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(A) Z2 topological order

and all symmetries preserved

(C) Z2 topological

and current loop order

(D) Valence Bond Solid (VBS)

(B) Z2 topological

and Ising-nematic order
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(A0) Canted antiferromagnet (D0) Néel

(C0) Conical spiral

(B0) Planar spiral

CP1 model of bosonic spinons z↵ coupled to
a U(1) gauge field aµ, and charge 2 Higgs fields
P ⇠ "↵�z↵@tz� and Qa ⇠ "↵�z↵@az� (a = x, y).
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Classical phase diagram of square lattice

antiferromagnet with near-neighbor exchanges

J1, J2, J3, J4 and ring-exchange K

Large g
with hz↵i = 0

Small g
with hz↵i 6= 0

Insulators
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(A) Antiferromagnetic metal (B) Fermi liquid with large 
Fermi surface

(D) SU(2) ACL eventually unstable 
to pairing and confinement
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LGW-Hertz criticality
of antiferromagnetism

Increasing SDW orderIncreasing SDW order

Increasing SDW order

Higgs criticality for the 
strange metal:

deconfined SU(2) gauge 
theory with large Fermi 

surface

Increasing SDW order

(C) Pseudogap metal with 
Z2 topological order and 
discrete symmetry breaking
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SU(2) gauge theory coupled to Nf = 2 fundamental Dirac
fermion spinons X, and adjoint Higgs fields �, �1, and �2

Metals

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.

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

Doping
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Z2 spin liquid Cf ,

current loop order
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Z2 spin liquid Af ,
all symmetries preserved,

Wen: Z2Bxx1z

Z2 spin liquid Bf ,

Ising-nematic order

U(1) spin liquid with spin gap Df ,

unstable to VBS,

Wen: U1Cn0n1

SU(2) gauge theory
with bosonic spinons R,
adjoint Higgs field Ha,

and fermionic chargons  .

c = R 
�a�a = R �bHb R†
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