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We demonstrate the storage and on-demand retrieval of single-photon-level telecom pulses in a fiber cavity.
The cavity is formed by fiber Bragg gratings at either end of a single-mode fiber. Photons are mapped into and out
of the cavity using quantum frequency conversion driven by intense control pulses. In a first spliced-fiber cavity,
we demonstrate storage up to 0.55 ps (11 cavity round trips), with 11.3% =+ 0.1% total memory efficiency and a
signal-to-noise ratio (SNR) of 12.8 after one round trip. In a second, monolithic cavity, we increase this lifetime
to 1.75 pus (35 round trips) with a memory efficiency of 12.7% =+ 0.2% (SNR of 7.0 & 0.2) after one round
trip. Fiber-based cavities for quantum storage at telecom wavelengths offer a promising route to synchronizing
spontaneous-photon-generation events and building scalable quantum networks.
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I. INTRODUCTION

Quantum memories are vital components for a number of
emerging quantum technologies, including quantum commu-
nication [1] and quantum computing [2]. A quantum memory
faithfully stores a photonic state and releases it on demand.
This capability can be used to synchronize spontaneous
photon generation, allowing the buildup of large photon-
number entangled states [3], a key requirement for scalable
linear optical quantum computing [4]. Quantum memories
which operate at telecom wavelengths are of particular im-
portance since they can be incorporated into fiber networks
and enable widespread quantum networking [5]. Telecom
storage has been realized in a number of physical systems,
including rare-earth-doped crystals [6,7], erbium-doped op-
tical fibers [8], hot atomic vapor [9], and optomechanical
resonators [10]. The typical strategy for quantum storage
is to map a flying photon to a stationary, material exci-
tation. In this way, the long decoherence times associated
with well-isolated atomic transitions, measured in hours using
state-of-the-art technology [11], can be leveraged. Storage
times of more than 1 ms have been demonstrated with
telecom wavelengths [10]. Another key metric for quantum
memories is the storage bandwidth. Memory bandwidths ex-
ceeding 1 THz for near-infrared wavelengths and 1 GHz
for telecom wavelengths have been demonstrated using off-
resonant Raman transition [12] and off-resonant cascaded
absorption [9], respectively. These two metrics together give
the time-bandwidth product, which, operationally, is how
many time bins a photon is stored for. For telecom storage,
time-bandwidth products in excess of 10* have been realized
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[13]. While long-lived memories will form the backbone
of fiber-based long-distance quantum networks, shorter-lived
memories with high time-bandwidth products will be essential
for local networking tasks [14], such as the multiplexing of
spontaneous photon sources.

A second strategy for photon storage is to trap light in
a low-loss cavity [15]. This has been realized using two
distinct methods: free-space cavities, where write and read
operations can be controlled efficiently with electro-optic
switches [16,17], and fiber-based cavities, where operations
are performed optically using intense control pulses [18].
Free-space cavities have already been integrated with photon
generation, and scaling advantages for entangled photon states
have been observed [19] but may ultimately be limited by
loss from free-space optics. Fiber-based cavities may achieve
lower loss levels, especially in the telecom bands, where they
have excellent transmission efficiency. The main hurdles are
then the efficiency of write and read operations and the miti-
gation of any additive noise processes.

In this work we develop a fiber-based quantum memory
for telecom light with a 34-GHz bandwidth for application
to photon-source multiplexing. We store single-photon-level
telecom pulses in a fiber cavity composed of two fiber Bragg
gratings (FBGs) written at opposite ends of a single-mode
fiber. The operation of the memory is controlled optically
using Bragg scattering four-wave mixing (BSFWM) driven
by intense control pulses to convert an L-band signal pho-
ton to and from the storage wavelength (1550 nm). In a
first demonstration, we form a fiber cavity by splicing to-
gether two commercially available FBGs. We retrieve a
signal photon from the memory for up to 11 cavity round
trips of storage, corresponding to 0.55 us of storage time.
The retrieved signal shows high spectral and temporal over-
lap with the input and retains a signal-to-noise ratio > 1.
To assess the memory’s ability to time multiplex photons,
we interfere a photon retrieved from the memory with an
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externally delayed photon, showing high interference visibil-
ity. We find that the storage lifetime of this cavity is ultimately
limited by the splice, and so in a second experiment, we
fabricate a home-built monolithic cavity by inscribing FBGs
at either end of a single-mode fiber. The monolithic cavity
shows significantly longer storage times: up to 35 round trips,
or 1.75us of storage time. We also demonstrate that the
monolithic cavity can be mechanically stretched into reso-
nance with the primary laser repetition rate, which is vital
for multiplexing single-photon sources. The storage in our
monolithic cavity is ultimately limited by dispersion from
the FBGs and unwanted polarization rotation of the stored
signal.

II. SPLICED-FIBER CAVITY

Fiber Bragg gratings [20] are formed by increasing the
index of refraction in a fiber core (ncoe + An) in a periodic
structure along the propagation axis of guided light. The pe-
riod of the grating A causes forward-traveling light at the
Bragg wavelength Ag = 2n.sA to reflect into the backward-
traveling mode, where n. is the effective index of refraction
along the length of the FBG. The reflectivity, bandwidth, and
dispersive properties of the FBG can be further customized by
using nonuniform periodicity and apodization in the grating
structure.

In a first experiment, we splice together commercially
available FBGs to form a 508-cm fiber cavity, with a “round-
trip” time of nearly 50 ns. The two FBGs have peak
nominal reflectivities of 0.998 and 0.997 at Az = 1550 nm,
with FWHM reflection bandwidths of 0.8 nm (100 GHz at
1550 nm). Using bright pulses, resonant at the cavity wave-
length, we measure a cavity ringdown with 1/e lifetime of 12
round trips [see Fig. 1(a), right axis]. We estimate the loss
due to the fiber splice to be 0.17 dB, assuming the splice
is the only mechanism for loss apart from imperfect FBG
reflection. For memory operation the signal pulse s, atten-
uated to one photon per pulse on average, enters the fiber
cavity simultaneously with two write control pulses, labeled
p and g. After transmitting through the first FBG, the signal
is frequency converted into the reflection band of the FBG via
Bragg-scattering four-wave mixing [BSFWM; see Figs. 1(b)
and 1(c)] [21]. The converted signal ¢ is stored in the fiber
cavity [Fig. 1(d)] until, after a preset storage time, two read
control pulses (p and g) enter the cavity and drive the reverse
BSFWM process [Fig. 1(e)]. The stored photon is converted
back to its original frequency, transmits through the second
FBG, and exits the fiber.

The cavity was fabricated in a single-mode fiber (Nufern
1060-XP) with a zero-dispersion wavelength Azp ~ 1435 nm.
For BSFWM in a nonbirefringent fiber the signal and pump
frequencies are on opposite sides of the zero-dispersion fre-
quency such that the signal s and first control p are group
velocity matched in the fiber, as are the cavity target mode
t and second control g. The frequency splitting between the
two control fields sets the splitting between the signal and
stored fields, i.e., w, — w; = w; — w; = 27w x 4.3 THz. For
the wavelengths shown in Fig. 1(b), the group velocity walk-
off between the two controls is approximately 0.7 ps over
the 508-cm fiber cavity, much less than their 10-ps pulse
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FIG. 1. (a) The transmission spectrum of the fiber Bragg gratings
(FBGs; left axis) in the spliced-fiber cavity plotted along with the
cavity lifetime (1/e ringdown constant) as a function of wavelength
(right axis). (b) Signal field s is frequency converted in the fiber
via BSFWM mediated by two control fields (p and ¢), facilitating
the read and write operations. The wavelength of the converted
light A, is in the FBG reflection band. (c)—(e) Memory operation.
A signal photon s is written into the memory by the frequency-
conversion process in (c), where the converted pulse is trapped in
the fiber cavity, reflecting off the FBGs in (d). In (e) a read pulse
(composed of fields p and ¢) arrives at a later time, driving the
reverse frequency-conversion process, mapping the stored photon
back to the original signal mode. (f) Experimental setup (see text for
details). OPO, optical parametric oscillator; PC, Pockels cell; DFG,
difference frequency generation; PPLN, periodically poled lithium
niobate; SNSPD, superconducting-nanowire single-photon detector;
IF, interference filter; PBS, polarizing beam splitter; HWP and QWP,
half- and quarter-wave plates; SM, single-mode fiber; DM, dichroic
mirror.

durations. This splitting is also large enough to suppress
cascaded Bragg scattering of the signal into higher-frequency
modes [22].

The experimental setup is shown in Fig. 1(f). The primary
laser for this experiment outputs 10-ps-duration pulses with
the center wavelength at 532 nm and an 80.1-MHz repetition
rate. The 532-nm light is split to pump two optical para-
metric oscillators, from which the two control fields p and
q are derived. A portion of the 532-nm light also pumps
a 20-mm periodically poled lithium niobate crystal which,
through difference frequency generation with an 800.8-nm
diode laser (Thorlabs L808P010), produces bright signal
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FIG. 2. Spliced-fiber cavity storage results. (a) Retrieved signal (black) and noise (red) photon detections after 1-11 round trips of storage.
Read pulse delay time 7, is scanned across a ~100 ps range to meet the signal after each ~50 ns round trip. After one round trip, the total
memory efficiency is 11.3%. (b) Write control pulse delay scan. A dip in signal counts at time t,, = 0 ns occurs when write pulses are
temporally overlapped with the input signal. Zoomed-in read delay scans for (¢) N = 1 and (d) N = 5 round trips, corresponding to 0.05 and
0.25 ps of storage, respectively. (e) The signal-to-noise ratio (SNR) at the maximum of each read delay scan. An exponential decay is fit to the

data with a 1/e decay constant of four round trips.

pulses at 1585 nm. Signal pulses are filtered through an etalon
to a FWHM bandwidth of 34 GHz and coupled into the fiber
cavity with 57% efficiency. For the duration of the experiment,
the signal is attenuated to 0.99 & 0.02 photon per pulse, as
measured at the output of the fiber cavity. Control pulses p
and g, with wavelengths A, = 1312 nm and A, = 1337 nm,
are combined on a polarizing beam splitter (PBS) and copo-
larized. Two Pockels cells (PCs) are used, in conjunction with
crossed polarizers, to gate write and read control pulse pairs
into the experiment. We pick write and read pulses every
2 us to allow the fiber cavity to completely ring down in
between trials. Write and read pulses pick up respective delays
7, =0 ns and 7, = N x 50 ns, where N is an integer repre-
senting the number of cavity round trips. The p and ¢ fields
are temporally and spatially overlapped with the signal on a
short-pass dichroic mirror and coupled into the fiber cavity.
The pulse energies of p and g in the fiber are both 1.7 nJ.
Upon exiting the fiber, the control fields are removed by long-
pass edge filters. The signal is collected into a single-mode
fiber, sent through a variable 4f filter (II-VI WaveShaper)
passing a 0.3-nm-wide band centered at 1585 nm, and di-
rected to superconducting nanowire signal-photon detectors
(SNSPDs). Detection events with 100-ps timing resolution
are correlated with PC triggers on a coincidence logic
unit.

The results for the spliced-fiber cavity memory are shown
in Fig. 2. When the input signal s overlaps in time with
the write pulse, we find an 83% depletion of the input light
[see Fig. 2(b)]. The quantum frequency-conversion efficiency
to the storage wavelength (A, = 1550 nm) is approximately
40%; this is confirmed by tuning A, to convert the signal
to a wavelength away from the FBG reflection band. The
remaining depletion is due to cross-phase modulation, which

broadens the signal to wider than the 0.3-nm spectral filter-
ing [23-25]. This is caused by the intense control pulses,
which have a combined pulse energy of 3.4 nJ.

Figure 2(a) shows the detection rates of the retrieved sig-
nal for up to N = 11 round trips (0.55 ps) of storage. Noise
generated by the control pulses, when no input signal is sent,
is plotted alongside the readout data. Reading out the signal
after one round trip [Fig. 2(c) shows a zoom], we observe a
strong peak when the read pulse delay matches the circulating
stored signal pulse, converting it back to 1585 nm. We find
a total memory efficiency of 11.3% =+ 0.1% after one round
trip, defined as the retrieved signal rate (N = 1 peak) divided
by the input signal rate [baseline in Fig. 2(b)].

At each round trip, the read control pulse delay t, is
scanned, in 1.33-ps steps, across a 100-ps range to match the
delay of the stored signal pulse circulating in the fiber cavity.
We retrieve the signal for longer storage times by shifting the
timing of the control pulse picking in 50-ns increments. We
find that the memory efficiency decays faster than one would
expect from the 12-round-trip cavity lifetime as measured in
Fig. 1(b) (right axis). This is due to a discrepancy between
the fiber cavity round-trip time and the time between control
pulses from the laser. The measured cavity round-trip time is
49.69 ns, and so the stored signal arrives at the same point in
the fiber cavity earlier than the read pulse. Therefore, for each
subsequent round trip 7, is adjusted by 187 ps to compensate.
This changes the read beam path by over 50 cm between
N =1 and N = 11, and by consequence, the coupled read
pulse energy into the fiber cavity is reduced by a factor of
3, reducing the overall memory efficiency. In Sec. III, we
overcome this hurdle using a monolithic-fiber cavity which
can be mechanically stretched into resonance with the primary
oscillator.
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FIG. 3. (a) Spliced-fiber cavity: spectra of retrieved signal after
one and five round trips of storage, compared against the input (di-
vided by 6 for clarity) and noise. The spectral fidelities with the input
are F, = 0.896 and F; = 0.895 for N = 1 and N = 5, respectively.
(b) FWHM of peaks in the 7, delay scan for each round trip. The
dashed line is the transform limit for the measured N = 1 readout
spectrum.

The main source of noise in this experiment is from Raman
scattering of read control pulses in the doped-silica fiber.
The silica Raman spectrum is well known, and a small, but
non-negligible, amount of noise is present at 31 and 35 THz,
the frequency differences between the nearest pump field
(Ag = 1337 nm) and the cavity and signal fields, respectively.
Raman noise generated in the cavity in the write step can
be subsequently mapped out of the cavity in the read step.
This results in a time-dependent noise signal which gives a
peak in the read pulse delay scan, which is observable for up
to N = 6 round trips. Despite this noise, we observe a high
signal-to-noise ratio (SNR), which remains above unity for
N = 11 round trips of storage [see Fig. 2(e)].

Next, we measure the spectrum of the retrieved signal by
scanning the 4f filter in 0.1-nm steps. Figure 3(a) plots the
measured spectra of the input signal, the retrieved signal after
N =1 and N =5 round trips of storage, and the noise. We

find that the retrieved signal spectrum at N = 1 is 2 times
broader than the input spectrum. Similarly, the retrieved signal
spectrum at N =5 is 1.7 times broader than the input. We
believe this broadening is due to cross-phase modulation of
the input light in the frequency-conversion process. A crucial
metric for any quantum memory is the fidelity of the retrieved
signal with the input. Computing the spectral fidelity as F, =
J AT o/ didin(3) [ dMlou (]2, we find F; =
0.896 between the input and noise-subtracted readout signals
at N = l and 7, = 0.895 at N = 5. We note that the temporal
profiles of the retrieved signal pulses remain consistent for all
measured storage times. The fitted signal peak widths, when
scanning T,, are plotted in Fig. 3(b). The dashed line through
the data is the inverted bandwidth of the N =1 retrieved
signal spectrum, showing that retrieved signals remain near
the transform limit.

To assess the performance of this memory for poten-
tial photon-source multiplexing, we perform a Hong-Ou-
Mandel [26] interference experiment between a photon
retrieved from the memory (N = 1) and a reference photon
delayed outside the cavity for ~50 ns. The reference and
retrieved signals are combined on a PBS, are diagonally polar-
ized, and, after collection into a single-mode fiber and spectral
filtering, are sent to a two-element SNSPD. By measuring
coincident detections from the two elements, which is equiv-
alent to a beam splitter followed by two detectors, we observe
photon bunching between the reference and retrieved signals
when their path lengths are matched. This is equivalent to
Hong-Ou-Mandel interference between two coherent states,
where only one of the beam-splitter output ports is measured.
Two indistinguishable single photons meeting at a 50:50
beam splitter bunch so that, while one expects a decrease in
coincident detections between the output ports, there is an in-
crease in two-photon events in each beam-splitter output port.
This increase can be observed with a Hanbury Brown—Twiss
setup [27] or, in our case, a two-element SNSPD. In Fig. 4
we plot the normalized twofold detections N; /(N1 N,) as a
function of the reference delay 1., where N; is the number
of detector clicks from each of the two elements. We see a
peak in normalized twofold detections when the reference and
retrieved signals overlap in time. A Gaussian fit to the data
gives an amplitude of 0.423, where the maximum allowed
value in classical optics is 0.5 [28]. Our measured peak am-
plitude is 84.6% of the maximum, which, when considering
that Raman noise is present in this scan, is in good agreement
with the spectral fidelity of F, = 0.896. We expect this to
increase with improved temporal matching of the signal to the
pumps.

In this section, we have shown that the spliced-fiber cavity
memory can operate up to N = 11 round trips with a total
memory efficiency of 12% and spectral fidelity of 0.896 after
one round trip. Two issues arose in this experiment which
both trace back to the fiber splice. The first is that the cavity
ringdown was much shorter than expected given the nominal
FBG reflectivities (0.998 and 0.997). We estimated the splice
loss to be 0.17 dB, meaning that without a splice in this cavity
one could expect cavity ringdowns of well over 100 round
trips. Second, the cavity round-trip time did not match the
time between subsequent control pulses. We accounted for
this discrepancy by changing the optical path delay of the read
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FIG. 4. (a) Setup to observe interference between a delayed ref-
erence signal and a signal retrieved from the memory after one round
trip. They are combined on a PBS, diagonally polarized and inci-
dent on a two-element SNSPD. (b) Spliced-fiber cavity: normalized
twofold detections on the two-element SNSPDs show interference
between readout (N = 1) and the delayed reference signal. The fit of
the main peak (blue) shows a 42% increase in normalized twofold
detections when reference and readout paths are overlapped. This
is consistent with the maximal interference visibility scaled by the
spectral fidelity.

pulse, but this is not sufficient for the proposed applications
of this memory, i.e., the synchronization of photon sources.
Coupled read pulse energy, and, consequently, memory effi-
ciency, also dropped as a result. While the fiber cavity can
be mechanically stretched to increase the round-trip time, that
would likely damage the splice. We address both these issues
in the following section.

III. MONOLITHIC-FIBER CAVITY

In a second experiment, we construct a monolithic cav-
ity by writing two 3.5-mm-long FBGs at either end of a
single-mode fiber (1060-XP). The type-1 FBGs were inscribed
using femtosecond pulses at 800 nm from a 1-kHz Ti:sapphire
amplifier [29,30]. By chirping the grating, i.e., sweeping the
grating period A across a few-nanometer range over the length
of the grating, the reflection bandwidth can be increased. With
a chirped FBG at one end of the cavity and an antichirped FBG
at the other, a trapped pulse acquires opposite signs, ideally
in equal amounts, of dispersion from each FBG reflection.
In the monolithic cavity the FBGs are chirped such that the
grating period A is swept by 5 nm across the length of the
FBGs. The FBGs have a 4-nm-wide reflection band centered
on 1546.5 nm, with reflectivities of 0.990 at 1547.2 nm. We
measured a 1/e cavity ringdown of 49 round trips, or 2.45 us,
much longer than in the spliced-fiber cavity. However, these

longer ringdowns occur near the red edge of the FBG re-
flection band, whereas the blue side of the reflection band
experiences loss due to coupling to fiber cladding modes [31].
In this experiment, we also clamp the fiber cavity near each
FBG and apply tension across the cavity by scrolling a trans-
lation stage. The monolithic cavity has a measured round-trip
time of 49.89 ns, and by stretching the fiber over a 3-mm
range, we bring the memory cavity into resonance with the
primary laser cavity. This is crucial for the synchronization of
photon sources.

We repeat the same storage-and-retrieval experiment in this
fiber cavity, picking a set of write and read pulses every 2 us
and tuning the control wavelengths to A, = 1310 nm and
Ag = 1337 nm to account for the different FBG reflection
and dispersion properties of the fiber. In the write process we
measure a 75% depletion of the input signal which, similar to
the spliced-fiber case, is partially due to cross-phase modula-
tion broadening the signal to wider than the 0.3-nm spectral
filtering. Figure 5(a) shows rates of retrieved signal photons
from the memory for up to N = 35 round trips (1.75 us) of
storage. This is over 3 times longer than the storage lifetime
observed in the spliced-fiber cavity. Figure 5(b) shows a peak
in retrieved photon rates when mechanically stretching the
cavity across a few-millimeter range and leaving the control
pulse timing unchanged. This shows that we are able to bring
the cavity into resonance with the primary laser in the experi-
ment so that control pulses can address different integer round
trips of storage with electronic control of pulse picking, rather
than by also changing the optical delay of the read pulses.
This also implies that the read efficiency from the memory
remains higher for longer storage times. After one round trip
[see Fig. 5(c)], we measure a 12.7% % 0.2% total memory
efficiency and an SNR of 7.0 £ 0.2.

We find that for many N in the readout scan in Fig. 5(a),
shown in detail for N = 30 in Fig. 5(d), the retrieved photon
peaks significantly broaden and acquire additional features.
In particular, the profile for N = 30 is indicative of third-
order dispersion acting on a pulse, which we attribute to
the FBGs. While the FBGs for the monolithic cavity were
designed to mitigate third-order dispersion, it is clear that it
is being applied to stored photons. Figure 5(e) plots the SNR
over the 35 round trips of storage, showing an initial drop
from the value of 7 at N = 1, followed by an exponential
decay with a 1/e constant of 22 round trips. The exponential
decay also shows an oscillation with a period of four to five
round trips, which can also be seen in the readout peaks
in Fig. 5(a). This is mainly due to the polarization of the
stored signal rotating as it circulates in the cavity. Since the
read control pulses are copolarized with the write controls,
as well as the input signal, the readout frequency conver-
sion occurs with oscillating efficiency as the stored signal
changes polarization. We did not observe this oscillation in
the spliced-fiber cavity, and it may be caused by inducing
birefringence when stretching the fiber cavity. Post hoc ring-
down measurements on stretched cavities showed that this
effect could be partially mitigated with careful settings of half-
and quarter-wave plates in the collection path. Novel devices
fabricated with a polarization-maintaining fiber entirely solve
this issue and provide more phase-matching options in the
frequency-conversion process [18].
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FIG. 5. Monolithic cavity storage results. (a) Retrieved signal (black) and noise (red) photon detections after N = 1-35 round trips of
storage in the monolithic-fiber cavity. Read pulse delay time 7, is scanned across a 100-300-ps range to meet the signal after each ~50 ns
round trip. After one round trip, the memory is 12.2% efficient. (b) Mechanical stretching of the cavity across a 3-mm range while the memory
is operating shows a peak when it is brought into resonance with the control laser repetition rate. Zoomed-in read delay scans for (c) N = 1
and (d) N = 30 round trips, corresponding to 0.05 and 1.5 ps of storage, respectively. (e) The SNR at the maximum of each round-trip scan.
An exponential decay is fit to the data with a 1/e decay constant of 22 round trips.

We measure the spectra of retrieved photons from the
monolithic cavity after N = 1 and N = 30 round trips, plotted
in Fig. 6. We find, like for the spliced-fiber cavity, that the
retrieved signal spectra are broader than the input spectrum,
and we attribute this broadening to cross-phase modulation

— Input (= 6)
& Readout N=1

-¢- Readout N=30 i
- Noise

6000

4000

Counts per s

2000

0 L —
1583 1585 1587
A (nm)

FIG. 6. (a) Monolithic cavity: spectra of the retrieved signal after
1 and 30 round trips of storage, compared with the input (divided
by 6 for clarity) and noise. The spectral fidelities with the input are
F,, =0.875 and F;, = 0.868 for N =1 and N = 30, respectively.
Note that the N = 30 readout and noise data are scaled by a factor of
10 for clarity.

occurring in the four-wave mixing processes for the read and
write operations. The spectral fidelities of the input signal
and the retrieved signal after N = 1 and N = 30 round trips
are 0.875 and 0.868, respectively. Even though the temporal
profile of the stored light is distorted over longer storage
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FIG. 7. Monolithic cavity: interference between the N =1 re-
trieved signal and a delayed reference pulse. The fit of the signal
peak (blue) shows a 40% increase in normalized twofold detections
when the reference and signal paths are overlapped.
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times, the spectral fidelity of the memory remains consistent
for longer storage times. Last, we again interfere the retrieved
N = 1 signal with a delay reference signal after the memory.
Figure 7 shows the peak in normalized twofold detections
when the reference pulse is scanned through the retrieved
signal. A Gaussian fit to the data gives an amplitude of 0.42, or
84% of the maximum allowed value, in close agreement with
the measured spectral fidelity when considering the additive
noise.

IV. DISCUSSION AND OUTLOOK

In this work we have developed a broadband quan-
tum memory for telecom light based on a fiber cavity.
We have demonstrated the storage and retrieval of telecom
single-photon-level pulses for microsecond timescales in two
separate devices. In the first spliced-fiber cavity, we observed
low dispersion for the stored photon, while in the second
monolithic cavity, we observed longer lifetimes and the ability
to stretch the cavity into resonance with the primary laser.
The memories operated with 11.3% and 12.7% efficiencies,
respectively, after one round trip. This efficiency can in-
crease with more available pump-pulse energy. We expect
that the combination of low-dispersion FBGs with a mono-
lithic design will result in a long-lived, high-fidelity memory.
Next-generation devices will also focus on mitigating noise
generated by the control pulses during the read and write op-
erations. We believe that Raman noise can be greatly reduced
by swapping the wavelengths of controls and signals in this

experiment. This would precipitate the storage of heralded
single photons with a high signal-to-noise ratio, making this
memory immediately useful for local quantum networking
applications.

While microsecond lifetimes are insufficient for long-
distance quantum networking, we expect this memory will
be useful for the synchronization of photon sources. In par-
ticular, we expect fiber-based cavity memories to closely
follow their free-space counterparts in providing rate enhance-
ment in spontaneous photon generation. Rate enhancements
of four- and six-photon gigahertz states [19] were achieved
in a free-space cavity with a 1/e lifetime of 10 round
trips. Similarly, 30-fold enhancements by time multiplex-
ing a heralded single-photon source were demonstrated
in a free-space cavity with a 1/e lifetime of 83 round
trips [16,17]. The spliced- and monolithic-fiber cavities
demonstrated in this experiment had 1/e lifetimes of 12
and 49 round trips, respectively. We expect that for longer
storage times the fiber-based cavities will also exhibit de-
sirable spatial modes, facilitating high-visibility interference
with independently generated photons upon retrieval from the
memory.
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