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Why Superconducting Detectors?
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Work Package Recommended Text

RDC8-WP1a: Pairbreaking phonon and photon detectors and bolometers

We recommend the development of phonon and photon sensing detector technology that can
significantly surpass present limits in one or more of the following metrics: (1) energy threshold
for single-excitation sensing, spectral resolution, or noise performance (2) detection efficiency
at the lowest energy thresholds (3) dark count rate, including low-energy backgrounds (4) active
area and channel count. Such detectors may include single photon and phonon counters, as well
as direct detectors and bolometers. These new sensor capabilities will enable transformative
discoveries in the fields of direct dark matter, dark energy detection, and cosmology among
other HEP science goals articulated in the P5 report. Successful proposals will incorporate
aspects of sensor research and development, theory and materials research, scalable readout
electronics, integration into experimental instrumentation, and mitigation of backgrounds. It is
expected that a multidisciplinary team will be required to successfully address these technology
development objectives.



Landscape of Superconducting Detectors
Coherent Receivers Direct Detection Photon Counting

SIS Mixers
MKID
Parametric Amplifiers QCD SINSIPE

wavelength 10 cm lcm 1mm 100 um 10 pm 1pm 100 nm
frequency 3 GHz 30 GHz 300 GHz 3 THz 30 THz 300 THz 3000 THz
photon energy 12 peV 120 peV 1.2 meV 12 meV 120 meV 1.2eV 12 eV
RF microwave mm-wave submillimeter mid-infrared  visible X-ray
terahertz near uv

far-infrared infrared 4
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Transition-Edge Sensors
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Microwave Kinetic Inductance Detectors
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Superconducting Nanowire Single Photon Detectors

5

4

S

http://microdevices.jpl.nasa.gov

y

Voltage (V)

hv
~¢V @
=) .
~100 meV| — FANR
{ e
;{:
~30-50_ =
meV )
&l . >/
(=] .‘ ) u - ¢
~1-10meV| 7| Ll R
119 . % d 2/ Fhy
ﬁ g V. . ¢
o o d%
&l e )

-« Electron-Hole Pair

Electron-Electron
Scattering

_Phonon
Bubble

=
« o %’ ~Thermalization

|||||||||||||

04
0.3 F
02t

01k

W Wy

201510 -5 0 5 10 15 20 25 30 35 40 45 50
Time (ns)

TiO, /510, AR
Au contacts, N
WSi
SiO,
Au mirror

Time-resolved single
photon counting from UV to
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Truly digital detection
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Arriving photon
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Summary and Next Steps

Pair-breaking detector work package for RDC8 recommends responding to the following
challenges to develop the next generation of advanced sensors for HEP:

« Lower energy thresholds, higher spectral resolution, lower noise

High detection efficiency at the lowest thresholds

Reducing dark count rates, understanding and mitigating low-energy backgrounds

Increasing active area and channel count for superconducting devices

Please provide input and share your thoughts about the following:
« Common challenges we face as a community
« Technology gaps for pair-breaking detectors for HEP

« Workforce development, training, and retention
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