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The remarkable underlying ground states of cuprate superconductors 
Cyril Proust and Louis Taillefer, arXiv:1807.0507

Figure 6

Across the quantum critical point. a) Normal-state electronic specific heat in the T = 0 limit
as a function of doping, plotted as Cel/T vs p (red symbols) in Eu-LSCO (squares), Nd-LSCO
(circles) and LSCO (diamonds). From ref. (75). We also show Cel/T in YBCO (blue dots (18))
and in Tl2201 (green dot (76)). The vertical grey lines mark the limits of the CDW phase in
Nd-LSCO, between p = 0.08 and p ' 0.19. b) Normal-state Hall number nH (= V/e RH) in the
T = 0 limit as a function of doping, in YBCO (blue circles (21), p?= 0.19) and Nd-LSCO (red
squares (4), p?= 0.23). We also show nH in LSCO (grey squares (67)) and YBCO (grey circles
(68)) at low doping, and nH in Tl2201 (white diamond (29)) at high doping.

5. PSEUDOGAP PHASE
DOS: Density of
states (NF)

�E: Condensation
energy

Hc1: Lower critical
field

�: Residual linear
term in the specific
heat, C(T ) at T = 0,
purely electronic

The two traditional signatures of the pseudogap phase are: 1) a loss of density of

states (DOS) below p
?; 2) the opening of a partial spectral gap below T

?, seen by ARPES

(Figs. 1c, 1d) and optical conductivity, for example. Here we summarize recent high-field

measurements of the specific heat in the LSCO family (75) showing that there is a large

mass enhancement at p
?. The new data show that the pseudogap does not simply cause

a loss of DOS below p
?; instead, there is huge peak in the DOS at p

? (Fig. 6a) – much

larger than expected from a van Hove singularity (75, 80). We then show how high-field

measurements of the Hall coe�cient reveal a new signature of the pseudogap phase – a

rapid drop in the carrier density, at p?(Fig. 6c). These new properties alter profoundly our

view of the pseudogap phase, and of the strange metal just above it (sec. 6).

5.1. Density of states

5.1.1. Condensation energy. One way to access the DOS, NF, is via the superconduct-

ing condensation energy �E, since �E = NF�
2

0/4, where �0 is the d-wave gap maxi-

mum. Experimentally, and in the framework of BCS theory, �E can be measured using

the upper and lower critical fields, Hc2 and Hc1, to get the thermodynamic field Hc via

H
2

c = Hc1Hc2/(ln() + 0.5), given that �E = H
2

c /2µ0. In Fig. 2b, we plot �E/Tc
2 vs p

thus obtained for YBCO (17). We see that �E/Tc
2 / NF drops by a factor 8-9 between

p = 0.18 and p = 0.1, in agreement with the drop reported earlier from an analysis of spe-

cific heat data measured in low fields up to T > Tc in YBCO (71) and Bi2212 (72). Note
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1. SU(2) gauge theory with adjoint scalars
    Confining and Higgs phases in 2+1 dimensions

2. SU(2) gauge theory of fluctuating  
             antiferromagnetism

3. Role of fermions
    Pseudogap as a FL* phase
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SU(2) gauge theory

SU(2) gauge theory with Nh adjoint Higgs fields
H

a
` (a = 1, 2, 3, ` = 1 . . . Nh), with potential

V (Ha
` ) and SU(2) gauge field A
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Phase diagrams of SU(2) gauge theory
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• Condensation of H
a

breaks SU(2) to U(1)

• U(1) confines because

of proliferation of

’tHooft-Polyakov monopoles

• Monopole action⇠
p
�s,

leading to an

exponentially large

confinement scale
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• There is a global O(Nh) symmetry, and we can define a gauge-invariant order parameter

Q`m = H
a
` H

a
m � �`m

Nh
H

a
nH

a
n

• For u1 < 0, the Higgs condensate is of the form

H
a
1 = (H0, 0, 0) , H

a
2 = (0, 0, 0)

This breaks gauge SU(2) to U(1), and the U(1) confines, as for Nh = 1. But the global
O(2) is broken because

hQ`mi 6= 0

• For u1 > 0, the Higgs condensate is of the form

H
a
1 = (H0, 0, 0) , H

a
2 = (0, H0, 0)

This breaks gauge SU(2) to Z2, leading to Z2 topological order (as in the ‘toric code’).
But now the global O(2) is unbroken because

hQ`mi = 0
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<latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit>

H
a
`

<latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit>

Confinement

Nh = 2
<latexit sha1_base64="kDvsngxhS1HNkR5UfWOv+iN2Mcs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GnpCkslFCHrxJBHMAskQejo9SZOehe4eIQz5CC8eFPHq93jzb+wsgoo+KHi8V0VVPT8RXGmMP6zc2vrG5lZ+u7Czu7d/UDw8aqs4lZS1aCxi2fWJYoJHrKW5FqybSEZCX7COP7ma+517JhWPozs9TZgXklHEA06JNlLnZjBGF6g8KJawXXGxW3cQtnGtUq1WDKnimlt3kWPjBUqwQnNQfO8PY5qGLNJUEKV6Dk60lxGpORVsVuiniiWETsiI9QyNSMiUly3OnaEzowxREEtTkUYL9ftERkKlpqFvOkOix+q3Nxf/8nqpDupexqMk1Syiy0VBKpCO0fx3NOSSUS2mhhAqubkV0TGRhGqTUMGE8PUp+p+0y7aDbee2UmpcruLIwwmcwjk44EIDrqEJLaAwgQd4gmcrsR6tF+t12ZqzVjPH8APW2yc6qI7Y</latexit><latexit sha1_base64="kDvsngxhS1HNkR5UfWOv+iN2Mcs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GnpCkslFCHrxJBHMAskQejo9SZOehe4eIQz5CC8eFPHq93jzb+wsgoo+KHi8V0VVPT8RXGmMP6zc2vrG5lZ+u7Czu7d/UDw8aqs4lZS1aCxi2fWJYoJHrKW5FqybSEZCX7COP7ma+517JhWPozs9TZgXklHEA06JNlLnZjBGF6g8KJawXXGxW3cQtnGtUq1WDKnimlt3kWPjBUqwQnNQfO8PY5qGLNJUEKV6Dk60lxGpORVsVuiniiWETsiI9QyNSMiUly3OnaEzowxREEtTkUYL9ftERkKlpqFvOkOix+q3Nxf/8nqpDupexqMk1Syiy0VBKpCO0fx3NOSSUS2mhhAqubkV0TGRhGqTUMGE8PUp+p+0y7aDbee2UmpcruLIwwmcwjk44EIDrqEJLaAwgQd4gmcrsR6tF+t12ZqzVjPH8APW2yc6qI7Y</latexit><latexit sha1_base64="kDvsngxhS1HNkR5UfWOv+iN2Mcs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GnpCkslFCHrxJBHMAskQejo9SZOehe4eIQz5CC8eFPHq93jzb+wsgoo+KHi8V0VVPT8RXGmMP6zc2vrG5lZ+u7Czu7d/UDw8aqs4lZS1aCxi2fWJYoJHrKW5FqybSEZCX7COP7ma+517JhWPozs9TZgXklHEA06JNlLnZjBGF6g8KJawXXGxW3cQtnGtUq1WDKnimlt3kWPjBUqwQnNQfO8PY5qGLNJUEKV6Dk60lxGpORVsVuiniiWETsiI9QyNSMiUly3OnaEzowxREEtTkUYL9ftERkKlpqFvOkOix+q3Nxf/8nqpDupexqMk1Syiy0VBKpCO0fx3NOSSUS2mhhAqubkV0TGRhGqTUMGE8PUp+p+0y7aDbee2UmpcruLIwwmcwjk44EIDrqEJLaAwgQd4gmcrsR6tF+t12ZqzVjPH8APW2yc6qI7Y</latexit><latexit sha1_base64="kDvsngxhS1HNkR5UfWOv+iN2Mcs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GnpCkslFCHrxJBHMAskQejo9SZOehe4eIQz5CC8eFPHq93jzb+wsgoo+KHi8V0VVPT8RXGmMP6zc2vrG5lZ+u7Czu7d/UDw8aqs4lZS1aCxi2fWJYoJHrKW5FqybSEZCX7COP7ma+517JhWPozs9TZgXklHEA06JNlLnZjBGF6g8KJawXXGxW3cQtnGtUq1WDKnimlt3kWPjBUqwQnNQfO8PY5qGLNJUEKV6Dk60lxGpORVsVuiniiWETsiI9QyNSMiUly3OnaEzowxREEtTkUYL9ftERkKlpqFvOkOix+q3Nxf/8nqpDupexqMk1Syiy0VBKpCO0fx3NOSSUS2mhhAqubkV0TGRhGqTUMGE8PUp+p+0y7aDbee2UmpcruLIwwmcwjk44EIDrqEJLaAwgQd4gmcrsR6tF+t12ZqzVjPH8APW2yc6qI7Y</latexit>

Phase diagrams of SU(2) gauge theory

Higgs

s

u1 < 0

• Condensation of H
a

breaks SU(2) to U(1),

which confines

• Broken O(2) symmetry,

hQ`mi 6= 0.
<latexit sha1_base64="I1BUbLbESpmZ3sU6ck4QiKR7tkA="></latexit><latexit sha1_base64="I1BUbLbESpmZ3sU6ck4QiKR7tkA="></latexit><latexit sha1_base64="I1BUbLbESpmZ3sU6ck4QiKR7tkA="></latexit><latexit sha1_base64="I1BUbLbESpmZ3sU6ck4QiKR7tkA="></latexit>

Possible
Deconfined
critical

SU(2) gauge
theory

<latexit sha1_base64="39cWGTj3DZqaMQNTo81eorEwojM="></latexit><latexit sha1_base64="39cWGTj3DZqaMQNTo81eorEwojM="></latexit><latexit sha1_base64="39cWGTj3DZqaMQNTo81eorEwojM="></latexit><latexit sha1_base64="39cWGTj3DZqaMQNTo81eorEwojM="></latexit>



hHa
` i 6= 0

<latexit sha1_base64="caqoJbDCu2upY7MSYKoucURLFaI="></latexit><latexit sha1_base64="caqoJbDCu2upY7MSYKoucURLFaI="></latexit><latexit sha1_base64="caqoJbDCu2upY7MSYKoucURLFaI="></latexit><latexit sha1_base64="caqoJbDCu2upY7MSYKoucURLFaI="></latexit>

hHa
` i = 0

<latexit sha1_base64="zeEOJ1Q1LpU+nUDmf3hte4r4xjg="></latexit><latexit sha1_base64="zeEOJ1Q1LpU+nUDmf3hte4r4xjg="></latexit><latexit sha1_base64="zeEOJ1Q1LpU+nUDmf3hte4r4xjg="></latexit><latexit sha1_base64="zeEOJ1Q1LpU+nUDmf3hte4r4xjg="></latexit>V (Ha
` )

<latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit>

H
a
`

<latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit>

V (Ha
` )
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Phase diagrams of SU(2) gauge theory

Higgs

s

u1 < 0

• Condensation of H
a

breaks SU(2) to U(1),

which confines

• Broken O(2) symmetry,

hQ`mi 6= 0.
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Possible
Deconfined
critical

SU(2) gauge
theory
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Multi-universality
of a Landau-allowed

transition ?
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• There is a global O(Nh) symmetry, and we can define a gauge-invariant order parameter

Q`m = H
a
` H

a
m � �`m

Nh
H

a
nH

a
n

• For u1 < 0, the Higgs condensate is of the form

H
a
1 = (H0, 0, 0) , H

a
2 = (0, 0, 0)

This breaks gauge SU(2) to U(1), and the U(1) confines, as for Nh = 1. But the global
O(2) is broken because

hQ`mi 6= 0

• For u1 > 0, the Higgs condensate is of the form

H
a
1 = (H0, 0, 0) , H

a
2 = (0, H0, 0)

This breaks gauge SU(2) to Z2, leading to Z2 topological order (as in the ‘toric code’).
But now the global O(2) is unbroken because

hQ`mi = 0
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H
a
`

<latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit>

V (Ha
` )

<latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit>

H
a
`

<latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit>

Confinement

Nh = 2
<latexit sha1_base64="kDvsngxhS1HNkR5UfWOv+iN2Mcs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GnpCkslFCHrxJBHMAskQejo9SZOehe4eIQz5CC8eFPHq93jzb+wsgoo+KHi8V0VVPT8RXGmMP6zc2vrG5lZ+u7Czu7d/UDw8aqs4lZS1aCxi2fWJYoJHrKW5FqybSEZCX7COP7ma+517JhWPozs9TZgXklHEA06JNlLnZjBGF6g8KJawXXGxW3cQtnGtUq1WDKnimlt3kWPjBUqwQnNQfO8PY5qGLNJUEKV6Dk60lxGpORVsVuiniiWETsiI9QyNSMiUly3OnaEzowxREEtTkUYL9ftERkKlpqFvOkOix+q3Nxf/8nqpDupexqMk1Syiy0VBKpCO0fx3NOSSUS2mhhAqubkV0TGRhGqTUMGE8PUp+p+0y7aDbee2UmpcruLIwwmcwjk44EIDrqEJLaAwgQd4gmcrsR6tF+t12ZqzVjPH8APW2yc6qI7Y</latexit><latexit sha1_base64="kDvsngxhS1HNkR5UfWOv+iN2Mcs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GnpCkslFCHrxJBHMAskQejo9SZOehe4eIQz5CC8eFPHq93jzb+wsgoo+KHi8V0VVPT8RXGmMP6zc2vrG5lZ+u7Czu7d/UDw8aqs4lZS1aCxi2fWJYoJHrKW5FqybSEZCX7COP7ma+517JhWPozs9TZgXklHEA06JNlLnZjBGF6g8KJawXXGxW3cQtnGtUq1WDKnimlt3kWPjBUqwQnNQfO8PY5qGLNJUEKV6Dk60lxGpORVsVuiniiWETsiI9QyNSMiUly3OnaEzowxREEtTkUYL9ftERkKlpqFvOkOix+q3Nxf/8nqpDupexqMk1Syiy0VBKpCO0fx3NOSSUS2mhhAqubkV0TGRhGqTUMGE8PUp+p+0y7aDbee2UmpcruLIwwmcwjk44EIDrqEJLaAwgQd4gmcrsR6tF+t12ZqzVjPH8APW2yc6qI7Y</latexit><latexit sha1_base64="kDvsngxhS1HNkR5UfWOv+iN2Mcs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GnpCkslFCHrxJBHMAskQejo9SZOehe4eIQz5CC8eFPHq93jzb+wsgoo+KHi8V0VVPT8RXGmMP6zc2vrG5lZ+u7Czu7d/UDw8aqs4lZS1aCxi2fWJYoJHrKW5FqybSEZCX7COP7ma+517JhWPozs9TZgXklHEA06JNlLnZjBGF6g8KJawXXGxW3cQtnGtUq1WDKnimlt3kWPjBUqwQnNQfO8PY5qGLNJUEKV6Dk60lxGpORVsVuiniiWETsiI9QyNSMiUly3OnaEzowxREEtTkUYL9ftERkKlpqFvOkOix+q3Nxf/8nqpDupexqMk1Syiy0VBKpCO0fx3NOSSUS2mhhAqubkV0TGRhGqTUMGE8PUp+p+0y7aDbee2UmpcruLIwwmcwjk44EIDrqEJLaAwgQd4gmcrsR6tF+t12ZqzVjPH8APW2yc6qI7Y</latexit><latexit sha1_base64="kDvsngxhS1HNkR5UfWOv+iN2Mcs=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4GnpCkslFCHrxJBHMAskQejo9SZOehe4eIQz5CC8eFPHq93jzb+wsgoo+KHi8V0VVPT8RXGmMP6zc2vrG5lZ+u7Czu7d/UDw8aqs4lZS1aCxi2fWJYoJHrKW5FqybSEZCX7COP7ma+517JhWPozs9TZgXklHEA06JNlLnZjBGF6g8KJawXXGxW3cQtnGtUq1WDKnimlt3kWPjBUqwQnNQfO8PY5qGLNJUEKV6Dk60lxGpORVsVuiniiWETsiI9QyNSMiUly3OnaEzowxREEtTkUYL9ftERkKlpqFvOkOix+q3Nxf/8nqpDupexqMk1Syiy0VBKpCO0fx3NOSSUS2mhhAqubkV0TGRhGqTUMGE8PUp+p+0y7aDbee2UmpcruLIwwmcwjk44EIDrqEJLaAwgQd4gmcrsR6tF+t12ZqzVjPH8APW2yc6qI7Y</latexit>

Phase diagrams of SU(2) gauge theory

Higgs

s

Possible
Deconfined
critical

SU(2) gauge
theory

<latexit sha1_base64="39cWGTj3DZqaMQNTo81eorEwojM="></latexit><latexit sha1_base64="39cWGTj3DZqaMQNTo81eorEwojM="></latexit><latexit sha1_base64="39cWGTj3DZqaMQNTo81eorEwojM="></latexit><latexit sha1_base64="39cWGTj3DZqaMQNTo81eorEwojM="></latexit>

u1 > 0

• Condensation of H
a

breaks SU(2) to Z2,

leading to Z2

topological order.

• Unbroken O(2)

symmetry, hQ`mi = 0.
<latexit sha1_base64="ANz1OR50Rs1l8Che7Q+Fjb8GpGo="></latexit><latexit sha1_base64="ANz1OR50Rs1l8Che7Q+Fjb8GpGo="></latexit><latexit sha1_base64="ANz1OR50Rs1l8Che7Q+Fjb8GpGo="></latexit><latexit sha1_base64="ANz1OR50Rs1l8Che7Q+Fjb8GpGo="></latexit>



Nh = 3
<latexit sha1_base64="5CY0LaABpOLrHVLJwDzrP11G1R4=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4Gnp0kslFCHrxJBHMAskQejqdpEnPQnePEIZ8hBcPinj1e7z5N3YWQUUfFDzeq6KqXpAIrjTGH1ZuZXVtfSO/Wdja3tndK+4fNFWcSsoaNBaxbAdEMcEj1tBcC9ZOJCNhIFgrGF/N/NY9k4rH0Z2eJMwPyTDiA06JNlLrpjdCF+i8Vyxh2/WwV3UQtnHFLZddQ8q44lU95Nh4jhIsUe8V37v9mKYhizQVRKmOgxPtZ0RqTgWbFrqpYgmhYzJkHUMjEjLlZ/Nzp+jEKH00iKWpSKO5+n0iI6FSkzAwnSHRI/Xbm4l/eZ1UD6p+xqMk1Syii0WDVCAdo9nvqM8lo1pMDCFUcnMroiMiCdUmoYIJ4etT9D9pntkOtp1bt1S7XMaRhyM4hlNwwIMaXEMdGkBhDA/wBM9WYj1aL9brojVnLWcO4Qest088LI7Z</latexit><latexit sha1_base64="5CY0LaABpOLrHVLJwDzrP11G1R4=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4Gnp0kslFCHrxJBHMAskQejqdpEnPQnePEIZ8hBcPinj1e7z5N3YWQUUfFDzeq6KqXpAIrjTGH1ZuZXVtfSO/Wdja3tndK+4fNFWcSsoaNBaxbAdEMcEj1tBcC9ZOJCNhIFgrGF/N/NY9k4rH0Z2eJMwPyTDiA06JNlLrpjdCF+i8Vyxh2/WwV3UQtnHFLZddQ8q44lU95Nh4jhIsUe8V37v9mKYhizQVRKmOgxPtZ0RqTgWbFrqpYgmhYzJkHUMjEjLlZ/Nzp+jEKH00iKWpSKO5+n0iI6FSkzAwnSHRI/Xbm4l/eZ1UD6p+xqMk1Syii0WDVCAdo9nvqM8lo1pMDCFUcnMroiMiCdUmoYIJ4etT9D9pntkOtp1bt1S7XMaRhyM4hlNwwIMaXEMdGkBhDA/wBM9WYj1aL9brojVnLWcO4Qest088LI7Z</latexit><latexit sha1_base64="5CY0LaABpOLrHVLJwDzrP11G1R4=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4Gnp0kslFCHrxJBHMAskQejqdpEnPQnePEIZ8hBcPinj1e7z5N3YWQUUfFDzeq6KqXpAIrjTGH1ZuZXVtfSO/Wdja3tndK+4fNFWcSsoaNBaxbAdEMcEj1tBcC9ZOJCNhIFgrGF/N/NY9k4rH0Z2eJMwPyTDiA06JNlLrpjdCF+i8Vyxh2/WwV3UQtnHFLZddQ8q44lU95Nh4jhIsUe8V37v9mKYhizQVRKmOgxPtZ0RqTgWbFrqpYgmhYzJkHUMjEjLlZ/Nzp+jEKH00iKWpSKO5+n0iI6FSkzAwnSHRI/Xbm4l/eZ1UD6p+xqMk1Syii0WDVCAdo9nvqM8lo1pMDCFUcnMroiMiCdUmoYIJ4etT9D9pntkOtp1bt1S7XMaRhyM4hlNwwIMaXEMdGkBhDA/wBM9WYj1aL9brojVnLWcO4Qest088LI7Z</latexit><latexit sha1_base64="5CY0LaABpOLrHVLJwDzrP11G1R4=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4Gnp0kslFCHrxJBHMAskQejqdpEnPQnePEIZ8hBcPinj1e7z5N3YWQUUfFDzeq6KqXpAIrjTGH1ZuZXVtfSO/Wdja3tndK+4fNFWcSsoaNBaxbAdEMcEj1tBcC9ZOJCNhIFgrGF/N/NY9k4rH0Z2eJMwPyTDiA06JNlLrpjdCF+i8Vyxh2/WwV3UQtnHFLZddQ8q44lU95Nh4jhIsUe8V37v9mKYhizQVRKmOgxPtZ0RqTgWbFrqpYgmhYzJkHUMjEjLlZ/Nzp+jEKH00iKWpSKO5+n0iI6FSkzAwnSHRI/Xbm4l/eZ1UD6p+xqMk1Syii0WDVCAdo9nvqM8lo1pMDCFUcnMroiMiCdUmoYIJ4etT9D9pntkOtp1bt1S7XMaRhyM4hlNwwIMaXEMdGkBhDA/wBM9WYj1aL9brojVnLWcO4Qest088LI7Z</latexit>

• For u1 < 0, the Higgs condensate is of the form

H
a
1 = (H0, 0, 0) , H

a
2 = (0, 0, 0) , H

a
3 = (0, 0, 0)

This breaks gauge SU(2) to U(1), and the U(1) confines, as for Nh = 1, 2. The global O(3)
is broken to O(2) and

hQ`mi 6= 0

• For u1 > 0, the Higgs condensate is of the form

H
a
1 = (H0, 0, 0) , H

a
2 = (0, H0, 0) , H

a
3 = (0, 0, H0)

This breaks gauge SU(2) to Z2, leading to Z2 topological order (as in the ‘toric code’).
But now the global O(3) is unbroken because

hQ`mi = 0
<latexit sha1_base64="A6fm79Rp880/ToMJFi/qMjP+s80="></latexit><latexit sha1_base64="A6fm79Rp880/ToMJFi/qMjP+s80="></latexit><latexit sha1_base64="A6fm79Rp880/ToMJFi/qMjP+s80="></latexit><latexit sha1_base64="A6fm79Rp880/ToMJFi/qMjP+s80="></latexit>



hHa
` i 6= 0

<latexit sha1_base64="caqoJbDCu2upY7MSYKoucURLFaI="></latexit><latexit sha1_base64="caqoJbDCu2upY7MSYKoucURLFaI="></latexit><latexit sha1_base64="caqoJbDCu2upY7MSYKoucURLFaI="></latexit><latexit sha1_base64="caqoJbDCu2upY7MSYKoucURLFaI="></latexit>

hHa
` i = 0

<latexit sha1_base64="zeEOJ1Q1LpU+nUDmf3hte4r4xjg="></latexit><latexit sha1_base64="zeEOJ1Q1LpU+nUDmf3hte4r4xjg="></latexit><latexit sha1_base64="zeEOJ1Q1LpU+nUDmf3hte4r4xjg="></latexit><latexit sha1_base64="zeEOJ1Q1LpU+nUDmf3hte4r4xjg="></latexit>V (Ha
` )

<latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit>

H
a
`

<latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit>

V (Ha
` )

<latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit>

H
a
`

<latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit>

Confinement

Phase diagrams of SU(2) gauge theory

Higgs

s

Possible
Deconfined
critical

SU(2) gauge
theory

<latexit sha1_base64="39cWGTj3DZqaMQNTo81eorEwojM="></latexit><latexit sha1_base64="39cWGTj3DZqaMQNTo81eorEwojM="></latexit><latexit sha1_base64="39cWGTj3DZqaMQNTo81eorEwojM="></latexit><latexit sha1_base64="39cWGTj3DZqaMQNTo81eorEwojM="></latexit>

Nh = 3
<latexit sha1_base64="5CY0LaABpOLrHVLJwDzrP11G1R4=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4Gnp0kslFCHrxJBHMAskQejqdpEnPQnePEIZ8hBcPinj1e7z5N3YWQUUfFDzeq6KqXpAIrjTGH1ZuZXVtfSO/Wdja3tndK+4fNFWcSsoaNBaxbAdEMcEj1tBcC9ZOJCNhIFgrGF/N/NY9k4rH0Z2eJMwPyTDiA06JNlLrpjdCF+i8Vyxh2/WwV3UQtnHFLZddQ8q44lU95Nh4jhIsUe8V37v9mKYhizQVRKmOgxPtZ0RqTgWbFrqpYgmhYzJkHUMjEjLlZ/Nzp+jEKH00iKWpSKO5+n0iI6FSkzAwnSHRI/Xbm4l/eZ1UD6p+xqMk1Syii0WDVCAdo9nvqM8lo1pMDCFUcnMroiMiCdUmoYIJ4etT9D9pntkOtp1bt1S7XMaRhyM4hlNwwIMaXEMdGkBhDA/wBM9WYj1aL9brojVnLWcO4Qest088LI7Z</latexit><latexit sha1_base64="5CY0LaABpOLrHVLJwDzrP11G1R4=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4Gnp0kslFCHrxJBHMAskQejqdpEnPQnePEIZ8hBcPinj1e7z5N3YWQUUfFDzeq6KqXpAIrjTGH1ZuZXVtfSO/Wdja3tndK+4fNFWcSsoaNBaxbAdEMcEj1tBcC9ZOJCNhIFgrGF/N/NY9k4rH0Z2eJMwPyTDiA06JNlLrpjdCF+i8Vyxh2/WwV3UQtnHFLZddQ8q44lU95Nh4jhIsUe8V37v9mKYhizQVRKmOgxPtZ0RqTgWbFrqpYgmhYzJkHUMjEjLlZ/Nzp+jEKH00iKWpSKO5+n0iI6FSkzAwnSHRI/Xbm4l/eZ1UD6p+xqMk1Syii0WDVCAdo9nvqM8lo1pMDCFUcnMroiMiCdUmoYIJ4etT9D9pntkOtp1bt1S7XMaRhyM4hlNwwIMaXEMdGkBhDA/wBM9WYj1aL9brojVnLWcO4Qest088LI7Z</latexit><latexit sha1_base64="5CY0LaABpOLrHVLJwDzrP11G1R4=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4Gnp0kslFCHrxJBHMAskQejqdpEnPQnePEIZ8hBcPinj1e7z5N3YWQUUfFDzeq6KqXpAIrjTGH1ZuZXVtfSO/Wdja3tndK+4fNFWcSsoaNBaxbAdEMcEj1tBcC9ZOJCNhIFgrGF/N/NY9k4rH0Z2eJMwPyTDiA06JNlLrpjdCF+i8Vyxh2/WwV3UQtnHFLZddQ8q44lU95Nh4jhIsUe8V37v9mKYhizQVRKmOgxPtZ0RqTgWbFrqpYgmhYzJkHUMjEjLlZ/Nzp+jEKH00iKWpSKO5+n0iI6FSkzAwnSHRI/Xbm4l/eZ1UD6p+xqMk1Syii0WDVCAdo9nvqM8lo1pMDCFUcnMroiMiCdUmoYIJ4etT9D9pntkOtp1bt1S7XMaRhyM4hlNwwIMaXEMdGkBhDA/wBM9WYj1aL9brojVnLWcO4Qest088LI7Z</latexit><latexit sha1_base64="5CY0LaABpOLrHVLJwDzrP11G1R4=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4Gnp0kslFCHrxJBHMAskQejqdpEnPQnePEIZ8hBcPinj1e7z5N3YWQUUfFDzeq6KqXpAIrjTGH1ZuZXVtfSO/Wdja3tndK+4fNFWcSsoaNBaxbAdEMcEj1tBcC9ZOJCNhIFgrGF/N/NY9k4rH0Z2eJMwPyTDiA06JNlLrpjdCF+i8Vyxh2/WwV3UQtnHFLZddQ8q44lU95Nh4jhIsUe8V37v9mKYhizQVRKmOgxPtZ0RqTgWbFrqpYgmhYzJkHUMjEjLlZ/Nzp+jEKH00iKWpSKO5+n0iI6FSkzAwnSHRI/Xbm4l/eZ1UD6p+xqMk1Syii0WDVCAdo9nvqM8lo1pMDCFUcnMroiMiCdUmoYIJ4etT9D9pntkOtp1bt1S7XMaRhyM4hlNwwIMaXEMdGkBhDA/wBM9WYj1aL9brojVnLWcO4Qest088LI7Z</latexit>

u1 < 0

• Condensation of H
a

breaks SU(2) to U(1),

which confines

• O(3) symmetry broken

to O(2), hQ`mi 6= 0.
<latexit sha1_base64="97IPecLN4TbKPrPzZaLEB2t/UjE="></latexit><latexit sha1_base64="97IPecLN4TbKPrPzZaLEB2t/UjE="></latexit><latexit sha1_base64="97IPecLN4TbKPrPzZaLEB2t/UjE="></latexit><latexit sha1_base64="97IPecLN4TbKPrPzZaLEB2t/UjE="></latexit> Multi-universality

of a Landau-allowed
transition ?

<latexit sha1_base64="TcVMxyLtug0T+39cJECSHeEQvAo="></latexit><latexit sha1_base64="TcVMxyLtug0T+39cJECSHeEQvAo="></latexit><latexit sha1_base64="TcVMxyLtug0T+39cJECSHeEQvAo="></latexit><latexit sha1_base64="TcVMxyLtug0T+39cJECSHeEQvAo="></latexit>



Nh = 3
<latexit sha1_base64="5CY0LaABpOLrHVLJwDzrP11G1R4=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4Gnp0kslFCHrxJBHMAskQejqdpEnPQnePEIZ8hBcPinj1e7z5N3YWQUUfFDzeq6KqXpAIrjTGH1ZuZXVtfSO/Wdja3tndK+4fNFWcSsoaNBaxbAdEMcEj1tBcC9ZOJCNhIFgrGF/N/NY9k4rH0Z2eJMwPyTDiA06JNlLrpjdCF+i8Vyxh2/WwV3UQtnHFLZddQ8q44lU95Nh4jhIsUe8V37v9mKYhizQVRKmOgxPtZ0RqTgWbFrqpYgmhYzJkHUMjEjLlZ/Nzp+jEKH00iKWpSKO5+n0iI6FSkzAwnSHRI/Xbm4l/eZ1UD6p+xqMk1Syii0WDVCAdo9nvqM8lo1pMDCFUcnMroiMiCdUmoYIJ4etT9D9pntkOtp1bt1S7XMaRhyM4hlNwwIMaXEMdGkBhDA/wBM9WYj1aL9brojVnLWcO4Qest088LI7Z</latexit><latexit sha1_base64="5CY0LaABpOLrHVLJwDzrP11G1R4=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4Gnp0kslFCHrxJBHMAskQejqdpEnPQnePEIZ8hBcPinj1e7z5N3YWQUUfFDzeq6KqXpAIrjTGH1ZuZXVtfSO/Wdja3tndK+4fNFWcSsoaNBaxbAdEMcEj1tBcC9ZOJCNhIFgrGF/N/NY9k4rH0Z2eJMwPyTDiA06JNlLrpjdCF+i8Vyxh2/WwV3UQtnHFLZddQ8q44lU95Nh4jhIsUe8V37v9mKYhizQVRKmOgxPtZ0RqTgWbFrqpYgmhYzJkHUMjEjLlZ/Nzp+jEKH00iKWpSKO5+n0iI6FSkzAwnSHRI/Xbm4l/eZ1UD6p+xqMk1Syii0WDVCAdo9nvqM8lo1pMDCFUcnMroiMiCdUmoYIJ4etT9D9pntkOtp1bt1S7XMaRhyM4hlNwwIMaXEMdGkBhDA/wBM9WYj1aL9brojVnLWcO4Qest088LI7Z</latexit><latexit sha1_base64="5CY0LaABpOLrHVLJwDzrP11G1R4=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4Gnp0kslFCHrxJBHMAskQejqdpEnPQnePEIZ8hBcPinj1e7z5N3YWQUUfFDzeq6KqXpAIrjTGH1ZuZXVtfSO/Wdja3tndK+4fNFWcSsoaNBaxbAdEMcEj1tBcC9ZOJCNhIFgrGF/N/NY9k4rH0Z2eJMwPyTDiA06JNlLrpjdCF+i8Vyxh2/WwV3UQtnHFLZddQ8q44lU95Nh4jhIsUe8V37v9mKYhizQVRKmOgxPtZ0RqTgWbFrqpYgmhYzJkHUMjEjLlZ/Nzp+jEKH00iKWpSKO5+n0iI6FSkzAwnSHRI/Xbm4l/eZ1UD6p+xqMk1Syii0WDVCAdo9nvqM8lo1pMDCFUcnMroiMiCdUmoYIJ4etT9D9pntkOtp1bt1S7XMaRhyM4hlNwwIMaXEMdGkBhDA/wBM9WYj1aL9brojVnLWcO4Qest088LI7Z</latexit><latexit sha1_base64="5CY0LaABpOLrHVLJwDzrP11G1R4=">AAAB7nicdVDJSgNBEK2JW4xb1KOXxiB4Gnp0kslFCHrxJBHMAskQejqdpEnPQnePEIZ8hBcPinj1e7z5N3YWQUUfFDzeq6KqXpAIrjTGH1ZuZXVtfSO/Wdja3tndK+4fNFWcSsoaNBaxbAdEMcEj1tBcC9ZOJCNhIFgrGF/N/NY9k4rH0Z2eJMwPyTDiA06JNlLrpjdCF+i8Vyxh2/WwV3UQtnHFLZddQ8q44lU95Nh4jhIsUe8V37v9mKYhizQVRKmOgxPtZ0RqTgWbFrqpYgmhYzJkHUMjEjLlZ/Nzp+jEKH00iKWpSKO5+n0iI6FSkzAwnSHRI/Xbm4l/eZ1UD6p+xqMk1Syii0WDVCAdo9nvqM8lo1pMDCFUcnMroiMiCdUmoYIJ4etT9D9pntkOtp1bt1S7XMaRhyM4hlNwwIMaXEMdGkBhDA/wBM9WYj1aL9brojVnLWcO4Qest088LI7Z</latexit>

• For u1 < 0, the Higgs condensate is of the form

H
a
1 = (H0, 0, 0) , H

a
2 = (0, 0, 0) , H

a
3 = (0, 0, 0)

This breaks gauge SU(2) to U(1), and the U(1) confines, as for Nh = 1, 2. The global O(3)
is broken to O(2) and

hQ`mi 6= 0

• For u1 > 0, the Higgs condensate is of the form

H
a
1 = (H0, 0, 0) , H

a
2 = (0, H0, 0) , H

a
3 = (0, 0, H0)

This breaks gauge SU(2) to Z2, leading to Z2 topological order (as in the ‘toric code’).
But now the global O(3) is unbroken because

hQ`mi = 0
<latexit sha1_base64="A6fm79Rp880/ToMJFi/qMjP+s80="></latexit><latexit sha1_base64="A6fm79Rp880/ToMJFi/qMjP+s80="></latexit><latexit sha1_base64="A6fm79Rp880/ToMJFi/qMjP+s80="></latexit><latexit sha1_base64="A6fm79Rp880/ToMJFi/qMjP+s80="></latexit>



hHa
` i 6= 0

<latexit sha1_base64="caqoJbDCu2upY7MSYKoucURLFaI="></latexit><latexit sha1_base64="caqoJbDCu2upY7MSYKoucURLFaI="></latexit><latexit sha1_base64="caqoJbDCu2upY7MSYKoucURLFaI="></latexit><latexit sha1_base64="caqoJbDCu2upY7MSYKoucURLFaI="></latexit>

hHa
` i = 0

<latexit sha1_base64="zeEOJ1Q1LpU+nUDmf3hte4r4xjg="></latexit><latexit sha1_base64="zeEOJ1Q1LpU+nUDmf3hte4r4xjg="></latexit><latexit sha1_base64="zeEOJ1Q1LpU+nUDmf3hte4r4xjg="></latexit><latexit sha1_base64="zeEOJ1Q1LpU+nUDmf3hte4r4xjg="></latexit>V (Ha
` )

<latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit>

H
a
`

<latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit>

V (Ha
` )

<latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit>
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u1 > 0

• Condensation of H
a

breaks SU(2) to Z2,

leading to Z2

topological order.

• Unbroken O(3)

symmetry, hQ`mi = 0.
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• For u1 < 0, the Higgs condensate is of the form

H
a
1 = (H0, 0, 0) , H

a
`>1 = (0, 0, 0)

This breaks gauge SU(2) to U(1), and the U(1) confines, as for Nh = 1, 2. The global
O(Nh) is broken to O(Nh � 1) and

hQ`mi 6= 0

• For u1 > 0, the Higgs condensate is of the form

H
a
1 = (H0, 0, 0) , H

a
2 = (0, H0, 0) , H

a
3 = (0, 0, H0) , H

a
`>3 = (0, 0, 0)

This breaks gauge SU(2) to Z2, leading to Z2 topological order (as in the ‘toric code’).
But now the global O(Nh) is broken to O(Nh � 3)⇥O(3), and

hQ`mi 6= 0
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<latexit sha1_base64="39cWGTj3DZqaMQNTo81eorEwojM="></latexit><latexit sha1_base64="39cWGTj3DZqaMQNTo81eorEwojM="></latexit><latexit sha1_base64="39cWGTj3DZqaMQNTo81eorEwojM="></latexit><latexit sha1_base64="39cWGTj3DZqaMQNTo81eorEwojM="></latexit>
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u1 < 0

• Condensation of H
a

breaks SU(2) to U(1),

which confines

• O(Nh) symmetry

broken to O(Nh � 1),

hQ`mi 6= 0.
<latexit sha1_base64="ZMr6i3DhdfdcRtknO3mukOFZWbw="></latexit><latexit sha1_base64="ZMr6i3DhdfdcRtknO3mukOFZWbw="></latexit><latexit sha1_base64="ZMr6i3DhdfdcRtknO3mukOFZWbw="></latexit><latexit sha1_base64="ZMr6i3DhdfdcRtknO3mukOFZWbw="></latexit>
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<latexit sha1_base64="TcVMxyLtug0T+39cJECSHeEQvAo="></latexit><latexit sha1_base64="TcVMxyLtug0T+39cJECSHeEQvAo="></latexit><latexit sha1_base64="TcVMxyLtug0T+39cJECSHeEQvAo="></latexit><latexit sha1_base64="TcVMxyLtug0T+39cJECSHeEQvAo="></latexit>



Nh � 4
<latexit sha1_base64="YKt0TQBb0okec5mpuqcVK9dgS7s=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgaZmVTTbHoBdPEsE8MAlhdtJJhszOrjOzQgj5Cy8eFPHq33jzb5w8BBUtaCiquunuChPBtSHkw8msrK6tb2Q3c1vbO7t7+f2Duo5TxaDGYhGrZkg1CC6hZrgR0EwU0CgU0AhHFzO/cQ9K81jemHECnYgOJO9zRo2Vbq+6Q9wewB32u/kCcf2ABGUPE5eU/GLRt6RISkE5wJ5L5iigJard/Hu7F7M0AmmYoFq3PJKYzoQqw5mAaa6dakgoG9EBtCyVNALdmcwvnuITq/RwP1a2pMFz9fvEhEZaj6PQdkbUDPVvbyb+5bVS0y93JlwmqQHJFov6qcAmxrP3cY8rYEaMLaFMcXsrZkOqKDM2pJwN4etT/D+pn7kecb1rv1A5X8aRRUfoGJ0iDwWogi5RFdUQQxI9oCf07Gjn0XlxXhetGWc5c4h+wHn7BMSykFQ=</latexit><latexit sha1_base64="YKt0TQBb0okec5mpuqcVK9dgS7s=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgaZmVTTbHoBdPEsE8MAlhdtJJhszOrjOzQgj5Cy8eFPHq33jzb5w8BBUtaCiquunuChPBtSHkw8msrK6tb2Q3c1vbO7t7+f2Duo5TxaDGYhGrZkg1CC6hZrgR0EwU0CgU0AhHFzO/cQ9K81jemHECnYgOJO9zRo2Vbq+6Q9wewB32u/kCcf2ABGUPE5eU/GLRt6RISkE5wJ5L5iigJard/Hu7F7M0AmmYoFq3PJKYzoQqw5mAaa6dakgoG9EBtCyVNALdmcwvnuITq/RwP1a2pMFz9fvEhEZaj6PQdkbUDPVvbyb+5bVS0y93JlwmqQHJFov6qcAmxrP3cY8rYEaMLaFMcXsrZkOqKDM2pJwN4etT/D+pn7kecb1rv1A5X8aRRUfoGJ0iDwWogi5RFdUQQxI9oCf07Gjn0XlxXhetGWc5c4h+wHn7BMSykFQ=</latexit><latexit sha1_base64="YKt0TQBb0okec5mpuqcVK9dgS7s=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgaZmVTTbHoBdPEsE8MAlhdtJJhszOrjOzQgj5Cy8eFPHq33jzb5w8BBUtaCiquunuChPBtSHkw8msrK6tb2Q3c1vbO7t7+f2Duo5TxaDGYhGrZkg1CC6hZrgR0EwU0CgU0AhHFzO/cQ9K81jemHECnYgOJO9zRo2Vbq+6Q9wewB32u/kCcf2ABGUPE5eU/GLRt6RISkE5wJ5L5iigJard/Hu7F7M0AmmYoFq3PJKYzoQqw5mAaa6dakgoG9EBtCyVNALdmcwvnuITq/RwP1a2pMFz9fvEhEZaj6PQdkbUDPVvbyb+5bVS0y93JlwmqQHJFov6qcAmxrP3cY8rYEaMLaFMcXsrZkOqKDM2pJwN4etT/D+pn7kecb1rv1A5X8aRRUfoGJ0iDwWogi5RFdUQQxI9oCf07Gjn0XlxXhetGWc5c4h+wHn7BMSykFQ=</latexit><latexit sha1_base64="YKt0TQBb0okec5mpuqcVK9dgS7s=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgaZmVTTbHoBdPEsE8MAlhdtJJhszOrjOzQgj5Cy8eFPHq33jzb5w8BBUtaCiquunuChPBtSHkw8msrK6tb2Q3c1vbO7t7+f2Duo5TxaDGYhGrZkg1CC6hZrgR0EwU0CgU0AhHFzO/cQ9K81jemHECnYgOJO9zRo2Vbq+6Q9wewB32u/kCcf2ABGUPE5eU/GLRt6RISkE5wJ5L5iigJard/Hu7F7M0AmmYoFq3PJKYzoQqw5mAaa6dakgoG9EBtCyVNALdmcwvnuITq/RwP1a2pMFz9fvEhEZaj6PQdkbUDPVvbyb+5bVS0y93JlwmqQHJFov6qcAmxrP3cY8rYEaMLaFMcXsrZkOqKDM2pJwN4etT/D+pn7kecb1rv1A5X8aRRUfoGJ0iDwWogi5RFdUQQxI9oCf07Gjn0XlxXhetGWc5c4h+wHn7BMSykFQ=</latexit>

Nh � 4
<latexit sha1_base64="YKt0TQBb0okec5mpuqcVK9dgS7s=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgaZmVTTbHoBdPEsE8MAlhdtJJhszOrjOzQgj5Cy8eFPHq33jzb5w8BBUtaCiquunuChPBtSHkw8msrK6tb2Q3c1vbO7t7+f2Duo5TxaDGYhGrZkg1CC6hZrgR0EwU0CgU0AhHFzO/cQ9K81jemHECnYgOJO9zRo2Vbq+6Q9wewB32u/kCcf2ABGUPE5eU/GLRt6RISkE5wJ5L5iigJard/Hu7F7M0AmmYoFq3PJKYzoQqw5mAaa6dakgoG9EBtCyVNALdmcwvnuITq/RwP1a2pMFz9fvEhEZaj6PQdkbUDPVvbyb+5bVS0y93JlwmqQHJFov6qcAmxrP3cY8rYEaMLaFMcXsrZkOqKDM2pJwN4etT/D+pn7kecb1rv1A5X8aRRUfoGJ0iDwWogi5RFdUQQxI9oCf07Gjn0XlxXhetGWc5c4h+wHn7BMSykFQ=</latexit><latexit sha1_base64="YKt0TQBb0okec5mpuqcVK9dgS7s=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgaZmVTTbHoBdPEsE8MAlhdtJJhszOrjOzQgj5Cy8eFPHq33jzb5w8BBUtaCiquunuChPBtSHkw8msrK6tb2Q3c1vbO7t7+f2Duo5TxaDGYhGrZkg1CC6hZrgR0EwU0CgU0AhHFzO/cQ9K81jemHECnYgOJO9zRo2Vbq+6Q9wewB32u/kCcf2ABGUPE5eU/GLRt6RISkE5wJ5L5iigJard/Hu7F7M0AmmYoFq3PJKYzoQqw5mAaa6dakgoG9EBtCyVNALdmcwvnuITq/RwP1a2pMFz9fvEhEZaj6PQdkbUDPVvbyb+5bVS0y93JlwmqQHJFov6qcAmxrP3cY8rYEaMLaFMcXsrZkOqKDM2pJwN4etT/D+pn7kecb1rv1A5X8aRRUfoGJ0iDwWogi5RFdUQQxI9oCf07Gjn0XlxXhetGWc5c4h+wHn7BMSykFQ=</latexit><latexit sha1_base64="YKt0TQBb0okec5mpuqcVK9dgS7s=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgaZmVTTbHoBdPEsE8MAlhdtJJhszOrjOzQgj5Cy8eFPHq33jzb5w8BBUtaCiquunuChPBtSHkw8msrK6tb2Q3c1vbO7t7+f2Duo5TxaDGYhGrZkg1CC6hZrgR0EwU0CgU0AhHFzO/cQ9K81jemHECnYgOJO9zRo2Vbq+6Q9wewB32u/kCcf2ABGUPE5eU/GLRt6RISkE5wJ5L5iigJard/Hu7F7M0AmmYoFq3PJKYzoQqw5mAaa6dakgoG9EBtCyVNALdmcwvnuITq/RwP1a2pMFz9fvEhEZaj6PQdkbUDPVvbyb+5bVS0y93JlwmqQHJFov6qcAmxrP3cY8rYEaMLaFMcXsrZkOqKDM2pJwN4etT/D+pn7kecb1rv1A5X8aRRUfoGJ0iDwWogi5RFdUQQxI9oCf07Gjn0XlxXhetGWc5c4h+wHn7BMSykFQ=</latexit><latexit sha1_base64="YKt0TQBb0okec5mpuqcVK9dgS7s=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgaZmVTTbHoBdPEsE8MAlhdtJJhszOrjOzQgj5Cy8eFPHq33jzb5w8BBUtaCiquunuChPBtSHkw8msrK6tb2Q3c1vbO7t7+f2Duo5TxaDGYhGrZkg1CC6hZrgR0EwU0CgU0AhHFzO/cQ9K81jemHECnYgOJO9zRo2Vbq+6Q9wewB32u/kCcf2ABGUPE5eU/GLRt6RISkE5wJ5L5iigJard/Hu7F7M0AmmYoFq3PJKYzoQqw5mAaa6dakgoG9EBtCyVNALdmcwvnuITq/RwP1a2pMFz9fvEhEZaj6PQdkbUDPVvbyb+5bVS0y93JlwmqQHJFov6qcAmxrP3cY8rYEaMLaFMcXsrZkOqKDM2pJwN4etT/D+pn7kecb1rv1A5X8aRRUfoGJ0iDwWogi5RFdUQQxI9oCf07Gjn0XlxXhetGWc5c4h+wHn7BMSykFQ=</latexit>

• For u1 < 0, the Higgs condensate is of the form

H
a
1 = (H0, 0, 0) , H

a
`>1 = (0, 0, 0)

This breaks gauge SU(2) to U(1), and the U(1) confines, as for Nh = 1, 2. The global
O(Nh) is broken to O(Nh � 1) and

hQ`mi 6= 0

• For u1 > 0, the Higgs condensate is of the form

H
a
1 = (H0, 0, 0) , H

a
2 = (0, H0, 0) , H

a
3 = (0, 0, H0) , H

a
`>3 = (0, 0, 0)

This breaks gauge SU(2) to Z2, leading to Z2 topological order (as in the ‘toric code’).
But now the global O(Nh) is broken to O(Nh � 3)⇥O(3), and

hQ`mi 6= 0
<latexit sha1_base64="8hosc9QGJZxc2CffiEeDlRRjsUA="></latexit><latexit sha1_base64="8hosc9QGJZxc2CffiEeDlRRjsUA="></latexit><latexit sha1_base64="8hosc9QGJZxc2CffiEeDlRRjsUA="></latexit><latexit sha1_base64="8hosc9QGJZxc2CffiEeDlRRjsUA="></latexit>



u1 > 0

• Condensation of H
a

breaks SU(2) to Z2,

leading to Z2

topological order.

• O(Nh) symmetry

broken to

O(Nh � 3)⇥O(3), hQ`mi 6= 0.
<latexit sha1_base64="9RRaVHyj/0hvwtoT4nAraFpgxWY="></latexit><latexit sha1_base64="9RRaVHyj/0hvwtoT4nAraFpgxWY="></latexit><latexit sha1_base64="9RRaVHyj/0hvwtoT4nAraFpgxWY="></latexit><latexit sha1_base64="9RRaVHyj/0hvwtoT4nAraFpgxWY="></latexit>

hHa
` i 6= 0

<latexit sha1_base64="caqoJbDCu2upY7MSYKoucURLFaI="></latexit><latexit sha1_base64="caqoJbDCu2upY7MSYKoucURLFaI="></latexit><latexit sha1_base64="caqoJbDCu2upY7MSYKoucURLFaI="></latexit><latexit sha1_base64="caqoJbDCu2upY7MSYKoucURLFaI="></latexit>

hHa
` i = 0

<latexit sha1_base64="zeEOJ1Q1LpU+nUDmf3hte4r4xjg="></latexit><latexit sha1_base64="zeEOJ1Q1LpU+nUDmf3hte4r4xjg="></latexit><latexit sha1_base64="zeEOJ1Q1LpU+nUDmf3hte4r4xjg="></latexit><latexit sha1_base64="zeEOJ1Q1LpU+nUDmf3hte4r4xjg="></latexit>V (Ha
` )

<latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit><latexit sha1_base64="mfipBSBCbo7PkaPoH0vu0C2AXwE=">AAAB9HicdVDLTgIxFO3gC/GFunTTCCa4mXQIMCyJblhiIo8ERtIpBRo6nbHtkJAJ3+HGhca49WPc+TeWh4kaPclNTs65N/fe40ecKY3Qh5Xa2Nza3knvZvb2Dw6PsscnLRXGktAmCXkoOz5WlDNBm5ppTjuRpDjwOW37k+uF355SqVgobvUsol6AR4INGcHaSF6+Vajf4X6Pcn6Z72dzyC65yK06ENmoUiqXS4aUUcWtutCx0RI5sEajn33vDUISB1RowrFSXQdF2kuw1IxwOs/0YkUjTCZ4RLuGChxQ5SXLo+fwwigDOAylKaHhUv0+keBAqVngm84A67H67S3Ev7xurIdVL2EiijUVZLVoGHOoQ7hIAA6YpETzmSGYSGZuhWSMJSba5JQxIXx9Cv8nraLtINu5KeZqV+s40uAMnIMCcIALaqAOGqAJCLgHD+AJPFtT69F6sV5XrSlrPXMKfsB6+wRwUZE8</latexit>

H
a
`

<latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit><latexit sha1_base64="blTuuMfg6lmT+9wz37ByoJuvB2A=">AAAB8XicdVDLTgJBEJz1ifhCPXqZCCaeNrMEWI5ELxwxkUcEJLNDAxNmZzczsyaE8BdePGiMV//Gm3/j8DBRo5V0UqnqTndXEAuuDSEfztr6xubWdmonvbu3f3CYOTpu6ChRDOosEpFqBVSD4BLqhhsBrVgBDQMBzWB8Nfeb96A0j+SNmcTQDelQ8gFn1FjpNle9o70OCJHrZbLELfjEL3uYuKRUKBYLlhRJyS/72HPJAlm0Qq2Xee/0I5aEIA0TVOu2R2LTnVJlOBMwS3cSDTFlYzqEtqWShqC708XFM3xulT4eRMqWNHihfp+Y0lDrSRjYzpCakf7tzcW/vHZiBuXulMs4MSDZctEgEdhEeP4+7nMFzIiJJZQpbm/FbEQVZcaGlLYhfH2K/yeNvOsR17vOZyuXqzhS6BSdoQvkIR9VUBXVUB0xJNEDekLPjnYenRfnddm65qxmTtAPOG+f+1mQdw==</latexit>

V (Ha
` )
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1. SU(2) gauge theory with adjoint scalars
    Confining and Higgs phases in 2+1 dimensions

2. SU(2) gauge theory of fluctuating  
             antiferromagnetism

3. Role of fermions
    Pseudogap as a FL* phase



We can (exactly) transform the Hubbard

model to the “spin-fermion” model:

electrons ci↵ on the square lattice with

dispersion

Hc = �

X

i,⇢

t⇢
⇣
c†i,↵ci+v⇢,↵

+ c†i+v⇢,↵
ci,↵

⌘

�µ
X

i

c†i,↵ci,↵ +Hint

are coupled to a magnetic moment order

parameter �
p
(i), p = x, y, z

Hint = ��
X

i

�
p
(i)c†i,↵�

p
↵�ci,� + V�
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Gauge theory of fluctuating antiferromagnetism



Gauge theory of fluctuating antiferromagnetism

For fluctuating antiferromagnetism

(spin density waves (SDW)), we transform

to a rotating reference frame using the SU(2)

rotation Ri

✓
ci"
ci#

◆
= Ri

✓
 i,+

 i,�

◆
,

in terms of fermionic “chargons”  s and a

Higgs field H
a
(i)

�
p
�

p
(i) = Ri �

a
H

a
(i)R

†
i

The Higgs field is the SDW order in the

rotating reference frame.
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S. Sachdev, M. A. Metlitski, Y. Qi, and C. Xu, PRB 80, 155129 (2009)

For (fluctuating) SDW SRO, we transform to a
rotating reference frame using the SU(2) rotation Ri

✓
ci"
ci#

◆
= Ri

✓
 i,+

 i,�

◆
,

in terms of fermionic “chargons”  s and a Higgs field H
a(i)

�
`�`(i) = Ri �

a
H

a(i)R†
i

The Higgs field is the SDW order in the rotating reference frame.
Note that this representation is ambiguous up to a
SU(2) gauge transformation, Vi

✓
 i,+

 i,�

◆
! Vi

✓
 i,+

 i,�

◆

Ri ! RiV
†
i

�
a
H

a(i) ! Vi �
b
H

b(i)V †
i .

Field Symbol Statistics SU(2)gauge SU(2)spin U(1)e.m.charge

Electron c fermion 1 2 -1

AF order � boson 1 3 0

Chargon  fermion 2 1 -1

Spinon R or z boson 2̄ 2 0

Higgs H boson 3 1 0

TABLE I. Quantum numbers of the matter fields in L and Lg. The transformations under the SU(2)’s

are labelled by the dimension of the SU(2) representation, while those under the electromagnetic U(1)

are labeled by the U(1) charge. The antiferromagnetic spin correlations are characterized by � in (5.3).

The Higgs field determines local spin correlations via (5.12).

A summary of the charges carried by the fields in the resulting SU(2) gauge theory, Lg, is

in Table I. This rotating reference frame perspective was used in the early work by Shraiman

and Siggia on lightly-doped antiferromagnets [89, 90], although their attention was restricted to

phases with antiferromagnetic order. The importance of the gauge structure in phases without

antiferromagnetic order was clarified in Ref. [85].

Given the SU(2) gauge invariance associated with (5.6), when we express L in terms of  we

naturally obtain a SU(2) gauge theory with an emergent gauge field A
a

µ
= (Aa

⌧
,Aa), with a = 1, 2, 3.

We write the Lagrangian of the resulting gauge theory as [85–87]

Lg = L + LY + LR + LH . (5.9)

The first term for the  fermions descends directly from the Lc for the electrons

L =
X

i

 
†
i,s

✓
@

@⌧
� µ

◆
�ss0 + iA

a

⌧
�
a

ss0

�
 i,s0 +

X

i,j

tij 
†
i,s


e
i�

aAa·(ri�rj)

�

ss0
 j,s0 , (5.10)

and uses the same hopping terms for  as those for c, along with a minimal coupling to the SU(2)

gauge field. Inserting (5.6) into Lcn, we find that the resulting expression involves 2 complex Higgs

fields, Ha

x
and H

a

y
, which are SU(2) adjoints; these are defined by

H
a

x
⌘

1

2
�x`Tr[�

`
R�

a
R

†], (5.11)

and similarly for Ha

y
. Let us also note the inverse of (5.11)

�x` =
1

2
H

a

x
Tr[�`R�a

R
†], (5.12)
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and uses the same hopping terms for  as those for c, along with a minimal coupling to the SU(2)

gauge field. Inserting (5.6) into Lcn, we find that the resulting expression involves 2 complex Higgs

fields, Ha

x
and H
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, which are SU(2) adjoints; these are defined by
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Begin with an effective theory 
for the Higgs field alone



Gauge theory of fluctuating antiferromagnetism

We obtain di↵erent numbers of adjoint Higgs scalars, Nh,

depending upon the spatial dependence of the local spin

correlations:

Neel correlations (electron doped cuprates):

Nh = 1,

K = (⇡,⇡),

H
a
(i) = H

a
1 (r)e

iK·ri

Bidirectional incommensurate correlations (hole doped cuprates):

Nh = 4,

Ky = (⇡,⇡ � �), Kx = (⇡ � �,⇡),

H
a
(i) = Re

�
[H

a
1 (r) + iH

a
2 (r)] e

iKx·ri + [H
a
3 (r) + iH

a
4 (r)] e

iKy·ri
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For the hole-doped cuprates, Nh = 4, we define complex Higgs

fields

H
a
x = H

a
1 + iH

a
2 , H

a
y = H

a
3 + iH

a
4 .

The SU(2) gauge theory is

L =
1

2

��@µHa
x � ✏abcA

b
µH

c
x

��2 + 1

2

��@µHa
y � ✏abcA

b
µH

c
y

��2

+
1

4g2
F

a
µ⌫F

a
µ⌫ + V (H

a
x,y)
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F a
µ⌫ = @µA

a
⌫ � @⌫A

a
µ � ✏abcA
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c
⌫
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�
H

a⇤
x H

a
x +H

a⇤
y H

a
y

�
+ u0

�
H
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x H

a
x +H

a⇤
y H

a
y

�2

u1

4

�
H

a⇤
x H

a
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a⇤
y H

a
y

�2
+
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2

h
|H
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Gauge theory of fluctuating antiferromagnetism



There are multiple order parameters for di↵erent broken symmetries
(Note: spin rotations are preserved and there is no SDW order)

• Ising nematic order
� = H

a⇤
x H

a
x �H

a⇤
y H

a
y

• Charge density wave (CDW) order at wavevectors 2Kx,y

�x = H
a
xH

a
x , �y = H

a
yH

a
y

• Charge density wave (CDW) order at wavevectors Kx ±Ky

�+ = H
a
xH

a
y , �� = H

a
xH

a⇤
y

• (Modulated) scalar spin chirality

�ijk = ✏abcH
a(ri)H

b(rj)H
c(rk)
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Broken symmetries and topological order in the Higgs phase

Phenomenologically attractive state with
uni-directional CDW, Ising-nematic, and scalar

spin chirality order:
H

a
x = sin ✓(0, 0, 1), Ha

y = cos ✓(1, i, 0)
i.e. short-range collinear spin correlations along x,
and short-range spiral spin correlations along y.
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1. SU(2) gauge theory with adjoint scalars
    Confining and Higgs phases in 2+1 dimensions

2. SU(2) gauge theory of fluctuating  
             antiferromagnetism

3. Role of fermions
    Pseudogap as a FL* phase



Field Symbol Statistics SU(2)gauge SU(2)spin U(1)e.m.charge

Electron c fermion 1 2 -1

AF order � boson 1 3 0

Chargon  fermion 2 1 -1

Spinon R or z boson 2̄ 2 0

Higgs H boson 3 1 0

TABLE I. Quantum numbers of the matter fields in L and Lg. The transformations under the SU(2)’s

are labelled by the dimension of the SU(2) representation, while those under the electromagnetic U(1)

are labeled by the U(1) charge. The antiferromagnetic spin correlations are characterized by � in (5.3).

The Higgs field determines local spin correlations via (5.12).

A summary of the charges carried by the fields in the resulting SU(2) gauge theory, Lg, is

in Table I. This rotating reference frame perspective was used in the early work by Shraiman

and Siggia on lightly-doped antiferromagnets [89, 90], although their attention was restricted to

phases with antiferromagnetic order. The importance of the gauge structure in phases without

antiferromagnetic order was clarified in Ref. [85].

Given the SU(2) gauge invariance associated with (5.6), when we express L in terms of  we

naturally obtain a SU(2) gauge theory with an emergent gauge field A
a

µ
= (Aa

⌧
,Aa), with a = 1, 2, 3.

We write the Lagrangian of the resulting gauge theory as [85–87]

Lg = L + LY + LR + LH . (5.9)

The first term for the  fermions descends directly from the Lc for the electrons

L =
X

i

 
†
i,s

✓
@

@⌧
� µ

◆
�ss0 + iA

a

⌧
�
a

ss0

�
 i,s0 +

X

i,j

tij 
†
i,s


e
i�

aAa·(ri�rj)

�

ss0
 j,s0 , (5.10)

and uses the same hopping terms for  as those for c, along with a minimal coupling to the SU(2)

gauge field. Inserting (5.6) into Lcn, we find that the resulting expression involves 2 complex Higgs

fields, Ha

x
and H

a

y
, which are SU(2) adjoints; these are defined by

H
a

x
⌘

1

2
�x`Tr[�

`
R�

a
R

†], (5.11)

and similarly for Ha

y
. Let us also note the inverse of (5.11)

�x` =
1

2
H

a

x
Tr[�`R�a

R
†], (5.12)
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SU(2) gauge theory: fractionalize the SDW order parameter into

the Higgs field (H) and the spinons (R); fractionalize the electron

(c) into chargons ( ) and spinons (R). When the Higgs field is

condensed, the  fermions and R bosons are deconfined particles

in an algebraic charge liquid (ACL) state, but with a strong residual

attractive interaction from the tij .
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Anti-
ferromagnet
with p holes
per square



= (|"#i � |#"i) /
p
2

ACL with density p
of spinless fermionic

chargons  ,
emergent gauge
fields (the blue

dimers),
and spin S = 1/2,

bosons R
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  In a conventional Fermi liquid state, Fermi volume 
must equal (1-p) (mod 2).  
  When the unit cell is doubled by SDW order, total 
Fermi volume must equal (1-p) (mod 1). 
  A state with Fermi volume (-p) (mod 2), but no 

translational symmetry breaking, must have non-
quasiparticle excitations with vanishing energy on a 
torus i.e. emergent gauge fields (bulk topological 
order)

T. Senthil, M. Vojta, and S. Sachdev, Phys. Rev. B 69, 035111 (2004)
M. Oshikawa, Phys. Rev. Lett. 84, 3370 (2000)

Constraints on volume enclosed by the Fermi surface 



Field Symbol Statistics SU(2)gauge SU(2)spin U(1)e.m.charge

Electron c fermion 1 2 -1

AF order � boson 1 3 0

Chargon  fermion 2 1 -1

Spinon R or z boson 2̄ 2 0

Higgs H boson 3 1 0

TABLE I. Quantum numbers of the matter fields in L and Lg. The transformations under the SU(2)’s

are labelled by the dimension of the SU(2) representation, while those under the electromagnetic U(1)

are labeled by the U(1) charge. The antiferromagnetic spin correlations are characterized by � in (5.3).

The Higgs field determines local spin correlations via (5.12).

A summary of the charges carried by the fields in the resulting SU(2) gauge theory, Lg, is

in Table I. This rotating reference frame perspective was used in the early work by Shraiman

and Siggia on lightly-doped antiferromagnets [89, 90], although their attention was restricted to

phases with antiferromagnetic order. The importance of the gauge structure in phases without

antiferromagnetic order was clarified in Ref. [85].

Given the SU(2) gauge invariance associated with (5.6), when we express L in terms of  we

naturally obtain a SU(2) gauge theory with an emergent gauge field A
a

µ
= (Aa

⌧
,Aa), with a = 1, 2, 3.

We write the Lagrangian of the resulting gauge theory as [85–87]

Lg = L + LY + LR + LH . (5.9)

The first term for the  fermions descends directly from the Lc for the electrons
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and uses the same hopping terms for  as those for c, along with a minimal coupling to the SU(2)

gauge field. Inserting (5.6) into Lcn, we find that the resulting expression involves 2 complex Higgs
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M. S. Scheurer, S. Chatterjee, Wei Wu,  M. Ferrero, A. Georges, and S. Sachdev, 
Proceedings of the National Academy of Sciences 115, E3665 (2018)

Gauge theory of fluctuating antiferromagnetism

SU(2) gauge theory: The ACL was used to model
the photoemission and the cluster DMFT results
in the intermediate phase.
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SU(2) gauge theory for quantum criticality: fractionalize the
SDW order parameter into the Higgs field (H) and the spinons

(R); but do not fractionalize the electron (c) into chargons ( )

and spinons. In the FL* state, the low energy fermionic exci-

tations have the quantum numbers of an electron
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Theory of optimal doping criticality



Theory of optimal doping criticality

SU(2) gauge theory
SU(2) gauge theory with adjoint complex Higgs fields H
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x,y (a = 1, 2, 3),

and gauge-invariant, electron-like fermions c↵ with a large Fermi surface.
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The fermions do not have Yukawa coupling to the

Higgs fields, or a minimal coupling to the gauge

fields: both are prohibited by gauge invariance.

We treat the quartic coupling, � perturbatively.
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Fermi surface reconstruction in electron-doped cuprates  
without antiferromagnetic long-range order
Junfeng He, C. R. Rotundu, M. S. Scheurer, Y. He, M. Hashimoto, K. Xu,    
Y. Wang, E. W. Huang, T. Jia, S.-D. Chen, B. Moritz, D.-H. Lu, Y. S. Lee,         
T. P. Devereaux and Z.-X. Shen 

• New photoemission measurements at zero magnetic
field show Fermi surfaces in quantitative agreement
with quantum oscillation measurements.

• The energy gap between the electron and hole pock-
ets collapses near x = 0.17 like an order parameter.

• “The totality of the data points to a mysterious or-
der between x = 0.14 and x = 0.17, whose appear-
ance favors the FS reconstruction and disappearance
defines the quantum critical doping. A recent topo-
logical proposal provides an ansatz for its origin.”
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Spectral function of SU(2) gauge theory with topological order 

      Gap opening and back bending of the bands can be obtained in the absence of long-range order 

and translational symmetry breaking if the system exhibits topological order1,2. Fig. 7 shows an 

example of the calculated spectral function of an SU(2) gauge theory of fluctuating 

antiferromagnetism within the formalism of Ref. 2 for the parameters relevant to our experiments 

on NCCO.  

      The gap opening, band folding and back bending in the simulated spectral function are similar to 

those observed by ARPES, but there are also additional weak features inside the gap which are not 

visible in the experimental data.  

 

Figure 7 | Spectrum of SU(2) gauge theory with topological order. Spectral function 𝐴𝜔(𝑘) (b) 

along a momentum cut through the electron-like pocket (a). The parameters used in the simulation 

are: |𝐻0| = 0.06𝑡0 , 𝑇 = 0.006𝑡0 , Δ = 0.002𝑡0 , t0
′ = −0.45𝑡0 , 𝐽 = 0.1𝑡0 , 𝜂 = 0.003 𝑡0 , 𝑡 = 𝑍𝑡0 =

380meV and doping level of 𝑥 = 0.15. Please refer to Ref. 2 for the SU(2) gauge theory and the 

physical meaning of the parameters. 

Reference:  

1. Sachdev, S., Topological order and Fermi surface reconstruction. arXiv: 1801.01125v3 (2018). 

2. Scheurer, M. S. et al. Topological order in the pseudogap metal.  Proc. Nat. Acad. Sci. 115, 

E3665-E3672 (2018). 

9 
 

 237 

Figure 1 | Fermi surface reconstruction in optimal-doped NCCO. a, Schematic diagram of a 238 
reconstructed Fermi surface with electron-like pockets near antinode and hole-like pockets near 239 
node. The dashed lines indicate the antiferromagnetic Brillouin zone. b, Schematic band dispersion 240 
along a momentum cut on the electron-like pocket (near hotspot), marked by the red arrow in (a). 241 
The original dispersion is split into conduction and valence bands by an AFM energy gap. The 242 
reconstructed bands bend back at the AFMZB. c, Schematic band dispersion along a momentum cut 243 
on the hole-like pocket (nodal cut), marked by the blue arrow in (a). The AFM energy gap is slightly 244 
above EF, but the folded band (back-bent hole band) disperses below EF. The gray (dashed) line in 245 
(b,c) represents the original (folded) band.  d-f, the same as a-c, but for the original Fermi surface 246 
without reconstruction. g-i, Photoemission intensity plot (g), second derivative image with respect 247 
to energy (h) and raw energy distribution curves (EDCs) (i) for optimal-doped NCCO, measured along 248 
a momentum cut on the electron-like pocket (near hotspot, labelled by the red arrow in the inset of 249 
h). Conduction and valence bands extracted from the EDCs (blue triangles in i) are also presented in 250 
g (black circles) and h (white circles). The EDC at the AFMZB is shown in red (i). The main band and 251 
folded band are marked by “MB” and “FB”, respectively. j-l, the same as g-i, but for the nodal cut 252 
(labelled by the blue arrow in the inset of h).  253 

S. Sachdev, Topological order and Fermi 
surface reconstruction, arXiv:1801.01125

M. S. Scheurer, S. Chatterjee, Wei Wu, 
M. Ferrero, A. Georges, and S. Sachdev, 
Proceedings of the National Academy of 
Sciences 115, E3665 (2018)

Mathias Scheurer
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<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>

Hole-doped cuprates



s

Higgs Confinement

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>

C
ro
ss
ov
er

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

gauge theory
<latexit sha1_base64="El45P4PUynmgZfCohLnbvLzKR+I="></latexit><latexit sha1_base64="El45P4PUynmgZfCohLnbvLzKR+I="></latexit><latexit sha1_base64="El45P4PUynmgZfCohLnbvLzKR+I="></latexit><latexit sha1_base64="El45P4PUynmgZfCohLnbvLzKR+I="></latexit>

hHi 6= 0
<latexit sha1_base64="Mygyau9aGsF9zH4Q2NGsaZkjwsw="></latexit><latexit sha1_base64="Mygyau9aGsF9zH4Q2NGsaZkjwsw="></latexit><latexit sha1_base64="Mygyau9aGsF9zH4Q2NGsaZkjwsw="></latexit><latexit sha1_base64="Mygyau9aGsF9zH4Q2NGsaZkjwsw="></latexit>

hHi = 0
<latexit sha1_base64="00+MN1IYf5XW8eYfgHqKdaIrLT0="></latexit><latexit sha1_base64="00+MN1IYf5XW8eYfgHqKdaIrLT0="></latexit><latexit sha1_base64="00+MN1IYf5XW8eYfgHqKdaIrLT0="></latexit><latexit sha1_base64="00+MN1IYf5XW8eYfgHqKdaIrLT0="></latexit>V (H)

<latexit sha1_base64="+3SlbVdwUVNT58uK+ADBY/Y7eSw=">AAACBnicdVDLSgMxFM3UV62vqksRgq1QN0OmtJ0ui266rGAf0JaSyWTa0MyDJCOUoSs3/oobF4q49Rvc+Tdm2goqeiHkcM693HOPE3EmFUIfRmZtfWNzK7ud29nd2z/IHx51ZBgLQtsk5KHoOVhSzgLaVkxx2osExb7DadeZXqV695YKycLgRs0iOvTxOGAeI1hpapQ/LXZKAyfkrpz5+ksGPlYTgnnSnM8viqN8AZkVG9l1CyIT1SrVakWDKqrZdRtaJlpUAayqNcq/D9yQxD4NFOFYyr6FIjVMsFCMcDrPDWJJI0ymeEz7GgbYp3KYLM6Yw3PNuNALhX6Bggv2+0SCfZna1J2pS/lbS8m/tH6svPowYUEUKxqQ5SIv5lCFMM0EukxQovhMA0wE014hmWCBidLJ5XQIX5fC/0GnbFrItK7LhcblKo4sOAFnoAQsYIMGaIIWaAMC7sADeALPxr3xaLwYr8vWjLGaOQY/ynj7BFqxmQ8=</latexit><latexit sha1_base64="+3SlbVdwUVNT58uK+ADBY/Y7eSw=">AAACBnicdVDLSgMxFM3UV62vqksRgq1QN0OmtJ0ui266rGAf0JaSyWTa0MyDJCOUoSs3/oobF4q49Rvc+Tdm2goqeiHkcM693HOPE3EmFUIfRmZtfWNzK7ud29nd2z/IHx51ZBgLQtsk5KHoOVhSzgLaVkxx2osExb7DadeZXqV695YKycLgRs0iOvTxOGAeI1hpapQ/LXZKAyfkrpz5+ksGPlYTgnnSnM8viqN8AZkVG9l1CyIT1SrVakWDKqrZdRtaJlpUAayqNcq/D9yQxD4NFOFYyr6FIjVMsFCMcDrPDWJJI0ymeEz7GgbYp3KYLM6Yw3PNuNALhX6Bggv2+0SCfZna1J2pS/lbS8m/tH6svPowYUEUKxqQ5SIv5lCFMM0EukxQovhMA0wE014hmWCBidLJ5XQIX5fC/0GnbFrItK7LhcblKo4sOAFnoAQsYIMGaIIWaAMC7sADeALPxr3xaLwYr8vWjLGaOQY/ynj7BFqxmQ8=</latexit><latexit sha1_base64="+3SlbVdwUVNT58uK+ADBY/Y7eSw=">AAACBnicdVDLSgMxFM3UV62vqksRgq1QN0OmtJ0ui266rGAf0JaSyWTa0MyDJCOUoSs3/oobF4q49Rvc+Tdm2goqeiHkcM693HOPE3EmFUIfRmZtfWNzK7ud29nd2z/IHx51ZBgLQtsk5KHoOVhSzgLaVkxx2osExb7DadeZXqV695YKycLgRs0iOvTxOGAeI1hpapQ/LXZKAyfkrpz5+ksGPlYTgnnSnM8viqN8AZkVG9l1CyIT1SrVakWDKqrZdRtaJlpUAayqNcq/D9yQxD4NFOFYyr6FIjVMsFCMcDrPDWJJI0ymeEz7GgbYp3KYLM6Yw3PNuNALhX6Bggv2+0SCfZna1J2pS/lbS8m/tH6svPowYUEUKxqQ5SIv5lCFMM0EukxQovhMA0wE014hmWCBidLJ5XQIX5fC/0GnbFrItK7LhcblKo4sOAFnoAQsYIMGaIIWaAMC7sADeALPxr3xaLwYr8vWjLGaOQY/ynj7BFqxmQ8=</latexit><latexit sha1_base64="+3SlbVdwUVNT58uK+ADBY/Y7eSw=">AAACBnicdVDLSgMxFM3UV62vqksRgq1QN0OmtJ0ui266rGAf0JaSyWTa0MyDJCOUoSs3/oobF4q49Rvc+Tdm2goqeiHkcM693HOPE3EmFUIfRmZtfWNzK7ud29nd2z/IHx51ZBgLQtsk5KHoOVhSzgLaVkxx2osExb7DadeZXqV695YKycLgRs0iOvTxOGAeI1hpapQ/LXZKAyfkrpz5+ksGPlYTgnnSnM8viqN8AZkVG9l1CyIT1SrVakWDKqrZdRtaJlpUAayqNcq/D9yQxD4NFOFYyr6FIjVMsFCMcDrPDWJJI0ymeEz7GgbYp3KYLM6Yw3PNuNALhX6Bggv2+0SCfZna1J2pS/lbS8m/tH6svPowYUEUKxqQ5SIv5lCFMM0EukxQovhMA0wE014hmWCBidLJ5XQIX5fC/0GnbFrItK7LhcblKo4sOAFnoAQsYIMGaIIWaAMC7sADeALPxr3xaLwYr8vWjLGaOQY/ynj7BFqxmQ8=</latexit>

V (H)
<latexit sha1_base64="+3SlbVdwUVNT58uK+ADBY/Y7eSw=">AAACBnicdVDLSgMxFM3UV62vqksRgq1QN0OmtJ0ui266rGAf0JaSyWTa0MyDJCOUoSs3/oobF4q49Rvc+Tdm2goqeiHkcM693HOPE3EmFUIfRmZtfWNzK7ud29nd2z/IHx51ZBgLQtsk5KHoOVhSzgLaVkxx2osExb7DadeZXqV695YKycLgRs0iOvTxOGAeI1hpapQ/LXZKAyfkrpz5+ksGPlYTgnnSnM8viqN8AZkVG9l1CyIT1SrVakWDKqrZdRtaJlpUAayqNcq/D9yQxD4NFOFYyr6FIjVMsFCMcDrPDWJJI0ymeEz7GgbYp3KYLM6Yw3PNuNALhX6Bggv2+0SCfZna1J2pS/lbS8m/tH6svPowYUEUKxqQ5SIv5lCFMM0EukxQovhMA0wE014hmWCBidLJ5XQIX5fC/0GnbFrItK7LhcblKo4sOAFnoAQsYIMGaIIWaAMC7sADeALPxr3xaLwYr8vWjLGaOQY/ynj7BFqxmQ8=</latexit><latexit sha1_base64="+3SlbVdwUVNT58uK+ADBY/Y7eSw=">AAACBnicdVDLSgMxFM3UV62vqksRgq1QN0OmtJ0ui266rGAf0JaSyWTa0MyDJCOUoSs3/oobF4q49Rvc+Tdm2goqeiHkcM693HOPE3EmFUIfRmZtfWNzK7ud29nd2z/IHx51ZBgLQtsk5KHoOVhSzgLaVkxx2osExb7DadeZXqV695YKycLgRs0iOvTxOGAeI1hpapQ/LXZKAyfkrpz5+ksGPlYTgnnSnM8viqN8AZkVG9l1CyIT1SrVakWDKqrZdRtaJlpUAayqNcq/D9yQxD4NFOFYyr6FIjVMsFCMcDrPDWJJI0ymeEz7GgbYp3KYLM6Yw3PNuNALhX6Bggv2+0SCfZna1J2pS/lbS8m/tH6svPowYUEUKxqQ5SIv5lCFMM0EukxQovhMA0wE014hmWCBidLJ5XQIX5fC/0GnbFrItK7LhcblKo4sOAFnoAQsYIMGaIIWaAMC7sADeALPxr3xaLwYr8vWjLGaOQY/ynj7BFqxmQ8=</latexit><latexit sha1_base64="+3SlbVdwUVNT58uK+ADBY/Y7eSw=">AAACBnicdVDLSgMxFM3UV62vqksRgq1QN0OmtJ0ui266rGAf0JaSyWTa0MyDJCOUoSs3/oobF4q49Rvc+Tdm2goqeiHkcM693HOPE3EmFUIfRmZtfWNzK7ud29nd2z/IHx51ZBgLQtsk5KHoOVhSzgLaVkxx2osExb7DadeZXqV695YKycLgRs0iOvTxOGAeI1hpapQ/LXZKAyfkrpz5+ksGPlYTgnnSnM8viqN8AZkVG9l1CyIT1SrVakWDKqrZdRtaJlpUAayqNcq/D9yQxD4NFOFYyr6FIjVMsFCMcDrPDWJJI0ymeEz7GgbYp3KYLM6Yw3PNuNALhX6Bggv2+0SCfZna1J2pS/lbS8m/tH6svPowYUEUKxqQ5SIv5lCFMM0EukxQovhMA0wE014hmWCBidLJ5XQIX5fC/0GnbFrItK7LhcblKo4sOAFnoAQsYIMGaIIWaAMC7sADeALPxr3xaLwYr8vWjLGaOQY/ynj7BFqxmQ8=</latexit><latexit sha1_base64="+3SlbVdwUVNT58uK+ADBY/Y7eSw=">AAACBnicdVDLSgMxFM3UV62vqksRgq1QN0OmtJ0ui266rGAf0JaSyWTa0MyDJCOUoSs3/oobF4q49Rvc+Tdm2goqeiHkcM693HOPE3EmFUIfRmZtfWNzK7ud29nd2z/IHx51ZBgLQtsk5KHoOVhSzgLaVkxx2osExb7DadeZXqV695YKycLgRs0iOvTxOGAeI1hpapQ/LXZKAyfkrpz5+ksGPlYTgnnSnM8viqN8AZkVG9l1CyIT1SrVakWDKqrZdRtaJlpUAayqNcq/D9yQxD4NFOFYyr6FIjVMsFCMcDrPDWJJI0ymeEz7GgbYp3KYLM6Yw3PNuNALhX6Bggv2+0SCfZna1J2pS/lbS8m/tH6svPowYUEUKxqQ5SIv5lCFMM0EukxQovhMA0wE014hmWCBidLJ5XQIX5fC/0GnbFrItK7LhcblKo4sOAFnoAQsYIMGaIIWaAMC7sADeALPxr3xaLwYr8vWjLGaOQY/ynj7BFqxmQ8=</latexit>

H
<latexit sha1_base64="88PvK/XhSq4u9hyomhK6PTypCuE=">AAACBHicdVDLSgMxFM3UV62vUZfdBFvB1ZApbafLopsuK9gHdErJpGkbmnmQZIQyzMKNv+LGhSJu/Qh3/o2ZtoKKXgg5nHMv99zjRZxJhdCHkdvY3Nreye8W9vYPDo/M45OuDGNBaIeEPBR9D0vKWUA7iilO+5Gg2Pc47Xnzq0zv3VIhWRjcqEVEhz6eBmzCCFaaGpnFsuuFfCwXvv4S18dqRjBPWmkKyyOzhKyqg5yGDZGF6tVarapBDdWdhgNtCy2rBNbVHpnv7jgksU8DRTiWcmCjSA0TLBQjnKYFN5Y0wmSOp3SgYYB9KofJ8ogUnmtmDCeh0C9QcMl+n0iwLzObujNzKX9rGfmXNojVpDFMWBDFigZktWgSc6hCmCUCx0xQovhCA0wE014hmWGBidK5FXQIX5fC/0G3YtnIsq8rpeblOo48KIIzcAFs4IAmaIE26AAC7sADeALPxr3xaLwYr6vWnLGeOQU/ynj7BDYjmHQ=</latexit><latexit sha1_base64="88PvK/XhSq4u9hyomhK6PTypCuE=">AAACBHicdVDLSgMxFM3UV62vUZfdBFvB1ZApbafLopsuK9gHdErJpGkbmnmQZIQyzMKNv+LGhSJu/Qh3/o2ZtoKKXgg5nHMv99zjRZxJhdCHkdvY3Nreye8W9vYPDo/M45OuDGNBaIeEPBR9D0vKWUA7iilO+5Gg2Pc47Xnzq0zv3VIhWRjcqEVEhz6eBmzCCFaaGpnFsuuFfCwXvv4S18dqRjBPWmkKyyOzhKyqg5yGDZGF6tVarapBDdWdhgNtCy2rBNbVHpnv7jgksU8DRTiWcmCjSA0TLBQjnKYFN5Y0wmSOp3SgYYB9KofJ8ogUnmtmDCeh0C9QcMl+n0iwLzObujNzKX9rGfmXNojVpDFMWBDFigZktWgSc6hCmCUCx0xQovhCA0wE014hmWGBidK5FXQIX5fC/0G3YtnIsq8rpeblOo48KIIzcAFs4IAmaIE26AAC7sADeALPxr3xaLwYr6vWnLGeOQU/ynj7BDYjmHQ=</latexit><latexit sha1_base64="88PvK/XhSq4u9hyomhK6PTypCuE=">AAACBHicdVDLSgMxFM3UV62vUZfdBFvB1ZApbafLopsuK9gHdErJpGkbmnmQZIQyzMKNv+LGhSJu/Qh3/o2ZtoKKXgg5nHMv99zjRZxJhdCHkdvY3Nreye8W9vYPDo/M45OuDGNBaIeEPBR9D0vKWUA7iilO+5Gg2Pc47Xnzq0zv3VIhWRjcqEVEhz6eBmzCCFaaGpnFsuuFfCwXvv4S18dqRjBPWmkKyyOzhKyqg5yGDZGF6tVarapBDdWdhgNtCy2rBNbVHpnv7jgksU8DRTiWcmCjSA0TLBQjnKYFN5Y0wmSOp3SgYYB9KofJ8ogUnmtmDCeh0C9QcMl+n0iwLzObujNzKX9rGfmXNojVpDFMWBDFigZktWgSc6hCmCUCx0xQovhCA0wE014hmWGBidK5FXQIX5fC/0G3YtnIsq8rpeblOo48KIIzcAFs4IAmaIE26AAC7sADeALPxr3xaLwYr6vWnLGeOQU/ynj7BDYjmHQ=</latexit><latexit sha1_base64="88PvK/XhSq4u9hyomhK6PTypCuE=">AAACBHicdVDLSgMxFM3UV62vUZfdBFvB1ZApbafLopsuK9gHdErJpGkbmnmQZIQyzMKNv+LGhSJu/Qh3/o2ZtoKKXgg5nHMv99zjRZxJhdCHkdvY3Nreye8W9vYPDo/M45OuDGNBaIeEPBR9D0vKWUA7iilO+5Gg2Pc47Xnzq0zv3VIhWRjcqEVEhz6eBmzCCFaaGpnFsuuFfCwXvv4S18dqRjBPWmkKyyOzhKyqg5yGDZGF6tVarapBDdWdhgNtCy2rBNbVHpnv7jgksU8DRTiWcmCjSA0TLBQjnKYFN5Y0wmSOp3SgYYB9KofJ8ogUnmtmDCeh0C9QcMl+n0iwLzObujNzKX9rGfmXNojVpDFMWBDFigZktWgSc6hCmCUCx0xQovhCA0wE014hmWGBidK5FXQIX5fC/0G3YtnIsq8rpeblOo48KIIzcAFs4IAmaIE26AAC7sADeALPxr3xaLwYr6vWnLGeOQU/ynj7BDYjmHQ=</latexit>

H
<latexit sha1_base64="88PvK/XhSq4u9hyomhK6PTypCuE=">AAACBHicdVDLSgMxFM3UV62vUZfdBFvB1ZApbafLopsuK9gHdErJpGkbmnmQZIQyzMKNv+LGhSJu/Qh3/o2ZtoKKXgg5nHMv99zjRZxJhdCHkdvY3Nreye8W9vYPDo/M45OuDGNBaIeEPBR9D0vKWUA7iilO+5Gg2Pc47Xnzq0zv3VIhWRjcqEVEhz6eBmzCCFaaGpnFsuuFfCwXvv4S18dqRjBPWmkKyyOzhKyqg5yGDZGF6tVarapBDdWdhgNtCy2rBNbVHpnv7jgksU8DRTiWcmCjSA0TLBQjnKYFN5Y0wmSOp3SgYYB9KofJ8ogUnmtmDCeh0C9QcMl+n0iwLzObujNzKX9rGfmXNojVpDFMWBDFigZktWgSc6hCmCUCx0xQovhCA0wE014hmWGBidK5FXQIX5fC/0G3YtnIsq8rpeblOo48KIIzcAFs4IAmaIE26AAC7sADeALPxr3xaLwYr6vWnLGeOQU/ynj7BDYjmHQ=</latexit><latexit sha1_base64="88PvK/XhSq4u9hyomhK6PTypCuE=">AAACBHicdVDLSgMxFM3UV62vUZfdBFvB1ZApbafLopsuK9gHdErJpGkbmnmQZIQyzMKNv+LGhSJu/Qh3/o2ZtoKKXgg5nHMv99zjRZxJhdCHkdvY3Nreye8W9vYPDo/M45OuDGNBaIeEPBR9D0vKWUA7iilO+5Gg2Pc47Xnzq0zv3VIhWRjcqEVEhz6eBmzCCFaaGpnFsuuFfCwXvv4S18dqRjBPWmkKyyOzhKyqg5yGDZGF6tVarapBDdWdhgNtCy2rBNbVHpnv7jgksU8DRTiWcmCjSA0TLBQjnKYFN5Y0wmSOp3SgYYB9KofJ8ogUnmtmDCeh0C9QcMl+n0iwLzObujNzKX9rGfmXNojVpDFMWBDFigZktWgSc6hCmCUCx0xQovhCA0wE014hmWGBidK5FXQIX5fC/0G3YtnIsq8rpeblOo48KIIzcAFs4IAmaIE26AAC7sADeALPxr3xaLwYr6vWnLGeOQU/ynj7BDYjmHQ=</latexit><latexit sha1_base64="88PvK/XhSq4u9hyomhK6PTypCuE=">AAACBHicdVDLSgMxFM3UV62vUZfdBFvB1ZApbafLopsuK9gHdErJpGkbmnmQZIQyzMKNv+LGhSJu/Qh3/o2ZtoKKXgg5nHMv99zjRZxJhdCHkdvY3Nreye8W9vYPDo/M45OuDGNBaIeEPBR9D0vKWUA7iilO+5Gg2Pc47Xnzq0zv3VIhWRjcqEVEhz6eBmzCCFaaGpnFsuuFfCwXvv4S18dqRjBPWmkKyyOzhKyqg5yGDZGF6tVarapBDdWdhgNtCy2rBNbVHpnv7jgksU8DRTiWcmCjSA0TLBQjnKYFN5Y0wmSOp3SgYYB9KofJ8ogUnmtmDCeh0C9QcMl+n0iwLzObujNzKX9rGfmXNojVpDFMWBDFigZktWgSc6hCmCUCx0xQovhCA0wE014hmWGBidK5FXQIX5fC/0G3YtnIsq8rpeblOo48KIIzcAFs4IAmaIE26AAC7sADeALPxr3xaLwYr6vWnLGeOQU/ynj7BDYjmHQ=</latexit><latexit sha1_base64="88PvK/XhSq4u9hyomhK6PTypCuE=">AAACBHicdVDLSgMxFM3UV62vUZfdBFvB1ZApbafLopsuK9gHdErJpGkbmnmQZIQyzMKNv+LGhSJu/Qh3/o2ZtoKKXgg5nHMv99zjRZxJhdCHkdvY3Nreye8W9vYPDo/M45OuDGNBaIeEPBR9D0vKWUA7iilO+5Gg2Pc47Xnzq0zv3VIhWRjcqEVEhz6eBmzCCFaaGpnFsuuFfCwXvv4S18dqRjBPWmkKyyOzhKyqg5yGDZGF6tVarapBDdWdhgNtCy2rBNbVHpnv7jgksU8DRTiWcmCjSA0TLBQjnKYFN5Y0wmSOp3SgYYB9KofJ8ogUnmtmDCeh0C9QcMl+n0iwLzObujNzKX9rGfmXNojVpDFMWBDFigZktWgSc6hCmCUCx0xQovhCA0wE014hmWGBidK5FXQIX5fC/0G3YtnIsq8rpeblOo48KIIzcAFs4IAmaIE26AAC7sADeALPxr3xaLwYr6vWnLGeOQU/ynj7BDYjmHQ=</latexit>

Nh = 1
<latexit sha1_base64="+kG6GGfXeJCFZJgwBoxCU/BoR3U=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ49MMrkIQS+eJIJZIBlCT6cnadKz0N0jhCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiqF6SCK43xh7Wyura+sVnYKm7v7O7tlw4OWyrJJGVNmohEdgKimOAxa2quBeukkpEoEKwdjK9mfvueScWT+E5PUuZHZBjzkFOijdS+6Y/QBXL6pTK2XQ97NQdhG1fdSsU1pIKrXs1Djo3nKMMSjX7pvTdIaBaxWFNBlOo6ONV+TqTmVLBpsZcplhI6JkPWNTQmEVN+Pj93ik6NMkBhIk3FGs3V7xM5iZSaRIHpjIgeqd/eTPzL62Y6rPk5j9NMs5guFoWZQDpBs9/RgEtGtZgYQqjk5lZER0QSqk1CRRPC16fof9I6tx1sO7duuX65jKMAx3ACZ+CAB3W4hgY0gcIYHuAJnq3UerRerNdF64q1nDmCH7DePgE5JI7X</latexit><latexit sha1_base64="+kG6GGfXeJCFZJgwBoxCU/BoR3U=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ49MMrkIQS+eJIJZIBlCT6cnadKz0N0jhCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiqF6SCK43xh7Wyura+sVnYKm7v7O7tlw4OWyrJJGVNmohEdgKimOAxa2quBeukkpEoEKwdjK9mfvueScWT+E5PUuZHZBjzkFOijdS+6Y/QBXL6pTK2XQ97NQdhG1fdSsU1pIKrXs1Djo3nKMMSjX7pvTdIaBaxWFNBlOo6ONV+TqTmVLBpsZcplhI6JkPWNTQmEVN+Pj93ik6NMkBhIk3FGs3V7xM5iZSaRIHpjIgeqd/eTPzL62Y6rPk5j9NMs5guFoWZQDpBs9/RgEtGtZgYQqjk5lZER0QSqk1CRRPC16fof9I6tx1sO7duuX65jKMAx3ACZ+CAB3W4hgY0gcIYHuAJnq3UerRerNdF64q1nDmCH7DePgE5JI7X</latexit><latexit sha1_base64="+kG6GGfXeJCFZJgwBoxCU/BoR3U=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ49MMrkIQS+eJIJZIBlCT6cnadKz0N0jhCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiqF6SCK43xh7Wyura+sVnYKm7v7O7tlw4OWyrJJGVNmohEdgKimOAxa2quBeukkpEoEKwdjK9mfvueScWT+E5PUuZHZBjzkFOijdS+6Y/QBXL6pTK2XQ97NQdhG1fdSsU1pIKrXs1Djo3nKMMSjX7pvTdIaBaxWFNBlOo6ONV+TqTmVLBpsZcplhI6JkPWNTQmEVN+Pj93ik6NMkBhIk3FGs3V7xM5iZSaRIHpjIgeqd/eTPzL62Y6rPk5j9NMs5guFoWZQDpBs9/RgEtGtZgYQqjk5lZER0QSqk1CRRPC16fof9I6tx1sO7duuX65jKMAx3ACZ+CAB3W4hgY0gcIYHuAJnq3UerRerNdF64q1nDmCH7DePgE5JI7X</latexit><latexit sha1_base64="+kG6GGfXeJCFZJgwBoxCU/BoR3U=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPQ49MMrkIQS+eJIJZIBlCT6cnadKz0N0jhCEf4cWDIl79Hm/+jZ1FUNEHBY/3qqiqF6SCK43xh7Wyura+sVnYKm7v7O7tlw4OWyrJJGVNmohEdgKimOAxa2quBeukkpEoEKwdjK9mfvueScWT+E5PUuZHZBjzkFOijdS+6Y/QBXL6pTK2XQ97NQdhG1fdSsU1pIKrXs1Djo3nKMMSjX7pvTdIaBaxWFNBlOo6ONV+TqTmVLBpsZcplhI6JkPWNTQmEVN+Pj93ik6NMkBhIk3FGs3V7xM5iZSaRIHpjIgeqd/eTPzL62Y6rPk5j9NMs5guFoWZQDpBs9/RgEtGtZgYQqjk5lZER0QSqk1CRRPC16fof9I6tx1sO7duuX65jKMAx3ACZ+CAB3W4hgY0gcIYHuAJnq3UerRerNdF64q1nDmCH7DePgE5JI7X</latexit>

Electron-doped cuprates


