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Laguerre-Gaussian beam

• A helical wave front with doughnut shape intensity

distribution with zero intensity at the center.

• Carries an orbital angular momentum and has a

non-vanishing azimuthal phase dependence
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Atomic level configuration for Fg =2 →→→→ Fe =3

Experimental set-up for one-beam system

Measured Hanle EIA profiles for Gaussian and LG beams

Theory of Electromagnetically Induced Transparency and Absorption Resonances with a LG beam
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The field amplitude satisfying the wave equation in the paraxial approximation is given by
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For z << Rayleigh length ‘zR’ and making the dipole approximation,  ELG reduces to

The time evolution of the density matrix ρ is 

given by the Liouville equation

d 1
[ , H] { , }

dt 2

i
R Γ ϒ

ρ
= ρ − ρ + Λ + Λ%

h2

,

12 2
   Im[ ]

i j

geo
ij e g

i j ge
i j

JJN
d

mm qc
≠

 πω
α = ρ ρ 

−Ω  
∑

h

2

2

2 2

0 0
,

( )

12 2
   Im[ ]

( )

o

i j

w geo
LG ij e gl rr

i j ge
o ilw zi j
LG

JJN
d drd

mm qr
c e e

w z

π

= φ= −
− φ≠

 πω
α = ρ ρ φ 

−  
Ω  

 

∑∫ ∫
h

The steady state probe absorption α is given by 

Computed probe absorption for the LG beam

Experimental set-up for two-beam system

Experimental Results

Computational Results

Conclusions1

The LG beam profile brings about a significant narrowing in the

line shape of the Hanle resonance and ground-state Zeeman

coherence in comparison to a Gaussian beam. This narrowing is

attributed to the azimuthal mode index of the LG field.

LG-field-induced narrowing of EIT and EIA profiles may have

several important applications such as atomic clocks,

magnetometers, slow light, etc.
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