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Ultra-slow Light
Ultra-slow light

Examples

Applications

Group velocity of the light pulse is 
significantly reduced

17 m/sec in ultra cold atoms
Nature 397, 594 (1999)

57 m/sec at room temperature in solid
Science 301, 200 (2003)

Important for all optical communication, 
real time optical delay, optical data 
storage, optical memory 



Plan
• Group velocity
• Techniques to slow light

– Electromagnetic Induced Transparency 
(EIT)

– Coherent Population Oscillations (CPO)
– Coherent Zeeman Oscillations (CZO)

• Coherent Control of Susceptibility
• Conclusion
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II- How to produce slow light?
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• Electromagnetic Induced Transparency

• Coherent Population Oscillations

• Coherent Zeeman Oscillations (CZO)



II-a Electromagnetic Induced Transparency



II-a Electromagnetic Induced Transparency



II-a Electromagnetic Induced Transparency



Coherent Population Trapping
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II-a Electromagnetic Induced Transparency
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II-a Electromagnetic Induced Transparency
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II-a Electromagnetic Induced Transparency
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ALL THE ATOMS ARE IMMUNE TO INTERACTION: 
perfect transparency

II-a Electromagnetic Induced Transparency
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II-b Coherent Population Oscillations
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II-b Coherent Population Oscillations



2ω 12ω + δ = ω

δ

Reinforcement of the 
emission at 1ω

2ω − δ

2ω

II-b Coherent Population Oscillations



2ω
12ω + δ = ω

δ

δ
0

A
bs

or
pt

io
n

II-b Coherent Population Oscillations



2ω
12ω + δ = ω

δ

δ
0

A
bs

or
pt

io
n
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II-c Coherent Zeeman Oscillations
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A double two level system

Δ

π σ

F=½

F=½

kπ

kσ

kδ

( , )

( , ) .

i r t
T

r t t k r
Ee e e e
E

σ
π σ

π

δ ϕ

− Φ

Φ = Δ − +

= +

( )Φ ,r t

0 2π π 3 2π 2π

πe

σe

Polarization is a modulated structure that produces a grating in space/time

II-c Coherent Zeeman Oscillations



grating imprints on 
Zeeman coherences
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grating imprints on 
Zeeman coherences
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grating imprints on 
Zeeman coherences
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grating imprints on 
Zeeman coherences
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grating imprints on 
Zeeman coherences
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II-c Coherent Zeeman Oscillations



• Pure Non-linear effect
• No dark state
• Hybrid properties between CPO and EIT
• Pave the way to extension in more 

complex system

II-c Coherent Zeeman Oscillations
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III- Coherent Control of Susceptibility
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III- Coherent Control of Susceptibility
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III- Coherent Control of Susceptibility

( )k k k kπ σ π σ+ − =kσ



da cbσρ ρ ρ= +

a b a b

c d c d

π π+

Absorption
path

Cross- Kerr 
type path

daρ =
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III- Coherent Control of Susceptibility
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eff line

ϕχ χ
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Conclusion
• CZO: a new method to slow light without any 

trapping dark state
– Possibility to slow light in more complex atomic 

structures
– General treatment that combines EIT, CPO and CZO

• Control of the optical response of the medium
– Absorber into gain medium with normal or anomalous 

dispersion by adjusting the phase shift
– Control of mechanical action of light
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