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A “quantum parelectric”

Gervais, PRB (1993)

Müller, PRB (1979)
105K: cubic to tetragonal
37K: quantum paraelectric
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A very low-density but “boring” superconductor

Swartz et al, 1608.05621
Thiemann et al, 1703.04711904.03121



Strong electron-phonon coupling

Wang et al, Nature Materials (2016)
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Swartz et al, PNAS (2018)



This talk

• A too-brief  introduction to STO
• A minimal model
• Domed superconducting phase diagrams are generic
• Normal state properties are puzzling



The Minimal Model

Parameters of  the theory:

rs = ECoul/Ekin Ω/EF γ

kF
-1

aB

Rock salt:



Coupled Modes
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Establishing a Gap

BCS

Kirzhnits, Maksimov, Khomskii (1972)

K(0, ξ)

Δ(ξ)

Weak Coupling
🚫 ωD<< EF

• No cutoffs
• No μ*

Spectral representation



Roughly matches the data but is very generic

Takada (1980)

STO RPA

Pure plasmon

STO Plasmon Pole

STO Paraelectric

ε∞
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Spectral Functions and Cumulants



What’s in a typical spectral function

n = 2 x 1020



Wang et al, Nat Mat (2016)

Spectral Functions vs ARPES

2 × 1020 cm-35 × 1019 cm-32 × 1019 cm-3

3 × 1013 cm-2 2 × 1014 cm-2



∂DoS vs Tunneling

Swartz et al, PNAS (2018) 

2 × 1020 cm-3

2 × 1019 cm-3

5 × 1019 cm-3

1 × 1018 cm-3



Proximity to the Critical Point

γ = .4995

n = 5 × 1019 cm-3

γ = .3 γ = .1

(ε0 ~ 14) (ε0 ~ 7)



Coming soon

C. Kengle, S. Rubeck, and many others
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Parting Thoughts
• We have uncovered a 

conspicuous discrepancy 
between the standard 
superconducting theory 
of  STO and the absence 
of  a plasmon in the 
normal state

• The dynamical signatures 
of  a system are more 
indicative of  what’s 
happening than a phase 
diagram


