
Topological order and DMFT/QMC spectra 
for the pseudogap metal of the cuprates
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Higgs criticality for the 
strange metal:

deconfined SU(2) gauge 
theory with large Fermi 

surface
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(C) Pseudogap metal with 
Z2 topological order and discrete 
symmetry breaking
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Field Symbol Statistics SU(2)gauge SU(2)spin U(1)e.m.charge

Electron c fermion 1 2 -1
Magnetic moment �a boson 1 3 0

Chargon  fermion 2 1 -1
Spinon R boson 2̄ 2 0
Higgs Ha boson 3 1 0
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U(1) spin liquid with spin gap Db,

unstable to

valence bond solid (VBS)

SU(2) gauge theory with bosonic spinons R, adjoint Higgs field Ha, and
fermionic chargons  . R is a 2⇥ 2 unitary matrix which transforms the

spin components of the electron into a rotating reference frame. The Higgs
field, Ha, measures the local magnetic order in the rotating reference frame.

c = R , �a�a = R �bHb R†

Spectra	at	the	antinodal	point	(pi,0)

Adapted	from
	[a]

DCA-DMFT

SU(2)	gauge	theory p=0.05,	H0/Zt=0.7

Z’t’/Zt=-0.09,	
roughly	t’/t=-0.15	

Z’t’/Zt=-0.4,	
roughly	t’/t=-0.7	

Results	for	full	Brillouin	zone

k-interpolated	DMFT

Adapted	from
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SU(2)	gauge	theory

At	larger	T,	DQMC:	(T/t=0.25,	U/t=7,	t’/t=-0.1,	p=0.042)
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Significant evidence for the presence
of topological order in the pseudogap
metal state of cluster DMFT/QMC
studies of the Hubbard model.

The Higgs phase
(C) realizes vari-
eties of Z2 topo-
logical order which
intertwine with dif-
ferent broken sym-
metries
(P and Q are re-
lated to components
of the Higgs con-
densate Ha, and
z↵ to the spinon
field R).
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Common features of phase C of SU(2) gauge theory
and DMFT/QMC spectra:

• Nodal/anti-nodal dichotomy: spectra are metal-
lic in the nodal directions, and “Mott insulat-
ing” along the anti-nodal directions

• Large enhancement of low frequency self-energy
near (⇡, 0).

• Near zeros of the electron Green’s function
along a “Luttinger surface”. These signal topo-
logical order in Higgs phase, and a modified
Luttinger theorem for the  Fermi surfaces.
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