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Motivation

e Resonance fluorescence from artificial atoms

e Building blocks for controllable, quantum-coherent structures

e Applications, e.g. as single- and entangled-photon
sources



Motivation

e Observation of the resonance fluorescence triplet from artificial atoms

with quantum dots
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Motivation

e Spectral correlation measurements with artificial atoms
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Motivation

AtAw > 1



Motivation

AtAw > 1

pe(t)

conditioned state following detection of a spectrally
resolved photon



Outline

* [ntroduction into resonance tluorescence
e Spectral filtering
e Conditioned atomic state and memory effects

e Conclusion



Single atom resonance fluorescence
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Single atom resonance fluorescence

von Neumann equation
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Single atom resonance fluorescence
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Single atom resonance fluorescence
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Spectrum




Spectrum

Mollow triplet
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B. R. Mollow, Phys. Rev. 188, 1969 (1969)



Spectrum

e all possible elementary scattering Mollow triplet
processes of laser photons on the atom
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Spectrum

¢ all possible elementary scattering
processes of laser photons on the atom
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Spectral detection
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Spectral detection
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Spectral detection
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Physical spectrum
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Physical spectrum
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Physical spectrum
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What is the conditioned state of the atom?



Physical spectrum
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What is the conditioned state of the atom?



Conditioned state: broadband detection
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Conditioned state: broadband detection
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Conditioned state: broadband detection
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Conditioned state: broadband detection
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Conditioned state: broadband detection
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Conditioned state: broadband detection
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Conditioned state: narrowband detection
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Conditioned state: narrowband detection
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Conditioned state: narrowband detection
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VNS, S. Ya. Kilin, Opt. Commun. (2000)
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Conditioned state: narrowband detection

Time-dependent Non-stationary
conditioned atomic state cross-correlation function
e X(@) (2) /5.
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Conditioned state: narrowband detection

Time-dependent Non-stationary
conditioned atomic state cross-correlation function
e X(@) (2) /5.
) = RO ) Tpu(BEET)

X(t) = Trp[U(t)ol (t)pan(0)al (t)UT(t)]

U(t) = exp G%)

ol (t) = /t dt'T(t —to_(t)

Trace distance [H.-P. Breuer, E.-M. Laine, J. Piilo, PRL (2009)]

1
Dy (t) = §Hpc(t) — p°(00)]] |A]| = TrvV ATA - trace norm



Trace distance of the conditioned state
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Conclusion

e Spectral detection is an indispensable tool in
resonance fluorescence

e Spectral detection introduces memory effects
e Memory eftects can be observed in measurements

of temporal cross correlations between filtered and
unfiltered photons



