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The downside..
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Microwave Kinetic Inductance Detectors

E 200 6‘53 nm

Response

A

D -@o)- o mr

Cooper pairs

MKID detector Superconductor Pulse response Intrinsic spectral
resolution

507

K 0.65 0.7 0.75
T| me Optimal filter pulse amplitude, KID phase (rad)




=IIl---ﬁﬁI-II-!--I-I-.----I---

SN
ﬁﬁmi”ﬂﬁ‘

T T T .
mmmmmm.
I

‘”Wﬂﬁmwmgﬂ_mV‘ i
v‘mﬁ%ﬁwwiﬁmwT
ﬂﬂﬂ@ﬂm




Direct detection and characterisation of Earth-like exoplanets
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0! Equilibrium to steady-state response
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Scattering Recombination

TSCClt

Phonon
Cooper-pairs
Quasiparticles

TT‘BC




13

. . . 1023
Scattering Recombination CE
Tscat Trec ~
1015
100 125 150 175 200 225
Temperature (mK)
| 1
E E Disordered:
Phonon P T.P. Devereaux et al. Phys. Rev. B 44, 4587-4600 (1991)
_ - . ' M. Y. Reizer et al. Zh. Eksp. Teor. Fiz. 90, 1056 (1986)
Cooper-pairs : E
Quasiparticles E !

Clean:

S.B. Kaplan et al. Phys. Rev. B 14, 4854-4873 (1976)



102

T (us)

NbTiN 10!

100 125 150 175 200 225
Capacitor Temperature (mK)




102

NbTiN - 10!

| 100 125 150 175 200 225
Capacitor | Temperature (mK)

Membrane

B-Tainductor, 81 pH/square



102

10!

1 1 1 1
125 150 175 200 225

100
Temperature (mK)
Membrane
Table 1| Geometry, electronic properties and phonon properties for 3-Ta

Geometry Measured electronic properties Values from ref. 55
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Quasiparticle fluctuations
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How should that work microscopically?

Observations to explain consistenly:

1. We measure recombination — from noise variance

2. Recombination takes place with scattering lifetime — from noise lifetime
3. Phonon-retrapping does not affect the process — membrane vs substrate
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How should that work microscopically?

Observations to explain consistenly:

1. We measure recombination — from noise variance
2. Recombination takes place with scattering lifetime — from noise lifetime
3. Phonon-retrapping does not affect the process — membrane vs substrate

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

De Rooijetal, PRB104, L180506 (2021)
De Visser et al, PRL 106, 167004 (2011)
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Recombination of localised quasiparticles = multi-step process
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Also TiN lifetime data vs disorder explained

Data: Coumou et al
IEEE TAS 23, 7500404 (2013)
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Interpretation — rate equations

El(a) 4 (b) 4 (c) 4 (d)
dn Aof S P AP N
d—;n = —I'1ng, +Tant — 2R (nmnl — nﬂln?) W /-.\"/\
dny 5 i < 2/
— = 2Rm{ + 2I' p+1I'1n,,, — I'gn Lo -
=~ 1 pb 1tm d’el-
dt @’—(v > » LT »
102 - \ 10710
: (a) .\ (b) thermal densiti 3 104
- * B /'
\ = o
\ 4 5
- i / : -
7 % e / -
0 Je ' ] d =102 § . .
=2 10! 4 N\ o : 7 g S Mind the generation term!
-~ ] '\",.. 0 10_23 i ‘/ i o
membrane N\ / L 101 © C .
substrate '\ T, ] / : (which is irrelevant for non-
;igitszngation \, 10 1% 7 o equilibrium/pulse models)
= model \' ./
100 | ] | | \ 10_25 | / | | |
50 100 150 200 50 100 150 200

Temperature (mK)

Temperature (mK)



30

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 1 Model
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* The pulse height is exactly what we expect Ngp = nE_ph/A
* The pulses scale entirely with photon energy 17?7
 Theoretical rate equations don’t capture this:

* In many ngp regime (dngp<<ngp): pulses scale with wavelength, but should not show 2
distinct timescales

* Or, in low ngp regime (dngp>>nqp): crossover between 1/t and exponential decay expected,
33 where tails are on top
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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 non-equilibrium
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What is next?

* Explore quasiparticle dynamics systematically as function of disorder
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What is next?

* Explore quasiparticle dynamics systematically as function of disorder
 Theory needed! We measure global parameters, but localisation happens locally...
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What is next?

* Explore quasiparticle dynamics systematically as function of disorder
 Theory needed! We measure global parameters, but localisation happens locally...

 Experiments needed! We measure global parameters, but localisation happens
locally...

Inject quasiparticles locally ”
Measure the global microwave response °

Analogous to Jalabert et al for critical current
Nature Physics 19, 956-960 (2023)
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What is next?

* Explore quasiparticle dynamics systematically as function of disorder
 Theory needed! We measure global parameters, but localisation happens locally...

 Experiments needed! We measure global parameters, but localisation happens
locally...

* Photon pulse analysis:
* Non-equilibrium + disorder
e Diffusion
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What is next?

* Explore quasiparticle dynamics systematically as function of disorder
 Theory needed! We measure global parameters, but localisation happens locally...

 Experiments needed! We measure global parameters, but localisation happens
locally...

* Photon pulse analysis:
* Non-equilibrium + disorder
e Diffusion
* Applied: what is the ‘ideal”’ MKID material?
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Are we alone?
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Interpretation — which states, which energies?

* Bespalov et al 2016
* Excess qp’s due to localised states — happens also for very mild disorder in Aluminium

* Gurraetal 2026 & Fischer, Catelani 2026
* Localised states are not deep enough




Diffusion effects
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Diffusion effects
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errors are smaller than the data points. The quasiparticle signal in g; is a few times

lower than in 0>, which results in a smaller usable temperature range. For the

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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