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Strongly disordered metals

• MoC : Quantum correction to optical conductivity up to optical
frequencies [1]

• NbN : Superconducting devices, e.g.:
• photon detectors
• parametric amplifiers
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Complex conductivity

Causality ⇒ 𝜎(𝜔) analytic in upper half-plane ... Kramers-Kronig relations



Quantum corrections to conductivity

[2] P. W. Anderson, Phys. Rev. 109, 1492 
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Measurement of optical

conductivity
• Spectroscopic ellipsometry

• Limited experimental window

• Kramers-Kronig analysis

• Highly disordered metals →
Quantum corrections to optical 
conductivity
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Ill-posed problems

• Not unique solution / the procedure of obtaining solution is unstable

• Inverse problems

• Cauchy problem for Laplace equation

• Integral equations

• Analytic continuation
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[3]: L. N. Trefethen, BIT. Num Math. pp. 1-15 (2020)

Analytic continuation:
Def:

𝑓 𝑥 analytic in 𝑈 ⊂ 𝑉 ⊂ ℂ
𝐹 𝑧 analytic in 𝑉, such that ∀𝑧 ∈ 𝑈: 𝐹 𝑧 = 𝑓(𝑧)

Can be turn to integral equation problem:

The precision decreases with distance from known
interval as [3]:





Regularization

Fig.5: Principle of finding of feasible curves

• Disordered metals has 

large ralaxation rate Γ

• Searched function is

smooth and changes on 

large scales

• Averaging in an ensamble

of solutions fitting the data



Numerical results
• Minimized functional:

• Input data (blue points) generated by 

restriction of domain of model function:



Numerical results
• Model function:

• Simulated annealing

• RBF spline



Extrapolation of 
experimental data

•MoC
• 𝑑 = 5.0 nm, 𝜖. = 1.4

• RT:

• Transmission

𝑔 = 𝑔& + 𝑖𝑔&& = 𝜎 % 𝑍' % 𝑑

Ω = 𝜔( + 𝑘)𝑇/ħ



Extrapolation of 
experimental data

•NbN
• 𝑑 = 3,5 nm, 𝜖. = 2.58

• RT, γ(𝑇) = 𝜋𝑘9𝑇/ħ

• Transmission

𝑔 = 𝑔& + 𝑖𝑔&& = 𝜎 % 𝑍' % 𝑑

Ω = 𝜔( + 𝑘)𝑇/ħ


