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2D optical photon echo spectroscopy of a self-assembled
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Simulations of two dimensional coherent photon echo (2D-
PE) spectra of self-assembled InAs/GaAs quantum dots (QD)
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B. P. Fingerhut et al.: 2D optical photon echo spectroscopy of a self-assembled quantum dot

In analogy to nuclear magnetic resonance (NMR)
multidimensional spectroscopy can be extended to the
optical wavelength regime. The mixing of multiple elec-
tromagnetic fields in a sample induces a signal field,
which can be recorded in amplitude and phase by het-
erodyne detection. The excitonic response is affected
by many-body effects [22] and characteristic disper-
sive line-shapes are induced in the non-linear response
[25]. An additional powerful feature of coherent two di-
mensional (2D) optical spectroscopic techniques is the
ability to reveal if individual transitions are coupled. The
existence of peaks revealed in 1D techniques shows opti-
cal allowed transitions, but there is no way to determine
if two transitions are fully independent or share a com-
mon state, i.e. are coupled. In 2D techniques indepen-
dent transitions appear solely as diagonal peaks, whereas
coupled transitions can show unique cross-peaks as off-
diagonal features.

Coherent two dimensional (2D) optical spectroscopic
techniques like photon echo (PE) spectroscopy or dou-
ble quantum coherence (DQC) spectroscopy have been
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