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Hole pocket Fermi surfaces
of size p with
charge e, spin-1/2 quasiparticles

_|_

‘spectator’
square lattice spin liquid

at half-filling.

FL*: Spin liquid is required because
the Fermi surface does not enclose
the Luttinger volume (1 + p).
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Confining order parameters
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with a global SO(5); symmetry!
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Confinement of SU(2)n gauge theory by charge fluctuations

e Begin with the m-flux spin liquid in the fermionic spinon description.

Hy =iJ Y e (flufia = flafia)
(1)



Confinement of SU(2)n gauge theory by charge fluctuations
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Hy is invariant under SU(2) rotations in spin and SU(2)y rotations in Nambu space; U;; is
the SU(2)y gauge field.



Confinement of SU(2)n gauge theory by charge fluctuations

e Begin with the m-flux spin liquid in the fermionic spinon description.
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Hy = ijelj (f fia — f fm> — zJZeij (\IJZ-LUZ-J-\IJJ- — W;Uj¢Wi§; v, = ( ?ﬂ )

(i5) (i)

Hy is invariant under SU(2) rotations in spin and SU(2)y rotations in Nambu space; U;; is
the SU(2)y gauge field.

e The nearest-neighbor effective Hamiltonian for charge e, SU(2)y fundamental boson B; is
constrained by the fact that the composite of B; and WV, is an electron:
4 )

Hp=rY BB +iwy ey (BIU;B; - BlU;:B;) +

N 2 (27) y




Confinement of SU(2)n gauge theory by charge fluctuations

u 2
L(B) = Hg A 5 Zﬂf + Vi Zﬂi (Pita + Pitg) +QZ Asj

site charge density: <ciacm> ~ 0; = Bg B,

bond density: <C]L C. -+ c;.acm> ~ Qi; = @i = Im (BTe U, B )

100 J 119

100 J 7 117 1) ]

bond current: z’<cT C. — cTac > ~ Ji; = —Jj; = Re (B]Le U..B. )

Pairing: <5aBCz’aCj6> ~ A,,;j — Aj,,; — €abBaf,;€f,;jUiijj :



Confinement of SU(2)n gauge theory by charge fluctuations
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Confinement of SU(2)n gauge theory by charge fluctuations

& Massless Dirac €ij
_ . . L8
fermion spinons

SU(2)n gauge-invariant and SU(2) spin invariant
order parameters of Higgs phases:

x—CDW . 10(7'(',0) — B:—I—Ba—l— — B;_Ba_
y'CDW : /0(0,77) — B;—|—Ba— -+ B;—Ba—l—
d-density wave: D =i (B:, B, — Bi_B,.)

d-wave superconductor : A = e,,B,1 By_

~N. .~

Bosonic chargons

d-wave SC d-density (T,0) stripe 0,T0

7~
~—~

stripe

o

The O(BZ,) terms in the energy
have a SO(5); rotation symmetry
between these orders.
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Confinement of SU(2)n gauge theory by charge fluctuations

(& Massless Dirac Cij — —1
I PR . W
ermion spinons
| | 67/] — 1
k
The B,,

(a — SU(2)n gauge, v — valley)
are the “square roots” of
conventional
d-wave superconductor,
charge density wave,
palr density wave

~N. .~

Bosonic chargons
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d-wave SC d-density (T,0) stripe ) stripe
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Confinement of SU(2)n gauge theory by charge fluctuations
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Global phase diagram of SU(2)n gauge theory
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Global phase dlagram of SU(Z)N gauge theory
B) # 0 (B) = 0

Including
further-neighbor
couplings in B
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Arrow A

Condensation of B
in SU(2)ny gauge theory.

Pseudogap Metal (FL*)

with hole pocket Fermi surfaces
and underlying m-flux spin liquid

Arrow B

Strange

Condensation of 2z, in dual CP*

Metal with A Metal. U(1) gauge theory.
(m,m) SDW

- AN

(0,0)

—

SU(2)sxU(1), gauge theory
in ancilla model
P with Higgs field H,, ~ ¢! fia

(Néel) order.

Arrow C

d-wave superconductivity.

Charge order.




