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Abstract: We present a source of indistinguishable photons at telecom wavelength, synchro-
nized to an external clock, for the use in distributed quantum networks. We characterize the
indistinguishability of photons generated in independent parametric down-conversion events
using a Hong-Ou-Mandel interferometer, and show non-classical interference with coalescence,
C =0.83(5). We also demonstrate the synchronization to an external clock within sub-picosecond
timing jitter, which is significantly shorter than the single-photon wavepacket duration of ~ 35 ps.
Our source enables scalable quantum protocols over multi-node, long-distance optical networks
using network-based clock recovery systems.

1. Introduction

Offering fast, efficient, and decoherence-free quantum information transfer, photonic qubits
are widely acknowledged as the most desirable carriers for quantum communication [1].
Particularly, photonics enables the development of large-scale local and metropolitan quantum
networks [2--5]. Scaling laboratory-level prototype quantum communication networks to real-
world modular networks comes with a set of new, fundamental requirements on the components.
For instance, single-photon sources must produce highly indistinguishable photons for such
network use, because most network protocols require quantum interference of photons originating
from independent sources. Examples of those protocols include teleportation and entanglement
swapping [6--8]. Recent studies have achieved sources with very high indistinguishability [9--11],
however a successful realization of synchronization of such sources to a network comaptible
clock recovery system is missing so far. To create a network synchronized source, we need
a pulsed pump laser that can be synchronized with an external network clock. It turns out
that synchronizing the clocks at the distant network nodes, such that a typical single-mode
single-photon source can be used, cannot be done at present. To achieve this, the source should
be able to produce single-photon pulses with their pulse duration longer than the timing mismatch
between the synchronized network clocks, which presently amounts to ~ 1 ps [12]. In this
work, we present such a source of indistinguishable photons in the telecommunication band with
sub-picosecond pulse emission synchronization.

The indistinguishability of single photons depends on various factors such as their polarization,
arrival time, spatial and temporal modes etc. Their spatial single-mode character could be
guaranteed by using single-mode telecom fiber to couple the photons. The polarization could be
stabilized using active polarization control interspersed with communication signals. The carrier
frequency can be locally stabilized. Time of arrival of the interfering photon pulses could be
adjusted as the relative path difference. In addition to these, single temporal mode or (Fourier)
transform-limited pulse shape [13] is crucial for the quantum interference between independent
photons. Both probabilistic [14, 15] and deterministic [16--18] single-photon sources (SPSs)
have been extensively studied in the past to generate indistinguishable photons. Recently some
preliminary measurements were made on the indistinguishability of photons from a single quantum
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dot (QD) [19,20] and two independent QDs [21] in the C-band. While such deterministic single-
photon sources theoretically can achieve 100% efficiency, currently, their indistinguishability
performance is significantly limited, unless post-selected, conditioned on nearly-simultaneous
coincidence detection. The effects of dephasing and spectral diffusion [22,23] also limit the
realization of scalable QD-based network sources in the C-band, which may be improved in the
future similarly to [24]. On the other hand, spontaneous parametric down-conversion (SPDC)
allows convenient generation of indistinguishable photons in the telecom C-band and room
temperature operation and, therefore, comes with significantly simplified experimental overhead
which enables to build and operate network-separated indistinguishable sources.

As it pertains to heralded single photons from SPDC, their spatiotemporal properties are
derived from both the spatiotemporal properties of the pump laser and the phase-matching
curve of the SPDC crystal [11,25]. Due to the nature of the parametric down-conversion
that results in multi-mode output, additional spectral filtering may be required to achieve a
transform-limited pulse shape for the generated photons. In addition, when more than one source
is used in a network, the emission of photons from these sources should be synchronized, and such
synchronization should be network-compatible. Quantum networks require the synchronization
jitter (~ ps) to be significantly lower than what is typically available for commercial classical
networks (~ sub-us) and this represents a significant additional challenge.

To meet all the above requirements, we designed a source that can readily produce photons
for multi-node quantum networks. Particularly, the source features = 35 ps full width at half
maximum (FWHM) heralded single-photon pulses with the spectral bandwidth of 0.1 nm and a
carrier wavelength of 1550 nm. We measure a high degree of indistinguishability, characterized
by a coalescence of 0.83(5). We demonstrate synchronization for practical network clock
recovery methods and measure sub-ps short-term jitter as well as long-term time deviation below
10 ps. We find that the long-term time deviation is limited by the properties of clock recovery
systems.

2. Source design

Quantum network protocols require indistinguishable (single-mode, Fourier transform-limited)
single photons with their pulse duration longer than the timing mismatch achievable between
the network nodes. The main challenge of building network compatible SPS is that the pulses
produced by such sources are limited in pulse duration to a very narrow range. The photon pulse
duration for a network source is mainly limited by two factors. First, it should be significantly
longer than the expected jitter in the external clock signal. Secondly, longer pulses require
progressively narrower bandwidths to be transform-limited, which is constrained by the length
of the periodically poled nonlinear crystal or by the bandwidth of a spectral filter if one is
used. Since long picosecond-scale, Fourier transform-limited single photon pulses cannot
be generated by SPDC crystals, because the crystals cannot be made sufficiently long (150
mm or longer), these photons should be spectrally filtered. Ultra-narrow filters require active
stabilization, which would complicate their field use. Thus, practical sub-nanometer filters set
the upper bound on photon pulse duration. However, the use of a filter reduces the single-photon
emission rate, which is undesirable. In addition to using a spectrally-efficient SPDC crystal,
one requires a transform-limited or nearly-transform-limited pump laser with a pulse duration
that matches the desired duration of single photons, because SPDC efficiency depends on the
pump spectral bandwidth. Most picosecond pump lasers that can be externally synchronized
are significantly multimode and this poses an additional challenge in building a network source
of single-mode single photons. Also, the pump laser has to be synchronized to the network
clock without adding any extra jitter. Prior research shows that the jitter associated with the
White Rabbit (WR) [26] Precision Time Protocol (WR-PTP), which has now been standardized
as part of the high-accuracy precision time protocol (HA-PTP) [27], can be made as low as a
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few picoseconds [12] and hence could be an appropriate network-compatible clock. This jitter
necessitates a source of single photons that are longer than ~ 10 ps. On the other hand, to
avoid active stabilization, the photons should be ~ 0.1 nm or broader, which necessitates the
pulse duration of = 35 ps (Gaussian FWHM) or shorter. Taken together, these considerations
decisively place single-photon pulse duration in the range of 10 ps - 35 ps.

To match these conditions, and to build the source with maximal possible efficiency, we chose
a 30 mm quasi-phase-matched periodically poled KTiOPO,4 (PPKTP) crystal (poling period
46.15 microns, temperature at 40 °C) for collinear type-II photon pair generation with both signal
and idler at 1550 nm (Fig. 1a). In addition, we use a volume Bragg grating (VBG) of 0.1 nm

(a) (b) x10* x10*
External T T T
10 MHz clock 47
10.8
80 MHz 3
Locking 106

electronics :l

Spectrometer
Ti-Sapph PPKTP  ppg
Type II

Fig. 1. Source design. (a) A low jitter singal generator (SG) transforms 10 MHz signal
from the external clock to an 80 MHz sinusoidal signal that feeds the locking electronics
associated with the Ti-Sapphire pump laser. One photon from the parametric down-
converted pair goes through volume Bragg grating (VBG) which thereby optically filter
the heralded single-photon output to ensure single-mode operation. (b) the spectrum
of SPDC photons (red squares) and filtered signal photons with VBG in place (blue
circles).
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bandwidth to filter heralded single photons to nearly single time-bandwidth mode, which yields
indistinguishable photons of ~ 35 ps pulse duration. We use as a pump, a pulsed Ti:Sapphire
laser that generates ~ 10 ps nearly transform-limited pulses synchronously to an external clock.
The pump laser (Spectra-Physics Tsunami [26]) is equipped with off-the-shelf locking capability
that can actively stabilize the cavity length to synchronize the laser pulses to the external clock
signal. Therefore, the laser can follow the network clock synchronization signal, which is the
goal for multiple network nodes in a network. The 10 MHz signal from the external clock is
transformed to an 80 MHz sinusoidal signal, that feeds the locking electronics associated with
the Ti-Sapphire laser using a low-jitter signal generator.

To verify the bandwidth of the source, we measure the spectrum of signal photons directly after
the crystal as well as through the grating filter (Fig. 1b). The spectrum of the unfiltered signal
(idler) photon yields an estimated bandwidth of 0.88 nm (FWHM). Note that the large bandwidth
of the unfiltered source is due to the crystal’s length. Because the longest available crystals were
used, the use of the filter is unavoidable for a single-mode operation. The spectral width (FWHM)
of the filtered photon was measured to be 0.16 nm. It should be noted that these measurements
are limited by the 0.08 nm resolution of the spectrometer used for the measurements. This result
is in agreement with the nominal pass-band of the VBG (0.1 nm). Given the pass-band and
assuming transform-limited photons with Gaussian pulse shape, the pulse duration of filtered
single photons is 35.3 ps. To compare, if our source matched the laser pulse duration of 10 ps,
the bandwidth for transform-limited operation would have been 0.353 nm. The source emission
rate after spectral filtering is 10° counts/s/mW with a coincidence-to-accidental ratio of ~ 150.
As expected, spectral filtering results in a reduction in count rate by approximately an order of
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3. Synchronization to external clocks

3.1. Local synchronization

The successful synchronization of the source to an external clock is the first step in building a
scalable network source of single photons. We demonstrate robust synchronization of our source
to (1) the 10 MHz clock signal from a rubidium (Rb) atomic clock frequency standard and (2)
the same clock distributed over a laboratory-scale network and recovered by a WR-PTP switch.
A fast photodiode is used to measure the output of the laser and the time tag for each laser pulse

@) Network clock (®) '
10
10 MHz 2
>
m
80 MHz Locking Time E 10() A
(] electronics Tagger —$—WR Switch
——Rb Clk
—FTagger IRF
i s 0
10 10
Ti-Sapph PD

Averaging time (s)

Fig. 2. (a) Experimental schematic for the synchronization of the pump laser pulses
with a network clock. The pump laser pulses are detected with a fast photodiode (PD,
2 GHz bandwith). (b) Time deviation (TDEV) of the timing jitter in the laser when
synchronized to the network clock from a low-jitter WR switch (red circles) and a Rb
clock (blue squares). The combination of the two observations provide evidence of
sub-picosecond jitter at short averaging times, and below 2 ps deviations at longer
averaging times for our source ability to follow the external clock. See text for details.
The black curve in (b) corresponds to the time tagger instrument response function
(IRF), a baseline of our measurement.

is registered using low jitter time tagging electronics whose intrinsic jitter is ~ 2 ps (Figure 2a).
The measured time deviation (TDEV) gives a statistical measure of frequency fluctuations and
hence provides information about the stability of the laser synchronization to an external clock.
Figure 2b shows the TDEV of the synchronized laser output relative to the 10 MHz signal from
the external Rb clock as well as the clock distributed by a WR switch.

It is worth noting that on a short timescale, for the measurements with the WR-distributed
clock, the measured TDEV is limited by the intrinsic jitter of the time tagging electronics. Noise
features around the millisecond-region are common to the WR recovery systems, and most likely
attributed to the phase noise present in the Gigabit transceivers and phase detectors [12,28]. To
independently test the performance of the synchronization in this region, we have used the Rb
clock as a direct input for synchronization. In this case, an improved stability of < 2 ps TDEV
is observed for longer averaging times (Fig. 2b). However, the measured jitter is significantly
higher at a short time scale. This excess jitter is not surprising, because the output signal from
the commercial frequency standard is sinusoidal, which is slow rising compared to rectangular
signals and can result in increased short-term jitter. The sine wave output could be converted to
other forms (e.g., rectangular), but such a conversion is not trivial, because it could introduce jitter
(due to edge detection, as seen in our work) or could lead to longer-term drift (due to an added
disciplined local oscillator). The WRPTP system is essentially doing the latter by converting the
10 MHz sine clock from the frequency standard to 10 MHz rectangular pulses. Here we have
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used the Rb-clock output, that was otherwise acting as the input for the WR system, as is to
verify that the drift that is observed on a millisecond time scale (Fig. 2b) is originating from the
WR electronics. Altogether, the synchronization analysis provides the evidence of a source of
single photons that follows the external clock with sub-picosecond jitter and picosecond-level
longer-term deviations. Note that there is an independent way to estimate jitter by a quantum
measurement which we describe in section 4.

3.2.  Network synchronization

Network clock synchronization over fiber is crucial for implementing quantum networking
protocols. Here we verify the timing stability of the synchronization of two network clocks, a WR

(@) (b)
NC|

C»-\

TDEV (ps)

Time

Fiber Tagger

spool

NC, @ 107 10°

Averaging time (s)

5._
i
=
=
=
=

Fig. 3. (a) Experimental setup for measuring the timing stability in the synchronization
between two network clocks (NC; & NC,). (b) Time deviation (TDEV) analysis of
the timing jitter in the synchronization of two network clocks, a WR timeTransmitter
and a WR timeReceiver. The two white rabbit switches are separated by 88 km fiber.

timeTransmitter and a WR timeReceiver, separated by an 88 km fiber spool. The TDEV for the
timing jitter associated with the synchronization of these two distributed network clocks is plotted
in Fig. 3. Similar to the observations in the case of local synchronization, the jitter is an order of
magnitude smaller when compared to the pulse duration of the network-compatible single-photon
source under study. The TDEV analysis shows good timing stability at larger averaging times,
demonstrating the synchronization between two telecommunications network-compatible optical
two-way time transfer methods.

4. Two photon interference and indistinguishability

We study the interference of two pump-synchronized transform-limited heralded single photons
that originate from different pump pulses. The twin photons generated in the Type-II SPDC
process are separated using a polarizing beamsplitter (Fig. 4). Heralding (idler) photons are
detected directly and used to herald the photon in the signal field. The heralded (signal) photons,
after spectral filtering, pass through a non-polarizing fiber beamsplitter and are then sent to
a Hong-Ou-Mandel (HOM) [29] interferometer through fiber patches of unequal length. The
indistinguishability is measured as the lack of coincident photon detections between the two
output ports of the HOM interferometer [23,30], which can also be quantified as the interference
visibility or coalescence (Entry 2.5.4 in Ref. [31]). For ideal indistinguishable photons arriving
at the HOM beam splitter with perfect overlap, coalescence is perfect (defined as unity). For
fully distinguishable photons the coalescence is zero. Each photon may arrive at the final
beamsplitter in the HOM interferometer (FBS;) through a short path or a long path. The optical
delay between the short and long paths in the interferometer is adjusted (using the adjustable
free-space "trombone" delay line and adding necessary fiber lengths) such that both photons
temporally overlap at FBS,. Specifically, to observe the interference between heralded single
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Fig. 4. The experimental schematic for the interference between indistinguishable
photons generated in independent events from the same source. The idler photon is
used for heralding while the signal photon undergoes spectral filtering and then enters
the interferometer. PBS - polarizing beam splitter, PC - polarization controller, FBS -
nonpolarizing fiber beam splitter, D - single-photon detector.

photons that are generated n-pulses apart, the delay between the short path and long path, t,, is
set such that an "early" photon (associated with pulse #1), that happened to take the long path
arrives simultaneously with a "late" photon (associated with pulse #n, n > 1) that took the short
path (Fig. 5a). If the photons are indistinguishable, they coalesce at the final beamsplitter (FBS,)
via quantum interference [22], conditioned upon the detection of both the heralding photons (H;
and H,) in the idler arm.

To measure this double-heralded second order correlation, we use the protocol illustrated in
Fig. 5. When a heralding photon is registered in the idler detector, we look for a second herald
in the same detector corresponding to the "late" signal photon. In our experiment, the path
difference between the short path and long path of the interferometer is maintained as 9 times
the pulse separation. Once this double-heralding is successful, we look for coincident signal
photon detection between the two output detectors of the interferometer. Each signal photon
in a double-heralded coincidence detection belong to an "early" pulse or a "late" pulse. The
indistinguishability of these independent signal photons will result in reduced double-heralded
coincidences and subsequently be manifested as the HOM dip. Coincidences may arise when
distinguishable photons arrive simultaneously (one through short path and the other through long
path), as shown in Fig. 5a. Because this source is probabilistic, heralded higher-order states are
fundamentally present [32]. Thus, coincidences can also arise from heralded multiphoton states.
In our source, two-photon states dominate the multiphoton output and the contribution from
three- and higher-photon states can be neglected. Conditional (double-heralded) second-order
correlations are calculated from four-fold coincidence detections, where detection times are
registered using a time tagger. The experimentally obtained HOM dip is shown in Fig. 6a. The
horizontal axis is the additional path delay (Al) introduced with the optical trombone placed in
the long arm of the interferometer. Figure 6b shows raw coincidences as a function of heralded
trial number differences (A) (Entry 2.6.3 and 2.6.7 in Ref. [31]). In measuring double-heralded
(D.-H.) events, ‘A’ corresponds to the probabilistic occurrence of the next double-heralded trial.
In our case, a D.-H. trial occurs when two heralding photons are detected exactly 9 pulse periods
(112.5 ns) apart. Here, A is the enumerative difference, i-j, where i and j represent two D.-H.
events. Because all detection events are recorded, the identification of D.-H. trials can be done
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Fig. 5. Illustration of the protocol to measure indistinguishability of single photons
via a double-heralded HOM interference. (a) Once two photons are detected in the
heralding arm consecutively (H; & Hj) with a time separation t,, coincidence counts
are estimated between the output ports of the interferometer in the signal arm. HOM
interference can happen only when an "early" signal photon (S;) and a "late" signal
photon (S,) arrive near-simultaneously in the same bin, as shown in (a). All other
outcomes (b, ¢ and d) do not contribute to the doubly-heralded coincidence counts.
However, if photons S| and S, are indistinguishable, HOM interference will prevent
coincidence detection.

in post-processing. A = 0 corresponds to the D.-H. events where the photons simultaneously
arrive at the beamsplitter FBS,. Here, coincidences between detectors D, and D3 give rise to the
quantum interference peak seen in Fig. 6a. For A = 1, we look for a detection on detector D,
corresponding to the D.-H. trial, i, and a detection on detector D3 corresponding to the D.-H.
trial, i+1. For A = 2, the D.-H. coincidences corresponding to trials i and i+2 are assessed and
so on. Clearly, in these cases, photons detected by D, and D3 do not meet on FBS,. Here, the
coincidences are random and are used for normalizing the HOM curve. Note that the larger
histogram bins in Fig. 6b are separated as the difference in the conditional event number (A),
and not a time delay. The shoulders of the dip saturate at 0.5 due to splitting the single-photon
output into two arms [22,33].

When the two independent single-photon pulses perfectly overlap on top of each other, we
reach the minimum of the dip that reads 0.144 + 0.014, corresponding to the raw coalescence,
Craw = 0.712 £ 0.028. The value of the expected FWHM of the dip was calculated from the
convolution of two identical photon pulses, assuming a Gaussian pulse shape. The convolution
of two Gaussians results in a Gaussian, whose FWHM is V2 times wider than the FWHM of
the individual pulses. For our transform-limited photons whose spectral bandwidth is 0.1 nm,
the pulse duration is 35.3 ps. Hence, the resulting convolution should nominally correspond
to V2x35.3 ps, which translates to 15.1 mm optical path length in our trombone delay line.
From our measurement, the dip FWHM turns out to be 15.3 mm. The difference between the
estimated and measured FWHM of the HOM dip can be attributed to the timing jitter in the
system (that modifies the individual photon pulse arrival times), and a back calculation provides
the estimation of the jitter that is responsible for this difference, under this assumption, to be less
than 1 ps (0.5 ps), in agreement with the synchronization study discussed in Section 3. However,
this estimate is based on certain assumptions, such as the bandpass of the VBG filter of exactly
0.1 nm and the Gaussian photon pulse shape. Hence, we have given a more conservative estimate
in the following discussion, that is obtained directly from the coalescence, C, and does not
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Fig. 6. (a) Normalized double-heralded second-order correlation function that shows
HOM interference plotted as a function of the additional optical delay (Al) between the
short and long arms of the interferometer. (b) Raw coicidences that show correlation
within the same double-heralded (D.-H.) trial (peak at A = 0) and between trials (other
peaks). Quantum interference (given in (a)) occur only within the same trial (A = 0),
whereas other cases (A > 0) yield statistical correlations and are used for normalization.
Because the horizontal axis enumerates trial number differences when the condition is
satisfied, delays between the peaks are random, and hence the horizontal axis does not
represent a continuous time.

require any additional assumptions.

Because coincidences can occur due to multi-photon states in the single-photon channel of our
setup, the coalescence C of single photons is higher (better) than the observed Cy,,,. Because
higher-order multi-photon states occur very rarely, we consider the case with 0-, 1-, and 2-photon
states for simplicity:

1¥)a = VPoa 10) + VP1a 1) + VP24 |2) ()
1¥)5 = VP, [0) + Vpib |1) + Vpaw 12) 2

where |¥),(|¥),) is the superposition state that impinge on the input port a(b) of the HOM
beamsplitter (FBS> in Fig. 4) and pj.(;p) is the probability corresponding to each eigen
state |j). In this approximation, the probability of a two-photon state to occur in port a(b) is
D2a(2b) = %gSB)Ta b) (0) p%a (1b)° where ggB)Ta (b) (0) is the second-order autocorrelation function
in the a(b) input of the interferometer. Therefore, the coalescence, C, correcting for the

two-photon output of the source, can be derived from the equation,

2
Ghomd=0)  prapip(1-C) + %pOap?bgl({ﬁTb(O) +Lpoup?, g, (0)

= 3)
2 2
GHOM(AK > foverlap) PlaPib + 2p0ap1bgHBTb (O) + 2P0bP1ag£IB)Ta (O)

where A is the relative path difference between interfering photon pulses and overap 18 the range
of their convolution. To compute probabilities, we measure the second-order correlation in both
arms of the HOM interferometer, using the Hanbury Brown-Twiss (HBT) measurement [34].
We find gHBT (0) =0.12 £ 0.02 and gI({ZB)Tb (0) = 0.14 £ 0.04 for the short and long path of the
interferometer respectively (measured by blocking the other arm in the interferometer). The HBT

measurements in both arms agree to within the uncertainty and indicate that the beamsplitter is
fair. The observed values of the second order coherence function, gHBT(O) corresponds to the

operating pump power, 100 mW. While smaller values for gHBT(O) can be obtained for SPDC
sources by maintaining lower pair generation rates, high rates are required for communication
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over quantum networks to overcome losses in long fiber links. There are some established
engineering techniques that can marginally enhance the single-photon purity and other source
efficiency metrics [11,35,36]. However, these methods cannot be directly implemented for
single-photon pulses longer than 1 ps.

The correction for two-photon events yields C = 0.83 + 0.05 for single photons emitted by
the source. We conclude that the source generates single photons with high indistinguishability,
which is the goal of this effort. We can now obtain the independent upper bound on jitter in the
system, assuming that the coalescence reduction from unity is only due to single-photon source
jitter. Attributing indistinguishability reduction to only jitter yields the upper bound that relies
on the quantum measurement with no extra assumptions, and it is independent from other jitter
estimations. Using the formula (given in Ref. [12]) that determines the indistinguishability ()
from the overlap of two Gaussian photon pulses of root mean square (RMS) width o,

1= —L )

612
1+ 352
where 6t is the RMS width of the normal distribution describing the clock synchronization jitter,
we estimate the upper bound on the jitter as 7 < 10 ps RMS. This is less than the pulse duration
of interfering photons and in agreement with the TDEV measurements.

5. Conclusions

We have successfully created a source of indistinguishable photons in the telecom C-band that
can be used for quantum networks. This source is synchronized to an external Rubidium clock,
distributed using the White Rabbit precision time protocol with sub-picosecond short-term and
picosecond-level long-term jitter. Our experiment verifies that the single-photon source meets
several design constraints required for its practical use in quantum networks, including those
needed for HOM interference of the photonic qubits: single spatial and temporal-bandwidth
mode of operation, picosecond-level long term synchronization timing jitter, pulse duration of
~ 35 ps that is compatible with the timing jitter, and high single-photon generation rate. The
transform-limited pump pulses improve the efficiency of single-mode SPDC photon generation.
In addition, our source can be pumped with very high optical power, limited only by possible
crystal breakdown. This allows our source to achieve high photon generation rates, which is
crucial for a quantum network source to overcome transmission losses through fiber. This paper
describes characterization of the source and reports on meeting all design constraints, verified by
classical and quantum measurements. Particularly, the desired time stability in synchronization
of the source to an external network clock was confirmed by the time deviation (TDEV) analysis.
Pulse duration was found from spectral and temporal measurements. We have also characterized
the indistinguishability of the generated single photons via Hong-Ou-Mandel interferometry. This
quantum measurement independently establishes high nonclassical coalescence, and confirms
classical characterization of the photon wavepacket duration and single-photon source jitter. In
summary, we present a source that is designed for a very particular key application in quantum
networks, that is to provide network-synchronizable indistinguishable photons in the telecom
C-band compatible with quantum protocols using HOM interference. This source can also
be a possible platform for developing practical entangled pair sources for quantum networks.
The commercial availability of this network source may serve as a scalable modular unit in a
multi-node, long distance quantum network infrastructure.
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