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The downside..
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Microwave Kinetic Inductance Detectors
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Direct detection and characterisation of Eattke exoplanets
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Quasiparticle Detector

Quasiparticle dynamics is key
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Table 1| Geometry, electronic properties and phonon properties for 3-Ta

Geometry Measured electronic properties Values from ref. 55

d w L T, pN(T =1 K) D Ne f,* CL Cr To
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Generation- recombination
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Phonon- recycling
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Quasiparticle fluctuations
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How should that work microscopically?

Observations to explain consistenly:

1. We measure recombinationfrom noise variance

2. Recombination takes place with scattering lifetim&om noise lifetime
3. Phononretrapping does not affect the procegsmembrane vs substrate
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How should that work microscopically?

Observations to explain consistenly:

1. We measure recombinatioQfrom noise variance
2. Recombination takes place with scattering lifetim&om noise lifetime
3. Phononretrapping does not affect the procegsmembrane vs substrate

Andfrom Alu + -Ta experiments:
4. #2 and #3 are different for
ordered superconductors

De Roojj et al, PRB04 , L180506 (2021)
De Visser et al, PRL 106, 167004 (2011)
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Recombination of localised quasiparticles = msi#p process
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Also TIN lifetime data vs disorder explained

Data: Coumou et al

Data: Kardakova et al.

IEEE TAS 23, 7500404 (2013) IEEE TAS 25, 1 (2015)
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Interpretation ¢ rate equations
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Connection to conductivity deviations
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Photon pulse measurements
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Photon pulse measurements
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Non-equilibrium - single photon pulse measurements

Measurement Model
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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 norequilibrium
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What Is next?

A Explore quasiparticle dynamics systematically as function of disorder
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What Is next?

A Explore quasiparticle dynamics systematically as function of disorder

AN A v AN

ACKS2NE YySSRSRH 2S YSI &adzZNd It 2061 f LI NI
A Experiments needed! We measure global parameters, but localisation happens
t 20t fteX

Inject quasiparticles locally ~
Measure the global microwave response

Analogous to Jalabert et al for critical current
Nature Physics 19, 956960 (2023)
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What Is next?

A Explore quasiparticle dynamics systematically as function of disorder
ACKS2NE YySSRSRH 2S YSI|IadzZNd 3JIft20lf LI
A Experiments needed! We measure global parameters, but localisation happens
ft 201t teX
A Photon pulse analysis:
A Non-equilibrium + disorder

A Diffusion
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What Is next?

A Explore quasiparticle dynamics systematically as function of disorder
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A Experiments needed! We measure global parameters, but localisation happens
t 20t fteX
A Photon pulse analysis:
A Non-equilibrium + disorder
A Diffusion
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Are we alone?
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Interpretation ¢ which states, which energies?

A Bespalov et al 2016
A9EOSa4a |jLIQA& R dz§hafipens &l @ verk @il8 dsordei in Aldninium

A Gurra et al 2026 & Fischer, Catelani 2026
A Localised states are not deep enough




Diffusion effects
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Diffusion effects
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Fig. 5 | Fluctuation measurement of g;. Quasiparticle relaxation time (a) and the
substrate resonator, we did not observe any Lorentzian signatures in the PSDs of ¢,

variance (b) are obtained the same way as in Fig. 2, but from the fluctuations of the
dissipative part of the complex conductivity, 6o;. Error bars indicating statistical fit
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