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* Quantum cryptography
* Quantum sensing

* Quantum computing

* Quantum networks




High efficiency is very important
for quantum applications
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Practical challenges in quantum key distribution, Diamanti et al., npj Quantum Information 2, 16025 (2016)
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https://www.nature.com/npjqi

Basic components of quantum S,
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Quantum Device or Single-
light Network Photon

Source(s) under test Detector(s)

Need for standards and metrology
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Initial focus: SPAD and SNSPD
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Superconducting nanowire single photon
detectors

A superconducting nanowire
Width = 100nm
N An incoming photon
creates a hotspot that is
The hotspot cools off, / not superconducting
resetting to the original state

Current diverts around the
hotspot, increasing current
density elsewhere

The critical current
density is exceeded,
turning the whole wire
width normal

Gol'tsman et al. “Picosecond superconducting single-photon optical detector.” APL 79 (6), 2001.
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> 98% total system detector Single photon detection from
efficiency at 1550 nm the UV to 10 micron
“Superconducting nanowire single-photon detectors with “Single-photon detection in the mid-infrared up to
98% system detection efficiency at 1550 nm”, Optica, 10 um wavelength using tungsten silicide
Reddy et al. 2020 superconducting nanowire detectors”, APL

Photonics, Verma et al., 2021

High efficiency detectors over a broad wavelength range
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~ variable attenuator

3-6 orders of magnitude attenuation to 103 — 10° photons/s

single-photon detec
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PaRROT @ NIST Boulder

POWR @ NIST Gaithersburg
b | B="
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Optical power Electrical

meters is traceable |
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radiometer A
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. - .
11n 105 at 1 mW Traceable measurements to 1 in 103

at 1 mW
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POWR @ NIST Gaithersburg The calibration of PaROT NISlder

optical power
meters is traceable
to a primary
standard
radiometer

Measuring

11n 105 at 1 mW

All wavelengths of interest
need to be calibrated

mm Calibrated at 100 uW
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T. Gerrits et al., Metrologia 57, 015002 (2020)

Calibration is based on accurate knowledge of monitor-to-output ratio
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T. Gerrits et al., Metrologia 57, 015002 (2020) 0.7% uncertainty at 1533.6 nm for fiber coupled
1.8 % uncertainty at 851.7 nm for free space

Calibration is based on accurate knowledge of monitor-to-output ratio
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Quantifying uncertainty and loss duedgez:ees;
splices
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» The difference between the splices and the loss *
due to the splice to the DUT are unknown. DUT
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« How can these be measured?
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Each line represents a different splice — variation is worse than the rest of the uncertainties!
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Splicing statistics

Splicing Corning® SMF-28® Ultra optical fiber to Corning® SMF-28® Ultra optical fiber
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Splicing Corning® SMF-28® Ultra optical fiber to Corning® SMF-28e+® optical fiber
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» Getting losses this low depends on your splicing equipment being well optimized and in good

working order.
« Even then, losses can vary up to 1%.

 Distribution of losses depends on fibers being spliced.
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Integrating sphere and photodiode

United States Patent 9
Zucker et al.

[11]
45]

4,360,268
Nov. 23, 1982

RADIOMETER
MEANS

NIST

National Institute of
Standards and Technology
U.S. Department of Commerce




Correlation between loss and reading
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» The technique is already useful for evaluating whether a
particular splice is “good”

« Add a low-cost photodiode readout circuit and fabricate
multiple copies for use in the labs at NIST.

 Can the device be used in a quantitative way to lower the
uncertainty?
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