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This document provides supplementary information to the article “Ultrafast coherent manipulation of trions in
site-controlled nanowire quantum dots,” https://doi.org/10.1364/optica.3.001430.
In particular we are
providing details about the experimental setup used for the magnetic spectroscopy and coherent control of
the trions in InAsP QDs embedded in InP nanowires. We show the detailed magnetic spectroscopy
analysis that includes the raw spectra, the fits and the extracted diamagnetic shift factor. Finally, to
complement the modelling of the main manuscript we provide the complete coherent control modelled results
for two additional resonant pulse detunings. © 2016 Optical Society of America
https://doi.org/10.1364/optica.3.001430.s001

Experimental setup. The experimental setup used for the trion
coherent control experiments is shown in Fig. S1. An above-band
diode laser is used for resetting the spin state, and a Ti:Sapphire
picosecond pulsed laser provides the pulses for the coherent
control. A Mach-Zehnder interferometer splits the pulses in two
copies in the two interferometer arms. The ~3-psec pulses are
shaped to ~20 psec at the “pulse filtering” stage and combined
with the weak above-band laser on a beamsplitter before being
focused on the nanowire quantum dot as shown in Fig. S1(a). A
polarizer in the detection path allows for polarization-resolved
measurements. The signal, once passed through the polarizer, is
sent to a custom-made double monochromator with a ~10μeV
resolution, which resolves all the spectral lines of the system. Using
the output slit, the optical transition of interest is sent to a freespace SPCM that detects the emitted photons. Fig. S1(b) depicts the
experimental scheme and highlights the orientation of the main
polarization axes with respect to the magnetic field orientation.

Magnetic spectroscopy. We performed a complete
characterization of the nanowire QD as a function of the magnetic
field using a superconducting magnet. The quantum dot was
initially characterized at zero field to extract spectroscopic
information about its optical emission linewidth; a fit to the
spectrum yielded a 45-µeV linewidth, as shown in Fig. S2(a).
Gradual application of the magnetic field clearly splits the spectral
lines of the nanowire quantum dot into a quadruplet, which
indicates that the dot is charged. Fig. S2(b) shows the evolution of
the spectra as a function of the magnetic field for the two main
polarizations. Multipeak fitting allows extraction of the peak
locations of all four spectral lines as a function of the magnetic field.
The locations of the peaks are shown in Fig. S2(c). The linear
Zeeman shifts are present along with the quadratic diamagnetic
shift; the diamagnetic shift moves all four spectral lines higher in
energy.
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Fig. S1. Complete coherent control setup and detection scheme.
(a) Experimental setup for the coherent control of trions. DPSS:
diode pumped solid state laser, SPCM: single photon counting
module, CCD: charge coupled device, M: mirror, FM: flip mirror,
LM: lowered mirror, L: lens, P: polarizer, BPF: bandpass filter, I: iris,
MO: microscope objective, BS: beam splitter, G: grating, R10:T90:
90-10 partially reflective beam splitter, λ/2: half-wave plate, RR:
retroreflector. (b) Schematic representation of optical excitation
and detection scheme. The main polarization axes are defined with
respect to the orientation of the magnetic field. The quantum dot is
depicted as the blue oval close to the center of the nanowire.
The diamagnetic shift is extracted by calculating the midpoint
energy between the highest and lowest energy peaks of the same
polarization and is shown in Fig. S2(d).

Fig. S2. Magnetic spectroscopy of the nanowire quantum dots.
(a) Photoluminescence measurement of the quantum dot for
above-band excitation for the two main polarizations. The spectral
lines are fitted with Lorentzians of 45 ± 6 µeV FWHM and the
energy splitting between of the two polarizations is only ΔE=3.2 ±
1 µeV. (b) Magnetic spectroscopy of the nanowire dot for
increasing magnetic field in the Voigt configuration under aboveband excitation. The spectral structure quickly develops into a
quadruplet. Note that the spectra for increasing field have been
displaced vertically to help the reader visualize the evolution of the
spectra. (c) Fitted locations of the individual spectral peaks. (d)
Diamagnetic shift extracted from the peak locations of (c).

Fig. S3. Modelling of complete coherent control
experiment for two different detunings. (a) Complete
coherent control experiment for zero detuning of the
resonant pulses. (b) Here, the detuning was set to
Δω L / 2π = 9.55GHz . The individual lobes at fields 0.55 and
1.4 W1/2 progressively merge with each other for increasing
detuning.
The solid line is a quadratic fit, from which we found the
diamagnetic shift factor to be 7.13±0.07 µeV/T2. Subtraction of the
diamagnetic shift from the raw peak locations of Fig. S2(c) reveals
the purely linear Zeeman splitting that is shown in Fig. 1(b) of the
manuscript. The g-factors that we extracted here are 0.22 and
1.49. A common trait of InAsP QDs in InP nanowires is the large
mismatch of the electron and hole g-factors with gh being always
much smaller, similar to quantum wells. This allows us to identify
that ge=1.49 and gh=0.22. For more information on the g-factors as
well as typical values of exchange interactions in InP nanowire QDs
the reader can refer to the work by Witek et al. [1]. For the
quantum dot investigated in this work, when we drive the lowest
energy outer transition, we observe photons from the inner
highest energy transition. This suggests that the lambda system
we are investigating has the level structure depicted in Fig. 1(d) of
the main manuscript (or the insets of Fig. S4) with the ground
states being the ones having the largest splitting. We can therefore
safely attribute the ground state splitting to the electron g-factor
and the trion state splitting to the hole g-factor indicating that we
have a negatively charged quantum dot.
Complete coherent control for various detunings. Dual
pulse excitation with varying amplitudes and varying interpulse
delays allows access to the full Bloch sphere. In the manuscript we
have provided the modelled complete coherent control
experiment for the detuning used in the actual experiment
( ΔωL / 2π ~ 14.5GHz ). To further illustrate the effect of the
resonant pulse detuning, we provide the same modelled
experiment of complete coherent control for two more detunings.
In particular we calculated the behavior of the system for the onresonance case, with ΔωL / 2π = 0GHz as shown in Fig. S3(a) and
for Δω L / 2π = 9.55GHz as shown in Fig. S3(b). Increasing the
detuning results in a gradual merging of the individual lobes
because of the additional angle imposed on the axis of rotation of
the Bloch vector. Further increasing the rotation pulse detuning
leads to complete merging of the lobes as shown in Fig. 5(b) of the
manuscript.
Spin-Pumping experiments. We also performed spin
pumping experiments on the nanowire QD investigated in this
work as shown in Fig. S4(a)-(d). We performed spin pumping in all
four possible configurations to further establish the double-Λ
structure of our negatively charged QD in the Voigt Magnetic field.
Spin pumping is here performed using a monomode tunable CW
laser (Ppump = 110nW) with which we resonantly drive the spin-
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ground-state to trion transitions in combination with a weak
above-band laser (Prand = 10nW) to randomize the population of
the ground spin states. For these experiments each Λ system is
pumped along one transition while we only detect photons on the
other (orthogonally polarized) transition of the pumped Λ system
(see insets of Figs 4(a)-(d)). When the frequency of the CW laser is
scanned across one trion transition (for example vertical), while
recording photons from the other transition (for example
diagonal), a Lorentzian peak can be seen as shown in Fig. S4 (a).
Once the randomization laser is turned off, the counts drop to the
background detector counts even though the resonant laser is still
being scanned across the transition. This indicates high fidelity
spin initialization in our nanowire QD. Fig. S4 (a) shows spin
pumping when the system is pumped at the highest vertical
energy transition 1-4 while detection is along the diagonal
transition 4-2. Fig S4 (b) shows spin pumping when the system is
driven on 1-3 while detected photons come from 3-2. Fig. S4 (c)
shows spin pumping while driving transition 2-4 and detecting
transition 4-1 and finally Fig. S4 (d) shows spin pumping along
transition 2-3 for photons detected on transition 3-1. In all four
insets, the randomization laser is depicted as the upward violet
wavy arrows whereas spontaneous emission is depicted as the
downward grey wavy arrows. The resonant CW laser is shown as
a solid upward arrow and the spontaneous decay detection
channel is highlighted in yellow. For a more in-depth investigation
of spin pumping in deterministically positioned nanowire QDs like
the one studied here, the reader can refer to reference [2].
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Fig. S4. Spin pumping of the nanowire quantum dot. (a)
Pumping transition 1-4 while detecting photons coming from 4-2,
(b) pumping 1-3 and detecting from 3-2, (c) pumping 2-4 and
detecting 4-1 and (d) pumping 2-3 while detecting transition 3-1.
When the randomization laser is turned off the counts drop to
background level showing high fidelity spin initialization for all
four transitions.

