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Outline

• Coherent intersubband excitations

• Electromagnetically induced transparency and 
absorption in a ladder system

• Quantum coherence beating on a picosecond time 
scale in a V-system

• Density matrix model for a 3-level system 



Intersubband Excitation and Relaxation

Excitation intensity low (µE/h×τ2<1):

•Incoherent regime
•Description by  rate equations
•Occupation dynamics ρii(t)

Excitation intensity high (µE/h×τ2>1):

•Quantum coherence regime
•Description by the density matrix formalism

•Coherences ρij(t) play an important role
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Electromagnetically Induced Transparency and 
Absorption
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Electromagnetically Induced Transparency and 
Absorption
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Quantum Oscillations on a ps-Time-Scale

V-type level system:
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Excitation at Frequencies between the 
Two Transitions
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The Model
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and

the field equations for optical pulse propagation



Simulation of Populations and Coherences

Excitation: νexc =1000cm-1∼ ∼Excitation: νexc =1110cm-1
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Parameters:

τdephasing = 300fs
Tdepopulation = 4 ps

Pulse duration 2ps
Probe frequency 950 cm-1

Ω31=Ω21 =20 meV Ω31=Ω21 =40 meVRabi-frequencies:



Experimental Results and Simulation
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Oscillations due to beating of coherences



Transient Spectra due to Coherent Excitation

Transmission increase at the
excited transition e1-e3
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Summary

• Coherent intersubband excitations are observed on 
a ps time scale

• Electromagnetically induced transparency and 
absorption are found in a ladder system

• Time resolved experiments in a V-system show 
beating of quantum coherences on a ps time scale

• The beating period is in agreement with simulations 
of the corresponding 3-level system
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