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Vector beams (VB) have a great advantage over their scalar counterparts, due to 
their spatially inhomogeneous polarization distribution. Coherent control of 
polarization, phase and amplitude gives complete freedom to manipulate fully 
structuring light(FSL). A vector superposition of two orthogonally polarized 
components can produce VB or FSL    beam. This lecture discusses a scheme to 
guide a weak vector beam using optically written waveguides inside atomic vapor, 
whilst controlling its polarization rotation. The polarization rotation control is 
achieved using the anisotropic property of a four-level tripod atomic system which 
under a specific configuration, can generate different refractive indices for the left 
and right circularly polarized components of the vector beam. The refractive indices 
of the two vector beam components can be varied by changing their detunings. The 
waveguiding of the vector beam is achieved through a strong control field with an 
appropriate transverse intensity profile, which generates a ``core and cladding" type 
refractive index profile inside the medium.
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∂
∂x

∂
∂ y

∂
∂z

0 ik ueikz + 1
ik

∂u
∂z
eikz

⎛
⎝⎜

⎞
⎠⎟

− ∂u
∂y
eikz

= x̂ − ∂2u
∂y2

eikz − ik 2 ∂u
∂z
eikz + ik ueikz + 1

ik
∂2u
∂z2

eikz
⎛
⎝⎜

⎞
⎠⎟

⎛

⎝⎜
⎞

⎠⎟
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B = ik ŷ u + i

k
∂u
∂y
ẑ
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Electric and magnetic fields under Paraxial Wave Equation
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〈
!
S 〉r =

ck
4π

krz
z2 + zR

2 |u |
2; 〈

!
S 〉φ =

ck
4π
l
r
|u |2; 〈

!
S 〉z =

ck
4π
k 2 |u |2



The component                relates to the spread of the beam as it propagates
!
S r,ϕ , z( )

r

The component                gives rise to orbital angular momentum in the z-direction
!
S r,ϕ , z( )

φ

The component               relates to the linear momentum in the direction of propagation
!
S r,ϕ , z( )

z

ẑ
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Some light beams rotates, as they travel through space. Such beams have angular 
momentum. 


There are two ways a beam can rotate 


1. If polarization vector rotates – spin 


2. If the phase structure rotates - orbital


These light beams are able to spin microscopic objects, creates new forms of 
imaging systems, etc. 


One such example of a rotating beam is a Laguerre-Gaussian beam (LG) 

OAM of Light



Scalar Beam

 Electric field of a scalar vortex beams of degree p and order m

⃗E (r, ϕ, z) = ̂eiℰp,m(r, ϕ, z)e−iωt+ikz+imϕ + c.c.
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CameraPinhole q-Plate Rb Cloud

Optional Waveplates

Figure 4.30: A simplified account of the imaging beam path, where the optional components are a combination
of half- and quarter-wave plates, as described below. The insets are cropped images of the beam intensity, as
observed on the camera under conditions of no q-plate (Left), no atomic cloud (Middle) and normal operation
(Right) and serve to indicate the state of the beam at the regions indicated for q = 1.

The variation in pulse and expansion timings were performed
on an adhoc basis to experimentally maximise the contrast in
the patterns. It may seem counter intuitive to take the trouble to
form a SpOT, only to let it expand outwards, but there are a few
advantages to using the SpOT over a normal MOT. The main
gain is that the SpOT allows for a drastically increased number
density, which naturally allows for maximisation of the absorp-
tion and minimisation of collisional broadening and decoherence.
The formation of a dark SpOT in particular however, means that
not only is unpredictable repopulation minimised through the
temperature gains, but also that we reliably load the atomic pop-
ulation into the F = 1 ground state: giving exceptional control
over the polarisation of the system. A summary of the normal
operating parametrs are given in Table 4.2 and Table 4.3 for the
MOT and SpOT respectively. In regards to the magnetic field
interaction, in Chapter 3 we discussed how the quantisation coils
were used both to cancel the Earth’s magnetic field and to define
the quantization axis for absorption measurements and the same
is largely true here. In this experiment however, the compensa-
tion field is slightly misaligned in order to provide the required
closure of the atomic transitions. For these initial experimental

160

Experimental beam path

Intensity profile 

of the input beam

Intensity profiles 

of the output beam

Polar plot at radius of maximal contrast
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Phase-induced transparency-mediated structured-beam generation  in a 
closed-loop tripod configuration 

Sandeep Sharma and Tarak N. Dey
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these waveguide features to generate a diffraction con-
trolled high contrast petal-like beam structure. Finally
we show the rotation of the generated petal-like beam
structure due to magneto optical rotation.
The paper is organised as follows. In the next sec-

tion, we introduce the theoretical model and derive the
effective Hamiltonian for a four-level closed-loop atomic
configuration. In Sec. II.B, we adopt density matrix for-
malism to study the evolution of the atomic population
and coherences. In Sec. II.C, we analytically derive the
linear atomic responses to the orthogonal polarization
components of the probe field. In Sec. II.D, we describe
the paraxial beam propagation equation for the spatial
evolution of phase structured probe field. Next we pro-
vide the results on azimuthally varying susceptibilities
for both weak and strong probe field regimes. Finally
our numerical results delineate the effect of the linear
and nonlinear susceptibilities on the propagation dynam-
ics of the probe beam. Sec. IV provides a summary of
our work.

II. THEORETICAL FORMULATIONS

A. Model

The system under consideration is shown in Fig. 1
where the electric dipole allowed transitions |1〉 ↔ |4〉
and |3〉 ↔ |4〉 are coupled by two orthogonal polarisa-
tions σ̂+ and σ̂− of a linearly polarized probe field, re-
spectively. Thus the electric field of x-polarized probe
propagation along the z-axis, containing both orthogonal
polarisations with carrier frequency ωp, can be written as

#E(#r, t) =x̂E(#r) e−i(ωpt−kpz) + c.c. , (1a)

=(σ̂+E+(#r) + σ̂−E−(#r)) e−i(ωpt−kpz) + c.c. .
(1b)

where E+(#r) and E−(#r) are the slowly varying envelopes
of right and left circularly polarized probe fields, respec-
tively and are defined as |E+(#r)| = |E−(#r)| = |E(#r)|/

√
2.

The wave number of probe field is denoted by kp. An ar-

bitrary magnetic field #B = B(cos θ ẑ+sin θ x̂) is used to
form a closed loop system. Such a closed loop system ex-
hibits interesting phase dependent behaviour of absorp-
tion and dispersion. The longitudinal component of the
magnetic field B cos θ induces the Zeeman shift between
the states |1〉 and |3〉 whereas the transverse component
B sin θ redistributes the population among the ground
states |1〉, |2〉, and |3〉. This level scheme has been re-
alised experimentally in cold atomic 87Rb vapour where
the ground levels |1〉 = |52S1/2, F = 1,mF = −1〉, |2〉 =
|52S1/2, F = 1,mF = 0〉, |3〉 = |52S1/2, F = 1,mF = 1〉,
and the excited level |4〉 = |52P3/2, F

′

= 0,m
′

F = 0〉.
We consider the transverse component of the magnetic
field to be weaker than the longitudinal component i.e.,

|1>
|2>

|3>

|4>
∆ p

γ41 γ
γ

42
43
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σ εσ+ε

ωp

+ −

β
L

L

−
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z
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β−

E

FIG. 1: (Color online) Schematic diagram of the four-level
closed atomic system. The atomic transitions |4〉 ↔ |3〉 and
|4〉 ↔ |1〉 are coupled by left(σ̂−) and right(σ̂+) circularly
polarized components of the probe field, respectively. The
Zeeman sub-levels |1〉, |2〉, and |3〉 are coupled by a weak
transverse magnetic field Bsinθ with θ << π/2. The radia-
tive decay rates γ4i corresponds to decay from excited state
|4〉 to ground states |i〉 where i ∈ 1, 2, 3. The direction of
probe propagation and the quantization axis is taken along
z-axis.

θ << π/2. This condition ensures that the probe po-
larization doesn’t change in the presence of weak TMF,
Bsinθ, and the quantization axis remains aligned along
the z-axis [31]. Under these assumptions and in the ap-
proximations of electric dipole and rotating wave, the
Hamiltonian of the system in the presence of probe and
magnetic fields takes the following form

H =H0 +HI +HB , (2a)

H0 =!ω42|4〉〈4| , (2b)

HI = − D̂ · Ê
= − !(|4〉〈1|g1e−iωpt + |4〉〈3|g2e−iωpt + H.c.) ,

(2c)

HB =gFµBF̂ · #B
=!βL(|3〉〈3|− |1〉〈1|) + !βT (|1〉〈2|+ |2〉〈3| + H.c.),

(2d)

where

g1 =
#d+ · #E+

!
eikpz and g2 =

#d− · #E−
!

eikpz,

are the Rabi frequencies of the probe fields corresponding
to the left and right circular polarizations, respectively.
The magnitude of Zeeman shift and the coupling strength
between the ground levels are given by βL = β0 cos θ
and βT = β0 sin θ/

√
2, respectively. The parameter β0

is defined as β0 = gFµBB/! where gF and µB are the
Lande g-factor and Bohr magneton, respectively. We use
following unitary transformation

W = e−
i
!
Ut where U = !ωp|4〉〈4|,
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Vector beams

⃗E (r, ϕ, z) = ℰL(r, ϕ, z) ̂eL + ℰR(r, ϕ, z) ̂eR

In the circular polarization basis as

ℰL(r, ϕ, z) = cos(α) LGlL
0 , and ℰR(r, ϕ, z) = eiθ sin(α) LGlR

0

LGli
0(r, ϕ, z) = E(0)

i
2

π | li | !
exp ( −r2

w(z)2 ) ( r 2
w(z) )

|li|

exp(iliϕ)

Rayleigh length zR =
kiw2

0

2
beam waist w(z) = w0 1 + z2/z2

R

The Gouy phase ( | li | + 1)η(z) η(z) = tan−1(z /zR)

Vector vortex beams are optical beams with polarization sigularities 
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The Stokes parameters in the circular polarization basis

S0 = |ℰR |2 + |ℰL |2 ; S1 = 2Re[ℰ*RℰL] S2 = 2Im[ℰ*RℰL]; S3 = |ℰR |2 − |ℰL |2

The ellipticity, , and orientation  of the polarization at each point on the transverse 
plane

ζ ξ

S1

S0
= cos(2ζ)cos(2ξ);

S2

S0
= cos(2ζ)sin(2ξ);

S3

S0
= sin(2ζ)

ζ =
1
2

sin−1 ( S3

S0 ) =
1
2

sin−1 ( |ℰR |2 − |ℰL |2

|ℰR |2 + |ℰL |2 ), ξ =
1
2

tan−1 ( S2

S1 ) =
1
2

tan−1 ( Im[ℰ*RℰL]
Re[ℰ*RℰL] )

Δξ = ξ(z) − ξ(0) = −
1
2

Δ | lL,R |η(z) −
kr2zΔ(nR,L)
4(z2 + z2

R)
−

1
2

kzΔ(nR,L)

and Δ | lL,R | = | lL | − | lR | Δ(nR,L) = nR − nL
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almost azimuthal or radial, respectively (see Fig. 1). This
suggests that vector beams with equally weighted orthogo-
nally polarized components, regardless of their specific
topology [31], allow for greater control over the effects of
nonlinear propagation. In spite of the approximations used
in the derivation of Eqs. (2), small differences in polari-
zation distributions between the experiment and the

numerical simulation are really evident only in the biased
mode cases of γ ¼ π=8; 3π=8, thus demonstrating the
robustness of the vector vortex beam (γ ¼ π=4).
It has been proposed that the increase in stability seen in

vector beams is because they carry no net OAM [6,8,9]. To
test this hypothesis, we repeated our analysis using
Poincaré beams having lemon and star topologies which
do possess a net OAM. The experimental and numerical
results are shown in Fig. 4, where we have plotted the
intensity and the polarization distributions for the lemon
and star topologies after propagating through the Rb cell.
These results again show that beam breakup has been
inhibited when compared to scalar OAM-carrying beams
(see the left- and rightmost panels in Fig. 3). This result
demonstrates that the increased stability is due to the
orthogonality of the constituent modes, which is respon-
sible for the polarization shaping, and not simply due to a
net OAM of zero. We emphasize that both vector vortex
and Poincaré beams display increased stability with respect
to that of a scalar beam [31]. In Fig. 4, we show that the
polarization distributions of the Poincaré beams, although
rotated by the Gouy phase [20], remain unaltered after
nonlinear propagation (as in the case of vector vortex
beams for γ ¼ π=4) and even preserve the numbers and
types of polarization singularities.
Conclusion.—We have compared the propagation of

scalar OAM-carrying beams with two different classes of
beams with nonuniform transverse polarization distribu-
tions in a saturable self-focusing nonlinear medium of Rb
vapor. With respect to scalar vortex beams (LG modes), we
found that beam breakup can be inhibited, while nonlinear
confinement, self-focusing, and polarization distributions

FIG. 4. Intensity and polarization distributions of lemon and
star topologies after propagating through the Rb cell, numerical
(upper row) and experimental (lower row). Red (blue) ellipses
correspond to left (right) circular polarization. Note that these
beams are far more stable than the uniformly polarized beams of
the left- and rightmost columns in Fig. 3. Minor differences in
polarization rotations are mainly due to experimental imperfec-
tions.

FIG. 3. Simulated (upper row) and experimentally reconstructed (lower row) intensity and polarization distributions of scalar and
vector superposition beams after propagating through the Rb cell. The incident beams are cosðγÞLG0;−1ðr;φ; zÞeLþ
sinðγÞ exp ðiβÞLG0;1ðr;φ; zÞeR, with β ¼ −π=2 and γ specified at the top. Red (blue) ellipses correspond to left (right) circular
polarization. Note that for the cases of uniformly polarized input beams (γ ¼ 0 and π=2) the beam shows a significant distortion at the
output of the medium. The spiral vector beam (γ ¼ π=4) shows essentially no distortion in the intensity distribution or polarization. The
elliptically polarized input beams (γ ¼ π=8 and 3π=8) show some polarization distortion but no distortion of the intensity distribution.
Minor differences in polarization rotations are mainly due to experimental imperfections.
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medium. More specifically, our study focuses on vector
vortex and Poincaré beams traveling through rubidium
vapor. We compare the intensity and polarization distribu-
tions of the beams at the entrance and exit of the nonlinear
cell. This allows us to see how beam breakup is affected
both by the net OAM of the beam and by its polarization
distribution.
Theory.—Light beams with spatially inhomogeneous

polarization distributions can be obtained by a super-
position of two spatial transverse modes, E1 and E2, with
orthogonal polarizations

Eðr;φ; zÞ ¼ E1ðr;φ; zÞe1 þ E2ðr;φ; zÞe2; ð1Þ

where e1 and e2 are orthonormal polarization vectors and r,
φ, and z are the cylindrical coordinates. Here we adopt the
circular polarization basis, i.e., e1 ¼ eL and e2 ¼ eR, and
the LG basis for the spatial transverse modes [20]. If the
two beams have equal but opposite OAM, the polarization
of the beam varies along the azimuthal coordinate and, if
the beams are equally weighted, spans the equator of the
Poincaré sphere. These radially symmetric vector vortex
beams [18] can have polarization distributions that are
radial, azimuthal [see Figs. 1(a) and 1(b)], or spiral. If E1

and E2 carry a zero and a nonzero OAM value, respectively,
the resulting full Poincaré beam [20] has a polarization that
varies in both the angular and radial coordinates [19] and
covers all polarization states on the Poincaré sphere [20].
The state of elliptic polarization varies with position [21],
and polarization singularities occur at C points, where the
azimuth is not defined and the polarization is circular [22],
and along L lines, where the polarization is linear and its
handedness is not defined [23]. C points can have three
fundamental polarization topologies classified by the

number of polarization lines that terminate at the singu-
larity: These topologies are known as “star” (three lines),
“lemon” (one line), and “monstar” (infinitely many, with
three straight, lines) [21,24]. Examples of lemon and star
topologies are shown in Figs. 1(c) and 1(d), respectively.
We simulate propagation through the medium using a

(2þ 1)-dimensional nonlinear Schrödinger equation with a
saturable self-focusing nonlinearity, derivable from the
two-level model, under the slowly varying envelope and
paraxial approximations and normalized to dimensionless
quantities ρ ¼ r=w0 and ζ ¼ z=ð2zRÞ, where w0 is the
beam waist and zR is the Rayleigh range of the beam
[2,3,6]. As we are dealing with vector beams, our model
consists of two coupled equations for oppositely circularly
polarized beams that interact through the cross phase
modulation term in a homogeneous medium [25]:

∂E1

∂ζ ¼ i
2
∇2

⊥E1 þ iμ
jE1j2 þ 2jE2j2

1þ σðjE1j2 þ 2jE2j2Þ
E1;

∂E2

∂ζ ¼ i
2
∇2⊥E2 þ iμ

jE2j2 þ 2jE1j2

1þ σðjE2j2 þ 2jE1j2Þ
E2: ð2Þ

The parameters of importance are the nonlinear parameter μ
and the saturation parameter σ, given by

μ ¼ 2k20n2P0

3n0
; σ ¼ 4P0

3Isatw2
0

; ð3Þ

where k0 is the free-space wave number, n0 and n2 are the
linear and nonlinear refractive indices (n2 > 0 for self-
focusing), Isat is the saturation intensity, and P0 is the
power of the incident laser beam. In the simulations
reported below, we have selected μ ¼ 386 and σ ¼ 51.7
that reproduce the experimental configuration of the natural
rubidium (Rb) cell. We performed numerical integrations of
the propagation equations (2), using the split-step method
with fast Fourier transforms and parameters corresponding
to the experiments performed.
Experiment.—We use a spatially filtered, linearly polar-

ized, tunable cw single-mode diode laser (Toptica DL pro
780, 760–790 nm) together with a set of half- and quarter-
wave plates to generate a Gaussian beam with an arbitrary
polarization state cos ðθ=2ÞeL þ exp ðiχÞ sin ðθ=2ÞeR,
where θ and χ are set by the orientations of the wave
plates. This beam is converted into a space-varying
polarized light beam using a q plate—a slab of patterned
liquid crystal—that couples optical spin to OAM [26]. The
unitary action of a q plate in the circular polarization basis
is described by

Ûq ·
!
eL
eR

"
¼ cos

#
δ
2

$!
eL
eR

"
þ isin

#
δ
2

$!
eReþ2iðqφþα0Þ

eLe−2iðqφþα0Þ

"
; ð4Þ

where q is a half-integer number corresponding to the
topological charge of the liquid crystal pattern, α0 is the

FIG. 1. (a) Radial and (b) azimuthal vector beams. (c) Lemon
and (d) star Poincaré beams. Red (blue) ellipses correspond to left
(right) circular polarization.

PRL 117, 233903 (2016) P HY S I CA L R EV I EW LE T T ER S
week ending

2 DECEMBER 2016

233903-2

azimuthal orientation of the liquid crystal elements at
φ ¼ 0 (laboratory frame), and δ is the optical retardation
of the q plate. The parameter δ can be experimentally
adjusted by applying an electric field onto the plate in such
a way that the resulting optical retardation corresponds to a
half (δ ¼ π) or quarter (δ ¼ π=2) wavelength [27]. The
generated beam is then focused by a 150-mm-focal-length
lens into a 9-cm-long cell containing Rb atomic vapor. A
detailed depiction of this experimental apparatus is pro-
vided in Fig. 2. The intensity of the incident beam and the
temperature of the atomic vapor are set so that the medium
exhibits saturable Kerr nonlinearities (powers in the vicin-
ity of 7.44 mW and a temperature of 95 °C). In order to
observe beam breakup of OAM-carrying beams, the laser’s
output wavelength was tuned near the D2 transition line of
Rb. Moreover, the laser was blue-detuned by less than
0.7 GHz from the 5S1=2ðF ¼ 3Þ → 5P3=2ðF ¼ 4Þ hyper-
fine transition.
The beam exiting the Rb cell is then imaged using a lens

with a focal length of 200 mm (not shown in the
experimental setup) and its polarization distribution is
reconstructed using polarization tomography. The tomog-
raphy is performed using an appropriate sequence of a
quarter-wave plate, a half-wave plate, a polarizer, and a
spatially resolving detector (CCD camera) set at an
exposure time of 0.1 s.
In order to generate vector vortex beams (radial, azimu-

thal, and spiral), a linearly polarized Gaussian beam is sent
to a tuned (δ ¼ π) q plate of topological charge q ¼ 1=2
[28]. Apart from a global phase, the generated beam will be

given by ½LG0;−1ðr;φ; zÞeL þ exp ðiβÞLG0;1ðr;φ; zÞeR&=ffiffiffi
2

p
, where β≡ 4α0 depends on the orientation of the q

plate with respect to the input polarization. The generated
beams correspond to radial (β ¼ 0), azimuthal (β ¼ π), and
spiral (β ¼ 'π=2) vector vortex beams. To generate the
lemon and star Poincaré beams, a circularly polarized
Gaussian beam is sent to a perfectly detuned (δ ¼ π=2)
q plate with q ¼ 1=2 and q ¼ −1=2, respectively [29].
Here, β ¼ 2α0 and does not affect the polarization topology
but does cause a rotation in the polarization pattern. Thus,
we choose β ¼ 0, resulting in an output beam of the form
½LG0;0ðr;φ; zÞeL þ LG0;2qðr;φ; zÞeR&=

ffiffiffi
2

p
, again omitting

any global phase factors. Note also that monstar topologies
cannot be readily generated in the laboratory. This scheme
allows us to switch between different structured light beams
without altering their intensities.
Analysis.—It is well known that azimuthal modulational

instabilities associated with the helical phase structure
found in beams carrying OAM result in their filamentation
as they propagate through saturating self-focusing media
[2,3,6]. It has been shown, however, that the dominant low-
frequency perturbations that typically disrupt ring solitons
are inhibited by diffraction for vector solitons with no
net OAM [6,9]. For strongly saturating media, stable
counterrotating vortex pairs have also been predicted
[9]. Here we confirm the inhibition of the azimuthal
instability experimentally and numerically by propagating
a beam of the form cos γLG0;−1ðr;φ; zÞeL þ
sin γ exp ðiβÞLG0;1ðr;φ; zÞeR through a self-focusing
medium. When γ ¼ 0 or π=2, the beam is a scalar LG
mode defined by l ¼ −1 or þ1 with left- or right-hand
circular polarization, respectively. For γ ¼ π=4 we have a
vector vortex beam with linear polarization and for γ ¼ π=8
and 3π=8, a vector vortex beam of left- and right-hand
elliptical polarization, respectively, following the topology
of the vector beam with γ ¼ π=4. Note that each beam has
the same total intensity.
A comparison of the experimental results with the

simulations based on Eqs. (2) is shown in Fig. 3 for a
vector beam defined by β ¼ −π=2. From our results, we
can see that the nonlinearity counterbalances diffraction up
until the point at which the beams fragment. As expected,
we see that the scalar OAM-carrying beams (γ ¼ 0, π=2)
are starting to break up at the exit of the nonlinear cell. The
vector beam (γ ¼ π=4), on the other hand, seems almost
unperturbed, in terms of both its amplitude and polarization
distribution. Indeed, we can find numerically that the
fragmentation point occurs much later for vector beams
(∼13.5 cm) than for scalar beams (∼9 cm) [30,31] and that
the vector beam and its components break up at the same
point. For the elliptically polarized vector beams (γ ¼ π=8,
3π=8), the stability length is between the cases of scalar and
vector vortex beams. In this case, the effect of the nonlinear
propagation is also evident in the local rotation of the
polarization: The initial spiral distribution has now become

780nm

Generation

PBS

Detection

CCD PBS

QP

Rb

f

FIG. 2. Experimental setup. A cw wavelength-tunable (760–
790 nm) Toptica diode laser is coupled to a polarization-
maintaining single-mode optical fiber. The power of the laser
beam is adjusted by means of a half-wave (λ=2) plate followed by
a polarizing beam splitter (PBS) in order to reach the saturation
threshold (Isat ¼ 5 Wcm−2) for the D2 resonance line of Rb. A
combination of a λ=2 and a λ=4 plate is used to generate an
arbitrary polarization state, which is then sent to a q plate (QP),
with a topical charge of q ¼ '1=2, to generate vector vortex and
Poincaré beams. This is then focused (w0 ¼ 60 μm) into a
thermally controlled Rb atomic vapor cell by means of a lens
(f ¼ 150 mm). The transmitted beam is analyzed with a combi-
nation of a λ=4 plate, a λ=2 plate, and a PBS and attenuated using
neutral density filters before being recorded by a CCD camera.
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The magnetic field along the z-axis 

Polarization rotation control of a vector beam with four level tripod system 
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The electric field of vector vortex beam propagating along the z-axis 
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Polarization rotation control of a vector beam with four level tripod system 
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ρ41 = −
ΩR

2

1 +
|ΩL |2

A

Δ14 + |Ωc |2

Δ*13
+ |ΩL |2

Δ*12 (1 + |ΩR |2

A )
Δ12 = 2βL + iΓ12

Δ13 = δc − δp + βL + iΓ13

Δ14 = δp − βL + iΓ14 Δ23 = δc − δp − βL + iΓ23Δ24 = δp + βL + iΓ24

Γ12 = Γ13 = Γ23 = γc = 0.001γ

Γ14 = Γ24 = Γ34 = γ/3 (γ41 = γ42 = γ43 = γ)

Response of the atomic medium

A = Δ*24Δ*12 [1 − ( |ΩR |2

Δ*24Δ*12
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|Ωc |2

Δ*24Δ23 )]
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Δ12 (1 − |ΩL |2
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Δ13 = δc − δp + βL + iΓ13

Δ14 = δp − βL + iΓ14 Δ23 = δc − δp − βL + iΓ23 Δ24 = δp + βL + iΓ24

Γ12 = Γ13 = Γ23 = γc = 0.001γ

Γ14 = Γ24 = Γ34 = γ/3 (γ41 = γ42 = γ43 = γ)

Response of the atomic medium
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Absorption & Dispersion
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Absorption & Dispersion
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Control Field Spatial Envelope 
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Spatial Absorption in presence of BG control field

Ωc = 4γ, Ωp = 0.05γ δp = 0,δc = 0.2γ, βL = 0.1γ
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Spatial Absorption in presence of BG control field

Ωc = 4γ, Ωp = 0.05γ δp = 0,δc = 0.2γ, βL = 0.1γ
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Spatial Refractive index in presence of BG control field

Ωc = 4γ, Ωp = 0.05γ δp = 0,δc = 0.2γ, βL = 0.1γ
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Spatial Refractive index in presence of BG control field

Ωc = 4γ, Ωp = 0.05γ δp = 0,δc = 0.2γ, βL = 0.1γ
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(a) z = 0 (b) z = zR
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Atomic waveguide
Ωc = 4γ, Ωp = 0.01γ δp = 0,δc = 0.2γ, βL = 0.05γ
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Atomic waveguide
Ωc = 4γ, Ωp = 0.01γ δp = 0,δc = 0.2γ, βL = 0.05γ
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Concluding remark

1. The absorptive properties of a resonant systems can be well controlled by the 
application of the strong input control field

2. Transverse polarization structure can be rotated as desired with appropriate 
magnetic field strength 

3. The mechanism of efficient polarization control and manipulation of a vector beam 
can open up a new avenue for high-resolution microscopy and high-density optical 
communications. 
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