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Abstract: The optical Kerr gating (OKG) technique is promising for its high efficiency, broad
spectral range, and sub-picosecond temporal resolution, without phase-matching requirements.
Traditionally, however, OKG setups have been limited by the need for millijoule-level pulse
energies from complex amplifier systems, making them difficult to apply to single emitters. Here,
we present an ultrafast OKG scheme using bismuth borosilicate (BBS) glass that operates at
a 1 GHz repetition rate under focusing with low pulse energies (<1 nJ) and a gate-pulse peak
intensity of ∼ 1.20 GW/cm2. Achieving 175 fs temporal resolution, this microscopy-compatible
platform leverages the high nonlinearity and sub-picosecond temporal resolution of BBS glass to
enable investigation of ultrafast processes in single quantum emitters.
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1. Introduction

Measuring ultrafast phenomena lies at the forefront of modern optical science, unlocking new
capabilities in fields such as quantum information processing, high-sensitivity detection, and
remote sensing [1–4]. Beyond these technological applications, it also serves as a powerful
analytical tool for life sciences, enabling investigations at the single-molecule level [5]. However,
certain emission processes occur on timescales too short to be resolved with conventional
methods, for instance, excited-state dynamics in porphyrins [6] and β-carotene [7]. At the same
time, ongoing advances in hybrid quantum systems, where quantum emitters are coupled to
nanophotonic structures, show that sub-picosecond emission dynamics are increasingly within
experimental reach [8–11]. These developments require advanced ultrafast techniques capable
of probing photodynamics at the single-emitter level. To this end, time-resolved ultrafast
spectroscopy methods have been developed, such as transient absorption, up-conversion, and
optical gating. Yet, to date, these techniques have primarily been applied to molecular ensembles
or attenuated laser sources rather than to individual quantum emitters [12–16]. Though recent
work has successfully applied transient absorption to individual quantum dots to probe their
specific carrier dynamics [17].
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Conventional time-resolved spectroscopy for determining fluorescence lifetimes requires
measuring photon emission dynamics following pulsed excitation. Time-Correlated Single
Photon Counting (TCSPC) reconstructs decay profiles by accumulating single-photon events over
many cycles [18]. The method relies on single-photon-sensitive detectors such as single-photon
avalanche diodes (SPADs) or superconducting nanowire single-photon detectors (SNSPDs),
whose dead times limit count rates to tens of MHz. While modern TCSPC electronics reach
input rates above 1 GHz, the overall temporal resolution, typically a few ps, is constrained
by detector jitter and instrument response [18]. Although TCSPC enables picosecond-scale
measurements, sub-picosecond processes are still inaccessible. Streak camera–based approaches
achieve resolutions down to a few picoseconds and even 100 fs in single-shot mode [19–22],
but their bulkiness, cost, and instability at high repetition rates hinder practical use for compact,
high-speed single-photon characterization.

Recent advances in stable ultrafast lasers, such as sub-100 fs Ti:sapphire systems, and associated
optoelectronic tools have enabled time resolutions comparable to the excitation pulse width
through nonlinear optical sampling. Among these, fluorescence up-conversion, based on second-
order nonlinear processes in crystals, provides the temporal precision needed to study ultrafast
events across the UV to near-infrared range [14,23–29]. This technique achieves resolutions
down to 33 fs. However, its dependence on factors such as phase matching, group velocity
mismatch, and crystal parameters limits sensitivity and efficiency for single-photon detection,
despite recent advances in single-photon frequency upconversion [4].

An alternative and promising nonlinear sampling method, the optical Kerr gate (OKG),
sometimes also referred to as optical Kerr shutter (OKS) offers comparable sub-picosecond
resolution without requiring phase matching. It is based on the third-order nonlinear Kerr effect
and relies on induced birefringence in materials such as Carbon disulfide (CS2), or fused silica.
Time resolutions of 80–100 fs and Kerr efficiencies above 90% have been reported [12,30].
The OKG setup allows temporal gating of fluorescence through polarization rotation, providing
ultrafast single-photon detection with high efficiency and broad spectral flexibility. In general,
the OKG technique combines high detection efficiency across a broad spectral range. These
attributes make it particularly promising for ultrafast single-photon detection, where the emitted
signal from a single quantum emitter is inherently weak. In time-resolved techniques based on
single-photon detection, acquiring statistically meaningful data requires measurements over a
very large number of events to achieve a good signal-to-noise ratio. In this context, developing
an OKG technique based on high-repetition-rate lasers would be highly desirable.

Femtosecond GHz repetition lasers are nowadays crucial for various applications, such as
high precision metrology via frequency combs [31], ablation of materials in burst-mode [32],
and nonlinear optical microscopy [33]. They are highly desirable for modern optical sciences,
as it enables faster data acquisition, as well as achieving high signal-to-noise ratio. However,
their out-put average powers, limit their usage for studying nonlinear processes, in particular
third-order nonlinear optical processes, unless an external amplifier is used, which reduces their
repetition rate. This is especially the case with commercial mode-locked Ti:sapphire laser at
1 GHz, emitting in the near infrared (NIR) wavelength range.

In this paper, we demonstrate an ultrafast detection scheme, namely an OKG, with an instrument
response function of ∼ 175 fs at 1 GHz with less than 1 nJ pulse energy under focusing. This
high repetition rate is obtained from a commercial solid-state laser, more than an order of
magnitude larger than other solid-state lasers (typically up to 80 MHz) and the pulse energy
is nearly six orders of magnitude smaller than amplified systems. This experiment is made
possible by appropriately focusing the beam (hence increasing the energy density) [34], despite
the shortening of the Rayleigh range, and the high third-order nonlinear response of the BBS
glass [35,36].
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2. Materials and methods

2.1. Experimental design

The goal of this work was to implement an ultrafast optical Kerr gate operating at a 1 GHz
repetition rate using BBS glass as the nonlinear medium. The experimental approach relied on
exploiting the strong third-order nonlinearity of BBS glass under tight focusing conditions to
achieve efficient Kerr gating with very low pulse energies.

2.2. Optical Kerr gate principle

In an OKG, a nonlinear medium, so-called Kerr medium, such as in our case BBS glass, is
situated between two crossed polarizers. The probe beam does not pass through the second
polarizer in the absence of the gate pulse, as the medium remains isotropic (i.e., no birefringence).
When the gate pulse arrives, the optical Kerr effect induces a transient birefringence in the
medium, rotating the probe beam’s polarization. Consequently, a portion of the probe light is
transmitted through the second polarizer and can be detected by a photodetector. The detected
signal corresponds only to the part of the probe pulse temporally overlapping with the gate pulse.

The transmitted signal as a function of the time delay τ between the pump and probe beam is
given by the following relationship:

T(τ) =
∫ +∞

−∞

Iprobe(t − τ)sin2
(︃
∆ϕ

2

)︃
sin2(2θ)dt, (1)

where Iprobe is the intensity of the probe beam, ∆ϕ is the induced nonlinear phase shift, and
θ is the polarization angle between the pump and probe beam, which ideally must be± 45° to
maximize the transmitted signal. The induced nonlinear phase shift ∆ϕ= 2πn2LeffI0, gate/λprobe,
where n2 is the nonlinear refractive index, I0,gate is the pulse peak intensity of the gate beam, and
Leff is the Kerr medium effective thickness, which is calculated as Leff = 1 – exp(-αL) / α, where
α is the absorption coefficient at the wavelength of the gate beam. For a thickness L= 3 mm
of the BBS glass specimen, and a gate beam at λg = 820 nm, the absorption coefficient will be
α= 120.5 m−1, thus Leff = 2.5 mm.

2.3. BBS glass preparation

The BBS used for our optical Kerr gate experiments is a ternary system composed of Bi2O3-
B2O3-SiO2 (BBS). Two BBS glass samples were prepared with the following composition:
Bi2O3 (60 mol%), B2O3 (20 mol%), and SiO2 (20 mol%). Here, the mol% denotes the nominal
mole fraction relative to the total moles of all components. This composition was adopted from a
previous study on the third-order nonlinear optical properties of BBS glass [35].

Unlike Ref. [35], CeO2 was excluded, and the glass formation conditions were deliberately
modified to minimize coloration. The raw ingredients were melted in a lidded Al2O3 crucible at
950 °C for 20 min, followed by pouring the melt into a room temperature graphite mold before
annealing at 395 °C for 1 h and slow cooling to room temperature at a rate of ∼1 °C/min. The
resulting glass samples were cut to ca. 3 mm thick glasses and polished to 1 µm surface quality
using a corresponding diamond suspension and microfiber cloth. As the glass was prepared in a
small, lab scale batch without a stirrer, convection of the melt and rapid cooling during pouring
from the crucible leaves the sample with some density fluctuations that cannot be overcome
by annealing or post-synthesis polishing. However, these variations have a negligible effect on
focused light transmission.
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2.4. Optical Kerr gate setup

For the nonlinear optical measurements, we employed a tunable ultrafast laser system (Taccor
Tune 10, Laser Quantum GmbH) with a tuning range of 730–890 nm, pulse duration < 80 fs,
average power of 2.1 W at 800 nm, and a repetition rate of 1 GHz.

For simplicity, a degenerate configuration was used for the probe and gate beams. The setup
illustrates the optical layout of the technique. The probe beam passes through a shutter consisting
of a nonlinear medium placed between two crossed polarizers. Due to the 1 GHz repetition rate,
the gate beam’s peak pulse energy is relatively low (less than 1 nJ—nearly 1.20 GW/cm2 pulse
peak intensity, in our case) – a constraint imposed by the Taccor laser’s output average power
when compared to the amplified pulses used in standard OKG experiments. To enhance the gate
efficiency despite this limitation, the probe beam and the pump beams are tightly focused down to
20 µm, and 30 µm, respectively. Accordingly, the Rayleigh range zR =π n w0

2 / λ were calculated
for both beams, where n is the linear refractive index and is equal to 2.45 (at 820 nm) for the BBS
glass, whilst w0 is the beam waist. For the probe beam, the zR = 0.93 mm, and for the gate beam
zR ≈ 2 mm. The physical thickness of 3 mm of the BBS glass specimen was selected based upon
formula of Ref. [34], in order to avoid group velocity dispersion (GVD).

2.5. Measurement procedure

The polarization angle between the pump and probe beams was adjusted to 45°, achieved by
placing a half-wave plate in the gate beam path. The OKG signal was recorded by measuring
the Kerr-rotated probe intensity after the second polarizer (analyzer) as a function of the delay
time τ, introduced by varying the optical path length of the pump beam. The pump beam was
delayed by the linear translation stage over a distance, corresponding to 1.44× 10−12 s (1.44 ps)
with a maximum temporal resolution of 0.66 fs. Kerr-gated signals were recorded as counts per
second integrated over a 1 s acquisition period. The optical bandgap of the BBS glass is obtained
from the intercept of the linear portion of the curve with the energy axis. The 110 fs pulse width
of the pump (gate) beam was partly measured via the autocorrelator device, and estimated for
some other lenses and dielectric mirror, due to the inaccessibility of the measuring device into
the OKG part of the setup.

3. Results

3.1. Optical properties of BBS glass

A bismuth borosilicate (BBS) glass specimen was fabricated, shown in Fig. 1(a), and the performed
transmission measurements, given in Fig. 1(b), using a standard commercial spectrophotometer
(PerkinElmer) confirm that it is transparent in the visible and near-infrared regions.

The spectral measurement shown in Fig. 1(b) indicates that the transmission at λ= 820 nm
is nearly 68%, which was obtained using the incoherent light source of the spectrophotometer.
Another measurement at the same wavelength was conducted using the femtosecond laser, which
shows a linear transmission of nearly 75%. Thus, both measurements imply that the linear
absorption range of the BBS glass specimen is between 25-32%.

Before performing the Kerr-gate measurements, it is necessary to assess the presence of
self-phase modulation (SPM). This nonlinear effect broadens the input laser spectrum (gate laser
beam), generating new frequency components that may overlap with the fluorescence spectrum
of the single-photon emitter. Thus, the spectrum of the femtosecond laser centered at 820 nm
was measured without the BBS glass and then measured again after inserting the glass into the
optical path and subsequently compared to a simulation of the same process. The results indicate
that the presence of the BBS glass produces almost no spectral broadening, for more details see
Supplement 1.

https://doi.org/10.6084/m9.figshare.33442669
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Fig. 1. BBS glass specimen and its transmission spectrum. (A) The 3 mm thick BBS glass
specimen. (B) Transmission spectrum of BBS glass (the spectral artefact at 830 nm is due to
the spectrophotometer).

3.2. Kerr gate temporal response

Degenerate optical Kerr gate experiments were performed using both counter-propagating and
co-propagating schemes, with preference given to the counter-propagating configuration to avoid
detector saturation due to the pump beam and to minimize noise. The Kerr-rotated probe intensity
after the analyzer was recorded as a function of the temporal delay between the pump and probe
beams. The scheme of the experimental setup is illustrated in Fig. 2.

Fig. 2. Optical Kerr gate (OKG) setup. Scheme of the experimental setup for Kerr gate
experiment. The gate and probe beams are degenerate at 820 nm, and are counter-propagating.
The gate is reflected toward the Kerr medium via a short-pass dichroic mirror. The gate is
focused using a 50 mm focal lengths lens to a ∼ 30 µm spot, while the probe is focused down
to a ∼ 20 µm spot using a 100 mm focal length lens.

The resulting temporal profile of the optical Kerr gate signal is shown in Fig. 3, where the
x-axis represents the time delay and the y-axis corresponds to the number of counts per second
integrated over a 1 s acquisition period. This temporal profile represents the envelope function of
the Kerr-gated signal, which was extracted by Fourier analysis from its original OKG time trace,
then fitted with a Gaussian function. The full width at half maximum of the fitted Gaussian is
175± 1 fs.

The measured temporal profile represents the convolution of the cross-correlation between the
gate and probe beams and the nonlinear response time of the BBS glass. This implies that the
nonlinear response time of the BBS glass is shorter than 175 fs. For a FWHM of 110 fs for the
pump (pulseCheck Autocorrelator, APE GbmH), and estimated similarly for the probe beam for
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Fig. 3. Temporal profile of OKG of the BBS glass. Temporal profile of OKG signal
extracted from its time trace, fitted with a Gaussian function, whose FWHM is 175± 1 fs.

simplicity, the expected pump-probe cross-correlation will be about 156 fs. From the measured
175 fs IRF, and assuming Gaussian profiles and using quadratic addition of variances, we can
infer that the nonlinear response time is approximately 80 fs. For testing the reproducibility of
our results with the Kerr medium (BBS glass specimen), and ensuring its stability against heat
accumulation, due to the fs laser irradiation at 1 GHz repetition rate, additional measurements
have been taken, some of which we present in the Supplement 1 file. The optical Kerr gate
efficiency of the setup was ∼ 3%, estimated from an OKG experiment with a CW laser at
656 nm as a probe, and a fs laser at 820 nm as a gate (not shown). This result refers to the
percentage increase in the transmitted OKG signal, obtained from 10 spectra of transmitted
CW probe spectrum, whose average count rate integrated over the entire CW laser spectrum is
88798± 1489 counts/s when the gate is on versus when it is off, which represent the spectrum
of the CW probe leakage through the crossed polarizers of a similar number of measurements,
whose average count rate also integrated over the entire CW laser spectrum is 86365± 1486
counts/s. By subtracting these count rates and dividing them by the average count rate of 86365
counts/s, we obtained the 3% OKG efficiency. The CW experiment was also designed to evaluate
the performance of the non-degenerate OKG and to prepare the study of ultrafast fluorescence,
which operates at different wavelengths. A shift in the polarization angle corresponding to the
maximum transmitted Kerr signal was observed, which was attributed to ellipticity introduced
within the optical setup, which is also believed to be the reason for the shoulder appearing at the
left-hand side of the temporal profile.

https://doi.org/10.6084/m9.figshare.33442669
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3.3. Optical bandgap estimation

The optical bandgap of the BBS glass was estimated using the Tauc plot method and from the
molar refractivity of the glass. Tauc plots analyze the linear absorption spectrum of the glass,
derived from the transmission data as shown in Fig. 4. Linear fitting of the absorption edge yields
an optical bandgap energy of Eg = 2.93 eV. Further details are provided in the Discussion section.

Fig. 4. Tauc plot of BBS glass sample. Here, α represents the absorption coefficient and hυ
is the photon energy; the (αhυ)1/2 relation indicates an indirect allowed transition. Linear
fitting of the Tauc plot of the BBS glass sample that contains 60 mol.% Bi2O3. This linear
fit interception point with x-axis shows that our BBS glass has Eg = 2.93 eV.

Tauc plots notoriously underestimate the band gap, as the Urbach tail, due to charge transfer
transitions of impurities shift the observed UV-Vis cut-off in glasses to lower energies compared
to the intrinsic cut-off. Using instead the relationship between molar refractivity and bandgap, as
discussed by Dimitrov and Komatsu [37,38], more accurate value of the optical bandgap Eg can
be obtained. Based on the Lorentz-Lorenz equation, the molar refraction Rm (cm3/mol.) can be
derived from refractive index n and molar volume Vm data and can be related via an empirical
formula directly to the intrinsic bandgap, as suggested by Duffy [39] in his discussion of the
optical basicity:

Rm = Vm
n2 − 1
n2 + 2

= Vm

(︄
1 −

√︃
Eg

20

)︄
(2)

Using a refractive index of 2.45 for BBS and a density of 7.277 g/cm2 [40], the equation can
be rewritten to be

Eg = 20
[︃
1 −

[︃
n2 − 1
n2 + 2

]︃ ]︃2

= 2.821 eV (3)
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4. Discussion

The results demonstrate that an ultrafast detection scheme based on the third-order nonlinearity
of BBS glass can operate at a repetition rate of 1 GHz under focusing, with less than 1 nJ pulse
energy, while achieving an instrument response function with a time resolution of 175 fs. This
repetition rate enables better signal-to-noise (S/N) ratio, and faster data acquisition, being an
order of magnitude larger than the repetition rate from typical commercial solid-state lasers. This
will allow to examine a single quantum-emitter with sub-ps time resolution. It also uses a gate
pulse energy, that is nearly six orders of magnitude smaller than those obtained from amplified
laser systems. This will pave the way for the nonlinear optical community to explore third-order
nonlinear optical processes at such high repetition rates and power levels, without the need for
integrated- or fiber-optics [41].

The nonlinear optical properties of BBS glass, investigated using a degenerate optical Kerr
gate, were previously studied by Lin et al. [42] with a 30-fs laser at 800 nm and a repetition rate of
1 kHz. The nonlinear refractive index was estimated to be n2 = 1.6× 10−14 cm2/W. Furthermore,
the nonlinear response time of BBS glass was estimated to be below 90 fs, significantly shorter
than that of other materials such as CS2. In another study, Ref. [35], BBS glass was examined
using degenerate four-wave mixing (DFWM) with a 200-fs laser at 810 nm and a 200 kHz
repetition rate. The measured ultrafast response time was < 200 fs, in excellent agreement with
earlier results from the same research group [36]. They also demonstrated an optical Kerr shutter
[43] employing BBS glass as the Kerr medium for optical switching using a 1.5 THz gate beam,
achieving a response time of< 150 fs. Additionally, Tan et al. [44] utilized BBS glass as the Kerr
medium in a nondegenerate optical Kerr gate for gating spectra from a chirped supercontinuum
generated in a sapphire plate. The ultrafast response time of BBS glass in their study, reported
as< 85 fs, further confirms its superior temporal resolution compared to materials like CS2.

Beyond photoinduced birefringence, degenerate OKG experiments often involve self-diffraction
via a laser-induced transient grating (LITG). This third-order process occurs when coherent,
parallel-polarized pulses create a spatial energy modulation in the medium. Crucially, the LITG
signal reflects the pulse correlation time rather than the medium’s nonlinear response time.
Yan et al. [45] demonstrated that in materials like BBS glass—where the ultrafast electronic
response (due to electron cloud distortion) is faster than the pulse width—the OKG signal and
self-diffraction become practically inseparable. Consequently, distinguishing between these
two effects is essential to accurately characterize the medium’s ultrafast response. However,
their work showed that at small pump powers, the transmitted signal follows consistently the
anticipated OKG behavior.

For applications requiring the detection of extremely weak signals, such as ultrafast single-
photon sources, detailed knowledge of the nonlinear material’s physical properties is indispensable
as the efficiency is critical. One key parameter is the two-photon absorption (TPA) of BBS glass.
Linear absorption occurs when the excitation light frequency is resonant with real electronic
states. In contrast, within a transparent spectral region far from resonance, two photons can
be simultaneously absorbed if the photon density is sufficiently high, a condition typically
satisfied within the focal volume of an intense laser beam. When considering nonlinear optical
absorption processes such as TPA, the imaginary part of the third-order susceptibility must be
considered. Hasegawa et al. [46] measured the nonlinear two-photon absorption coefficient (β)
of a bismuth-containing glass (65.5 mol. % B2O3) using the Z-scan technique and reported
β= 0.8 cm/GW at 769 nm. Similarly, Zhang et al. [47] employed the same technique to study a
ternary Bi2O3-rich glass system, Bi2O3–B2O3–WO3 (BBW), and reported β values ranging from
0.254 cm/GW to 0.345 cm/GW for a series of samples with varying WO3 content. The higher β
value corresponded to the composition with the greatest WO3 concentration, while the lower
value was observed for the sample with the least WO3 content.
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Two-photon absorption (TPA) must be carefully considered for three primary reasons. First, at
high intensities, nonlinear absorption reduces the effective light available to induce refractive
index changes, diminishing process efficiency. Second, TPA and linear absorption can lead
to autofluorescence from the BBS glass that can hinder the detection of weak probe signals;
however, we irradiated our specimen using the gate beam at 820 nm, and measured the spectrum
filtered via a short-pass filter at 800 nm, and found no signs of autofluorescence backgrounds,
even though the integration time was 20 s. Third, when using high-repetition-rate lasers like
the 1 GHz, even minimal TPA and linear absorption can lead to significant heat accumulation,
forming the so-called thermal lensing. The resulting thermal lens acts as a diverging lens that
counteracts Kerr-induced self-focusing and optical beam focusing, limiting intensity-dependent
phenomena such as optical Kerr gating. Given that our laser operates an order of magnitude faster
than standard commercial systems, investigating TPA in BBS glass is essential. The presence of
TPA in a nonlinear medium is typically investigated by measuring it directly at the wavelength of
interest, often alongside the nonlinear refractive index (n2) using techniques such as Z-scan. In
our case, direct measurement of n2 or the TPA coefficient (β) was not feasible, as the technique
demands higher laser intensities than those provided by our fs laser.

As an alternative, the possible existence of TPA can be inferred by estimating the optical
bandgap of the Kerr medium, in this case, BBS glass, and comparing it with twice the photon
energy of the excitation light. If the bandgap corresponds to this value, two-photon absorption
is likely to occur. The optical bandgap can be determined using the Tauc plot method [48,49],
which analyzes the linear absorption (or transmission) spectrum of amorphous materials. In this
approach, the photon energy is plotted against (αhν)n, where α is the absorption coefficient, hυ
is the photon energy, and n= 2 for optically allowed direct bandgap, while n= 1/2 for indirect
bandgaps, as is appropriate for our systems. This method has been successfully applied to various
glass systems, including BBS glass with different Bi2O3 contents, as demonstrated by Gao et al.
[50].

For the OKG measurements, the pump (gate) and probe beams were at a central wavelength of
820 nm with a spectral bandwidth of 15 nm. For TPA to occur, two photons reaching at an optical
bandgap corresponding to 3.02 eV (representing 410 nm, which is half the excitation wavelength)
must be absorbed simultaneously. The optical bandgap of our BBS glass specimen determined
from Tauc plot (see Fig. 3) is Eg = 2.93 eV, corresponding to a wavelength of approximately
423 nm; or 2.821 eV (440 nm) when using the empirical formula relating the bandgap to molar
refraction. Despite the bandgap wavelength lying below the two-photon range (3.02 eV →

410 nm), TPA might be absent or minimal, because the actual bandgap energy is likely larger than
2.93 eV. In fact, the Urbach tail, a combination of the amorphous glass structure and impurities
in BBS appear as a lower bandgap [51]. Moreover, the uncertainties of each ingredient used to
fabricate the glass specimen are not known, hence the optical bandgap of the BBS glass cannot
be precisely obtained within the uncertainty range of the ingredients of its composition, which
will slightly shift the Eg to higher or lower value. The result of Eq. (3) does not take into account
these facts. Further, in our case TPA would be a minor contributor to heat accumulation, as
compared to linear absorption, which is within the range of 25-32% as we pointed out earlier.

The gate efficiency attained in this work (∼ 3%) was obtained using a CW laser probe and
fs pulsed pump laser, in counter-propagation geometry. Nonetheless, calculation based on a
model considering focused beam diffraction and pump and probe pulse co-propagation yields a
transmission through the cross polarizers of the order of 15% for 3-mm thick BBS glass and 0.8
nJ pulse energy [34]. However, in this work we are primarily interested in the time resolution as
the efficiency can be readily increased by optimizing the experimental parameters, such as the
laser power, the degree of ellipticity, or the glass thickness. Even with such gating efficiency,
a hybrid quantum system (a quantum emitter coupled to a nanophotonic structure, i.e., gold
nanocone) that reaches nearly up to 80% quantum yield, pumped with a 1 GHz repetition rate



Research Article Vol. 34, No. 19 / 21 Sep 2026 / Optics Express 36712

laser, would lead to a count rate of few MHz on the detector, assuming 30% collection efficiency,
and 40% detection efficiency (by SPADs). This count rate would be sufficient to apply this OKG
for single-photon detection.

Single-photon detection via optical Kerr gating (OKG) has been demonstrated in both single-
mode fibers (SMFs) [52] and photonic crystal fibers (PCFs) [53] at low gate pulse energies;
however, these platforms remain complex to implement. In both cases, the high confinement
of the gate beam’s electromagnetic field often induces a spectral background via SPM, which
can obscure single-photon signals. While PCFs offer sub-ps temporal resolution, they require
specialized dispersion engineering for specific wavelengths, which limits their versatility in
real-world applications. Conversely, SMFs have yet to achieve sub-ps resolution, and increasing
their length introduces problematic group velocity dispersion and mismatch. Furthermore,
despite near-unity transmission, these fiber-based systems suffer from significant total losses
ranging between 50–70%, due to low coupling efficiencies into the fibers.

5. Conclusion

To conclude, we have implemented an ultrafast detection scheme based on the third-order
nonlinearity of BBS glass, operating at a 1 GHz repetition rate under focusing with less than 1 nJ
pulse energy (∼ 1.20 GW/cm2 gate pulse peak intensity), and achieving an instrument response
function with a time resolution of 175 fs. BBS glass was chosen for its large nonlinear coefficient,
which enhances detection efficiency, and is necessary for operating at high repetition rates, its
sub-ps response time, and its compatibility with standard microscopy platforms. This approach
potentially provides a robust platform for probing ultrafast photodynamics at the single-emitter
level and holds promise for applications in ultrafast single-photon detection, quantum information
processing, high-speed optical switching, and time-resolved spectroscopy in nanophotonic and
biological systems.
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