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Single-photon detection in few-layer NbSe2
superconducting nanowires

Lucio Zugliani 1 , Alessandro Palermo 1, Bianca Scaparra1, Aniket Patra 2,
Fabian Wietschorke1, Pietro Metuh 3, Athanasios Paralikis3,
Domenico De Fazio 4, Christoph Kastl 5, Rasmus Flaschmann1,
Battulga Munkhbat 3, Kai Müller 1, Jonathan J. Finley 5 &
Matteo Barbone 1,6

Superconducting Nanowire Single-Photon Detectors (SNSPDs) are key build-
ing blocks for photonic quantum technologies due to their ability to detect
single photons with ultra-high efficiency, low dark counts and fast temporal
resolution. Superconducting materials exhibiting high uniformity, large
absorption cross-section and atomic-scale thickness are desirable to extend
single-photon detection from the near-infrared up to the terahertz regime,
where existing material choices are especially constrained. Substrate inde-
pendencewould further open theway to integrating detectors onto functional
materials and heterostructures, enhancing performance and enabling prox-
imal readout of a wide range of individual excitations. Here, we pattern the
prototypical two-dimensional superconductor niobium diselenide (NbSe2)
into few-layer nanowires less than 100 nm wide and demonstrate single-
photon detection at 780 nm and 1550 nm. At the same time, the dark-count
rate remains below 1 Hz up to the switching current and we achieve a timing
jitter below 50 ps. We estimate via a diffusive hot-spot model that materials
and geometric parameters would allow a theoretical cut-off wavelength in the
millimetre range, assuming state-of-the-art device parameters. Our results
open up routes toward quantum-limited detectors integrated into quantum-
photonic circuits and quantum devices, with the potential for novel detection
capabilities and unprecedented energy sensitivity.

SNSPDs combine unmatched high-end performance across all
key single-photon detection indicators1,2—from >99% detector
efficiency (DE)3, to <5 ps timing jitter4, <10 ns recovery time5,
and <1 Hz dark-count rates (DCR)6. Due to such performance
metrics, SNSPDs have recently found many near-ideal applica-
tions in metrology, sensing and astronomy, and have cemented

themselves as an indispensable ally in optical quantum com-
puting and quantum communications7,8.

Development of material platforms has been at centre stage for
quantum technologies9, and SNSPDs are no exception. Niobium-based
superconductors (NbN, NbTiN) provide good timing resolution and
fast recovery10,11, while amorphous silicides (MoSi,WSi) offer enhanced
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sensitivity to longer wavelengths12–15. Most recently, layered materials
have emerged as a promising platform for quantum photonic
technologies8, with potential applications spanning fromdeterministic
arrays of single-photon emitters16, to quantum light emitting diodes17,
to novel spin-photon interfaces for qubits18,19, and analogue quantum
simulators20,21.

Layered materials offer a unique combination of advantages for
single-photon detection, such as controllable atomic thickness (layer-
by-layer) and fast thermalization time22 necessary for detecting low-
energy excitations23,24; substrate independence, which allows for
greater flexibility in device design, integration, and scope; as well as
near-ideal uniformity due to sharp interfaces between layers, chemi-
cally terminated surfaces, and multi-μm-scale single-crystal size, fore-
casting operational currents extremely close to the depairing currents
as well as fast time resolution25. Such advantages are especially
appealing for high sensitivity, fast detection of long-wavelength pho-
tons up to the terahertz range26,27, where available technologies remain
limited6. Additionally, layered materials allow for the development of
detectors integrated on-chip capable of sensing other degrees of
freedom ranging from magnetic (spin) excitations to excitons, plas-
mons, phonons, and possibly even more exotic phases28.

The technological barriers to using layered materials for single-
photon detection29 were only recently overcome in the high-
temperature layered cuprate superconductor Bi2Sr2CaCu2O(8−δ)

30

and in moiré superconductor magic-angle twisted bilayer graphene
(MATBG)31, showcasing the potential of layered materials for single-
photon counting devices. However, no SNSPDs with conventional
layered superconducting materials, which promise to offer a superior
combination of near-atomic thickness (single layer), scalability, speed,
and sensitivity to low energies, have yet been reported. Niobium dis-
elenide (NbSe2) is a van der Waals material with a temperature-
dependent phase diagram including a normal metallic phase, hosting
charge density waves32. For temperatures below 10 K, it exhibits a
layer-dependent superconducting transition that persists down to the
three-atom, ~0.7 nm-thick monolayer limit33,34. NbSe2 offers high
absorption, ~1 ps carrier thermalization22 and can be processed using
standard top-down nanofabrication techniques35. Moreover, it can be
grown using scalable methods, such as vapour deposition at the wafer
scale36, and benefits from integration with other van der Waals mate-
rials, such as hexagonal boron nitride (hBN). Few-layer NbSe2 was used
for multi-photon detection in the NIR29 and terahertz37, and revealed
hints of discrete-photon sensitivity when patterned into nanowires38,
but detecting single photons remained elusive until now. Here, we
report the linear increase of the photon count rate under varying
photon excitation power in a 7-layer-thick top-hBN encapsulated
NbSe2 superconducting nanowire. The count rate follows a Poisson
distribution for single events under coherent (laser) excitation at 780
nm and 1550 nm with an incident power spanning multiple orders of
magnitude, demonstrating single-photon detection1,39.

Results
Device fabrication and electrical behaviour
Figure 1 summarizes the device fabrication flow.We assemble stacks of
multilayer NbSe2/hBN on oxidized silicon wafers according to con-
ventional micromechanical cleavage, followed by dry-transfer
processes40,41. The stacks are transferred on top of pre-patterned Ti/
Au electrodes, with the NbSe2 layer in contact with the metal and the
oxidized silicon substrate (Fig. 1a). Subsequently, we shape the het-
erostructures into 60–100 nm wide nanowires using standard nano-
fabrication techniques (Fig. 1b). For our proof-of-concept devices, we
chose the simplest geometry providing functionality without straining
fabrication overhead. Further details on the fabrication process are
included in the Methods Section.

We then study the two-point electrical transport behaviour of the
devices at cryogenic temperatures (see Methods for details on the

experimental setup). Figure 1c shows typical superconducting transi-
tion temperature measurements of a selected device pre- and post-
patterning of the nanowire (see Supplementary Information for tran-
sition temperatures of nanowires with different thicknesses, Supple-
mentary Fig. 2). The critical temperature for both the unpatterned and
patterned device is ~6.0 K and the superconducting transition occurs
sharply being ~0.5 K broad, which confirms the homogeneity of the
flake and is in good agreement with previously reported values for
both unpatterned33,34 and patterned38 few-layer (≤10) NbSe2 flakes.
After patterning the heterostructure to form a nanowire, we observe a
change in theNbSe2film resistancegiven thenarrower geometryof the
patterned device, increasing to 1.40 kΩ, translating to a resistivity ρ ~ 6
μΩ ⋅ cm (sheet resistance R□ ~ 14Ω/□). These values are more than an
order of magnitude lower than conventional sputtered super-
conducting films4 due to the homogeneity of the crystal. In contrast,
the critical temperature remains minimally affected by top-down pat-
terning. The residual resistance of ~100 Ω below the superconducting
transition is due to the contact resistance between NbSe2 and the
metal contacts as well as the wiring integrated in the setup.

Figure 1d shows the I-V characteristics measured at ~1 K, which
allows us to extract the switching current Isw corresponding to the
superconducting-to-resistive transition. Initially, the nanowire is in a
superconducting state. While increasing the voltage, we see an ohmic
increase of the current governed by the contact and the wiring resis-
tance of the setup. At about 2.4 mV, the I-V curve reaches a regime
where the device is in a state of intermediate resistance. This is caused
by the oscillation between superconducting and normal conducting
state occurring because of the short recovery time of the device rela-
ted to its low kinetic inductance42. Increasing the bias voltage further,
we reach a second ohmic regime where the detector switches fully to
the normal conducting state. This behaviour is also observed for
reverse voltage. To remove the intermediate oscillatory behaviour and
obtain a single clear phase transition, we connect a resistor in parallel
to the device. The inset shows the I-V characteristics recorded in such
case. In this configuration, the current is redirected from the device to
the resistor, decreasing Joule heating and therefore allowing a faster
relaxation to the superconducting state. We note that in this case
we observe a sharp transition between superconducting phase and
normal-conducting states, due to the decoupling of the electro-
thermal components of the device.

Photoresponse characteristics
We measure the photoresponse of the detectors in a cryogenic setup
at ~1 K, see Methods for details. Figure 2a shows a schematic of the
read-out circuit. The source current flows through a bias-tee formed of
a DC filter (capacitance) and an AC filter (inductor). From there, the
current flows through the detector, which can be represented as a
kinetic inductance Lk in series with a time-dependent resistance Rn(t).
Absorbed photons break the superconducting state, abruptly
increasing the resistance, redirecting the current back to the bias tee
and across the DC filter, to the signal output. The signal is amplified
using both a cryogenic and a room-temperature amplifier. Finally, the
signal is measured as a voltage pulse V(t) using an oscilloscope or a
counter. Light is guided to the detector via optical fibre centred at 780
nm and 1550 nm. A pulsed laser (50 MHz repetition rate) is used to
characterize the timing jitter of the device, where a correlation mea-
surement is performed between the trigger signal generated by the
laser and the detector response.

Figure 2b shows a photon detection pulse recorded by our setup
as a time-dependent voltage response V(t). The voltage trace initially
follows a conventional exponential decay; however, it does not fully
relax to 0 V but remains at a finite voltage due to latching behaviour,
whereupon the device reaches ametastable state inwhich the current-
induced Joule self-heating exceeds the electron cooling process.
Latching in NbSe2 is especially favoured by the low R□. Redirection of
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the current through the parallel resistor speeds up recovery of the
superconducting state (see Supplementary Information for details and
full-pulse analysis, Supplementary Fig. 3).

The temporal resolution of SNSPDs is strongly influenced by
intrinsic material properties like low kinetic inductance, fast quasi-
particle thermalization and crystallinity4. The pristine quality and the
associated properties make NbSe2 a promising candidate for fabri-
cating deviceswith exceptionally low timing jitter. To provide an initial
assessment of the temporal characteristics offered by this novel plat-
form, we measure the timing jitter, or the time distribution of output
signals upon photon absorption. Figure 2c shows the histogram of the
detection events recorded by the time tagger as a function of time. By
fitting the data with a Gaussian distribution, we report a full-width at
half maximum of ~45 ps, which sits already within the range of com-
mercially available SNSPD systems, and only an order of magnitude
away from the highest temporal resolution ever reported4, achieved

with devices optimized to simultaneously minimize the longitudinal
geometric and intrinsic jitter.

Single-photon detection
We continue to focus our attention on the photo-detection behaviour
when illuminating the nanowireswithCW laser light at 780 nmand 1550
nm. Figure 3a, b show the count rates in the same nanowire device as a
function of applied voltage. Below a normalized current threshold,
normalized to the switching current, I/Isw ~ 0.75 (I/Isw ~ 0.85) at 780 nm
(1550 nm), the detector does not record counts. Once we cross the
minimum current threshold, the device becomes sensitive, showing
exponentially increasing counts for increasing current, as expected, up
to>0.95 I/Isw (0.97 I/Isw) at 780nm(1550nm),whilemaintaining thedark
count rate <1 Hz. A detector of unitary internal efficiency would reach
and maintain a saturation count rate until reaching the critical voltage
turning the NbSe2 from superconducting into resistive. However, our

Fig. 1 | Fabrication and electrical behaviour at cryogenic temperature ofNbSe2-
nanowire devices. a Optical image of a hBN/NbSe2-heterostructure transferred
onto pre-patterned contacts (pink). b SEM image of the device after shaping the
transport channel into a ~100 nm nanowire. c Resistance as a function of tempera-
ture shows a superconducting transition of 6 K for a seven-layer crystal before and

after patterning. d I-V characteristics at 1 K of the patterned device: in the positive
regime, the switching current at 2.4 mV is followed by an intermediate current state
where superconductivity is broken and recovered up to 10 mV, where the wire
becomes fully resistive. The inset shows the I-V characteristics becoming a single,
sharp transition from superconducting to resistive by adding a shunt resistor.
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data show a sharp fall from the maximum count rate to Isw without a
saturation plateau. The sub-unitary internal detection efficiency can be
explained by the interplay between dead time—the bias current recov-
ery time—and cool-down time—the resistive hotspot lifetime. For
increasing count rates, the cool-down time increases compared to the
dead time, making the device more prone to latching. This limits the
count rate and decreases the maximal biasing current42. Modifying the
geometry of the device—reducing its cross-section—and enhancing its
transport properties—increasing the bias current closer to the depairing
current—could avoid latching and therefore reach saturation.

To quantify the photon sensitivity, we recall that the probability
distribution of detecting n photons from a coherent source when m
photons are on average expected is described by the Poisson dis-
tribution }= expð�mÞðmn=n!Þ43. If m is sufficiently small1, ⪅0.1,
℘ ≃ (mn/n!), which is a power-law function where n becomes easily
identifiable as the slope on the log-log representation of the count rate
versus average power. For single-photon detection events, by defini-
tion n = 1, which yields a linear increase of the count rate with
increasing photon flux. Figure 3c, d show the detector count rates as a
function of laser power at 780 nm and 1550 nm, respectively, for
several appliedbiases, compared to curves of discrete power exponent
n = 1, 2 and 3. At 780 nm, the count rates exhibit a clear linear increase
across two orders of magnitude at all different values of I/Isw, con-
firming single-photon sensitivity. At 1550 nm, starting from the lowest
applied biases, initially the count rates increase superlinearly with
exponents matching first n = 3 and then n = 2. Beyond a current
threshold I/Isw ~ 0.88, the slope reduces to a linear increase over more
than three orders of magnitude, unequivocally indicating counting of
single-photon events.

Perspectives for low-energy detection
Assuming that future research developments in NbSe2 SNSPDs can
match the significant improvement of device parameters reached in
technologicallymature systems, we explore the advantages offered by
NbSe2 material parameters for long-wavelength detection. To provide

a perspective in this direction, we calculate the cutoff-wavelength λc of
SNSPDs based on their material and device parameters using a simple
diffusion-based hot-spot model approximation23, the detection
mechanism taking place in the limits of low D and τth of NbSe2

23,44:

λc =
hcζ

N0Δ
2dw

ffiffiffiffiffiffiffiffiffiffiffiffiffi

πDτth
p

ð1� Ibias=IdepÞ�1 ð1Þ

with ζ the conversion efficiency, Δ the superconducting gap, N0 the
density of states at Fermi energy, D the diffusivity, τth the thermaliza-
tion time, Ibias and Idep the bias and depairing (the theoretical critical
limit) current, w the detector’s width, and d the detector’s thickness.
NbSe2 offers especially favourable parameters: low D38, fast τth

22, and
sub-nm thickness. In Fig. 4 we compare λc for three detectors made of
different geometries and materials: a NbN, the workhorse of first-
generation SNSPDs; WSi, currently the record-holder for long-
wavelength detection6; and NbSe2 (see Supplementary Information
for calculations’ details and parameters, Supplementary Tables I,
II and III). Since the quasi-particle multiplication efficiency as well as
the current component are strongly affected by technological
maturity, underestimating the potential of newer material systems,
we calculate λc assuming ζ = 1 and Ibias/Idep as a free parameter in a
realistic range achievable by state-of-the-art devices45,46. Figure 4a
shows that NbN is theoretically limited to detecting wavelengths up to
a few tens of μm, as is indeed the case in practice despite Ibias/Idep well
above 0.546. Figure 4b shows that WSi allows about an order of
magnitude improvement to >100μm, thanks to lowerdensity of states,
lower critical temperature, and thinner achievable films6. These
calculations compare reasonably well with the recent results brushing
detection at 30 μm6 for a device with Ibias/Idep ~ 0.3. Impressively
though, Fig. 4c shows that a two-layer NbSe2 matches the λc of WSi for
the same Ibias/Idep and crosses 1 mm for a single-layer crystal with Ibias/
Idep ~ 0.8, deep into the terahertz (0.03 to 3 mm) range. The cross
represents the predicted cutoff wavelength for the devicemeasured in
this work, with a Ibias/Idep < 0.1.

Cryostat

Amplifier

Bias Tee

Amplifier

S
N
S
P
D

Oscillo-
scope

Bias
Source

R

Fig. 2 | Photoresponse characteristics of the detectors. a Schematic of the
electronic read-out circuit. A voltage source is used to supply a bias current to the
detector. A parallel resistor R = 50 Ω is utilized to mitigate latching. The current is
supplied to the detector via the DC arm of a bias-tee (purple) installed inside a
cryostatworking at 4K (blue). Thedetector (green) is representedbyan inductance
Lk in series with a variable resistor.When a photon is absorbed, the sudden increase
in resistance generates a voltage pulse travelling through the AC arm of the

cryogenic bias-tee (purple) and is consecutively amplified both at cryogenic tem-
perature as well as at room temperature. The signal is then recorded via an oscil-
loscope. b time-dependent voltage pulse. The decay initially follows conventional
single-exponential behaviour but then shows latching, where the superconducting
state is not recovered until the current is redirected through the parallel resistor.
c Timing jitter of the device with the pulse shown in b, where the Gaussian fit
returns a full-width-at-half-maximum value of 45 ps.
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Discussion
Immediate next steps include optimizing detector fabrication,
including geometries and architectures—such as meander-shape geo-
metry or on-chip inductors and resistors—to minimize latching and
maximise photon absorption at the operational wavelength. More-
over, an increased wire length would increase the device inductance
and reduce the contact resistance to a negligible contribution to the
detection pulse generation. With these implementations, single-
photon detection can be expanded to the MIR (>2 μm).

On the longer run, substrate independence will allow for greater
flexibility in device design, enabling seamless incorporation of layered
materials’ SNSPDs into virtually any dimensionally compatible func-
tional structure. Further, their nature and dimensionality will benefit
from integration with a broader spectrum of conventional and quan-
tum materials47,48 to enhance device functionality. Collectively, these
features form a broad parameter space to explore for the realization of

next-generation on-chip integrated quantum photonic circuits as well
as detectors for free-space optical communication, astronomy, and
chemical sensing from the near-IR up to the terahertz range. Finally,
embedding atomically thin superconducting single-excitation detec-
tors into layered materials heterostructures or similar quantum devi-
cesmay offer a new tool towards local probing of proximal low-energy
phases49, adding novel exploratory options for metrology and basic
physics studies.

Methods
Sample preparation
Electrical contacts (Ti/Au 5/20 nm) were pre-patterned using optical
lithography and electron-beam evaporation on Si/SiO2 substrates.
NbSe2 and hBN flakes (from 2D Semiconductors) were mechanically
exfoliated from bulk crystals on PDMS and Si/SiO2 substrates (SiO2

70 nm thick), respectively. The flakes were selected based on their

Fig. 3 | Single-photon detection in a superconducting NbSe2 nanowire. Count
rates as a function of normalized current I/Isw under increasing laser power at a 780
nm and b 1550 nm, with counts increasing exponentially until reaching Isw, after
which the device turns into the resistive state, indicating sub-unity internal detec-
tion efficiency (error bars are shot-noise-limited and are smaller than the marker

size). Count rates as a function of laser power for several currents at c 780 nm and
d 1550 nm, where the uncertainty is shot noise limited. Dashed curves indicate
power-law behaviour with variable integer exponent n = 1–3. The count rates per-
fectly follow the dashed curves n = 1 over multiple orders of magnitude, indicating
single-photon detection.
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optical contrast, shape, and cleanliness. hBN crystals are about 20
nm thick, while NbSe2 crystals have a variable thickness from about
10 nm down to 2 layers. The devices were assembled via dry-transfer
techniques: hBN was picked up from Si/SiO2 using polycarbonate
films41, followed by NbSe2 picked up from PDMS on the same
stamp40. Then, the entire heterostructure was released on the pre-
patterned contacts. Heterostructures were then patterned by elec-
tron beam lithography, followed by reactive ion etching with an
SF6+Ar gas mixture. The nanowire structure around the contact pads
was designed to ensure a robust contact between the nanowire and
the contact pads.

Photoelectric setup
We perform cryogenic measurements in a closed-cycle Adiabatic
Demagnetization Refrigerator (Kiutra L-type). Photoresponse mea-
surements are performed at 1 K. Bias to the samples is applied with a
voltage source Vb (Keithley 2450). Optionally, a resistor in series Rb is
applied after the biasing source. The series resistor transforms the
voltage bias into a current bias, Ibias = Vb/Rb, stabilizing the current in
the circuit. A shunt resistor is applied in parallel, dissipating part of
the current when the detector is in the normal conducting state, to
facilitate the recovery of superconductivity. The current enters the
cryogenic setup and flows through the bias-tee, which consists of a
DC filter (capacitor) and an AC filter (inductor). From there, the
current gets directed to the detector, acting as an inductance Lk (or
kinetic inductance), in series with a time-dependent resistance Rn(t),
in an equivalent circuit diagram. Absorbed photons or noise abruptly
increase resistance, redirecting the current back to the bias tee and
across the AC filter. The signal is amplified using both a cryogenic
and a room-temperature amplifier. Finally, the signal is measured as a
voltage pulse V(t) using a counter or an oscilloscope. The sample can
be illuminated with two fibre-coupled laser sources, at 780 nm and
1550 nm, whose light is directed into the cryostat to the sample
through a fibre attenuator and a beam splitter for the power mea-
surement. One of the two beams is guided to the cryostat, the other
to a power metre. The light is collimated to illuminate the sample

homogeneously (beam diameter ~ 2 mm). To characterize the timing
jitter of the device, we measure the time correlation between the
trigger time of a pulsed laser at 1550 nm (repetition rate 50MHz) and
the SNSPD detection time.

Data availability
The data generated and analyzed in this study have been deposited in
themediaTUM database accessible with the following link: https://doi.
org/10.14459/2026mp1851786.

References
1. Gol’tsman, G. N. et al. Picosecond superconducting single-photon

optical detector. Appl. Phys. Lett. 79, 705 (2001).
2. Hadfield, R. H. Single-photon detectors for optical quantum infor-

mation applications. Nat. Photonics 3, 696 (2009).
3. Chang, J. et al. Detecting telecom single photons with

99.5% system detection efficiency and high time resolution. APL
Photonics 6, 036114 (2021).

4. Korzh, B. et al. Demonstration of sub-3 ps temporal resolutionwith a
superconducting nanowire single-photon detector. Nat. Photonics
14, 250 (2020).

5. Cherednichenko, S., Acharya, N., Novoselov, E. & Drakinskiy, V. Low
kinetic inductance superconducting MgB2 nanowires with a 130 ps
relaxation time for single-photon detection applications. Super-
cond. Sci. Technol. 34, 044001 (2021).

6. Taylor, G. G. et al. Low-noise single-photon counting super-
conducting nanowire detectors at infrared wavelengths up to 29
μm. Optica 10, 1672 (2023).

7. Natarajan, C. M., Tanner, M. G. & Hadfield, R. H. Superconducting
nanowire single-photon detectors: physics and applications.
Supercond. Sci. Technol. 25, 063001 (2012).

8. Montblanch, A. R.-P., Barbone, M., Aharonovich, I., Atatüre, M. &
Ferrari, A. C. Layered materials as a platform for quantum tech-
nologies. Nat. Nanotechnol. 18, 555 (2023).

9. Acín, A. et al. The quantum technologies roadmap: a European
community view. N. J. Phys. 20, 080201 (2018).

Fig. 4 | Predicted cutoff wavelength for representative SNSPD material plat-
forms. a In first-generation NbN devices, theoretical λc is limited to a few tens of
micrometres. b Second-generation amorphous WSi devices extend this value by
about an order of magnitude, to beyond 100 μm. c NbSe2 nanowires of similar

geometry are expected to increase λc by another order of magnitude, breaking the
millimetre barrier. The cross represents the predicted cutoff wavelength for the
device measured in this work, with a Ibias/Idep < 0.1.

Article https://doi.org/10.1038/s41467-026-75646-w

Nature Communications |         (2026) 17:7586 6

https://doi.org/10.14459/2026mp1851786
https://doi.org/10.14459/2026mp1851786
www.nature.com/naturecommunications


10. Zichi, J. et al. Optimizing the stoichiometry of ultrathin NbTiN films
for high-performance superconducting nanowire single-photon
detectors. Opt. Express 27, 26579 (2019).

11. Zugliani, L. et al. Tailoring superconducting nanowire single-photon
detectors for quantum technologies in 2023 IEEE GlobeCom
Workshops (GC Wkshps)https://doi.org/10.1109/GCWkshps58843.
2023.10465075 pp. 1051–1056 (2023).

12. Kondo, S. Superconducting characteristics and the thermal stability
of tungsten-based amorphous thin films. J. Mater. Res. 7, 853 (1992).

13. Bosworth, D., Sahonta, S.-L., Hadfield, R. H. & Barber, Z. H. Amor-
phous molybdenum silicon superconducting thin films. AIP Adv. 5,
087106 (2015).

14. Lita, A. E. et al. MoxSi1-x a versatile material for nanowire to micro-
wire single-photon detectors from UV to near IR. Supercond. Sci.
Technol. 34, 054001 (2021).

15. Grotowski, S. et al. Optimizing the growth conditions of super-
conductingMoSi thinfilms for single photondetection.Sci. Rep. 15,
2438 (2025).

16. Palacios-Berraquero, C. et al. Large-scale quantum-emitter arrays in
atomically thin semiconductors. Nat. Commun. 8, 15093 (2017).

17. Palacios-Berraquero, C. et al. Atomically thin quantum light-
emitting diodes. Nat. Commun. 7, 12978 (2016).

18. Brotons-Gisbert, M. et al. Coulomb blockade in an atomically thin
quantum dot coupled to a tunable Fermi reservoir. Nat. Nano-
technol. 14, 442 (2019).

19. Stern, H. L. et al. A quantum coherent spin in hexagonal boron
nitride at ambient conditions. Nat. Mater. 23, 1379 (2024).

20. Tang, Y. et al. Simulation of Hubbard model physics in WSe2/WS2

moiré superlattices. Nature 579, 353 (2020).
21. Kennes, D. M. et al. Moiré heterostructures as a condensed-matter

quantum simulator. Nat. Phys. 17, 155 (2021).
22. Anikin, A. et al. Ultrafast dynamics in the high-symmetry and in the

charge density wave phase of 2H-NbSe2. Phys. Rev. B 102,
205139 (2020).

23. Semenov, A. et al. Spectral cut-off in the efficiency of the resistive
state formation caused by absorption of a single-photon in current-
carrying superconducting nano-strips. Eur. Phys. J. B - Condens.
Matter Complex Syst. 47, 495–501 (2005).

24. Bulaevskii, L. N., Graf, M. J. & Kogan, V. G. Vortex-assisted photon
counts and their magnetic field dependence in single-photon
superconducting detectors. Phys. Rev. B 85, 014505 (2012).

25. Allmaras, J., Kozorezov, A., Korzh, B., Berggren, K. & Shaw, M.
Intrinsic timing jitter and latency in superconducting nanowire
single-photon detectors. Phys. Rev. Appl. 11, 034062 (2019).

26. Vicarelli, L., Tredicucci, A. & Pitanti, A.Micromechanical bolometers
for subterahertz detection at room temperature. ACS Photonics 9,
360 (2022).

27. Tredicucci, A. & Vitiello, M. S. Infrared and terahertz quantum
technologies. Nanophotonics 13, 1677 (2024).

28. Savary, L. & Balents, L. Quantum spin liquids: a review. Rep. Prog.
Phys. 80, 016502 (2016).

29. Orchin, G. J. et al. Niobium diselenide superconducting photo-
detectors. Appl. Phys. Lett. 114, 251103 (2019).

30. Charaev, I. et al. Single-photon detection using high-temperature
superconductors. Nat. Nanotechnol. 18, 343 (2023).

31. Di Battista, G. et al. Infrared single-photon detection with super-
conducting magic-angle twisted bilayer graphene. Sci. Adv. 10,
eadp3725 (2024).

32. Xi, X. et al. Strongly enhanced charge-density-wave order in
monolayer NbSe2. Nat. Nanotechnol. 10, 765 (2015).

33. Cao, Y. et al. Quality heterostructures from two-dimensional crys-
tals unstable in air by their assembly in inert atmosphere.Nano Lett.
15, 4914 (2015).

34. Xi, X. et al. Ising pairing in superconducting NbSe2 atomic layers.
Nat. Phys. 12, 139 (2016).

35. Munkhbat, B., Küçüköz, B., Baranov, D. G., Antosiewicz, T. J. &
Shegai, T. O. Nanostructured transition metal dichalcogenide
multilayers for advanced nanophotonics. Laser Photonics Rev. 17,
2200057 (2023).

36. Wang, H. et al. High-quality monolayer superconductor NbSe2
grownby chemical vapour deposition.Nat. Commun.8, 394 (2017).

37. Shein, K. et al. Fundamental limits of few-layer NbSe2 micro-
bolometers at terahertz frequencies. Nano Lett. 24, 2282 (2024).

38. Metuh, P. et al. Toward single-photon detection with super-
conducting niobium diselenide nanowires. ACS Photonics 12,
5912 (2025).

39. Semenov, A. D., Gol’tsman, G. N. & Korneev, A. A. Quantum
detection by current carrying superconducting film. Phys. C:
Supercond. 351, 349 (2001).

40. Castellanos-Gomez,A. et al. Deterministic transfer of two-dimensional
materials by all-dry viscoelastic stamping. 2DMater. 1, 011002 (2014).

41. Purdie, D. G. et al. Cleaning interfaces in layered materials hetero-
structures. Nat. Commun. 9, 5387 (2018).

42. Kerman,A. J., Yang, J. K.W.,Molnar, R. J., Dauler, E. A.&Berggren, K.
K. Electrothermal feedback in superconducting nanowire single-
photon detectors. Phys. Rev. B 79, 100509 (2009).

43. Scully, M. O. & Zubairy, M. S. Quantum Optics. Cambridge Uni-
versity Press (1997).

44. Vodolazov, D. Y. Single-photondetectionby adirty current-carrying
superconducting strip based on the kinetic-equation approach.
Phys. Rev. Appl. 7, 034014 (2017).

45. Parzuchowski, K. M. et al. Reaching the intrinsic performance limits
of superconducting strip photon detectors up to 0.1 mm wide,
https://arxiv.org/abs/2601.15971 arXiv:2601.15971 [cond-mat.supr-
con] (2026).

46. Frasca, S. et al. Determining the depairing current in super-
conducting nanowire single-photon detectors. Phys. Rev. B 100,
054520 (2019).

47. Veyrat, L. et al. Helical quantum Hall phase in graphene on SrTiO3.
Science 367, 781 (2020).

48. Ben Mhenni, A. et al. Breakdown of the static dielectric screening
approximation of Coulomb interactions in atomically thin semi-
conductors. ACS Nano 19, 4269 (2025).

49. Dijkstra, A. et al. Ten-valley excitonic complexes in charge-tunable
monolayer WSe2. Nat. Commun. 16, 9743 (2025).

Acknowledgements
We thank Stefanie Grotowski and Christian Schmid for technical
assistance.

Author contributions
L.Z., K.M., J.J.F., and M.B. conceived and managed the research. L.Z.,
Al.P., B.S., An.P., and F.W. fabricated the devices. L.Z., Al.P., and B.S.
performed the optical measurements. L.Z., Al.P., and M.B. analyzed the
results and discussed themwith F.W., P.M., At.P., D.D.F., C.K., R.F., B.M.,
K.M., and J.J.F. J.J.F. and K.M. obtained third-party funding and provided
experimental and nanofabrication infrastructure. L.Z. andM.B. wrote the
manuscript with input from all authors.

Funding
K.M. discloses support for the research of this work from Germany’s
Excellence Strategy (MCQST-EXC-2111, 390814868, e-conversion-EXC-
2089), the Deutsche Forschungsgemeinschaft (DFG, German Research
Foundation) under projects PQET (INST 95/1654-1) and MQCL (INST 95/
1720-1),FI947-8 and SPP 2244 (FI947/7-2) and the German Federal Min-
istry of Research Technology and Space (BMFTR) via the funding pro-
gram quantum technologies - from basic research to market (contract
numbers QPIS: 16K1SQ033 and QPIC-1: 13N15855). J.J.F. discloses sup-
port for the research of this work from BMFTR the Deutsche For-
schungsgemeinschaft (DFG, German Research Foundation) under

Article https://doi.org/10.1038/s41467-026-75646-w

Nature Communications |         (2026) 17:7586 7

https://doi.org/10.1109/GCWkshps58843.2023.10465075
https://doi.org/10.1109/GCWkshps58843.2023.10465075
https://arxiv.org/abs/2601.15971
www.nature.com/naturecommunications


projects FI947-8 and, SPP 2244 (FI947/7-2), MCQST-EXC-2111
(390814868) and e-conversion-EXC- 2089. In addition, J.J.F. gratefully
acknowledges Munich Quantum Valley supported by the State of
Bavaria, and the German Federal Ministry of Education and Research
GermanFederalMinistry of Research Technology andSpace (BMFTR) via
SPINNING (13N16214),QR-N (16KIS2197) and PhotonQ (13N15760). B.M.
acknowledges support from the European Research Council (ERC-StG
TuneTMD, grant no. 101076437) and Villum Fonden (project no.
VIL53033). Open Access funding enabled and organized by Pro-
jekt DEAL.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s41467-026-75646-w.

Correspondence and requests for materials should be addressed to
Lucio Zugliani, Jonathan J. Finley or Matteo Barbone.

Peer review information Nature Communications thanks the anon-
ymous reviewers for their contribution to the peer review of this work. A
peer review file is available.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jur-
isdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2026

Article https://doi.org/10.1038/s41467-026-75646-w

Nature Communications |         (2026) 17:7586 8

https://doi.org/10.1038/s41467-026-75646-w
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
www.nature.com/naturecommunications

	Single-photon detection in few-layer NbSe2 superconducting nanowires
	Results
	Device fabrication and electrical behaviour
	Photoresponse characteristics
	Single-photon detection
	Perspectives for low-energy detection

	Discussion
	Methods
	Sample preparation
	Photoelectric setup

	Data availability
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Additional information




