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Overview

» Introduction: Keldysh Nonequilibrium Green’s
functions approach.

» Monitoring many-body effects in the mid infra red
gain and THz absorption of gcl’s.

» Preliminary comparison of relative relevance of
Coulomb effects in the THz and mid-infrared gain
of different qcl structures.

» Summary.
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Superlattice States in the QCL
Structucture
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Superlattice States in the QCL

Structucture
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» Greens functions expanded in Wannier-Stark states.

T(R) =) v%ﬁik'rffu(z)ﬂlk = ¢al2)ark

Axs (5, 8) = [ #3u(Ra) $p(R1) A(Ry, Ra) dRy dR;
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Nonequilibrium Stationary State

correlation function, G<(E)
retarded Green's function.

]fI‘Et (E)

Extract physical properties
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Selfconsistent Loop

Initial guess:
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Energy- and Spatially-Resolved

Populations
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Absorption and Gain: Linear Response

to an Optical Field
» Absorption (-Gain) Coefficient




Schematic View of a QCL Section

with Mean Field
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Nonequilibrium Distributions are

Necessary
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Details of the Coulomb Matrix Elements

are Necessary

v 2re?
4 (i _‘f) = A“fﬁ_ i f dzdz'$}(2)u(2)94 (2 )b (2) exp — |k — K|z — 2|
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Coulomb Matrix Elements and

Renormalized Energies

1 2
v (i _‘f) = j;{fﬁ_ i f dzdz'$},(2) 60 (2)$5(2 )5 (2) cxp —|k — K| |z — 2|
Details of the bandstructure
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Mean Field of Ionized Donors i1s

Necessary
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Influence of Bias and Mean Field on
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Many —Body Effects
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Influence of Bias and Mean Field on

Many —Body Effects
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Details of Absorption Transitions
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Details of Absorption Transitions
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Details of Absorption Transitions
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Details of Absorption Transitions

Absorption (1/micron)
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Details of Absorption Transitions
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Coulomb Matrix Elements
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Coulomb Matrix Elements
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Details of Gain Transitions
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Details of Gain Transitions
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Details of Gain Transitions
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Details of Gain Transitions
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Details of Gain Transitions
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Details of Gain Transitions
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THz Quantum Cascade Lasers
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THz Quantum Cascade Lasers
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Summary

» Strong contrast between the importance of many-body effects in the
gain and absorption region of a mid-infrared qcl.

» Many body effects influenced by both nonequilibrium occupation
functions and Coulomb matrix elements, which depend on wave
function overlap.

» These two factors can be modified by means of an external bias which
ultimately allows us to monitor and control the overall strength of
Coulomb corrections in the structure.

» Stronger many-body corrections in the gain spectra of a THz of qcl in
comparison with a structure designed for mid-infrared gain.
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