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Dimer covering on a triangular lattice

i

-1 dimer on a bond

Assign a quantum number
1 no dimer on a bond

The dimer hardcore constraint translates H of = —1

into an Ising "Gauss law”
ber
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I will present a simple model that is free of the
sign problem even at finite fermion density.

Symmetry breaking and confinement coincide.
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Ising gauge theory with matter fields

_“Z

Ising "Gauss law”

Key observation - for real gauge theories the fermion

determinant is also real
det (1) det(]) = det(1)? > 0

Senthil, Fisher (2000)
Moessner, Sondhi, Fradkin (2002)



Confinement transition with fermions (generic filling)



Confinement transition with fermions (generic filling)




Confinement transition with fermions (generic filling)




Confinement transition with fermions (generic filling)




Confinement transition with fermions (generic filling)




Confinement transition with fermions (generic filling)




Confinement transition with fermions (generic filling)




Confinement transition with fermions (generic filling)

deconfined



Confinement transition with fermions (generic filling)

deconfined



N 2 ae e L Affleck, Marston (1988)
Large \ 'I' ’ l|m|'|' /L - O Arovas, Auerbach (1988)
Leib (1994)



Nl e e L Affleck, Marston (1988)
Large \ 'I' , l|m|'|' /L - O Arovas, Auerbach (1988)
Leib (1994)

What happens at large hopping amplitude 1?

Find {0} } that minimizes H; = —t Z agc;acj,a + h.c
b=(1,j)



Nl e e L Affleck, Marston (1988)
Large \ 1' , l|m|'|' /L - O Arovas, Auerbach (1988)
Leib (1994)

What happens at large hopping amplitude 1?

Find {0} } that minimizes H; = —t Z agc,‘;acj,a + h.c
b=(1,j)

r-flux phase!




. . L Affleck, Marston (1988)
Large “'I'” I|m|1' ,lL - O Arovas, Auerbach (1988)
Leib (1994)

What happens at large hopping amplitude 1?

Find {0} } that minimizes H; = —t Z agc];acj,a + h.c
b=(1,j)

r-flux phase!

Two Dirac nodes

E = jt2t\/cos 2 + cos(ky)?
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How to detect a Dirac fermion?

The single particle Greens function
is not gauge invariant G(q, iw,,)

Non-interacting

Orbital magnetic susceptibility ?ﬂc limit
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SU(2) Pseudo-spin symmetry breaking

SU(2) order parameter

Acpwysc = lim  lim \/PD/P(Q =0/G,7=0)

L—o00 f—00

Vanishes continuously at t. = 1.8(1)

Same critical coupling
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SU(2) symmetry breaking and confinement coincide.

Without fine tuning:
1. Ist order phase transition

2. Two split second order transitions

Numerics suggest a single and continuous transition

new universality class?
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he = 0.71(2), v = 0.58(5),n = 1.0(3)

Ising susceptibility o = 0.25(5)

)ZB _ La/VXB((ShLl/I/)

Same! h. and V

Obeys hyper-scaling 2 —a=dv
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Field theory description of the confinement transition. How to
force confinement and symmetry breaking coincide?

Can we introduce “physical”, i.e gauge neutral, fermions to realize
Fermi liquids?

Other Gauge groups?
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Deconfined / Dirac

~ Sign problem free lattice gauge theory at

finite fermion density.

Deconfined / BCS+CDW Confined / BEC+CDW

hJ
~ BCS* to BEC transition driven by confinement

~ Emergent Dirac fermion at zero chemical

potential and large hopping amplitude

~ New universality class where symmetry

breaking and confinement coincide
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