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Motiwwation:

D. Bafia et al., arXiv:2103.10601v2

Dip & Bump
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Internally consistent extension of the BCS
superconductor including (simultaneously present) pair-
breaking and pair-conserving scattering processes in
general case.

Capable to describe electromagnetic and thermodynamic
response.

Applicable at low (density of states) and also higher
(coherence peak) temperatures.

Applicable at high disorder (MoC - superconductor-
insulator transition) and low disorder (Nb-SRF
motivated)

Mathematical formulation using Green function method:

CA}(k, @) = %5 In [51% — e(a))z] ,

5 — Toaa) — TlaA — T3a81‘,

c(w) = \/(a) +(TY =AY+ 11

Electromagnetic properties and
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Electromagnetic properties and optical conductivity, formulation

e Green function parametrisation:

e Resulting formulation

1Dy

w

g l) —

/_oo dv tanh (%) H((v + w, ).

Do = ne?/m is the normal-state Drude weight and




Implications towards the superconductive cavities: Coherence peak and Imaginary
part of DC Conductivity

A(T) m— $Agcs(T)
X - strong coupling correction
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FIG. 7. Coefficient A describing the T-dependence of the

FIG. 9. Real and imaginary parts of the conductivities of the FIG. 6. Temperature dependence of the imaginary part of imaginary part of the microwave conductivity close to T,
two samples from Fig. 4 in [13] (symbols), together with their the microwave conductivity o2(7")/o2(0) for several choices of | 92 (T')/o2(0) = A(1 —T/T¢), plotted as a function of s for
fits by the theory of Dynes superconductors with the strong- | v and vs. Note that when s decreases and 7 increases, the several Value§ of v fmfi z. Note that A de.pends only very
coupling corrections described for both samples by = = 1.145 [} curves are pushed slightly downwards with respect to Eq. (14), weakly on v in the limit of small pair breaking.

(lines). which is shown by the blue line.

D. Bafia et al., ArXiv:2106.10601 (2021) Phys. Rev. B 104, 094519




: : k L
ZS RS + lXS ( o1 — 10, ) e Normal state parametrization for wz — 0.

Z, R, +iX,

- 0]

n

e R - surface resistance, X - surface reactance

e More convenient form:

k
O .
2, =12, (127 ) el

|6,

e Simple formulation of superconducting state properties:

k k
RS=\Zn\< GS‘) cos(an—ké(p) XS=\Zn\< US‘) sin(an—kéqp)

Oy |




Freqguency Shift - different regimes

Foot — Bump — Dip& Bump Regime e Higher values of scattering rates

ISw<l, <A . . reduce mean free path, reduce
e 1. and deepen the dip.
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Moderately clean regime: ho < T < I', S A,

%

00f(® (T 6, = 1 T)0, ¢'(T/e,=FfTT.0)0.
of (®) = (©) where: ©@ =1 - T/T., oDl =1+ /L0, ooy = A0 Lo @)

00 |-
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e Both signs are possible.
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Comparison & fitting the experimental dip

e No free parameters in comparison scenario.
o Pair-breaking fixed by the reduced 7.

== fiked X
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FIG. 7. Considered parameters: resonant {requency
f = 2.6GHz, Ao = 1.55meV |[l]|, pair-conserving scat-
tering rate corresponding to fixed X, = 7.1m (fit-
ted X, = 7.5mQ) is 7. = 0.52 (vs = 0.58), and resulting
¢ =121 nm (£ = 108 nm).

Data: M. Zarea et al., Frontiers in Superconducting Materials,
3:1—7 (2023), arXiv:2307.07905v1

e Frequency scaling
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FIG. 8. Resonant frequency dependence of 6 f(7T") considering
values of f = {0.65,1.3,2.6,3.9}GHz. Considered scattering
rates are v = 0.026 and s = 0.58.
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Quality Q. = G/R, in local imit

1/2

Qs N Oy cos(r/4) e Huge increase at low temperature due to low o, and relatively high o,
0,

o, cos(m/4 + og/2)

log10(Qs/Qo) » High Quality “plateaus” for

| IrsT,~0.1T,..

7 = hw /200
= ~v = 10hw/Ago

PV 11 RNl © /\nalysis showing the role of the
in-gap states and Fermi-Dirac
distribution can be found in
arXiv:2409.04203
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Quality at T = 0K
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n ),
e Role of superfluid fraction.
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e Pair-breaking subgap induced residual resistance.

full dashed =D —
Y, ~ 0.13 ¥, ~ 1
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= = 0 e The different roles of pair-breaking and pair-
conserving scattering.

e Role of pair-conserving disorder changes.




Superfluid fraction
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e Assuming y, < | and linear order of y:
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Summary & Conclusions 1.

o Despite omitting the inhomogeneity etfects, DS framework provides qualitatively (and quantitatively)
reasonable results with the same numerical complexity as the Mattis-Bardeen theory.

e Various frequency shift regimes o Addressing the moderately clean regime, we describe
(Foot, Bump, Dip & Bump and Dip) the frequency shift slope 5f'(®) = 05f(©)/00|g_, with
assuming low disorder can be the simple function of pair-conserving and pair-
systemically identified. breaking scattering rates.
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e Considering the complexity of the phenomena
together with the relevant temperature scale
and simplicity of our approach, we achieve
compelling agreement with the experiment.

0 0.990 0.992 0.994 0.996 0.998 1.000

0.6 0.7 0.8 0.9
T/T.




Summary & Conclusions I1.

o Analysis of the high quality plateaus at low
temperature and low disorder. For details see:
arxXiv:2409.04203.

10%10(Q3/Q0)

— ~ = hw/Aoo
— v = 10Ahw/Apo

— v = 100hw/Apo

e Analysis of the quality factor at zero Kelvin
Temperature shows different influence of pair-
breaking and pair-conserving disorder.
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Open question
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Role of the 18 nm layer of

Al203, or oxides in general?

TABLE I. Table of individual regimes together with its consid-
ered scattering constants I' and I's in units of the angular reso-
nant frequency hw (for convenience h = 1, and f = 1.3 GHz).
For each regime, we also add the parameter inequalities as >
well as calculated values of mean free path ¢, normal state Mean free path 2
reactance X,,, and the scale f.



Comparison of Approaches



