Superconductivity Without Phonons: An Update

Gil Lonzarich, University of Cambridge
Early Proposals:

W Heisenberg, Z. Naturforsch (1947);
F London, Phys. Rev. (1948); ...

Recent Discussions:

e.g., Strong Correlations and Unconventional Superconductivity:
Towards a Conceptual Framework, KITP 2014

Philippe Monthoux and David Pines,
with thanks also to many colleagues for their insights
and contributions (to be cited in relevant slides).



Induced Interactions Between Charge Carriers
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Polarizer-Analyzer Model: Virtual Transitions in Electron System



Pr: Lowest Crystal Field Excitations of 4f Electron States
Two f Electrons with L=5, S=1 and ]J=L-5=4
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Pr: Two Localized 4f Electrons Coupled to Three Conduction
Electrons per Pr on the Border of Antiferromagnetism

-
(0))
T

02525 e R

magnetism ¢~ -

0 Antiferro-
— magnetism

*

O
e
1

O
U/
Magnetization (“B)

©
N
1
\

O 1 / | 1 | 1 | 1 |
0 0.4 0.8 1.2 1.6

Uniaxial Pressure (kbar)

KA McEwen, WG Stirling & C Vettier, Physica B (1983)



Pr: Renormalization of Conduction Electrons
by Crystal Field Excitations M
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UPd,Al;: Two Localized 5f Electrons & One Itinerant 5f Electron
per U on Border of Antiferromagnetism
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Model consistent with observed superconducting
transition at 7__ = 1.8 K in opposite spin pairing state
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Magnetically Mediated Superconductivity in Spin-Fermion Model

nFM=Nearly Ferromagnetic
nAF=Nearly Antiferromagnetic
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Tuning Parameter (x2a2)

Interaction Parameters: x,2a2 = 12, g%y /t =5
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CeIn3: T c <0.2K
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CeMX5 & PuMX5: TSC <20 K
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Magnetically Mediated Superconductivity in Spin-Fermion Model

nFM=Nearly Ferromagnetic
nAF=Nearly Antiferromagnetic
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Superconductivity on Border of 5f-Electron Ferromagnetism
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Superconductivity on Border of 4d-Electron Ferromagnetism
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e.g., DJ Scalapino, Rev. Mod. Phys. (2012) and references therein

Unconventional Superconductivity on Border of Magnetism
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Systems with Reduced Tg-/ T*:
 Cubic f and d electron systems
« Border of ferromagnetism
 Yb heavy electron systems (f-hole analogues of Ce)



YbAIB,: T3/2 Resistivity & Superconducting Transition
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Why is Superconductivity Rare in Yb
Heavy Fermion Systems?

Compactness of f-orbitals in Yb: weak f-spd hybridization, crystal
field splittings, double f-hole occupancy and intersite spin couplings

Prevalence of ferromagnetic correlations (high Wilson ratios and
ferromagnetic transitions) and valence transitions

Role of f-level degeneracy together with crystal field splittings:
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TRKKY ~ Ty yields Jcrit which decreases with increasing N _[kBTK
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Double Superconducting Dome in CeCu,Si,
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Ferroelectricity in SrTit805 & Superconductivity on
Border of Ferroelectricity in Nb Doped SrTiO,
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Some Conditions Advantageous for Magnetically
Mediated Superconductivity

High T on border of magnetism in the metallic state with:

anisotropic (quasi-2D) electronic and magnetic structures;

antiferromagnetic, or uniaxial ferromagnetic correlations;

reduced or compatible orbital degeneracies;

compatible charge couplings (cf. FeSe/SrTiO; interfaces).



Further Comments

« Can we explain the unusual and exceptional cases:

+ very high Ts-/T* in UBe,; & the related compound PrTi,Al,,
with cubic rather than layered crystal structures;

+ vanishing T¢-/T* in many systems tuned to magnetic
quantum critical points, including Cr and Pr metals?

« Can particularly strong pairing interactions arise in systems
engineered to be on the border of coinciding antiferroelectric
and antiferromagnetic quantum critical points?



