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Motivation
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Hole-doping density

[C. Proust and L. Taillefer, Annu. Rev. Condens. Matter Phys.

2019. 10:409–29]

â Coexistence of various interesting ordered
phases - SDW, CDW, Ising-nematic
order, time reversal symmetry breaking,
etc with superconductivity in the
pseudogap (PG) phase

â Understanding the PG phase is the key to
understanding the high-Tc
superconducting phase

â Sachdev et al [Phys.Rev.B 99 (2019) 5,

054516] proposed a (2+1)D SU(2) gauge
theory of fluctuating incommensurate
spin density wave (SDW) fluctuations to
explain the pseudogap phase



Key idea

Mugdha Sarkar (NTU) SU(2) gauge Higgs 3

SDW order parameter is transformed to a rotating
reference frame in spin space

σ · Si = RiσR
†
i ·Hi

σ : Pauli matrices
Si : electron spin magnetic moment at site i
Ri : spacetime-dependent SU(2) rotation matrix
Hi : rotated spin magnetic moment

Transformation induces a SU(2) gauge
invariance

Ri → RiV
†
i σ ·Hi → ViσV

†
i ·Hi

→ Hi transform under adjoint
representation of SU(2)
(adjoint Higgs fields)

[Sachdev et al, Phy Rev B 99, 054516 (2019)]
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Lagrangian
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To capture the spatial SDW ordering, one parametrizes

Hi = Re
[Hxe

iKx·ri + Hye
iKy ·ri

]

Gauge-Higgs Lagrangian in (2+1)-dimensions

LH = 1
4g2
Fµν · Fµν + |∂µHx −Aµ ×Hx|2 + |∂µHy −Aµ ×Hy|2 + V (Hx,y)

Hx,Hy : complex fields
→ 4 adjoint Higgs

Fermionic part : Lc = c†is(∂τ − µ)cis −
∑
η,s tηc

†
isci+ηs + λ1H

2
i c
†
iscis

Coupled to electron-like charged bound states neutral under SU(2)
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4g2
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Nh = 4 Higgs potential

V (Hx,y) = s
(H∗x ·Hx + H∗y ·Hy

)
+u0

(H∗x ·Hx + H∗y ·Hy

)2
+ u1

4 φ
2

+u2
2

(
|Φx|2 + |Φy|2

)
+ u3

(
|Φ+|2 + |Φ−|2

)
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Schematic phase diagram
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s

Higgs
Confinement

Reconstructed (FL*) Fermi
surfaces, with large length scale
confinement in the U(1) cases
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Fermi liquid with
large Fermi surface
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One or more of Ising-nematic,
CDW, scalar spin chirality, and

Z2 topological orders
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Deconfined
critical
SU(2)
gauge
theory
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[Sachdev et al, Phy. Rev. B 99, 054516 (2019)]

â Confining phase wth no vev corresponds to
usual Fermi liquid phase

â Broken (Higgs) phase maps to pseudogap
phase with various charge ordering

â SU(2) broken to either U(1) or Z(2) for
Nh = 4

â Recent numerical studies of the gauge-Higgs
theory with the O(4) symmetric potential
and at strong gauge coupling finds the two
patterns of symmetry breaking [Scammell et al,

Phy. Rev. B 101, 205124 (2020), Bonati et al, Phy. Rev. B 104, 115166

(2021)]
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Fermi liquid with
large Fermi surface

<latexit sha1_base64="pSQwYJMUMHwkhtghne6SvDP7o1w="></latexit><latexit sha1_base64="pSQwYJMUMHwkhtghne6SvDP7o1w="></latexit><latexit sha1_base64="pSQwYJMUMHwkhtghne6SvDP7o1w="></latexit><latexit sha1_base64="pSQwYJMUMHwkhtghne6SvDP7o1w="></latexit>

One or more of Ising-nematic,
CDW, scalar spin chirality, and

Z2 topological orders
<latexit sha1_base64="O53gXr1FJqVOTg5im17xot5fsuA="></latexit><latexit sha1_base64="O53gXr1FJqVOTg5im17xot5fsuA="></latexit><latexit sha1_base64="O53gXr1FJqVOTg5im17xot5fsuA="></latexit><latexit sha1_base64="O53gXr1FJqVOTg5im17xot5fsuA="></latexit>

Deconfined
critical
SU(2)
gauge
theory

<latexit sha1_base64="JxvLIrvEd9obD1oY/Iumxv0r2aY="></latexit><latexit sha1_base64="JxvLIrvEd9obD1oY/Iumxv0r2aY="></latexit><latexit sha1_base64="JxvLIrvEd9obD1oY/Iumxv0r2aY="></latexit><latexit sha1_base64="JxvLIrvEd9obD1oY/Iumxv0r2aY="></latexit>

Nh = 4
<latexit sha1_base64="8cJ07kqocMoHeyc4sVVhq6OV1Mg=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ49MMrkIQS+eJIJZIBlCT6cnadKz0N0jhCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiqF6SCK43xh7Wyura+sVnYKm7v7O7tlw4OWyrJJGVNmohEdgKimOAxa2quBeukkpEoEKwdjK9mfvueScWT+E5PUuZHZBjzkFOijdS+6Y/QBXL7pTK2XQ97NQdhG1fdSsU1pIKrXs1Djo3nKMMSjX7pvTdIaBaxWFNBlOo6ONV+TqTmVLBpsZcplhI6JkPWNTQmEVN+Pj93ik6NMkBhIk3FGs3V7xM5iZSaRIHpjIgeqd/eTPzL62Y6rPk5j9NMs5guFoWZQDpBs9/RgEtGtZgYQqjk5lZER0QSqk1CRRPC16fof9I6tx1sO7duuX65jKMAx3ACZ+CAB3W4hgY0gcIYHuAJnq3UerRerNdF64q1nDmCH7DePgE9sI7a</latexit><latexit sha1_base64="8cJ07kqocMoHeyc4sVVhq6OV1Mg=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ49MMrkIQS+eJIJZIBlCT6cnadKz0N0jhCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiqF6SCK43xh7Wyura+sVnYKm7v7O7tlw4OWyrJJGVNmohEdgKimOAxa2quBeukkpEoEKwdjK9mfvueScWT+E5PUuZHZBjzkFOijdS+6Y/QBXL7pTK2XQ97NQdhG1fdSsU1pIKrXs1Djo3nKMMSjX7pvTdIaBaxWFNBlOo6ONV+TqTmVLBpsZcplhI6JkPWNTQmEVN+Pj93ik6NMkBhIk3FGs3V7xM5iZSaRIHpjIgeqd/eTPzL62Y6rPk5j9NMs5guFoWZQDpBs9/RgEtGtZgYQqjk5lZER0QSqk1CRRPC16fof9I6tx1sO7duuX65jKMAx3ACZ+CAB3W4hgY0gcIYHuAJnq3UerRerNdF64q1nDmCH7DePgE9sI7a</latexit><latexit sha1_base64="8cJ07kqocMoHeyc4sVVhq6OV1Mg=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ49MMrkIQS+eJIJZIBlCT6cnadKz0N0jhCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiqF6SCK43xh7Wyura+sVnYKm7v7O7tlw4OWyrJJGVNmohEdgKimOAxa2quBeukkpEoEKwdjK9mfvueScWT+E5PUuZHZBjzkFOijdS+6Y/QBXL7pTK2XQ97NQdhG1fdSsU1pIKrXs1Djo3nKMMSjX7pvTdIaBaxWFNBlOo6ONV+TqTmVLBpsZcplhI6JkPWNTQmEVN+Pj93ik6NMkBhIk3FGs3V7xM5iZSaRIHpjIgeqd/eTPzL62Y6rPk5j9NMs5guFoWZQDpBs9/RgEtGtZgYQqjk5lZER0QSqk1CRRPC16fof9I6tx1sO7duuX65jKMAx3ACZ+CAB3W4hgY0gcIYHuAJnq3UerRerNdF64q1nDmCH7DePgE9sI7a</latexit><latexit sha1_base64="8cJ07kqocMoHeyc4sVVhq6OV1Mg=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ49MMrkIQS+eJIJZIBlCT6cnadKz0N0jhCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiqF6SCK43xh7Wyura+sVnYKm7v7O7tlw4OWyrJJGVNmohEdgKimOAxa2quBeukkpEoEKwdjK9mfvueScWT+E5PUuZHZBjzkFOijdS+6Y/QBXL7pTK2XQ97NQdhG1fdSsU1pIKrXs1Djo3nKMMSjX7pvTdIaBaxWFNBlOo6ONV+TqTmVLBpsZcplhI6JkPWNTQmEVN+Pj93ik6NMkBhIk3FGs3V7xM5iZSaRIHpjIgeqd/eTPzL62Y6rPk5j9NMs5guFoWZQDpBs9/RgEtGtZgYQqjk5lZER0QSqk1CRRPC16fof9I6tx1sO7duuX65jKMAx3ACZ+CAB3W4hgY0gcIYHuAJnq3UerRerNdF64q1nDmCH7DePgE9sI7a</latexit>

Hx,y
<latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="0xWEWUncXwc1jhE8wxG1+6aDZkM=">AAAB/nicbVC7TsMwFL0pr1IKBFYWixaJAVUJC4xILB2LRB9SE0WO47RWnYdsBxFFWVn4FRYGEOIz2PgbnLYDtBzJ8tE5vvK5x085k8qyvo3axubW9k59t7HX3D84NI+aA5lkgtA+SXgiRj6WlLOY9hVTnI5SQXHkczr0Z7eVP3ygQrIkvld5St0IT2IWMoKVljwTtR0/4YHMI30VToTVlGBedMvSKx4v8rLtmS2rY82B1om9JC1YoueZX06QkCyisSIcSzm2rVS5BRaKEU7LhpNJmmIywxM61jTGEZVuMd+kRGdaCVCYCH1ihebq74kCR7LKql9WUeWqV4n/eeNMhdduweI0UzQmi4/CjCOVoKoWFDBBieK5JpgIprMiMsUCE6XLa+gS7NWV18ngsmNbHfvOgjqcwCmcgw1XcANd6EEfCDzBC7zBu/FsvBofi7pqxrK3Y/gD4/MHlRSZNA==</latexit><latexit sha1_base64="NmgDwgRLKQeaxSRNkaM/G3kJdRQ=">AAAB/nicdVDLSgMxFL3js9aq1a2bYCu4kCEjbadLwU2XFewD2lIyadqGZh4kGbEMs3Xjr7hxoYif4c6/MdNWUNEDIYdzcsm5x4sEVxrjD2ttfWNzazu3k98t7O0fFA8LbRXGkrIWDUUoux5RTPCAtTTXgnUjyYjvCdbxZleZ37llUvEwuNHziA18Mgn4mFOijTQsonLfC8VIzX1zJX2f6CklImmk6TC5O5+n5WGxhO2Ki926g7CNa5VqtWJIFdfcuoscGy9QghWaw+J7fxTS2GeBpoIo1XNwpAcJkZpTwdJ8P1YsInRGJqxnaEB8pgbJYpMUnRplhMahNCfQaKF+n0iIr7Ks5mUWVf32MvEvrxfrcX2Q8CCKNQvo8qNxLJAOUVYLGnHJqBZzQwiV3GRFdEokodqUlzclfG2K/iftC9vBtnONIQfHcAJn4IALl9CAJrSAwj08wjO8WA/Wk/W6rGvNWvV2BD9gvX0CCsuZiA==</latexit><latexit sha1_base64="JOHPNjE8E0MFwQqkeucsDvWlfKU="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit>

hHx,yi 6= 0
<latexit sha1_base64="bM9wcON/Wlp1Lt348bFtGXsXiNU="></latexit><latexit sha1_base64="bM9wcON/Wlp1Lt348bFtGXsXiNU="></latexit><latexit sha1_base64="bM9wcON/Wlp1Lt348bFtGXsXiNU="></latexit><latexit sha1_base64="bM9wcON/Wlp1Lt348bFtGXsXiNU="></latexit>

hHx,yi = 0
<latexit sha1_base64="oWVlSU+Q38RHcSUawnNncLr6k0k="></latexit><latexit sha1_base64="oWVlSU+Q38RHcSUawnNncLr6k0k="></latexit><latexit sha1_base64="oWVlSU+Q38RHcSUawnNncLr6k0k="></latexit><latexit sha1_base64="oWVlSU+Q38RHcSUawnNncLr6k0k="></latexit>V (Hx,y)

<latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit>

V (Hx,y)
<latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit>

Hx,y
<latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="0xWEWUncXwc1jhE8wxG1+6aDZkM=">AAAB/nicbVC7TsMwFL0pr1IKBFYWixaJAVUJC4xILB2LRB9SE0WO47RWnYdsBxFFWVn4FRYGEOIz2PgbnLYDtBzJ8tE5vvK5x085k8qyvo3axubW9k59t7HX3D84NI+aA5lkgtA+SXgiRj6WlLOY9hVTnI5SQXHkczr0Z7eVP3ygQrIkvld5St0IT2IWMoKVljwTtR0/4YHMI30VToTVlGBedMvSKx4v8rLtmS2rY82B1om9JC1YoueZX06QkCyisSIcSzm2rVS5BRaKEU7LhpNJmmIywxM61jTGEZVuMd+kRGdaCVCYCH1ihebq74kCR7LKql9WUeWqV4n/eeNMhdduweI0UzQmi4/CjCOVoKoWFDBBieK5JpgIprMiMsUCE6XLa+gS7NWV18ngsmNbHfvOgjqcwCmcgw1XcANd6EEfCDzBC7zBu/FsvBofi7pqxrK3Y/gD4/MHlRSZNA==</latexit><latexit sha1_base64="NmgDwgRLKQeaxSRNkaM/G3kJdRQ=">AAAB/nicdVDLSgMxFL3js9aq1a2bYCu4kCEjbadLwU2XFewD2lIyadqGZh4kGbEMs3Xjr7hxoYif4c6/MdNWUNEDIYdzcsm5x4sEVxrjD2ttfWNzazu3k98t7O0fFA8LbRXGkrIWDUUoux5RTPCAtTTXgnUjyYjvCdbxZleZ37llUvEwuNHziA18Mgn4mFOijTQsonLfC8VIzX1zJX2f6CklImmk6TC5O5+n5WGxhO2Ki926g7CNa5VqtWJIFdfcuoscGy9QghWaw+J7fxTS2GeBpoIo1XNwpAcJkZpTwdJ8P1YsInRGJqxnaEB8pgbJYpMUnRplhMahNCfQaKF+n0iIr7Ks5mUWVf32MvEvrxfrcX2Q8CCKNQvo8qNxLJAOUVYLGnHJqBZzQwiV3GRFdEokodqUlzclfG2K/iftC9vBtnONIQfHcAJn4IALl9CAJrSAwj08wjO8WA/Wk/W6rGvNWvV2BD9gvX0CCsuZiA==</latexit><latexit sha1_base64="JOHPNjE8E0MFwQqkeucsDvWlfKU="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit>

[Sachdev et al, Phy. Rev. B 99, 054516 (2019)]

â Confining phase wth no vev corresponds to
usual Fermi liquid phase

â Broken (Higgs) phase maps to pseudogap
phase with various charge ordering

â SU(2) broken to either U(1) or Z(2) for
Nh = 4

â Recent numerical studies of the gauge-Higgs
theory with the O(4) symmetric potential
and at strong gauge coupling finds the two
patterns of symmetry breaking [Scammell et al,

Phy. Rev. B 101, 205124 (2020), Bonati et al, Phy. Rev. B 104, 115166

(2021)]



Schematic phase diagram
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s

Higgs
Confinement

Reconstructed (FL*) Fermi
surfaces, with large length scale
confinement in the U(1) cases

<latexit sha1_base64="sNmqlImNSYvkVBIYVqj/rDwRbow="></latexit><latexit sha1_base64="sNmqlImNSYvkVBIYVqj/rDwRbow="></latexit><latexit sha1_base64="sNmqlImNSYvkVBIYVqj/rDwRbow="></latexit><latexit sha1_base64="sNmqlImNSYvkVBIYVqj/rDwRbow="></latexit>

Fermi liquid with
large Fermi surface

<latexit sha1_base64="pSQwYJMUMHwkhtghne6SvDP7o1w="></latexit><latexit sha1_base64="pSQwYJMUMHwkhtghne6SvDP7o1w="></latexit><latexit sha1_base64="pSQwYJMUMHwkhtghne6SvDP7o1w="></latexit><latexit sha1_base64="pSQwYJMUMHwkhtghne6SvDP7o1w="></latexit>

One or more of Ising-nematic,
CDW, scalar spin chirality, and

Z2 topological orders
<latexit sha1_base64="O53gXr1FJqVOTg5im17xot5fsuA="></latexit><latexit sha1_base64="O53gXr1FJqVOTg5im17xot5fsuA="></latexit><latexit sha1_base64="O53gXr1FJqVOTg5im17xot5fsuA="></latexit><latexit sha1_base64="O53gXr1FJqVOTg5im17xot5fsuA="></latexit>

Deconfined
critical
SU(2)
gauge
theory

<latexit sha1_base64="JxvLIrvEd9obD1oY/Iumxv0r2aY="></latexit><latexit sha1_base64="JxvLIrvEd9obD1oY/Iumxv0r2aY="></latexit><latexit sha1_base64="JxvLIrvEd9obD1oY/Iumxv0r2aY="></latexit><latexit sha1_base64="JxvLIrvEd9obD1oY/Iumxv0r2aY="></latexit>

Nh = 4
<latexit sha1_base64="8cJ07kqocMoHeyc4sVVhq6OV1Mg=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ49MMrkIQS+eJIJZIBlCT6cnadKz0N0jhCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiqF6SCK43xh7Wyura+sVnYKm7v7O7tlw4OWyrJJGVNmohEdgKimOAxa2quBeukkpEoEKwdjK9mfvueScWT+E5PUuZHZBjzkFOijdS+6Y/QBXL7pTK2XQ97NQdhG1fdSsU1pIKrXs1Djo3nKMMSjX7pvTdIaBaxWFNBlOo6ONV+TqTmVLBpsZcplhI6JkPWNTQmEVN+Pj93ik6NMkBhIk3FGs3V7xM5iZSaRIHpjIgeqd/eTPzL62Y6rPk5j9NMs5guFoWZQDpBs9/RgEtGtZgYQqjk5lZER0QSqk1CRRPC16fof9I6tx1sO7duuX65jKMAx3ACZ+CAB3W4hgY0gcIYHuAJnq3UerRerNdF64q1nDmCH7DePgE9sI7a</latexit><latexit sha1_base64="8cJ07kqocMoHeyc4sVVhq6OV1Mg=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ49MMrkIQS+eJIJZIBlCT6cnadKz0N0jhCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiqF6SCK43xh7Wyura+sVnYKm7v7O7tlw4OWyrJJGVNmohEdgKimOAxa2quBeukkpEoEKwdjK9mfvueScWT+E5PUuZHZBjzkFOijdS+6Y/QBXL7pTK2XQ97NQdhG1fdSsU1pIKrXs1Djo3nKMMSjX7pvTdIaBaxWFNBlOo6ONV+TqTmVLBpsZcplhI6JkPWNTQmEVN+Pj93ik6NMkBhIk3FGs3V7xM5iZSaRIHpjIgeqd/eTPzL62Y6rPk5j9NMs5guFoWZQDpBs9/RgEtGtZgYQqjk5lZER0QSqk1CRRPC16fof9I6tx1sO7duuX65jKMAx3ACZ+CAB3W4hgY0gcIYHuAJnq3UerRerNdF64q1nDmCH7DePgE9sI7a</latexit><latexit sha1_base64="8cJ07kqocMoHeyc4sVVhq6OV1Mg=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ49MMrkIQS+eJIJZIBlCT6cnadKz0N0jhCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiqF6SCK43xh7Wyura+sVnYKm7v7O7tlw4OWyrJJGVNmohEdgKimOAxa2quBeukkpEoEKwdjK9mfvueScWT+E5PUuZHZBjzkFOijdS+6Y/QBXL7pTK2XQ97NQdhG1fdSsU1pIKrXs1Djo3nKMMSjX7pvTdIaBaxWFNBlOo6ONV+TqTmVLBpsZcplhI6JkPWNTQmEVN+Pj93ik6NMkBhIk3FGs3V7xM5iZSaRIHpjIgeqd/eTPzL62Y6rPk5j9NMs5guFoWZQDpBs9/RgEtGtZgYQqjk5lZER0QSqk1CRRPC16fof9I6tx1sO7duuX65jKMAx3ACZ+CAB3W4hgY0gcIYHuAJnq3UerRerNdF64q1nDmCH7DePgE9sI7a</latexit><latexit sha1_base64="8cJ07kqocMoHeyc4sVVhq6OV1Mg=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ49MMrkIQS+eJIJZIBlCT6cnadKz0N0jhCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiqF6SCK43xh7Wyura+sVnYKm7v7O7tlw4OWyrJJGVNmohEdgKimOAxa2quBeukkpEoEKwdjK9mfvueScWT+E5PUuZHZBjzkFOijdS+6Y/QBXL7pTK2XQ97NQdhG1fdSsU1pIKrXs1Djo3nKMMSjX7pvTdIaBaxWFNBlOo6ONV+TqTmVLBpsZcplhI6JkPWNTQmEVN+Pj93ik6NMkBhIk3FGs3V7xM5iZSaRIHpjIgeqd/eTPzL62Y6rPk5j9NMs5guFoWZQDpBs9/RgEtGtZgYQqjk5lZER0QSqk1CRRPC16fof9I6tx1sO7duuX65jKMAx3ACZ+CAB3W4hgY0gcIYHuAJnq3UerRerNdF64q1nDmCH7DePgE9sI7a</latexit>

Hx,y
<latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="0xWEWUncXwc1jhE8wxG1+6aDZkM=">AAAB/nicbVC7TsMwFL0pr1IKBFYWixaJAVUJC4xILB2LRB9SE0WO47RWnYdsBxFFWVn4FRYGEOIz2PgbnLYDtBzJ8tE5vvK5x085k8qyvo3axubW9k59t7HX3D84NI+aA5lkgtA+SXgiRj6WlLOY9hVTnI5SQXHkczr0Z7eVP3ygQrIkvld5St0IT2IWMoKVljwTtR0/4YHMI30VToTVlGBedMvSKx4v8rLtmS2rY82B1om9JC1YoueZX06QkCyisSIcSzm2rVS5BRaKEU7LhpNJmmIywxM61jTGEZVuMd+kRGdaCVCYCH1ihebq74kCR7LKql9WUeWqV4n/eeNMhdduweI0UzQmi4/CjCOVoKoWFDBBieK5JpgIprMiMsUCE6XLa+gS7NWV18ngsmNbHfvOgjqcwCmcgw1XcANd6EEfCDzBC7zBu/FsvBofi7pqxrK3Y/gD4/MHlRSZNA==</latexit><latexit sha1_base64="NmgDwgRLKQeaxSRNkaM/G3kJdRQ=">AAAB/nicdVDLSgMxFL3js9aq1a2bYCu4kCEjbadLwU2XFewD2lIyadqGZh4kGbEMs3Xjr7hxoYif4c6/MdNWUNEDIYdzcsm5x4sEVxrjD2ttfWNzazu3k98t7O0fFA8LbRXGkrIWDUUoux5RTPCAtTTXgnUjyYjvCdbxZleZ37llUvEwuNHziA18Mgn4mFOijTQsonLfC8VIzX1zJX2f6CklImmk6TC5O5+n5WGxhO2Ki926g7CNa5VqtWJIFdfcuoscGy9QghWaw+J7fxTS2GeBpoIo1XNwpAcJkZpTwdJ8P1YsInRGJqxnaEB8pgbJYpMUnRplhMahNCfQaKF+n0iIr7Ks5mUWVf32MvEvrxfrcX2Q8CCKNQvo8qNxLJAOUVYLGnHJqBZzQwiV3GRFdEokodqUlzclfG2K/iftC9vBtnONIQfHcAJn4IALl9CAJrSAwj08wjO8WA/Wk/W6rGvNWvV2BD9gvX0CCsuZiA==</latexit><latexit sha1_base64="JOHPNjE8E0MFwQqkeucsDvWlfKU="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit>

hHx,yi 6= 0
<latexit sha1_base64="bM9wcON/Wlp1Lt348bFtGXsXiNU="></latexit><latexit sha1_base64="bM9wcON/Wlp1Lt348bFtGXsXiNU="></latexit><latexit sha1_base64="bM9wcON/Wlp1Lt348bFtGXsXiNU="></latexit><latexit sha1_base64="bM9wcON/Wlp1Lt348bFtGXsXiNU="></latexit>

hHx,yi = 0
<latexit sha1_base64="oWVlSU+Q38RHcSUawnNncLr6k0k="></latexit><latexit sha1_base64="oWVlSU+Q38RHcSUawnNncLr6k0k="></latexit><latexit sha1_base64="oWVlSU+Q38RHcSUawnNncLr6k0k="></latexit><latexit sha1_base64="oWVlSU+Q38RHcSUawnNncLr6k0k="></latexit>V (Hx,y)

<latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit>

V (Hx,y)
<latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit>

Hx,y
<latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="0xWEWUncXwc1jhE8wxG1+6aDZkM=">AAAB/nicbVC7TsMwFL0pr1IKBFYWixaJAVUJC4xILB2LRB9SE0WO47RWnYdsBxFFWVn4FRYGEOIz2PgbnLYDtBzJ8tE5vvK5x085k8qyvo3axubW9k59t7HX3D84NI+aA5lkgtA+SXgiRj6WlLOY9hVTnI5SQXHkczr0Z7eVP3ygQrIkvld5St0IT2IWMoKVljwTtR0/4YHMI30VToTVlGBedMvSKx4v8rLtmS2rY82B1om9JC1YoueZX06QkCyisSIcSzm2rVS5BRaKEU7LhpNJmmIywxM61jTGEZVuMd+kRGdaCVCYCH1ihebq74kCR7LKql9WUeWqV4n/eeNMhdduweI0UzQmi4/CjCOVoKoWFDBBieK5JpgIprMiMsUCE6XLa+gS7NWV18ngsmNbHfvOgjqcwCmcgw1XcANd6EEfCDzBC7zBu/FsvBofi7pqxrK3Y/gD4/MHlRSZNA==</latexit><latexit sha1_base64="NmgDwgRLKQeaxSRNkaM/G3kJdRQ=">AAAB/nicdVDLSgMxFL3js9aq1a2bYCu4kCEjbadLwU2XFewD2lIyadqGZh4kGbEMs3Xjr7hxoYif4c6/MdNWUNEDIYdzcsm5x4sEVxrjD2ttfWNzazu3k98t7O0fFA8LbRXGkrIWDUUoux5RTPCAtTTXgnUjyYjvCdbxZleZ37llUvEwuNHziA18Mgn4mFOijTQsonLfC8VIzX1zJX2f6CklImmk6TC5O5+n5WGxhO2Ki926g7CNa5VqtWJIFdfcuoscGy9QghWaw+J7fxTS2GeBpoIo1XNwpAcJkZpTwdJ8P1YsInRGJqxnaEB8pgbJYpMUnRplhMahNCfQaKF+n0iIr7Ks5mUWVf32MvEvrxfrcX2Q8CCKNQvo8qNxLJAOUVYLGnHJqBZzQwiV3GRFdEokodqUlzclfG2K/iftC9vBtnONIQfHcAJn4IALl9CAJrSAwj08wjO8WA/Wk/W6rGvNWvV2BD9gvX0CCsuZiA==</latexit><latexit sha1_base64="JOHPNjE8E0MFwQqkeucsDvWlfKU="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit>

[Sachdev et al, Phy. Rev. B 99, 054516 (2019)]

â Confining phase wth no vev corresponds to
usual Fermi liquid phase

â Broken (Higgs) phase maps to pseudogap
phase with various charge ordering

â SU(2) broken to either U(1) or Z(2) for
Nh = 4

â Recent numerical studies of the gauge-Higgs
theory with the O(4) symmetric potential
and at strong gauge coupling finds the two
patterns of symmetry breaking [Scammell et al,

Phy. Rev. B 101, 205124 (2020), Bonati et al, Phy. Rev. B 104, 115166

(2021)]



Schematic phase diagram
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s

Higgs
Confinement

Reconstructed (FL*) Fermi
surfaces, with large length scale
confinement in the U(1) cases

<latexit sha1_base64="sNmqlImNSYvkVBIYVqj/rDwRbow="></latexit><latexit sha1_base64="sNmqlImNSYvkVBIYVqj/rDwRbow="></latexit><latexit sha1_base64="sNmqlImNSYvkVBIYVqj/rDwRbow="></latexit><latexit sha1_base64="sNmqlImNSYvkVBIYVqj/rDwRbow="></latexit>

Fermi liquid with
large Fermi surface

<latexit sha1_base64="pSQwYJMUMHwkhtghne6SvDP7o1w="></latexit><latexit sha1_base64="pSQwYJMUMHwkhtghne6SvDP7o1w="></latexit><latexit sha1_base64="pSQwYJMUMHwkhtghne6SvDP7o1w="></latexit><latexit sha1_base64="pSQwYJMUMHwkhtghne6SvDP7o1w="></latexit>

One or more of Ising-nematic,
CDW, scalar spin chirality, and

Z2 topological orders
<latexit sha1_base64="O53gXr1FJqVOTg5im17xot5fsuA="></latexit><latexit sha1_base64="O53gXr1FJqVOTg5im17xot5fsuA="></latexit><latexit sha1_base64="O53gXr1FJqVOTg5im17xot5fsuA="></latexit><latexit sha1_base64="O53gXr1FJqVOTg5im17xot5fsuA="></latexit>

Deconfined
critical
SU(2)
gauge
theory

<latexit sha1_base64="JxvLIrvEd9obD1oY/Iumxv0r2aY="></latexit><latexit sha1_base64="JxvLIrvEd9obD1oY/Iumxv0r2aY="></latexit><latexit sha1_base64="JxvLIrvEd9obD1oY/Iumxv0r2aY="></latexit><latexit sha1_base64="JxvLIrvEd9obD1oY/Iumxv0r2aY="></latexit>

Nh = 4
<latexit sha1_base64="8cJ07kqocMoHeyc4sVVhq6OV1Mg=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ49MMrkIQS+eJIJZIBlCT6cnadKz0N0jhCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiqF6SCK43xh7Wyura+sVnYKm7v7O7tlw4OWyrJJGVNmohEdgKimOAxa2quBeukkpEoEKwdjK9mfvueScWT+E5PUuZHZBjzkFOijdS+6Y/QBXL7pTK2XQ97NQdhG1fdSsU1pIKrXs1Djo3nKMMSjX7pvTdIaBaxWFNBlOo6ONV+TqTmVLBpsZcplhI6JkPWNTQmEVN+Pj93ik6NMkBhIk3FGs3V7xM5iZSaRIHpjIgeqd/eTPzL62Y6rPk5j9NMs5guFoWZQDpBs9/RgEtGtZgYQqjk5lZER0QSqk1CRRPC16fof9I6tx1sO7duuX65jKMAx3ACZ+CAB3W4hgY0gcIYHuAJnq3UerRerNdF64q1nDmCH7DePgE9sI7a</latexit><latexit sha1_base64="8cJ07kqocMoHeyc4sVVhq6OV1Mg=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ49MMrkIQS+eJIJZIBlCT6cnadKz0N0jhCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiqF6SCK43xh7Wyura+sVnYKm7v7O7tlw4OWyrJJGVNmohEdgKimOAxa2quBeukkpEoEKwdjK9mfvueScWT+E5PUuZHZBjzkFOijdS+6Y/QBXL7pTK2XQ97NQdhG1fdSsU1pIKrXs1Djo3nKMMSjX7pvTdIaBaxWFNBlOo6ONV+TqTmVLBpsZcplhI6JkPWNTQmEVN+Pj93ik6NMkBhIk3FGs3V7xM5iZSaRIHpjIgeqd/eTPzL62Y6rPk5j9NMs5guFoWZQDpBs9/RgEtGtZgYQqjk5lZER0QSqk1CRRPC16fof9I6tx1sO7duuX65jKMAx3ACZ+CAB3W4hgY0gcIYHuAJnq3UerRerNdF64q1nDmCH7DePgE9sI7a</latexit><latexit sha1_base64="8cJ07kqocMoHeyc4sVVhq6OV1Mg=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ49MMrkIQS+eJIJZIBlCT6cnadKz0N0jhCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiqF6SCK43xh7Wyura+sVnYKm7v7O7tlw4OWyrJJGVNmohEdgKimOAxa2quBeukkpEoEKwdjK9mfvueScWT+E5PUuZHZBjzkFOijdS+6Y/QBXL7pTK2XQ97NQdhG1fdSsU1pIKrXs1Djo3nKMMSjX7pvTdIaBaxWFNBlOo6ONV+TqTmVLBpsZcplhI6JkPWNTQmEVN+Pj93ik6NMkBhIk3FGs3V7xM5iZSaRIHpjIgeqd/eTPzL62Y6rPk5j9NMs5guFoWZQDpBs9/RgEtGtZgYQqjk5lZER0QSqk1CRRPC16fof9I6tx1sO7duuX65jKMAx3ACZ+CAB3W4hgY0gcIYHuAJnq3UerRerNdF64q1nDmCH7DePgE9sI7a</latexit><latexit sha1_base64="8cJ07kqocMoHeyc4sVVhq6OV1Mg=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ49MMrkIQS+eJIJZIBlCT6cnadKz0N0jhCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiqF6SCK43xh7Wyura+sVnYKm7v7O7tlw4OWyrJJGVNmohEdgKimOAxa2quBeukkpEoEKwdjK9mfvueScWT+E5PUuZHZBjzkFOijdS+6Y/QBXL7pTK2XQ97NQdhG1fdSsU1pIKrXs1Djo3nKMMSjX7pvTdIaBaxWFNBlOo6ONV+TqTmVLBpsZcplhI6JkPWNTQmEVN+Pj93ik6NMkBhIk3FGs3V7xM5iZSaRIHpjIgeqd/eTPzL62Y6rPk5j9NMs5guFoWZQDpBs9/RgEtGtZgYQqjk5lZER0QSqk1CRRPC16fof9I6tx1sO7duuX65jKMAx3ACZ+CAB3W4hgY0gcIYHuAJnq3UerRerNdF64q1nDmCH7DePgE9sI7a</latexit>

Hx,y
<latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="0xWEWUncXwc1jhE8wxG1+6aDZkM=">AAAB/nicbVC7TsMwFL0pr1IKBFYWixaJAVUJC4xILB2LRB9SE0WO47RWnYdsBxFFWVn4FRYGEOIz2PgbnLYDtBzJ8tE5vvK5x085k8qyvo3axubW9k59t7HX3D84NI+aA5lkgtA+SXgiRj6WlLOY9hVTnI5SQXHkczr0Z7eVP3ygQrIkvld5St0IT2IWMoKVljwTtR0/4YHMI30VToTVlGBedMvSKx4v8rLtmS2rY82B1om9JC1YoueZX06QkCyisSIcSzm2rVS5BRaKEU7LhpNJmmIywxM61jTGEZVuMd+kRGdaCVCYCH1ihebq74kCR7LKql9WUeWqV4n/eeNMhdduweI0UzQmi4/CjCOVoKoWFDBBieK5JpgIprMiMsUCE6XLa+gS7NWV18ngsmNbHfvOgjqcwCmcgw1XcANd6EEfCDzBC7zBu/FsvBofi7pqxrK3Y/gD4/MHlRSZNA==</latexit><latexit sha1_base64="NmgDwgRLKQeaxSRNkaM/G3kJdRQ=">AAAB/nicdVDLSgMxFL3js9aq1a2bYCu4kCEjbadLwU2XFewD2lIyadqGZh4kGbEMs3Xjr7hxoYif4c6/MdNWUNEDIYdzcsm5x4sEVxrjD2ttfWNzazu3k98t7O0fFA8LbRXGkrIWDUUoux5RTPCAtTTXgnUjyYjvCdbxZleZ37llUvEwuNHziA18Mgn4mFOijTQsonLfC8VIzX1zJX2f6CklImmk6TC5O5+n5WGxhO2Ki926g7CNa5VqtWJIFdfcuoscGy9QghWaw+J7fxTS2GeBpoIo1XNwpAcJkZpTwdJ8P1YsInRGJqxnaEB8pgbJYpMUnRplhMahNCfQaKF+n0iIr7Ks5mUWVf32MvEvrxfrcX2Q8CCKNQvo8qNxLJAOUVYLGnHJqBZzQwiV3GRFdEokodqUlzclfG2K/iftC9vBtnONIQfHcAJn4IALl9CAJrSAwj08wjO8WA/Wk/W6rGvNWvV2BD9gvX0CCsuZiA==</latexit><latexit sha1_base64="JOHPNjE8E0MFwQqkeucsDvWlfKU="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit><latexit sha1_base64="/ufMky5DuN7/uFosO4Fnu2RT8+s="></latexit>

hHx,yi 6= 0
<latexit sha1_base64="bM9wcON/Wlp1Lt348bFtGXsXiNU="></latexit><latexit sha1_base64="bM9wcON/Wlp1Lt348bFtGXsXiNU="></latexit><latexit sha1_base64="bM9wcON/Wlp1Lt348bFtGXsXiNU="></latexit><latexit sha1_base64="bM9wcON/Wlp1Lt348bFtGXsXiNU="></latexit>

hHx,yi = 0
<latexit sha1_base64="oWVlSU+Q38RHcSUawnNncLr6k0k="></latexit><latexit sha1_base64="oWVlSU+Q38RHcSUawnNncLr6k0k="></latexit><latexit sha1_base64="oWVlSU+Q38RHcSUawnNncLr6k0k="></latexit><latexit sha1_base64="oWVlSU+Q38RHcSUawnNncLr6k0k="></latexit>V (Hx,y)

<latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit>

V (Hx,y)
<latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit><latexit sha1_base64="yvDUPqd7MZu/yLpd7VIz0F4tEPw="></latexit>
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[Sachdev et al, Phy. Rev. B 99, 054516 (2019)]

â Confining phase wth no vev corresponds to
usual Fermi liquid phase

â Broken (Higgs) phase maps to pseudogap
phase with various charge ordering

â SU(2) broken to either U(1) or Z(2) for
Nh = 4

â Recent numerical studies of the gauge-Higgs
theory with the O(4) symmetric potential
and at strong gauge coupling finds the two
patterns of symmetry breaking [Scammell et al,

Phy. Rev. B 101, 205124 (2020), Bonati et al, Phy. Rev. B 104, 115166

(2021)]



Lattice implementation
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Hx = Φ1 + iΦ2, Hy = Φ3 + iΦ4

β = 4/ag2, λ = u0aκ
2, s = 1

a2

[
1
κ − 3− 2λ

κ

]
,

ûi = uiaκ
2 (i = 1, 2, 3)

3d Euclidean Lattice Action

S = β
∑

x

∑3
µ<ν

(
1− 1

2 TrUµν(x)
)

−2κ
∑

x,µ

∑4
n=1 Tr

(
Φn(x)Uµ(x)Φn(x+ µ̂)U †µ(x)

)
+V ({Φn(x)};λ, û1, û2, û3)

â numerical study of the
gauge-Higgs theory with
the full potential

â using Hybrid Monte Carlo
Algorithm

â preliminary study of
observables on 123, 163,
and 243 lattices

Higgs Observables
φ : Ising nematic order χ : time-reversal symmetry breaking
Φx : CDW at wave vector Kx Φy : CDW at Ky

Φ+ : CDW at Kx +Ky Φ− : CDW at Kx −Ky
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Predictions : Mean Field phase diagram of the Higgs region
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[Sachdev et al, Phy. Rev. B 99, 054516 (2019)]

â (A) : unidirectional CDW

â (B) : bidirectional CDW

â (C) : Z2 topological order
+ Ising nematic order

â (D) : Z2 topological order
+ unidirectional CDW

â (E) : Z2 topological order
+ bidirectional CDW

â (F) & (G): novel phases
with unidirectional CDW +
time-reversal breaking
modulated spin chirality



Preliminary results u3 > 0
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Gauge coupling β = 8.0
For stable broken phase, κ = 3.0 and λ = 1.0
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Preliminary results u3 < 0
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Preliminary results u3 < 0
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Deconfinement of SU(2) fundamental charge particles

Mugdha Sarkar (NTU) SU(2) gauge Higgs 12

−0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 0.5 1 1.5 2 2.5 3

163 lattice, β = 8.0
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Polyakov loop is a true order parameter for
confinement in adjoint Higgs models



Conclusions and Outlook

� First-principle study of gauge theory with full Nh = 4 Higgs potential revealing
different broken phases

� Preliminary numerical results qualitatively confirm the mean-field expectations

� Ongoing investigation of the topological phase transition at intermediate gauge
coupling and the confinement phenomenon in different phases

Thank you for your attention!
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