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Quasiparticle recombination in disordered 
superconductors probed with microwave 
resonators

Pieter de Visser, Steven de Rooij
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P. Winkel et al. Phys. Rev. X10, 031032 (2020)

Radiationdetectors: 
MKIDsMore response

More absorption, e.g. TiN, PtSi, Hf, ɓ-Ta

‍-Ta

Ὓ

Al Hf

Non-linearity of ὒȟÒŜǇƭŀŎƛƴƎWW

Size reduction

J. T. Peltonen et 
al. Sci Rep8, 
10033 (2018)
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The downside..
Quantum circuits

6 Charpentieret al. arXiv:2507.08953
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Quantum circuits MKIDs
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Microwave Kinetic Inductance Detectors
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Microwave Kinetic Inductance Detectors

9

ὅ ὅ ὅ

ὅ ὅ ὅ

ρυπʈÍ

1024 pixels
4-8 GHz

τȢψÍÍ

Easy multiplexing
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Direct detection and characterisation of Earth-like exoplanets



1 1

MKID detector
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Quasiparticle Detector

Quasiparticle dynamics is key
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T. P. Devereauxet al. Phys. Rev. B44, 4587т4600 (1991)
M. Y. Reizer et al. Zh. Eksp. Teor. Fiz.90, 1056 (1986)

S. B. Kaplan et al. Phys. Rev. B14, 4854т4873 (1976)

Clean:
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Quasiparticle fluctuations

Quasiparticle fluctuations => 

Fluctuations in Kinetic Inductance 
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† Ý No fitting parameters!!
Ý But you need to measure

material parameters
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See De Rooij et al.  PRB104, L180506 (2021)



How should that work microscopically?

Observations to explain consistenly:

1. We measure recombination ςfrom noise variance

2. Recombination takes place with scattering lifetime ςfrom noise lifetime

3. Phonon-retrapping does not affect the process ςmembrane vs substrate
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How should that work microscopically?

Observations to explain consistenly:

1. We measure recombination ςfrom noise variance

2. Recombination takes place with scattering lifetime ςfrom noise lifetime

3. Phonon-retrapping does not affect the process ςmembrane vs substrate

Andfrom Alu + -Ta experiments:

4. #2 and #3 are different for 

ordered superconductors
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Alu, membrane

Alu, substrate

Phonon
trapping

De Rooij et al, PRB 104 , L180506 (2021)
De Visser et al, PRL 106, 167004 (2011)
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Recombination of localised quasiparticles = multi-step process

†
†ᶻ

†

Nature Communications 16, 8465 (2025)
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Also TiN lifetime data vs disorder explained
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Data: Coumou et al
IEEE TAS 23, 7500404 (2013)

Data: Kardakova et al.
IEEE TAS 25, 1 (2015)



Interpretation ςrate equations

2 9

Mind the generation term!

(which is irrelevant for non-
equilibrium/pulse models)



Connection to conductivity deviations

3 0

Khvalyuket al. PRB 109, 144501 (2024), power laws exponent ~1.6, here 3.5



Photon pulse measurements
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Photon pulse measurements
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Non-equilibrium  - single photon pulse measurements
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Å¢ƘŜ ǇǳƭǎŜ ƘŜƛƎƘǘ ƛǎ ŜȄŀŎǘƭȅ ǿƘŀǘ ǿŜ ŜȄǇŜŎǘ bǉǇ Ґ ʹ9ψǇƘκɲ

ÅThepulses scale entirely with photon energy !???

Å¢ƘŜƻǊŜǘƛŎŀƭ ǊŀǘŜ Ŝǉǳŀǘƛƻƴǎ ŘƻƴΩǘ ŎŀǇǘǳǊŜ ǘƘƛǎΥ
ÅIn many nqp regime (dnqp<<nqp): pulses scale with wavelength, but should not show 2 

distinct timescales

ÅOr, in low nqp regime (dnqp>>nqp): crossover between 1/t and exponential decay expected, 
where tails are on top



Connection to conductivity deviations
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Connection to conductivity deviations
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Connection to conductivity deviations
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Microwave dissipation  
changes pulse shape, but 
the dominant conductivity 
effects persist

Microwave non-equilibrium



What is next?

ÅExplore quasiparticle dynamics systematically as function of disorder
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Inject quasiparticles locally
Measure the global microwave  response ?

Analogous to Jalabert et al for critical current
Nature Physics 19, 956т960 (2023)
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ÅExplore quasiparticle dynamics systematically as function of disorder

Å¢ƘŜƻǊȅ ƴŜŜŘŜŘΗ ²Ŝ ƳŜŀǎǳǊŜ Ǝƭƻōŀƭ ǇŀǊŀƳŜǘŜǊǎΣ ōǳǘ ƭƻŎŀƭƛǎŀǘƛƻƴ ƘŀǇǇŜƴǎ ƭƻŎŀƭƭȅΧ

ÅExperiments needed! We measure global parameters, but localisation happens 
ƭƻŎŀƭƭȅΧ

ÅPhoton pulse analysis:

ÅNon-equilibrium + disorder

ÅDiffusion

Å!ǇǇƭƛŜŘΥ ǿƘŀǘ ƛǎ ǘƘŜ ΨƛŘŜŀƭΩ aYL5 ƳŀǘŜǊƛŀƭΚ 
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Summary

4 3

Nature Communications 16, 8465 (2025)
PhD thesis Steven de Rooij, Delft University of Technology, 2026 
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Are we alone?
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Interpretation ςwhich states, which energies?

Å Bespalov et al 2016

Å9ȄŎŜǎǎ ǉǇΩǎ ŘǳŜ ǘƻ ƭƻŎŀƭƛǎŜŘ ǎǘŀǘŜǎ ςhappens also for very mild disorder in Aluminium

Å Gurra et al 2026 & Fischer, Catelani 2026

Å Localised states are not deep enough



Diffusion effects
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Diffusion effects
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