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Long-standing mystery in cuprates - the nature of the pseudogap
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View the pseudogap metal as a quantum
state, which could be stable at T'=0

under suitable conditions

Goal: construct a mean-field theory
that captures both FL and psuedo-
gap metals

Keimer et al., “From Quantum Matter to High-Temperature Superconductivity in Copper
Oxides”.




Paramagnon theory of the Hubbard model

Starting point: Hubbard-Stratonovich transformation in particle-hole channel
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Paramagnon theory of the Hubbard model

Starting point: Hubbard-Stratonovich transformation in particle-hole channel
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Paramagnon theory of the Hubbard model
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Paramagnon theory of the Hubbard model
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Represent £ = 0,1 excitations as antiferromagnetic spin pair, ®; = % (S2; — S14)



Mean-field phase diagram of the pseudogap metal

Hubbard
Free ——eo—0—0—0—0 ¢ <« modelof
holes of hole density
density ‘ Schrieffer-Wolff transformation at large J yields U ~ J?(/JL‘ 1+p

1+p \
—>

Antiferromagnetic Kondo coupling J |

Ferromagnetic
S1 s

Ancilla Kondo coupling
. JJ‘
qubits Sy
Kondo lattice heavy Fermi liquid of ¢* and S} Fermi liquid of ¢*
Spin liquid of So Rung singlets of S; and S5
JK/JJ_ FL* FL s> doping p




FL* phase qualitatively captures pseudogap features

ag
Sni=f i aLluip S Fiafnia=1
[0

Non-zero hybridization between ¢ and f; leads to FL* phase.

1A @=0,k 1,/ Ao
0.8
’\ /— N
0.2

-3 -2 -1 0
B k,

Z tZ]CZOC]a Z 1 2]f1wf1ja s Z B ( nglw + fl’bo'c740'>

7.7 7]




FL* phase qualitatively captures pseudogap features
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He et al., “From a Single-Band Metal to a High-Temperature Superconductor via Two Thermal

Phase Transitions”. 7



Instabilities to ordered phases described by second ancilla layer

N

(a) (b) (m0) stripe (0,7) stripe

1 Pseudogap Metal (FL*)
T | with hole pocket Fermi surfaces
and underlying 7-flux spin liquid

Strange
Metal.

Metal with
(m,7) SDW
(Néel) order.

B
d-wave superconductivity. n
Charge density wave. &
P Y
" s v, v
Kunisada et al., “Observation of Small Fermi Pockets Protected by Clean CuO2 Sheets of a ¢

High-Tc Superconductor”.



Paramagnon fractionalization admits trial wavefunctions

|1o) = |Slater[c, f1, f2])
|1y = [Projection on to rung singlets] [1g) [ How energetically favorable is FL*?
FL : [) = [ve) ® | f1, f2)
FL* : [¢ho) = [¥c, f1) ® | f2)




