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Metals obtained by
doping Mott insulators



Ordinary metal
Luttinger area.

—£5 No broken symmetry
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At large p, we obtain a gas of nearly free

fermionic holes of density /+p (relative to
the filled band with 2 electrons per site)
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Doping an insulating antiferromagnet with holes of density p
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Doping an insulating antiferromagnet with holes of density p

Spin liquid
with density
p of spinless,

charge +-e¢

‘holons’.

No coherent
inter-layer
transport, so
no Yamayji

effect.

Holon metal
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Hole dynamics in an antiferromagnet across a deconfined quantum critical point
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Coupling hole pockets
to spin liquid

(the spin liquid is required
to satisfy Oshikawa anomaly)




Thermal SU(2) lattice gauge theory of
the cuprate pseudogap: reconciling
Fermi arcs and hole pockets
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1. Dope spin liquid with holes, not holons.
The Ancilla Layer Model (ALM) enables a theory of FL* with hole pockets
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. Dope spin liquid with holes, not holons.
The Ancilla Layer Model (ALM) enables a theory of FL* with hole pockets
and a general spin liquid.

. Hole pockets are obtained by hybridizing the large Fermi surface of 1 — p
electrons ¢ with the Fermi surtace of 1 ancilla fermion f;. The hybridization
¢ also determines the electronic gap near (m,0)

(similar to electrons in Weinberg-Salam theory).

. Building on recent numerical evidence, we choose the m-flux spin liquid with
fermionic spinons f coupled to an emergent SU(2) gauge field U
(similar to neutrinos in Weinberg-Salam theory).

. Couple hole pockets coupled to critical spin liquid by a charge e, SU(2)
fundamental Higgs field B

(similar to Yukawa coupling of Higgs field in Weinberg-Salam theory).



e To create the electron operator from the spinon ¥, we have to fuse it with a
charge e, gauge SU(2) fundamental, spinless boson B; = (B4, B2;), whose
symmetries follow from those of W.

This yields the quadratic and quartic energy functionals & |B,U| + 4| B, U
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The pseudogap meftal
and its transition to
d-wave superconductivity
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e Born-Oppenheimer theory of thermal fluctuations:
Classical thermal ensemble of &|B,U| + £4|B, U] at a temperature T" — 0.

VHiges chosen so that the ground state 1s a d-wave superconductor,
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Doping an insulating antiferromagnet with holes of density p

Metal with <') \

density p of

spin-1/2,
charge +-e¢
‘holes’ (or

‘magnetic
polarons’)

and

charge 0,
spin-1/2

‘spinons’

The d-wave superconductor
is obtained by confining the
SU(2) gauge field, and this
exploits the pre-existing pair-
ing in the blue dimers. Such
a state is smoothly connected
to the BCS d-wave super-
conductor.
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The d-wave superconductor
is obtained by confining the
SU(2) gauge field, and this
exploits the pre-existing pair-
ing in the blue dimers. Such
a state is smoothly connected
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conductor.

Applying BCS pairing to
the hole pockets (green dimers)
yields a distinct SC* state,
which is not smoothly con-
nected to the BCS d-wave
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of a quantum phase transition
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with no symmetry breaking.
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now a Higgs field.
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