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Outline
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Physics of superconductors

Application to detectors

Future prospects



Superconductivity
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2. Exclusion of 

magnetic field

3. Strong decrease of 

specific heat

1. Zero resistance for T<Tc

Al 

Quantum phenomenon + Collective phenomenon



Superconductivity
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Δ = strength of the 

superconductivity

Thin films of NbxSi1-x

The films can be either superconducting

or insulating depending upon different

proportions of Nb and Si, as well as thickness 

and disorder

Microscopic pairing mechanism: Cooper pairs



Superconductors and insulators

5

Nb18Si82

Phase transitions 

between different

ground states
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NbSi thin films 

Synthesis
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NbSi applied to detectors



SIT in NbSi applied to detectors
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NbSi : superconducting or insulating sensor



SIT in NbSi applied to detectors
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SIT in NbSi applied to detectors
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SIT in NbSi applied to detectors
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SIT in NbSi applied to detectors
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SIT in NbSi applied to detectors
Massive bolometers

NbSi spiral sensor

NbSi TES layers evaporated on massive crystals.

In the frame of the EDELWEISS project for dark

matter research, 200 g Ge crystals combined to

spiral-shaped TES were developed.

5 eV baseline resolution has been be demonstrated

using “Neganov-Luke” amplification.

Ge crystal
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Detector with NbSi phonon sensor

n Ge crystal h20 m m  phi 48 m m  (196 g Ge)

n NbSi Transit ion Edge Sensor:  sensit iv ity  to atherm al phonons

n 100 nm  thick,  20m m  diam . spiral NbSi sensor lithographed on top surface

n Elect rode on top/ bot tom  surfaces:  Al gr id with 4%  coverage

n Transit ion between 0 ->  1 kOhm at  44 m K

n s< 1 1 0  eV, 5  eV ee a t  6 6 V b ias 

June 15th, 2021 EXCESS in Edelweiss (+ Ricochet  Ge)  detectors
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High Voltage: Exploring DM-electron/nucleus interactions with near single-electron sensitivity achieved 

in massive bolometers operated underground (low-background environment ~ 1 - 0.1 DRU).

Goal #4: Operation at high voltage (~100 V)

First EDELWEISS DM-electron scattering and absorption results expected by fall 2019.
J. Billard (IPNL) 10

Institut für KernphysikBernhard Siebenborn - EDELWEISS dark matter search

EDELWEISS R&D: heat sensors
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NbSi transition edge sensor
NbSi TES on thermal chip:

high impedance

on sapphire or germanium chip

should reach <10 eV resolution (RMS) 

with standard JFET pre-amplifiers 

S. Marnieros, HDR (2014)

http://hal.in2p3.fr/tel-01088881/document

Ph y sics d a t a  

an a ly s is o n g o in g



Superconducting nanowires
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Superconducting nanowire single photon detector (SNSPD)

Natarajan et al., Supercond.Sci.Technol. 25 (2012)

Marsili et al., Nano Lett. 11 (2011)



Superconducting nanowires
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Superconducting nanowires
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Nanowire with a 200 nm wide channel



Recent proposals
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WSi superconductor nanowire
1550 nm wavelength, ~0.8 eV



Summary
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Several types of applications of superconductors can be developed for detecting

radiation and particles.

Superconducting nanowires have emerged as candidates in the search for 

low mass dark matter.


