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On-demand single-photon sources operating at telecom wavelengths are crucial for quantum communication
and photonic quantum technologies. In this work, we demonstrate high-purity, indistinguishable single-photon
generation in the telecom O-band from an InAsP/InP nanowire quantum dot. We measured a single-photon
purity of g2(0) = 0.006(3) under aboveband excitation. Furthermore, we characterize two-photon interference
via Hong–Ou–Mandel measurements and achieve a photon indistinguishability of 94.6% with a temporal
postselection of 100 ps time window and 5.58% without temporal postselection. We measure a first-lens
source efficiency of ∼ 28%. These results highlight the potential of nanowire quantum dots as a promising
source of telecom single photons for photonic quantum applications, offering deterministic positioning, efficient
photon extraction, and scalable production.

Quantum communication protocols and photonic-
based quantum information processing rely on single pho-
tons as fundamental carriers of quantum information1–4.
Consequently, a crucial requirement for realizing these
applications is an efficient single-photon source capa-
ble of generating photons with high brightness, purity,
and indistinguishability. Among various solid-state quan-
tum emitters, semiconductor quantum dots (QDs) have
emerged as a promising platform for on-demand single-
photon generation due to their deterministic emission
and compatibility with photonic integration5–10. By
carefully controlling the growth conditions and compo-
sition of QDs, their emission wavelength can be tuned to
meet the specific requirements of various quantum pho-
tonic technologies. In particular, emission in the tele-
com wavelength windows is highly desirable due to the
low transmission losses and minimal chromatic disper-
sion in fiber networks, enabling efficient long-distance
quantum communication11,12. Generating photons di-
rectly in the telecom range also eliminates the need for
frequency conversion, which can introduce inefficiencies
and noise13,14. Telecom-wavelength emission has been
demonstrated using InAs/InP and InGaAs/GaAs quan-
tum dots12,15–17, with significant progress made toward
enhancing the indistinguishability of sequentially emitted
photons through two-photon interference (TPI) measure-
ments. This has been achieved in self-assembled quantum
dots by incorporating QD-mesa structures18, or coupling
the emitters to tapered nanobeam waveguides19 or cir-
cular Bragg grating cavities20–22, which enhance photon
extraction and shorten the radiative lifetime through the
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Purcell effect, bringing the emission closer to the Fourier
transform.

Recently, site-controlled nanowire quantum dots
grown via selective-area vapor–liquid–solid epitaxy have
emerged as an alternative platform, offering precise
spatial positioning and scalable growth in large uni-
form arrays23–25. The nanowire geometry can be en-
gineered for efficient light extraction and directional
emission, enhancing photon collection efficiency. Fur-
thermore, these structures enable the scalable integra-
tion of quantum dot sources with on-chip photonic cir-
cuits, making them highly suitable for quantum photonic
applications8–10,26,27.

In this work, we demonstrate the on-demand genera-
tion of high-purity single photons in the telecom O-band
from an InAsP/InP nanowire quantum dot, achieving
a single-photon purity of 0.006(3) under pulsed above-
band excitation. We measured the indistinguishability
of consecutively emitted photons through two-photon in-
terference measurements, achieving a Hong–Ou–Mandel
(HOM) interference visibility of 94.6% with a temporal
postselection of 100 ps and 5.58% without postselection.
In addition, we estimate a first-lens source efficiency of
about 28%. These findings highlight the potential of
nanowire quantum dots as a bright, telecom-wavelength
single-photon source, offering a promising platform for
deployment in quantum communication networks and in-
tegrated photonic systems.

The InAsP/InP nanowire quantum dot sample inves-
tigated in this work was grown using selective-area va-
por–liquid–solid (VLS) epitaxy on InP substrate28. Dur-
ing the growth, a ∼ 3 nm thick InAs0.68P0.32 quantum
dot is formed within a 20 nm InAs0.5P0.5 core. The
core is subsequently clad with an InP shell to form a
photonic waveguide of base diameter 310 nm tapered to
20 nm over the 12µm length of the nanowire29,30. This
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FIG. 1. (a) The quantum light source consists of an InP core, an InAsP quantum dot (QD), and an InP shell. The figure shows
an SEM image of the nanowire QD on the growth chip. Experimental setup: (b) Confocal microscopy setup, (c) nitrogen-cooled
InGaAs spectrometer, (d) HOM setup, and (e) superconducting nanowire single-photon detectors (SNSPDs)

growth method is scalable and enables the production of
large, uniform arrays of nanowire quantum dots with sim-
ilar optical characteristics. Figure 1 (a) shows a close-up
scanning electron microscopy (SEM) image of a nanowire
and a schematic showing its structure.

A schematic illustration of the experimental setup is
presented in Figure 1, showing the confocal microscopy
setup (b), nitrogen-cooled InGaAs spectrometer (c),
HOM setup (d), and superconducting nanowire single-
photon detectors (SNSPDs) (e). The nanowire quantum
dot sample was mounted inside a closed-cycle cryostat
(Attodry 2100) and cooled down to 1.6 K. An actively
power-stabilized 80 MHz tunable picosecond pulsed laser
was used to excite the quantum dot. The laser beam
was focused onto the QD using an objective lens with
a numerical aperture (NA) of 0.8, which also collected
the emitted photons. A 1250 nm long-pass filter was
mounted in the collection path to block residual exci-
tation light and pass only the QD emission to be cou-
pled into a single-mode fiber. The QD emission can be
routed either to a spectrometer equipped with a liquid
nitrogen-cooled InGaAs detector-array for photolumines-
cence (PL) measurements or to a tunable reflection grat-
ing for narrow-band spectral filtering of specific QD ex-
citonic peaks. After filtering, the light was directed to
either an autocorrelation setup for second-order corre-
lation measurements or to the HOM interferometer for
indistinguishability measurements. For autocorrelation
measurements, Hanbury Brown and Twiss (HBT) mea-
surements were performed by splitting the filtered QD
emission using a 50:50 fiber beam splitter. The outputs
were sent to two superconducting nanowire single-photon
detectors (SNSPDs). The arrival times of the detected
photons were recorded with a time-to-digital converter

(qtools quTAG). Before sending the light to the HOM
interferometer, the emitted photons were filtered in po-
larization using a polarizing beam splitter (PBS), with
the transmitted component directed to the interferome-
ter input. In the HOM interferometer, a non-polarizing
50:50 beam splitter (BS) split the photon stream into two
paths, introducing a temporal separation of 12.5 ns, cor-
responding to the laser repetition rate. Light traveling
in the two paths was recombined at a second BS, where
two photons emitted by the quantum dot from subse-
quent excitation cycles interfered. The photons at the
outputs of the BS were detected by two SNSPDs, and
their arrival times recorded using quTAG. Event timing
analysis (ETA)31 was employed for post-processing, ex-
tracting photon correlations, and determining interfer-
ence visibility.

The PL spectrum of the nanowire quantum dot under
aboveband excitation at 793 nm is shown in Figure 2(a).
The labeled peaks correspond to different excitonic tran-
sitions, namely the neutral exciton (X), biexciton (XX),
charged exciton (X∗), and charged biexciton (XX∗). The
dominance of the charged exciton over other peaks is
likely attributed to the dynamics of carrier generation
and capture, as detailed in the supporting information
in Ref.25. In the aboveband excitation scheme, free car-
riers are generated in the InP host material and subse-
quently captured by the quantum dot through scatter-
ing or phonon-assisted relaxation. Due to differences in
electron and hole capture dynamics, an imbalance often
occurs, leading to the preferential formation of charged
excitons as excess free carriers accumulate in the dot.
In contrast, belowband and quasiresonant excitation di-
rectly inject carriers into localized states near the quan-
tum dot, minimizing excess free carriers and suppressing
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FIG. 2. Spectral characterization of the quantum dot emission (a) Emission spectra of the nanowire quantum dot
under above band excitation at 793 nm. (b) Radiative lifetime of the charged exciton fitted to a single exponential (red line).
(c) Autocorrelation function of the charged exciton under above band pulsed excitation at 793 nm wavelength.

the charged exciton contribution. We measured a count
rate of about 200 kcps on the SNSPDs under 80 MHz
pulsed excitation at saturation power. By accounting for
the combined collection efficiency of the setup (∼ 1.8%)
and the SNSPD detection efficiency (∼ 50%), we esti-
mate a photon rate of ∼ 22MHz at the first lens, corre-
sponding to 28% of the 80 MHz laser repetition rate. This
extraction efficiency approaches the upper limit set by
the nanowire waveguide geometry, which theoretically al-
lows for up to 50% emission in a single direction, demon-
strating the effectiveness of the nanowire quantum dot as
a highly efficient single-photon source for telecom wave-
lengths.

The radiative lifetime of the charged exciton was mea-
sured by time-resolved photoluminescence at 10% of the
saturation excitation power at 793 nm. The decay was
fitted to a single exponential function, which gave a ra-
diative decay time of 2.35(1) ns, as shown in Figure 2(b).

A key figure of merit for single-photon sources is the
second-order autocorrelation function at zero time delay,
g2(0), which quantifies the probability of multi-photon
emission. An ideal single-photon source should exhibit

g2(0) = 0, indicating complete suppression of multi-
photon events. To assess the single-photon purity of our
nanowire quantum dot, we performed HBT measurement
on the charged exciton emission under pulsed excitation
at 80 MHz. As shown in Figure 2(c), the measured au-
tocorrelation function exhibits a periodic structure with
a characteristic separation of Trep = 12.5 ns, correspond-
ing to the laser repetition period. The measured coin-
cidences were fitted to a two-sided exponential model
adapted from Ref.22, omitting the blinking term as its
effect is negligible here. The fit function is:

g(2)(τ) = A.

g(2)(0).e−
|τ|
τ1 +

∑
n ̸=0

e−
|τ−nTrep|

τ1

 , (1)

where g(2)(τ) is the coincidences as a function of time
delay, A is a normalization factor, g(2)(0) is the zero delay
coincidences, τ1 is the radiative lifetime. To account for
the timing resolution of the detection, the model was
convolved with a Gaussian instrument response function
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FIG. 3. Two photon interference under pulsed excitation at saturation power. (a) and (b) Co-polarized. (c) and
(d) Cross-polarized. (b) and (d) are a zoom into the zero delay peak.

(IRF) with a full width at half maximum (FWHM) of 50
ps. From the fit we obtain g(2)(0) = 0.006(3), indicating
a high suppression of multi-photon events and confirming
the high purity of the nanowire QD source. The extracted
radiative lifetime from the fit is 3.11, which is slightly
longer than the independently measured radiative decay
of 2.35 ns, obtained from time-resolved PL measurement.
This discrepancy is likely due to re-excitation effects at
saturation power, Psat, during the g(2)(τ) measurement,
whereas the lifetime was measured at 0.1Psat.

Having established the high purity of the charged ex-
citon, we now investigate the indistinguishability of con-
secutively emitted photons using HOM interference mea-
surements. The measurements were performed at satu-
ration power under above-band pulsed excitation at 793
nm, where the charged exciton emission is most promi-
nent due to the efficient carrier injection into the quan-
tum dot. Although above-band excitation is generally as-
sociated with increased charge noise and spectral broad-
ening, nanowire quantum dots have been shown to miti-
gate several of these broadening mechanisms due to their
structural properties32. In particular, the presence of a
single emitter per nanowire, the absence of a 2D wet-
ting layer, and the sidewalls formed by epitaxial growth
rather than dry etching all contribute to reducing dephas-
ing mechanisms, minimizing charge noise, and improv-
ing spectral stability23,32–34. Linewidths approaching the
Fourier transform limit have been achieved in nanowire
quantum dots under aboveband excitation, demonstrat-
ing that this excitation scheme can still produce highly
coherent and indistinguishable single photons32.

HOM measurements were performed for both co-
polarized and cross-polarized configurations, with polar-
ization control achieved using a half-waveplate in the
longer optical path of the interferometer. Figure 3 shows

the measured coincidences for co-polarized and cross-
polarized configurations. In a pulsed HOM interference
experiment, the relative heights of the five central peaks
follow a characteristic pattern determined by the degree
of photon indistinguishability. For fully distinguishable
photons, the zero-delay peak is expected to have half the
height of the side peaks at ±2Trep, while the peaks at
±Trep are reduced by 25%. In contrast, for fully indis-
tinguishable photons, the zero-delay peak would be fully
suppressed, as interfering photon pairs always exit the
same output port of the second beam splitter, leading
to a suppression of coincidence events. Figure 3(a), co-
polarized, and (c), cross-polarized, display the five cen-
tral peaks of the correlation function, with their relative
heights reflecting the expected weight distribution. In the
co-polarized configuration, the coincidences at zero de-
lay were partially reduced, reflecting partial two-photon
interference. Figure 3(b) provides a closer look at the
zero-delay region for the co-polarized configuration, re-
vealing a HOM dip that confirms non-negligible photon
indistinguishability. The narrow dip is attributed to the
finite coherence of the emitted photons, indicating that
the system is not at the Fourier transform limit. The
high timing resolution of the SNSPDs allows for precise
detection of the HOM dip, enabling an accurate charac-
terization of the TPI visibility. We adapted the approach
detailed in the supplementary material of Ref.18 to model
the co-polarized HOM correlation function without in-
cluding the blinking term, which we found to be negli-
gible for the investigated nanowire quantum dot under
the present experimental conditions. The resulting ex-
pression was then convolved with a Gaussian IRF with
a 50 ps full width at half maximum to account for the
SNSPD timing resolution. From the fit, we extract a
time constant of 0.19(9) ns for the HOM dip, which rep-
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FIG. 4. Extracted visibility and fraction of coincidences for different integration time windows.

resents the temporal coherence. The TPI visibility, V ,
was extracted from the raw coincidence histogram by
comparing the integrated coincidences at zero delay for
co-polarized, Cco(0), and cross-polarized, Ccross(0), con-
figurations. Specifically, we use:

V = 1 − Cco(0)

Ccross(0)
, (2)

Without applying any temporal postselection, we ob-
tain a TPI visibility of 5.58% when integrating over the
12.5 ns laser repetition period. By restricting coincidence
detection to a narrower time window of 100 ps, we ob-
tain a visibility of 94.6%, although the coincidences are
significantly reduced for such a narrow time window. To
further improve TPI visibility without relying on tempo-
ral postselection, resonant or quasi-resonant excitation
can be utilized to minimize charge and phonon-induced
dephasing from excess carriers in the host material35.
Charge stabilization via applied electric fields can further
suppress spectral diffusion and charge noise, enhancing
photon coherence. Another approach is to shorten the
exciton radiative lifetime through Purcell enhancement
using a high-Q optical cavity or coupling to a photonic
nanostructure, bringing the emission closer to the Fourier
transform limit.

Figure 4 shows the TPI visibility (left y-axis) and the
fraction of retained coincidence events (right y-axis) as
functions of the integration time window. Narrowing the
integration window around zero delay progressively ex-
cludes more coincidence detections outside the HOM in-
terference region, consequently increasing the extracted
TPI visibility. However, this temporal postselection also
decreases the percentage of retained events, reflecting a

trade-off between maximizing visibility and preserving
total signal counts.

We have demonstrated on-demand generation of sin-
gle photons in the telecom O-band from an InAsP/InP
nanowire quantum dot excited above the band gap.
Second-order autocorrelation measurements revealed a
single-photon purity of 0.006(3). Using HOM interfer-
ence experiments, we obtain a two-photon interference
visibility of 5.58% without temporal postselection, and
94.6% when applying a strong temporal postselection.
We estimated a first lens source efficiency of 28%.

These results highlight the potential of site-controlled
nanowire quantum dots as single-photon sources for
quantum communication, with telecom O-band emission
enabling long-distance fiber transmission. The determin-
istic placement, high extraction efficiency, and scalable
production of the nanowires facilitate their integration in
photonic circuits, making them suitable sources for quan-
tum photonic applications. While the current temporal
coherence is limited, resonant and charge stabilization
schemes could improve two-photon indistinguishability36.
Additionally, Purcell enhancement could be utilized to
shorten the radiative lifetime, bringing the emission
closer to the Fourier transform limit.
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