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Superconductor-insulator transition (SIT) 

Control parameter

Temperature

(disorder/magnetic field/thickness)

insulator superconductor

Metal

Quantum phase transitionPoran et al, Nat. Comm. (2017)
(originally observed 1970)

thickness
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Problem: tunneling experiments

experiment

BCS theory
superconductor

insulator

1) Spectral gap in the 

insulating side

Sherman et al (PRL 108, 2012)

2) Deviation from BCS

𝑑𝐼

𝑑𝑉
= 𝑅𝑒

𝐸 + 𝑖Γ

𝐸 + 𝑖Γ 2 − Δ 2
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Our model : BCS + spatial fluctuations

𝐻 =෍

𝑘

𝜖𝑘 𝜓𝑘
+𝜓𝑘 + න𝑑𝑟 Δ(𝑟) 𝜓(𝑟) 𝜓(𝑟) + H. c.

Disordered superconductor

Abrahams etal (PRB, 1970), Di Castro etal (PRB 1990), Varlamov etal (Adv in Phys, 1999)

Includes both amplitude and phase fluctuations

Tunneling spectrum?

𝐶 𝑟 − 𝑟′ = 〈Δ∗ 𝑟, Δ 𝑟′ 〉
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One-loop Dyson resummation

Density of states

Fluctuating pairing

Paring 
correlations

𝐶(𝑟)

Tunneling 
spectrum 
𝜌(𝜔)

Specific example:
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Long range vs short range fluctuations

Pairing correlations 𝐶(𝑟)

distance [ℏ 𝑣𝐹/Δ0]

Tunneling spectrum 𝜌(𝜔)

Voltage 𝑉/Δ0

Short range

1/𝑞0 ≪ ℏ 𝑣𝐹/Δ0

Long-range

1/𝑞0 ≫ ℏ 𝑣𝐹/Δ0
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Short range plus Long range

Short range pairing  reduced coherence peaks

Pairing correlations Tunneling spectrum

distance Voltage
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Fitting actual experiments (insulating side)

Best fit: quasi long range (CRITICALITY)
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Summary

Short-range superconducting fluctuations suppress coherence peaks 

Long-range only

Long-range + Short range

Dentelski et al, PRB(R) 97, 100503
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Summary

Short-range superconducting fluctuations suppress coherence peaks 

Long-range only

Long-range + Short range
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Lindhard response function of a Fermi gas

𝜖𝑘 = 2𝑡 cos 𝑘𝑥 + cos 𝑘𝑦 + 4𝑡′ cos 𝑘𝑥 cos( 𝑘𝑦)


