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Orthogonal metals

R. Nandkishore, M. Metlitski, and T. Senthil, Phys. Rev. B 86, 045128 (2012)

Fractionalize the electron ci↵, ↵ =", # into an “orthogonal
fermion” fi↵ and an Ising spin �z

i = ±1:

ci↵ = �z
i fi↵

This introduces a Z2 gauge invariance

�z
i ! ⌘i�

z
i , fi↵ ! ⌘ifi↵

The orthogonal fermion, f↵, carries both the spin and
charge of the electron.
The Ising matter field, �z, is ‘dark matter’ carrying only
energy, and a Z2 gauge charge.
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Gauss’s Law: [H,Gi] = 0 , Gi = 1

Z2 lattice gauge theory (Wegner, 1971)
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Z2 lattice gauge theory (Wegner, 1971)

Deconfined phase.
‘Perimeter law’ for

Wegner-Wilson loops
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Confined phase.
‘Area law’ for

Wegner-Wilson loops
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Topological

phase 


transition

Deconfined phase.
Z2 flux expelled.
Z2 (toric code)

topological order.
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Confined phase.
Z2 flux proliferates.
No topological order.
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Z2 lattice gauge theory

E. Fradkin and S. H. Shenker, PRD 19, 3682 (1979);  N. Read and S. Sachdev, PRL 66, 1773 (1991); 
X.-G. Wen, PRB 44, 2664 (1991);  A.Y. Kitaev, Annals of Physics 303, 2 (2003)
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Confined phase.
Unique ground state
has Vx = 1, Vy = 1.
No topological order

Vx =
Y

Cx

⌧x , Vy =
Y
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Wx =
Y
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⌧z

VxWy = �WyVx , VyWx = �WxVy

On a torus, there are two additional independent operators,
Vx and Vy which commute with the Hamiltonian:

[H,Vx] = [H,Vy] = 0

and all other pairs commute.

(N. Read and S.S., 1991
Freedman, Nayak, Shtengel, 

Walker, Wang, 2003)

This criterion can distinguish the phases when 
dynamical (or even gapless) matter fields are present

Topological quantum
field theory describes
degenerate states with

Z2 flux W = ±1 through
the holes of the torus
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Confined phase.
Unique ground state
has Vx = 1, Vy = 1.
No topological order

Z2 lattice gauge theory
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, Gi = 1

(Fradkin and
Shenker, 1979)

Higgs state with h�i 6= 0:

The phase of � winds by 2⇡
around the cycle of the torus,

trapping U(1) flux ⇡ in the

hole of the torus. This leads

to 4-fold degeneracy

(N. Read and S.S., 1991; X.-G. Wen, 1991
T. Senthil and M.P.A. Fisher, 2000

J. Maldacena, G. Moore, N. Seiberg, 2001)

L = |(@µ � 2iaµ)�|2 + |�|4
+ relevant monopoles.
Ising* criticality
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Odd Z2 lattice gauge theory
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Symmetry fractionalization:
Single spacing translations anti-commute

TxTy = �TyTx

when acting on
‘fractionalized’ states with Z2 flux -1.

-1

Odd Z2 lattice gauge theory



Deconfined phase.
Topological order

Particles with Z2 flux have a
degenerate spectrum which realizes

TxTy = �TyTx

g

(R. Jalabert and S.S., 1991; T. Senthil and M.P.A. Fisher, 2000; T. Senthil, A. Vishwanath, L. Balents, S. S. and M.P.A. Fisher, 2004)

Confined phase.
Broken symmetry and

valence bond solid (VBS) order
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, Gi = �1

Trivial phase 
is prohibited

Odd Z2 lattice gauge theory
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(R. Jalabert and S.S., 1991; T. Senthil and M.P.A. Fisher, 2000; T. Senthil, A. Vishwanath, L. Balents, S. S. and M.P.A. Fisher, 2004)

Confined phase.
Broken symmetry and

valence bond solid (VBS) order
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Higgs state with h�i 6= 0:

The phase of � winds by 2⇡
around the cycle of the torus,

trapping U(1) flux ⇡ in the

hole of the torus. This leads

to 4-fold degeneracy

Trivial phase 
is prohibitedDeconfined quantum criticality:

L = |(@µ � 2iaµ)�|2 + |�|4
+ irrelevant quadrupled monopoles

Odd Z2 lattice gauge theory
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(R. Jalabert and S.S., 1991; T. Senthil and M.P.A. Fisher, 2000; T. Senthil, A. Vishwanath, L. Balents, S. S. and M.P.A. Fisher, 2004)

Confined phase.
Broken symmetry and

valence bond solid (VBS) order
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Higgs state with h�i 6= 0:

The phase of � winds by 2⇡
around the cycle of the torus,

trapping U(1) flux ⇡ in the

hole of the torus. This leads

to 4-fold degeneracy

Trivial phase 
is prohibited

Odd Z2 lattice gauge theory

Broken symmetry of the massless
scalar dual to the photon
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Z2 gauge theory of orthogonal fermions

Ising Gauge field 

fermion fi,↵
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Grover, Assaad (2016)

Gazit, Randeria, Vishwanath (2017)

 𝜋-flux
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J � h
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“Odd” Lattice gauge theory= �1
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Ising “Gauss law” with matter fields
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<latexit sha1_base64="qadcAc9NvkIsy5zFTe2ro8SZaKc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgZLwVVJRNBl0Y3LCvYBTQyTybQdOnkwcyPUkI2/4saFIm79DHf+jdM0C209cOFwzr1z7xw/EVyBZX0blZXVtfWN6mZta3tnd8/cP+iqOJWUdWgsYtn3iWKCR6wDHATrJ5KR0Bes50+uZ37vgUnF4+gOpglzQzKK+JBTAlryzKMMO8UrmWRB7gBJ7x89P8eeWbeaVgG8TOyS1FGJtmd+OUFM05BFQAVRamBbCbgZkcCpYHnNSRVLCJ2QERtoGpGQKTcrVue4oZUAD2OpKwJcqL8nMhIqNQ31XY2QwFgtejPxP2+QwvDSzXiUpMAiOl80TAWGGM/SwAGXjIKYakKo5PpWTMdEEgo6s5oOwV788jLpnjVtq2nfntdbV2UcVXSMTtApstEFaqEb1EYdRFGOntErejOejBfj3fiYt1aMcuYQ/YHx+QMYrJa2</latexit><latexit sha1_base64="qadcAc9NvkIsy5zFTe2ro8SZaKc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgZLwVVJRNBl0Y3LCvYBTQyTybQdOnkwcyPUkI2/4saFIm79DHf+jdM0C209cOFwzr1z7xw/EVyBZX0blZXVtfWN6mZta3tnd8/cP+iqOJWUdWgsYtn3iWKCR6wDHATrJ5KR0Bes50+uZ37vgUnF4+gOpglzQzKK+JBTAlryzKMMO8UrmWRB7gBJ7x89P8eeWbeaVgG8TOyS1FGJtmd+OUFM05BFQAVRamBbCbgZkcCpYHnNSRVLCJ2QERtoGpGQKTcrVue4oZUAD2OpKwJcqL8nMhIqNQ31XY2QwFgtejPxP2+QwvDSzXiUpMAiOl80TAWGGM/SwAGXjIKYakKo5PpWTMdEEgo6s5oOwV788jLpnjVtq2nfntdbV2UcVXSMTtApstEFaqEb1EYdRFGOntErejOejBfj3fiYt1aMcuYQ/YHx+QMYrJa2</latexit><latexit sha1_base64="qadcAc9NvkIsy5zFTe2ro8SZaKc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgZLwVVJRNBl0Y3LCvYBTQyTybQdOnkwcyPUkI2/4saFIm79DHf+jdM0C209cOFwzr1z7xw/EVyBZX0blZXVtfWN6mZta3tnd8/cP+iqOJWUdWgsYtn3iWKCR6wDHATrJ5KR0Bes50+uZ37vgUnF4+gOpglzQzKK+JBTAlryzKMMO8UrmWRB7gBJ7x89P8eeWbeaVgG8TOyS1FGJtmd+OUFM05BFQAVRamBbCbgZkcCpYHnNSRVLCJ2QERtoGpGQKTcrVue4oZUAD2OpKwJcqL8nMhIqNQ31XY2QwFgtejPxP2+QwvDSzXiUpMAiOl80TAWGGM/SwAGXjIKYakKo5PpWTMdEEgo6s5oOwV788jLpnjVtq2nfntdbV2UcVXSMTtApstEFaqEb1EYdRFGOntErejOejBfj3fiYt1aMcuYQ/YHx+QMYrJa2</latexit><latexit sha1_base64="qadcAc9NvkIsy5zFTe2ro8SZaKc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgZLwVVJRNBl0Y3LCvYBTQyTybQdOnkwcyPUkI2/4saFIm79DHf+jdM0C209cOFwzr1z7xw/EVyBZX0blZXVtfWN6mZta3tnd8/cP+iqOJWUdWgsYtn3iWKCR6wDHATrJ5KR0Bes50+uZ37vgUnF4+gOpglzQzKK+JBTAlryzKMMO8UrmWRB7gBJ7x89P8eeWbeaVgG8TOyS1FGJtmd+OUFM05BFQAVRamBbCbgZkcCpYHnNSRVLCJ2QERtoGpGQKTcrVue4oZUAD2OpKwJcqL8nMhIqNQ31XY2QwFgtejPxP2+QwvDSzXiUpMAiOl80TAWGGM/SwAGXjIKYakKo5PpWTMdEEgo6s5oOwV788jLpnjVtq2nfntdbV2UcVXSMTtApstEFaqEb1EYdRFGOntErejOejBfj3fiYt1aMcuYQ/YHx+QMYrJa2</latexit>

⌧zb t
<latexit sha1_base64="+B5U/6WEnE/TVEO/kD2bgn4LJN0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSwFVyURQZdFNy4r2Ac0MUwmk3bo5MHMjVBD3Pgrblwo4ta/cOffOE270NYDFw7n3Dv3zvFTwRVY1rextLyyurZe2ahubm3v7Jp7+x2VZJKyNk1EIns+UUzwmLWBg2C9VDIS+YJ1/dHVxO/eM6l4Et/COGVuRAYxDzkloCXPPMyxU76SSxYUDpDs7sHzCwyeWbMaVgm8SOwZqaEZWp755QQJzSIWAxVEqb5tpeDmRAKnghVVJ1MsJXREBqyvaUwipty83F3gulYCHCZSVwy4VH9P5CRSahzpw+oRgaGa9ybif14/g/DCzXmcZsBiOl0UZgJDgidx4IBLRkGMNSFUcn0rpkMiCQUdWlWHYM9/eZF0Thu21bBvzmrNy1kcFXSEjtEJstE5aqJr1EJtRNEjekav6M14Ml6Md+Nj2rpkzGYO0B8Ynz/20Jc0</latexit><latexit sha1_base64="+B5U/6WEnE/TVEO/kD2bgn4LJN0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSwFVyURQZdFNy4r2Ac0MUwmk3bo5MHMjVBD3Pgrblwo4ta/cOffOE270NYDFw7n3Dv3zvFTwRVY1rextLyyurZe2ahubm3v7Jp7+x2VZJKyNk1EIns+UUzwmLWBg2C9VDIS+YJ1/dHVxO/eM6l4Et/COGVuRAYxDzkloCXPPMyxU76SSxYUDpDs7sHzCwyeWbMaVgm8SOwZqaEZWp755QQJzSIWAxVEqb5tpeDmRAKnghVVJ1MsJXREBqyvaUwipty83F3gulYCHCZSVwy4VH9P5CRSahzpw+oRgaGa9ybif14/g/DCzXmcZsBiOl0UZgJDgidx4IBLRkGMNSFUcn0rpkMiCQUdWlWHYM9/eZF0Thu21bBvzmrNy1kcFXSEjtEJstE5aqJr1EJtRNEjekav6M14Ml6Md+Nj2rpkzGYO0B8Ynz/20Jc0</latexit><latexit sha1_base64="+B5U/6WEnE/TVEO/kD2bgn4LJN0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSwFVyURQZdFNy4r2Ac0MUwmk3bo5MHMjVBD3Pgrblwo4ta/cOffOE270NYDFw7n3Dv3zvFTwRVY1rextLyyurZe2ahubm3v7Jp7+x2VZJKyNk1EIns+UUzwmLWBg2C9VDIS+YJ1/dHVxO/eM6l4Et/COGVuRAYxDzkloCXPPMyxU76SSxYUDpDs7sHzCwyeWbMaVgm8SOwZqaEZWp755QQJzSIWAxVEqb5tpeDmRAKnghVVJ1MsJXREBqyvaUwipty83F3gulYCHCZSVwy4VH9P5CRSahzpw+oRgaGa9ybif14/g/DCzXmcZsBiOl0UZgJDgidx4IBLRkGMNSFUcn0rpkMiCQUdWlWHYM9/eZF0Thu21bBvzmrNy1kcFXSEjtEJstE5aqJr1EJtRNEjekav6M14Ml6Md+Nj2rpkzGYO0B8Ynz/20Jc0</latexit><latexit sha1_base64="+B5U/6WEnE/TVEO/kD2bgn4LJN0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSwFVyURQZdFNy4r2Ac0MUwmk3bo5MHMjVBD3Pgrblwo4ta/cOffOE270NYDFw7n3Dv3zvFTwRVY1rextLyyurZe2ahubm3v7Jp7+x2VZJKyNk1EIns+UUzwmLWBg2C9VDIS+YJ1/dHVxO/eM6l4Et/COGVuRAYxDzkloCXPPMyxU76SSxYUDpDs7sHzCwyeWbMaVgm8SOwZqaEZWp755QQJzSIWAxVEqb5tpeDmRAKnghVVJ1MsJXREBqyvaUwipty83F3gulYCHCZSVwy4VH9P5CRSahzpw+oRgaGa9ybif14/g/DCzXmcZsBiOl0UZgJDgidx4IBLRkGMNSFUcn0rpkMiCQUdWlWHYM9/eZF0Thu21bBvzmrNy1kcFXSEjtEJstE5aqJr1EJtRNEjekav6M14Ml6Md+Nj2rpkzGYO0B8Ynz/20Jc0</latexit>
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<latexit sha1_base64="gae9hfcAx/Z7JSjgw40IblFSKRk="></latexit><latexit sha1_base64="gae9hfcAx/Z7JSjgw40IblFSKRk="></latexit><latexit sha1_base64="gae9hfcAx/Z7JSjgw40IblFSKRk="></latexit><latexit sha1_base64="gae9hfcAx/Z7JSjgw40IblFSKRk="></latexit>
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⌧xb
<latexit sha1_base64="NmmxMp1roz9p8e5flW1n8NKJAPw=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0sigm6EogtdVrAPaNIwmU7aoZNJmJmIJeQT3Pgrblwo4talO//GaZuFth64cDjnXu69x48Zlcqyvo3CwuLS8kpxtbS2vrG5ZW7vNGWUCEwaOGKRaPtIEkY5aSiqGGnHgqDQZ6TlD6/GfuueCEkjfqdGMXFD1Oc0oBgpLXnm4bUnLirH9lE35Z7oBpkTi6jnpb5DORSZo1DSffB8xzPLVtWaAM4TOydlkKPumV9OL8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPER90tGUo5BIN508lMEDrfRgEAldXMGJ+nsiRaGUo9DXnSFSAznrjcX/vE6ignM3pTxOFOF4uihIGFQRHKcDe1QQrNhIE4QF1bdCPEACYaUzLOkQ7NmX50nzpGpbVfv2tFy7zOMogj2wDyrABmegBm5AHTQABo/gGbyCN+PJeDHejY9pa8HIZ3bBHxifPzJTnLY=</latexit><latexit sha1_base64="NmmxMp1roz9p8e5flW1n8NKJAPw=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0sigm6EogtdVrAPaNIwmU7aoZNJmJmIJeQT3Pgrblwo4talO//GaZuFth64cDjnXu69x48Zlcqyvo3CwuLS8kpxtbS2vrG5ZW7vNGWUCEwaOGKRaPtIEkY5aSiqGGnHgqDQZ6TlD6/GfuueCEkjfqdGMXFD1Oc0oBgpLXnm4bUnLirH9lE35Z7oBpkTi6jnpb5DORSZo1DSffB8xzPLVtWaAM4TOydlkKPumV9OL8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPER90tGUo5BIN508lMEDrfRgEAldXMGJ+nsiRaGUo9DXnSFSAznrjcX/vE6ignM3pTxOFOF4uihIGFQRHKcDe1QQrNhIE4QF1bdCPEACYaUzLOkQ7NmX50nzpGpbVfv2tFy7zOMogj2wDyrABmegBm5AHTQABo/gGbyCN+PJeDHejY9pa8HIZ3bBHxifPzJTnLY=</latexit><latexit sha1_base64="NmmxMp1roz9p8e5flW1n8NKJAPw=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0sigm6EogtdVrAPaNIwmU7aoZNJmJmIJeQT3Pgrblwo4talO//GaZuFth64cDjnXu69x48Zlcqyvo3CwuLS8kpxtbS2vrG5ZW7vNGWUCEwaOGKRaPtIEkY5aSiqGGnHgqDQZ6TlD6/GfuueCEkjfqdGMXFD1Oc0oBgpLXnm4bUnLirH9lE35Z7oBpkTi6jnpb5DORSZo1DSffB8xzPLVtWaAM4TOydlkKPumV9OL8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPER90tGUo5BIN508lMEDrfRgEAldXMGJ+nsiRaGUo9DXnSFSAznrjcX/vE6ignM3pTxOFOF4uihIGFQRHKcDe1QQrNhIE4QF1bdCPEACYaUzLOkQ7NmX50nzpGpbVfv2tFy7zOMogj2wDyrABmegBm5AHTQABo/gGbyCN+PJeDHejY9pa8HIZ3bBHxifPzJTnLY=</latexit><latexit sha1_base64="NmmxMp1roz9p8e5flW1n8NKJAPw=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0sigm6EogtdVrAPaNIwmU7aoZNJmJmIJeQT3Pgrblwo4talO//GaZuFth64cDjnXu69x48Zlcqyvo3CwuLS8kpxtbS2vrG5ZW7vNGWUCEwaOGKRaPtIEkY5aSiqGGnHgqDQZ6TlD6/GfuueCEkjfqdGMXFD1Oc0oBgpLXnm4bUnLirH9lE35Z7oBpkTi6jnpb5DORSZo1DSffB8xzPLVtWaAM4TOydlkKPumV9OL8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPER90tGUo5BIN508lMEDrfRgEAldXMGJ+nsiRaGUo9DXnSFSAznrjcX/vE6ignM3pTxOFOF4uihIGFQRHKcDe1QQrNhIE4QF1bdCPEACYaUzLOkQ7NmX50nzpGpbVfv2tFy7zOMogj2wDyrABmegBm5AHTQABo/gGbyCN+PJeDHejY9pa8HIZ3bBHxifPzJTnLY=</latexit>
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<latexit sha1_base64="InC7AqquhOJI5uiSq6o18w5vkds="></latexit><latexit sha1_base64="InC7AqquhOJI5uiSq6o18w5vkds="></latexit><latexit sha1_base64="InC7AqquhOJI5uiSq6o18w5vkds="></latexit><latexit sha1_base64="InC7AqquhOJI5uiSq6o18w5vkds="></latexit>



Z2 gauge theory of orthogonal fermions

Ising Gauge field 

fermion fi,↵
<latexit sha1_base64="ZYQmoedHhS7OgbK0s9gPQxgUjUg=">AAACAnicbVDLSsNAFL3xWesr6k43g0VwISURQd0V3bisYGyhCWEynbRDJw9mJkIJATf+ihsXKm79Cnf+jdM0C209cOFwzr1z554g5Uwqy/o2FhaXlldWa2v19Y3NrW1zZ/deJpkg1CEJT0Q3wJJyFlNHMcVpNxUURwGnnWB0PfE7D1RIlsR3apxSL8KDmIWMYKUl39xHbvlIHvCMFij0c3biYp4OceGbDatplUDzxK5IAyq0ffPL7Scki2isCMdS9mwrVV6OhWKE06LuZpKmmIzwgPY0jXFEpZeX6wt0pJU+ChOhK1aoVH9P5DiSchwFujPCaihnvYn4n9fLVHjh5SxOM0VjMl0UZhypBE0CQX0mKFF8rAkmgum/IjLEAhOlY6vrEOzZk+eJc9q8bNq3Z43WVZVGDQ7gEI7BhnNowQ20wQECj/AMr/BmPBkvxrvxMW1dMKqZPfgD4/MHZeOXkg==</latexit><latexit sha1_base64="ZYQmoedHhS7OgbK0s9gPQxgUjUg=">AAACAnicbVDLSsNAFL3xWesr6k43g0VwISURQd0V3bisYGyhCWEynbRDJw9mJkIJATf+ihsXKm79Cnf+jdM0C209cOFwzr1z554g5Uwqy/o2FhaXlldWa2v19Y3NrW1zZ/deJpkg1CEJT0Q3wJJyFlNHMcVpNxUURwGnnWB0PfE7D1RIlsR3apxSL8KDmIWMYKUl39xHbvlIHvCMFij0c3biYp4OceGbDatplUDzxK5IAyq0ffPL7Scki2isCMdS9mwrVV6OhWKE06LuZpKmmIzwgPY0jXFEpZeX6wt0pJU+ChOhK1aoVH9P5DiSchwFujPCaihnvYn4n9fLVHjh5SxOM0VjMl0UZhypBE0CQX0mKFF8rAkmgum/IjLEAhOlY6vrEOzZk+eJc9q8bNq3Z43WVZVGDQ7gEI7BhnNowQ20wQECj/AMr/BmPBkvxrvxMW1dMKqZPfgD4/MHZeOXkg==</latexit><latexit sha1_base64="ZYQmoedHhS7OgbK0s9gPQxgUjUg=">AAACAnicbVDLSsNAFL3xWesr6k43g0VwISURQd0V3bisYGyhCWEynbRDJw9mJkIJATf+ihsXKm79Cnf+jdM0C209cOFwzr1z554g5Uwqy/o2FhaXlldWa2v19Y3NrW1zZ/deJpkg1CEJT0Q3wJJyFlNHMcVpNxUURwGnnWB0PfE7D1RIlsR3apxSL8KDmIWMYKUl39xHbvlIHvCMFij0c3biYp4OceGbDatplUDzxK5IAyq0ffPL7Scki2isCMdS9mwrVV6OhWKE06LuZpKmmIzwgPY0jXFEpZeX6wt0pJU+ChOhK1aoVH9P5DiSchwFujPCaihnvYn4n9fLVHjh5SxOM0VjMl0UZhypBE0CQX0mKFF8rAkmgum/IjLEAhOlY6vrEOzZk+eJc9q8bNq3Z43WVZVGDQ7gEI7BhnNowQ20wQECj/AMr/BmPBkvxrvxMW1dMKqZPfgD4/MHZeOXkg==</latexit><latexit sha1_base64="ZYQmoedHhS7OgbK0s9gPQxgUjUg=">AAACAnicbVDLSsNAFL3xWesr6k43g0VwISURQd0V3bisYGyhCWEynbRDJw9mJkIJATf+ihsXKm79Cnf+jdM0C209cOFwzr1z554g5Uwqy/o2FhaXlldWa2v19Y3NrW1zZ/deJpkg1CEJT0Q3wJJyFlNHMcVpNxUURwGnnWB0PfE7D1RIlsR3apxSL8KDmIWMYKUl39xHbvlIHvCMFij0c3biYp4OceGbDatplUDzxK5IAyq0ffPL7Scki2isCMdS9mwrVV6OhWKE06LuZpKmmIzwgPY0jXFEpZeX6wt0pJU+ChOhK1aoVH9P5DiSchwFujPCaihnvYn4n9fLVHjh5SxOM0VjMl0UZhypBE0CQX0mKFF8rAkmgum/IjLEAhOlY6vrEOzZk+eJc9q8bNq3Z43WVZVGDQ7gEI7BhnNowQ20wQECj/AMr/BmPBkvxrvxMW1dMKqZPfgD4/MHZeOXkg==</latexit>

Grover, Assaad (2016)

Gazit, Randeria, Vishwanath (2017)

 𝜋-flux
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⇡ ⇡ ⇡

J � h
<latexit sha1_base64="MTfnZXjsYtTGlXD4lvpLXLY8oPs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL+KpgmkLbSib7SZdu9kNuxuhhP4HLx5UvPqDvPlv3LY5aOuDgcd7M8zMC1POtHHdb6e0srq2vlHerGxt7+zuVfcPWlpmilCfSC5VJ8Saciaob5jhtJMqipOQ03Y4upn67SeqNJPiwYxTGiQ4FixiBBsrte56cYyG/WrNrbszoGXiFaQGBZr96ldvIEmWUGEIx1p3PTc1QY6VYYTTSaWXaZpiMsIx7VoqcEJ1kM+unaATqwxQJJUtYdBM/T2R40TrcRLazgSboV70puJ/Xjcz0WWQM5FmhgoyXxRlHBmJpq+jAVOUGD62BBPF7K2IDLHCxNiAKjYEb/HlZeKf1a/q3v15rXFdpFGGIziGU/DgAhpwC03wgcAjPMMrvDnSeXHenY95a8kpZg7hD5zPH1zgjoY=</latexit><latexit sha1_base64="MTfnZXjsYtTGlXD4lvpLXLY8oPs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL+KpgmkLbSib7SZdu9kNuxuhhP4HLx5UvPqDvPlv3LY5aOuDgcd7M8zMC1POtHHdb6e0srq2vlHerGxt7+zuVfcPWlpmilCfSC5VJ8Saciaob5jhtJMqipOQ03Y4upn67SeqNJPiwYxTGiQ4FixiBBsrte56cYyG/WrNrbszoGXiFaQGBZr96ldvIEmWUGEIx1p3PTc1QY6VYYTTSaWXaZpiMsIx7VoqcEJ1kM+unaATqwxQJJUtYdBM/T2R40TrcRLazgSboV70puJ/Xjcz0WWQM5FmhgoyXxRlHBmJpq+jAVOUGD62BBPF7K2IDLHCxNiAKjYEb/HlZeKf1a/q3v15rXFdpFGGIziGU/DgAhpwC03wgcAjPMMrvDnSeXHenY95a8kpZg7hD5zPH1zgjoY=</latexit><latexit sha1_base64="MTfnZXjsYtTGlXD4lvpLXLY8oPs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL+KpgmkLbSib7SZdu9kNuxuhhP4HLx5UvPqDvPlv3LY5aOuDgcd7M8zMC1POtHHdb6e0srq2vlHerGxt7+zuVfcPWlpmilCfSC5VJ8Saciaob5jhtJMqipOQ03Y4upn67SeqNJPiwYxTGiQ4FixiBBsrte56cYyG/WrNrbszoGXiFaQGBZr96ldvIEmWUGEIx1p3PTc1QY6VYYTTSaWXaZpiMsIx7VoqcEJ1kM+unaATqwxQJJUtYdBM/T2R40TrcRLazgSboV70puJ/Xjcz0WWQM5FmhgoyXxRlHBmJpq+jAVOUGD62BBPF7K2IDLHCxNiAKjYEb/HlZeKf1a/q3v15rXFdpFGGIziGU/DgAhpwC03wgcAjPMMrvDnSeXHenY95a8kpZg7hD5zPH1zgjoY=</latexit><latexit sha1_base64="MTfnZXjsYtTGlXD4lvpLXLY8oPs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL+KpgmkLbSib7SZdu9kNuxuhhP4HLx5UvPqDvPlv3LY5aOuDgcd7M8zMC1POtHHdb6e0srq2vlHerGxt7+zuVfcPWlpmilCfSC5VJ8Saciaob5jhtJMqipOQ03Y4upn67SeqNJPiwYxTGiQ4FixiBBsrte56cYyG/WrNrbszoGXiFaQGBZr96ldvIEmWUGEIx1p3PTc1QY6VYYTTSaWXaZpiMsIx7VoqcEJ1kM+unaATqwxQJJUtYdBM/T2R40TrcRLazgSboV70puJ/Xjcz0WWQM5FmhgoyXxRlHBmJpq+jAVOUGD62BBPF7K2IDLHCxNiAKjYEb/HlZeKf1a/q3v15rXFdpFGGIziGU/DgAhpwC03wgcAjPMMrvDnSeXHenY95a8kpZg7hD5zPH1zgjoY=</latexit>

⌧zb
<latexit sha1_base64="qadcAc9NvkIsy5zFTe2ro8SZaKc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgZLwVVJRNBl0Y3LCvYBTQyTybQdOnkwcyPUkI2/4saFIm79DHf+jdM0C209cOFwzr1z7xw/EVyBZX0blZXVtfWN6mZta3tnd8/cP+iqOJWUdWgsYtn3iWKCR6wDHATrJ5KR0Bes50+uZ37vgUnF4+gOpglzQzKK+JBTAlryzKMMO8UrmWRB7gBJ7x89P8eeWbeaVgG8TOyS1FGJtmd+OUFM05BFQAVRamBbCbgZkcCpYHnNSRVLCJ2QERtoGpGQKTcrVue4oZUAD2OpKwJcqL8nMhIqNQ31XY2QwFgtejPxP2+QwvDSzXiUpMAiOl80TAWGGM/SwAGXjIKYakKo5PpWTMdEEgo6s5oOwV788jLpnjVtq2nfntdbV2UcVXSMTtApstEFaqEb1EYdRFGOntErejOejBfj3fiYt1aMcuYQ/YHx+QMYrJa2</latexit><latexit sha1_base64="qadcAc9NvkIsy5zFTe2ro8SZaKc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgZLwVVJRNBl0Y3LCvYBTQyTybQdOnkwcyPUkI2/4saFIm79DHf+jdM0C209cOFwzr1z7xw/EVyBZX0blZXVtfWN6mZta3tnd8/cP+iqOJWUdWgsYtn3iWKCR6wDHATrJ5KR0Bes50+uZ37vgUnF4+gOpglzQzKK+JBTAlryzKMMO8UrmWRB7gBJ7x89P8eeWbeaVgG8TOyS1FGJtmd+OUFM05BFQAVRamBbCbgZkcCpYHnNSRVLCJ2QERtoGpGQKTcrVue4oZUAD2OpKwJcqL8nMhIqNQ31XY2QwFgtejPxP2+QwvDSzXiUpMAiOl80TAWGGM/SwAGXjIKYakKo5PpWTMdEEgo6s5oOwV788jLpnjVtq2nfntdbV2UcVXSMTtApstEFaqEb1EYdRFGOntErejOejBfj3fiYt1aMcuYQ/YHx+QMYrJa2</latexit><latexit sha1_base64="qadcAc9NvkIsy5zFTe2ro8SZaKc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgZLwVVJRNBl0Y3LCvYBTQyTybQdOnkwcyPUkI2/4saFIm79DHf+jdM0C209cOFwzr1z7xw/EVyBZX0blZXVtfWN6mZta3tnd8/cP+iqOJWUdWgsYtn3iWKCR6wDHATrJ5KR0Bes50+uZ37vgUnF4+gOpglzQzKK+JBTAlryzKMMO8UrmWRB7gBJ7x89P8eeWbeaVgG8TOyS1FGJtmd+OUFM05BFQAVRamBbCbgZkcCpYHnNSRVLCJ2QERtoGpGQKTcrVue4oZUAD2OpKwJcqL8nMhIqNQ31XY2QwFgtejPxP2+QwvDSzXiUpMAiOl80TAWGGM/SwAGXjIKYakKo5PpWTMdEEgo6s5oOwV788jLpnjVtq2nfntdbV2UcVXSMTtApstEFaqEb1EYdRFGOntErejOejBfj3fiYt1aMcuYQ/YHx+QMYrJa2</latexit><latexit sha1_base64="qadcAc9NvkIsy5zFTe2ro8SZaKc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgZLwVVJRNBl0Y3LCvYBTQyTybQdOnkwcyPUkI2/4saFIm79DHf+jdM0C209cOFwzr1z7xw/EVyBZX0blZXVtfWN6mZta3tnd8/cP+iqOJWUdWgsYtn3iWKCR6wDHATrJ5KR0Bes50+uZ37vgUnF4+gOpglzQzKK+JBTAlryzKMMO8UrmWRB7gBJ7x89P8eeWbeaVgG8TOyS1FGJtmd+OUFM05BFQAVRamBbCbgZkcCpYHnNSRVLCJ2QERtoGpGQKTcrVue4oZUAD2OpKwJcqL8nMhIqNQ31XY2QwFgtejPxP2+QwvDSzXiUpMAiOl80TAWGGM/SwAGXjIKYakKo5PpWTMdEEgo6s5oOwV788jLpnjVtq2nfntdbV2UcVXSMTtApstEFaqEb1EYdRFGOntErejOejBfj3fiYt1aMcuYQ/YHx+QMYrJa2</latexit>

⌧zb t
<latexit sha1_base64="+B5U/6WEnE/TVEO/kD2bgn4LJN0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSwFVyURQZdFNy4r2Ac0MUwmk3bo5MHMjVBD3Pgrblwo4ta/cOffOE270NYDFw7n3Dv3zvFTwRVY1rextLyyurZe2ahubm3v7Jp7+x2VZJKyNk1EIns+UUzwmLWBg2C9VDIS+YJ1/dHVxO/eM6l4Et/COGVuRAYxDzkloCXPPMyxU76SSxYUDpDs7sHzCwyeWbMaVgm8SOwZqaEZWp755QQJzSIWAxVEqb5tpeDmRAKnghVVJ1MsJXREBqyvaUwipty83F3gulYCHCZSVwy4VH9P5CRSahzpw+oRgaGa9ybif14/g/DCzXmcZsBiOl0UZgJDgidx4IBLRkGMNSFUcn0rpkMiCQUdWlWHYM9/eZF0Thu21bBvzmrNy1kcFXSEjtEJstE5aqJr1EJtRNEjekav6M14Ml6Md+Nj2rpkzGYO0B8Ynz/20Jc0</latexit><latexit sha1_base64="+B5U/6WEnE/TVEO/kD2bgn4LJN0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSwFVyURQZdFNy4r2Ac0MUwmk3bo5MHMjVBD3Pgrblwo4ta/cOffOE270NYDFw7n3Dv3zvFTwRVY1rextLyyurZe2ahubm3v7Jp7+x2VZJKyNk1EIns+UUzwmLWBg2C9VDIS+YJ1/dHVxO/eM6l4Et/COGVuRAYxDzkloCXPPMyxU76SSxYUDpDs7sHzCwyeWbMaVgm8SOwZqaEZWp755QQJzSIWAxVEqb5tpeDmRAKnghVVJ1MsJXREBqyvaUwipty83F3gulYCHCZSVwy4VH9P5CRSahzpw+oRgaGa9ybif14/g/DCzXmcZsBiOl0UZgJDgidx4IBLRkGMNSFUcn0rpkMiCQUdWlWHYM9/eZF0Thu21bBvzmrNy1kcFXSEjtEJstE5aqJr1EJtRNEjekav6M14Ml6Md+Nj2rpkzGYO0B8Ynz/20Jc0</latexit><latexit sha1_base64="+B5U/6WEnE/TVEO/kD2bgn4LJN0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSwFVyURQZdFNy4r2Ac0MUwmk3bo5MHMjVBD3Pgrblwo4ta/cOffOE270NYDFw7n3Dv3zvFTwRVY1rextLyyurZe2ahubm3v7Jp7+x2VZJKyNk1EIns+UUzwmLWBg2C9VDIS+YJ1/dHVxO/eM6l4Et/COGVuRAYxDzkloCXPPMyxU76SSxYUDpDs7sHzCwyeWbMaVgm8SOwZqaEZWp755QQJzSIWAxVEqb5tpeDmRAKnghVVJ1MsJXREBqyvaUwipty83F3gulYCHCZSVwy4VH9P5CRSahzpw+oRgaGa9ybif14/g/DCzXmcZsBiOl0UZgJDgidx4IBLRkGMNSFUcn0rpkMiCQUdWlWHYM9/eZF0Thu21bBvzmrNy1kcFXSEjtEJstE5aqJr1EJtRNEjekav6M14Ml6Md+Nj2rpkzGYO0B8Ynz/20Jc0</latexit><latexit sha1_base64="+B5U/6WEnE/TVEO/kD2bgn4LJN0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSwFVyURQZdFNy4r2Ac0MUwmk3bo5MHMjVBD3Pgrblwo4ta/cOffOE270NYDFw7n3Dv3zvFTwRVY1rextLyyurZe2ahubm3v7Jp7+x2VZJKyNk1EIns+UUzwmLWBg2C9VDIS+YJ1/dHVxO/eM6l4Et/COGVuRAYxDzkloCXPPMyxU76SSxYUDpDs7sHzCwyeWbMaVgm8SOwZqaEZWp755QQJzSIWAxVEqb5tpeDmRAKnghVVJ1MsJXREBqyvaUwipty83F3gulYCHCZSVwy4VH9P5CRSahzpw+oRgaGa9ybif14/g/DCzXmcZsBiOl0UZgJDgidx4IBLRkGMNSFUcn0rpkMiCQUdWlWHYM9/eZF0Thu21bBvzmrNy1kcFXSEjtEJstE5aqJr1EJtRNEjekav6M14Ml6Md+Nj2rpkzGYO0B8Ynz/20Jc0</latexit>
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<latexit sha1_base64="InC7AqquhOJI5uiSq6o18w5vkds="></latexit><latexit sha1_base64="InC7AqquhOJI5uiSq6o18w5vkds="></latexit><latexit sha1_base64="InC7AqquhOJI5uiSq6o18w5vkds="></latexit><latexit sha1_base64="InC7AqquhOJI5uiSq6o18w5vkds="></latexit>

Global Symmetries

Spin rotations Pseudo-Spin BCS/CDW

SUs(2)⇥ SUc(2)
SUc(2) is broken by U

<latexit sha1_base64="K2bBk+0ZJJ8uPOoKhsYix7P6SHg="></latexit><latexit sha1_base64="K2bBk+0ZJJ8uPOoKhsYix7P6SHg="></latexit><latexit sha1_base64="K2bBk+0ZJJ8uPOoKhsYix7P6SHg="></latexit><latexit sha1_base64="K2bBk+0ZJJ8uPOoKhsYix7P6SHg="></latexit>



Phase Diagram 

AFM order

He↵ ⇠ J̃Si · Sj
<latexit sha1_base64="3tGI1+BH16ij6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowzpN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+eijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJONsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit><latexit sha1_base64="3tGI1+BH16ij6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowzpN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+eijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJONsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit><latexit sha1_base64="3tGI1+BH16ij6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowzpN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+eijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJONsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit><latexit sha1_base64="3tGI1+BH16ij6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowzpN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+eijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJONsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit>

Confined AFM

h
<latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit>
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 𝜋-flux
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AFM + confinement transition

Symmetry breaking and confinement coincide w/o 
fine-tuning!
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<latexit sha1_base64="01yX79vR31N55fzxxPB43Wy+xuw="></latexit><latexit sha1_base64="01yX79vR31N55fzxxPB43Wy+xuw="></latexit><latexit sha1_base64="01yX79vR31N55fzxxPB43Wy+xuw="></latexit><latexit sha1_base64="01yX79vR31N55fzxxPB43Wy+xuw="></latexit>
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<latexit sha1_base64="FlHIHoP2YkaulUHvP7XNnW2F9r8=">AAACFnicbZDNSsNAFIUn9a/Wv6hLN4NFcGNIiqAuhFI3LisYW2jSMJlO2qGTSZiZCCX0Ldz4Km5cqLgVd76N0zaIth4YOHz3Xu7cE6aMSmXbX0ZpaXllda28XtnY3NreMXf37mSSCUxcnLBEtEMkCaOcuIoqRtqpICgOGWmFw6tJvXVPhKQJv1WjlPgx6nMaUYyURoFpeXhAg8alxxDvMwIb3Rr0xMyf/MCCdGuBWbUteyq4aJzCVEGhZmB+er0EZzHhCjMkZcexU+XnSCiKGRlXvEySFOEh6pOOthzFRPr59K4xPNKkB6NE6McVnNLfEzmKpRzFoe6MkRrI+doE/lfrZCo693PK00wRjmeLooxBlcBJSLBHBcGKjbRBWFD9V4gHSCCsdJQVHYIzf/KicWvWheXcnFbrjSKNMjgAh+AYOOAM1ME1aAIXYPAAnsALeDUejWfjzXiftZaMYmYf/JHx8Q1CbZ5S</latexit><latexit sha1_base64="FlHIHoP2YkaulUHvP7XNnW2F9r8=">AAACFnicbZDNSsNAFIUn9a/Wv6hLN4NFcGNIiqAuhFI3LisYW2jSMJlO2qGTSZiZCCX0Ldz4Km5cqLgVd76N0zaIth4YOHz3Xu7cE6aMSmXbX0ZpaXllda28XtnY3NreMXf37mSSCUxcnLBEtEMkCaOcuIoqRtqpICgOGWmFw6tJvXVPhKQJv1WjlPgx6nMaUYyURoFpeXhAg8alxxDvMwIb3Rr0xMyf/MCCdGuBWbUteyq4aJzCVEGhZmB+er0EZzHhCjMkZcexU+XnSCiKGRlXvEySFOEh6pOOthzFRPr59K4xPNKkB6NE6McVnNLfEzmKpRzFoe6MkRrI+doE/lfrZCo693PK00wRjmeLooxBlcBJSLBHBcGKjbRBWFD9V4gHSCCsdJQVHYIzf/KicWvWheXcnFbrjSKNMjgAh+AYOOAM1ME1aAIXYPAAnsALeDUejWfjzXiftZaMYmYf/JHx8Q1CbZ5S</latexit><latexit sha1_base64="FlHIHoP2YkaulUHvP7XNnW2F9r8=">AAACFnicbZDNSsNAFIUn9a/Wv6hLN4NFcGNIiqAuhFI3LisYW2jSMJlO2qGTSZiZCCX0Ldz4Km5cqLgVd76N0zaIth4YOHz3Xu7cE6aMSmXbX0ZpaXllda28XtnY3NreMXf37mSSCUxcnLBEtEMkCaOcuIoqRtqpICgOGWmFw6tJvXVPhKQJv1WjlPgx6nMaUYyURoFpeXhAg8alxxDvMwIb3Rr0xMyf/MCCdGuBWbUteyq4aJzCVEGhZmB+er0EZzHhCjMkZcexU+XnSCiKGRlXvEySFOEh6pOOthzFRPr59K4xPNKkB6NE6McVnNLfEzmKpRzFoe6MkRrI+doE/lfrZCo693PK00wRjmeLooxBlcBJSLBHBcGKjbRBWFD9V4gHSCCsdJQVHYIzf/KicWvWheXcnFbrjSKNMjgAh+AYOOAM1ME1aAIXYPAAnsALeDUejWfjzXiftZaMYmYf/JHx8Q1CbZ5S</latexit><latexit sha1_base64="FlHIHoP2YkaulUHvP7XNnW2F9r8=">AAACFnicbZDNSsNAFIUn9a/Wv6hLN4NFcGNIiqAuhFI3LisYW2jSMJlO2qGTSZiZCCX0Ldz4Km5cqLgVd76N0zaIth4YOHz3Xu7cE6aMSmXbX0ZpaXllda28XtnY3NreMXf37mSSCUxcnLBEtEMkCaOcuIoqRtqpICgOGWmFw6tJvXVPhKQJv1WjlPgx6nMaUYyURoFpeXhAg8alxxDvMwIb3Rr0xMyf/MCCdGuBWbUteyq4aJzCVEGhZmB+er0EZzHhCjMkZcexU+XnSCiKGRlXvEySFOEh6pOOthzFRPr59K4xPNKkB6NE6McVnNLfEzmKpRzFoe6MkRrI+doE/lfrZCo693PK00wRjmeLooxBlcBJSLBHBcGKjbRBWFD9V4gHSCCsdJQVHYIzf/KicWvWheXcnFbrjSKNMjgAh+AYOOAM1ME1aAIXYPAAnsALeDUejWfjzXiftZaMYmYf/JHx8Q1CbZ5S</latexit>

hc = 0.69
<latexit sha1_base64="4O4wKOMEEg+D3+OXoGq1Ao5ozH4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMQgl48RnBNIFnC7GQ2GTIzu87MCmHJT3jxoOLV7/Hm3zh5CPFV0FBUddPdFaWcaeN5H05hYXFpeaW4Wlpb39jcKm/v3OokU4QGJOGJakZYU84kDQwznDZTRbGIOG1Eg8ux37inSrNE3phhSkOBe5LFjGBjpWa/Q84996TaKVd815sAeb/Il1WBGeqd8nu7m5BMUGkIx1q3fC81YY6VYYTTUamdaZpiMsA92rJUYkF1mE/uHaEDq3RRnChb0qCJOj+RY6H1UES2U2DT1z+9sfiX18pMfBbmTKaZoZJMF8UZRyZB4+dRlylKDB9agoli9lZE+lhhYmxEpfkQ/ifBkVt1/evjSu1ilkYR9mAfDsGHU6jBFdQhAAIcHuAJnp0759F5cV6nrQVnNrML3+C8fQIBBI7T</latexit><latexit sha1_base64="4O4wKOMEEg+D3+OXoGq1Ao5ozH4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMQgl48RnBNIFnC7GQ2GTIzu87MCmHJT3jxoOLV7/Hm3zh5CPFV0FBUddPdFaWcaeN5H05hYXFpeaW4Wlpb39jcKm/v3OokU4QGJOGJakZYU84kDQwznDZTRbGIOG1Eg8ux37inSrNE3phhSkOBe5LFjGBjpWa/Q84996TaKVd815sAeb/Il1WBGeqd8nu7m5BMUGkIx1q3fC81YY6VYYTTUamdaZpiMsA92rJUYkF1mE/uHaEDq3RRnChb0qCJOj+RY6H1UES2U2DT1z+9sfiX18pMfBbmTKaZoZJMF8UZRyZB4+dRlylKDB9agoli9lZE+lhhYmxEpfkQ/ifBkVt1/evjSu1ilkYR9mAfDsGHU6jBFdQhAAIcHuAJnp0759F5cV6nrQVnNrML3+C8fQIBBI7T</latexit><latexit sha1_base64="4O4wKOMEEg+D3+OXoGq1Ao5ozH4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMQgl48RnBNIFnC7GQ2GTIzu87MCmHJT3jxoOLV7/Hm3zh5CPFV0FBUddPdFaWcaeN5H05hYXFpeaW4Wlpb39jcKm/v3OokU4QGJOGJakZYU84kDQwznDZTRbGIOG1Eg8ux37inSrNE3phhSkOBe5LFjGBjpWa/Q84996TaKVd815sAeb/Il1WBGeqd8nu7m5BMUGkIx1q3fC81YY6VYYTTUamdaZpiMsA92rJUYkF1mE/uHaEDq3RRnChb0qCJOj+RY6H1UES2U2DT1z+9sfiX18pMfBbmTKaZoZJMF8UZRyZB4+dRlylKDB9agoli9lZE+lhhYmxEpfkQ/ifBkVt1/evjSu1ilkYR9mAfDsGHU6jBFdQhAAIcHuAJnp0759F5cV6nrQVnNrML3+C8fQIBBI7T</latexit><latexit sha1_base64="4O4wKOMEEg+D3+OXoGq1Ao5ozH4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMQgl48RnBNIFnC7GQ2GTIzu87MCmHJT3jxoOLV7/Hm3zh5CPFV0FBUddPdFaWcaeN5H05hYXFpeaW4Wlpb39jcKm/v3OokU4QGJOGJakZYU84kDQwznDZTRbGIOG1Eg8ux37inSrNE3phhSkOBe5LFjGBjpWa/Q84996TaKVd815sAeb/Il1WBGeqd8nu7m5BMUGkIx1q3fC81YY6VYYTTUamdaZpiMsA92rJUYkF1mE/uHaEDq3RRnChb0qCJOj+RY6H1UES2U2DT1z+9sfiX18pMfBbmTKaZoZJMF8UZRyZB4+dRlylKDB9agoli9lZE+lhhYmxEpfkQ/ifBkVt1/evjSu1ilkYR9mAfDsGHU6jBFdQhAAIcHuAJnp0759F5cV6nrQVnNrML3+C8fQIBBI7T</latexit>



Critical Field theory

m2
H

<latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgNBEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nSrqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx70nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgNBEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nSrqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx70nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgNBEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nSrqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx70nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgNBEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nSrqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx70nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit>hHi = 0
<latexit sha1_base64="BBhh9yUuVKbc9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4wTrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZKS8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gFYvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUVHNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tzhMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxAUIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPaJn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKbc9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4wTrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZKS8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gFYvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUVHNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tzhMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxAUIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPaJn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKbc9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4wTrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZKS8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gFYvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUVHNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tzhMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxAUIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPaJn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKbc9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4wTrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZKS8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gFYvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUVHNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tzhMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxAUIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPaJn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit>

Confined +

hHi 6= 0
<latexit sha1_base64="zzUNgVfM0/mGCUNDBksA6YgJxb8=">AAACC3icbVC9TsMwGHTKXyl/BUYWiwqJqUoQErBVsHQsEqGVmqhynC+tVceJbAepivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z+4V0kmKbg04YnsBUQBZwJczTSHXiqBxAGHbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tspl0ALxOnJA1UojOof3lhQrMYhKacKNV37FT7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJTfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6pRW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsGRwyCVTziSGESmZ2xXREJKHa9FczJTiLX14m7lnzquncnjda12UbVXSEjtEpctAFaqE26iAXUfSIntErerOerBfr3fqYRytWOXOI/sD6/AH0v5p2</latexit><latexit sha1_base64="zzUNgVfM0/mGCUNDBksA6YgJxb8=">AAACC3icbVC9TsMwGHTKXyl/BUYWiwqJqUoQErBVsHQsEqGVmqhynC+tVceJbAepivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z+4V0kmKbg04YnsBUQBZwJczTSHXiqBxAGHbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tspl0ALxOnJA1UojOof3lhQrMYhKacKNV37FT7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJTfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6pRW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsGRwyCVTziSGESmZ2xXREJKHa9FczJTiLX14m7lnzquncnjda12UbVXSEjtEpctAFaqE26iAXUfSIntErerOerBfr3fqYRytWOXOI/sD6/AH0v5p2</latexit><latexit sha1_base64="zzUNgVfM0/mGCUNDBksA6YgJxb8=">AAACC3icbVC9TsMwGHTKXyl/BUYWiwqJqUoQErBVsHQsEqGVmqhynC+tVceJbAepivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z+4V0kmKbg04YnsBUQBZwJczTSHXiqBxAGHbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tspl0ALxOnJA1UojOof3lhQrMYhKacKNV37FT7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJTfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6pRW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsGRwyCVTziSGESmZ2xXREJKHa9FczJTiLX14m7lnzquncnjda12UbVXSEjtEpctAFaqE26iAXUfSIntErerOerBfr3fqYRytWOXOI/sD6/AH0v5p2</latexit><latexit sha1_base64="zzUNgVfM0/mGCUNDBksA6YgJxb8=">AAACC3icbVC9TsMwGHTKXyl/BUYWiwqJqUoQErBVsHQsEqGVmqhynC+tVceJbAepivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z+4V0kmKbg04YnsBUQBZwJczTSHXiqBxAGHbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tspl0ALxOnJA1UojOof3lhQrMYhKacKNV37FT7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJTfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6pRW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsGRwyCVTziSGESmZ2xXREJKHa9FczJTiLX14m7lnzquncnjda12UbVXSEjtEpctAFaqE26iAXUfSIntErerOerBfr3fqYRytWOXOI/sD6/AH0v5p2</latexit>

+

Kartik (2018)

• Embed the Ising gauge theory as Z2 2 SUg(2)

• Introduce a 3⇥3 real matrix field Hab which trans-
forms under SUg(2) (left multiplication) and SUc(2)
(right multiplication).

<latexit sha1_base64="TMFaHb2nLe0n1fvPr3DSe27mYDQ="></latexit><latexit sha1_base64="TMFaHb2nLe0n1fvPr3DSe27mYDQ="></latexit><latexit sha1_base64="TMFaHb2nLe0n1fvPr3DSe27mYDQ="></latexit><latexit sha1_base64="TMFaHb2nLe0n1fvPr3DSe27mYDQ="></latexit>

Z2 gauge field
<latexit sha1_base64="cRwzhCzVkZhLBu3n8ijv8N/tOgQ="></latexit><latexit sha1_base64="cRwzhCzVkZhLBu3n8ijv8N/tOgQ="></latexit><latexit sha1_base64="cRwzhCzVkZhLBu3n8ijv8N/tOgQ="></latexit><latexit sha1_base64="cRwzhCzVkZhLBu3n8ijv8N/tOgQ="></latexit>



Critical Field theory

m2
H

<latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgNBEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nSrqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx70nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgNBEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nSrqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx70nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgNBEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nSrqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx70nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgNBEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nSrqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx70nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit>hHi = 0
<latexit sha1_base64="BBhh9yUuVKbc9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4wTrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZKS8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gFYvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUVHNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tzhMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxAUIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPaJn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKbc9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4wTrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZKS8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gFYvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUVHNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tzhMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxAUIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPaJn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKbc9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4wTrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZKS8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gFYvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUVHNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tzhMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxAUIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPaJn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKbc9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4wTrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZKS8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gFYvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUVHNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tzhMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxAUIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPaJn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit>
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hHi 6= 0
<latexit sha1_base64="zzUNgVfM0/mGCUNDBksA6YgJxb8=">AAACC3icbVC9TsMwGHTKXyl/BUYWiwqJqUoQErBVsHQsEqGVmqhynC+tVceJbAepivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z+4V0kmKbg04YnsBUQBZwJczTSHXiqBxAGHbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tspl0ALxOnJA1UojOof3lhQrMYhKacKNV37FT7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJTfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6pRW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsGRwyCVTziSGESmZ2xXREJKHa9FczJTiLX14m7lnzquncnjda12UbVXSEjtEpctAFaqE26iAXUfSIntErerOerBfr3fqYRytWOXOI/sD6/AH0v5p2</latexit><latexit sha1_base64="zzUNgVfM0/mGCUNDBksA6YgJxb8=">AAACC3icbVC9TsMwGHTKXyl/BUYWiwqJqUoQErBVsHQsEqGVmqhynC+tVceJbAepivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z+4V0kmKbg04YnsBUQBZwJczTSHXiqBxAGHbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tspl0ALxOnJA1UojOof3lhQrMYhKacKNV37FT7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJTfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6pRW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsGRwyCVTziSGESmZ2xXREJKHa9FczJTiLX14m7lnzquncnjda12UbVXSEjtEpctAFaqE26iAXUfSIntErerOerBfr3fqYRytWOXOI/sD6/AH0v5p2</latexit><latexit sha1_base64="zzUNgVfM0/mGCUNDBksA6YgJxb8=">AAACC3icbVC9TsMwGHTKXyl/BUYWiwqJqUoQErBVsHQsEqGVmqhynC+tVceJbAepivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z+4V0kmKbg04YnsBUQBZwJczTSHXiqBxAGHbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tspl0ALxOnJA1UojOof3lhQrMYhKacKNV37FT7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJTfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6pRW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsGRwyCVTziSGESmZ2xXREJKHa9FczJTiLX14m7lnzquncnjda12UbVXSEjtEpctAFaqE26iAXUfSIntErerOerBfr3fqYRytWOXOI/sD6/AH0v5p2</latexit><latexit sha1_base64="zzUNgVfM0/mGCUNDBksA6YgJxb8=">AAACC3icbVC9TsMwGHTKXyl/BUYWiwqJqUoQErBVsHQsEqGVmqhynC+tVceJbAepivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z+4V0kmKbg04YnsBUQBZwJczTSHXiqBxAGHbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tspl0ALxOnJA1UojOof3lhQrMYhKacKNV37FT7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJTfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6pRW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsGRwyCVTziSGESmZ2xXREJKHa9FczJTiLX14m7lnzquncnjda12UbVXSEjtEpctAFaqE26iAXUfSIntErerOerBfr3fqYRytWOXOI/sD6/AH0v5p2</latexit>

+

Kartik (2018)

Critical theory is Nf = 2 SU(2) QCD3 and a critical Higgs field H

• Higgs phase, hHi 6= 0 has Z2 topological order and

massless Dirac orthogonal fermions

• When the Higgs field is gapped, QCD3 confines, leading to AFM order.
<latexit sha1_base64="qyQblptUs5guO/1+dFrVJkiNxEs="></latexit><latexit sha1_base64="qyQblptUs5guO/1+dFrVJkiNxEs="></latexit><latexit sha1_base64="qyQblptUs5guO/1+dFrVJkiNxEs="></latexit><latexit sha1_base64="qyQblptUs5guO/1+dFrVJkiNxEs="></latexit>

• Embed the Ising gauge theory as Z2 2 SUg(2)

• Introduce a 3⇥3 real matrix field Hab which trans-
forms under SUg(2) (left multiplication) and SUc(2)
(right multiplication).

<latexit sha1_base64="TMFaHb2nLe0n1fvPr3DSe27mYDQ="></latexit><latexit sha1_base64="TMFaHb2nLe0n1fvPr3DSe27mYDQ="></latexit><latexit sha1_base64="TMFaHb2nLe0n1fvPr3DSe27mYDQ="></latexit><latexit sha1_base64="TMFaHb2nLe0n1fvPr3DSe27mYDQ="></latexit>

Z2 gauge field
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Critical Field theory

m2
H
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+

Kartik (2018)

• Embed the Ising gauge theory as Z2 2 SUg(2)

• Introduce a 3⇥3 real matrix field Hab which trans-
forms under SUg(2) (left multiplication) and SUc(2)
(right multiplication).

<latexit sha1_base64="TMFaHb2nLe0n1fvPr3DSe27mYDQ="></latexit><latexit sha1_base64="TMFaHb2nLe0n1fvPr3DSe27mYDQ="></latexit><latexit sha1_base64="TMFaHb2nLe0n1fvPr3DSe27mYDQ="></latexit><latexit sha1_base64="TMFaHb2nLe0n1fvPr3DSe27mYDQ="></latexit>

Z2 gauge field
<latexit sha1_base64="cRwzhCzVkZhLBu3n8ijv8N/tOgQ="></latexit><latexit sha1_base64="cRwzhCzVkZhLBu3n8ijv8N/tOgQ="></latexit><latexit sha1_base64="cRwzhCzVkZhLBu3n8ijv8N/tOgQ="></latexit><latexit sha1_base64="cRwzhCzVkZhLBu3n8ijv8N/tOgQ="></latexit>

Prediction - Nf = 2 SU(2) QCD3 has an 
emergent SO(5) global symmetry 



Evidence for SO(5) symmetry

yXe8 yXdy yXd8 yX3y

yX8

yXe

yXd

yX3

yXN

RXy

h

R
S
O
(5
)

L = � = 8
L = � = 10
L = � = 12
L = � = 14
L = � = 16RSO(5) =

�VBS

�AFM
<latexit sha1_base64="f3UnPTK+1loXaxd+2n45la7tnYE=">AAACKXicbVDLSgMxFM34rPVVdekmWATdlBlR1IVgK4gb8VGrhU4ZMmmmDWYyQ3JHLMN8jxt/xU0Xvrb+iGntQlsP3MvhnHtJ7vFjwTXY9oc1MTk1PTObm8vPLywuLRdWVm91lCjKajQSkar7RDPBJasBB8HqsWIk9AW78+9P+v7dA1OaR/IGujFrhqQtecApASN5hfK1l1Yvtva2syM3UISmLu1wL3WBPYLpXHbxbaWaZdk/Rvn03BheoWiX7AHwOHGGpIiGuPQKPbcV0SRkEqggWjccO4ZmShRwKliWdxPNYkLvSZs1DJUkZLqZDk7N8KZRWjiIlCkJeKD+3khJqHU39M1kSKCjR72++J/XSCA4aKZcxgkwSX8eChKBIcL93HCLK0ZBdA0hVHHzV0w7xCQGJt28CcEZPXmc1HZKhyXnard4XBmmkUPraANtIQfto2N0hi5RDVH0hF7QK3qznq2e9W59/oxOWMOdNfQH1tc3k5+oPg==</latexit><latexit sha1_base64="f3UnPTK+1loXaxd+2n45la7tnYE=">AAACKXicbVDLSgMxFM34rPVVdekmWATdlBlR1IVgK4gb8VGrhU4ZMmmmDWYyQ3JHLMN8jxt/xU0Xvrb+iGntQlsP3MvhnHtJ7vFjwTXY9oc1MTk1PTObm8vPLywuLRdWVm91lCjKajQSkar7RDPBJasBB8HqsWIk9AW78+9P+v7dA1OaR/IGujFrhqQtecApASN5hfK1l1Yvtva2syM3UISmLu1wL3WBPYLpXHbxbaWaZdk/Rvn03BheoWiX7AHwOHGGpIiGuPQKPbcV0SRkEqggWjccO4ZmShRwKliWdxPNYkLvSZs1DJUkZLqZDk7N8KZRWjiIlCkJeKD+3khJqHU39M1kSKCjR72++J/XSCA4aKZcxgkwSX8eChKBIcL93HCLK0ZBdA0hVHHzV0w7xCQGJt28CcEZPXmc1HZKhyXnard4XBmmkUPraANtIQfto2N0hi5RDVH0hF7QK3qznq2e9W59/oxOWMOdNfQH1tc3k5+oPg==</latexit><latexit sha1_base64="f3UnPTK+1loXaxd+2n45la7tnYE=">AAACKXicbVDLSgMxFM34rPVVdekmWATdlBlR1IVgK4gb8VGrhU4ZMmmmDWYyQ3JHLMN8jxt/xU0Xvrb+iGntQlsP3MvhnHtJ7vFjwTXY9oc1MTk1PTObm8vPLywuLRdWVm91lCjKajQSkar7RDPBJasBB8HqsWIk9AW78+9P+v7dA1OaR/IGujFrhqQtecApASN5hfK1l1Yvtva2syM3UISmLu1wL3WBPYLpXHbxbaWaZdk/Rvn03BheoWiX7AHwOHGGpIiGuPQKPbcV0SRkEqggWjccO4ZmShRwKliWdxPNYkLvSZs1DJUkZLqZDk7N8KZRWjiIlCkJeKD+3khJqHU39M1kSKCjR72++J/XSCA4aKZcxgkwSX8eChKBIcL93HCLK0ZBdA0hVHHzV0w7xCQGJt28CcEZPXmc1HZKhyXnard4XBmmkUPraANtIQfto2N0hi5RDVH0hF7QK3qznq2e9W59/oxOWMOdNfQH1tc3k5+oPg==</latexit><latexit sha1_base64="f3UnPTK+1loXaxd+2n45la7tnYE=">AAACKXicbVDLSgMxFM34rPVVdekmWATdlBlR1IVgK4gb8VGrhU4ZMmmmDWYyQ3JHLMN8jxt/xU0Xvrb+iGntQlsP3MvhnHtJ7vFjwTXY9oc1MTk1PTObm8vPLywuLRdWVm91lCjKajQSkar7RDPBJasBB8HqsWIk9AW78+9P+v7dA1OaR/IGujFrhqQtecApASN5hfK1l1Yvtva2syM3UISmLu1wL3WBPYLpXHbxbaWaZdk/Rvn03BheoWiX7AHwOHGGpIiGuPQKPbcV0SRkEqggWjccO4ZmShRwKliWdxPNYkLvSZs1DJUkZLqZDk7N8KZRWjiIlCkJeKD+3khJqHU39M1kSKCjR72++J/XSCA4aKZcxgkwSX8eChKBIcL93HCLK0ZBdA0hVHHzV0w7xCQGJt28CcEZPXmc1HZKhyXnard4XBmmkUPraANtIQfto2N0hi5RDVH0hF7QK3qznq2e9W59/oxOWMOdNfQH1tc3k5+oPg==</latexit>

RG invariant

Curve crossing at hc = 0.69
<latexit sha1_base64="4O4wKOMEEg+D3+OXoGq1Ao5ozH4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMQgl48RnBNIFnC7GQ2GTIzu87MCmHJT3jxoOLV7/Hm3zh5CPFV0FBUddPdFaWcaeN5H05hYXFpeaW4Wlpb39jcKm/v3OokU4QGJOGJakZYU84kDQwznDZTRbGIOG1Eg8ux37inSrNE3phhSkOBe5LFjGBjpWa/Q84996TaKVd815sAeb/Il1WBGeqd8nu7m5BMUGkIx1q3fC81YY6VYYTTUamdaZpiMsA92rJUYkF1mE/uHaEDq3RRnChb0qCJOj+RY6H1UES2U2DT1z+9sfiX18pMfBbmTKaZoZJMF8UZRyZB4+dRlylKDB9agoli9lZE+lhhYmxEpfkQ/ifBkVt1/evjSu1ilkYR9mAfDsGHU6jBFdQhAAIcHuAJnp0759F5cV6nrQVnNrML3+C8fQIBBI7T</latexit><latexit sha1_base64="4O4wKOMEEg+D3+OXoGq1Ao5ozH4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMQgl48RnBNIFnC7GQ2GTIzu87MCmHJT3jxoOLV7/Hm3zh5CPFV0FBUddPdFaWcaeN5H05hYXFpeaW4Wlpb39jcKm/v3OokU4QGJOGJakZYU84kDQwznDZTRbGIOG1Eg8ux37inSrNE3phhSkOBe5LFjGBjpWa/Q84996TaKVd815sAeb/Il1WBGeqd8nu7m5BMUGkIx1q3fC81YY6VYYTTUamdaZpiMsA92rJUYkF1mE/uHaEDq3RRnChb0qCJOj+RY6H1UES2U2DT1z+9sfiX18pMfBbmTKaZoZJMF8UZRyZB4+dRlylKDB9agoli9lZE+lhhYmxEpfkQ/ifBkVt1/evjSu1ilkYR9mAfDsGHU6jBFdQhAAIcHuAJnp0759F5cV6nrQVnNrML3+C8fQIBBI7T</latexit><latexit sha1_base64="4O4wKOMEEg+D3+OXoGq1Ao5ozH4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMQgl48RnBNIFnC7GQ2GTIzu87MCmHJT3jxoOLV7/Hm3zh5CPFV0FBUddPdFaWcaeN5H05hYXFpeaW4Wlpb39jcKm/v3OokU4QGJOGJakZYU84kDQwznDZTRbGIOG1Eg8ux37inSrNE3phhSkOBe5LFjGBjpWa/Q84996TaKVd815sAeb/Il1WBGeqd8nu7m5BMUGkIx1q3fC81YY6VYYTTUamdaZpiMsA92rJUYkF1mE/uHaEDq3RRnChb0qCJOj+RY6H1UES2U2DT1z+9sfiX18pMfBbmTKaZoZJMF8UZRyZB4+dRlylKDB9agoli9lZE+lhhYmxEpfkQ/ifBkVt1/evjSu1ilkYR9mAfDsGHU6jBFdQhAAIcHuAJnp0759F5cV6nrQVnNrML3+C8fQIBBI7T</latexit><latexit sha1_base64="4O4wKOMEEg+D3+OXoGq1Ao5ozH4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMQgl48RnBNIFnC7GQ2GTIzu87MCmHJT3jxoOLV7/Hm3zh5CPFV0FBUddPdFaWcaeN5H05hYXFpeaW4Wlpb39jcKm/v3OokU4QGJOGJakZYU84kDQwznDZTRbGIOG1Eg8ux37inSrNE3phhSkOBe5LFjGBjpWa/Q84996TaKVd815sAeb/Il1WBGeqd8nu7m5BMUGkIx1q3fC81YY6VYYTTUamdaZpiMsA92rJUYkF1mE/uHaEDq3RRnChb0qCJOj+RY6H1UES2U2DT1z+9sfiX18pMfBbmTKaZoZJMF8UZRyZB4+dRlylKDB9agoli9lZE+lhhYmxEpfkQ/ifBkVt1/evjSu1ilkYR9mAfDsGHU6jBFdQhAAIcHuAJnp0759F5cV6nrQVnNrML3+C8fQIBBI7T</latexit>
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<latexit sha1_base64="j5oQ/SoQSio+flI/ScjaJ8IF5X0=">AAACVXicbVFNTwIxEO0uqIgfoB69NBITT2TXmKg3ghePGERIWCTdMgsN3e6m7Rpww5/Ui/4UL8YuEIPgJE3evDcznb76MWdKO86nZefyW9s7hd3i3v7BYal8dPykokRSaNGIR7LjEwWcCWhppjl0Ygkk9Dm0/fFdprdfQCoWiUc9jaEXkqFgAaNEG6pfDj0fhkykcUi0ZJNZ0TNg5AdpffY8wZ63mk9X8+aa3tzUX+c5iMHv9H654lSdeeBN4C5BBS2j0S+/eYOIJiEITTlRqus6se6lRGpGOZhtEwUxoWMyhK6BgoSgeunclhk+N8wAB5E0R2g8Z1c7UhIqNQ19U5ktrda1jPxP6yY6uOmlTMSJBkEXFwUJxzrCmcd4wCRQzacGECqZ2RXTEZGEavMTRWOCu/7kTdC6rN5W3YerSq2+dKOATtEZukAuukY1dI8aqIUoekdflm3lrA/r287b24tS21r2nKA/YZd+ANR2tLU=</latexit><latexit sha1_base64="j5oQ/SoQSio+flI/ScjaJ8IF5X0=">AAACVXicbVFNTwIxEO0uqIgfoB69NBITT2TXmKg3ghePGERIWCTdMgsN3e6m7Rpww5/Ui/4UL8YuEIPgJE3evDcznb76MWdKO86nZefyW9s7hd3i3v7BYal8dPykokRSaNGIR7LjEwWcCWhppjl0Ygkk9Dm0/fFdprdfQCoWiUc9jaEXkqFgAaNEG6pfDj0fhkykcUi0ZJNZ0TNg5AdpffY8wZ63mk9X8+aa3tzUX+c5iMHv9H654lSdeeBN4C5BBS2j0S+/eYOIJiEITTlRqus6se6lRGpGOZhtEwUxoWMyhK6BgoSgeunclhk+N8wAB5E0R2g8Z1c7UhIqNQ19U5ktrda1jPxP6yY6uOmlTMSJBkEXFwUJxzrCmcd4wCRQzacGECqZ2RXTEZGEavMTRWOCu/7kTdC6rN5W3YerSq2+dKOATtEZukAuukY1dI8aqIUoekdflm3lrA/r287b24tS21r2nKA/YZd+ANR2tLU=</latexit><latexit sha1_base64="j5oQ/SoQSio+flI/ScjaJ8IF5X0=">AAACVXicbVFNTwIxEO0uqIgfoB69NBITT2TXmKg3ghePGERIWCTdMgsN3e6m7Rpww5/Ui/4UL8YuEIPgJE3evDcznb76MWdKO86nZefyW9s7hd3i3v7BYal8dPykokRSaNGIR7LjEwWcCWhppjl0Ygkk9Dm0/fFdprdfQCoWiUc9jaEXkqFgAaNEG6pfDj0fhkykcUi0ZJNZ0TNg5AdpffY8wZ63mk9X8+aa3tzUX+c5iMHv9H654lSdeeBN4C5BBS2j0S+/eYOIJiEITTlRqus6se6lRGpGOZhtEwUxoWMyhK6BgoSgeunclhk+N8wAB5E0R2g8Z1c7UhIqNQ19U5ktrda1jPxP6yY6uOmlTMSJBkEXFwUJxzrCmcd4wCRQzacGECqZ2RXTEZGEavMTRWOCu/7kTdC6rN5W3YerSq2+dKOATtEZukAuukY1dI8aqIUoekdflm3lrA/r287b24tS21r2nKA/YZd+ANR2tLU=</latexit><latexit sha1_base64="j5oQ/SoQSio+flI/ScjaJ8IF5X0=">AAACVXicbVFNTwIxEO0uqIgfoB69NBITT2TXmKg3ghePGERIWCTdMgsN3e6m7Rpww5/Ui/4UL8YuEIPgJE3evDcznb76MWdKO86nZefyW9s7hd3i3v7BYal8dPykokRSaNGIR7LjEwWcCWhppjl0Ygkk9Dm0/fFdprdfQCoWiUc9jaEXkqFgAaNEG6pfDj0fhkykcUi0ZJNZ0TNg5AdpffY8wZ63mk9X8+aa3tzUX+c5iMHv9H654lSdeeBN4C5BBS2j0S+/eYOIJiEITTlRqus6se6lRGpGOZhtEwUxoWMyhK6BgoSgeunclhk+N8wAB5E0R2g8Z1c7UhIqNQ19U5ktrda1jPxP6yY6uOmlTMSJBkEXFwUJxzrCmcd4wCRQzacGECqZ2RXTEZGEavMTRWOCu/7kTdC6rN5W3YerSq2+dKOATtEZukAuukY1dI8aqIUoekdflm3lrA/r287b24tS21r2nKA/YZd+ANR2tLU=</latexit>

VBS
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P(Bx,Sz)
<latexit sha1_base64="eUl1MlIGxXD8VT2oqlKmeCF7BQk=">AAACDXicbVDLSsNAFJ34rPUVdelmsBQqSElEUHelblxWNLbQpmUynbRDJ5MwMxFryBe48VfcuFBx696df+O0TUFbDwycOede7r3HixiVyrK+jYXFpeWV1dxafn1jc2vb3Nm9lWEsMHFwyELR8JAkjHLiKKoYaUSCoMBjpO4NLkZ+/Y4ISUN+o4YRcQPU49SnGCktdcxiK0Cq7/lJLS1NaTVt3x9NP9dp++GwYxassjUGnCd2RgogQ61jfrW6IY4DwhVmSMqmbUXKTZBQFDOS5luxJBHCA9QjTU05Coh0k/E5KSxqpQv9UOjHFRyrvzsSFEg5DDxdOVpSznoj8T+vGSv/zE0oj2JFOJ4M8mMGVQhH2cAuFQQrNtQEYUH1rhD3kUBY6QTzOgR79uR54hyXz8v21UmhUs3SyIF9cABKwAanoAIuQQ04AINH8AxewZvxZLwY78bHpHTByHr2wB8Ynz8S4JxT</latexit><latexit sha1_base64="eUl1MlIGxXD8VT2oqlKmeCF7BQk=">AAACDXicbVDLSsNAFJ34rPUVdelmsBQqSElEUHelblxWNLbQpmUynbRDJ5MwMxFryBe48VfcuFBx696df+O0TUFbDwycOede7r3HixiVyrK+jYXFpeWV1dxafn1jc2vb3Nm9lWEsMHFwyELR8JAkjHLiKKoYaUSCoMBjpO4NLkZ+/Y4ISUN+o4YRcQPU49SnGCktdcxiK0Cq7/lJLS1NaTVt3x9NP9dp++GwYxassjUGnCd2RgogQ61jfrW6IY4DwhVmSMqmbUXKTZBQFDOS5luxJBHCA9QjTU05Coh0k/E5KSxqpQv9UOjHFRyrvzsSFEg5DDxdOVpSznoj8T+vGSv/zE0oj2JFOJ4M8mMGVQhH2cAuFQQrNtQEYUH1rhD3kUBY6QTzOgR79uR54hyXz8v21UmhUs3SyIF9cABKwAanoAIuQQ04AINH8AxewZvxZLwY78bHpHTByHr2wB8Ynz8S4JxT</latexit><latexit sha1_base64="eUl1MlIGxXD8VT2oqlKmeCF7BQk=">AAACDXicbVDLSsNAFJ34rPUVdelmsBQqSElEUHelblxWNLbQpmUynbRDJ5MwMxFryBe48VfcuFBx696df+O0TUFbDwycOede7r3HixiVyrK+jYXFpeWV1dxafn1jc2vb3Nm9lWEsMHFwyELR8JAkjHLiKKoYaUSCoMBjpO4NLkZ+/Y4ISUN+o4YRcQPU49SnGCktdcxiK0Cq7/lJLS1NaTVt3x9NP9dp++GwYxassjUGnCd2RgogQ61jfrW6IY4DwhVmSMqmbUXKTZBQFDOS5luxJBHCA9QjTU05Coh0k/E5KSxqpQv9UOjHFRyrvzsSFEg5DDxdOVpSznoj8T+vGSv/zE0oj2JFOJ4M8mMGVQhH2cAuFQQrNtQEYUH1rhD3kUBY6QTzOgR79uR54hyXz8v21UmhUs3SyIF9cABKwAanoAIuQQ04AINH8AxewZvxZLwY78bHpHTByHr2wB8Ynz8S4JxT</latexit><latexit sha1_base64="eUl1MlIGxXD8VT2oqlKmeCF7BQk=">AAACDXicbVDLSsNAFJ34rPUVdelmsBQqSElEUHelblxWNLbQpmUynbRDJ5MwMxFryBe48VfcuFBx696df+O0TUFbDwycOede7r3HixiVyrK+jYXFpeWV1dxafn1jc2vb3Nm9lWEsMHFwyELR8JAkjHLiKKoYaUSCoMBjpO4NLkZ+/Y4ISUN+o4YRcQPU49SnGCktdcxiK0Cq7/lJLS1NaTVt3x9NP9dp++GwYxassjUGnCd2RgogQ61jfrW6IY4DwhVmSMqmbUXKTZBQFDOS5luxJBHCA9QjTU05Coh0k/E5KSxqpQv9UOjHFRyrvzsSFEg5DDxdOVpSznoj8T+vGSv/zE0oj2JFOJ4M8mMGVQhH2cAuFQQrNtQEYUH1rhD3kUBY6QTzOgR79uR54hyXz8v21UmhUs3SyIF9cABKwAanoAIuQQ04AINH8AxewZvxZLwY78bHpHTByHr2wB8Ynz8S4JxT</latexit>

At criticality displays
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<latexit sha1_base64="iF9ghsbGbCsmkQG7EtSnEtNvXpw="></latexit><latexit sha1_base64="iF9ghsbGbCsmkQG7EtSnEtNvXpw="></latexit><latexit sha1_base64="iF9ghsbGbCsmkQG7EtSnEtNvXpw="></latexit><latexit sha1_base64="iF9ghsbGbCsmkQG7EtSnEtNvXpw="></latexit>



Critical Field theory

m2
H

<latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgNBEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nSrqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx70nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgNBEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nSrqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx70nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgNBEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nSrqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx70nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgNBEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nSrqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx70nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit>hHi = 0
<latexit sha1_base64="BBhh9yUuVKbc9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4wTrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZKS8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gFYvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUVHNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tzhMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxAUIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPaJn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKbc9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4wTrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZKS8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gFYvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUVHNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tzhMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxAUIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPaJn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKbc9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4wTrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZKS8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gFYvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUVHNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tzhMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxAUIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPaJn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKbc9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4wTrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZKS8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gFYvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUVHNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tzhMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxAUIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPaJn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit>

Confined +

1. Embed the Ising gauge theory in  Z2 2 SUg(2)
<latexit sha1_base64="2LMyPI7c/dd+nq+blDhFDeH9ufA=">AAACAHicdZDLSsNAFIYn9VbrLepGcDNYhLoJSfHWXdGNy4rGFtsSJtNJO3QyCTMToYS68VXcuFBx62O4822ctFFU9IeBw/efw5zz+zGjUtn2u1GYmZ2bXygulpaWV1bXzPWNKxklAhMXRywSLR9JwignrqKKkVYsCAp9Rpr+8DTzmzdESBrxSzWKSTdEfU4DipHSyDO3OiFSA99Pr8deFXYohxeu169U9zyzbFsHtlM7dKBt2RPBL+LkpAxyNTzzrdOLcBISrjBDUrYdO1bdFAlFMSPjUieRJEZ4iPqkrUuOQiK76eSCMdzVpAeDSOjHFZzQ7xMpCqUchb7uzPaVv70M/uW1ExUcd1PK40QRjqcfBQmDKoJZHLBHBcGKjXSBsKB6V4gHSCCsdGglHcLnpfD/wq1aNcs53y/XT/I0imAb7IAKcMARqIMz0AAuwOAW3INH8GTcGQ/Gs/EybS0Y+cwm+CHj9QNC5ZWs</latexit><latexit sha1_base64="2LMyPI7c/dd+nq+blDhFDeH9ufA=">AAACAHicdZDLSsNAFIYn9VbrLepGcDNYhLoJSfHWXdGNy4rGFtsSJtNJO3QyCTMToYS68VXcuFBx62O4822ctFFU9IeBw/efw5zz+zGjUtn2u1GYmZ2bXygulpaWV1bXzPWNKxklAhMXRywSLR9JwignrqKKkVYsCAp9Rpr+8DTzmzdESBrxSzWKSTdEfU4DipHSyDO3OiFSA99Pr8deFXYohxeu169U9zyzbFsHtlM7dKBt2RPBL+LkpAxyNTzzrdOLcBISrjBDUrYdO1bdFAlFMSPjUieRJEZ4iPqkrUuOQiK76eSCMdzVpAeDSOjHFZzQ7xMpCqUchb7uzPaVv70M/uW1ExUcd1PK40QRjqcfBQmDKoJZHLBHBcGKjXSBsKB6V4gHSCCsdGglHcLnpfD/wq1aNcs53y/XT/I0imAb7IAKcMARqIMz0AAuwOAW3INH8GTcGQ/Gs/EybS0Y+cwm+CHj9QNC5ZWs</latexit><latexit sha1_base64="2LMyPI7c/dd+nq+blDhFDeH9ufA=">AAACAHicdZDLSsNAFIYn9VbrLepGcDNYhLoJSfHWXdGNy4rGFtsSJtNJO3QyCTMToYS68VXcuFBx62O4822ctFFU9IeBw/efw5zz+zGjUtn2u1GYmZ2bXygulpaWV1bXzPWNKxklAhMXRywSLR9JwignrqKKkVYsCAp9Rpr+8DTzmzdESBrxSzWKSTdEfU4DipHSyDO3OiFSA99Pr8deFXYohxeu169U9zyzbFsHtlM7dKBt2RPBL+LkpAxyNTzzrdOLcBISrjBDUrYdO1bdFAlFMSPjUieRJEZ4iPqkrUuOQiK76eSCMdzVpAeDSOjHFZzQ7xMpCqUchb7uzPaVv70M/uW1ExUcd1PK40QRjqcfBQmDKoJZHLBHBcGKjXSBsKB6V4gHSCCsdGglHcLnpfD/wq1aNcs53y/XT/I0imAb7IAKcMARqIMz0AAuwOAW3INH8GTcGQ/Gs/EybS0Y+cwm+CHj9QNC5ZWs</latexit><latexit sha1_base64="2LMyPI7c/dd+nq+blDhFDeH9ufA=">AAACAHicdZDLSsNAFIYn9VbrLepGcDNYhLoJSfHWXdGNy4rGFtsSJtNJO3QyCTMToYS68VXcuFBx62O4822ctFFU9IeBw/efw5zz+zGjUtn2u1GYmZ2bXygulpaWV1bXzPWNKxklAhMXRywSLR9JwignrqKKkVYsCAp9Rpr+8DTzmzdESBrxSzWKSTdEfU4DipHSyDO3OiFSA99Pr8deFXYohxeu169U9zyzbFsHtlM7dKBt2RPBL+LkpAxyNTzzrdOLcBISrjBDUrYdO1bdFAlFMSPjUieRJEZ4iPqkrUuOQiK76eSCMdzVpAeDSOjHFZzQ7xMpCqUchb7uzPaVv70M/uW1ExUcd1PK40QRjqcfBQmDKoJZHLBHBcGKjXSBsKB6V4gHSCCsdGglHcLnpfD/wq1aNcs53y/XT/I0imAb7IAKcMARqIMz0AAuwOAW3INH8GTcGQ/Gs/EybS0Y+cwm+CHj9QNC5ZWs</latexit>

2. 3x3 matrix Higgs field 

spin-one (SO(3)) under SUg(2)
<latexit sha1_base64="hBs2UnGJDzAh8ychosPMfmRApnQ=">AAAB7XicdZDLSsNAFIZP6q3WW9Wlm8Ei1E1Iirfuim5cVjS20IYymU7aoZNJmJkIJfQh3LhQcev7uPNtnLZRVPSHgcP3n8Oc8wcJZ0o7zrtVWFhcWl4prpbW1jc2t8rbO7cqTiWhHol5LNsBVpQzQT3NNKftRFIcBZy2gtHF1G/dUalYLG70OKF+hAeChYxgbVDr2usNqrXDXrni2MeOWz9xkWM7M6Ev4uakArmavfJbtx+TNKJCE46V6rhOov0MS80Ip5NSN1U0wWSEB7RjSoEjqvxstu4EHRjSR2EszRMazej3iQxHSo2jwHRGWA/Vb28K//I6qQ7P/IyJJNVUkPlHYcqRjtH0dtRnkhLNx6bARDKzKyJDLDHRJqGSCeHzUvR/4dXsuu1eHVUa53kaRdiDfaiCC6fQgEtoggcERnAPj/BkJdaD9Wy9zFsLVj6zCz9kvX4AsnGOsQ==</latexit><latexit sha1_base64="hBs2UnGJDzAh8ychosPMfmRApnQ=">AAAB7XicdZDLSsNAFIZP6q3WW9Wlm8Ei1E1Iirfuim5cVjS20IYymU7aoZNJmJkIJfQh3LhQcev7uPNtnLZRVPSHgcP3n8Oc8wcJZ0o7zrtVWFhcWl4prpbW1jc2t8rbO7cqTiWhHol5LNsBVpQzQT3NNKftRFIcBZy2gtHF1G/dUalYLG70OKF+hAeChYxgbVDr2usNqrXDXrni2MeOWz9xkWM7M6Ev4uakArmavfJbtx+TNKJCE46V6rhOov0MS80Ip5NSN1U0wWSEB7RjSoEjqvxstu4EHRjSR2EszRMazej3iQxHSo2jwHRGWA/Vb28K//I6qQ7P/IyJJNVUkPlHYcqRjtH0dtRnkhLNx6bARDKzKyJDLDHRJqGSCeHzUvR/4dXsuu1eHVUa53kaRdiDfaiCC6fQgEtoggcERnAPj/BkJdaD9Wy9zFsLVj6zCz9kvX4AsnGOsQ==</latexit><latexit sha1_base64="hBs2UnGJDzAh8ychosPMfmRApnQ=">AAAB7XicdZDLSsNAFIZP6q3WW9Wlm8Ei1E1Iirfuim5cVjS20IYymU7aoZNJmJkIJfQh3LhQcev7uPNtnLZRVPSHgcP3n8Oc8wcJZ0o7zrtVWFhcWl4prpbW1jc2t8rbO7cqTiWhHol5LNsBVpQzQT3NNKftRFIcBZy2gtHF1G/dUalYLG70OKF+hAeChYxgbVDr2usNqrXDXrni2MeOWz9xkWM7M6Ev4uakArmavfJbtx+TNKJCE46V6rhOov0MS80Ip5NSN1U0wWSEB7RjSoEjqvxstu4EHRjSR2EszRMazej3iQxHSo2jwHRGWA/Vb28K//I6qQ7P/IyJJNVUkPlHYcqRjtH0dtRnkhLNx6bARDKzKyJDLDHRJqGSCeHzUvR/4dXsuu1eHVUa53kaRdiDfaiCC6fQgEtoggcERnAPj/BkJdaD9Wy9zFsLVj6zCz9kvX4AsnGOsQ==</latexit><latexit sha1_base64="hBs2UnGJDzAh8ychosPMfmRApnQ=">AAAB7XicdZDLSsNAFIZP6q3WW9Wlm8Ei1E1Iirfuim5cVjS20IYymU7aoZNJmJkIJfQh3LhQcev7uPNtnLZRVPSHgcP3n8Oc8wcJZ0o7zrtVWFhcWl4prpbW1jc2t8rbO7cqTiWhHol5LNsBVpQzQT3NNKftRFIcBZy2gtHF1G/dUalYLG70OKF+hAeChYxgbVDr2usNqrXDXrni2MeOWz9xkWM7M6Ev4uakArmavfJbtx+TNKJCE46V6rhOov0MS80Ip5NSN1U0wWSEB7RjSoEjqvxstu4EHRjSR2EszRMazej3iQxHSo2jwHRGWA/Vb28K//I6qQ7P/IyJJNVUkPlHYcqRjtH0dtRnkhLNx6bARDKzKyJDLDHRJqGSCeHzUvR/4dXsuu1eHVUa53kaRdiDfaiCC6fQgEtoggcERnAPj/BkJdaD9Wy9zFsLVj6zCz9kvX4AsnGOsQ==</latexit>

transforms asHab
<latexit sha1_base64="dQy+kf/ridhUQxCMeTc1KnbyZ3E=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiqLeglxwjOEkgGUJPpydp08vQ3SOEIf/gxYOKVz/Im39jZxFcHxQ83quiql6ccmas7797haXlldW14nppY3Nre6e8u9c0KtOEhkRxpdsxNpQzSUPLLKftVFMsYk5b8ehq6rfuqDZMyRs7Tmkk8ECyhBFsndSs93IcT3rlSlD1Z0D+L/JpVWCBRq/81u0rkgkqLeHYmE7gpzbKsbaMcDopdTNDU0xGeEA7jkosqIny2bUTdOSUPkqUdiUtmqlfJ3IsjBmL2HUKbIfmpzcV//I6mU3Oo5zJNLNUkvmiJOPIKjR9HfWZpsTysSOYaOZuRWSINSbWBVT6GsL/JDypXlSD69NK7XKRRhEO4BCOIYAzqEEdGhACgVu4h0d48pT34D17L/PWgreY2Ydv8F4/APkFju0=</latexit><latexit sha1_base64="dQy+kf/ridhUQxCMeTc1KnbyZ3E=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiqLeglxwjOEkgGUJPpydp08vQ3SOEIf/gxYOKVz/Im39jZxFcHxQ83quiql6ccmas7797haXlldW14nppY3Nre6e8u9c0KtOEhkRxpdsxNpQzSUPLLKftVFMsYk5b8ehq6rfuqDZMyRs7Tmkk8ECyhBFsndSs93IcT3rlSlD1Z0D+L/JpVWCBRq/81u0rkgkqLeHYmE7gpzbKsbaMcDopdTNDU0xGeEA7jkosqIny2bUTdOSUPkqUdiUtmqlfJ3IsjBmL2HUKbIfmpzcV//I6mU3Oo5zJNLNUkvmiJOPIKjR9HfWZpsTysSOYaOZuRWSINSbWBVT6GsL/JDypXlSD69NK7XKRRhEO4BCOIYAzqEEdGhACgVu4h0d48pT34D17L/PWgreY2Ydv8F4/APkFju0=</latexit><latexit sha1_base64="dQy+kf/ridhUQxCMeTc1KnbyZ3E=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiqLeglxwjOEkgGUJPpydp08vQ3SOEIf/gxYOKVz/Im39jZxFcHxQ83quiql6ccmas7797haXlldW14nppY3Nre6e8u9c0KtOEhkRxpdsxNpQzSUPLLKftVFMsYk5b8ehq6rfuqDZMyRs7Tmkk8ECyhBFsndSs93IcT3rlSlD1Z0D+L/JpVWCBRq/81u0rkgkqLeHYmE7gpzbKsbaMcDopdTNDU0xGeEA7jkosqIny2bUTdOSUPkqUdiUtmqlfJ3IsjBmL2HUKbIfmpzcV//I6mU3Oo5zJNLNUkvmiJOPIKjR9HfWZpsTysSOYaOZuRWSINSbWBVT6GsL/JDypXlSD69NK7XKRRhEO4BCOIYAzqEEdGhACgVu4h0d48pT34D17L/PWgreY2Ydv8F4/APkFju0=</latexit><latexit sha1_base64="dQy+kf/ridhUQxCMeTc1KnbyZ3E=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiqLeglxwjOEkgGUJPpydp08vQ3SOEIf/gxYOKVz/Im39jZxFcHxQ83quiql6ccmas7797haXlldW14nppY3Nre6e8u9c0KtOEhkRxpdsxNpQzSUPLLKftVFMsYk5b8ehq6rfuqDZMyRs7Tmkk8ECyhBFsndSs93IcT3rlSlD1Z0D+L/JpVWCBRq/81u0rkgkqLeHYmE7gpzbKsbaMcDopdTNDU0xGeEA7jkosqIny2bUTdOSUPkqUdiUtmqlfJ3IsjBmL2HUKbIfmpzcV//I6mU3Oo5zJNLNUkvmiJOPIKjR9HfWZpsTysSOYaOZuRWSINSbWBVT6GsL/JDypXlSD69NK7XKRRhEO4BCOIYAzqEEdGhACgVu4h0d48pT34D17L/PWgreY2Ydv8F4/APkFju0=</latexit>

hHi 6= 0
<latexit sha1_base64="zzUNgVfM0/mGCUNDBksA6YgJxb8=">AAACC3icbVC9TsMwGHTKXyl/BUYWiwqJqUoQErBVsHQsEqGVmqhynC+tVceJbAepivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z+4V0kmKbg04YnsBUQBZwJczTSHXiqBxAGHbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tspl0ALxOnJA1UojOof3lhQrMYhKacKNV37FT7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJTfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6pRW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsGRwyCVTziSGESmZ2xXREJKHa9FczJTiLX14m7lnzquncnjda12UbVXSEjtEpctAFaqE26iAXUfSIntErerOerBfr3fqYRytWOXOI/sD6/AH0v5p2</latexit><latexit sha1_base64="zzUNgVfM0/mGCUNDBksA6YgJxb8=">AAACC3icbVC9TsMwGHTKXyl/BUYWiwqJqUoQErBVsHQsEqGVmqhynC+tVceJbAepivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z+4V0kmKbg04YnsBUQBZwJczTSHXiqBxAGHbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tspl0ALxOnJA1UojOof3lhQrMYhKacKNV37FT7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJTfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6pRW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsGRwyCVTziSGESmZ2xXREJKHa9FczJTiLX14m7lnzquncnjda12UbVXSEjtEpctAFaqE26iAXUfSIntErerOerBfr3fqYRytWOXOI/sD6/AH0v5p2</latexit><latexit sha1_base64="zzUNgVfM0/mGCUNDBksA6YgJxb8=">AAACC3icbVC9TsMwGHTKXyl/BUYWiwqJqUoQErBVsHQsEqGVmqhynC+tVceJbAepivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z+4V0kmKbg04YnsBUQBZwJczTSHXiqBxAGHbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tspl0ALxOnJA1UojOof3lhQrMYhKacKNV37FT7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJTfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6pRW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsGRwyCVTziSGESmZ2xXREJKHa9FczJTiLX14m7lnzquncnjda12UbVXSEjtEpctAFaqE26iAXUfSIntErerOerBfr3fqYRytWOXOI/sD6/AH0v5p2</latexit><latexit sha1_base64="zzUNgVfM0/mGCUNDBksA6YgJxb8=">AAACC3icbVC9TsMwGHTKXyl/BUYWiwqJqUoQErBVsHQsEqGVmqhynC+tVceJbAepivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z+4V0kmKbg04YnsBUQBZwJczTSHXiqBxAGHbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tspl0ALxOnJA1UojOof3lhQrMYhKacKNV37FT7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJTfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6pRW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsGRwyCVTziSGESmZ2xXREJKHa9FczJTiLX14m7lnzquncnjda12UbVXSEjtEpctAFaqE26iAXUfSIntErerOerBfr3fqYRytWOXOI/sD6/AH0v5p2</latexit>

+ SU(2)/SO(3) = Z2
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Kartik (2018)

Critical theory is Nf = 2 SU(2) QCD3 and a critical Higgs field H

• Higgs phase, hHi 6= 0 has Z2 topological order and

massless Dirac orthogonal fermions

• When the Higgs field is gapped, QCD3 confines, leading to AFM order.
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3. Phase diagram of a SYK model



Orthogonal metals

R. Nandkishore, M. Metlitski, and T. Senthil, Phys. Rev. B 86, 045128 (2012)

Fractionalize the electron ci↵, ↵ =", # into an “orthogonal
fermion” fi↵ and an Ising spin �z

i = ±1:

ci↵ = �z
i fi↵

This introduces a Z2 gauge invariance

�z
i ! ⌘i�

z
i , fi↵ ! ⌘ifi↵

The orthogonal fermion, f↵, carries both the spin and
charge of the electron.
The Ising matter field, �z, is ‘dark matter’ carrying only
energy, and a Z2 gauge charge.
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Orthogonal metals

Fractionalize the electron cip↵, on sites i = 1 . . . N , with
spin ↵ = 1 . . .M and orbital index p = 1 . . .M 0 into an
“orthogonal fermion” fi↵ and a real scalar �ip:

cip↵ = �ip fi↵

This introduces a Z2 gauge invariance

�ip ! ⌘i�ip , fi↵ ! ⌘ifi↵

The orthogonal fermion fi↵ carries both the spin and charge
of the electron.
The scalar field, �ip, is ‘dark matter’ carrying only energy,
and a Z2 gauge charge.
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We examine the t-J model:

L =
1

2g

X

i,p

(@⌧�ip)
2 +

X

i,↵

f†
i↵

✓
@

@⌧
� µ

◆
fi↵

+
1p
NM

X

i,j,p,↵

tij�ip�jpf
†
i↵fj↵ +

1p
NM

X

i>j,↵�

Jijf
†
i↵fi�f

†
j�fj↵ ,

with the scalar field obeying the fixed length constraint

M 0X

p=1

�2
ip = M 0 .

With tij and Jij independent random numbers with zero mean, L is solvable
in the limit of large number of sites, N , followed by the limit of large M
and M 0 at fixed

k ⌘ M 0

M
.
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A solvable model



A solvable model
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Gapless boson
�b = 1/4
�f = 1/4
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Gapped boson
�f = 1/4

<latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit>

Gapless boson

‘quasi-Higgs’

�b = k/(2(k + 2)) < 1/4
�f = 1/(k + 2) > 1/4

<latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit>



g
<latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit>

k
<latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit>

2<latexit sha1_base64="GsDr+DbL4XibAfFGFc6ten/iVyQ=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0alXPJtOqVRq3eRxFuIBLuAYPbqAB99CENjBAeIZXeHMenRfn3flYtRacfOYc/sD5/AF7L4yz</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit>

Gapless boson
�b = 1/4
�f = 1/4

<latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit>

Gapped boson
�f = 1/4

<latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit>

Gapless boson

‘quasi-Higgs’

�b = k/(2(k + 2)) < 1/4
�f = 1/(k + 2) > 1/4

<latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit>

A solvable model h�(⌧)�(0)i ⇠ e�m|⌧ |
p
⌧

hf(⌧)f†(0)i ⇠ sgn(⌧)

|⌧ |2�f
<latexit sha1_base64="OalR4G6iASbsHzVAH1cOjO4pTok="></latexit><latexit sha1_base64="OalR4G6iASbsHzVAH1cOjO4pTok="></latexit><latexit sha1_base64="OalR4G6iASbsHzVAH1cOjO4pTok="></latexit><latexit sha1_base64="OalR4G6iASbsHzVAH1cOjO4pTok="></latexit>



g
<latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit>

k
<latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit>

2<latexit sha1_base64="GsDr+DbL4XibAfFGFc6ten/iVyQ=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0alXPJtOqVRq3eRxFuIBLuAYPbqAB99CENjBAeIZXeHMenRfn3flYtRacfOYc/sD5/AF7L4yz</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit>

Gapless boson
�b = 1/4
�f = 1/4

<latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit>

Gapped boson
�f = 1/4

<latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit>

Gapless boson

‘quasi-Higgs’

�b = k/(2(k + 2)) < 1/4
�f = 1/(k + 2) > 1/4

<latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit>

A solvable model h�(⌧)�(0)i ⇠ 1

|⌧ |2�b

hf(⌧)f†(0)i ⇠ sgn(⌧)

|⌧ |2�f
<latexit sha1_base64="ZIFENwvtvNBv1oQU8mYwG43qIYI="></latexit><latexit sha1_base64="ZIFENwvtvNBv1oQU8mYwG43qIYI="></latexit><latexit sha1_base64="ZIFENwvtvNBv1oQU8mYwG43qIYI="></latexit><latexit sha1_base64="ZIFENwvtvNBv1oQU8mYwG43qIYI="></latexit>

�b +�f = 1/2
<latexit sha1_base64="pqGzXzz94OgL64Byp7Nl5yhwIpA="></latexit><latexit sha1_base64="pqGzXzz94OgL64Byp7Nl5yhwIpA="></latexit><latexit sha1_base64="pqGzXzz94OgL64Byp7Nl5yhwIpA="></latexit><latexit sha1_base64="pqGzXzz94OgL64Byp7Nl5yhwIpA="></latexit>

In gapless region, we always have the Fermi liquid form for
the electron Green’s function hc(⌧)c†(0)i ⇠ 1/⌧ , although
Z2 charges remain deconfined. This is a consequences of
the fixed point with a non-zero t term in the t-J model.

<latexit sha1_base64="JG5+7A/XMf+N6iYdCw8rKpYAV8c="></latexit><latexit sha1_base64="JG5+7A/XMf+N6iYdCw8rKpYAV8c="></latexit><latexit sha1_base64="JG5+7A/XMf+N6iYdCw8rKpYAV8c="></latexit><latexit sha1_base64="JG5+7A/XMf+N6iYdCw8rKpYAV8c="></latexit>
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Figure: K. Fujita and J. C. Seamus Davis
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Pseudogap

“Fermi arcs” 
at

low p

Kyle M. Shen, F. Ronning, D. H. Lu, F. Baumberger, N. J. C. Ingle, W. S. Lee, W. Meevasana,

Y. Kohsaka, M. Azuma, M. Takano, H. Takagi, Z.-X. Shen, Science 307, 901 (2005)
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Conventional 
metal

Area enclosed by 
Fermi surface =1+p

M. Platé, J. D. F. Mottershead, I. S. Elfimov, D. C. Peets, Ruixing Liang, D. A. Bonn, W. N. Hardy,

S. Chiuzbaian, M. Falub, M. Shi, L. Patthey, and A. Damascelli, Phys. Rev. Lett. 95, 077001 (2005)
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Phase Diagram 

AFM order

He↵ ⇠ J̃Si · Sj
<latexit sha1_base64="3tGI1+BH16ij6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowzpN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+eijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJONsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit><latexit sha1_base64="3tGI1+BH16ij6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowzpN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+eijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJONsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit><latexit sha1_base64="3tGI1+BH16ij6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowzpN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+eijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJONsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit><latexit sha1_base64="3tGI1+BH16ij6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowzpN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+eijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJONsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit>

Confined AFM

h
<latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit>

Deconfined Dirac

 𝜋-flux

⇡ ⇡ ⇡

⇡ ⇡ ⇡



Phase Diagram 

AFM order

He↵ ⇠ J̃Si · Sj
<latexit sha1_base64="3tGI1+BH16ij6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowzpN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+eijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJONsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit><latexit sha1_base64="3tGI1+BH16ij6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowzpN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+eijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJONsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit><latexit sha1_base64="3tGI1+BH16ij6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowzpN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+eijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJONsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit><latexit sha1_base64="3tGI1+BH16ij6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowzpN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+eijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJONsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit>

Confined AFM

h
<latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit>

Deconfined Dirac

 𝜋-flux

⇡ ⇡ ⇡

⇡ ⇡ ⇡

Toy model of pseudogap
(at half filling)



A solvable model

g
<latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit>

k
<latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit>

2<latexit sha1_base64="GsDr+DbL4XibAfFGFc6ten/iVyQ=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0alXPJtOqVRq3eRxFuIBLuAYPbqAB99CENjBAeIZXeHMenRfn3flYtRacfOYc/sD5/AF7L4yz</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit>

Gapless boson
�b = 1/4
�f = 1/4

<latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit>

Gapped boson
�f = 1/4

<latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit>

Gapless boson

‘quasi-Higgs’

�b = k/(2(k + 2)) < 1/4
�f = 1/(k + 2) > 1/4

<latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit>



A solvable model

g
<latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit>

k
<latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit>

2<latexit sha1_base64="GsDr+DbL4XibAfFGFc6ten/iVyQ=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0alXPJtOqVRq3eRxFuIBLuAYPbqAB99CENjBAeIZXeHMenRfn3flYtRacfOYc/sD5/AF7L4yz</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit>

Gapless boson
�b = 1/4
�f = 1/4

<latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit>

Gapped boson
�f = 1/4

<latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit>

Gapless boson

‘quasi-Higgs’

�b = k/(2(k + 2)) < 1/4
�f = 1/(k + 2) > 1/4

<latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit>

Toy model of pseudogap

Toy model of 
overdoped region



A solvable model

g
<latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit>

k
<latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit>

2<latexit sha1_base64="GsDr+DbL4XibAfFGFc6ten/iVyQ=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0alXPJtOqVRq3eRxFuIBLuAYPbqAB99CENjBAeIZXeHMenRfn3flYtRacfOYc/sD5/AF7L4yz</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit>

Gapless boson
�b = 1/4
�f = 1/4

<latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit>

Gapped boson
�f = 1/4

<latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit>

Gapless boson

‘quasi-Higgs’

�b = k/(2(k + 2)) < 1/4
�f = 1/(k + 2) > 1/4
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Toy model of pseudogap

Toy model of 
overdoped region

Fermi liquid spectral function, with anomalies in other

properties, match recent observations in cuprates

(Hussey, Bozovic, Armitage, Taillefer...)
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