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ABSTRACT

The Hanbury Brown-Twiss (HBT) effect holds a pivotal place in intensity interferometry and gave a seminal contribution to the development
of quantum optics. To observe such an effect, both good spectral and timing resolutions are necessary. Most often, the HBT effect is observed
for a single frequency at a time due to its limitations in dealing with multifrequencies simultaneously, halting and limiting some applications.
Here, we report a fast and data-driven spectrometer built with a one-dimensional array of single-photon-sensitive avalanche diodes. We
report observing the HBT effect for multiple frequencies at the same time. In particular, we observe the HBT effect for up to five lines of
the Ne spectrum, but this can be improved upon to include more lines. Our work represents a major step in making spectral binning and
multifrequency HBT more widely available. The technology we present can benefit both classical and quantum applications.

© 2025 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution-NonCommercial-
NoDerivs 4.0 International (CC BY-NC-ND) license (https://creativecommons.org/licenses/by-nc-nd/4.0/). https://doi.org/10.1063/5.0226069

I. INTRODUCTION To observe the HBT effect, one needs both fine spectral and
temporal resolutions; poor resolution in either quantity can wash
out the visibility of the effect. Here, we report observing the HBT
effect for five distinct frequencies at the same time, i.e., light com-

prising a combination of five different frequencies impinging on half

The Hanbury Brown-Twiss (HBT) effect, i.e., the bunching of
photons coming from a thermal light source, became a pivotal effect
for intensity interferometry,'” which is widely used in astronomy,
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and played a crucial role in the development of quantum optics.'’ "
More recently, the HBT effect has contributed to the emerging field
of quantum astrometry.”'® In addition, the HBT effect has found
applications in high energy physics, especially in nuclear and parti-
cle collisions,'” has been the basis for a plethora of quantum physics
experiments,* *’ and has influenced the development of imaging
methods.”

APL Photon. 10, 026113 (2025); doi: 10.1063/5.0226069
© Author(s) 2025

of a single-photon-sensitive sensor array in parallel. One expects
to observe the HBT effect, namely an enhancement in the rate of
coincident pairs, for photons of the same frequency. Our work is
an example of what we call a spectral binning technique, in which
different frequencies can coexist in our setup at the same time,
and each frequency can be measured independently;”” in prac-
tice, it allows one to run multiple experiments in parallel. This
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was achieved by employing our fast and data-driven single-photon
sensitive spectrometer based on a LinoSPAD2 detector,” " which
provides simultaneous data collection at multiple wavelengths with
good signal-to-noise ratios.

The technology reported here was developed to be used in
quantum astrometry, ™ ®** but it has broad applications in both
classical and quantum optics. Some of these include approaches
to quantum-enhanced telescopes,”” * intensity interferometry,”* *’
fluorescence imaging,"* remote sensing,’” quantum communica-
tions,”® and frequency-bin quantum information.”” It can ben-
efit any field requiring high spectral and temporal resolutions
simultaneously.

II. EXPERIMENTAL SETUPS
A. LinoSPAD2 detector

The LinoSPAD?2 detector consists of a daughterboard with a
linear array sensor of 512 Single-Photon Avalanche Diodes (SPADs)
and two Field Programmable Gate Array (FPGA) motherboards,
each of which reads out half of the sensor. With a pitch of
26.2 ym, the whole sensor is ~13 mm long. With a fill factor of 57.7%
for a device with microlenses, the photon detection efficiency (PDE)
covers essentially the whole visible spectrum and peaks at #30% for
~520 nm.”*"* For the Ne spectral lines used for HBT measurements
in this work, the PDE goes from 19% for the Ne 633.4 nm line to
13% for the Ne 703.2 nm line. A median dark count rate of 100
counts/second (cps) per pixel at room temperature and a bias voltage
of 4 V make it possible to operate the detector under ambient con-
ditions.”” Crosstalk (CT) was measured at ~0.2% for adjacent pixels,
falling to ~0.01% for further neighboring pixels. The average timing
resolution of the detector for single-photon detection is 40 ps rms.”
Only one-half of the sensor was utilized in this work, as 256 pixels
were sufficient to fit multiple Ne spectral lines, and operating a sin-
gle half of the sensor simplifies both readout and analysis. This also
removes any need for synchronization between the two halves. Fur-
ther information on the LinoSPAD2 sensor can be found in Refs. 25
and 26, while analysis of crosstalk can be found in Ref. 49.

B. Single-line setup

We begin with the simplest case of observing an HBT measure-
ment for a single atomic line. The experimental setup is conceptually
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depicted in Fig. 1. A Ne calibration lamp (Newport, model 6032) was
used as a source of thermal light, operating at 10 mA AC. Light from
the Ne lamp passes through a spectral filter with a central wavelength
of 700 nm and an FWHM of 10 nm, covering the 703.2 nm Ne spec-
tral line with a transparency of 98.7%. Following this, the light passes
through a linear polarizer, which reduces the detected rate in half
but purifies the polarization state of the light such that we end up
with a twofold increase in the HBT contrast. After that, the light is
coupled to a single-mode optical fiber. This fiber is connected to a 1-
to-2 50:50 single-mode fiber beam splitter (Thorlabs TW670R5F1).
The outputs of the beam splitter were collimated using adjustable
aspheric collimators, resulting in two illuminated dots, each cov-
ering 3-5 pixels of the sensor. The results of this configuration are
discussed in Sec. IIT A.

C. Dual spectrometer setup

Following the successful results obtained in the single-line
setup, a spectrometer setup was assembled. Here, a Ne calibration
lamp was again chosen as the source of light due to the abundance
of spectral lines in the 500-700 nm region, where the PDE of the
LinoSPAD? is the highest. The LinoSPAD2 dual spectrometer lay-
out is shown schematically in Fig. 2. As before, a polarizer is placed
in front of the lamp to achieve a twofold improvement in the contrast
of HBT peaks.

As in the single-line setup, the Ne light is coupled to a single-
mode optical fiber, which is connected to the 1-to-2 50:50 fiber beam
splitter. After that, the light enters the free-space portion of the
setup. A 35 mm focal length lens in front of each fiber beam split-
ter output collimates the light, resulting in a wide beam diameter of
~4 mm. These collimated beams are each reflected using a silver-
coated mirror onto a 1-in. square ruled reflective diffraction grat-
ing with 1200 grooves/mm and a 750 nm blaze wavelength. The
diffracted light within each arm of the dual spectrometer is finally
focused through 200 mm focal length lenses onto the sensor pixels.
The wider beam allows a finer focus on the sensor, thus lead-
ing to a better spectral resolution. The measured spectral scale is
~0.1 nm/pixel within the studied range. A detailed discussion on
measured spectral resolutions can be found in Jirsa et al.””

Both arms of the dual spectrometer are mirror-like images
of each other so that light from each beam splitter output passes
through the same kind of components. Each photon detection is
timestamped, enabling an offline comparison and analysis of the
HBT effects between all combinations of the spectral lines. More
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* coupler Filter v A v FIG. 1. Single-line setup with LinoSPAD2. The polarized
J e €< . and filtered Ne light is fiber-coupled to a 1-to-2 50:50 single-
. mode fiber beam splitter. The filter is used to select a single
beaﬁﬁf,lrmer Polarizer S line from the Ne spectrum. Each arm of the beam split-
e, . Ne lamp ter is connected to an adjustable aspheric collimator, which
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focuses light onto the LinoSPAD2 sensor.

10, 026113-2
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FIG. 2. Schematic of the dual spectrometer setup with the LinoSPAD2. The light from the Ne lamp is polarized, coupled to a 1-to-2 50:50 single-mode fiber beam splitter,
and directed into the two arms of the spectrometer. Once back to free space propagation, the light is collimated, reflected using a mirror onto a reflective diffraction grating,
and finally focused onto the LinoSPAD2 sensor via 200 mm focal length lenses. The top and bottom parts of the spectrometer were designed as mirror-like images of each

other.

details on the use of the LinoSPAD2 sensor in a spectrometer
can be found in Jirsa et al.”® The results of using this configu-
ration are discussed in Secs. III B and III C. In addition, when
analyzing the data of both the single-line setup and the dual spec-
trometer setup, we used the Python scientific computing library
SciPy.”

I1l. RESULTS AND DISCUSSION
A. HBT measurements with a single spectral line

To test the capabilities of the LinoSPAD2 to measure the HBT
effect, we first used the single-line setup for the 703.2 nm line from
the Ne spectrum. Outputs of the two collimators were positioned at
pixels 3 and 45, partially to minimize the effect of CT between pixels
of interest, and data were recorded for ~4 min. Fach collimated beam
covered ~5 pixels, and only the pixels with the highest number of
photons detected were used for the HBT analysis. Recorded photon
timestamps between the two pixels were compared to calculate the
time differences At between the two detections.

The HBT effect produces an enhancement in the rate of pho-
ton coincidences, creating a peak in the distribution of pair arrival
time differences At. Accounting for the effects of detector response
time, photon travel time, etc., the peak in the measured distribution
will appear at whatever time difference corresponds to the photons
being indistinguishable at their common source, i.e., that they were
present at the same time and at the same location in an upstream
thermally excited common mode that they both shared. The degree
of enhancement is measured by the relative height of the peak above
the combinatorial background, usually termed the peak contrast or
visibility.

The contrast of the peak in the pair At distribution reflects the
extent to which the detected photons were indistinguishable in their

APL Photon. 10, 026113 (2025); doi: 10.1063/5.0226069
© Author(s) 2025

upstream common mode and also their time of arrival and detec-
tor effects. In the case of an ideal detector with arbitrarily precise
timing, measurement photons from the same thermally occupied
spatial mode, including polarization, will show pair enhancement
by a factor of x2 or a contrast of 1; in the case of an unpolarized
source, only half the pairs are identical, and so the contrast will drop
to 0.5.

The width of the peak in the At distribution with an ideal
detector will reflect the coherence time distribution (equivalently,
temporal auto-correlation) of the source, which is essentially the
inverse Fourier transform of the source’s spectral power density
(as follows directly from the Wiener-Khinchin theorem). Thus, the
general behavior is that a narrow-band source will manifest a wider
peak in pair At and the converse. The spectral shape of a (singlet)
thermal emission line can be difficult to predict since it reflects
a combination of the intrinsic linewidth (ideally Lorentzian over
frequency as determined by the lifetime of the upper state), pres-
sure broadening (also Lorentzian), and thermal broadening (usually
nearly Gaussian) in the hot gas.

With a realistic detector, the measured HBT enhancement peak
in pair At will show the line’s coherence time distribution convolved
with the detector time resolution function for pairs. In almost all
practical cases with thermal sources, the broadening from detector
resolution will be similar to or larger than the source coherence time,
which will have the effect of broadening the peak and lowering its
height compared to the ideal detector case. Thus, a faster detector
will be rewarded with a clearer peak showing a higher contrast. The
measured HBT peak in our single-line case is shown in the top part
of Fig. 3. The enhanced peak of coincidence counts—the HBT effect
itself—is clear and visually well above the noise level.

To further confirm that the enhancement in photon coinci-
dences is indeed due to the HBT effect and not some undesirable

10, 026113-3
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FIG. 3. HBT effect with the LinoSPAD2 detector in a single-line setup with a fil-
tered and polarized Ne lamp as a light source. The plot shows photon coincidence
counts normalized to the median vs the timestamp difference for the 703.2 nm Ne
line for the delayed and undelayed cases. The resulting shift confirms the HBT
effect. The average width of the HBT peak is o = 0.12 + 0.02 ns, and the average
contrast is 41.4 + 6.4%.

effect, e.g., CT between pixels, an additional 1 m single-mode optical
fiber was introduced into one of the output arms of the beam split-
ter. Considering that the fiber is ~1 m long, this should result in a 5
ns shift in the HBT peak. As the CT effect is purely inherent to the
detector sensor, it remains unaffected by any changes in the photon
paths before they reach the sensor. The HBT peak was indeed con-
firmed, which can be seen in Fig. 3. The resulting temporal shift in
the peak position away from At = 0 is affected by the fiber length and
the non-ideal calibration of the detector. Nevertheless, the experi-
mental evidence is conclusive. To obtain the HBT peak position and
calculate the contrast of the peak, a histogram of normalized coinci-
dences was fitted using a Gaussian function. The average measured
contrast of the HBT peaks is 41.4 + 6.4%.

B. HBT measurements with two spectral lines

With the HBT effect confirmed for a single pair of lines, we
moved to the dual spectrometer setup and tested a pair of Ne spec-
tral lines, namely 638.3 and 640.2 nm. Figure 4 shows the parts of
Ne spectra as recorded using the LinoSPAD2, specifically the 638.3
and 640.2 nm spectral lines. Using the two lines seen at pixels 27
and 45, the spectral scale is estimated to be ~0.1 nm/pixel. The total
data acquisition time for this dataset is ~30 min. The different rates
observed for different wavelengths are due to the difference in inten-
sities of those Ne lines, and for the lines of the same wavelength,
they are due to the unequal splitting by the beam splitter at the mea-
sured wavelengths. All four combinations of 638.3 and 640.2 nm
lines were analyzed, where HBT is expected only for comparisons
between lines of the same wavelength. This is indeed observed
(see Fig. 5). In addition, to verify the effect, a single-mode opti-
cal fiber, 1 m long, was inserted between one output of the beam
splitter and the fiber-to-free-space coupler—similar to how it was
done for the single-line setup. The shift in the HBT peak position
was indeed observed with an average of 5.18 + 0.03 ns. The fall in
the contrast measured between the undelayed and delayed datasets
could be due to the decrease in intensity measured for the delayed

APL Photon. 10, 026113 (2025); doi: 10.1063/5.0226069
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FIG. 4. Two copies of a part of the Ne spectrum with lines 640.2 and 638.3 nm
visible. Since the dual spectrometers are mirror-like designs of each other and
the sensor is oriented horizontally, the wavelengths will increase for one arm and
decrease for the other with an increase in the pixel number. The peak between the
two pairs seen at pixel 155 is most probably the 633.4 nm Ne line—the same line
is seen at pixel 93.

set, as we hypothesize that the additional 1 m long fiber could have a
dusted core, thus leading to a signal loss.

HBT peaks were fitted with a Gaussian function to determine
the HBT peak position and contrast. The other fitting parameters
for all 4 HBT peaks seen in Fig. 5 are reported in Table I.

C. HBT measurements with five spectral lines

Next, we moved on to observing the HBT effect for five Ne lines.
In this case, we are clearly in the regime of multifrequency-resolved
HBT.

Undelayed - Delayed
- Spect 1 2 Spect 1 2
wn 14 HBT Pixel 27 218 Pixel 27 200
0] +5.32ns A [nm] 640 640 Alnm] 640 638
2 f—
11 |
T 4 £ 2PN o Aa
S 1§‘.34(H*;ixf-"\w;“¢\i; ;&‘w‘7-,‘.{»,;\&,*!.:"!{1.\5.
c
'S 0.8
o Spect 1 2 Spect 1 2
- 1.4 Pixel 45 218 Pixel 45 200
ﬁ A [nm] 638 640 Anm] 638 638
g1l 4
6 s \‘ 1,"“,‘
Z0s

10
At [ns]
FIG. 5. Measurement of HBT contrast for 2 spectral lines. Each plot shows the
histogram of time differences between timestamps for the different pairings of
spectral lines. Both the undelayed and delayed datasets are shown. The bin size is
~200 ps. The top left corner shows the HBT peak for the 640.2 nm line, while the
bottom right corner shows the HBT peak for the 638.3 nm line. The average shift
due to the added 1 m-long optical fiber is 5.18 + 0.03 ns. The insets list the wave-
length, pixel position, and spectrometer arm of the two lines being compared. The
HBT peak contrasts are reported in Table .

10, 026113-4
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TABLE I. Fitting parameters for the HBT with 2 spectral lines. The top two rows are
for the undelayed dataset, and the bottom two rows are for the delayed one. The
average width of the HBT peaks is o = 0.15 + 0.02 ns.

Pixel pair Wavelength (nm) Peak position (ns) Contrast (%)
27,218 640.2 0.16 £ 0.02 36.9 £ 3.5
45,200 638.3 -0.11 £ 0.02 509 + 4.1
27,218 640.2 -5.16 £ 0.01 34.0+2.9
45,200 638.3 -5.25 £ 0.02 51.6 £ 4.6

The biggest limitation of the linear sensor of LinoSPAD2 is
the difficulty of alignment, as the sensor is not only single-pixel
wide but also relatively narrow, given the pixel size of 26.2 ym.
Because of that, even with a spectral scale of 0.1 nm/pixel, align-
ment remains challenging. By reorienting the LinoSPAD2 sensor
from a horizontal to a vertical orientation with respect to the ground
and adjusting the positions and orientations of mirrors and grat-
ings accordingly, alignment was successfully facilitated. The reason
for this is expanded upon at the end of this section. With this
change, it was possible to focus 10 Ne lines, 5 from each arm of
the dual spectrometer. The resulting spectra are presented in Fig. 6.
Similar to the two-line spectrometer setup, the difference in the
photon rates for the lines of the same wavelength can be accounted
for by the non-equal splitting of the 1-to-2 beam splitter. Apart
from the orientation of the components and the sensor, the setup
used here is the same as the one used for the measurements with
two pairs of Ne spectral lines. Therefore, the spectral scale is still
0.1 nm/pixel.

Histograms of timestamp differences for all combinations of
pairs of lines can be seen in Fig. 7. The HBT peaks are seen only
for the pairs of lines of the same wavelength and are again verified
via the addition of a 1 m long optical fiber. In addition, three CT
peaks can be seen. Bear in mind that while the HBT peak position

30
25 Spectrometer 2
J
~ 20 640 nm
T + 638 Nnm
P P
—15 650 nm H i
]
=
©
10 !
3 i
5
0 i sdi i (Y 2. L__;__J.___'g i
~ 9 ¥ 90 o © © Mm N n o ©
vYER g eras F4
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FIG. 6. Two copies of a five-line portion of the Ne spectrum, side by side, as
detected using the LinoSPAD2 detector from the dual spectrometer setup. In the
new vertical orientation of the sensor, the wavelengths for both spectrometer arms
decrease as the pixel number increases.
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must change with the addition of fiber length, it should not affect
the CT peak position, as CT is an intrinsic kind of detector noise and
depends on the position of two firing pixels but not on the relative
delay between these pixels. In addition, CT should be more pro-
nounced for the immediate neighboring pixels, and its effect falls off
with distance between pixels. Thus, for true HBT peaks, we should
observe two positions: one for the delayed case and one for the unde-
layed case, while for CT, we should observe the same peak position
for the delayed and undelayed cases. This is, in fact, what is observed
in Fig. 7. Therefore, the unchanged CT peaks confirm that the peaks
that do move to another position are truly HBT peaks. We use this
technique as a validation of true HBT peaks. The difference in shifts
of the HBT peaks between the different pair combinations can be
accounted for by the non-ideal offset calibration, so that the unde-
layed HBT peaks do not always appear at At = 0 and that offset is dif-
ferent for different pairs of pixels. The average shift is 5.17 + 0.03 ns,
which is consistent with a 1 m optical fiber delay. All HBT peaks
were fit with a Gaussian function, and the average standard devia-
tion of the peaks is 0.14 + 0.03 ns. Other fit parameters can be seen
in Table IT.

In principle, the uncertainties could be reduced by taking
longer datasets. Most importantly, the evidence for the observa-
tion of the multifrequency-resolved HBT effect is undeniable, and
in most cases, the HBT contrast is good enough to enable further
experiments.

Finally, we need to clarify why reorienting the LinoSPAD2 ben-
efited us. Initially, the two spectrometer arms of the setup were
horizontally separated; one was a reflection-like of the other across a
vertical plane that intersects the LinoSPAD2 sensor. The light from
each spectrometer approaches the sensor at an angle that is hori-
zontally deviated from the normal to the sensor board. As such, the
planes of focus of the two arms are vertically oriented and inter-
sect along a vertical line but cannot be coplanar with the sensor
board. If the sensor is horizontal and the diffraction gratings blaze
horizontally, then only a single pixel can receive focused light from
one of the spectrometers; all other pixels will lie outside the focal
plane. To achieve optimal focus for both spectrometers, the diffrac-
tion gratings must blaze vertically, and the LinoSPAD2 sensor must
be oriented along the intersection of the focal planes of the two spec-
trometers. In either case, the key is that the linear sensor must lie at
the intersection of the two focal planes and, therefore, must be per-
pendicular to the separation direction of the two spectrometer arms.
Post factum, we realized that changing the orientation of the sensor
also resulted in changing by 90° the orientation of the polarization
relative to the rulings of the diffraction gratings. In other words, we
realized afterward that the diffraction grating performance is signifi-
cantly different between the s and p polarizations. As such, when we
rotated the LinoSPAD2 sensor, we also rotated the diffraction grat-
ing; thus, the light polarization effectively reaching the diffraction
grating is orthogonal to the previous case. In future setups, it might
be interesting to use polarizers before the diffraction gratings, so that
one will have complete polarization control.

IV. CONCLUSION

The Hanbury Brown-Twiss effect was not only important for
its contribution to understanding the nature of light and quantum
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FIG. 7. HBT effect for 5 spectral lines. Each plot shows the histogram of time differences between the combinations of 5 pairs of different Ne spectral lines. The histograms
along the diagonal, starting from the top left, show both shifted and unshifted HBT peaks. The shifted peaks were delayed by 5.17 + 0.03 ns on average due to the insertion
of a 1 m optical fiber into one arm of the spectrometer. In addition, crosstalk (CT) peaks can also be seen for three different pairs of not-too-distant pixels. The fact that the
addition of a 1 m optical fiber to one of the spectrometers shifts the peaks seen in the pairs of the same wavelength and not for the CT peaks further confirms the HTB
effect. The insets list the wavelength, pixel position, and spectrometer arm of the two lines being compared. The HBT contrasts are reported in Table 1.

optics but also for finding a vast set of applications, especially in
intensity interferometry, astronomy, and astrophysics.

In the present work, we showed how we achieved HBT with
multiple frequencies at the same time. We first demonstrated the

TABLE II. Fitting parameters for the HBT with 5 spectral lines. The top five rows are
for the undelayed dataset, and the bottom five rows are for the delayed one. The
average width of the HBT peaks is o = 0.14 + 0.03 ns.

Pixel pair ~Wavelength (nm) Peak position (ns)  Contrast (%)
44,79 650.7 —0.08 + 0.08 62.8 £ 32.5
20, 55 653.3 0.13 +£0.03 46.7 + 7.4
138,173 640.2 -0.07 £ 0.02 599 £ 6.1
156, 191 638.3 —0.11 £ 0.02 547 +7.1
200, 235 633.4 0.01 +£0.03 56.6 + 11.6
44,79 650.7 -5.21 + 0.07 61.5+ 15.1
20, 55 653.3 -5.02 + 0.05 429 + 8.0
138,173 640.2 -5.30 £ 0.04 40.4 + 18.3
156, 191 638.3 -5.23 £ 0.05 408 +7.2
200, 235 633.4 -5.18 £ 0.03 60.3 + 8.3
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HBT effect using a single line of Ne spectrum, then two lines, and
finally with five lines. We observed and confirmed the HBT effect
for photons of the same wavelength and no HBT effect for different
wavelengths, as predicted by theory.

We used a spectrometer setup that we built using a one-
dimensional array of 256 pixels of the LinoSPAD2 sensor, with
single-photon sensitivity in each pixel. We could extend the work
beyond five wavelengths; there is no fundamental limitation pre-
venting that. However, to achieve that, a larger sensor array or a
more densely populated spectrum would be necessary. Moreover, a
detector with similar timing capabilities but with a 2D sensor matrix
would facilitate the optical alignment. This would allow the use of
echelle gratings, potentially improving spectral resolution.

Another experiment™ reports observing HBT for various fre-
quencies, where a polariton condensate that radiates as a spectrally
broad light source was utilized. In addition, Refs. 51-56 report on
other 1D and 2D spectrometers.

In our experiment, the entire setup, from the light source to
the detector, operates at room temperature, which simplifies the
use of our technology as well as mitigates the costs of scaling. The
ease of use and the high temporal and spectral resolutions of the
LinoSPAD?2 dual spectrometer setup we developed can be highly
beneficial for classical and quantum applications.
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As an important clarification, we benefited from the high
coherence time of the spectral lines of Ne from an in-lab thermal
lamp. However, for applications in astronomy, i.e., when using real
thermal sources such as stars, the coherence time is orders of mag-
nitude smaller. A possible solution is to use spectral filters. The
smaller coherence time would reduce the HBT contrast. Yet, even
with much smaller HBT contrast values than those obtained with
in-lab lamps, astronomers are able to use the HBT peak signal for
research, making the HBT effect an important astronomical tool in
use for decades. Future work following this paper could include miti-
gating the HBT contrast reduction with broadband light sources and
starlight, as well as further detector improvements to reduce dark
counts.

Our aim is to apply this technology for quantum astrometry.'®
Other approaches of quantum-enhanced telescopes™ >’ could also
benefit from this technology, as well as classical intensity interfer-
ometers. In fact, this technology is applicable to any experiment
interested in spectral binning.

SUPPLEMENTARY MATERIAL

See the supplementary material for the list of key optical
components.
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