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QuLEAP: physics cases
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THz

frequency (Hz)

GHz

Cosmic Microwave Background (0.3-630 GHz) e.m. signals of power 10 fW – 100 pW

Dark Matter (1 GHz- 10 THz) single-photons of energy 1-100 meV

Medical Imaging (1-3 THz)

Security Imaging (100-300 GHz)

Drug and explosives search (1-3 THz)
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state-of-the-art technologies
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Detector TES KID SNSPD CEB qubit

NEP (W/Hz1/2) 10-19 10-18 NO 10-18 NO

Min Freq. (Hz) 5x1011 5x1011 3×1011 NO ∼109

CEB

TES

qubit

SNSPD

KID
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QuLEAP: quantum technologies
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Josephson Escape Sensor Superconducting

Thermoelectric Detector
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QuLEAP: Josephson Escape Sensor
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F.P., Phys. Rev. Appl. 14, 034055 (2020)
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System:

1D fully superconducting Josephson junction

Quantum-mechanical effect:

Current-driven de-phasing to tune TC

NEP:

~10-23 W/Hz1/2

Energy resolution:

1 GHz

Advantages:

tunable sensitivity and T

same read-out of TES

Best applications:

polarization of CMB

dark matter

Super. Electrodes

1D super. wire

Bolometer Calorimeter



QuLEAP: Superconducting Thermoelectric Detector
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F.P., Nat. Nanotech. 17, 1084 (2022)

F.P., Appl. Phys. Lett. 122, 173503 (2023)

F.P., FN: 102021000032042, Ufficio Italiano Brevetti (2023)
IFD 2025 - Sestri Levante

System:

S1IS2 tunnel junction

Quantum-mechanical effect:

quantum tunneling

thermoelectricity in e-h symmetric systems

NEP:

In QuLEAP (can work as bolometer)

Energy resolution:

1 GHz

Advantages:

large bandwidth (1010-1016 Hz)

passive detector

Best applications:

balloon or satellite experiments

Time constant Signal-to-noise ratio



QuLEAP: Non-Local Superconducting Detector
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F.P., Phys. Rev. Appl. 20, 014003 (2023)
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System:

double-loop Josephson interferometer

Quantum-mechanical effect:

macroscopic phase coherence

quantum tunneling

NEP:

In QuLEAP (works as bolometer)

Energy resolution:

1 GHz

Advantages:

non-locality

in-situ tunable

not affected by de-coherence

Best applications:

dark matter experiments

Superconducting ring

Detector junction

Readout junction

Tunnel probe



QuLEAP in the technological landscape
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Detector TES KID SNSPD CEB qubit JES NLSD TED

NEP (W/Hz1/2) 10-19 10-18 NO 10-18 NO 10-23
In 

QuLEAP

In 

QuLEAP

Min Freq. (Hz) 5x1011 5x1011 3×1011 NO ∼109 ∼109 ∼109 ∼109
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Thank you
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Josephson Escape Sensor Superconducting

Thermoelectric Detector

F.P., Nat. Nanotech. 17, 1084 (2022)
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F.P., FN: 102021000032042, UIB (2023)

Non-Local Superconducting

Detector

F.P., Phys. Rev. Appl. 20, 014003 (2023)
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