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One of the key challenges in developing quantum networks is to generate single photons with high brightness,
purity, and long temporal coherence. Semiconductor quantum dots potentially satisfy these requirements;
however, due to imperfections in the surrounding material, the coherence generally degrades with increasing
excitation power yielding a broader emission spectrum. Here we overcome this power-broadening regime and
demonstrate an enhanced coherence at exciton saturation where the detected count rates are highest. We detect
single-photon count rates of 460 000 counts per second under pulsed laser excitation while maintaining a
single-photon purity greater than 99%. Importantly, the enhanced coherence is attained with quantum dots in
ultraclean wurtzite InP nanowires, where the surrounding charge traps are filled by exciting above the wurtzite
InP nanowire band gap. By raising the excitation intensity, the number of possible charge configurations in the
quantum dot environment is reduced, resulting in a narrower emission spectrum. Via Monte Carlo simulations
we explain the observed narrowing of the emission spectrum with increasing power. Cooling down the sample to
300 mK, we further enhance the single-photon coherence twofold as compared to operation at 4.5 K, resulting in
a homogeneous coherence time, T2 , of 1.2 ns, and two-photon interference visibility as high as 83% under strong
temporal postselection (∼5% without temporal postselection).
DOI: 10.1103/PhysRevB.93.195316
I. INTRODUCTION

A quantum network is constituted by local nodes where
quantum information is generated, processed, and stored, as
well as communication channels between these nodes to coherently transfer quantum states across the entire network [1].
The messengers of choice to distribute quantum information
over long distances are single photons since they interact very
weakly with the environment, thereby preserving their coherence, and are compatible with existing telecommunication
fiber technologies. Coherent single photons are necessary in
future quantum technologies such as linear optics quantum
computing [2], quantum teleportation [3], interfacing remote
quantum bits [4,5], or integration of a quantum repeater [6]. In
addition to coherence, the source brightness and single-photon
purity (i.e., suppressed multiphoton emission) are extremely
important toward practical implementation of these quantum
technologies.
Semiconductor quantum dots embedded in photonic structures are leading candidates to generate coherent and bright
sources of single photons with high purity. However, increasing the source brightness typically comes at the cost of
degrading the coherence, resulting in a broadened emission
spectrum [7–10]. This effect, known as “power broadening,”
is attributed to an increase in the charge fluctuations of the
quantum dot environment that leads to spectral wandering
[7]. Here, we report on the single-photon coherence from an
ultraclean material system consisting of a single quantum dot
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in a pure wurtzite InP nanowire, where dephasing mechanisms
are suppressed by both cooling and higher excitation power.
Remarkably, in stark contrast to conventional self-assembled
quantum dots [7–15], we obtain the longest coherence at the
highest brightness of the single-photon emission. Importantly,
we detect single-photon count rates of 460 kilocounts per
second while maintaining a single-photon purity greater than
99%. This latter feature provides a significant advantage
over cavity-based nanostructures where increased multiphoton
events occur at saturation of the quantum dot emission due to
cavity feeding of other quantum dots or detuned transitions of
the same quantum dot [16,17]. Finally, by cooling the sample
to 300 mK we show that the coherence can be enhanced by a
factor of ∼2 as compared to operation at 4.5 K by further
suppressing interactions with phonons. We further analyze
the degree of photon indistinguishability in the case of this
enhanced coherence and obtain a two-photon visibility as high
as 83% under strong temporal postselection (∼5% without
temporal postselection).
A scanning electron microscope image of a typical InP tapered nanowire waveguide containing a single InAsP quantum
dot used in the present experiments is shown in Fig. 1(a). There
are three main features to this design in order to achieve both
bright single-photon emission and a long temporal coherence.
First, a waveguide shell is grown around the quantum dot with
a very small taper towards the tip (∼1◦ ) to boost single-photon
collection efficiency by guiding the light efficiently towards the
collection optics [18]. Second, by design, the single quantum
dot is on the nanowire waveguide axis, which is needed for
efficient coupling of the dipole emitter to the fundamental
waveguide mode [19]. Finally, the nanowire consists of a
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FIG. 1. Single-photon interference measurements. (a) SEM image of tapered nanowire waveguide containing a single quantum dot. Scale
bar: 200 nm. (b) Typical PL spectrum of a quantum dot that is predominantly charged. X− : charged exciton. (c) Autocorrelation measurement of
X− demonstrating a single-photon purity of greater than 99%. A fit to the data (blue line) yields g 2 (0) < 0.008. (d) Single-photon interference
measurements of a single quantum dot at 300 mK (blue triangles), 1.7 K (red squares), and 12 K (black circles). The solid lines are a fit to
the data using a Voigt profile (described in the text). (e) Raw single-photon interference fringes with a step size of 20 nm at maximum fringe
visibility for a temperature of 300 mK.

pure wurtzite InP crystal structure that is free of stacking
faults. Importantly, this crystal phase purity of the nanowire
waveguide is obtained for core diameters of 25 nm or less and
is maintained during shell growth to construct the waveguide
[20]. The crystal phase purity is essential in obtaining a narrow
emission spectrum: the measured linewidths are reduced
by more than two orders of magnitude as compared to
when stacking faults were present in nanowires [18,21–23].
Typically, stacking faults in the nanowire act as efficient
charge traps, which is detrimental to the quantum dot emission
linewidth owed to spectral wandering.
As an added advantage, the nanowire heterostructures
presented in this work are also deterministically positioned by
combining both electron beam patterning and selective area
epitaxy [20,23]. The main important features pertaining to the
single-photon quality that we demonstrate are long coherence,
high light collection efficiency, and suppressed multiphoton
emission. These main attributes when combined together have

not been achieved to date for site-controlled quantum dots
[19,22,24–27].

II. SINGLE-PHOTON COHERENCE MEASUREMENTS

To determine the coherence length of single photons
originating from quantum dots in nanowire waveguides
and obtain a high resolution measurement of the emission
spectrum, we employ field-correlation measurements using a
Michelson interferometer [28–30]. To ensure good overlap
of the spatial modes between both paths, the quantum dot
emission is coupled to a single-mode fiber before entering the
Michelson interferometer. When the path difference between
both paths is varied we observe single-photon interference
through oscillations in the measured intensity at the output,
where the decay of the interference fringe visibility is set by
the temporal coherence of the source.
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FIG. 2. Single quantum dot coherence. (a) Single quantum dot emission linewidth is represented by a Voigt profile (blue) with a full
width at half maximum of 880(130) MHz, which is a convolution of a Lorentzian (black) and Gaussian (red) line shape. The parameters
for the homogeneous broadening [Lorentzian, T2 = 1.2(2) ns, corresponding to 260(40) MHz] and inhomogeneous broadening [Gaussian,
Tc = 0.9(1) ns, corresponding to 730(50) MHz] are extracted from the fit of the Michelson data at 300 mK in Fig. 1(d). For comparison, the
dotted black line shows the lifetime Fourier-transform limit of 100 MHz. (b) Coherence time, T2 , and corresponding pure dephasing time, T2∗ ,
extracted from the fits of Fig. 1(d). At 300 mK the pure dephasing time is longer than the exciton lifetime, T1 , of 1.6(1) ns.

The photoluminescence spectrum of the quantum dot used
for the field-correlation measurements is presented in Fig. 1(b).
The brightest line for this particular quantum dot at 938 nm
is the singly charged exciton, X− . Assignment of X− is
confirmed by a combination of both polarization analysis
as in Ref. [20] and cross-correlation measurements (see
Supplemental Material [31], Figs. S3 and S4). At saturation of
the quantum dot emission, we measured count rates for X− of
460 kilocounts per second on a silicon avalanche photodiode
under pulsed excitation. Importantly, this high measured count
rate is achieved while maintaining the single-photon purity of
greater than 99% for the source; see Fig. 1(c). We excite the dot
above the nanowire band gap at 750 nm using 3 ps laser pulses
at a repetition rate of 76 MHz. Accounting for a transmission
of 1.4(1)% in the optical setup, we calculate a single-photon
source efficiency for X− of 43(4)%. The single-photon source
efficiency can be further enhanced by integrating a bottom
gold mirror with a thin dielectric at the base in order to collect
the downward emitted photons that are lost [18,32].
The results of the single-photon interference measurements
are presented in Fig. 1(d) for three different temperatures
from 12 K down to 300 mK. Figure 1(e) depicts the raw
interference fringes of the charged exciton line at 300 mK
obtained around zero path difference between both arms of
the Michelson interferometer for a step size of 20 nm. A fit to
the data (red line) yields a maximum raw fringe visibility
of 95%. Correcting for the Michelson system response, a
maximum fringe visibility of 99% is attained (see Methods).
For increasing path difference (time delay), a decay in the
fringe visibility is observed and we extract the coherence
length and corresponding coherence time of the emitted single
photons.
We now discuss the nature of the line shape that is
obtained from the single-photon interference measurements
in Fig. 1(d). We observe a Voigt profile, which is a Gaussian
convolved with a Lorentzian. Gaussian line broadening is
due to charge fluctuations in the quantum dot environment,
leading to spectral wandering on time scales longer than
the exciton lifetime, but shorter than the measurement time

needed to acquire a visibility data point (∼5 minutes in our
measurements). From a fit to the data at 300 mK in Fig. 1(d)
(fit: blue line; data: open triangles), we extract a homogeneous
(Lorentzian) linewidth of 260(40) MHz and inhomogeneous
(Gaussian) linewidth of 730(50) MHz (see Methods). Both
components of the Voigt profile are plotted in Fig. 2(a),
represented by the black (Lorentzian) and red (Gaussian) line.
The convolution of both line shapes yields the measured Voigt
profile with a full width at half maximum of 880(130) MHz,
shown in blue. For comparison the dotted black line shows the
lifetime Fourier-transform limit of 100 MHz, for our measured
exciton lifetime, T1 , of 1.6(1) ns (see Supplemental Material
[31], Fig. S2: dot A). The deviation from the Fourier-transform
limit is mainly due to Gaussian line broadening. We point out
that this Gaussian line broadening mechanism due to charge
fluctuations in the environment is also observed in integrated
resonant fluorescence [8,9], and found to degrade the visibility
of two-photon interference from independent quantum dots
[33–35].
III. COUNTERACTING DEPHASING MECHANISMS

In Fig. 2(b), we present the homogeneous coherence time,
T2 , as extracted from the Voigt profile and corresponding pure
dephasing time, T2∗ , from the relation
1
1
1
=
+ ∗,
T2
2T1
T2

(1)

as a function of temperature. Here, T2∗ is the pure dephasing,
and T2 is the homogeneous coherence time that includes
both relaxation and pure dephasing processes. Decreasing
the temperature results in an enhancement of the singlephoton coherence as interactions with phonons are suppressed.
Both T2 and T2∗ show an exponential increase with cooling.
Interestingly, the homogeneous coherence time doubles to
1.2(2) ns when cooling from 4.5 K to 300 mK, while the
pure dephasing time surpasses the measured exciton lifetime
at 300 mK. The corresponding inhomogeneously broadened
linewidth reduces at a much weaker rate from 1.42 GHz at
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is reduced. The fact that T2 is power independent follows
from the data. Homogeneous broadening, affecting T2 , can
be caused by carrier-phonon and carrier-carrier interactions
that take place within the exciton lifetime. Carrier-phonon
interactions depend on temperature; as is clearly observed in
Fig. 2(b), the homogeneous coherence time increases with
reduced temperature. In contrast, carrier-carrier interactions
depend on the power. But since the carriers are decaying
quickly or trapped within picosecond time scales as compared
to the exciton lifetime of 1.6 ns, the exciton is free from
homogeneous broadening through carrier-carrier interactions
for 99.9% of its lifetime.
We point out that the observation of power narrowing for
the single quantum dot emission spectrum is not limited to
300 mK, but is also observed at temperatures up to 12 K
(see Supplemental Material [31], Fig. S6). This outcome
suggests that the activation energy of charge traps in the
nanowire is above 12 K, consistent with photoluminescence
measurements in our previous work [20]. In all of our samples,
we observe weak emission associated with donor-acceptor
levels, at approximately 50 meV below the pure wurtzite InP
nanowire peak at 1.49 eV [20].
IV. PHOTON INDISTINGUISHABILITY

0.1

1

P / Psat

FIG. 3. Power narrowing of the single quantum dot emission
linewidth. (a) Single-photon interference measurements of a single
quantum dot at 300 mK as a function of excitation power, P. In
contrast to conventional self-assembled quantum dots, importantly,
the best coherence is observed at exciton saturation of the quantum
dot emission where the detected count rate is highest. The laser power,
Psat , used to saturate the exciton transition is ∼3 μW (spot size of
∼1 μm). (b) Power dependence of charged exciton emission line. The
exciton emission saturates at 460 000 counts per second as measured
on a single-photon avalanche photodiode. (c) Emission linewidth as a
function of excitation power, P , as extracted from a fit to the data by
a Voigt profile as presented in (a). Psat corresponds to the excitation
power used to saturate the charged exciton transition.

12 K to 880 MHz at 300 mK (see Supplemental Material
[31], Fig. S5). The observed reduction in emission linewidth
with temperature is consistent with previous work where
quantum dot emission linewidths were reduced by as much
as 120 MHz/K [36,37].
Finally, we present in Fig. 3(a) the single-photon interference measurements at 300 mK as a function of excitation
power. Remarkably, we observe the longest coherence at
saturation of the quantum dot emission where the measured
count rates on the single-photon detector are highest [see
Fig. 3(b)]. The resulting emission linewidth, to be discussed
subsequently, is reduced from 2.7(3) GHz at the lowest
excitation power used to 0.8(2) GHz at saturation of the
quantum dot emission [see Fig. 3(c)]. Excellent fits to the data
in Fig. 3(a) are made by fixing T2 to 1.2(2) ns at the saturation
power, Psat , of the quantum dot emission and increasing the
degree of Gaussian line broadening as the excitation power

In the following, we analyze the degree of photon indistinguishability at a temperature of 300 mK and for two
excitation powers: at saturation of the quantum dot emission
where the single photons exhibit the longest coherence and five
times below saturation. We perform Hong-Ou-Mandel (HOM)
two-photon interference experiments of two subsequently
created photons from a similar nanowire quantum dot (dot
B in the Supplemental Material [31], Fig. S2). The HOM
effect predicts that two perfectly indistinguishable photons,
thus Fourier-limited photons, entering a nonpolarizing beam
splitter will coalesce in only one of the two exit ports. The
HOM experimental setup is depicted in Fig. 4(a), adapted
from Santori et al. [38]. Here, the nanowire, cooled to 300
mK, is excited with a pulsed picosecond supercontinuum laser
(∼6 ps) operating at 750 nm and a repetition rate of 20 MHz.
A λ/2 half-wave plate is used to render the two photons
distinguishable or indistinguishable.
Figures 4(b) and 4(c) show the HOM two-photon interference for an excitation power at saturation (Psat ) and for
one-fifth of the saturation power (Psat /5), respectively. With
the use of fast superconducting nanowire detectors (∼40 ps
time resolution) as compared to the homogeneous coherence
time, the HOM dip at zero time delay can be accurately
resolved even in the case of single photons not at the Fouriertransform limit [39,40]. Here, the width of the dip depends on
both the emission time jitter of the single-photon source and
inhomogeneous broadening due to charge fluctuations in the
environment. From a fit to the HOM two-photon interference
data at saturation using an extended theory of Legero et al.
[39] (see Supplemental Material [31]), we extract a 1/e width
of the HOM dip of 0.83(2) ns and inhomogeneous broadening
of 1.17(3) GHz. Below saturation (five times lower power), a
1/e width of the HOM dip of 0.81(2) ns and inhomogeneous
broadening of 1.21(4) GHz is attained. The fact that we observe
an inhomogeneous broadening in the HOM measurements
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FIG. 4. Photon indistinguishability. (a) Schematic of HOM setup for two subsequently created photons from a quantum dot in a nanowire.
The charged exciton line of the quantum dot emission is filtered in a spectrometer. A nonpolarizing beam splitter (NPBS) splits the photons
in a short and long path. The delay is precisely matched to the repetition rate of the laser (20 MHz) so that the two photons interfere at the
fiber-coupled NPBS. That is, a single photon traveling the long path interferes with the next subsequent photon traveling the short path all in
polarization-maintaining (PM) fibers. SSPD: Superconducting nanowire single photon detector. (b) HOM interference measured at saturation
for parallel (indistinguishable case) and perpendicular polarizations (distinguishable case). (c) HOM interference as in (b), but for one-fifth of
the saturation power. The coincidence data in (b) and (c) consist of 64 ps time bins.

comparable to the single-photon coherence measurements
suggests that our measurements are still susceptible to noise
above 20 MHz. This observation is in stark contrast to
two-photon interference measurements of subsequent photons
created by InGaAs quantum dots [9], as the spectral noise of
the electric and magnetic field falls off rapidly above 50 kHz
[41]. One physical mechanism that could lead to noise above
20 MHz in our case is fast cotunneling processes of charges
from the nanowire surface [42]. These fast tunneling processes
could be suppressed, in principle, by increasing the nanowire
diameter or by passivating the nanowire surface.
The visibility of the HOM interference is presented in
Table I. When integrated over the whole central peak the visibility is relatively low, less than 10%, due to inhomogeneous
broadening and the nonresonant excitation process leading
to an emission time jitter. However, in conjunction with the
long coherence length of the emitted photons, high collection
efficiency, and fast superconducting nanowire detectors, it is
possible to reach a high visibility for two-photon interference
by time gating. For the narrowest time window employed
we reach raw HOM visibilities as high as 83% ± 3%, but
at a cost of photon count rates (see Table I). Still, the
two-photon visibility could be improved by resonant excitation

to reduce the inhomogeneous broadening and emission time
jitter [43,44] while using a weak laser to fill the traps [10]. We
also expect that the two-photon interference visibility would
significantly increase if the temporal separation between two
consecutively emitted photons by the same quantum dot is
reduced as shown in recent work by Thoma et al. [45]. An
electric field could also be potentially used to increase the
two-photon visibility by emptying charge traps in the vicinity
of the quantum dot as demonstrated recently in an electrically
controlled cavity structure [44].

TABLE I. Raw HOM visibilities for different integration widths,
not corrected for setup imperfections such as an imbalanced beam
splitter ratio, and corresponding counts as a percentage of the maximum brightness. Note: 30 ns corresponds to full peak integration.

Psat
Psat /5

195316-5

HOM visibility (%)
Counts (%)
HOM visibility (%)
Counts (%)

30 ns

1 ns

0.5 ns

64 ps

4.5
100
8.4
20

60 ± 4
44.4
61 ± 3
8.9

76 ± 4
25
73 ± 3
5

83 ± 3
3.6
85 ± 3
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FIG. 5. Monte Carlo simulations of Gaussian line broadening mechanism for single quantum dot emission line. (a) A projection of randomly
positioned trap sites for both electrons (blue) and holes (red dots) over a 400 nm nanowire segment. The nanowire diameter, D, is 200 nm. The
trap density used for the simulations to reproduce the measured exciton linewidth as a function of power is ∼1 × 1016 cm−3 . The quantum dot,
QD, in the center of the nanowire is represented as a dotted circle with diameter of 20 nm. (b) Resulting histogram of Stark shift induced on
the exciton transition for 10 000 possible charge configurations distributed across trap sites surrounding the quantum dot for an average trap
occupancy probability of 0.5. Due to the random nature of the possible charge configurations, the broadening mechanism of the emission line
is a Gaussian (fit curve in red). (c) Monte Carlo simulations showing the quantum dot emission linewidth as a function of excitation power.
The simulations are in excellent agreement with the experimental power dependent emission linewidth of dot B presented in (d). Ptrap saturation
corresponds to the laser power used to fill trap sites, whereas Psat corresponds to the excitation power used to saturate the charged exciton
transition.
V. MONTE CARLO SIMULATIONS OF THE QUANTUM
DOT EMISSION SPECTRUM

We now present Monte Carlo simulations of the quantum
dot emission spectrum, which take into account charge
fluctuations in the quantum dot environment as a function
of power. To reproduce the exciton emission linewidth, we
model 1000 randomly positioned electron and hole traps in the
nanowire, corresponding to a trap density of ∼1 × 1016 cm−3 .
This trap density gives approximately 50 trap sites within
a radius of 200 nm from the dot. Figure 5(a) displays the
random positioning of electron (blue) and hole (red) trap sites
in the nanowire. In our experiments, the excitation process
above the nanowire band gap excites both the quantum dot
and carriers in the nanowire, which subsequently fill trap sites.
The interaction between the trapped charges and the quantum
dot exciton results in a shift of the exciton emission energy
via the Stark effect. The result of the Monte Carlo simulations

iterating over 10 000 possible charge configurations distributed
across the randomly positioned trap sites for a trap occupation
probability of 0.5 is shown in Fig. 5(b). Owing to the random
nature of the charge fluctuations, the resulting broadening of
the emission line is a Gaussian (red fit to the histogram).
Our Monte Carlo simulation gives the emission linewidth
as a function of trap occupancy. The correspondence between
laser power and trap occupancy follows a nonlinear relation
and is calculated with a rate equation model (see Supplemental
Material [31]). The simulation results of the emission linewidth
as a function of excitation power are shown in Fig. 5(c).
First, we observe that the linewidth broadens with increasing
excitation power. This is the typical power broadening regime
as is also observed for self-assembled quantum dots. Next,
the broadest emission linewidth is attained, corresponding to
the situation where half of the trap sites are occupied, thereby
providing the highest number of possible charge configurations
in the quantum dot environment. Here, the system reaches the
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highest entropy. By further increasing the excitation power,
the power-narrowing regime is reached corresponding to a
decrease in the emission linewidth of 2.5 GHz/decade. In
this power-narrowing regime, the higher number of trap sites
that are occupied results in a reduction of the disorder in
the quantum dot environment. The linewidth of the dot may
therefore be used to probe the entropy of the system. Finally,
once nearly all of the charge traps are occupied at higher
power no further improvement of the emission linewidth is
expected. The simulation results are in excellent agreement
with the observed emission linewidth of dot B for increasing
excitation power as presented in Fig. 5(d). We observe both the
power broadening (for low powers) and narrowing regimes (for
higher powers), including the decrease in emission linewidth
of 1.9 GHz per decade for increasing power and eventual
saturation of this reduction.
It is worth mentioning why we reach the power-narrowing
regime for the first time. We attribute this to a unique
combination of both the nanowire geometry and reduced trap
density in ultraclean wurtzite InP nanowires. Because of these
two features photogenerated charges in the nanowire remain
localized around the quantum dot and may be used to saturate
nearly all of the surrounding charge traps. In contrast, in a
bulk sample, saturating surrounding trap sites is extremely
difficult owing to a significant increase in available material.
Thus, for a bulk sample, carriers may diffuse to trap sites
located farther away from the quantum dot. This outcome
leaves self-assembled quantum dots in the power-broadening
regime. However, careful design of the photonic structure in
order to reduce the surrounding material, such as etching
photonic nanowires similarly to the work of Claudon et al.
[32], may enable the power-narrowing regime to be reached for
self-assembled quantum dots. On the other hand, recent work
with electrically controlled quantum dot-cavity structures have
shown it is possible to empty the charge traps in the vicinity of
the quantum dot in order to significantly improve the photon
indistinguishability [44].

the nanowire geometry allowed us to fill nearly all of the
trap sites surrounding the quantum dot at higher excitation
powers, resulting in a narrower emission spectrum. Finally,
the enhanced single-photon coherence, brightness, and purity
that we demonstrate brings this young field of quantum dots in
nanowires among the leading candidates for implementations
of single-photon sources in future quantum and photonic
technologies.
VII. METHODS
A. Single-photon interference fringe visibility

The interference fringe visibility is defined as
V =

Imax − Imin
,
Imax + Imin

(2)

where Imax and Imin correspond to the case of optimal
constructive and destructive interference, respectively. We
measure a maximum raw interference fringe visibility for the
quantum dot of 95%, whereas for a coherent laser with 4
MHz linewidth we obtain a raw interference fringe visibility of
96%. In all of the single-photon interference measurements, we
present the fringe visibility corrected for the Michelson system
response (see Supplemental Material [31], Fig. S1). This
correction is needed due to the limited phase stability of the
Michelson setup caused by vibrations and small temperature
fluctuations.
B. Relationship between coherence and linewidth

The form of the fringe visibility decay, g (1) (τ ), for coherent
light depends on the type of spectral broadening that applies.
For light with a Lorentzian line shape, the decay of the fringe
visibility is exponential, where


|τ |
(1)
.
(3)
g (τ ) ∼ exp −
T2
The relationship between the full width at half maximum in
frequency, f , and the coherence time, T2 , for the Lorentzian
line shape is given by

VI. CONCLUSION

We have shown single-photon coherence measurements
from a quantum dot in a nanowire waveguide and found a
homogeneous coherence time of 1.2 ns at 300 mK. Importantly,
the longest single-photon coherence that we observe is not
attained at very low excitation powers, but at the excitation
power where the quantum dot single-photon emission rate is
the highest. We studied the degree of photon indistinguishability for this case of enhanced coherence via two-photon HOM
interference measurements of subsequently created photons
from the same quantum dot. The two-photon interference
revealed a two-photon visibility as high as 83% under strict
temporal postselection. The observed visibility of two-photon
interference may be improved in future work by reducing
the inhomogeneous broadening and emission timing jitter
of the source by resonant excitation, reducing the temporal
separation between subsequent photons, and by applying an
electric field to reduce charge noise.
We overcame power broadening by growing ultraclean
wurtzite InP nanowires without stacking faults to reduce
the trap density. This reduced trap density combined with

fL =

1
,
π T2

(4)

whereas for a Gaussian line shape, the fringe visibility decay
follows the form

  
π τ 2
(1)
g (τ ) ∼ exp −
.
(5)
2 τc
In this case, the full width at half maximum for a Gaussian is
√
2ln2
fG ∼ √
,
(6)
π τc
where τc is the coherence time for the Gaussian component.
The decay of the fringe visibility was fitted for all data using a
Voigt profile. In the time domain the Voigt profile is a product
of a Gaussian and Lorentzian:


 2
τ
|τ
|
π
g (1) (τ ) ∼ exp −
.
(7)
−
2 τc
T2
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In the frequency domain the full width at half maximum of
the resulting Voigt profile is [35]
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Linewidth Single Photons from a Quantum Dot, Phys. Rev. Lett.
108, 093602 (2012).
[31] See Supplemental Material at http://link.aps.org/supplemental/
10.1103/PhysRevB.93.195316 for further experimental details
on: the system response of the Michelson interferometer; quantum dot lifetime measurements for dot A and B; polarization and
cross-correlation measurements to identify quantum dot emission lines, temperature dependence of the quantum dot emission
spectrum, also showing power narrowing at higher temperatures;
single-photon interference measurements as a function of
excitation energy, including quasi-resonant excitation at the
nanowire resonance; as well as theoretical details to extract the
inhomogeneous broadening from the HOM interference data and
Monte Carlo simulations of power broadening and narrowing for
the quantum dot emission spectrum.
[32] J. Claudon, J. Bleuse, N. S. Malik, M. Bazin, P. Jaffrennou, N.
Gregersen et al., A highly efficient single-photon source based

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]

[42]

[43]

[44]

[45]

195316-9

on a quantum dot in a photonic nanowire, Nat. Photonics 4, 174
(2010).
E. B. Flagg, A. Muller, S. V. Polyakov, A. Ling, A. Migdall,
and G. S. Solomon, Interference of Single Photons from Two
Separate Semiconductor Quantum Dots, Phys. Rev. Lett. 104,
137401 (2010).
R. B. Patel, A. J. Bennett, I. Farrer, C. A. Nicoll, D. A. Ritchie,
and A. J. Shields, Two-photon interference of the emission from
electrically tunable remote quantum dots, Nat. Photonics 4, 632
(2010).
P. Gold, A. Thoma, S. Maier, S. Reitzenstein, C. Schneider, S.
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