even at light power density
about 290 mW/cm?, the narrow central peak is very well
pronounced, which is not the case in the theoretical model
without taking into consideration the existence of low power
density areas in the alkali cell (see Fig. 7). Further develop-
ment of the theoretical analysis has shown that when the
Gaussian profile of laser beam intensity and multiple light
reflections by the cell windows were taken into consideration
the agreement between the experiment and theory became
much better. This is illustrated by Fig. 10 where the fluores-
cence profiles at different ellipticities are shown. There, the
light intensity distribution across the laser beam is assumed
Gaussian and several reflections on cell windows are taken
into account. It can be seen that the light polarization ellip-
ticity strongly influences the complex resonance profile. The
amplitude of the peak increases when the ellipticity of the
polarization approaches circular. At the same time, the dip
becomes less pronounced. Note that at high laser power den-
sity, the transverse laser intensity distribution also influences
the CPT resonance profile prepared by circular polarization
[20,21].

In order to demonstrate that the narrow peak in the fluo-
rescence profile is due to the presence of a transverse mag-
netic field, such a component was significantly reduced by
means of more accurately elaborated shielding system.
Moreover, additional coils were situated in the shield to pro-
vide a controlled transverse magnetic field. Under these con-
ditions the fluorescence profiles are measured in dependence
on the longitudinal magnetic field and the result is presented
in Fig. 11. As can be seen, in the case of circular polarization
of the beam, no peak is registered for B, ~0.1 mG [Fig.
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11(a)] with the accuracy of our experiment. A very small
peak is measured at B, ~4.1 mG and its amplitude increases
with transverse magnetic field enhancement. Similar is the
situation for the elliptical polarization illustrated in Fig.
11(b). Here also the narrow peak vanishes for B, ~0.1 mG
but at B, ~24 mG is already well measurable. The peak
amplitude strongly depends on the value of B .

The discussion in this section has shown that only for
pure linear or circular polarization of the light the CPT reso-
nance profile represents simple dip or peak, respectively. In
case of elliptical polarization the resonance exhibits a more
complex shape depending not only on the ellipticity of po-
larization but also on the intensity profile of the laser beam
and on the existence of the magnetic field orthogonal to the
beam. Hence, in order to perform adequate analysis of the
resonances the particular conditions have to be considered
carefully in terms of light polarization, magnetic field orien-
tation, and transverse distribution of the light intensity.

V. CONCLUSIONS

CPT resonances in Cs, on the D, line, have been studied,
obtained in a Hanle configuration by a laser light excitation
resonant with the F,=3 fluorescence line and a scanning of
the magnetic field parallel to the light propagation direction.
The resonances were investigated depending on the polariza-
tion of the irradiating light field. In accordance with previous
work, for linear polarization dark resonances in the fluores-
cence are registered, while for circularly polarized light,
bright resonances are obtained. The performed study con-
firms our proposition that the narrow peak in the fluores-
cence is due to a constant magnetic field orthogonal to the
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laser beam. For elliptical polarization, a complex shape of
the resonance is obtained, namely a narrow peak appears
superimposed on a broader dip. When the light polarization
approaches the circular one, the peak amplitude increases,
while the dip becomes less pronounced. From the developed
theoretical model it can be concluded that for the absolute
value measurement of the magnetic field orthogonal to the
light beam, special care should be taken in order to avoid the
reflected beams in the alkali cell and to keep constant the
laser power at the beam cross section. The presented study is
of significant importance for the wide application of the co-
herent resonances for precise measurements which are sen-
sitive to resonance parameters. The purity of linear/circular
polarization of the light needed in different metrology appli-
cations can be estimated implementing the proposed theoret-
ical model. The presented results also allow one to accom-
plish more profound research analysis of the CPT resonances
prepared in a Hanle configuration, underlining their sensitiv-
ity to the light polarization to the existence of transverse
magnetic field and to the light power distribution in the laser
beam.
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