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Coherent Potential Approximation
Soven, Velický et. al., Weinkauf and Zittart 75



Dynes Superconductor
Model



Green function + CPA



Dynes Superconductor
From the bullet train

• Generalization of the BCS superconductor including 
pair-breaking and pair-conserving scattering 
processes (smearing of all undesired infinities) 

• Mathematical formulation using Green function 
method: 
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Ĝ(k, ω) =
1
2

δ ln [ε2
k − ϵ(ω)2],

δ = τ0∂ω − τ1∂Δ − τ3∂εk
,

ϵ(ω) = (ω + iΓ)2 − Δ2 + iΓs

F.Herman, PhD Thesis

Maiwald et al., PRB 102, 165125 (2020)



Dynes Superconductor Generalization
From the bullet train

• Generalization of the BCS superconductor including 
pair-breaking and pair-conserving scattering 
processes (smearing of all undesired infinities) 

• Mathematical formulation using Green function 
method: 
 

 
 

 
 

.

Ĝ(k, ω) =
1
2

δ ln [ε2
k − ϵ(ω)2],

δ = γ0∂ω − γ1∂Δ − γ3∂εk
,

ϵ(ω) = (ω + iΓ)2 − Δ2 + iΓs



Electromagnetic properties and optical conductivity
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Implications towards the superconductive cavities: Coherence peak
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D. Bafia et al., ArXiv:2106.10601 (2021)
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Implications towards the superconductive cavities: Coherence peak 
and Imaginary part of DC Conductivity

Dynes Superconductor



Implications towards the superconductive cavities: Imaginary part 
of DC Conductivity

Dynes Superconductor

x - strong coupling correction





Research going in similar direction
If not the same



Effects of nonmagnetic impurities and subgap states on the 
kinetic inductance, complex conductivity, quality factor and 
depairing current density (Kubo, 2021)

• Kinetic inductance 

• Superconductor 
 
 

• Important for kinetic inductance 
detectors (KIDs) and 
superconductor single-photon 
detectors (SSPDs)



Effects of nonmagnetic impurities and subgap states on the 
kinetic inductance, complex conductivity, quality factor and 
depairing current density (Kubo, 2021)

• Surface resistance • Quality
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• Relation between the densities of states in the normal and 
superconducting states 
Interesting difference in behaviour of the symmetric and antisymmetric part of the 
density of states. 

• Reduction of the (quasiparticle) peaks 
Influence of the Pseudogap from the normal state. 

• Reduction of the antisymmetry in superconductive region 

• Possible experimental improvement 
Prof. Szabó and Samuely and their group focusing on STM experiment at the SAS in 
Košice.





Dynes Superconductors -Implications towards-  
 Radio-Frequency Cavities (František Herman)

Take (stay) home messages

• Disorder effects reveal characteristic behaviour of the 
superconductive state. 

• Understanding the role of the different scattering mechanism can 
enhance efficiency of the superconducting devices in the current 
applications. 

• Model-independent/Theory-model-tested approximative approach 
may be very powerful tool in the situations where we touch the 
unknown phenomena, but one needs to be very careful.
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