Kondo Breakdown and a possible connection
with Strange and Bad metals.
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e Heavy Fermions: tunable strange metals
e Schwinger Bosons and the Kondo Lattice
e Quantum Criticality in a simple KL
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Heavy Fermions: Tunable Strange Metals



Strange Metals: Electrons at the Brink of Localization
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Strange Metals: Electrons at the Brink of Localization

- Mystery of Linear resistivity in
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Heavy Fermions:

Tunable Strange Metals

» Mystery of Linear resistivity in

strange metals
- Heavy Fermions: highly tunable.
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- Mystery of Linear resistivity in
strange metals
- Heavy Fermions: highly tunable.

» Link with Quantum Criticality
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What are the requirements for strange metal behavior?



B-YDbAIB4: Effect of Pressure

T. Tomita, K. Kuga, et al.
Science 349, 506 (2015)
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CeRheGes: Strange metal at a FM QCP

Bin Shen et al, preprint (2019)
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Strange Metals: Summary
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o Ubiquity of strange metal behavior, in transition metal
and rare-earth materials.

e Linear Resistivity can’t be explained by spin fluctuations
e Logarithmic C/T~ So/T* loge(T*/T).

e AFM QCP not necessary: Kondo breakdown in FM in
CeRhsGes and away from QCP in YbAIB4

e Common feature: partial Mott localization/Kondo
Breakdown



Schwinger Bosons and the Kondo Lattice



Kondo Lattice: introduction
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Schwinger Bosons and the Kondo Lattice




Schwinger Bosons and the Kondo Lattice

Parcollet-Georges Approach [
O. Parcollet and A. Georges, PRL 79, 4665 (1997).

J. Rech, et al, PRL 96, 016601 (2006).
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Schwinger Bosons and the Kondo Lattice

Parcollet-Georges Approach Single Impurity
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Captures the physics of fluctuating magnetism in
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Schwinger Bosons and the Kondo Lattice S = b;f (%)bi

Parcollet-Georges Approach Single Impurity Model
O. Parcollet and A. Georges, PRL 79, 4665 (1997).

J. Rech, et al, PRL 96, 016601 (2006).
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Treats the Kondo effect as an fractionalization of
spins into heavy electrons and Kondo singlets
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Schwinger Bosons and the Kondo Lattice S = b;f (%)bi

Parcollet-Georges Approach
O. Parcollet and A. Georges, PRL 79, 4665 (1997).

J. Rech, et al, PRL 96, 016601 (2006).
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Schwinger Bosons and the Kondo Lattice S = b;f (g)bf

Parcollet-Georges Approach

O. Parcollet and A. Georges, PRL 79, 4665 (1997).
J. Rech, et al, PRL 96, 016601 (2006). b A
2p(w) = AN AN

. N>_< 'CLX a “:s ¢':'

Hg (]) — [(b;a¢jaa)Xja + h'C} + }K - spinon self-energy v —'"X
— X -
2)(((1)) — --
Kondo effect as an fractionalization of spins into A
heavy electrons and Kondo singlets (holons) holon self-energy
A
(a) | (b) E(k)
small, light FS

large, heavy FS

Kondo singlets:
+Qe



Schwinger Bosons and the Kondo Lattice S

Parcollet-Georges Approach
O. Parcollet and A. Georges, PRL 79, 4665 (1997).
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Application to 1D Kondo Lattices



Schwinger Boson approach to the KL
H = Z [Hc(]) -+ JK§j ° 5j + Jng ' §j+1].

Yashar Komijani & PC PRL 122, 217001 (2019)
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Schwinger Boson approach to the KL

Yashar Komijani & PC PRL 122, 217001 (2019)

H = Z [Hc(]) -+ JK§j °5j —|—JH§j ' §j+1].
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Schwinger Boson approach to the KL
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Schwinger Boson approach to the KL

Yashar Komijani & PC PRL 122, 217001 (2019)
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A possible link between Kondo Breakdown
and Strange Metals



New Rule: Strange Metals
are Bad Metals
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But the linear resistivity

continues unabated from
the strange metal regime
to the bad metal regime.




New Rule: Strange Metals

Brown et al,
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New Rule: Strange Metals srown et al.

Science 363, 379 (2019)
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Kondo Breakdown and a possible connection with Strange and Bad

metals: Conclusions
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o Ubiquity of strange metal behavior, in transition metal
and rare-earth materials.

e Common feature appears to be the partial Mott
localization. AFM not necessary.

e Schwinger Boson Scheme allows unification of magnetic
and Kondo entanglement physics

e Emergent charge fluctuations associated with small to
large FS transition (Kondo breakdown/Mott) may have a
link with the linear resistivity of Strange Metals.






