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Abstract

Scaling-up photonic quantum technologies will require the parallel operation of
on-demand sources of identical single photons. In this context, broadband photonic
structures embedding a single quantum dot (QD) are particularly appealing, as optimal

source performance can be maintained upon QD spectral tuning. The nanopost —



a nanocavity built with a segment of photonic wire — offers a broadband Purcell
effect and a directive output beam. So far however, QD-nanopost devices were only
characterized using non-resonant optical excitation. Here, we employ a continuous
wave laser to resonantly drive a single QD in a nanopost and detect its resonance
fluorescence. Even though the nanopost introduces a significant optical roughness at
the scale of the focused laser spot, a cross-polarization scheme leads to an excellent
rejection of the excitation laser. We extensively characterize the QD optical emission by
combining linescans and intensity correlation measurements, which are jointly analyzed
with an analytical model. The emission features a pronounced antibunching (9(2) (0) =
0.02), close to the one of an ideal two-level system. For small driving powers, the
homogeneous (total) spectral linewidth is a factor of 1.4 (5) above the Fourier limit.
Combined with future device improvements, these results mark an important step
towards the realization of bright and widely-tunable sources of indistinguishable single

photons.
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Introduction

Resonance fluorescence results from the scattering of a continuous wave laser by an optically-
active two-level system, such as a semiconductor quantum dot (QD). Despite its simplicity,
this fundamental quantum optics process entails a wealth of intriguing phenomena.' " Res-
onance fluorescence also plays a key role in the development of QD-based photonic quantum
technologies.® By minimizing the excitation of uncontrolled degrees of freedom associated

with the host matrix, it leads to the emission of highly-coherent photons,® ! a feature main-



tained in the pulsed excitation regime.'?13 In addition, it enables a fine characterization of

1420 paving the way towards further improve-

residual noise sources acting on the emitter,
ments of the photon coherence. In practice, separating the QD emission from the excitation
laser represents a significant experimental challenge. Efficient laser rejection can be achieved

9,22-24

using various techniques,?! including path separation or polarization-based dark field.

25-28 T the latter, one detects the signal component that is cross-polarized with respect to

the driving laser. This strategy leads to an excellent laser rejection for planar structures, 230

and for photonic structures featuring a flat, micron-scale top facet, such as micropillars!!3
and photonic trumpets. 3! To date, demonstrations with structures smaller than the free-
space wavelength are still extremely scarce. One work reports resonance fluorescence from
a single QD embedded in a needle-like photonic wire antenna,?” albeit with relatively mod-
est signal-to-background levels. Very recently, clean laser rejection was demonstrated in a
similar system under pulsed resonant excitation,*? however without addressing the spectral
properties of the emitted photons.

In this Article, we use a continuous wave laser to resonantly drive a self-assembled QD
that is embedded in a nanopost optical cavity, and detect the QD resonance fluorescence.
The nanopost is designed for free-space emission and offers a broadband acceleration of

spontaneous emission, 3334

which is appealing for the realization of tunable sources of indis-
tinguishable single photons and bright sources of entangled-photon pairs. This cylindrical
photonic structure is made of a high-index material and features a diameter of 250 nm,
typically four times smaller than the focused laser spot. Yet, a cross-polarization scheme
leads to an excellent rejection of the driving laser. We leverage resonance fluorescence to
perform a comprehensive characterization of the QD emission dynamics, over a broad range
of timescales. Specifically, we perform linescans and intensity autocorrelation measurements
and introduce a fully analytical model to interpret the data. The QD emission features a

nearly-perfect antibunching and a close-to-lifetime-limited dephasing time. Measurements

also reveal a moderate spectral diffusion and a blinking between distinct QD charge states.



Surprisingly, the power of the resonant laser impacts the amplitude and dynamics of both

processes.

Device and experimental setup

As schematized in Fig. 1(a), the nanopost optical cavity is built with a segment of photonic
wire, which is half-micron-high and features a diameter of 250 nm. This cylindrical structure
is made of GaAs, a material with a large refractive index (n = 3.46). The nanopost stands
on a strongly reflecting planar SiOs-Au mirror®> while the flat upper facet introduces a
weaker top reflection. We focus on a third-order Fabry-Pérot mode that resonates close to
Ae ~ 930 nm (Fig. 1(b)). Thanks to the ultrasmall volume of the cavity mode (0.3(2<)3),
a modest quality factor (Q. =~ 30) is sufficient to achieve a large Purcell acceleration (x6)
for an emitter that is located on the first, bottom antinode.3?® This Purcell acceleration is
maintained over a bandwith as large as 30 nm at half-maximum. In addition, the strong
suppression of the emission into the continuum of free-space modes?® further enhances the
fraction of spontaneous emission coupled to the cavity mode. The nanopost emits a directive
output beam, which results from the interference between the upward emission of the top
facet and the backscattered part that is reflected by the bottom mirror.?? For this generation
of devices, numerical simulations predict a collection efficiency of 41% into a first lens with
a numerical aperture NA = 0.65. Using a larger NA = 0.75 and recent, advanced designs
could improve this figure of merit up to 69% (Ref. 34).

Figure 1(c) shows a scanning electron micrograph of a representative device. The nanopost
investigated in this work belongs to the same fabrication batch as the one investigated in
Ref. 33. The device is 460 nm-high and features a nominal diameter of 250 nm. It embeds a
layer of self-assembled InAs QDs (~ 5 QDs per structure on average). Whereas their longi-
tudinal position precisely matches the location of the first antinode (70 nm above the silica

layer, see Fig. 1(b)), their lateral location in the wire cross section is random. This does not
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Figure 1: Resonance fluorescence from a single QD in a nanopost cavity. (a)
Cross-polarized excitation and detection (simplified setup, RF: resonant fluorescence, PBS:
polarizing beam splitter). (b) Electrical field map for the third-order Fabry-Pérot resonance
supported by the nanopost cavity (finite-difference time-domain numerical simulation). The
dashed black line indicates the location of the QDs layer, on the first antinode. (c) Scanning
electron micrograph (tilted view) of a representative device. (d) Intensity versus the laser-
QD detuning (circles: raw measurement, solid line: fit to a Voigt profile); power of the
resonant and non-resonant laser: P, = 9 nW and P,, = 160 nW, respectively.

constitute a serious practical limitation: in the presence of spectral and spatial randomness,
we indeed estimate that 10% of the emitters feature a Purcell acceleration larger than 50%
of the optimal value.3?

The nanopost device is investigated using a dark-field microscope.? As detailed in the
SI, the chip is mounted in a liquid-He bath cryostat (T' = 4.2 K). Excitation is provided by a
continuous wave tunable diode laser: it features a linewidth below 1 MHz and is frequency-
and intensity-stabilized. The laser is focused on the nanopost with an aspheric lens (NA

= 0.65), which also collects the resonance fluorescence signal. The latter is detected on



a linear polarization that is orthogonal to the one of the laser. To optimize polarization
filtering, we employ polarized beam splitters and a quarter-waveplate to compensate for
residual birefringence of the optics, as well as spatial filtering using a single-mode optical
fiber.2® The signal is detected by a pair of superconducting nanowire single-photon detectors
forming a Hanbury Brown and Twiss setup. In the following, the signal intensity corresponds
to the sum of the detected counts. In correlation mode, the total time jitter of the setup is

35 ps (FWHM).

Results

We detect the resonance fluorescence of single QDs embedded in a nanopost cavity with a
large signal-to-background ratio. We focus here on a trion (singly charged exciton) with an
emission wavelength of 936.6 nm. The lifetime of the excited state is T} = 350 4 25 ps, which
corresponds to a Purcell acceleration of 4.8 (see SI). Figure 1(d) shows an example linescan:
one measures the scattered intensity as the laser frequency wy,/(27) is scanned across the
QD transition. In this raw experimental trace, the very low background level (= 1 keps)
evidences an excellent rejection of stray laser light. We indeed measure a laser rejection by
a factor as large as 10°. Maintaining this value requires however an excellent stability of the
setup. Indeed, a lateral displacement of the nanopost by 10 nm typically decreases the laser
rejection by one order of magnitude. With optimal settings, the residual laser light yields a
contribution of 60 cps/nW to the background counts.

As observed in other non-gated QD devices, %373 a weak, non-resonant laser is mandatory
to switch-on the resonance fluorescence signal (see SI). This continuous laser is tuned to
Anr = 830 nm, below the bandgap energy of GaAs, in the absorption continuum associated
with the QD wetting layer. The non-resonant laser also excites the luminescence of all the
other QDs embedded in the nanopost structure. This contribution is filtered out with a

monochromator. Its transmission window is centered on the QD transition of interest and
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Figure 2: Power dependence of linescans. (a) Intensity versus the laser-QD detuning,
(Wi, — Weg)/(2m), for two driving powers P, (circles: raw measurement, solid lines: fit to a
Voigt profile (Eq. 1 and model described in the main text)). The intensity scale is logarithmic.
(b) Predicted power-dependence of the intensity at resonance (wy, = @We,). The symbols
indicate P,’s for which a linescan was measured. (c) Power dependence of the homogeneous
and inhomogeneous linewidths (Awy,/(27) and Aw;/(27), respectively). Aw;/(27) < ¥ is a
fit parameter. Awy,/(27) is computed from the value of the fit parameters T, and k; similarly
to panel (b), the symbols indicate P’s for which a linescan was measured.

features a bandwidth of 50 GHz (200 peV). In the following, the non-resonant power is set
to P, = 160 nW. This corresponds to ~ 2% of the non-resonant saturation power, which
yields an additional contribution to the flat background of 700 cps (see SI). Overall, the
total background counts are negligible compared to the peak resonance fluorescence signal
(signal-to-background ratio ~ 200 : 1).

Figure 2(a) shows two linescans (logarithmic intensity scale), which are measured for an
increasing power P, of the driving laser. In both cases, the experimental data are very well
reproduced by a Voigt profile. We further model the QD as a two-level emitter, whose ground

state |g) and excited state |e) are separated by an energy hw,,. The Lorentzian contribution



to the Voigt function is attributed to the homogeneously-broadened emission of the two-level
system. The inhomogeneous Gaussian contribution reveals random fluctuations of the QD
emission frequency we,/(27), on a time scale that is much longer than the photon emission

process. The intensity collected in a linescan experiment then reads:

(Den) = b nPlon) [ det el ). 1)

oo

The steady-state population of the excited state |e), pecs, accounts for the Lorentzian con-

tribution:
S Aw?
2(1 4+ 5) 4(wr, — weg)? + Aw?”

Pee,s = (2)

Here, S = Q?T\T; is the saturation parameter, with Q the Rabi coupling (2 = k/Pp, k
a proportionality constant), 77 the spontaneous emission time and 75 the total dephasing
time; Awy, = 2T, 'v/1 + S is the homogeneous linewidth (in the angular frequency space). In
Eq. 1, G(w.,) accounts for the inhomogeneous broadening. This Gaussian probability density
is centered at w,, and features a linewidth Aw; = 2\/@2, with ¥ the standard deviation.
Finally, the prefactor P(on) is the probability of finding the QD in the charge state of
interest; 7 is a global scaling factor and b represents background counts. As discussed later,
in addition to linescans, the model also describes intensity autocorrelation measurements;
the fit procedure jointly considers these two measurements.

Figure 2(c) shows the homogeneous and inhomogeneous linewidths obtained from this
analysis, as a function of the driving power P,. In the low-power limit, the homogeneous
linewidth of Aw,/(27) = 650 MHz is a factor 1.4 above the Fourier limit (the dephasing
time, To = 490 ps, is equal to 0.70 x 277). Still in the low-power limit, the fit yields an
inhomogeneous linewidth Aw;/(27) = 2.1 GHz. The total linewidth amounts to 2.5 GHz, a
factor of five above the Fourier transform limit (acquisition time of 1 min).

To gain additional insight over the QD emission dynamics, we measure the intensity

autocorrelation function ¢®(7) with a Hanbury Brown and Twiss setup. The driving laser
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Figure 3: Intensity autocorrelation. (a) Intensity autocorrelation function for P, =
2.4 W (blue curve: raw experimental data, black curve: fit to Eq. 3). The data show
a clear antibunching at zero delay (¢®(0) = 0.02), and a bunching peak at larger delays
(max ¢®@(7) = 3.1). (b) Short delay intensity autocorrelation for 3 different excitation
powers (circles: binned raw experimental data (100 ps time bins); dark curve: fit). (c)
Long delay intensity autocorrelation for the 3 same excitation powers, displayed in a semi-
logarithmic scale. The raw experimental data were time-binned logarithmically.

is tuned to the central frequency (wy, = Wey). The acquisition time is 2.5 h per experimental
trace. Every 20 min, we check and optimize the laser rejection and perform a linescan to
track slow drifts of the QD emission frequency.?® A typical measurement trace is shown in
Fig. 3(a). The histogram shows a pronounced dip at zero delay: ¢‘®(0) is as low as 0.02. On
this time scale, the QD behaves as a close-to-ideal two-level system. At larger delays however,
the data features a pronounced bunching peak (¢®)(7) = 3). The spectral diffusion process
evidenced in the linescans contributes to this bunching peak. Indeed, the random wandering
of the QD frequency around the fixed laser frequency results in fluctuations of the emitted

intensity. Right after the detection of a first photon, there is a high probability that the



emitter is still close to resonance with the driving laser. The associated bunching amplitude
is calculated as (pZ,,)/(pees)® (Ref. 20), where (.) indicates ensemble averaging over we,
using the probability density G(we,) obtained from the fit of linescans. The analysis of the
linescan corresponding to Fig. 3(a) yields (pZ,,)/(pee,s)*> = 1.6, well below the experimental
bunching amplitude. We conclude that another source of bunching is present and consider
here a telegraph random blinking.

We now discuss the origin of inhomogeneous broadening and telegraph blinking, starting
with the first phenomenon. Inhomogeneous broadening is caused by a slow spectral diffusion
process, with a characteristic time well above the motional narrowing limit.® An InAs QD
in a GaAs nanopost is exposed to several noise sources. First, the QD may experience a
random electrical field, due to fluctuations in the occupancy of nearby charge traps. This
leads to spectral fluctuations via the quantum-confined Stark effect. 6% Second, the QD is
also exposed to a magnetic noise, due to fluctuations of nuclear spins.'® A trion emission
line then exhibits a random “breathing” due to the Zeeman effect. The associated spectral
broadening has been measured for similar emitters: 6 it is typically one order of magnitude
smaller than the value measured in this work. Finally, the QD is also exposed to a random
mechanical stress, due to the thermal excitation of the vibration modes of the structure.
In a conical microwire, this represents a major source of decoherence.!®#42 In a nanopost,
the reduced dimensions shift the mechanical resonances to larger frequencies (x10% for the
fundamental flexural mode), which dramatically reduces the impact of stress fluctuations.
Early estimates using the theoretical framework of Ref. 42 show that the associated spectral
broadening is typically 10 times smaller than the experimental linewidth. We conclude that
spectral diffusion is here mainly due to electrical noise.

Telegraph blinking is attributed to discrete, random jumps of the QD frequency, on a
scale that vastly exceeds the optical linewidth (2.5 GHz). Even though the emitter remains
optically active, such large spectral jumps bring the emitter in and out of resonance with the

laser, leading in practice to an alternation between bright and dark times. Since linescans

10



show a single peak over a 50 GHz span (£200 peV), we exclude a spectral shift due to a
well-coupled charge trap very close to the QD. 41517 Instead, we consider fluctuations of the
charge state of the QD itself, from singly-charged to neutral and vice-versa, which leads to
larger spectral shifts.?3 In the following, this process will be refered to as “on/off blinking”.

19220 we developed an analytical model in order to consistently

Expanding on recent work,
describe both linescans and intensity autocorrelation measurements. As detailed in the SI,
spectral diffusion is modeled by a continuous fluctuation process, which typically arises from
the coupling to a large ensemble of identical and independent two-level fluctuators.2%4* This
stationary Markovian process is characterized by the Gaussian probability distribution G(w.g)
and by the transition probabilities P(w,,,t +T|weg,t). In the latter, the memory of the initial
frequency is lost with a characteristic time 7gp. On/off blinking is modeled as random and
discrete jumps between the ‘on’ and ‘off” states, following a Poisson process. The latter is
fully characterized by the mean lifetime of the ‘on” and ‘off” states, 7., and 7,4, respectively.
They define the stationary probabilities P(on) = Ton/(Ton + Tor) and P(off) = 1 — P(on), as
well as the transition probabilities P(j, t+7|i,t) (with i, j = ‘on’, ‘off”). Here, the memory of
the initial state is exponentially lost, with a typical time 7o /o = (75, + TO_Hl)’l. Both on/off
blinking and spectral diffusion are supposed to be much slower than the QD photon emission
(78D Tonjof > T1,T3). Furthermore, on/off blinking and spectral diffusion are treated as
statistically-independent processes, which enables a factorization of joint probabilities.

In these conditions, the intensity that is collected in a linescan experiment is given by

Eq. 1. The intensity autocorrelation function can be factorized as:

(P29 (7))

~(2 .
g( )<T> - bon/off(T) X bSD<T) X <pge’s> )
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with

I |
bon/oﬁ(T) =1+ Ee Ton/off (4)
Ton

1 / / /
bSD(T) = m // dwegdwegp(weg7t + T’wfig?t>g<w€g)pee,s(we_(])pee,s(w@g)' (5)

In Eq. 3, the last factor captures the impact of spectral diffusion on the short-delay dynamics.
Here, ¢g®(7) is the intensity correlation function of an homogeneously-broadened two-level
emitter, as obtained from a resolution of the optical Bloch equations in the general, detuned
case (see e.g. Ref. 45). This correction is ruled by the steady-state probability G(wey)
and does not depend on the dynamics of spectral diffusion (see SI). Owing to the square
dependence on the count rate, this averaging is dominated by quasi-resonant contributions
(Weg &~ wr,). Nevertheless, the full expression should be used for an accurate determination
of Ty. The bunching features due to on/off blinking and spectral diffusion are described
by bon/oi(T) and bsp(7), respectively. For intermediate delays (71,7 < || < 78D, Ton/off),
the two-level system can be treated as an uncorrelated emitter (¢®)(7) = 1) while spectral

diffusion and on/off blinking are still frozen (in particular P(wy,, t +T|weg, t) = 0(wy, — Wey))-

The total amplitude of the bunching peak is the product bop /o(0) X bsp (0) = T"“TKOH X éfz’:))z.
At larger delays, the decay of the bunching feature is jointly governed by the dynamics of
on/off blinking and spectral diffusion.

This simple model faithfully reproduces the complete experimental dataset: linescans
(Fig. 2) and intensity autocorrelation (Fig. 3) for various laser powers (16 values of P,
in the range of 1.8 nW — 28 nW). The fit parameters T, = 490 ps and k = Q//P, =
27 x 122 MHz/ VoW are common to the complete data set, whereas the parameters of
spectral diffusion (¥ and 7gp) and on/off blinking (7., and 7.¢) are adjusted for each laser
power. The complete fit procedure is detailed in the SI. Importantly, the homogeneous and

inhomogeneous contributions to spectral broadening can be further disentangled thanks to

the time resolution of ¢(®-measurements. Indeed, the short-delay dip is mostly sensitive to

12
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Figure 4: Characterization of spectral diffusion and on/off blinking. (a) Bunching
amplitudes as a function of the excitation power Pp: total bunching amplitude (black stars),
contribution of spectral diffusion (orange circles), and contribution of on/off blinking (blue
crosses). (b) Characteristic time of the spectral diffusion (7gp, orange circles) and of the
on/off blinking (7on/off, blue crosses) versus F,. The dashed lines are fits to an empirical
power law oc P, which yields o = —0.25. (c) Lifetime of the “on” state (7,,, top panel)
and of the “off” state (7., bottom panel) versus Py, plotted in a log/log scale. The dashed
lines are a fit to a power law (top panel: o« = —0.4, bottom panel: a = —0.1).

T and €2 (homogeneous contributions), whereas the bunching peak observed at longer delays
is in particular sensitive to ¥ (inhomogeneous contribution). Overall, this method enables
an extensive characterization of the QD emission (dephasing, spectral fluctuations, on/off
blinking), over a broad range of timescales.

We now focus on spectral diffusion. Figure 4(a) reveals that the associated bunching

2
amplitude, <<:“’S>>2, decreases when the laser power P, increases. This is expected: the

ratio Awy,/Aw; increases with P, due to power broadening (Fig. 2(c)). Therefore, at large
driving powers, the QD has a higher probability to remain close-to-resonance with the laser,
resulting in a decrease in the intensity fluctuations. Figure 4(b) shows that spectral diffusion
is a fast process (7sp ~ 200 ns in the low-power limit). High-frequency electrical noise can
be generated by non-resonant excitation!® and has also been observed in QDs embedded
in bottom-up nanowires.*® Unexpectedly, the dynamics of spectral diffusion depends on the

power of the resonant laser: 7sp decreases as P, increases, following the empirical power law

13
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Ton+7Toff — 1
Ton P(on)’

Figure 4(a) shows that the on/off bunching amplitude, strongly increases
with the laser power. At low powers, spectral diffusion and on/off blinking feature similar
bunching amplitudes. At large powers (> 10nW), the contribution of on/off blinking becomes
dominant. We note that it is mandatory to take this feature into account for a correct
description of the saturation of the linescan intensity (Fig. 2(b)). Figure 4(b) shows the
characteristic time 7., /o as a function of the laser power. Starting from a low-power value

of 300 ns, Ton/or decreases with Py, with a similar power law that 7gp. This variation is

mainly due to the pronounced decrease of 7., (see Fig. 4(c)).

Discussion and outlook

Taken together, these results show that the resonant laser either modifies the charge dynamics
in the QD environment and/or creates additional charges. At first sight, the excitation of
charges with a laser having a photon energy well-below the bandgap energy of the QD
wetting layer seems rather surprising. However such a process has been reported for similar
QDs embedded in a micropillar cavity.!” In a conical photonic wire, significant subgap optical
absorption, close to the QD transition energy, was revealed through the observation of photo-
thermal forces. 3! Surfaces hosting uncontrolled electronic states may play a role here. We also
note that the charge loading and unloading in the QD may result from complex microscopic
processes (see e.g. Ref. 37). Whereas the power dependencies obtained in this work will
certainly guide microscopic modeling, additional, future research is necessary to elucidate
this intriguing phenomenology.

Both the excellent anti-bunching and the dephasing time close to the Fourier limit are
promising for the emission of indistinguishable single photons. Thanks to the Purcell effect,
the ratio I = T/(27}) reaches 0.70 for a QD in a nanopost. This represents a significant

improvement over photonic wire antennas, obtained either with a top-down approach (I =

14



0.28, Ref. 47) or with a bottom-up one (I = 0.37 and 0.5, Refs. 48 and 49, respectively).
Remarkably, these two latter results were obtained under non-resonant optical excitation,
leaving room for future improvements with a strictly resonant excitation. Practical, on-
demand operation of the source requires a pulsed excitation scheme. Very recently, clean
polarization filtering was demonstrated for the pulsed resonant excitation of a QD in a
tapered bottom-up wire. 32

To tame residual charge noise, future nanopost devices will include an electrostatic
gate. 1659 This suppresses slow spectral diffusion and stabilizes the charge state of the QD.
p-i-n structures have been successfully implemented in suspended waveguides with lateral
dimensions similar to the ones of the nanopost, leading to the emission of highly coherent
photons.1°! In practice, the top contact could be obtained with a thin, suspended mem-
brane made of a transparent oxyde. On the photonic side, moving the QD to the second
antinode of the Fabry-Pérot mode will improve the Purcell acceleration.?* This will also
bring the QD farther from the anchoring, thus reducing the coupling to the fundamental
flexural mode, a residual source of thermomechanical decoherence.

Beyond quantum photonics, this work also opens promising perspectives for QD-nanowire
hybrid nanomechanics. When the mechanical resonance frequency exceeds the emitter
linewidth, spectrally-resolved Raman sidebands appear in the spectrum of the coupled sys-
tem.39°27%4 In analogy with trapped-ion systems, a selective optical excitation of these side-
bands allows cooling down the resonator to its ground state,® and, ultimately, generating
quantum state of motion. Towards this ambitious goal, both the detection of resonance
fluorescence from a QD in a nanopost and the narrow spectral linewidth of the emitter are
important technical achievements. Compared to earlier work with conical microwires, 3!:56:57

the low mass of the nanopost brings the first vibration modes in the GHz range and increases

the coupling strength.
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Conclusions

To conclude, we demonstrated resonance fluorescence from a single QD embedded in a
nanopost cavity. Thanks to a cross-polarization scheme, we achieve a large signal-to-
background ratio. By combining linescans and intensity auto-correlation measurements,
jointly discribed by an analytical model, we extensively characterized the QD emission dy-
namics. Despite the proximity of surfaces, the emitter shows appealing performance, with
moderate noise levels. With future device improvements, the broadband nanopost cavity
thus constitutes a promising building block for the realization of bright and widely tunable

sources of indistinguishable single photons.
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1 Experimental details

1.1 Setup

Resonance fluorescence (RF) is measured with a dark-field microscope, very close to the
one described in Ref. S1. For all experiments presented in this article, the QD was excited
using a resonant CW laser, plus a weak non-resonant laser. The emission wavelength of
the “resonant” laser (Toptica DL pro) is tunable, and is stabilized using a wavemeter and
a feedback loop controlling the laser cavity piezo actuators. A double-pass AOM setup
stabilizes the laser power. The laser control and monitoring setup is detailed in Fig. S2.
The auxiliary non-resonant excitation was performed using a laser diode emitting at
830 nm. The associated photon energy is below the bandgap of GaAs, in the 2D absorption
continuum of the QDs wetting layer. In the measurements discussed in the main text, the
non-resonant power is set to 160 nW (~ 2% of the non-resonant saturation power). The
non-resonant power is not stabilized, but the relative power variations are estimated to be

smaller than 5%.

Spectrometer
--------------- 0 i%«-
4
Tunable Laser stabilization
LASER U setup
N2 cam
% Time tagging
PBS acquisition
4 N4 card
=N Monochromator
( l) P 50/50 SNSPDS‘
Laser diode I Grating
830 nm T
]

Figure S1: Experimental setup. “50/50”: 50:50 fibered beamsplitter; “RE”: Resonant
excitation; “NRE”: Non-resonant excitation; “A\/2”: Half-wave plate; “A/4”: Quarter-wave
plate; “PBS”: Polarizing beam splitter; “Cam.”: Infrared camera; “CCD”: Charge coupled
device camera; “SNSPDs”: Superconducting nanowire single-photon detectors.
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N2 N4 PBS AOM N4 PH

Tunable LASER

Wavemeter

Laser Out

Figure S2: Laser stabilization setup.“)\/2”: Halfwave plate; “A/4”: Quarterwave plate;
“PBS”: Polarizing beamsplitter; “PH”: Pinhole; “AOM”: Acousto-optic modulator; “PID”:
Proportional-integral—derivative controller.

The nanopost device is placed in a vacuum tube that is immersed in a liquid helium bath
cryostat. The tube is filled with helium gas, providing good thermalization with the helium
bath (T = 4.2K). The gas reaches a pressure of 1073 mbar at 4 K. The sample is mounted on
a stage whose position is controlled by a set of 3 piezo steppers (10nm positioning accuracy).
An aspheric lens (numerical aperture of 0.65) focuses the excitation laser on the sample and
collects the QD resonance fluorescence.

In order to separate the QD RF signal from reflected and stray laser light, we employ a
cross-polarized scheme for the excitation and the detection. The laser is vertically polarized.
It excites the QD dipoles (for a trion with no magnetic field: two circular dipoles with
clockwise and counter-clockwise orientations). The laser is filtered using a pair of polarizing
beam splitters (PBS), whereas the QD RF is half-transmitted towards the detectors. A
linear polarizer ensures excellent control over the laser polarization. In addition, a quarter-
wave plate, placed between the cryostat window and the pair of PBS, compensates for the
birefringence phenomena induced by the optics. High-precision rotation stages allow for an
excellent control of the waveplates and polarizer angles (< 3.6 arcsec) which is mandatory
to reach a good laser rejection. Due to the reflection of the laser on a strongly focused spot,
the polarization of high-order modes is perturbed,%? and therefore they are not strongly

rejected by the PBS pair. Therefore, the RF signal is collected by a single-mode fiber (with
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an 80% collection efficiency) which allows to select only the TEM, spatial mode and reject
other modes. The complete setup provides laser extinction ratio as large as 10°, the latter
being strongly dependant on the position of the focused laser with respect to the nanopost.
A 10 nm lateral spatial displacement decreases the laser extinction ratio by one order of
magnitude. For long acquisitions (autocorrelation function measurements), we periodically
check the laser rejection and optimize it if necessary.

Finally, the RF signal is sent towards a monochromator which has a transmission window
of 0.14nm (50 GHz). This allows filtering out unwanted photoluminescence from other QDs
(excited by the weak non-resonant laser) as well as the reflected non-resonant laser itself.
The signal is then split with a 50/50 fibered beam splitter; the two exit paths are fed to
superconducting nanowire single-photon detectors (SNSPDs, Single Quantum Eos). For
the appropriate polarization (controlled with fibered paddle polarization controllers), the
efficiency of these detectors at 930 nm exceeds 85%. They feature a dark count rate of
about 50 Hz and a timing jitter lower than 20 ps (FWHM). Time tagging is provided by an
acquisition card (Swabian instruments TimeTagger Ultra) that allows measuring count rates
(linescan experiments) and coincidence counts (intensity autocorrelation measurements; total

timing jitter of 35 ps (FWHM)).

1.2 Measurement procedure

For each laser power Py, we perform a linescan and an intensity autocorrelation measurement.
A linescan contains 40 experimental points, for which the RF intensity is measured during
1 second. The total duration of one linescan is typically 1 minute. After the linescan, the
laser is brought on resonance with the QD (w;, = @W,,) and the intensity autocorrelation is
measured. Every 20 minutes, we perform a fast linescan to find the QD transition frequency
Weg. This procedure allows for compensating for small fluctuations of we,. Finally, we
optimize the laser rejection, the laser is brought on resonance with the QD (wy, = @W,)

and integration resumes for 20 min. The total duration of an intensity autocorrelation
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measurement was 160 minutes per resonant power, for a total integration time of 65 hours.

2 Analytical model

This section presents the model used to jointly fit the linescan and intensity autocorrelation
measurements. We first recall textbook results for an homogeneously-broadened two-level
system that is quasi-resonantly driven by a laser. We next consider the separate impact of
spectral diffusion and on/off blinking, assuming that these processes are slow compared to
photon emission. We finally justify the expressions given in the main text. They are derived
under the additional assumption that spectral diffusion and on/off blinking are statistically

independent.

2.1 Homogeneously-broadened two-level system

We model the QD as a point-like two-level system (TLS) with a ground state |¢g) and an
excited state |e). These two states are separated by an energy difference fuw.,. The TLS is
driven by a continuous wave laser, with an angular frequency wy, =~ w., and a negligible spec-
tral linewidth. The TLS additionally experiences spontaneous emission and pure dephasing.
The physical state of the TLS is represented by the density operator p. In the rotating frame
of light, and within the rotating wave approximation, the time evolution of p is governed by

the master equation:

dp i

= = [H. QT (o-pel — oo, p)) + 5 (6001 — 3{o215.,0). (1)

The first term describes the unitary dynamics associated with laser drive. H is the Hamil-

tonian of the driven TLS:

~

H 1 1
— =—=-96., — =0Q6,. 2
. 2502 5 Oy (2)
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Here, 6, = |e){e| —|g)(g| and 7, = |g)(e| + |e)(g| are the Pauli operators; 6 = wy, — we, is the
laser-emitter detuning; 2 (assumed to be a real number) is proportional to the amplitude
of the driving electrical field. The second term in Eq. 1 describes the effect of spontaneous
emission, which occurs at a rate I'y. The Lindblad operator is constructed with the jump
operator 6_ = |g)(e|. The last term describes the effect of pure dephasing, with a rate
['*. The total dephasing rate I'y features contributions from spontaneous emission and pure
dephasing;:
I

D=t 41" (3)

The population and coherence decay time are 77 = 1/T"; and Ty = 1/T's, respectively.
The state of the TLS is found by solving Eq. 1. An equivalent formulation is based on the
components of the Bloch vector (u,v,w)T = (2Re(peg), 2Im(peg), Pgg — Pee)T- The associated

optical Bloch equations read:

.

= —T9u— dv

U= du— Iy -+ Quw (4)
w = —Qv—Flw+F1.
\

Linescan. In this experiment, one scans the laser angular frequency wy, across the TLS
transition and measures the total scattered intensity (/)(wr,) (no spectral resolution on the
detection). This intensity is proportional to the steady-state population of the excited state,
Pee,s- The latter is found by solving the optical Bloch equations in the steady-state, which

yields:
S y Aw?
2(14+95) " 4(wr — weg)? + Aw?

Pee,s = (5)

The first factor gives the population of the excited state for a resonant excitation (wy, = wegy)-
We introduced here the saturation parameter:

QQ

S = .
4Ty
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The second factor in Eq. 5 is a Lorentzian that describes the frequency dependence of pec s.

Its full width at half maximum (FWHM) is the homogeneous linewidth:
Awy, = 2T5V/1+ S. (7)

Intensity autocorrelation function. Here, the angular frequency of the laser is fixed and
one measures the second-order intensity correlation function ¢ (7) with a Hanbury-Brown

and Twiss setup. Using Bayes theorem, g (7) can be calculated as:

pee(T)| 99(0)=1
g(r) = S (®)
Pee,s
The numerator is obtained by solving the optical Bloch equations (Eq. 4) with the initial
condition py,(0) = 1, or equivalently (u, v, w)T(0) = (0,0, 1)T. These equations can be solved
analytically (see e.g. Ref. S3; this reference uses a different convention for the definition of

the Bloch vector and an opposite sign for the driving strength in the Hamiltonian).

2.2 Model for spectral diffusion

In this section, we consider a spectral diffusion process, which induces random changes of
TLS frequency w.,. We expand here on Refs. S4 and S5 to establish an analytical expression

for the intensity autocorelation function that is valid for all delays.

Model. Specifically, we consider a Ornstein-Uhlenbeck process. The emitter frequency
weg undergoes a continuous diffusion process that is analogous to a random walk. This is
a stationary, Markovian stochastic process. The probability distribution of w., follows a

Gaussian law:

1 o~ 227 (Weg—Teg)? (9)

g(wm) = NCTS )
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with @w., the mean frequency and ¥ the standard deviation. The process is additionally

characterized by the transition probability (Ref. S5, correction of a typo):

1 1 _ N2
Lo+ Tlweg, t) = ————exp |- (’——e—e——e ) 1
eg’ + 7—|W 9 ) 27“7(7_) eXp |: 20_<7_)2 (weg w g) (w g w 9)6 sb ] ) ( 0)

P(w

with

o(r)=%XV1- 6_%. (11)

For short delays (|7| < 7sp), the TLS frequency does not have the time to change. As
a consequence, the transition probability is equal to the Dirac delta-function d(wg, — wey)-
For long delays (|7] > 7sp), the memory of the initial frequency is lost and the transition
probability is equal to G(w.,). The transition between these two regimes is controlled by
the spectral diffusion time 7gp. In all this work, we suppose that spectral diffusion is much

slower than the dynamics of the TLS (7sp > T1,T3).

Impact on linescans. When spectral diffusion is much slower than the photon emission
process, one can perform an adiabatic approximation. At a given time ¢, the population of
the excited state is obtained by replacing w., by wey(t) in Eq. 5. For long integration times,

assuming ergodicity, the collected intensity takes the form of a Voigt profile:

(D) x | dGloig)piasionon). (12

o0

The inhomogeneous broadening of the TLS lineshape is characterized by the inhomogeneous
linewidth:

Aw; = 2V21In 2%, (13)

which corresponds to the FWHM of the probability density G(we,).
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Impact on intensity autocorrelation. In our intensity correlation measurements, the
laser is resonant with the average transition frequency (wy, = wey). We treat in the following
the general case for completeness. We note §(® (1) the intensity autocorrelation function in
the presence of spectral diffusion. The condition 7gp > T}, T5 allows us to distinguish two
regimes.

- Short delays (|7| < 7sp). Between the detection of a first photon at time ¢ and the
detection of a second photon at ¢+ 7, we,(t) is constant. One then obtains an ‘instantaneous’

coincidence rate:

(It + 7)) 2) 0 P2 o(weg (), wi) 9P (weg (1), 0, 7). (14)

A long measurement time yields the ensemble-averaged value:

CIOFTI0 ) o [ el i)y in ). (15)

o0

The steady-state average intensity is given by Eq. 12, which leads to:

_ f dwegg(WBQ)pge,s(w%]? LUL)g(2) (wega WL, T)

~(2) . 2
T = st )

(16)

In the main text, we used a more compact notation. The dependence on w, and wy, is im-
plicit. The ensemble averaging over the realizations of w4 using the probability distribution

G(weg) is noted (...). Eq. 16 then reads:

7O(r) = (P2e,s9” (1)) (Ples) y (pie,sg(z)(f)f an)

<pee78>2 <pee,8>2 <pge,s>

In ¢ (7), the quantum features of the TLS (antibunching dip and Rabi oscillations for large
driving powers) are visible for |7| below a few T}, Tb. In practice, §®)(7) features a similar

short-delay behavior. This is due to the square dependence on the count rate, which favors
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the situations in which the laser and the emitter are close to resonance. However, it is
necessary to include spectral diffusion to obtain correct values for the parameters T, and €2
in the fit procedure. For |7| > T}, T3, one can ignore quantum correlations in the emission of
the TLS (¢ (7) = 1). On then obtains g (7) = <<ppf:’:>>2 > 1. This bunching behavior is due

to fluctuations in the intensity of the TLS emission. The delay-dependence of the bunching

peak is discussed in the next paragraph.
- Long delays (|7| > Ti1,75). On this delay scale, we can ignore the quantum features
associated with the emitter (¢®(7) = 1). However, when |7| ~ 7sp, one should take into

account the fluctuations of w.,. Ensemble averaging then yields to the long-delay expression:

5(2) (7_> - ff dwégdwegp<wégv i+ T; Weg, t)pee,s(wém wL)pee,s (Weg; WL) (18)
= 5 .
[fdwegg(weg)pee,s(wegaWL)]
The joint probability can be rewritten using Bayes’ theorem:
P(w;g, t+ T Weg, t) = P(wég, t+ T|weg, 1) G (weg)- (19)
Using the compact notation of the main text (implicit wy-dependence), Eq. 18 reads:
~ 1
9(2) (1) = m // dw{engEQP(w;g7t + T’Wegat>g<weg)pee,5(wég);0ee,s(Weg) (20)

= bSD<T).

As pointed in Ref. S5, the apparent bunching time in §® (7) depends on the ratio Awy, /Aw;
and is smaller than 7gp.
- A single expression for all delays. The hierarchy 7sp > T7, T makes it possible to capture

the two previous cases in a single expression:

(P29 (7)) |

~(2)T: spl(7T) X
GT) = benlr) X e

(21)
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2.3 Model for on/off blinking

In this section, we consider a TLS that features a bright (‘on’) state and a dark (‘off’) state.
In the ‘on’ state the emitted average intensity is the one of the homogeneously-broadened
TLS. In the ‘off” state the intensity is zero. Random jumps between these two discrete states

result in a blinking of the light emission.

Model. We suppose that the jumps between the ‘on’ and ‘off” states occur at random
times governed by a Poisson process. The mean lifetimes of the ‘on’ and ‘off’ states, 7., and
Toff, completely define the process. The steady-state probabilities of finding the system in

the ‘on’ and ‘off’ states are:

Ton Toff
P = d P(off) = ———. 22
(On) Ton + Toff o (O ) Ton + Toff ( )
The transition probability from ¢ = ‘on’ or ‘oftf’ to 7 = ‘on’ or ‘off’ is given by:
_ Il

Pt +7list) = P(j) + [0 — P(j)]e Torrer. (23)

Here, d;; is the Kronecker symbol and 7., /o is the blinking characteristic time:

1 1 1

= — 4+ —. (24)

Ton/off Ton Toff

We now consider the impact of on/off blinking on linescans and on photon-photon correla-
tions. Again, we assume that the on/off blinking dynamics is very slow compared to the TLS
dynamics (Ton/oft > 11, T2). The calculations follow the same logic as in the previous section,
and this situation is discussed more often in the literature (see e.g. Ref. S6). Therefore, we

will directly present the results.
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Linescan. In the presence of on/off blinking, the average intensity is given by:

<I> (WL) X P(On)pee,s(wegp WL)- (25)

On/off blinking reduces the total intensity, but does not affect the spectral lineshape.

Intensity autocorrelation. Similarly than in the previous section, the short-delay (|7] <

Ton/off) and long-delay (|7| > T1,T5) limits are captured by a single formula:

’5(2) (T) = bon/off(T) X 9(2) (T)’ (26)
with
i Toff B |7'|
bon/oﬂ"<7—> = Ton P < 7—on/oﬁ”) ' <27)

2.4 Joint impact of spectral diffusion and on/off blinking

In this section, we consider the joint impact of spectral diffusion and on/off blinking. We
use the same models as in sections 2.2 and 2.3. These processes are still slow compared to
the TLS dynamics (7sp, Ton ot > 11, T5). Furthermore, we assume statistical independence
between spectral diffusion and on/off blinking. This allows factorizing all joint probabilities,
which leads to the expressions given in the main text. They are recalled in the following for

completeness.

Linescan. Up to a global scaling factor, the intensity collected during a linescan experi-
ment is given by:

(T)n) o Plon) [ Gl prnslivsin), (28)

with P(on) = —2—. On/off blinking decreases the collected intensity, but do not impact

Ton+Toff

the spectral lineshape. Spectral diffusion induces a spectral broadening of the lineshape.
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Intensity autocorrelation. We obtain a single expression that captures the joint impact

of on/off blinking and spectral diffusion for all delays:

(P29 (7))

2 (29)

g(z) (7’) = bon/off(T) X bs])(T) X

where bon/of(7) and bsp(7) are given by Eq. 27 and Eq. 20, respectively. This expression is

discussed in the main text.

3 Fit process

In this section, we first discuss the fit of linescans and next present the complete fit process.

Fit of linescans. During a linescan, we measure the total intensity I versus the frequency
detuning between the laser and the QD. In this section, we present a quantitative comparison
of the fit of linescans for a Gaussian, a Lorentzian, and a Voigt profile. In the first two cases,
the fit parameters are free. In the last case, we employ the full model described in the
main text, which also takes into account autocorrelation measurements (see next section for
details). To ensure that the weight is evenly distributed between the central peak and the
tails of the spectral line, we fit the logarithm (base 10) of the intensity. Figure S3 shows the
fits for low-power (P, = 2.4 nW) and high-power (P, = 19 nW) data, which correspond to
Fig. 2(a) in the main text. Both the Gaussian and Lorentzian functions fail at accurately
describing the data (see the tails and the central peak, respectively), whereas the Voigt
profile yields a much better result. The goodness of the fit can be quantified by the residual
sum of squares: RSS = Y, (log,o (/%) — loglo(],?eas’))z. The values (see Fig. S3) confirm

that Voigt profiles yield the best description.

Complete fit process. The fit parameters T, and k = Q/y/P, are common to the com-

plete data set (linescans and autocorrelation measurements for various laser powers). The
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Figure S3: Fit of experimental linescans to Gaussian, Lorentzian and Voigt pro-
files. Crosses: raw experimental data for a low laser power (P, = 2.4 nW, top panels) and
a high laser power (P, = 19 nW, bottom panels); the data are the one shown in the main
text Fig. 2(a). Solid lines: fit to a Gaussian, Lorentzian and Voigt profiles (left, center and
right column, respectively); RSS: residual sum of squares (see text for details).

parameters of spectral diffusion (3 and 75p) and on/off blinking (7., and 7.g) are adjusted
for each laser power. We fit the data using a fitting “loop”, which allows converging to the
values of k and 75 after a few iterations.

We start the first “loop” by fitting the linescans with an unrestricted Voigt function,
allowing us to extract starting values for the emission maximal intensity, the homoge-
neous linewidth Awy, and the inhomogeneous linewidth Aw;. We extract from Aw;, =
275 /1 + Q2T T; starting values for the coherence time T, and for k = Q/+/Pr.

Secondly, we consider the “long delay” autocorrelation function. Knowing 75 and Aw;, we

can calculate the bunching amplitude induced by the spectral diffusion for all laser powers:

bsp(0) = <p§5,5>2. We then fit the long delay autocorrelation function and find the charac-
(Pee,S>

teristic time of the spectral diffusion process 7sp, as well as the on/off blinking bunching

amplitude by /o(0) = TontToft gnd characteristic time Ton/off = (To_nl + 70_51)71, for all laser

Ton
powers.

)

Thirdly, we consider the “short delay” autocorrelation function. We fit the data, by
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Figure S4: Data refinement loop process. The rectangles show which data is fitted, and
the circles which parameters are extracted from the fit.
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imposing k£ and T, as shared parameters for all datasets. Furthermore, we fix Aw;, bsp(0),
bon/oft(0), Tsp and Ton /o to the value found during the first and second fitting steps described
above. We note that the short delay autocorrelation function is very sensitive on the Rabi
frequency at high excitation powers, which allows a fast convergence of the estimation of k.

Finally, we compare the refined values of Ty and k with the ones given by the fit of the
linescans. If the values are different (with a ~ 1% tolerance), we inject the newly found
values of T, and k at the beginning of the process, calculate the value of Aw, for all values
of P, and perform the refinements again. Figure S4 summarizes the “loop” fitting process.

At the end of the process, we find a set of parameters that describe all the data using
our analytical model. We find a coherence time T, = 490 ps = 0.7 x 277 and a factor

_ MHz
k=21 x 122 \/TW

4 Effect of the non-resonant auxiliary excitation

In this section, we discuss the impact of non-resonant excitation on the QD resonance fluo-
rescence. Throughout the section, the resonant excitation power is set to P, = 9nW. These
preliminary measurements were performed without the monochromator. Therefore, the pho-
toluminescence from all the QDs in the nanopost — excited by the non-resonant laser —
contributes to a constant background signal. The background level in the presence of the
monochromator will be discussed in section 5.

Figure S5(a) shows a series of linescans for increasing values of the non-resonant power
P,.. For P,, = 0, we cannot observe any resonance fluorescence from the QD. Increasing P,,
leads to a dramatic increase in the RF counts, already visible for P,, = 14 nW. The weak
non-resonant laser acts as a “switch” for the resonance fluorescence signal. This “gate” effect
is well described in the literature (see for instance references S7 and S8). The non-resonant
laser stabilizes the charge state of the QD, enabling the resonant excitation of the transition.

To gain quantitative insights, we fit the data with a Voigt function plus a flat background.
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Figure S5: Impact of non-resonant excitation. (a) Intensity as a function of the laser-
QD detuning (linescans) for various non-resonant excitation powers (BP,). Crosses: raw
experimental data, solid line: fit to a Voigt profile plus a constant background. The fit
yields the amplitude of the RF peak, the total linewidth (FWHM) and the background level.
These quantities are plotted against Py, in panels (b), (¢) and (d), respectively. The resonant
laser power is set to P, = 9 nW; no monochromator for these measurements.

This analysis yields the RF signal at resonance (panel (b)), the total linewidth (FWHM,
panel (c)) and the background level (panel (d)).
Figure S5(b) shows that the RF signal increases to 400 x 10® counts per second for

P, = 157 nW. The curve also displays a saturation. In Fig. S5(c), we observe that the
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non-resonant illumination also reduces the total linewidth by about 25%. This reduction
saturates for P, > 80 nW (before saturation of the RF intensity). We believe that the free
carriers created by the non-resonant illumination also stabilize the charge environment of the
QD, thus reducing spectral diffusion. Figure S5(d) shows that the background level strongly
increases with P,,. This is expected: the non-resonant laser excites the photoluminescence
of all the QDs embedded in the nanopost cavity.

In the main text, we set the non-resonant power to P,, = 160 nW. Increasing further P,,
leads to a marginal gain in RF intensity, while significantly increasing the background level.

The background level in the presence of the monochromator is discussed in the next section.

5 Background level

In this section, we discuss the background level, in the presence of a monochromator (con-
figuration used for the experiments presented in the main text). Here, the power of the
non-resonant laser is set to P, = 160 nW. The monochromator suppresses the background
photoluminescence of all QDs, but the trion line under investigation (spectral width of the
transmission window: 0.14 nm). In these conditions, the background counts feature two
contributions: i) the photoluminescence of the transition of interest, excited by the weak,
non-resonant laser and ii) residual stray light associated with the resonant laser, due to im-
perfect polarization rejection. These two contributions are apparent in Fig. S6, which shows
the background level as a function of the power P, of the resonant laser. The zero-power
limit yields the contribution of the photoluminescence induced by the non-resonant laser
(700 cps). Compared to the unfiltered case (see Fig. S5(d)), the photoluminescence back-
ground level is decreased by a factor of 400. The contribution due to imperfect polarization

filtering increases linearly with P, (slope: 60 cps/nW).
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Figure S6: Background counts versus the power of the resonant laser. The non-
resonant power is set to P,, = 160 nW.

6 Measurement of the lifetime T3

The lifetime of the excited state was measured using a pulsed, non-resonant laser (wetting
layer excitation). We used a small power (10% of the saturation power) in order to minimize
the population of higher-energy excitonic complexes. The QD luminescence was directed
towards a fast avalanche photodiode (Id Quantique 100-50). The instrumental response
function (IRF) is shown in Fig. S7. It features a timing jitter of 180 £ 15ps (FWHM), which
is here dominated by the contribution of the acquisition card. The experimental data, shown
in Fig. S7, are fitted to the convolution of a single exponential decay with the IRF. This
procedure yields a lifetime T} = 350 4 25 ps.

Due to the broadband operation of the nanopost, we cannot quantify the Purcell ac-
celeration by tuning the investigated QD on- and off-resonance. Instead, we compare the
radiative lifetime of this QD with the one of an ensemble of similar QDs embedded in bulk
GaAs. As described in Ref. S9, we measured the lifetime of an ensemble of QDs embedded
in large squares (20 um x 20 pm) that are patterned on the same chip as nanoposts. Next, we
correct for the small acceleration of spontaneous emission provided by the planar structure

(calculated acceleration : x1.32). This yields a reference lifetime of 1.66 ns for InAs QDs
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in bulk GaAs. The QD investigated in this work thus features a Purcell acceleration by a

factor of 4.8, close to the maximum value (calculated Fp = 6.3 for this structure®?).

10°

Counts (norm.)
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Q

-

o

N
o

2 4 6
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Figure S7: Lifetime measurement. The measurement points (blue solid line) are fitted to
a single exponential decay convoluted with the instrumental response function (IRF, solid
black line). The fit (red dashed line) yields a lifetime 77 = 350 £ 25 ps.
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