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Low jitter

JPL’'s superconducting nanowire

detectors optimized for quantum R e |
commu niCation g 102 F FW1/100M 47.61ps ]
° Telecom operation achieving low-jitter (Af), § e 1

high-efficiency (n) and low-noise (D), simultaneously.
° Optimizes key figure-of-merit for quantum Enables >10 GHz
communication [1]:
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Free-space coupled photon detectors
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Other capabilities for future Advanced Quantum

Networks

e High count rates
e Photon number resolution

Normalized efficiency versus count rate
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Performance Enhanced Array for
Counting Optica Quanta
(PEACOQ)

I. Craiciu, B. Korzh et al Optica 10 183 (2023)
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Improving rates: High Rate Entanglement Generation
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https://arxiv.org/abs/2310.01804v2

Time Bin Entanglement
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Rates and visibilities

Alice (idler) channels

n
0.00 0.25

Mean Photon Rate per Pulse u
X1le-3

Coincidence Rate
Cag (KHz)

0 1000
Sa (KHz)
0.2

51 g0 5 sk 3 o)

Bob (signal) channels

%D

%9

Sg (KHz)

Event Rate (KHz)

99.5 1

99.04

98.5 1

98.0 1

97.54

97.04

96.51 —— Slope: -314 [%], Intercept: 99.32 %

96.04 == Slope: -699 [%], Intercept: 99.34 %

95.5- ~ visibility V

) “ Cacc-subtracted visibility (V¢)

95.0 T T T T T T
0.000 0.001 0.002 0.003 0.004 0.005

5004 = log negativity Cy
- coherent info C;

o range of distillable ent. rate Cp
== coincidence rate Cag
~—f— secret key rate

300 A

200 A

100

o- T T T T T T
0.000 0.001 0.002 0.003 0.004 0.005
mean pair rate per pulse (u)

0.31 4.88 10.13 14.52 18.33 21.87

SHG Pump Power (mW)



Overview of entanglement source
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ingnet

High dim. source
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Results

Current interferometer visibility: 98.8%
Estimated entanglement visibility: >97.5%
# dimensions: approx 29

Estimated increase in the secret key rate:
Order of higher magnitude compared to
current two dimensional entanglement
sources

Future steps:

Increasing entanglement visibility to >99%
Entanglement distribution over fiber and
free space links

Readily operable time-bin or frequency bin
entanglement source
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Caltech-JPL mi
Quantum Network

Optical telescope
assembly for signal
collection, alignment and
coupling into SM fiber for

Powell-Booth
Line-of-sight from JPL

through s q
connection tansm|55|on to detectors
Single Mode
(SM) fiber
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Benchtop tests at Caltech

transmit through 60 mm achromat simulated turbulence (uncontrolled):
instead of telescope, due to ~40x fan of hot air directed at beam path
reduced link distance
ambient lab conditions simulated turbulence
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e Aperture loss of -8.5 dB, receiver fiber coupling of -6.5 dB (vs. ideal -4 dB)

e FSM-locked signal stable to within £0.5-1 dB, consistent with expectations 13



Tests at JPL

Testbed for dynamic and static quantum optical links.
2x almost identical FSO terminals — first version to study impact
of atmosphere (Quantum signal throughput =17-20 dB).

® Closed-loop pointing and tracking systems for fixed or sidereal,
or TLE-based tracking.

Line of sight from Bldg. 238 to
Elevated “Mesa”
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20 cm telescope during Laboratory tracking Video (image stabilized) of ISS during Detector fabrication facility
exercise (AO correction experiment in the closed loop tracking of a low elevation
background) pass from rooftop of 238.
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Hybrid fiber and free-space links (SoCal)

Year 1
e Test free space link bldg. 238 to Mesa at JPL
Year 2

e JPL to Caltech link free-space
o Receiver at Caltech
o Explore AO system

Year 3
e OCTL across valley demo (2 hours from Caltech)
e Optional:
o  Potential uplink/downlink from QEYSSat (Canadian Space

Agency)
o  Drone demonstration

(T——

jpl.nasa.gov

JPL’'s OCTL 1 m telescope



Conclusion

Deliverables: (Caltech-JPL)

1.

w

Sources and detector for swapping between
FNAL-ANL

Co-existence of entanglement swapping with
classical communication

Hybrid fiber / free-space link between Caltech-JPL
High dimensional entanglement for more robustness
to noise

Entanglement distillation using low jitter snspds
towards error correction
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High-dimensional entanglement

High Dimensional Entanglement:
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Why high dimensional entanglement?

e Fundamental quantum information
e Tolerant to noise: Free space entanglement dist.
e Tolerant to loss: Fiber-based entanglement dist.
e Higher secret key rate per detection
Why time?
e Time can be very precisely measured
O  Low jitter SNSPDs - 3ps
e Dimensions can be arbitrarily increased
e Deciding the dimensionality can be adapted in the post-processing
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Fig. 2 | Low-jitter SNSPD. a, Optical micrograph of a representative device,
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Entanglement Swapping at Fermilab

» Deployed sister testbed at Fermilab for
integration in DOE’s quantum internet
connecting the 17 national labs

» Jlllinois Accelerator
*/'Research Center (OTE...
.

19



Entanglement Swapping at Fermilab

Preliminary results
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ingnet

Entanglement Swapping at Fermilab
o Achieved up to 94% entanglement teleportation fidelity at DO

* Future work: ) i (\m; =
. 0(& ; IIIesean?h Celme:(OTEA..
1. Multiphoton entanglement between e S N

FCC and DO
2. Swapping between FCC and DO
3. Swapping between Fermilab and
Argonne National Lab
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