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Figure 2. Energetic level structure, measurement principle and PL of a single nanocrystal at a cryogenic temperature of T=6 K.
(a) Excitation of the QD (Eex = 2.168 eV) to the quasicontinuum (QC) is followed by rapid non-radiative relaxation γ to the exciton ground
states (X0-GS) and a radiative recombination to the QD ground state (QD-GS) resulting in three fine-structure lines A1, A2 and F. (b) The
random orientation of the QD on the substrate with respect to the direction of observation n(φ,θ) is described by the azimuth φ and polar
angle θ. The QD PL signal is detected by an objective lens (OL) with NA= 0.82 at various polarization angles α selected with a half-wave
plate (λ/2) and a Glan–Thompson polarizer (GTP). (c) Spectrally resolved PL signal PL intensity

α
of a single CdSe/CdS/PMMA hybrid

particle, as averaged over all polarization angles.

Figure 3. Comparison of the uncorrected and corrected PL
emission from QD I for a polarization angle of α = 70◦. (a) Time
series of 100 color coded PL spectra with an individual exposure
time of 1 s (upper panel). Due to spectral diffusion, the emission
fine structure is lost when integrating over all spectra (lower panel).
(b) Result of the standardized algorithm for removing the spectral
jitter of the data depicted in (a) (upper panel). Averaging over the
corrected spectra results in a data set with enhanced signal-to-noise
ratio and a fine structure limited by the resolution of the
monochromator (lower panel).

yielding the best overlap between the two spectra. For
each individual spectrum Ik (E), we can now compute
a characteristic quantity Dk which serves as a measure

for the similarity of this spectrum with all other spectra
In (E):

Dk :=
∑

n̸=k

max(Ck,n (∆)) . (2)

In the spirit of lucky imaging, the reference spectrum exhib-
iting the highest structural similarity with respect to all other
spectra is characterized by the maximum global value of Dk.
This reference spectrum is now exploited to determine the
spectral shift ∆j of all remaining spectra by searching for the
maximum in Ck,j. We can now set a threshold in the abso-
lute value of Ck,j (∆j) to discard the spectra with insufficient
information content. Such data sets emerge e.g. when a spec-
tral jump occurs during a specific integration interval. All
remaining spectra Ij (E) are subsequently shifted in energy by
∆j and summed up. This step results in a data set which con-
serves the energetic fine structure at a drastically improved
SNR. The results of this procedure applied to the data from
the upper part of figure 3(a) are depicted in the upper part of
figure 3(b). Finally, the averaged sum is shown in the lower
part of figure 3(b). Very interestingly, this step results in a
spectral width of individual fine-structure lines of approxim-
ately 270 µeV which is close to the nominal energy resol-
ution of our spectrometer of 230 µeV. This finding clearly
demonstrates a high efficiency and reliability of our correc-
tion algorithm (see supplementary material for a quantitative
analysis). Obviously, the spectral diffusion results only in a
small perturbation to the excitonic quantum confinement and
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