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The polarization spectra of electromagnetically induced transparency (EIT) for Zeeman sublevels
in a cascade system with Rydberg state are demonstrated. The magnitude dependence of Rydberg-
EIT on the polarizations of probe and coupling laser fields is studied, and shown mainly due to
the strengths of relative dipole matrix elements between degenerate Zeeman sublevels. We further
investigate the polarization spectra of Rydberg-EIT in the optimal polarization combinations of
left-handed and right-handed circularly polarized fields when an external magnetic field is applied.
The existence of nondegenerate Zeeman sublevels in external magnetic field results in the splitting
of Rydberg-EIT. The theoretical calculations are consistent well with the experimental spectra.
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I. INTRODUCTION

Electromagnetically induced transparency (EIT) is a
phenomenon that a weak probe field will experience in-
creased transmission in an absorbing medium under a
strong coupling field. As a typical quantum interference
effect [1], it has been extensively investigated theoreti-
cally and experimentally. Since the EIT was first pro-
posed [2] and demonstrated [3], it has been observed in
atomic vapor [4], cold atom [5], Bose Einstein conden-
sate [6] and has attracted widespread attention with a
variety of interesting and important applications, such
as enhancement of nonlinear optical effects [7, 8], slow
light [9], photon storage [10, 11], and precision magne-
tometer [12, 13].
The research about EIT also was extended to the

cascade-type system, for example, Rydberg atoms.
These highly excited atoms with principal quantum
number n≫1 [14] are attractive in field meteorol-
ogy due to their strong response to applied external
fields(polarizabilities typically scale∼n7) [15–17], also in
quantum information or nonlinear optics in view of their
very long coherence times and strong dipole-dipole in-
teraction [18–21].J.Clarke et al. have observed EIT in
a mismatched system with highly excited states (only
for low quantum numbers) and demonstrated an opti-
cal switch [22]. C.S.Adams et al. firstly demonstrated
a direct nondestructive probe of highly excited Rydberg
states using EIT in vapor cells [23]. Weatherill et al. have
observed a giant electro-optic effect using polarizable
dark states in a Rydberg-EIT medium, which enable pre-
cision electrometry [24]. M. Müller et al. have presented
a theoretical demonstration of a parallelized CNOT gate
based on EIT in a strongly interacting Rydberg atoms
system [25].H. Gorniaczyk et al. have realized single-
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photon transistor by mapping gate and source photons
into strongly interacting Rydberg excitation in an ul-
tracold atomic ensemble [26].Recently,it has been shown
that polarization could play important roles in Rydberg-
EIT. For instance,the polarization spectra of Rydberg-
EIT in a vapor cell were used for vector microwave elec-
trometry [17] and polarization of optical fields could af-
fect the intrinsic bistability in a thermal Rydberg gas [27].
Especially combining with the Zeeman Effect, consid-
ering the exaggerated characteristics of Rydberg atoms
above mentioned, which will be meaningful in precision
magnetometer.

In this paper, we investigate the polarization spectra
of Rydberg-EIT between Zeeman sublevels of a cascade
system formed with ground state 6S1/2, intermediate
state 6P3/2 and Rydberg state nS1/2 in a temperature-

controlled 133Cs vapor cell. The magnitude dependence
of Rydberg-EIT on the probe and coupling field polar-
izations are demonstrated. It is shown that the dif-
ferent strengths of relative dipole matrix elements be-
tween degenerate Zeeman sublevels are mainly responsi-
ble for the dependence. Further, the polarization spectra
of Rydberg-EIT with an external magnetic field are ob-
served. The existence of nondegenerate Zeeman sublevels
when an external magnetic field is applied will induce the
splitting of Rydberg-EIT. What’s more, the polarization
spectra is compared with theoretical calculation consid-
ering the relative dipole matrix elements, electric dipole
approximation and rotating wave approximation.

II. THEORETICAL ANALYSIS

Here, we consider an ideal cascade three-level system
formed by a rapidly decaying state, intermediate state
|2〉 , 6P3/2(F’=5), and two long lived states, ground state
|1〉 , 6S1/2(F=4) and Rydberg state |3〉 , nS1/2(F=4) as
shown in Fig.1(a), the Hamiltonian of the system can be
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written as

H = H0 +H1 (1)

where H0 is the unperturbed Hamiltonian, H1 is the in-
teraction between light and atoms.
Considering the rotating-wave approximation, and

then expanding the Hamiltonian in the space of |1〉, |2〉,
|3〉 as

H =





0 Ωp 0
Ωp −2∆p Ωc

0 Ωc −2(∆p +∆c)



 (2)

in which Ωp and Ωc are the Rabi frequencies of probe and
coupling fields, and ∆p=ω12-ω0p, ∆c=ω23-ω0c are the de-
tunings of the probe and coupling fields, respectively,
where ω12 and ω23 are the transition frequency of probe
field and coupling field, ω0p and ω0c correspond to the
resonant frequency of 6S1/2(F=4, mF=0)→6P3/2(F=5,
mF=0) and 6P3/2(F=5, mF=0)→nS1/2(F=4), respec-
tively.The Rabi frequency of probe and coupling fields
can be generally expressed as

Ω =
µij

~

√

2P

πω2cε0
(3)

Here µij is the dipole matrix element between two states
|i〉 and |j〉, P is the power of the laser coupling the tran-
sition and ω is the waist radius of laser beam. From
a density matrix analysis, the system can be described
using the motion equation of the density matrix ρ:

ρ̇ = − i

~
[H, ρ] + Γ (4)

where Γ refers to the dissipation and dephasing of the
three level system [28].
The steady-state solution for the density matrix equa-

tions, with the electric dipole approximation and the ro-
tating wave approximation, in the weak probe limit, is
expressed as

ρ21 = − iΩp/2

γ21 − i∆p +
Ω2

c/4
γ31−i(∆p+∆c)

(5)

Here γij =(Γi+Γj)/2 +γi/2 is the decay rates, where Γi

is the natural decay rate of level |i〉 (with Γ1=0) and γi
is decay rate related to the interaction between ground-
state atoms (i=2) or Rydberg atoms (i=3). γ2 can be
neglected compared to Γ2, while γ3 is the dominant con-
tribution to the dephasing of the Rydberg state.
Considering the Doppler broadening effect, an atom

moving towards the probe beam with velocity v ”sees”
its frequency upshifted by an amount ωpv/c, while the
frequency of the coupling beam is, for the same atom,
downshifted by an amount ωcv/c. Due to the quite dif-
ferent wavelengths of the probe and coupling beams, we
also need consider the Doppler shifts that are only par-
tially compensated by the counter-propagating beams.

The complex susceptibility χ, its imaginary part indi-
cate the absorption characteristic of the atomic medium,
is modified as [29]

χ(v)dv

=
iµ2

21/ε0~

γ21 − i∆p − i
ωp

c v +
Ω2

c/4
γ31−i(∆p+∆c)−i(ωp−ωc)v/c

N(v)dv

(6)

with N(v)dv=N0exp(-v
2/u2)/(u

√
π)dv is the number of

atoms per unit volume with velocity v, where u is the
most probable speed of atoms at given temperature.
Then we can integrate χ(v) for getting the probe trans-
mission.
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FIG. 1: (Color online) (a) Sketch of the Rydberg-EIT cas-
cade system. A probe beam (Rabi frequency Ωp) is ap-
plied to the 6S1/2(F=4) →6P3/2(F’=5) transition and cou-
pling beam (Rabi frequency Ωc and detuning △) is the
6P3/2(F’=5)→nS1/2(F=4) transition. Γ2 and Γ3 are the na-
ture decay rates of the 6P3/2 and Rydberg state, respectively.
(b) Sketch of the experimental setup. The 852nm probe
beam and 510nm coupling beam are counter-propagated and
focused in the center of cell, which is in a magnetic coil,
temperature-controlled chamber and multi-layer shield. The
combinations of λ/2 (half-wave plate), PBS (polarizing beam
splitter) and λ/4 (quarter-wave plate) in probe and coupling
light paths before entering the cell can guarantee any polar-
ization combinations.

III. EXPERIMENTAL SETUP

The Rydberg-EIT experiments are performed in a
133Cs vapor cell at a controlled temperature of 300K. The
6P3/2 and nS1/2 are strongly coupled and transmissions
are detected via probe laser resonance in 6S1/2→6P3/2

transition. The probe beam, provided by an extended-
cavity diode laser (DL100, Toptica) with the wavelength
of 852nm, is locked on an High-Finesse Fabry-Perot cav-
ity with ultra-low thermal expansion (ULE) glass (ATF-
6010-4, Stable laser system), which has a guaranteed fi-
nesse ≈2×105 and a high stability due to the vacuum
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housing (<10−6Pa) and temperature control (52.63◦C).
The linewidth of probe laser is smaller than 100KHz.The
free spectral range of this cavity is 1.5GHz. The probe
laser is locked on the ULE cavity at the frequency closed
to the 6S1/2(F=4)→6P3/2(F’=5) resonance transition,
and then is shifted to the resonance transition by a
double-passed acoustic-optical modulator (AOM). The
0 order and 1st order diffraction lights are simultane-
ously introduced into the vapor cell. We can observe
two EIT signals with a fixed separation corresponding
to the frequency shift of AOM, which is used as an ac-
curate frequency standard to calibrate the EIT spectra.
The coupling beam with the wavelength of 510nm, driv-
ing the transition of 6P3/2(F’=5)→ nS1/2(F=4), is pro-
vided by a doubled-frequency laser system (TA-SHG pro,
Toptica). The probe beam has a waist 80µm and power
1.0µW, 100µm and 10mW for coupling beam. The probe
beam is detected with a fast photodetector (PDA36A-
EC, Thorlabs). The method that locked the probe beam
and monitored its transmission while scanning the cou-
pling beam makes transmission appear on a flat back-
ground and doesn’t have an underlying Doppler profile
that may cause undesirable peak-pulling effect [30].
The sketch of experimental setup is shown in Fig.1

(b). The 133Cs atomic vapor cell, 4cm long and 2cm in
diameter, is contained in a cylindrical copper coil with
211×3 turns. The uniform magnetic field in the axis of
vapor cell is produced by the cylindrical copper coil, with
length 25cm and diameter 5cm.The magnetic field can be
scanned linearly, from 0 to 100G, with the uncertainty
of less than 0.1G. They are placed in a temperature-
controlled chamber of 300K and magnetic shield materi-
als around avoiding the influence of stray magnetic field.
The probe and coupling beams are collinearly counter-
propagated and focused in the center of cell. Both the
two beams pass through a half-wave plate (λ/2), a polar-
izing beam splitter (PBS) and a quarter-wave plate (λ/4)
before entering the cell, and then we can obtain any dif-
ferent polarization combinations of probe and coupling
laser fields.

IV. EXPERIMENTAL RESULTS AND

DISCUSSION

A. Polarization spectral of Rydberg-EIT

We observe firstly the Rydberg-EIT spectra for nine
polarization combinations of probe and coupling fields,
with π representing linearly polarized light; σ+, left-
handed circularly polarized light; σ−, right-handed cir-
cularly polarized light. As shown in Fig.2(a), (b), the
Rydberg state is 49S1/2 and 46S1/2, respectively. The po-
larization combinations labeled in Fig.2 represent the po-
larization of probe field–the polarization of coupling field.
It should be noted that if both the probe and coupling
laser fields are set as the same circular polarization, then
the atomic sample will ”experience” the opposite circular

polarization since the two beams are counter-propagated,
and the polarization ”experienced” by the atomic sam-
ple are used in our analysis. It is clearly shown that the
Rydberg-EIT spectra depend on the relative polarization
combination of the applied optical fields.
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FIG. 2: (Color online) Rydberg-EIT spectra when differ-
ent polarization combinations of probe and coupling fields
are used. The polarization combinations represent probe
field polarization–coupling field polarization. The level |3〉
is 49S1/2 Rydberg state for (a) and 46S1/2 Rydberg state for
(b).

The degenerate Zeeman sublevels and strength of rel-
ative dipole matrix elements between the Zeeman sub-
levels are responsible for the difference of polarization
spectra [31]. The strength of the interaction between
two Zeeman sublevels is characterized by the dipole ma-
trix elements [32]:

〈IJFmF |erq| I ′J ′F ′m′

F 〉

= (−1)F
′
−1+mF

√
2F + 1

(

F ′ 1 F
m′

F q −mF

)

× (−1)F
′+J+1+I

√

(2F ′ + 1)(2J + 1)

×
{

J J ′ 1
F ′ F I

}

〈J‖er‖J ′〉 (7)

Here, I is the nuclear spin (I=7/2 for 133Cs), J is the
angular momentum, F is the total angular momentum
and mF is the Zeeman sublevels. The primed variables
refer to the final states and unprimed variables corre-
spond to the initial states in which the atom resides.
The value of q is polarization dependent, with q=mF -
m′

F .The 〈J‖er‖J ′〉 is reduced matrix element and can be
factored out if one considering only the relative dipole
matrix strengths, as our case. The values in the paren-
theses and curly brackets denote the Wingner 3-j symbol
and Wingner 6-j symbol, respectively.
Then we can calculate the relative transition strengths

between two mF levels just using (without evaluating the
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FIG. 3: (Color online) (a) Degenerate Zeeman sublevels of cascade system coupled by linear polarized laser fields. (b) All
possible transitions between nondegenerate Zeeman sublevels coupled by circular polarized fields in the presence of an axial static
magnetic field.Each number of {1}–{9} represents a corresponding transition,respectively. σ−–σ+ polarization combinations
(red dashed line and primed numbers), and σ+–σ− polarization combinations (blue solid line and unprimed numbers).

TABLE I: Measured and calculated (Cal.) relative transition
strengths in all the nine polarization combinations for Ryd-
berg state being 49S1/2 and 46S1/2, respectively, normalized
against the largest value.

Probe

polarization

Coupling

polarization
49S1/2 46S1/2 Cal.

σ− σ+ 1.00 1.00 1.00

σ+ σ− 0.94 0.97 1.00

π π 0.62 0.59 0.68

σ+ π 0.44 0.38 0.42

σ− π 0.42 0.44 0.42

π σ− 0.46 0.43 0.42

π σ+ 0.43 0.43 0.42

σ+ σ+ 0.09 0.10 0.09

σ− σ− 0.11 0.12 0.09

reduced matrix element 〈J‖er‖J ′〉)

S = |〈IJFmF |erq|I ′J ′F ′m′

F 〉|2 (8)

We are able to calculate the transition strengths in a
given polarization combination by appropriate addition
and multiplication, due to each transition is indepen-
dent of the others, such as Fig.3 (a) ,the case of linear-
linear polarization combination. As shown in Table.I, the
measured relative transition strengths for Rydberg state
49S1/2 and 46S1/2 in all the nine polarization combina-
tions are compared with calculated values, normalized
against the largest value. The errors, maximum 9%, be-
tween measured and calculated data attribute to the im-
perfect polarization prepared in experiments and optical
pumping effect.

B. Polarization spectral of Rydberg-EIT in

external magnetic field

We investigate further the polarization spectra of non-
degenerate Zeeman sublevels in the cascade-type system,
the uplevel is 49S1/2 Rydberg state, in the optimal po-

larization combinations of σ+–σ− and σ−–σ+ based on
section A. For an ideal three-level system, the degener-
acy of all three energy levels will be broken while a static
magnetic field is applied. The splittings of Rydberg-EIT
spectra are observed because of the existence of nonde-
generate Zeeman sublevels. The measured polarization
spectra in σ+–σ− and σ−–σ+ cases with different mag-
netic fields are shown in Fig.4 (a) and Fig.5 (a). Rydberg-
EIT splits into several sub-peaks, the height of each sub-
peak is different and entirely different splitting situations
for two cases.
When we apply an axial magnetic field, the degenerate

Zeeman sublevels will be shifted. For the Rydberg state
|3〉, |J, mJ ; I, mI〉 basis is used as the eigenbasis while
the |F, mF 〉 as the eigenbasis for |1〉 and |2〉, as all the
Zeeman sublevels of the cascade system shown in Fig.3
(b). The shifts of three levels |1〉, |2〉 and |3〉 are very
different since the different magnetic interactions, just as
our recent work [33]. The interval of adjacent Zeeman
sublevels corresponding to |1〉, |2〉 and |3〉 levels can be
expressed as:

∆1 = BµBgF (mF+1 −mF ) = 1/4µBB

∆2 = BµBgF (mF+1 −mF ) = 2/5µBB

∆3 = BµBgJ(mJ+1 −mJ) = 2µBB (9)

Where µB=1.4MHz/G is the Bohr magneton, B

is the magnetic field strength, gJ =3/2+[S(S+1)-
L(L+1)]/[2J(J+1)] and gF =gJ×[F(F+1)+J(J+1)-
I(I+1)]/[2F(F+1)] are Lande g factor of |J, mJ ; I, mI〉
basis and |F, mF 〉 basis, respectively.
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FIG. 4: (Color online) Measurements (a) and calculations (b) of Rydberg-EIT spectra with σ+–σ− polarization combination
in different strength of magnetic field B, from 0 to 91G. With the increasing of magnetic field,splitting of Rydberg-EIT expand
gradually. The number of distinguished sub-peaks and the interval between these sub-peaks increase gradually. We can only
observe five sub-peaks at most, just as pink numbers, 1 to 5, when B=91G, which correspond to transitions {1} to {5}in
Fig.3(b). Due to the limit of laser linewidth, the power and collision broadening in our experiments, the other sub-peaks
corresponding to transitions {6} to {9} can’t be observed.

All possible transitions coupled by circular polar-
ized fields in the presence of an axial magnetic field
are shown in Fig.3 (b). Nine possible cascade subsys-
tems are formed for each circular polarization combi-
nation, σ+–σ− and σ−–σ+.In order to describe clearly,
we number each subsystem as shown in Fig.3(b).
For σ+–σ− case, number {1} to {8} correspond to
the transitions 6S1/2(F=4, mF )→6P3/2(F’=5, mF+1)
→49S1/2(F=4, mJ=1/2, mI=7/2 to -7/2) (mF=4 to
-3), and number {9} corresponds to the transition
6S1/2(F=4, mF )→6P3/2(F’=5, mF+1) →49S1/2(F=4,

mJ=-1/2, mI=-7/2) (mF=-4), while for σ−–σ+ case,

number{1′} corresponds to the transition 6S1/2(F=4,
mF )→6P3/2(F’=5, mF -1) →49S1/2(F=4, mJ=-1/2,

mI=-7/2) (mF=-4), and number{2′} to {9′} correspond
to the transitions 6S1/2(F=4, mF )→6P3/2(F’=5, mF -
1) →49S1/2(F=4, mJ=1/2, mI=-7/2 to 7/2) (mF=-3
to 4). Considering a subsystem, which corresponds to
number{1}in Fig.3(b), consisting of 6S1/2(F=4, mF=4),
6P3/2(F’=5, m′

F=5), 49S1/2(F=4, mJ=1/2, mI=7/2),
we have ∆p= -4∆1+5∆2 and ∆c= -5∆2+1/2∆3.
Taking account of the Doppler effect that only
are partially compensated by the counter-propagating
beams, then ∆p+∆c =(λp/λc-1)(-4∆1+5∆2)-5(λp/λc-

1)∆2+1/2∆3 and the transmission peak should ex-
ist at ∆c=(λp/λc-1)(-4∆1+5∆2)-5(λp/λc-1)∆2+1/2∆3

= -4*(852/510-1)∆1+1/2∆3 when we lock the probe
laser on the resonance transition of 6S1/2(F=4)→
6P3/2(F’=5). With the same approach, shifted amounts
for all the other subsystems could be obtained. There-
fore, we rewrite the χ, as Eq.6, for our experiments when
the magnetic field is applied, as

χ =

k=9
∑

k=1

∫

χ(v)dv =

k=9
∑

k=1

⇓
∫

iµ2
21/ε0~

γ21 − i∆p − i
ωp

c v +
Ω2

c/4
γ31−i(∆p+∆c)−i(ωp−ωc)v/c

N(v)dv

(10)

where k (from 1 to 9) correspond to one of nine cascade
subsystems for each polarization combination, and µ21,
∆p, ∆c, ω12, ω23 will change accordingly for each k.
The numerically calculated Rydberg-EIT spectra in

two kinds of polarization combinations with different
magnetic fields using the revised theoretical expres-
sion Eq.(10) are shown in Fig.4 (b) and Fig.5 (b).
It demonstrates polarization spectra in Rydberg-EIT,
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FIG. 5: (Color online) Measurements (a) and calculations (b) of Rydberg-EIT spectra with σ−–σ+ polarization combination in
different strength of magnetic field B, from 0 to 57.6G. With the increasing of magnetic field,splitting of Rydberg-EIT expand
gradually. We can only observe two sub-peaks at most, as pink numbers, 1 and 2, when B=57.6G. The left sub-peak at negative
detuning, number 1, which corresponds to the transition {1′}in Fig.3(b). However, the right sub-peak at positive detuning is
an envelope, which correspond to transitions {9′} to {2′}in Fig.3(b). The main reasons for this envelope are the limit of laser
linewidth, the power and collision broadening in our experiments.

and the simulation are well consistent with the ex-
perimental results. For σ+–σ− case, we can see the
Rydberg-EIT spectra with different magnetic fields are
very well consistent with experimental results except for
the humps circled by black ellipse in 24.1G and 48.6G
magnetic fields as shown in Fig.4(a). This is due to
the imperfect polarization preparation in our experi-
mens, which actually correspond to the transition {1′}
in Fig.3(b),6S1/2(F=4, mF=-4)→6P3/2(F’=5, m′

F=-5)
→49S1/2(F=4, mJ=-1/2, mI=-7/2), the left sub-peak at
negative detuning in Fig.5. However, we can only observe
an envelope for σ−–σ+ case in the experiments mainly
because of the limit of laser linewidth, the power broad-
ening and collision broadening in thermal vapors.

With the increasing of magnetic field, the number of
distinguished sub-peaks and the interval between these
sub-peaks increase gradually. The difference of polariza-
tion spectra for these two cases just result from the dif-
ferent strengths of dipole matrix elements between Zee-
man sublevels for each subsystem. For σ+–σ− case, the
strengths of dipole matrix elements are decreasing grad-
ually from transition {1} to {9}, so the profile of spec-
tra is a slope, while for σ−–σ+ polarization combina-
tion, the strengths of dipole matrix elements of subsys-

tems is ”asymmetrical valley type” tendency. The tran-
sition {1′}, 6S1/2(F=4, mF=-4) → 6P3/2(F’=5, m′

F=-
5) → 49S1/2(F=4, mJ=-1/2, mI =-7/2), the left sub-
peak at negative detuning in Fig.5, has the largest dipole
matrix element, while the second largest one, transition
{2′}, 6S1/2(F=4, mF=-3) → 6P3/2(F’=5, m′

F=-4) →
49S1/2(F=4, mJ=1/2, mI=-7/2), is the rightmost sub-
peak at positive detuning(still much less than the largest
one), just like an asymmetrical valley.

Moreover, the frequency shift of each sub-peak varies
proportionally with the strength of magnetic field, which
is indicated by Eq. (9), as shown in Fig. 6, the po-
larization combination of probe and coupling fields is
σ+–σ−. We also compare the frequency intervals be-
tween adjacent sub-peaks upon the fitting results with
the theoretical values acquired by Eq. (9), as shown
in Table.II, these sub-peaks are numbered as 1,2,3,4,5
as shown in Fig.4 (a), which correspond to the transi-
tions {1},{2},{3},{4},{5} in Fig.3(b),and then the inter-
vals marked as δ12, δ23, δ34, δ45.δij represents the fre-
quency intervals between sub-peak i and sub-peak j, and
there is a one-to-one correspondence between sub-peak
i and transition{i}in Fig.3(b).The errors, maximum 4%,
between theoretical prediction and the experiment data
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FIG. 6: (Color online) The frequency shifts of five sub-peaks
in σ+–σ− polarization combination , black squares, red cir-
cles, blue triangles, pink stars and green spheres correspond
to the sub-peak of 1,2,3,4,5 shown in Fig.4(a), which corre-
spond to the transitions {1},{2},{3},{4},{5} in Fig.3(b), the
solid lines are the linear fitting curves of experimental data.
δij represents the frequency intervals between sub-peak i and
sub-peak j.

TABLE II: Experimental fitting and theoretical calculation of
frequency intervals between adjacent sub-peak for σ+–σ− po-
larization combination. δij represents the frequency intervals
between sub-peak i and sub-peak j as shown in Fig.6

.

Expt. Cal.

δ12 (0.2454±0.0032)B

0.2349B
δ23 (0.2295±0.0040)B

δ34 (0.2292±0.0051)B

δ45 (0.2347±0.0052)B

mainly result from the power broadening and collision
broadening in thermal vapors.

V. CONCLUSION

We have observed the polarization spectra of Zeeman
sublevels in Rydberg-EIT, involving degenerate Zeeman
sublevels and nondegenerate Zeeman sublevels when an
axial static magnetic field is applied. The essence of
this magnitude dependence on probe and coupling field
polarizations is that the presence of degenerate Zeeman
sublevels and strength of relative dipole matrix elements
between the Zeeman sublevels. However, the degener-
acy will be broken and the splitting of Rydberg-EIT
will present while an external magnetic field is applied.
We investigate the polarization spectra of Rydberg-EIT
in optimal polarization combinations when an external
magnetic field is introduced. From a density matrix anal-
ysis of the cascade three-level system, we simulated the
polarization spectra of Rydberg-EIT, and the theoretical
simulation is shown to be good agreement with the exper-
iment results. Finally,our work contributes to the more
detailed understanding about the polarization of the op-
tical fields and Zeeman Effect in Rydberg-EIT, which
would be very attractive for optical bistability or applica-
tions in sensing, such as, vector microwave electrometry
and a precision magnetometer .
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