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Challenges 

• Frustration
• Geometric
• Quantum

• Heisenberg Hamiltonian
    lowest energy eigenstate 

• Fluctuation – mean field picture breakdown 
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On the bright side:
• Low threshold – combinatorics, linear algebra, quantum mechanics, Mathematica, Adobe Illustrator
• Low risk of being scouped!
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= �1

2
(~Si � ~Sj)

2 � 3

2



The beauty-importance diagonal

beauty axis

importance axis

unpublishable results
most of 
my work
(so far)

0

certain wrong results 
in the right direction

bad research ethics or integrity

work that actually lands
you a permanent job 

Nobel
worthy



Outline

• (incomplete) survey of models with colour d.o.f.
• SU(N) spin chain
• Simplex matryoshka
• Beyond area-law ground states via color

• Colored loop models and sub-area-law entanglement
• Hilbert space fragmentation
• Tower of exact excited states
• Topological entangelement entropy
• Non-intersecting bicolor loop models
• Balasubramanian–Lake–Choi model 

• Summary and outlook



• Heisenberg chain                                                                          XXZ chain
• Multi-component generalization

• Partial integrability

Colored spin chain

H =
LX

i=1

[Pi,i+1 + 2�Ci,i+1]

<latexit sha1_base64="D5Ceyh9OiUUDtaLheC03He8frrg="></latexit>

Pi,i+1 =
sX

a,b=1

e(ab)i ⌦ e(ba)i+1 ,

Ci,i+1 =
sX

a=1

e(aa)i ⌦ e(aa)i+1

<latexit sha1_base64="jIkEoVFI7AgNJ2cetXm2cLKmoVE="></latexit>

(e(ab))cd = �ac �
b
d

<latexit sha1_base64="26/LnoIjy4srZnRdvOIYY76nxLg=">AAACDXicbZC7SgNBFIZn4y3GW9TSZjEKSRN2JaAWQtDGMoK5QC7L2dmTZMjshZlZISx5ARtfxcZCEVt7O9/GSbKFJv4w8PGfczhzfjfiTCrL+jYyK6tr6xvZzdzW9s7uXn7/oCHDWFCs05CHouWCRM4CrCumOLYigeC7HJvu6GZabz6gkCwM7tU4wq4Pg4D1GQWlLSd/UsReUgS3NCk5CfUmVx0PuQKH9iAlr+c6+YJVtmYyl8FOoUBS1Zz8V8cLaexjoCgHKdu2FaluAkIxynGS68QSI6AjGGBbYwA+ym4yu2ZinmrHM/uh0C9Q5sz9PZGAL+XYd3WnD2ooF2tT879aO1b9i27CgihWGND5on7MTRWa02hMjwmkio81ABVM/9WkQxBAlQ4wp0OwF09ehsZZ2a6UL+8qhep1GkeWHJFjUiQ2OSdVcktqpE4oeSTP5JW8GU/Gi/FufMxbM0Y6c0j+yPj8AcS7m2o=</latexit>

Pi,i+1(vi ⌦ vi+1) = vi+1 ⌦ vi

<latexit sha1_base64="54/ciEyiQvgUROLpYUq/rrs+DLk=">AAACGXicbZDLSgMxFIYz9VbrbdSlm2ARKkqZkYK6EIpuXFawF2iHIZNm2tBMMiSZQhn6Gm58FTcuFHGpK9/GtB1QW38I/HznHE7OH8SMKu04X1ZuaXlldS2/XtjY3NresXf3GkokEpM6FkzIVoAUYZSTuqaakVYsCYoCRprB4GZSbw6JVFTwez2KiRehHqchxUgb5NtOzU/pKT1xx6WhTztC04goODTQoOOrzPxw6ttFp+xMBReNm5kiyFTz7Y9OV+AkIlxjhpRqu06svRRJTTEj40InUSRGeIB6pG0sR2aRl04vG8MjQ7owFNI8ruGU/p5IUaTUKApMZ4R0X83XJvC/WjvR4YWXUh4nmnA8WxQmDGoBJzHBLpUEazYyBmFJzV8h7iOJsDZhFkwI7vzJi6ZxVnYr5cu7SrF6ncWRBwfgEJSAC85BFdyCGqgDDB7AE3gBr9aj9Wy9We+z1pyVzeyDP7I+vwFCxJ/g</latexit>

Sutherland, Phys. Rev. B, 75’ Babelon, de Vega, Viallet, Nucl. Phys. B, 82’

<latexit sha1_base64="cywZA44BCxNFB1eKaP+EClTBjkY="></latexit>

H =
LX

i=1

Pi,i+1 ! H =
LX

i=1

[XiXi+1 + YiYi+1 +�ZiZi+1]

<latexit sha1_base64="OUhQVPNKTWbR/JEtJYu2GssGew0=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWQVDKTPG2KRTcdOGigr1AOw6ZNG1Dk8yQZIQyDG58FTcuFHHrU7jzbUzbWWj1h8DHf87h5PxBxKjSjvNl5RYWl5ZX8quFtfWNzS17e6epwlhi0sAhC2U7QIowKkhDU81IO5IE8YCRVjC6mtRb90QqGopbPY6Ix9FA0D7FSBvLt/dqla6KuZ/QipveXcO6oRN67KbQt4tOyZkK/gU3gyLIVPftz24vxDEnQmOGlOq4TqS9BElNMSNpoRsrEiE8QgPSMSgQJ8pLpiek8NA4PdgPpXlCw6n7cyJBXKkxD0wnR3qo5msT879aJ9b9Sy+hIoo1EXi2qB8zqEM4yQP2qCRYs7EBhCU1f4V4iCTC2qRWMCG48yf/hWa55J6Xzm5Oi9VyFkce7IMDcARccAGqoAbqoAEweABP4AW8Wo/Ws/Vmvc9ac1Y2swt+yfr4BiEule4=</latexit>

H =
LX

i=1

Pi,i+1

<latexit sha1_base64="X5juES5d+bhGGmgDFLJl1Ceizhw="></latexit>

! H +
LX

i=1

2

4
p

4�2 � 1
sX

a,b=1

�abe
(aa)
i e

(bb)
i+1

3

5 , �ab = sgn(a� b) +
2

s
(b� a)

Kiwata, Akutsu, Sato, J Phys. Soc. Japan, 94’, 95’, 96’



“    ” integrability breaking
|vi =

X

Q2Sn

X

1xQ1<··· ,xQnL

 Q(x)|xi,

<latexit sha1_base64="JM2MmBvi779J9m8BSJUJOQ7644Y="></latexit>

<latexit sha1_base64="1qDkLsRjnK7NbYB85v/9XJSeQe4=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjPia1l047KCfUA7lEyaaUMzyZBkCmXon7hxoYhb/8Sdf2OmHUFbD4Qczrn35uaECWfaeN6Xs7K6tr6xWdoqb+/s7u27B4dNLVNFaINILlU7xJpyJmjDMMNpO1EUxyGnrXB0l/utMVWaSfFoJgkNYjwQLGIEGyv1XLebYGUY5j93z614VW8GtEz8glSgQL3nfnb7kqQxFYZwrHXH9xITZPk0wum03E01TTAZ4QHtWCpwTHWQzTafolOr9FEklT3CoJn6uyPDsdaTOLSVMTZDvejl4n9eJzXRTZAxkaSGCjJ/KEo5MhLlMaA+U5QYPrEEE8XsrogMscLE2LDKNgR/8cvLpHle9a+qlw8XldptEUcJjuEEzsCHa6jBPdShAQTG8AQv8OpkzrPz5rzPS1ecoucI/sD5+Ab8n5Pn</latexit>

@@



“    ” integrability breaking
|vi =

X

Q2Sn

X

1xQ1<··· ,xQnL

 Q(x)|xi,

<latexit sha1_base64="JM2MmBvi779J9m8BSJUJOQ7644Y="></latexit>

 Q(x) =
X

P2Sn

AQ,P

nY

i=1

µ
qQi

Pi

<latexit sha1_base64="1jZwwvWLDcGTLv1SvNYTGAwvYps="></latexit>

ansatz:

<latexit sha1_base64="1qDkLsRjnK7NbYB85v/9XJSeQe4=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjPia1l047KCfUA7lEyaaUMzyZBkCmXon7hxoYhb/8Sdf2OmHUFbD4Qczrn35uaECWfaeN6Xs7K6tr6xWdoqb+/s7u27B4dNLVNFaINILlU7xJpyJmjDMMNpO1EUxyGnrXB0l/utMVWaSfFoJgkNYjwQLGIEGyv1XLebYGUY5j93z614VW8GtEz8glSgQL3nfnb7kqQxFYZwrHXH9xITZPk0wum03E01TTAZ4QHtWCpwTHWQzTafolOr9FEklT3CoJn6uyPDsdaTOLSVMTZDvejl4n9eJzXRTZAxkaSGCjJ/KEo5MhLlMaA+U5QYPrEEE8XsrogMscLE2LDKNgR/8cvLpHle9a+qlw8XldptEUcJjuEEzsCHa6jBPdShAQTG8AQv8OpkzrPz5rzPS1ecoucI/sD5+Ab8n5Pn</latexit>

@@



“    ” integrability breaking
|vi =

X

Q2Sn

X

1xQ1<··· ,xQnL

 Q(x)|xi,

<latexit sha1_base64="JM2MmBvi779J9m8BSJUJOQ7644Y="></latexit>

 Q(x) =
X

P2Sn

AQ,P

nY

i=1

µ
qQi

Pi

<latexit sha1_base64="1jZwwvWLDcGTLv1SvNYTGAwvYps="></latexit>

ansatz:

are              matrices with column vectors  n!⇥ n!

<latexit sha1_base64="YVHFQUJoxqPSFROaO+AI9pXLYrY=">AAAB8nicbVBNS8NAEJ34WetX1aOXrUXwVBIpqLeiF48V7AekoWy2m3bpZhN2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmGW+yRCa6E1LDpVC8iQIl76Sa0ziUvB2O7mZ++4lrIxL1iOOUBzEdKBEJRtFKvip3UcTcEFXulSpu1Z2DrBIvJxXI0eiVvrr9hGUxV8gkNcb33BSDCdUomOTTYjczPKVsRAfct1RRuyeYzE+eknOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n+en2F0HUyESjPkii0WRZkkmJDZ/6QvNGcox5ZQpoW9lbAh1ZShTaloQ/CWX14lrcuqV6vePNQq9ds8jgKcwhlcgAdXUId7aEATGCTwDK/w5qDz4rw7H4vWNSefOYE/cD5/AGKHkLA=</latexit>

AQ,P

<latexit sha1_base64="Eg0tJ6sdqUhGDgTy7EIXTZnm6pg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRb1IvHBMwDkiXMTjrJkNnZZWZWCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4gF18Z1v53c2vrG5lZ+u7Czu7d/UDw8auooUQwbLBKRagdUo+ASG4Ybge1YIQ0Dga1gfD/zW0+oNI/ko5nE6Id0KPmAM2qs1LrtpfWL2rRXLLlldw6ySryMlCBDrVf86vYjloQoDRNU647nxsZPqTKcCZwWuonGmLIxHWLHUklD1H46P3dKzqzSJ4NI2ZKGzNXfEykNtZ6Ege0MqRnpZW8m/ud1EjO49lMu48SgZItFg0QQE5HZ76TPFTIjJpZQpri9lbARVZQZm1DBhuAtv7xKmpdlr1K+qVdK1bssjjycwCmcgwdXUIUHqEEDGIzhGV7hzYmdF+fd+Vi05pxs5hj+wPn8AbnnjzE=</latexit>

⇠P

<latexit sha1_base64="WYn7H6epaSdMpVs6A9hwVfcwOFM=">AAAB7HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrBfVW9OKxgtsW2qVk07dtaDa7JFmxlP4GLx4U8eoP8ua/MW33oK0DgWFmHnlvwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpk4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7cxvPaLSPJEPZpxiENOB5BFn1FjJ7z7xXqNXrrhVdw6ySrycVCCHzX91+wnLYpSGCap1x3NTE0yoMpwJnJa6mcaUshEdYMdSSWPUwWS+7JScWaVPokTZJw2Zq78nJjTWehyHNhlTM9TL3kz8z+tkJroKJlymmUHJFh9FmSAmIbPLSZ8rZEaMLaFMcbsrYUOqKDO2n5ItwVs+eZU0L6perXp9X6vUb/I6inACp3AOHlxCHe6gAT4w4PAMr/DmSOfFeXc+FtGCk88cwx84nz+1u46k</latexit>

<latexit sha1_base64="1qDkLsRjnK7NbYB85v/9XJSeQe4=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjPia1l047KCfUA7lEyaaUMzyZBkCmXon7hxoYhb/8Sdf2OmHUFbD4Qczrn35uaECWfaeN6Xs7K6tr6xWdoqb+/s7u27B4dNLVNFaINILlU7xJpyJmjDMMNpO1EUxyGnrXB0l/utMVWaSfFoJgkNYjwQLGIEGyv1XLebYGUY5j93z614VW8GtEz8glSgQL3nfnb7kqQxFYZwrHXH9xITZPk0wum03E01TTAZ4QHtWCpwTHWQzTafolOr9FEklT3CoJn6uyPDsdaTOLSVMTZDvejl4n9eJzXRTZAxkaSGCjJ/KEo5MhLlMaA+U5QYPrEEE8XsrogMscLE2LDKNgR/8cvLpHle9a+qlw8XldptEUcJjuEEzsCHa6jBPdShAQTG8AQv8OpkzrPz5rzPS1ecoucI/sD5+Ab8n5Pn</latexit>

@@



“    ” integrability breaking
|vi =

X

Q2Sn

X

1xQ1<··· ,xQnL

 Q(x)|xi,

<latexit sha1_base64="JM2MmBvi779J9m8BSJUJOQ7644Y="></latexit>

 Q(x) =
X

P2Sn

AQ,P

nY

i=1

µ
qQi

Pi

<latexit sha1_base64="1jZwwvWLDcGTLv1SvNYTGAwvYps="></latexit>

ansatz:

are              matrices with column vectors  n!⇥ n!

<latexit sha1_base64="YVHFQUJoxqPSFROaO+AI9pXLYrY=">AAAB8nicbVBNS8NAEJ34WetX1aOXrUXwVBIpqLeiF48V7AekoWy2m3bpZhN2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmGW+yRCa6E1LDpVC8iQIl76Sa0ziUvB2O7mZ++4lrIxL1iOOUBzEdKBEJRtFKvip3UcTcEFXulSpu1Z2DrBIvJxXI0eiVvrr9hGUxV8gkNcb33BSDCdUomOTTYjczPKVsRAfct1RRuyeYzE+eknOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n+en2F0HUyESjPkii0WRZkkmJDZ/6QvNGcox5ZQpoW9lbAh1ZShTaloQ/CWX14lrcuqV6vePNQq9ds8jgKcwhlcgAdXUId7aEATGCTwDK/w5qDz4rw7H4vWNSefOYE/cD5/AGKHkLA=</latexit>

AQ,P

<latexit sha1_base64="Eg0tJ6sdqUhGDgTy7EIXTZnm6pg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRb1IvHBMwDkiXMTjrJkNnZZWZWCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4gF18Z1v53c2vrG5lZ+u7Czu7d/UDw8auooUQwbLBKRagdUo+ASG4Ybge1YIQ0Dga1gfD/zW0+oNI/ko5nE6Id0KPmAM2qs1LrtpfWL2rRXLLlldw6ySryMlCBDrVf86vYjloQoDRNU647nxsZPqTKcCZwWuonGmLIxHWLHUklD1H46P3dKzqzSJ4NI2ZKGzNXfEykNtZ6Ege0MqRnpZW8m/ud1EjO49lMu48SgZItFg0QQE5HZ76TPFTIjJpZQpri9lbARVZQZm1DBhuAtv7xKmpdlr1K+qVdK1bssjjycwCmcgwdXUIUHqEEDGIzhGV7hzYmdF+fd+Vi05pxs5hj+wPn8AbnnjzE=</latexit>

⇠P

<latexit sha1_base64="WYn7H6epaSdMpVs6A9hwVfcwOFM=">AAAB7HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrBfVW9OKxgtsW2qVk07dtaDa7JFmxlP4GLx4U8eoP8ua/MW33oK0DgWFmHnlvwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpk4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7cxvPaLSPJEPZpxiENOB5BFn1FjJ7z7xXqNXrrhVdw6ySrycVCCHzX91+wnLYpSGCap1x3NTE0yoMpwJnJa6mcaUshEdYMdSSWPUwWS+7JScWaVPokTZJw2Zq78nJjTWehyHNhlTM9TL3kz8z+tkJroKJlymmUHJFh9FmSAmIbPLSZ8rZEaMLaFMcbsrYUOqKDO2n5ItwVs+eZU0L6perXp9X6vUb/I6inACp3AOHlxCHe6gAT4w4PAMr/DmSOfFeXc+FtGCk88cwx84nz+1u46k</latexit>

Scattering ⇠P�ij = Y a
ij⇠P

<latexit sha1_base64="2X6LFJm1hh/kADNvv2vx/lVp60U=">AAACC3icbVA7T8MwGHR4lvIqMLJYrZCYqgRVAgakChbGItEHakLkuE5raieR7SCqKDsLf4WFAYRY+QNs/BucNAO0nGT5dHef7O+8iFGpTPPbWFhcWl5ZLa2V1zc2t7YrO7sdGcYCkzYOWSh6HpKE0YC0FVWM9CJBEPcY6Xrji8zv3hMhaRhcq0lEHI6GAfUpRkpLbqVqP1A3admSDjlyE3qXpmc3+X2boDQzW26lZtbNHHCeWAWpgQI6/2UPQhxzEijMkJR9y4yUkyChKGYkLduxJBHCYzQkfU0DxIl0knyXFB5oZQD9UOgTKJirvycSxKWccE8nOVIjOetl4n9eP1b+iZPQIIoVCfD0IT9mUIUwKwYOqCBYsYkmCAuq/wrxCAmEla6vrEuwZleeJ52jutWon141as3zoo4S2AdVcAgscAya4BK0QBtg8AiewSt4M56MF+Pd+JhGF4xiZg/8gfH5A16Am+k=</latexit>

<latexit sha1_base64="1qDkLsRjnK7NbYB85v/9XJSeQe4=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjPia1l047KCfUA7lEyaaUMzyZBkCmXon7hxoYhb/8Sdf2OmHUFbD4Qczrn35uaECWfaeN6Xs7K6tr6xWdoqb+/s7u27B4dNLVNFaINILlU7xJpyJmjDMMNpO1EUxyGnrXB0l/utMVWaSfFoJgkNYjwQLGIEGyv1XLebYGUY5j93z614VW8GtEz8glSgQL3nfnb7kqQxFYZwrHXH9xITZPk0wum03E01TTAZ4QHtWCpwTHWQzTafolOr9FEklT3CoJn6uyPDsdaTOLSVMTZDvejl4n9eJzXRTZAxkaSGCjJ/KEo5MhLlMaA+U5QYPrEEE8XsrogMscLE2LDKNgR/8cvLpHle9a+qlw8XldptEUcJjuEEzsCHa6jBPdShAQTG8AQv8OpkzrPz5rzPS1ecoucI/sD5+Ab8n5Pn</latexit>

@@



“    ” integrability breaking
|vi =

X

Q2Sn

X

1xQ1<··· ,xQnL

 Q(x)|xi,

<latexit sha1_base64="JM2MmBvi779J9m8BSJUJOQ7644Y="></latexit>

 Q(x) =
X

P2Sn

AQ,P

nY

i=1

µ
qQi

Pi

<latexit sha1_base64="1jZwwvWLDcGTLv1SvNYTGAwvYps="></latexit>

ansatz:

are              matrices with column vectors  n!⇥ n!

<latexit sha1_base64="YVHFQUJoxqPSFROaO+AI9pXLYrY=">AAAB8nicbVBNS8NAEJ34WetX1aOXrUXwVBIpqLeiF48V7AekoWy2m3bpZhN2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmGW+yRCa6E1LDpVC8iQIl76Sa0ziUvB2O7mZ++4lrIxL1iOOUBzEdKBEJRtFKvip3UcTcEFXulSpu1Z2DrBIvJxXI0eiVvrr9hGUxV8gkNcb33BSDCdUomOTTYjczPKVsRAfct1RRuyeYzE+eknOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n+en2F0HUyESjPkii0WRZkkmJDZ/6QvNGcox5ZQpoW9lbAh1ZShTaloQ/CWX14lrcuqV6vePNQq9ds8jgKcwhlcgAdXUId7aEATGCTwDK/w5qDz4rw7H4vWNSefOYE/cD5/AGKHkLA=</latexit>

AQ,P

<latexit sha1_base64="Eg0tJ6sdqUhGDgTy7EIXTZnm6pg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRb1IvHBMwDkiXMTjrJkNnZZWZWCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4gF18Z1v53c2vrG5lZ+u7Czu7d/UDw8auooUQwbLBKRagdUo+ASG4Ybge1YIQ0Dga1gfD/zW0+oNI/ko5nE6Id0KPmAM2qs1LrtpfWL2rRXLLlldw6ySryMlCBDrVf86vYjloQoDRNU647nxsZPqTKcCZwWuonGmLIxHWLHUklD1H46P3dKzqzSJ4NI2ZKGzNXfEykNtZ6Ege0MqRnpZW8m/ud1EjO49lMu48SgZItFg0QQE5HZ76TPFTIjJpZQpri9lbARVZQZm1DBhuAtv7xKmpdlr1K+qVdK1bssjjycwCmcgwdXUIUHqEEDGIzhGV7hzYmdF+fd+Vi05pxs5hj+wPn8AbnnjzE=</latexit>

⇠P

<latexit sha1_base64="WYn7H6epaSdMpVs6A9hwVfcwOFM=">AAAB7HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrBfVW9OKxgtsW2qVk07dtaDa7JFmxlP4GLx4U8eoP8ua/MW33oK0DgWFmHnlvwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpk4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7cxvPaLSPJEPZpxiENOB5BFn1FjJ7z7xXqNXrrhVdw6ySrycVCCHzX91+wnLYpSGCap1x3NTE0yoMpwJnJa6mcaUshEdYMdSSWPUwWS+7JScWaVPokTZJw2Zq78nJjTWehyHNhlTM9TL3kz8z+tkJroKJlymmUHJFh9FmSAmIbPLSZ8rZEaMLaFMcbsrYUOqKDO2n5ItwVs+eZU0L6perXp9X6vUb/I6inACp3AOHlxCHe6gAT4w4PAMr/DmSOfFeXc+FtGCk88cwx84nz+1u46k</latexit>

Scattering ⇠P�ij = Y a
ij⇠P

<latexit sha1_base64="2X6LFJm1hh/kADNvv2vx/lVp60U=">AAACC3icbVA7T8MwGHR4lvIqMLJYrZCYqgRVAgakChbGItEHakLkuE5raieR7SCqKDsLf4WFAYRY+QNs/BucNAO0nGT5dHef7O+8iFGpTPPbWFhcWl5ZLa2V1zc2t7YrO7sdGcYCkzYOWSh6HpKE0YC0FVWM9CJBEPcY6Xrji8zv3hMhaRhcq0lEHI6GAfUpRkpLbqVqP1A3admSDjlyE3qXpmc3+X2boDQzW26lZtbNHHCeWAWpgQI6/2UPQhxzEijMkJR9y4yUkyChKGYkLduxJBHCYzQkfU0DxIl0knyXFB5oZQD9UOgTKJirvycSxKWccE8nOVIjOetl4n9eP1b+iZPQIIoVCfD0IT9mUIUwKwYOqCBYsYkmCAuq/wrxCAmEla6vrEuwZleeJ52jutWon141as3zoo4S2AdVcAgscAya4BK0QBtg8AiewSt4M56MF+Pd+JhGF4xiZg/8gfH5A16Am+k=</latexit>

Y a(a+1)
ij (�) = Ra(a+1)

ij (�)1+ T a(a+1)
ij (�)⇡(⌧a(a+1))

<latexit sha1_base64="uZluLxxogtaL76CUGbcjpGRLgG0="></latexit>

Before scattering

See books by Arutyunov or Sutherland
+

<latexit sha1_base64="1qDkLsRjnK7NbYB85v/9XJSeQe4=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjPia1l047KCfUA7lEyaaUMzyZBkCmXon7hxoYhb/8Sdf2OmHUFbD4Qczrn35uaECWfaeN6Xs7K6tr6xWdoqb+/s7u27B4dNLVNFaINILlU7xJpyJmjDMMNpO1EUxyGnrXB0l/utMVWaSfFoJgkNYjwQLGIEGyv1XLebYGUY5j93z614VW8GtEz8glSgQL3nfnb7kqQxFYZwrHXH9xITZPk0wum03E01TTAZ4QHtWCpwTHWQzTafolOr9FEklT3CoJn6uyPDsdaTOLSVMTZDvejl4n9eJzXRTZAxkaSGCjJ/KEo5MhLlMaA+U5QYPrEEE8XsrogMscLE2LDKNgR/8cvLpHle9a+qlw8XldptEUcJjuEEzsCHa6jBPdShAQTG8AQv8OpkzrPz5rzPS1ecoucI/sD5+Ab8n5Pn</latexit>

@@



“    ” integrability breaking
|vi =

X

Q2Sn

X

1xQ1<··· ,xQnL

 Q(x)|xi,

<latexit sha1_base64="JM2MmBvi779J9m8BSJUJOQ7644Y="></latexit>

 Q(x) =
X

P2Sn

AQ,P

nY

i=1

µ
qQi

Pi

<latexit sha1_base64="1jZwwvWLDcGTLv1SvNYTGAwvYps="></latexit>

ansatz:

are              matrices with column vectors  n!⇥ n!

<latexit sha1_base64="YVHFQUJoxqPSFROaO+AI9pXLYrY=">AAAB8nicbVBNS8NAEJ34WetX1aOXrUXwVBIpqLeiF48V7AekoWy2m3bpZhN2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmGW+yRCa6E1LDpVC8iQIl76Sa0ziUvB2O7mZ++4lrIxL1iOOUBzEdKBEJRtFKvip3UcTcEFXulSpu1Z2DrBIvJxXI0eiVvrr9hGUxV8gkNcb33BSDCdUomOTTYjczPKVsRAfct1RRuyeYzE+eknOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n+en2F0HUyESjPkii0WRZkkmJDZ/6QvNGcox5ZQpoW9lbAh1ZShTaloQ/CWX14lrcuqV6vePNQq9ds8jgKcwhlcgAdXUId7aEATGCTwDK/w5qDz4rw7H4vWNSefOYE/cD5/AGKHkLA=</latexit>

AQ,P

<latexit sha1_base64="Eg0tJ6sdqUhGDgTy7EIXTZnm6pg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRb1IvHBMwDkiXMTjrJkNnZZWZWCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4gF18Z1v53c2vrG5lZ+u7Czu7d/UDw8auooUQwbLBKRagdUo+ASG4Ybge1YIQ0Dga1gfD/zW0+oNI/ko5nE6Id0KPmAM2qs1LrtpfWL2rRXLLlldw6ySryMlCBDrVf86vYjloQoDRNU647nxsZPqTKcCZwWuonGmLIxHWLHUklD1H46P3dKzqzSJ4NI2ZKGzNXfEykNtZ6Ege0MqRnpZW8m/ud1EjO49lMu48SgZItFg0QQE5HZ76TPFTIjJpZQpri9lbARVZQZm1DBhuAtv7xKmpdlr1K+qVdK1bssjjycwCmcgwdXUIUHqEEDGIzhGV7hzYmdF+fd+Vi05pxs5hj+wPn8AbnnjzE=</latexit>

⇠P

<latexit sha1_base64="WYn7H6epaSdMpVs6A9hwVfcwOFM=">AAAB7HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrBfVW9OKxgtsW2qVk07dtaDa7JFmxlP4GLx4U8eoP8ua/MW33oK0DgWFmHnlvwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpk4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7cxvPaLSPJEPZpxiENOB5BFn1FjJ7z7xXqNXrrhVdw6ySrycVCCHzX91+wnLYpSGCap1x3NTE0yoMpwJnJa6mcaUshEdYMdSSWPUwWS+7JScWaVPokTZJw2Zq78nJjTWehyHNhlTM9TL3kz8z+tkJroKJlymmUHJFh9FmSAmIbPLSZ8rZEaMLaFMcbsrYUOqKDO2n5ItwVs+eZU0L6perXp9X6vUb/I6inACp3AOHlxCHe6gAT4w4PAMr/DmSOfFeXc+FtGCk88cwx84nz+1u46k</latexit>

Scattering ⇠P�ij = Y a
ij⇠P

<latexit sha1_base64="2X6LFJm1hh/kADNvv2vx/lVp60U=">AAACC3icbVA7T8MwGHR4lvIqMLJYrZCYqgRVAgakChbGItEHakLkuE5raieR7SCqKDsLf4WFAYRY+QNs/BucNAO0nGT5dHef7O+8iFGpTPPbWFhcWl5ZLa2V1zc2t7YrO7sdGcYCkzYOWSh6HpKE0YC0FVWM9CJBEPcY6Xrji8zv3hMhaRhcq0lEHI6GAfUpRkpLbqVqP1A3admSDjlyE3qXpmc3+X2boDQzW26lZtbNHHCeWAWpgQI6/2UPQhxzEijMkJR9y4yUkyChKGYkLduxJBHCYzQkfU0DxIl0knyXFB5oZQD9UOgTKJirvycSxKWccE8nOVIjOetl4n9eP1b+iZPQIIoVCfD0IT9mUIUwKwYOqCBYsYkmCAuq/wrxCAmEla6vrEuwZleeJ52jutWon141as3zoo4S2AdVcAgscAya4BK0QBtg8AiewSt4M56MF+Pd+JhGF4xiZg/8gfH5A16Am+k=</latexit>

Y a(a+1)
ij (�) = Ra(a+1)

ij (�)1+ T a(a+1)
ij (�)⇡(⌧a(a+1))

<latexit sha1_base64="uZluLxxogtaL76CUGbcjpGRLgG0="></latexit>

Before scattering

See books by Arutyunov or Sutherland
+

Y ab
jk (�)Y bc

ik (�)Y ab
ij (�) = Y bc

ij (�)Y ab
ik (�)Y bc

jk (�)

<latexit sha1_base64="2tLh/EqTI7IaRLQ6O274GMEBiic=">AAACXHicbZHNS8MwGMbTOnUfTquCFy/BIczLaGWgHoShHjxOcB+y1ZJm2ZYt/SBJhVH6T3rbxX9F062C63wh8PB7n7xJnrgho0Ka5lLTdwq7e/vFUrlyUD08Mo5PuiKIOCYdHLCA910kCKM+6UgqGemHnCDPZaTnzh/Tfu+DcEED/1UuQmJ7aOLTMcVIKuQY4s2JZ/PkPUZuUh8+ESbRlUI0RS7eQLNN1/0vy9m2h81ywxyjZjbMVcFtYWWiBrJqO8bncBTgyCO+xAwJMbDMUNox4pJiRpLyMBIkRHiOJmSgpI88Iux4FU4CLxUZwXHA1fIlXNG/O2LkCbHwXOX0kJyKfC+F//UGkRzf2jH1w0gSH68PGkcMygCmScMR5QRLtlACYU7VXSGeIo6wVP9RViFY+Sdvi+51w2o27l6atdZDFkcRnIMLUAcWuAEt8AzaoAMwWIJvraiVtC+9oFf06tqqa9meU7BR+tkPSIy2tg==</latexit>

YBE:

<latexit sha1_base64="1qDkLsRjnK7NbYB85v/9XJSeQe4=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjPia1l047KCfUA7lEyaaUMzyZBkCmXon7hxoYhb/8Sdf2OmHUFbD4Qczrn35uaECWfaeN6Xs7K6tr6xWdoqb+/s7u27B4dNLVNFaINILlU7xJpyJmjDMMNpO1EUxyGnrXB0l/utMVWaSfFoJgkNYjwQLGIEGyv1XLebYGUY5j93z614VW8GtEz8glSgQL3nfnb7kqQxFYZwrHXH9xITZPk0wum03E01TTAZ4QHtWCpwTHWQzTafolOr9FEklT3CoJn6uyPDsdaTOLSVMTZDvejl4n9eJzXRTZAxkaSGCjJ/KEo5MhLlMaA+U5QYPrEEE8XsrogMscLE2LDKNgR/8cvLpHle9a+qlw8XldptEUcJjuEEzsCHa6jBPdShAQTG8AQv8OpkzrPz5rzPS1ecoucI/sD5+Ab8n5Pn</latexit>

@@



“    ” integrability breaking
|vi =

X

Q2Sn

X

1xQ1<··· ,xQnL

 Q(x)|xi,

<latexit sha1_base64="JM2MmBvi779J9m8BSJUJOQ7644Y="></latexit>

 Q(x) =
X

P2Sn

AQ,P

nY

i=1

µ
qQi

Pi

<latexit sha1_base64="1jZwwvWLDcGTLv1SvNYTGAwvYps="></latexit>

ansatz:

are              matrices with column vectors  n!⇥ n!

<latexit sha1_base64="YVHFQUJoxqPSFROaO+AI9pXLYrY=">AAAB8nicbVBNS8NAEJ34WetX1aOXrUXwVBIpqLeiF48V7AekoWy2m3bpZhN2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmGW+yRCa6E1LDpVC8iQIl76Sa0ziUvB2O7mZ++4lrIxL1iOOUBzEdKBEJRtFKvip3UcTcEFXulSpu1Z2DrBIvJxXI0eiVvrr9hGUxV8gkNcb33BSDCdUomOTTYjczPKVsRAfct1RRuyeYzE+eknOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n+en2F0HUyESjPkii0WRZkkmJDZ/6QvNGcox5ZQpoW9lbAh1ZShTaloQ/CWX14lrcuqV6vePNQq9ds8jgKcwhlcgAdXUId7aEATGCTwDK/w5qDz4rw7H4vWNSefOYE/cD5/AGKHkLA=</latexit>

AQ,P

<latexit sha1_base64="Eg0tJ6sdqUhGDgTy7EIXTZnm6pg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRb1IvHBMwDkiXMTjrJkNnZZWZWCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4gF18Z1v53c2vrG5lZ+u7Czu7d/UDw8auooUQwbLBKRagdUo+ASG4Ybge1YIQ0Dga1gfD/zW0+oNI/ko5nE6Id0KPmAM2qs1LrtpfWL2rRXLLlldw6ySryMlCBDrVf86vYjloQoDRNU647nxsZPqTKcCZwWuonGmLIxHWLHUklD1H46P3dKzqzSJ4NI2ZKGzNXfEykNtZ6Ege0MqRnpZW8m/ud1EjO49lMu48SgZItFg0QQE5HZ76TPFTIjJpZQpri9lbARVZQZm1DBhuAtv7xKmpdlr1K+qVdK1bssjjycwCmcgwdXUIUHqEEDGIzhGV7hzYmdF+fd+Vi05pxs5hj+wPn8AbnnjzE=</latexit>

⇠P

<latexit sha1_base64="WYn7H6epaSdMpVs6A9hwVfcwOFM=">AAAB7HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrBfVW9OKxgtsW2qVk07dtaDa7JFmxlP4GLx4U8eoP8ua/MW33oK0DgWFmHnlvwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpk4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7cxvPaLSPJEPZpxiENOB5BFn1FjJ7z7xXqNXrrhVdw6ySrycVCCHzX91+wnLYpSGCap1x3NTE0yoMpwJnJa6mcaUshEdYMdSSWPUwWS+7JScWaVPokTZJw2Zq78nJjTWehyHNhlTM9TL3kz8z+tkJroKJlymmUHJFh9FmSAmIbPLSZ8rZEaMLaFMcbsrYUOqKDO2n5ItwVs+eZU0L6perXp9X6vUb/I6inACp3AOHlxCHe6gAT4w4PAMr/DmSOfFeXc+FtGCk88cwx84nz+1u46k</latexit>

Scattering ⇠P�ij = Y a
ij⇠P

<latexit sha1_base64="2X6LFJm1hh/kADNvv2vx/lVp60U=">AAACC3icbVA7T8MwGHR4lvIqMLJYrZCYqgRVAgakChbGItEHakLkuE5raieR7SCqKDsLf4WFAYRY+QNs/BucNAO0nGT5dHef7O+8iFGpTPPbWFhcWl5ZLa2V1zc2t7YrO7sdGcYCkzYOWSh6HpKE0YC0FVWM9CJBEPcY6Xrji8zv3hMhaRhcq0lEHI6GAfUpRkpLbqVqP1A3admSDjlyE3qXpmc3+X2boDQzW26lZtbNHHCeWAWpgQI6/2UPQhxzEijMkJR9y4yUkyChKGYkLduxJBHCYzQkfU0DxIl0knyXFB5oZQD9UOgTKJirvycSxKWccE8nOVIjOetl4n9eP1b+iZPQIIoVCfD0IT9mUIUwKwYOqCBYsYkmCAuq/wrxCAmEla6vrEuwZleeJ52jutWon141as3zoo4S2AdVcAgscAya4BK0QBtg8AiewSt4M56MF+Pd+JhGF4xiZg/8gfH5A16Am+k=</latexit>

Y a(a+1)
ij (�) = Ra(a+1)

ij (�)1+ T a(a+1)
ij (�)⇡(⌧a(a+1))

<latexit sha1_base64="uZluLxxogtaL76CUGbcjpGRLgG0="></latexit>

Before scattering

See books by Arutyunov or Sutherland
+

Y ab
jk (�)Y bc

ik (�)Y ab
ij (�) = Y bc

ij (�)Y ab
ik (�)Y bc

jk (�)

<latexit sha1_base64="2tLh/EqTI7IaRLQ6O274GMEBiic=">AAACXHicbZHNS8MwGMbTOnUfTquCFy/BIczLaGWgHoShHjxOcB+y1ZJm2ZYt/SBJhVH6T3rbxX9F062C63wh8PB7n7xJnrgho0Ka5lLTdwq7e/vFUrlyUD08Mo5PuiKIOCYdHLCA910kCKM+6UgqGemHnCDPZaTnzh/Tfu+DcEED/1UuQmJ7aOLTMcVIKuQY4s2JZ/PkPUZuUh8+ESbRlUI0RS7eQLNN1/0vy9m2h81ywxyjZjbMVcFtYWWiBrJqO8bncBTgyCO+xAwJMbDMUNox4pJiRpLyMBIkRHiOJmSgpI88Iux4FU4CLxUZwXHA1fIlXNG/O2LkCbHwXOX0kJyKfC+F//UGkRzf2jH1w0gSH68PGkcMygCmScMR5QRLtlACYU7VXSGeIo6wVP9RViFY+Sdvi+51w2o27l6atdZDFkcRnIMLUAcWuAEt8AzaoAMwWIJvraiVtC+9oFf06tqqa9meU7BR+tkPSIy2tg==</latexit>

YBE:

µi

<latexit sha1_base64="SiHLnOHRYY6neajl5lCSG0pinDo=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsn/WrNb/uz4FWSVCQGhRo9qtfvUFKrKDSEI617gZ+ZqIcK8MIp9NKz2qaYTLGQ9p1VGJBdZTPj52iM6cMUJIqV9Kgufp7IsdC64mIXafAZqSXvZn4n9e1JrmOciYza6gki0WJ5cikaPY5GjBFieETRzBRzN2KyAgrTIzLp+JCCJZfXiWti3pwWb95uKw1bos4ynACp3AOAVxBA+6hCSEQYPAMr/DmSe/Fe/c+Fq0lr5g5hj/wPn8A3RqOvg==</latexit>

µj

<latexit sha1_base64="b5xlq8fEFrkN8qd0VZ/XBY4vONs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWMG2hDWWz3bRrdzdhdyOU0N/gxYMiXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjv3O09UaRbLBzNNaCDwSLKIEWys5PdFOngcVGtu3c2BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEGVaGEU5nlX6qaYLJBI9oz1KJBdVBlh87Q2dWGaIoVrakQbn6eyLDQuupCG2nwGasl725+J/XS010FWRMJqmhkiwWRSlHJkbzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K3/PIqaV/UvUb9+r5Ra94UcZThBE7hHDy4hCbcQQt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+AN6ejr8=</latexit>

µk

<latexit sha1_base64="d87uu6S1JzPvSl6zVJhsDCUQ5sc=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsf9yv1vy6PwdaJUFBalCg2a9+9QYpsYJKQzjWuhv4mYlyrAwjnE4rPatphskYD2nXUYkF1VE+P3aKzpwyQEmqXEmD5urviRwLrScidp0Cm5Fe9mbif17XmuQ6ypnMrKGSLBYlliOTotnnaMAUJYZPHMFEMXcrIiOsMDEun4oLIVh+eZW0LurBZf3m4bLWuC3iKMMJnMI5BHAFDbiHJoRAgMEzvMKbJ70X7937WLSWvGLmGP7A+/wB4CKOwA==</latexit>

⇥ij

<latexit sha1_base64="cHnjsFz99hyluOW6yF8NaBvWgOM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9FLx4rtLXQhrLZbtq1m92wOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkRwg5737RTW1jc2t4rbpZ3dvf2D8uFR26hUU9aiSijdCYlhgkvWQo6CdRLNSBwK9hCOb2f+wxPThivZxEnCgpgMJY84JWilbq85Ykj6GX+c9ssVr+rN4a4SPycVyNHol796A0XTmEmkghjT9b0Eg4xo5FSwaamXGpYQOiZD1rVUkpiZIJufPHXPrDJwI6VtSXTn6u+JjMTGTOLQdsYER2bZm4n/ed0Uo6sg4zJJkUm6WBSlwkXlzv53B1wzimJiCaGa21tdOiKaULQplWwI/vLLq6R9UfVr1ev7WqV+k8dRhBM4hXPw4RLqcAcNaAEFBc/wCm8OOi/Ou/OxaC04+cwx/IHz+QOHOJFw</latexit>

⇥jk

<latexit sha1_base64="JPGR7fuowXs1foQCL3cTOtlIJT0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9FLx4rtLXQhrLZbtq1m92wOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkRwg5737RTW1jc2t4rbpZ3dvf2D8uFR26hUU9aiSijdCYlhgkvWQo6CdRLNSBwK9hCOb2f+wxPThivZxEnCgpgMJY84JWilbq85Ykj62eN42i9XvKo3h7tK/JxUIEejX/7qDRRNYyaRCmJM1/cSDDKikVPBpqVealhC6JgMWddSSWJmgmx+8tQ9s8rAjZS2JdGdq78nMhIbM4lD2xkTHJllbyb+53VTjK6CjMskRSbpYlGUCheVO/vfHXDNKIqJJYRqbm916YhoQtGmVLIh+Msvr5L2RdWvVa/va5X6TR5HEU7gFM7Bh0uowx00oAUUFDzDK7w56Lw4787HorXg5DPH8AfO5w+KQ5Fy</latexit>

⇥ik

<latexit sha1_base64="QoafLVm8vy95USIxGMZkU5UYDzU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxW6BekoWy223bpZhN2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmzjVjLdYLGPdDanhUijeQoGSdxPNaRRK3gkn93O/88S1EbFq4jThQURHSgwFo2glv9ccc6T9TExm/XLFrboLkHXi5aQCORr98ldvELM04gqZpMb4nptgkFGNgkk+K/VSwxPKJnTEfUsVjbgJssXJM3JhlQEZxtqWQrJQf09kNDJmGoW2M6I4NqveXPzP81Mc3gSZUEmKXLHlomEqCcZk/j8ZCM0ZyqkllGlhbyVsTDVlaFMq2RC81ZfXSfuq6tWqt4+1Sv0uj6MIZ3AOl+DBNdThARrQAgYxPMMrvDnovDjvzseyteDkM6fwB87nD4i9kXE=</latexit>

Rik

<latexit sha1_base64="v4DNqZR1CY2CAmRgl2KbsFvixdk=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWsR/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCUf7DhhQUwGkkecEuuk5n0v46NJr1zxqt4MeJn4OalAjnqv/NXtK5rGTFoqiDEd30tskBFtORVsUuqmhiWEjsiAdRyVJGYmyGbXTvCJU/o4UtqVtHim/p7ISGzMOA5dZ0zs0Cx6U/E/r5Pa6DLIuExSyySdL4pSga3C09dxn2tGrRg7Qqjm7lZMh0QTal1AJReCv/jyMmmeVf3z6tXdeaV2ncdRhCM4hlPw4QJqcAt1aACFR3iGV3hDCr2gd/Qxby2gfOYQ/gB9/gC4NY8/</latexit>

Tij

<latexit sha1_base64="FApsNK0bf16Zm1OSYfJnlYTfW58=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaEvVG9OIRE1hIYEO6pQuFbrtpuyZkw3/w4kFjvPp/vPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+f+FqmitAWkVyqTog15UzQlmGG006iKI5DTtvh5H7ut5+o0kyKppkmNIjxULCIEWys5Df7GRvP+uWKW3UXQOvEy0kFcjT65a/eQJI0psIQjrXuem5iggwrwwins1Iv1TTBZIKHtGupwDHVQba4doYurDJAkVS2hEEL9fdEhmOtp3FoO2NsRnrVm4v/ed3URDdBxkSSGirIclGUcmQkmr+OBkxRYvjUEkwUs7ciMsIKE2MDKtkQvNWX14l/VfVq1dvHWqV+l8dRhDM4h0vw4Brq8AANaAGBMTzDK7w50nlx3p2PZWvByWdO4Q+czx+5wo9A</latexit>

Rij

<latexit sha1_base64="F207O0lMogeLlslsulq7NO8LIhc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnorevFYxX5Au5Rsmm3TZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gcpv57SeqNJPi0Uxj6kd4KFjICDZWaj30Uzae9csVt+rOgVaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOZ6VeommMyQQPaddSgSOq/XR+7QydWWWAQqlsCYPm6u+JFEdaT6PAdkbYjPSyl4n/ed3EhFd+ykScGCrIYlGYcGQkyl5HA6YoMXxqCSaK2VsRGWGFibEBlWwI3vLLq6R1UfVq1ev7WqV+k8dRhBM4hXPw4BLqcAcNaAKBMTzDK7w50nlx3p2PRWvByWeO4Q+czx+2sI8+</latexit>

Rjk

<latexit sha1_base64="s+WhX6I8qB10nJ8BSkNolqyTR2I=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnorevFYxX5Au5Rsmm3TZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gcpv57SeqNJPi0Uxj6kd4KFjICDZWaj300/Fk1i9X3Ko7B1olXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZV6iaYxJhM8pF1LBY6o9tP5tTN0ZpUBCqWyJQyaq78nUhxpPY0C2xlhM9LLXib+53UTE175KRNxYqggi0VhwpGRKHsdDZiixPCpJZgoZm9FZIQVJsYGVLIheMsvr5LWRdWrVa/va5X6TR5HEU7gFM7Bg0uowx00oAkExvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8AubuPQA==</latexit>

=

µi

<latexit sha1_base64="SiHLnOHRYY6neajl5lCSG0pinDo=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsn/WrNb/uz4FWSVCQGhRo9qtfvUFKrKDSEI617gZ+ZqIcK8MIp9NKz2qaYTLGQ9p1VGJBdZTPj52iM6cMUJIqV9Kgufp7IsdC64mIXafAZqSXvZn4n9e1JrmOciYza6gki0WJ5cikaPY5GjBFieETRzBRzN2KyAgrTIzLp+JCCJZfXiWti3pwWb95uKw1bos4ynACp3AOAVxBA+6hCSEQYPAMr/DmSe/Fe/c+Fq0lr5g5hj/wPn8A3RqOvg==</latexit>

µj

<latexit sha1_base64="b5xlq8fEFrkN8qd0VZ/XBY4vONs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWMG2hDWWz3bRrdzdhdyOU0N/gxYMiXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjv3O09UaRbLBzNNaCDwSLKIEWys5PdFOngcVGtu3c2BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEGVaGEU5nlX6qaYLJBI9oz1KJBdVBlh87Q2dWGaIoVrakQbn6eyLDQuupCG2nwGasl725+J/XS010FWRMJqmhkiwWRSlHJkbzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K3/PIqaV/UvUb9+r5Ra94UcZThBE7hHDy4hCbcQQt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+AN6ejr8=</latexit>

µk

<latexit sha1_base64="d87uu6S1JzPvSl6zVJhsDCUQ5sc=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsf9yv1vy6PwdaJUFBalCg2a9+9QYpsYJKQzjWuhv4mYlyrAwjnE4rPatphskYD2nXUYkF1VE+P3aKzpwyQEmqXEmD5urviRwLrScidp0Cm5Fe9mbif17XmuQ6ypnMrKGSLBYlliOTotnnaMAUJYZPHMFEMXcrIiOsMDEun4oLIVh+eZW0LurBZf3m4bLWuC3iKMMJnMI5BHAFDbiHJoRAgMEzvMKbJ70X7937WLSWvGLmGP7A+/wB4CKOwA==</latexit>

Rik

<latexit sha1_base64="v4DNqZR1CY2CAmRgl2KbsFvixdk=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWsR/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCUf7DhhQUwGkkecEuuk5n0v46NJr1zxqt4MeJn4OalAjnqv/NXtK5rGTFoqiDEd30tskBFtORVsUuqmhiWEjsiAdRyVJGYmyGbXTvCJU/o4UtqVtHim/p7ISGzMOA5dZ0zs0Cx6U/E/r5Pa6DLIuExSyySdL4pSga3C09dxn2tGrRg7Qqjm7lZMh0QTal1AJReCv/jyMmmeVf3z6tXdeaV2ncdRhCM4hlPw4QJqcAt1aACFR3iGV3hDCr2gd/Qxby2gfOYQ/gB9/gC4NY8/</latexit>

+

µi

<latexit sha1_base64="SiHLnOHRYY6neajl5lCSG0pinDo=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsn/WrNb/uz4FWSVCQGhRo9qtfvUFKrKDSEI617gZ+ZqIcK8MIp9NKz2qaYTLGQ9p1VGJBdZTPj52iM6cMUJIqV9Kgufp7IsdC64mIXafAZqSXvZn4n9e1JrmOciYza6gki0WJ5cikaPY5GjBFieETRzBRzN2KyAgrTIzLp+JCCJZfXiWti3pwWb95uKw1bos4ynACp3AOAVxBA+6hCSEQYPAMr/DmSe/Fe/c+Fq0lr5g5hj/wPn8A3RqOvg==</latexit>

µj

<latexit sha1_base64="b5xlq8fEFrkN8qd0VZ/XBY4vONs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWMG2hDWWz3bRrdzdhdyOU0N/gxYMiXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjv3O09UaRbLBzNNaCDwSLKIEWys5PdFOngcVGtu3c2BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEGVaGEU5nlX6qaYLJBI9oz1KJBdVBlh87Q2dWGaIoVrakQbn6eyLDQuupCG2nwGasl725+J/XS010FWRMJqmhkiwWRSlHJkbzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K3/PIqaV/UvUb9+r5Ra94UcZThBE7hHDy4hCbcQQt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+AN6ejr8=</latexit>

µk

<latexit sha1_base64="d87uu6S1JzPvSl6zVJhsDCUQ5sc=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsf9yv1vy6PwdaJUFBalCg2a9+9QYpsYJKQzjWuhv4mYlyrAwjnE4rPatphskYD2nXUYkF1VE+P3aKzpwyQEmqXEmD5urviRwLrScidp0Cm5Fe9mbif17XmuQ6ypnMrKGSLBYlliOTotnnaMAUJYZPHMFEMXcrIiOsMDEun4oLIVh+eZW0LurBZf3m4bLWuC3iKMMJnMI5BHAFDbiHJoRAgMEzvMKbJ70X7937WLSWvGLmGP7A+/wB4CKOwA==</latexit>

Tjk

<latexit sha1_base64="9500WB4ksRraBByzTxYSeWXTX08=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaEvVG9OIRE1hIYEO6pQuFbrtpuyZkw3/w4kFjvPp/vPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+f+FqmitAWkVyqTog15UzQlmGG006iKI5DTtvh5H7ut5+o0kyKppkmNIjxULCIEWys5Df72Xgy65crbtVdAK0TLycVyNHol796A0nSmApDONa667mJCTKsDCOczkq9VNMEkwke0q6lAsdUB9ni2hm6sMoARVLZEgYt1N8TGY61nsah7YyxGelVby7+53VTE90EGRNJaqggy0VRypGRaP46GjBFieFTSzBRzN6KyAgrTIwNqGRD8FZfXif+VdWrVW8fa5X6XR5HEc7gHC7Bg2uowwM0oAUExvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AvM2PQg==</latexit>

Tik

<latexit sha1_base64="gju0QeRlKsBGMAdIxSi49HSue5A=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQb0VvXis0NZCu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQpr6xubW8Xt0s7u3v5B+fCobVSqKWtRJZTuhMQwwSVrWW4F6ySakTgU7CEc3878hyemDVeyaScJC2IylDzilFgntZv9jI+n/XLFq3pz4FXi56QCORr98ldvoGgaM2mpIMZ0fS+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJtfO8VnThngSGlX0uK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo6sg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBlVwI/vLLq6R9UfVr1ev7WqV+k8dRhBM4hXPw4RLqcAcNaAGFR3iGV3hDCr2gd/SxaC2gfOYY/gB9/gC7R49B</latexit>

µi

<latexit sha1_base64="SiHLnOHRYY6neajl5lCSG0pinDo=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsn/WrNb/uz4FWSVCQGhRo9qtfvUFKrKDSEI617gZ+ZqIcK8MIp9NKz2qaYTLGQ9p1VGJBdZTPj52iM6cMUJIqV9Kgufp7IsdC64mIXafAZqSXvZn4n9e1JrmOciYza6gki0WJ5cikaPY5GjBFieETRzBRzN2KyAgrTIzLp+JCCJZfXiWti3pwWb95uKw1bos4ynACp3AOAVxBA+6hCSEQYPAMr/DmSe/Fe/c+Fq0lr5g5hj/wPn8A3RqOvg==</latexit>

µj

<latexit sha1_base64="b5xlq8fEFrkN8qd0VZ/XBY4vONs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWMG2hDWWz3bRrdzdhdyOU0N/gxYMiXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjv3O09UaRbLBzNNaCDwSLKIEWys5PdFOngcVGtu3c2BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEGVaGEU5nlX6qaYLJBI9oz1KJBdVBlh87Q2dWGaIoVrakQbn6eyLDQuupCG2nwGasl725+J/XS010FWRMJqmhkiwWRSlHJkbzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K3/PIqaV/UvUb9+r5Ra94UcZThBE7hHDy4hCbcQQt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+AN6ejr8=</latexit>

µk

<latexit sha1_base64="d87uu6S1JzPvSl6zVJhsDCUQ5sc=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsf9yv1vy6PwdaJUFBalCg2a9+9QYpsYJKQzjWuhv4mYlyrAwjnE4rPatphskYD2nXUYkF1VE+P3aKzpwyQEmqXEmD5urviRwLrScidp0Cm5Fe9mbif17XmuQ6ypnMrKGSLBYlliOTotnnaMAUJYZPHMFEMXcrIiOsMDEun4oLIVh+eZW0LurBZf3m4bLWuC3iKMMJnMI5BHAFDbiHJoRAgMEzvMKbJ70X7937WLSWvGLmGP7A+/wB4CKOwA==</latexit>

⇥ij

<latexit sha1_base64="cHnjsFz99hyluOW6yF8NaBvWgOM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9FLx4rtLXQhrLZbtq1m92wOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkRwg5737RTW1jc2t4rbpZ3dvf2D8uFR26hUU9aiSijdCYlhgkvWQo6CdRLNSBwK9hCOb2f+wxPThivZxEnCgpgMJY84JWilbq85Ykj6GX+c9ssVr+rN4a4SPycVyNHol796A0XTmEmkghjT9b0Eg4xo5FSwaamXGpYQOiZD1rVUkpiZIJufPHXPrDJwI6VtSXTn6u+JjMTGTOLQdsYER2bZm4n/ed0Uo6sg4zJJkUm6WBSlwkXlzv53B1wzimJiCaGa21tdOiKaULQplWwI/vLLq6R9UfVr1ev7WqV+k8dRhBM4hXPw4RLqcAcNaAEFBc/wCm8OOi/Ou/OxaC04+cwx/IHz+QOHOJFw</latexit>

⇥ik

<latexit sha1_base64="QoafLVm8vy95USIxGMZkU5UYDzU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxW6BekoWy223bpZhN2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmzjVjLdYLGPdDanhUijeQoGSdxPNaRRK3gkn93O/88S1EbFq4jThQURHSgwFo2glv9ccc6T9TExm/XLFrboLkHXi5aQCORr98ldvELM04gqZpMb4nptgkFGNgkk+K/VSwxPKJnTEfUsVjbgJssXJM3JhlQEZxtqWQrJQf09kNDJmGoW2M6I4NqveXPzP81Mc3gSZUEmKXLHlomEqCcZk/j8ZCM0ZyqkllGlhbyVsTDVlaFMq2RC81ZfXSfuq6tWqt4+1Sv0uj6MIZ3AOl+DBNdThARrQAgYxPMMrvDnovDjvzseyteDkM6fwB87nD4i9kXE=</latexit>

Tij

<latexit sha1_base64="FApsNK0bf16Zm1OSYfJnlYTfW58=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaEvVG9OIRE1hIYEO6pQuFbrtpuyZkw3/w4kFjvPp/vPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+f+FqmitAWkVyqTog15UzQlmGG006iKI5DTtvh5H7ut5+o0kyKppkmNIjxULCIEWys5Df7GRvP+uWKW3UXQOvEy0kFcjT65a/eQJI0psIQjrXuem5iggwrwwins1Iv1TTBZIKHtGupwDHVQba4doYurDJAkVS2hEEL9fdEhmOtp3FoO2NsRnrVm4v/ed3URDdBxkSSGirIclGUcmQkmr+OBkxRYvjUEkwUs7ciMsIKE2MDKtkQvNWX14l/VfVq1dvHWqV+l8dRhDM4h0vw4Brq8AANaAGBMTzDK7w50nlx3p2PZWvByWdO4Q+czx+5wo9A</latexit>

Rjk

<latexit sha1_base64="s+WhX6I8qB10nJ8BSkNolqyTR2I=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnorevFYxX5Au5Rsmm3TZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gcpv57SeqNJPi0Uxj6kd4KFjICDZWaj300/Fk1i9X3Ko7B1olXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZV6iaYxJhM8pF1LBY6o9tP5tTN0ZpUBCqWyJQyaq78nUhxpPY0C2xlhM9LLXib+53UTE175KRNxYqggi0VhwpGRKHsdDZiixPCpJZgoZm9FZIQVJsYGVLIheMsvr5LWRdWrVa/va5X6TR5HEU7gFM7Bg0uowx00oAkExvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8AubuPQA==</latexit>

=

µi

<latexit sha1_base64="SiHLnOHRYY6neajl5lCSG0pinDo=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsn/WrNb/uz4FWSVCQGhRo9qtfvUFKrKDSEI617gZ+ZqIcK8MIp9NKz2qaYTLGQ9p1VGJBdZTPj52iM6cMUJIqV9Kgufp7IsdC64mIXafAZqSXvZn4n9e1JrmOciYza6gki0WJ5cikaPY5GjBFieETRzBRzN2KyAgrTIzLp+JCCJZfXiWti3pwWb95uKw1bos4ynACp3AOAVxBA+6hCSEQYPAMr/DmSe/Fe/c+Fq0lr5g5hj/wPn8A3RqOvg==</latexit>

µj

<latexit sha1_base64="b5xlq8fEFrkN8qd0VZ/XBY4vONs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWMG2hDWWz3bRrdzdhdyOU0N/gxYMiXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjv3O09UaRbLBzNNaCDwSLKIEWys5PdFOngcVGtu3c2BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEGVaGEU5nlX6qaYLJBI9oz1KJBdVBlh87Q2dWGaIoVrakQbn6eyLDQuupCG2nwGasl725+J/XS010FWRMJqmhkiwWRSlHJkbzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K3/PIqaV/UvUb9+r5Ra94UcZThBE7hHDy4hCbcQQt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+AN6ejr8=</latexit>

µk

<latexit sha1_base64="d87uu6S1JzPvSl6zVJhsDCUQ5sc=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsf9yv1vy6PwdaJUFBalCg2a9+9QYpsYJKQzjWuhv4mYlyrAwjnE4rPatphskYD2nXUYkF1VE+P3aKzpwyQEmqXEmD5urviRwLrScidp0Cm5Fe9mbif17XmuQ6ypnMrKGSLBYlliOTotnnaMAUJYZPHMFEMXcrIiOsMDEun4oLIVh+eZW0LurBZf3m4bLWuC3iKMMJnMI5BHAFDbiHJoRAgMEzvMKbJ70X7937WLSWvGLmGP7A+/wB4CKOwA==</latexit>

Rik

<latexit sha1_base64="v4DNqZR1CY2CAmRgl2KbsFvixdk=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWsR/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCUf7DhhQUwGkkecEuuk5n0v46NJr1zxqt4MeJn4OalAjnqv/NXtK5rGTFoqiDEd30tskBFtORVsUuqmhiWEjsiAdRyVJGYmyGbXTvCJU/o4UtqVtHim/p7ISGzMOA5dZ0zs0Cx6U/E/r5Pa6DLIuExSyySdL4pSga3C09dxn2tGrRg7Qqjm7lZMh0QTal1AJReCv/jyMmmeVf3z6tXdeaV2ncdRhCM4hlPw4QJqcAt1aACFR3iGV3hDCr2gd/Qxby2gfOYQ/gB9/gC4NY8/</latexit>

+

µi

<latexit sha1_base64="SiHLnOHRYY6neajl5lCSG0pinDo=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsn/WrNb/uz4FWSVCQGhRo9qtfvUFKrKDSEI617gZ+ZqIcK8MIp9NKz2qaYTLGQ9p1VGJBdZTPj52iM6cMUJIqV9Kgufp7IsdC64mIXafAZqSXvZn4n9e1JrmOciYza6gki0WJ5cikaPY5GjBFieETRzBRzN2KyAgrTIzLp+JCCJZfXiWti3pwWb95uKw1bos4ynACp3AOAVxBA+6hCSEQYPAMr/DmSe/Fe/c+Fq0lr5g5hj/wPn8A3RqOvg==</latexit>

µj

<latexit sha1_base64="b5xlq8fEFrkN8qd0VZ/XBY4vONs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWMG2hDWWz3bRrdzdhdyOU0N/gxYMiXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjv3O09UaRbLBzNNaCDwSLKIEWys5PdFOngcVGtu3c2BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEGVaGEU5nlX6qaYLJBI9oz1KJBdVBlh87Q2dWGaIoVrakQbn6eyLDQuupCG2nwGasl725+J/XS010FWRMJqmhkiwWRSlHJkbzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K3/PIqaV/UvUb9+r5Ra94UcZThBE7hHDy4hCbcQQt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+AN6ejr8=</latexit>

µk

<latexit sha1_base64="d87uu6S1JzPvSl6zVJhsDCUQ5sc=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsf9yv1vy6PwdaJUFBalCg2a9+9QYpsYJKQzjWuhv4mYlyrAwjnE4rPatphskYD2nXUYkF1VE+P3aKzpwyQEmqXEmD5urviRwLrScidp0Cm5Fe9mbif17XmuQ6ypnMrKGSLBYlliOTotnnaMAUJYZPHMFEMXcrIiOsMDEun4oLIVh+eZW0LurBZf3m4bLWuC3iKMMJnMI5BHAFDbiHJoRAgMEzvMKbJ70X7937WLSWvGLmGP7A+/wB4CKOwA==</latexit>

Tjk

<latexit sha1_base64="9500WB4ksRraBByzTxYSeWXTX08=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaEvVG9OIRE1hIYEO6pQuFbrtpuyZkw3/w4kFjvPp/vPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+f+FqmitAWkVyqTog15UzQlmGG006iKI5DTtvh5H7ut5+o0kyKppkmNIjxULCIEWys5Df72Xgy65crbtVdAK0TLycVyNHol796A0nSmApDONa667mJCTKsDCOczkq9VNMEkwke0q6lAsdUB9ni2hm6sMoARVLZEgYt1N8TGY61nsah7YyxGelVby7+53VTE90EGRNJaqggy0VRypGRaP46GjBFieFTSzBRzN6KyAgrTIwNqGRD8FZfXif+VdWrVW8fa5X6XR5HEc7gHC7Bg2uowwM0oAUExvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AvM2PQg==</latexit>

Rjk

<latexit sha1_base64="s+WhX6I8qB10nJ8BSkNolqyTR2I=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnorevFYxX5Au5Rsmm3TZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gcpv57SeqNJPi0Uxj6kd4KFjICDZWaj300/Fk1i9X3Ko7B1olXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZV6iaYxJhM8pF1LBY6o9tP5tTN0ZpUBCqWyJQyaq78nUhxpPY0C2xlhM9LLXib+53UTE175KRNxYqggi0VhwpGRKHsdDZiixPCpJZgoZm9FZIQVJsYGVLIheMsvr5LWRdWrVa/va5X6TR5HEU7gFM7Bg0uowx00oAkExvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8AubuPQA==</latexit>

Tij

<latexit sha1_base64="FApsNK0bf16Zm1OSYfJnlYTfW58=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaEvVG9OIRE1hIYEO6pQuFbrtpuyZkw3/w4kFjvPp/vPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+f+FqmitAWkVyqTog15UzQlmGG006iKI5DTtvh5H7ut5+o0kyKppkmNIjxULCIEWys5Df7GRvP+uWKW3UXQOvEy0kFcjT65a/eQJI0psIQjrXuem5iggwrwwins1Iv1TTBZIKHtGupwDHVQba4doYurDJAkVS2hEEL9fdEhmOtp3FoO2NsRnrVm4v/ed3URDdBxkSSGirIclGUcmQkmr+OBkxRYvjUEkwUs7ciMsIKE2MDKtkQvNWX14l/VfVq1dvHWqV+l8dRhDM4h0vw4Brq8AANaAGBMTzDK7w50nlx3p2PZWvByWdO4Q+czx+5wo9A</latexit>

<latexit sha1_base64="0oGMHAPINvLFJdlON5xOHO/Kb/U=">AAACMXicbZDLSsNAFIYn9VbrLerSTbAoglCS4m0jFNx0WUt6gTaEyXTSTjO5MDMRSsgrufFNxE0Xirj1JZymUbT1wDA/3/kPM+d3Ikq40PWpUlhZXVvfKG6WtrZ3dvfU/YM2D2OGcAuFNGRdB3JMSYBbggiKuxHD0Hco7jje3azfecCMkzAwxSTClg+HAXEJgkIiW633zREW0E7GXtq0E+Kl34CM09PbZnb/oMwjnedmxucDZoZstaxX9Ky0ZWHkogzyatjqc38QotjHgUAUct4z9EhYCWSCIIrTUj/mOILIg0PckzKAPuZWkm2caieSDDQ3ZPIEQsvo74kE+pxPfEc6fShGfLE3g//1erFwb6yEBFEscIDmD7kx1USozeLTBoRhJOhECogYkX/V0AgyiIQMuSRDMBZXXhbtasW4qlzeX5Rr1TyOIjgCx+AMGOAa1EAdNEALIPAIXsAreFOelKnyrnzMrQUlnzkEf0r5/ALh7qxs</latexit>

⇥jkRik⇥ij = Rij⇥ikRjk + TijRikTjk
<latexit sha1_base64="Z1uEK5zwRLQYToW1DFKuEgVJW1s=">AAACLHicbZDLSsNAFIYnXmu9RV26GSyKIJSkeNsIhW5c1pJeoA1hMp2200wuzEyEEvJAbnwVQVxYxK3P4TQNoq0Hhvn5/nOYOb8bMSqkYUy1ldW19Y3NwlZxe2d3b18/OGyJMOaYNHHIQt5xkSCMBqQpqWSkE3GCfJeRtuvVZn77kXBBw8CSk4jYPhoGdEAxkgo5eq3hJGMvtZyEemnPGhGJlBynZ3dWdv8gL513XjQy3siQlSFHLxllIyu4LMxclEBedUd/7fVDHPskkJghIbqmEUk7QVxSzEha7MWCRAh7aEi6SgbIJ8JOsmVTeKpIHw5Crk4gYUZ/TyTIF2Liu6rTR3IkFr0Z/M/rxnJwayc0iGJJAjx/aBAzKEM4Sw72KSdYsokSCHOq/grxCHGEpcq3qEIwF1deFq1K2bwuXz1clqqVPI4COAYn4ByY4AZUwT2ogybA4Am8gHcw1Z61N+1D+5y3rmj5zBH4U9rXN5gZqjw=</latexit>

RjkTik⇥ij = Tij⇥ikRjk +RijRikTjk

<latexit sha1_base64="1qDkLsRjnK7NbYB85v/9XJSeQe4=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjPia1l047KCfUA7lEyaaUMzyZBkCmXon7hxoYhb/8Sdf2OmHUFbD4Qczrn35uaECWfaeN6Xs7K6tr6xWdoqb+/s7u27B4dNLVNFaINILlU7xJpyJmjDMMNpO1EUxyGnrXB0l/utMVWaSfFoJgkNYjwQLGIEGyv1XLebYGUY5j93z614VW8GtEz8glSgQL3nfnb7kqQxFYZwrHXH9xITZPk0wum03E01TTAZ4QHtWCpwTHWQzTafolOr9FEklT3CoJn6uyPDsdaTOLSVMTZDvejl4n9eJzXRTZAxkaSGCjJ/KEo5MhLlMaA+U5QYPrEEE8XsrogMscLE2LDKNgR/8cvLpHle9a+qlw8XldptEUcJjuEEzsCHa6jBPdShAQTG8AQv8OpkzrPz5rzPS1ecoucI/sD5+Ab8n5Pn</latexit>

@@



“    ” integrability breaking
|vi =

X

Q2Sn

X

1xQ1<··· ,xQnL

 Q(x)|xi,

<latexit sha1_base64="JM2MmBvi779J9m8BSJUJOQ7644Y="></latexit>

 Q(x) =
X

P2Sn

AQ,P

nY

i=1

µ
qQi

Pi

<latexit sha1_base64="1jZwwvWLDcGTLv1SvNYTGAwvYps="></latexit>

ansatz:

are              matrices with column vectors  n!⇥ n!

<latexit sha1_base64="YVHFQUJoxqPSFROaO+AI9pXLYrY=">AAAB8nicbVBNS8NAEJ34WetX1aOXrUXwVBIpqLeiF48V7AekoWy2m3bpZhN2J0Ip/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmGW+yRCa6E1LDpVC8iQIl76Sa0ziUvB2O7mZ++4lrIxL1iOOUBzEdKBEJRtFKvip3UcTcEFXulSpu1Z2DrBIvJxXI0eiVvrr9hGUxV8gkNcb33BSDCdUomOTTYjczPKVsRAfct1RRuyeYzE+eknOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n+en2F0HUyESjPkii0WRZkkmJDZ/6QvNGcox5ZQpoW9lbAh1ZShTaloQ/CWX14lrcuqV6vePNQq9ds8jgKcwhlcgAdXUId7aEATGCTwDK/w5qDz4rw7H4vWNSefOYE/cD5/AGKHkLA=</latexit>

AQ,P

<latexit sha1_base64="Eg0tJ6sdqUhGDgTy7EIXTZnm6pg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRb1IvHBMwDkiXMTjrJkNnZZWZWCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4gF18Z1v53c2vrG5lZ+u7Czu7d/UDw8auooUQwbLBKRagdUo+ASG4Ybge1YIQ0Dga1gfD/zW0+oNI/ko5nE6Id0KPmAM2qs1LrtpfWL2rRXLLlldw6ySryMlCBDrVf86vYjloQoDRNU647nxsZPqTKcCZwWuonGmLIxHWLHUklD1H46P3dKzqzSJ4NI2ZKGzNXfEykNtZ6Ege0MqRnpZW8m/ud1EjO49lMu48SgZItFg0QQE5HZ76TPFTIjJpZQpri9lbARVZQZm1DBhuAtv7xKmpdlr1K+qVdK1bssjjycwCmcgwdXUIUHqEEDGIzhGV7hzYmdF+fd+Vi05pxs5hj+wPn8AbnnjzE=</latexit>

⇠P

<latexit sha1_base64="WYn7H6epaSdMpVs6A9hwVfcwOFM=">AAAB7HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrBfVW9OKxgtsW2qVk07dtaDa7JFmxlP4GLx4U8eoP8ua/MW33oK0DgWFmHnlvwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpk4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR7cxvPaLSPJEPZpxiENOB5BFn1FjJ7z7xXqNXrrhVdw6ySrycVCCHzX91+wnLYpSGCap1x3NTE0yoMpwJnJa6mcaUshEdYMdSSWPUwWS+7JScWaVPokTZJw2Zq78nJjTWehyHNhlTM9TL3kz8z+tkJroKJlymmUHJFh9FmSAmIbPLSZ8rZEaMLaFMcbsrYUOqKDO2n5ItwVs+eZU0L6perXp9X6vUb/I6inACp3AOHlxCHe6gAT4w4PAMr/DmSOfFeXc+FtGCk88cwx84nz+1u46k</latexit>

Scattering ⇠P�ij = Y a
ij⇠P

<latexit sha1_base64="2X6LFJm1hh/kADNvv2vx/lVp60U=">AAACC3icbVA7T8MwGHR4lvIqMLJYrZCYqgRVAgakChbGItEHakLkuE5raieR7SCqKDsLf4WFAYRY+QNs/BucNAO0nGT5dHef7O+8iFGpTPPbWFhcWl5ZLa2V1zc2t7YrO7sdGcYCkzYOWSh6HpKE0YC0FVWM9CJBEPcY6Xrji8zv3hMhaRhcq0lEHI6GAfUpRkpLbqVqP1A3admSDjlyE3qXpmc3+X2boDQzW26lZtbNHHCeWAWpgQI6/2UPQhxzEijMkJR9y4yUkyChKGYkLduxJBHCYzQkfU0DxIl0knyXFB5oZQD9UOgTKJirvycSxKWccE8nOVIjOetl4n9eP1b+iZPQIIoVCfD0IT9mUIUwKwYOqCBYsYkmCAuq/wrxCAmEla6vrEuwZleeJ52jutWon141as3zoo4S2AdVcAgscAya4BK0QBtg8AiewSt4M56MF+Pd+JhGF4xiZg/8gfH5A16Am+k=</latexit>

Y a(a+1)
ij (�) = Ra(a+1)

ij (�)1+ T a(a+1)
ij (�)⇡(⌧a(a+1))

<latexit sha1_base64="uZluLxxogtaL76CUGbcjpGRLgG0="></latexit>

ca = cb = cc

<latexit sha1_base64="yokpa9CfBl7BAZdfhKADZETAp88=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoB6EohePFewHpCFstpt26WY37G6EEvozvHhQxKu/xpv/xm2bg7Y+GHi8N8PMvCjlTBvX/XZKa+sbm1vl7crO7t7+QfXwqKNlpghtE8ml6kVYU84EbRtmOO2liuIk4rQbje9mfveJKs2keDSTlAYJHgoWM4KNlXwS4hsSRrZIWK25dXcOtEq8gtSgQCusfvUHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMR5S31KBE6qDfH7yFJ1ZZYBiqWwJg+bq74kcJ1pPksh2JtiM9LI3E//z/MzEV0HORJoZKshiUZxxZCSa/Y8GTFFi+MQSTBSztyIywgoTY1Oq2BC85ZdXSeei7jXq1w+NWvO2iKMMJ3AK5+DBJTThHlrQBgISnuEV3hzjvDjvzseiteQUM8fwB87nD6H1kNo=</latexit>

ca 6= cb 6= cc

<latexit sha1_base64="ATidxvnKHxaNVHrZm+j5pNQSN3Y=">AAAB+nicbVDLSgNBEJyNrxhfiR69DAbBU9iVgHoLevEYwTwgWZbZTm8yZHZ2mZlVQsynePGgiFe/xJt/4+Rx0MSCpouqbqanwlRwbVz328mtrW9sbuW3Czu7e/sHxdJhUyeZAmxAIhLVDplGwSU2DDcC26lCFocCW+HwZuq3HlBpnsh7M0rRj1lf8ogDM1YKiiUIWFcihSCcNwiKZbfizkBXibcgZbJAPSh+dXsJZDFKA4Jp3fHc1PhjpgwHgZNCN9OYMhiyPnYslSxG7Y9np0/oqVV6NEqULWnoTP29MWax1qM4tJMxMwO97E3F/7xOZqJLf8xlmhmUMH8oygQ1CZ3mQHtcIRgxsoSB4vZWCgOmGBibVsGG4C1/eZU0zytetXJ1Vy3Xrhdx5MkxOSFnxCMXpEZuSZ00CJBH8kxeyZvz5Lw4787HfDTnLHaOyB84nz9UOpNr</latexit>

✓
✓

<latexit sha1_base64="7ykhafyPSt0i36WS4VCkVlFhVvs=">AAAB+HicbZDLSgMxFIYz9VbrpVWXboJFcFVmpKgboejGZQV7gXYYMqdn2tBMZkgyQi19EjcuFHHro7jzbUwvC239IfDxn3M4J3+YCq6N6347ubX1jc2t/HZhZ3dvv1g6OGzqJFOADUhEotoh0yi4xIbhRmA7VcjiUGArHN5O661HVJon8sGMUvRj1pc84sCMtYJSkULAriEIuxItQlAquxV3JroK3gLKZKF6UPrq9hLIYpQGBNO647mp8cdMGQ4CJ4VupjFlMGR97FiULEbtj2eHT+ipdXo0SpR90tCZ+3tizGKtR3FoO2NmBnq5NjX/q3UyE135Yy7TzKCE+aIoE9QkdJoC7XGFYMTIAgPF7a0UBkwxMDargg3BW/7yKjTPK95FpXpfLdduFnHkyTE5IWfEI5ekRu5InTQIkIw8k1fy5jw5L8678zFvzTmLmSPyR87nD4twkmI=</latexit>

ca = cb 6= cc ❌

Before scattering

See books by Arutyunov or Sutherland
+

Y ab
jk (�)Y bc

ik (�)Y ab
ij (�) = Y bc

ij (�)Y ab
ik (�)Y bc

jk (�)

<latexit sha1_base64="2tLh/EqTI7IaRLQ6O274GMEBiic=">AAACXHicbZHNS8MwGMbTOnUfTquCFy/BIczLaGWgHoShHjxOcB+y1ZJm2ZYt/SBJhVH6T3rbxX9F062C63wh8PB7n7xJnrgho0Ka5lLTdwq7e/vFUrlyUD08Mo5PuiKIOCYdHLCA910kCKM+6UgqGemHnCDPZaTnzh/Tfu+DcEED/1UuQmJ7aOLTMcVIKuQY4s2JZ/PkPUZuUh8+ESbRlUI0RS7eQLNN1/0vy9m2h81ywxyjZjbMVcFtYWWiBrJqO8bncBTgyCO+xAwJMbDMUNox4pJiRpLyMBIkRHiOJmSgpI88Iux4FU4CLxUZwXHA1fIlXNG/O2LkCbHwXOX0kJyKfC+F//UGkRzf2jH1w0gSH68PGkcMygCmScMR5QRLtlACYU7VXSGeIo6wVP9RViFY+Sdvi+51w2o27l6atdZDFkcRnIMLUAcWuAEt8AzaoAMwWIJvraiVtC+9oFf06tqqa9meU7BR+tkPSIy2tg==</latexit>

YBE:

µi

<latexit sha1_base64="SiHLnOHRYY6neajl5lCSG0pinDo=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsn/WrNb/uz4FWSVCQGhRo9qtfvUFKrKDSEI617gZ+ZqIcK8MIp9NKz2qaYTLGQ9p1VGJBdZTPj52iM6cMUJIqV9Kgufp7IsdC64mIXafAZqSXvZn4n9e1JrmOciYza6gki0WJ5cikaPY5GjBFieETRzBRzN2KyAgrTIzLp+JCCJZfXiWti3pwWb95uKw1bos4ynACp3AOAVxBA+6hCSEQYPAMr/DmSe/Fe/c+Fq0lr5g5hj/wPn8A3RqOvg==</latexit>

µj

<latexit sha1_base64="b5xlq8fEFrkN8qd0VZ/XBY4vONs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWMG2hDWWz3bRrdzdhdyOU0N/gxYMiXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjv3O09UaRbLBzNNaCDwSLKIEWys5PdFOngcVGtu3c2BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEGVaGEU5nlX6qaYLJBI9oz1KJBdVBlh87Q2dWGaIoVrakQbn6eyLDQuupCG2nwGasl725+J/XS010FWRMJqmhkiwWRSlHJkbzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K3/PIqaV/UvUb9+r5Ra94UcZThBE7hHDy4hCbcQQt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+AN6ejr8=</latexit>

µk

<latexit sha1_base64="d87uu6S1JzPvSl6zVJhsDCUQ5sc=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsf9yv1vy6PwdaJUFBalCg2a9+9QYpsYJKQzjWuhv4mYlyrAwjnE4rPatphskYD2nXUYkF1VE+P3aKzpwyQEmqXEmD5urviRwLrScidp0Cm5Fe9mbif17XmuQ6ypnMrKGSLBYlliOTotnnaMAUJYZPHMFEMXcrIiOsMDEun4oLIVh+eZW0LurBZf3m4bLWuC3iKMMJnMI5BHAFDbiHJoRAgMEzvMKbJ70X7937WLSWvGLmGP7A+/wB4CKOwA==</latexit>

⇥ij

<latexit sha1_base64="cHnjsFz99hyluOW6yF8NaBvWgOM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9FLx4rtLXQhrLZbtq1m92wOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkRwg5737RTW1jc2t4rbpZ3dvf2D8uFR26hUU9aiSijdCYlhgkvWQo6CdRLNSBwK9hCOb2f+wxPThivZxEnCgpgMJY84JWilbq85Ykj6GX+c9ssVr+rN4a4SPycVyNHol796A0XTmEmkghjT9b0Eg4xo5FSwaamXGpYQOiZD1rVUkpiZIJufPHXPrDJwI6VtSXTn6u+JjMTGTOLQdsYER2bZm4n/ed0Uo6sg4zJJkUm6WBSlwkXlzv53B1wzimJiCaGa21tdOiKaULQplWwI/vLLq6R9UfVr1ev7WqV+k8dRhBM4hXPw4RLqcAcNaAEFBc/wCm8OOi/Ou/OxaC04+cwx/IHz+QOHOJFw</latexit>

⇥jk

<latexit sha1_base64="JPGR7fuowXs1foQCL3cTOtlIJT0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9FLx4rtLXQhrLZbtq1m92wOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkRwg5737RTW1jc2t4rbpZ3dvf2D8uFR26hUU9aiSijdCYlhgkvWQo6CdRLNSBwK9hCOb2f+wxPThivZxEnCgpgMJY84JWilbq85Ykj62eN42i9XvKo3h7tK/JxUIEejX/7qDRRNYyaRCmJM1/cSDDKikVPBpqVealhC6JgMWddSSWJmgmx+8tQ9s8rAjZS2JdGdq78nMhIbM4lD2xkTHJllbyb+53VTjK6CjMskRSbpYlGUCheVO/vfHXDNKIqJJYRqbm916YhoQtGmVLIh+Msvr5L2RdWvVa/va5X6TR5HEU7gFM7Bh0uowx00oAUUFDzDK7w56Lw4787HorXg5DPH8AfO5w+KQ5Fy</latexit>

⇥ik

<latexit sha1_base64="QoafLVm8vy95USIxGMZkU5UYDzU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxW6BekoWy223bpZhN2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmzjVjLdYLGPdDanhUijeQoGSdxPNaRRK3gkn93O/88S1EbFq4jThQURHSgwFo2glv9ccc6T9TExm/XLFrboLkHXi5aQCORr98ldvELM04gqZpMb4nptgkFGNgkk+K/VSwxPKJnTEfUsVjbgJssXJM3JhlQEZxtqWQrJQf09kNDJmGoW2M6I4NqveXPzP81Mc3gSZUEmKXLHlomEqCcZk/j8ZCM0ZyqkllGlhbyVsTDVlaFMq2RC81ZfXSfuq6tWqt4+1Sv0uj6MIZ3AOl+DBNdThARrQAgYxPMMrvDnovDjvzseyteDkM6fwB87nD4i9kXE=</latexit>

Rik

<latexit sha1_base64="v4DNqZR1CY2CAmRgl2KbsFvixdk=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWsR/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCUf7DhhQUwGkkecEuuk5n0v46NJr1zxqt4MeJn4OalAjnqv/NXtK5rGTFoqiDEd30tskBFtORVsUuqmhiWEjsiAdRyVJGYmyGbXTvCJU/o4UtqVtHim/p7ISGzMOA5dZ0zs0Cx6U/E/r5Pa6DLIuExSyySdL4pSga3C09dxn2tGrRg7Qqjm7lZMh0QTal1AJReCv/jyMmmeVf3z6tXdeaV2ncdRhCM4hlPw4QJqcAt1aACFR3iGV3hDCr2gd/Qxby2gfOYQ/gB9/gC4NY8/</latexit>

Tij

<latexit sha1_base64="FApsNK0bf16Zm1OSYfJnlYTfW58=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaEvVG9OIRE1hIYEO6pQuFbrtpuyZkw3/w4kFjvPp/vPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+f+FqmitAWkVyqTog15UzQlmGG006iKI5DTtvh5H7ut5+o0kyKppkmNIjxULCIEWys5Df7GRvP+uWKW3UXQOvEy0kFcjT65a/eQJI0psIQjrXuem5iggwrwwins1Iv1TTBZIKHtGupwDHVQba4doYurDJAkVS2hEEL9fdEhmOtp3FoO2NsRnrVm4v/ed3URDdBxkSSGirIclGUcmQkmr+OBkxRYvjUEkwUs7ciMsIKE2MDKtkQvNWX14l/VfVq1dvHWqV+l8dRhDM4h0vw4Brq8AANaAGBMTzDK7w50nlx3p2PZWvByWdO4Q+czx+5wo9A</latexit>

Rij

<latexit sha1_base64="F207O0lMogeLlslsulq7NO8LIhc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnorevFYxX5Au5Rsmm3TZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gcpv57SeqNJPi0Uxj6kd4KFjICDZWaj30Uzae9csVt+rOgVaJl5MK5Gj0y1+9gSRJRIUhHGvd9dzY+ClWhhFOZ6VeommMyQQPaddSgSOq/XR+7QydWWWAQqlsCYPm6u+JFEdaT6PAdkbYjPSyl4n/ed3EhFd+ykScGCrIYlGYcGQkyl5HA6YoMXxqCSaK2VsRGWGFibEBlWwI3vLLq6R1UfVq1ev7WqV+k8dRhBM4hXPw4BLqcAcNaAKBMTzDK7w50nlx3p2PRWvByWeO4Q+czx+2sI8+</latexit>

Rjk

<latexit sha1_base64="s+WhX6I8qB10nJ8BSkNolqyTR2I=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnorevFYxX5Au5Rsmm3TZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gcpv57SeqNJPi0Uxj6kd4KFjICDZWaj300/Fk1i9X3Ko7B1olXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZV6iaYxJhM8pF1LBY6o9tP5tTN0ZpUBCqWyJQyaq78nUhxpPY0C2xlhM9LLXib+53UTE175KRNxYqggi0VhwpGRKHsdDZiixPCpJZgoZm9FZIQVJsYGVLIheMsvr5LWRdWrVa/va5X6TR5HEU7gFM7Bg0uowx00oAkExvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8AubuPQA==</latexit>

=

µi

<latexit sha1_base64="SiHLnOHRYY6neajl5lCSG0pinDo=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsn/WrNb/uz4FWSVCQGhRo9qtfvUFKrKDSEI617gZ+ZqIcK8MIp9NKz2qaYTLGQ9p1VGJBdZTPj52iM6cMUJIqV9Kgufp7IsdC64mIXafAZqSXvZn4n9e1JrmOciYza6gki0WJ5cikaPY5GjBFieETRzBRzN2KyAgrTIzLp+JCCJZfXiWti3pwWb95uKw1bos4ynACp3AOAVxBA+6hCSEQYPAMr/DmSe/Fe/c+Fq0lr5g5hj/wPn8A3RqOvg==</latexit>

µj

<latexit sha1_base64="b5xlq8fEFrkN8qd0VZ/XBY4vONs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWMG2hDWWz3bRrdzdhdyOU0N/gxYMiXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjv3O09UaRbLBzNNaCDwSLKIEWys5PdFOngcVGtu3c2BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEGVaGEU5nlX6qaYLJBI9oz1KJBdVBlh87Q2dWGaIoVrakQbn6eyLDQuupCG2nwGasl725+J/XS010FWRMJqmhkiwWRSlHJkbzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K3/PIqaV/UvUb9+r5Ra94UcZThBE7hHDy4hCbcQQt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+AN6ejr8=</latexit>

µk

<latexit sha1_base64="d87uu6S1JzPvSl6zVJhsDCUQ5sc=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsf9yv1vy6PwdaJUFBalCg2a9+9QYpsYJKQzjWuhv4mYlyrAwjnE4rPatphskYD2nXUYkF1VE+P3aKzpwyQEmqXEmD5urviRwLrScidp0Cm5Fe9mbif17XmuQ6ypnMrKGSLBYlliOTotnnaMAUJYZPHMFEMXcrIiOsMDEun4oLIVh+eZW0LurBZf3m4bLWuC3iKMMJnMI5BHAFDbiHJoRAgMEzvMKbJ70X7937WLSWvGLmGP7A+/wB4CKOwA==</latexit>

Rik

<latexit sha1_base64="v4DNqZR1CY2CAmRgl2KbsFvixdk=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWsR/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCUf7DhhQUwGkkecEuuk5n0v46NJr1zxqt4MeJn4OalAjnqv/NXtK5rGTFoqiDEd30tskBFtORVsUuqmhiWEjsiAdRyVJGYmyGbXTvCJU/o4UtqVtHim/p7ISGzMOA5dZ0zs0Cx6U/E/r5Pa6DLIuExSyySdL4pSga3C09dxn2tGrRg7Qqjm7lZMh0QTal1AJReCv/jyMmmeVf3z6tXdeaV2ncdRhCM4hlPw4QJqcAt1aACFR3iGV3hDCr2gd/Qxby2gfOYQ/gB9/gC4NY8/</latexit>

+

µi

<latexit sha1_base64="SiHLnOHRYY6neajl5lCSG0pinDo=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsn/WrNb/uz4FWSVCQGhRo9qtfvUFKrKDSEI617gZ+ZqIcK8MIp9NKz2qaYTLGQ9p1VGJBdZTPj52iM6cMUJIqV9Kgufp7IsdC64mIXafAZqSXvZn4n9e1JrmOciYza6gki0WJ5cikaPY5GjBFieETRzBRzN2KyAgrTIzLp+JCCJZfXiWti3pwWb95uKw1bos4ynACp3AOAVxBA+6hCSEQYPAMr/DmSe/Fe/c+Fq0lr5g5hj/wPn8A3RqOvg==</latexit>

µj

<latexit sha1_base64="b5xlq8fEFrkN8qd0VZ/XBY4vONs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWMG2hDWWz3bRrdzdhdyOU0N/gxYMiXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjv3O09UaRbLBzNNaCDwSLKIEWys5PdFOngcVGtu3c2BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEGVaGEU5nlX6qaYLJBI9oz1KJBdVBlh87Q2dWGaIoVrakQbn6eyLDQuupCG2nwGasl725+J/XS010FWRMJqmhkiwWRSlHJkbzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K3/PIqaV/UvUb9+r5Ra94UcZThBE7hHDy4hCbcQQt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+AN6ejr8=</latexit>

µk

<latexit sha1_base64="d87uu6S1JzPvSl6zVJhsDCUQ5sc=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsf9yv1vy6PwdaJUFBalCg2a9+9QYpsYJKQzjWuhv4mYlyrAwjnE4rPatphskYD2nXUYkF1VE+P3aKzpwyQEmqXEmD5urviRwLrScidp0Cm5Fe9mbif17XmuQ6ypnMrKGSLBYlliOTotnnaMAUJYZPHMFEMXcrIiOsMDEun4oLIVh+eZW0LurBZf3m4bLWuC3iKMMJnMI5BHAFDbiHJoRAgMEzvMKbJ70X7937WLSWvGLmGP7A+/wB4CKOwA==</latexit>

Tjk

<latexit sha1_base64="9500WB4ksRraBByzTxYSeWXTX08=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaEvVG9OIRE1hIYEO6pQuFbrtpuyZkw3/w4kFjvPp/vPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+f+FqmitAWkVyqTog15UzQlmGG006iKI5DTtvh5H7ut5+o0kyKppkmNIjxULCIEWys5Df72Xgy65crbtVdAK0TLycVyNHol796A0nSmApDONa667mJCTKsDCOczkq9VNMEkwke0q6lAsdUB9ni2hm6sMoARVLZEgYt1N8TGY61nsah7YyxGelVby7+53VTE90EGRNJaqggy0VRypGRaP46GjBFieFTSzBRzN6KyAgrTIwNqGRD8FZfXif+VdWrVW8fa5X6XR5HEc7gHC7Bg2uowwM0oAUExvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AvM2PQg==</latexit>

Tik

<latexit sha1_base64="gju0QeRlKsBGMAdIxSi49HSue5A=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQb0VvXis0NZCu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jQpr6xubW8Xt0s7u3v5B+fCobVSqKWtRJZTuhMQwwSVrWW4F6ySakTgU7CEc3878hyemDVeyaScJC2IylDzilFgntZv9jI+n/XLFq3pz4FXi56QCORr98ldvoGgaM2mpIMZ0fS+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJtfO8VnThngSGlX0uK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo6sg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBlVwI/vLLq6R9UfVr1ev7WqV+k8dRhBM4hXPw4RLqcAcNaAGFR3iGV3hDCr2gd/SxaC2gfOYY/gB9/gC7R49B</latexit>

µi

<latexit sha1_base64="SiHLnOHRYY6neajl5lCSG0pinDo=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsn/WrNb/uz4FWSVCQGhRo9qtfvUFKrKDSEI617gZ+ZqIcK8MIp9NKz2qaYTLGQ9p1VGJBdZTPj52iM6cMUJIqV9Kgufp7IsdC64mIXafAZqSXvZn4n9e1JrmOciYza6gki0WJ5cikaPY5GjBFieETRzBRzN2KyAgrTIzLp+JCCJZfXiWti3pwWb95uKw1bos4ynACp3AOAVxBA+6hCSEQYPAMr/DmSe/Fe/c+Fq0lr5g5hj/wPn8A3RqOvg==</latexit>

µj

<latexit sha1_base64="b5xlq8fEFrkN8qd0VZ/XBY4vONs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWMG2hDWWz3bRrdzdhdyOU0N/gxYMiXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjv3O09UaRbLBzNNaCDwSLKIEWys5PdFOngcVGtu3c2BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEGVaGEU5nlX6qaYLJBI9oz1KJBdVBlh87Q2dWGaIoVrakQbn6eyLDQuupCG2nwGasl725+J/XS010FWRMJqmhkiwWRSlHJkbzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K3/PIqaV/UvUb9+r5Ra94UcZThBE7hHDy4hCbcQQt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+AN6ejr8=</latexit>

µk

<latexit sha1_base64="d87uu6S1JzPvSl6zVJhsDCUQ5sc=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsf9yv1vy6PwdaJUFBalCg2a9+9QYpsYJKQzjWuhv4mYlyrAwjnE4rPatphskYD2nXUYkF1VE+P3aKzpwyQEmqXEmD5urviRwLrScidp0Cm5Fe9mbif17XmuQ6ypnMrKGSLBYlliOTotnnaMAUJYZPHMFEMXcrIiOsMDEun4oLIVh+eZW0LurBZf3m4bLWuC3iKMMJnMI5BHAFDbiHJoRAgMEzvMKbJ70X7937WLSWvGLmGP7A+/wB4CKOwA==</latexit>

⇥ij

<latexit sha1_base64="cHnjsFz99hyluOW6yF8NaBvWgOM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9FLx4rtLXQhrLZbtq1m92wOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwkRwg5737RTW1jc2t4rbpZ3dvf2D8uFR26hUU9aiSijdCYlhgkvWQo6CdRLNSBwK9hCOb2f+wxPThivZxEnCgpgMJY84JWilbq85Ykj6GX+c9ssVr+rN4a4SPycVyNHol796A0XTmEmkghjT9b0Eg4xo5FSwaamXGpYQOiZD1rVUkpiZIJufPHXPrDJwI6VtSXTn6u+JjMTGTOLQdsYER2bZm4n/ed0Uo6sg4zJJkUm6WBSlwkXlzv53B1wzimJiCaGa21tdOiKaULQplWwI/vLLq6R9UfVr1ev7WqV+k8dRhBM4hXPw4RLqcAcNaAEFBc/wCm8OOi/Ou/OxaC04+cwx/IHz+QOHOJFw</latexit>

⇥ik

<latexit sha1_base64="QoafLVm8vy95USIxGMZkU5UYDzU=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxW6BekoWy223bpZhN2J0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmzjVjLdYLGPdDanhUijeQoGSdxPNaRRK3gkn93O/88S1EbFq4jThQURHSgwFo2glv9ccc6T9TExm/XLFrboLkHXi5aQCORr98ldvELM04gqZpMb4nptgkFGNgkk+K/VSwxPKJnTEfUsVjbgJssXJM3JhlQEZxtqWQrJQf09kNDJmGoW2M6I4NqveXPzP81Mc3gSZUEmKXLHlomEqCcZk/j8ZCM0ZyqkllGlhbyVsTDVlaFMq2RC81ZfXSfuq6tWqt4+1Sv0uj6MIZ3AOl+DBNdThARrQAgYxPMMrvDnovDjvzseyteDkM6fwB87nD4i9kXE=</latexit>

Tij

<latexit sha1_base64="FApsNK0bf16Zm1OSYfJnlYTfW58=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaEvVG9OIRE1hIYEO6pQuFbrtpuyZkw3/w4kFjvPp/vPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+f+FqmitAWkVyqTog15UzQlmGG006iKI5DTtvh5H7ut5+o0kyKppkmNIjxULCIEWys5Df7GRvP+uWKW3UXQOvEy0kFcjT65a/eQJI0psIQjrXuem5iggwrwwins1Iv1TTBZIKHtGupwDHVQba4doYurDJAkVS2hEEL9fdEhmOtp3FoO2NsRnrVm4v/ed3URDdBxkSSGirIclGUcmQkmr+OBkxRYvjUEkwUs7ciMsIKE2MDKtkQvNWX14l/VfVq1dvHWqV+l8dRhDM4h0vw4Brq8AANaAGBMTzDK7w50nlx3p2PZWvByWdO4Q+czx+5wo9A</latexit>

Rjk

<latexit sha1_base64="s+WhX6I8qB10nJ8BSkNolqyTR2I=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnorevFYxX5Au5Rsmm3TZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gcpv57SeqNJPi0Uxj6kd4KFjICDZWaj300/Fk1i9X3Ko7B1olXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZV6iaYxJhM8pF1LBY6o9tP5tTN0ZpUBCqWyJQyaq78nUhxpPY0C2xlhM9LLXib+53UTE175KRNxYqggi0VhwpGRKHsdDZiixPCpJZgoZm9FZIQVJsYGVLIheMsvr5LWRdWrVa/va5X6TR5HEU7gFM7Bg0uowx00oAkExvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8AubuPQA==</latexit>

=

µi

<latexit sha1_base64="SiHLnOHRYY6neajl5lCSG0pinDo=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsn/WrNb/uz4FWSVCQGhRo9qtfvUFKrKDSEI617gZ+ZqIcK8MIp9NKz2qaYTLGQ9p1VGJBdZTPj52iM6cMUJIqV9Kgufp7IsdC64mIXafAZqSXvZn4n9e1JrmOciYza6gki0WJ5cikaPY5GjBFieETRzBRzN2KyAgrTIzLp+JCCJZfXiWti3pwWb95uKw1bos4ynACp3AOAVxBA+6hCSEQYPAMr/DmSe/Fe/c+Fq0lr5g5hj/wPn8A3RqOvg==</latexit>

µj

<latexit sha1_base64="b5xlq8fEFrkN8qd0VZ/XBY4vONs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWMG2hDWWz3bRrdzdhdyOU0N/gxYMiXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjv3O09UaRbLBzNNaCDwSLKIEWys5PdFOngcVGtu3c2BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEGVaGEU5nlX6qaYLJBI9oz1KJBdVBlh87Q2dWGaIoVrakQbn6eyLDQuupCG2nwGasl725+J/XS010FWRMJqmhkiwWRSlHJkbzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K3/PIqaV/UvUb9+r5Ra94UcZThBE7hHDy4hCbcQQt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+AN6ejr8=</latexit>

µk

<latexit sha1_base64="d87uu6S1JzPvSl6zVJhsDCUQ5sc=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsf9yv1vy6PwdaJUFBalCg2a9+9QYpsYJKQzjWuhv4mYlyrAwjnE4rPatphskYD2nXUYkF1VE+P3aKzpwyQEmqXEmD5urviRwLrScidp0Cm5Fe9mbif17XmuQ6ypnMrKGSLBYlliOTotnnaMAUJYZPHMFEMXcrIiOsMDEun4oLIVh+eZW0LurBZf3m4bLWuC3iKMMJnMI5BHAFDbiHJoRAgMEzvMKbJ70X7937WLSWvGLmGP7A+/wB4CKOwA==</latexit>

Rik

<latexit sha1_base64="v4DNqZR1CY2CAmRgl2KbsFvixdk=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoN6KXjxWsR/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjm6nfemLacCUf7DhhQUwGkkecEuuk5n0v46NJr1zxqt4MeJn4OalAjnqv/NXtK5rGTFoqiDEd30tskBFtORVsUuqmhiWEjsiAdRyVJGYmyGbXTvCJU/o4UtqVtHim/p7ISGzMOA5dZ0zs0Cx6U/E/r5Pa6DLIuExSyySdL4pSga3C09dxn2tGrRg7Qqjm7lZMh0QTal1AJReCv/jyMmmeVf3z6tXdeaV2ncdRhCM4hlPw4QJqcAt1aACFR3iGV3hDCr2gd/Qxby2gfOYQ/gB9/gC4NY8/</latexit>

+

µi

<latexit sha1_base64="SiHLnOHRYY6neajl5lCSG0pinDo=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsn/WrNb/uz4FWSVCQGhRo9qtfvUFKrKDSEI617gZ+ZqIcK8MIp9NKz2qaYTLGQ9p1VGJBdZTPj52iM6cMUJIqV9Kgufp7IsdC64mIXafAZqSXvZn4n9e1JrmOciYza6gki0WJ5cikaPY5GjBFieETRzBRzN2KyAgrTIzLp+JCCJZfXiWti3pwWb95uKw1bos4ynACp3AOAVxBA+6hCSEQYPAMr/DmSe/Fe/c+Fq0lr5g5hj/wPn8A3RqOvg==</latexit>

µj

<latexit sha1_base64="b5xlq8fEFrkN8qd0VZ/XBY4vONs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWMG2hDWWz3bRrdzdhdyOU0N/gxYMiXv1B3vw3btMctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjv3O09UaRbLBzNNaCDwSLKIEWys5PdFOngcVGtu3c2BVolXkBoUaA2qX/1hTFJBpSEca93z3MQEGVaGEU5nlX6qaYLJBI9oz1KJBdVBlh87Q2dWGaIoVrakQbn6eyLDQuupCG2nwGasl725+J/XS010FWRMJqmhkiwWRSlHJkbzz9GQKUoMn1qCiWL2VkTGWGFibD4VG4K3/PIqaV/UvUb9+r5Ra94UcZThBE7hHDy4hCbcQQt8IMDgGV7hzZHOi/PufCxaS04xcwx/4Hz+AN6ejr8=</latexit>

µk

<latexit sha1_base64="d87uu6S1JzPvSl6zVJhsDCUQ5sc=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfju5nffqJKs1Q+mklGI4GHkiWMYOOksCdsf9yv1vy6PwdaJUFBalCg2a9+9QYpsYJKQzjWuhv4mYlyrAwjnE4rPatphskYD2nXUYkF1VE+P3aKzpwyQEmqXEmD5urviRwLrScidp0Cm5Fe9mbif17XmuQ6ypnMrKGSLBYlliOTotnnaMAUJYZPHMFEMXcrIiOsMDEun4oLIVh+eZW0LurBZf3m4bLWuC3iKMMJnMI5BHAFDbiHJoRAgMEzvMKbJ70X7937WLSWvGLmGP7A+/wB4CKOwA==</latexit>

Tjk

<latexit sha1_base64="9500WB4ksRraBByzTxYSeWXTX08=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaEvVG9OIRE1hIYEO6pQuFbrtpuyZkw3/w4kFjvPp/vPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+f+FqmitAWkVyqTog15UzQlmGG006iKI5DTtvh5H7ut5+o0kyKppkmNIjxULCIEWys5Df72Xgy65crbtVdAK0TLycVyNHol796A0nSmApDONa667mJCTKsDCOczkq9VNMEkwke0q6lAsdUB9ni2hm6sMoARVLZEgYt1N8TGY61nsah7YyxGelVby7+53VTE90EGRNJaqggy0VRypGRaP46GjBFieFTSzBRzN6KyAgrTIwNqGRD8FZfXif+VdWrVW8fa5X6XR5HEc7gHC7Bg2uowwM0oAUExvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AvM2PQg==</latexit>

Rjk

<latexit sha1_base64="s+WhX6I8qB10nJ8BSkNolqyTR2I=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnorevFYxX5Au5Rsmm3TZpMlyQpl6X/w4kERr/4fb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gcpv57SeqNJPi0Uxj6kd4KFjICDZWaj300/Fk1i9X3Ko7B1olXk4qkKPRL3/1BpIkERWGcKx113Nj46dYGUY4nZV6iaYxJhM8pF1LBY6o9tP5tTN0ZpUBCqWyJQyaq78nUhxpPY0C2xlhM9LLXib+53UTE175KRNxYqggi0VhwpGRKHsdDZiixPCpJZgoZm9FZIQVJsYGVLIheMsvr5LWRdWrVa/va5X6TR5HEU7gFM7Bg0uowx00oAkExvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8AubuPQA==</latexit>

Tij

<latexit sha1_base64="FApsNK0bf16Zm1OSYfJnlYTfW58=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewaEvVG9OIRE1hIYEO6pQuFbrtpuyZkw3/w4kFjvPp/vPlvLLAHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+f+FqmitAWkVyqTog15UzQlmGG006iKI5DTtvh5H7ut5+o0kyKppkmNIjxULCIEWys5Df7GRvP+uWKW3UXQOvEy0kFcjT65a/eQJI0psIQjrXuem5iggwrwwins1Iv1TTBZIKHtGupwDHVQba4doYurDJAkVS2hEEL9fdEhmOtp3FoO2NsRnrVm4v/ed3URDdBxkSSGirIclGUcmQkmr+OBkxRYvjUEkwUs7ciMsIKE2MDKtkQvNWX14l/VfVq1dvHWqV+l8dRhDM4h0vw4Brq8AANaAGBMTzDK7w50nlx3p2PZWvByWdO4Q+czx+5wo9A</latexit>

<latexit sha1_base64="0oGMHAPINvLFJdlON5xOHO/Kb/U=">AAACMXicbZDLSsNAFIYn9VbrLerSTbAoglCS4m0jFNx0WUt6gTaEyXTSTjO5MDMRSsgrufFNxE0Xirj1JZymUbT1wDA/3/kPM+d3Ikq40PWpUlhZXVvfKG6WtrZ3dvfU/YM2D2OGcAuFNGRdB3JMSYBbggiKuxHD0Hco7jje3azfecCMkzAwxSTClg+HAXEJgkIiW633zREW0E7GXtq0E+Kl34CM09PbZnb/oMwjnedmxucDZoZstaxX9Ky0ZWHkogzyatjqc38QotjHgUAUct4z9EhYCWSCIIrTUj/mOILIg0PckzKAPuZWkm2caieSDDQ3ZPIEQsvo74kE+pxPfEc6fShGfLE3g//1erFwb6yEBFEscIDmD7kx1USozeLTBoRhJOhECogYkX/V0AgyiIQMuSRDMBZXXhbtasW4qlzeX5Rr1TyOIjgCx+AMGOAa1EAdNEALIPAIXsAreFOelKnyrnzMrQUlnzkEf0r5/ALh7qxs</latexit>

⇥jkRik⇥ij = Rij⇥ikRjk + TijRikTjk
<latexit sha1_base64="Z1uEK5zwRLQYToW1DFKuEgVJW1s=">AAACLHicbZDLSsNAFIYnXmu9RV26GSyKIJSkeNsIhW5c1pJeoA1hMp2200wuzEyEEvJAbnwVQVxYxK3P4TQNoq0Hhvn5/nOYOb8bMSqkYUy1ldW19Y3NwlZxe2d3b18/OGyJMOaYNHHIQt5xkSCMBqQpqWSkE3GCfJeRtuvVZn77kXBBw8CSk4jYPhoGdEAxkgo5eq3hJGMvtZyEemnPGhGJlBynZ3dWdv8gL513XjQy3siQlSFHLxllIyu4LMxclEBedUd/7fVDHPskkJghIbqmEUk7QVxSzEha7MWCRAh7aEi6SgbIJ8JOsmVTeKpIHw5Crk4gYUZ/TyTIF2Liu6rTR3IkFr0Z/M/rxnJwayc0iGJJAjx/aBAzKEM4Sw72KSdYsokSCHOq/grxCHGEpcq3qEIwF1deFq1K2bwuXz1clqqVPI4COAYn4ByY4AZUwT2ogybA4Am8gHcw1Z61N+1D+5y3rmj5zBH4U9rXN5gZqjw=</latexit>

RjkTik⇥ij = Tij⇥ikRjk +RijRikTjk

<latexit sha1_base64="1qDkLsRjnK7NbYB85v/9XJSeQe4=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjPia1l047KCfUA7lEyaaUMzyZBkCmXon7hxoYhb/8Sdf2OmHUFbD4Qczrn35uaECWfaeN6Xs7K6tr6xWdoqb+/s7u27B4dNLVNFaINILlU7xJpyJmjDMMNpO1EUxyGnrXB0l/utMVWaSfFoJgkNYjwQLGIEGyv1XLebYGUY5j93z614VW8GtEz8glSgQL3nfnb7kqQxFYZwrHXH9xITZPk0wum03E01TTAZ4QHtWCpwTHWQzTafolOr9FEklT3CoJn6uyPDsdaTOLSVMTZDvejl4n9eJzXRTZAxkaSGCjJ/KEo5MhLlMaA+U5QYPrEEE8XsrogMscLE2LDKNgR/8cvLpHle9a+qlw8XldptEUcJjuEEzsCHa6jBPdShAQTG8AQv8OpkzrPz5rzPS1ecoucI/sD5+Ab8n5Pn</latexit>

@@



Bethe states with anti-symmetrized basis

• Reduced frustration

• Finite energy density of excited states
• Decomposition of entanglement entropy

• Slow thermalization
• Solve YBE as eq.’s of momenta        Solitonic excited states: e.g.

Also works for symmetrized basis

<latexit sha1_base64="R0hsy6j8VwP+h2i7TSBpKs3pqLw="></latexit>

SA � SXXZ
A ⇠ (2l � n) log(2l � n)�

lX

nA=n�l

pXXZ
A (nA)

�
(l � nA) log(l � nA) + (l � n+ nA) log(l � n+ nA)

�
.

<latexit sha1_base64="iDFL9TKA840sX6dwghfGcPyQc/Y=">AAACH3icbZBNS0JBFIbn2pfZl9WyzZAEbZJ7Q6xNILWopVGapCJzx2MOzv1g5lxJLveftOmvtGlRRLTz3zR+EKW9MPDwnnM4c143lEKjbQ+t1MLi0vJKejWztr6xuZXd3qnqIFIcKjyQgaq5TIMUPlRQoIRaqIB5roQ7t3cxqt/1QWkR+Lc4CKHpsQdfdARnaKxWttiAUAtpsH/0g3ED4RHjy5skOaOzbq12nyStbM7O22PReXCmkCNTlVvZr0Y74JEHPnLJtK47dojNmCkUXEKSaUQaQsZ77AHqBn3mgW7G4/sSemCcNu0Eyjwf6dj9PREzT+uB55pOj2FXz9ZG5n+1eoSd02Ys/DBC8PlkUSeSFAM6Cou2hQKOcmCAcSXMXynvMsU4mkgzJgRn9uR5qB7nnWK+cF3Ilc6ncaTJHtknh8QhJ6RErkiZVAgnT+SFvJF369l6tT6sz0lryprO7JI/sobfz1OktQ==</latexit>✏v � ✏GS = ✏XXZ

<latexit sha1_base64="dz+PVaqIsEO5wEX9FCesxbJmXZo="></latexit>

µk = 1

µj = µi;

µk = µj ;

µk = µi;

µj = 2� 1

µi
;

µk = 2� 1

µj
;

µk = 2� 1

µi
.

<latexit sha1_base64="dz+PVaqIsEO5wEX9FCesxbJmXZo="></latexit>

µk = 1

µj = µi;

µk = µj ;

µk = µi;

µj = 2� 1

µi
;

µk = 2� 1

µj
;

µk = 2� 1

µi
.
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<latexit sha1_base64="GjKSn+JJUxO2wodwKUrwYPtIhfg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KVbfmLkDWiZeTKuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IuVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX9a869pV86par+RxFOEMKnABHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDc+uMng==</latexit>

1
<latexit sha1_base64="nxja7FPR97E173AZcatzpGrPiX0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlAjHxRHYJUY8kXjxCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Ammdwu/84RK80g+mFmMfkjHko84o8ZKzeqgWHYr7hJkk3gZKUOGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFplSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ066dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtKsV77pSa9bK9VIWRx4uoARX4MEN1OEeGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/dW+Mnw==</latexit>

2
<latexit sha1_base64="R8mmK3oXBgfI3+rA2qlOG8NiKQE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlAjHxRHaVqEcSLx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFS46pfLLsVdwGyTryMlCFDvV/86g1ilkYoDRNU667nJsafUmU4Ezgr9FKNCWVjOsSupZJGqP3p4tAZObfKgISxsiUNWai/J6Y00noSBbYzomakV725+J/XTU1460+5TFKDki0XhakgJibzr8mAK2RGTCyhTHF7K2EjqigzNpuCDcFbfXmdtC4r3nWl2qiWa6UsjjycQQkuwIMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AHbzjKA=</latexit>

3
<latexit sha1_base64="e+tLKDUswtzb33ZStdYdI6ifFc4=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvS4vgqSRS1GPBi8cK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fRu4XefUWmeyEczSzGI6VjyiDNqrPTQGFZqXt1bgmwSvyA1KNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmFVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0W2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Su6v51vVFrVoswynAOVbgEH26gCffQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBw49i3c=</latexit>

4

<latexit sha1_base64="0MaSk1pVt1ssCoKSZvY8Ii3FpvU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlAjHxRHYNPo4kXjxCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mEmCfkSHkoecUWOlxlW/WHYr7gJknXgZKUOGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcm6VAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rw1p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV1WvOtKtVEt10pZHHk4gxJcgAc3UIN7qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AHn7jKI=</latexit>

5

<latexit sha1_base64="RUWfqyk3kOWFM7ZS8edFQkpBVrI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlAjHxRHYNQY8kXjxCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Ammdwu/84RK80g+mFmMfkjHko84o8ZKzdqgWHYr7hJkk3gZKUOGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFplSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ066dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtK8rXq1SbVbL9VIWRx4uoARX4MEN1OEeGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/e3+Mow==</latexit>

6

<latexit sha1_base64="nqBMC4GbrpfzD1+YckkEJ61D2NY=">AAAB6HicbVDLTgJBEOzFF+IL9ehlAjHxRHYNEY8kXjxCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Ammdwu/84RK80g+mFmMfkjHko84o8ZKzdqgWHYr7hJkk3gZKUOGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFplSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ066dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtK8r3k2l2qyW66UsjjxcQAmuwIMa1OEeGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/fQOMpA==</latexit>

7

<latexit sha1_base64="MFVqutZim6GQXMR29p15TJnQC2k=">AAAB6HicbVDLTgJBEOzFF+IL9ehlAjHxRHYNUY4kXjxCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Ammdwu/84RK80g+mFmMfkjHko84o8ZKzdqgWHYr7hJkk3gZKUOGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFplSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZU81Mu48SgZKtFo0QQE5HF12TIFTIjZpZQpri9lbAJVZQZm03BhuCtv7xJ2tcV76ZSbVbL9VIWRx4uoARX4MEt1OEeGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/foeMpQ==</latexit>

8

<latexit sha1_base64="Yi6lUUEM48MF2/5fX33iWMxMweQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9ehgTBU9iV4OMW8OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3sbm1vZPfLeztHxweFY9PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38399hMqzWP5YCYJ+hEdSh5yRo2VGrf9YtmtuAuQdeJlpAwZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyLlVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCG3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpHVZ8a4q1Ua1XCtlceThDEpwAR5cQw3uoQ5NYIDwDK/w5jw6L86787FszTnZzCn8gfP5A4ALjKY=</latexit>

9

<latexit sha1_base64="jDmAgYeRhtnEOpY93XhapFuoA4M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LC2Cp5JIUY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpwXMH5apbcxcg68TLSRVyNAflr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LJU0Qu1ni0tn5NwqQxLGypY0ZKH+nshopPU0CmxnRM1Yr3pz8T+vl5rwxs+4TFKDki0XhakgJibzt8mQK2RGTC2hTHF7K2FjqigzNpySDcFbfXmdtC9r3lWtfl+vNip5HEU4gwpcgAfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AeHAjNg=</latexit>

10

<latexit sha1_base64="W1lqWW7STVviz6EGGxOxm4APxAE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LC2Cp5JIUY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpwfMG5apbcxcg68TLSRVyNAflr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LJU0Qu1ni0tn5NwqQxLGypY0ZKH+nshopPU0CmxnRM1Yr3pz8T+vl5rwxs+4TFKDki0XhakgJibzt8mQK2RGTC2hTHF7K2FjqigzNpySDcFbfXmdtC9r3lWtfl+vNip5HEU4gwpcgAfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AeNEjNk=</latexit>

11

<latexit sha1_base64="ndLx0H7xrbpAN31r27Wjm9Yssk4=">AAAB6XicbVBNS8NAEJ34WetX1aOXpUXwVJJS1GPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz04NUGpYpbdRcg68TLSQVyNAelr/4wZmmE0jBBte55bmL8jCrDmcBZsZ9qTCib0BH2LJU0Qu1ni0tn5MIqQxLGypY0ZKH+nshopPU0CmxnRM1Yr3pz8T+vl5rwxs+4TFKDki0XhakgJibzt8mQK2RGTC2hTHF7K2FjqigzNpyiDcFbfXmdtGtV76pav69XGuU8jgKcQxkuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbN5x85gz+wPn8AeTIjNo=</latexit>

12

<latexit sha1_base64="GjKSn+JJUxO2wodwKUrwYPtIhfg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KVbfmLkDWiZeTKuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IuVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX9a869pV86par+RxFOEMKnABHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDc+uMng==</latexit>

1
<latexit sha1_base64="nxja7FPR97E173AZcatzpGrPiX0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlAjHxRHYJUY8kXjxCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Ammdwu/84RK80g+mFmMfkjHko84o8ZKzeqgWHYr7hJkk3gZKUOGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFplSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ066dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtKsV77pSa9bK9VIWRx4uoARX4MEN1OEeGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/dW+Mnw==</latexit>

2

<latexit sha1_base64="R8mmK3oXBgfI3+rA2qlOG8NiKQE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlAjHxRHaVqEcSLx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFS46pfLLsVdwGyTryMlCFDvV/86g1ilkYoDRNU667nJsafUmU4Ezgr9FKNCWVjOsSupZJGqP3p4tAZObfKgISxsiUNWai/J6Y00noSBbYzomakV725+J/XTU1460+5TFKDki0XhakgJibzr8mAK2RGTCyhTHF7K2EjqigzNpuCDcFbfXmdtC4r3nWl2qiWa6UsjjycQQkuwIMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AHbzjKA=</latexit>

3
<latexit sha1_base64="e+tLKDUswtzb33ZStdYdI6ifFc4=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvS4vgqSRS1GPBi8cK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fRu4XefUWmeyEczSzGI6VjyiDNqrPTQGFZqXt1bgmwSvyA1KNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmFVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0W2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3Su6v51vVFrVoswynAOVbgEH26gCffQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBw49i3c=</latexit>

4
<latexit sha1_base64="0MaSk1pVt1ssCoKSZvY8Ii3FpvU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlAjHxRHYNPo4kXjxCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mEmCfkSHkoecUWOlxlW/WHYr7gJknXgZKUOGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcm6VAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rw1p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aV1WvOtKtVEt10pZHHk4gxJcgAc3UIN7qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AHn7jKI=</latexit>

5

<latexit sha1_base64="RUWfqyk3kOWFM7ZS8edFQkpBVrI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlAjHxRHYNQY8kXjxCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Ammdwu/84RK80g+mFmMfkjHko84o8ZKzdqgWHYr7hJkk3gZKUOGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFplSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ066dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtK8rXq1SbVbL9VIWRx4uoARX4MEN1OEeGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/e3+Mow==</latexit>

6
<latexit sha1_base64="nqBMC4GbrpfzD1+YckkEJ61D2NY=">AAAB6HicbVDLTgJBEOzFF+IL9ehlAjHxRHYNEY8kXjxCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Ammdwu/84RK80g+mFmMfkjHko84o8ZKzdqgWHYr7hJkk3gZKUOGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFplSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ066dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtK8r3k2l2qyW66UsjjxcQAmuwIMa1OEeGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/fQOMpA==</latexit>

7
<latexit sha1_base64="MFVqutZim6GQXMR29p15TJnQC2k=">AAAB6HicbVDLTgJBEOzFF+IL9ehlAjHxRHYNUY4kXjxCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Ammdwu/84RK80g+mFmMfkjHko84o8ZKzdqgWHYr7hJkk3gZKUOGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFplSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZU81Mu48SgZKtFo0QQE5HF12TIFTIjZpZQpri9lbAJVZQZm03BhuCtv7xJ2tcV76ZSbVbL9VIWRx4uoARX4MEt1OEeGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/foeMpQ==</latexit>

8

<latexit sha1_base64="Yi6lUUEM48MF2/5fX33iWMxMweQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9ehgTBU9iV4OMW8OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3sbm1vZPfLeztHxweFY9PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38399hMqzWP5YCYJ+hEdSh5yRo2VGrf9YtmtuAuQdeJlpAwZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyLlVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCG3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpHVZ8a4q1Ua1XCtlceThDEpwAR5cQw3uoQ5NYIDwDK/w5jw6L86787FszTnZzCn8gfP5A4ALjKY=</latexit>

9
<latexit sha1_base64="jDmAgYeRhtnEOpY93XhapFuoA4M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LC2Cp5JIUY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpwXMH5apbcxcg68TLSRVyNAflr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LJU0Qu1ni0tn5NwqQxLGypY0ZKH+nshopPU0CmxnRM1Yr3pz8T+vl5rwxs+4TFKDki0XhakgJibzt8mQK2RGTC2hTHF7K2FjqigzNpySDcFbfXmdtC9r3lWtfl+vNip5HEU4gwpcgAfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AeHAjNg=</latexit>

10
<latexit sha1_base64="W1lqWW7STVviz6EGGxOxm4APxAE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LC2Cp5JIUY8FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpwfMG5apbcxcg68TLSRVyNAflr/4wZmmE0jBBte55bmL8jCrDmcBZqZ9qTCib0BH2LJU0Qu1ni0tn5NwqQxLGypY0ZKH+nshopPU0CmxnRM1Yr3pz8T+vl5rwxs+4TFKDki0XhakgJibzt8mQK2RGTC2hTHF7K2FjqigzNpySDcFbfXmdtC9r3lWtfl+vNip5HEU4gwpcgAfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AeNEjNk=</latexit>

11

<latexit sha1_base64="ndLx0H7xrbpAN31r27Wjm9Yssk4=">AAAB6XicbVBNS8NAEJ34WetX1aOXpUXwVJJS1GPBi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkdu53nlBpHstHM03Qj+hI8pAzaqz04NUGpYpbdRcg68TLSQVyNAelr/4wZmmE0jBBte55bmL8jCrDmcBZsZ9qTCib0BH2LJU0Qu1ni0tn5MIqQxLGypY0ZKH+nshopPU0CmxnRM1Yr3pz8T+vl5rwxs+4TFKDki0XhakgJibzt8mQK2RGTC2hTHF7K2FjqigzNpyiDcFbfXmdtGtV76pav69XGuU8jgKcQxkuwYNraMAdNKEFDEJ4hld4cybOi/PufCxbN5x85gz+wPn8AeTIjNo=</latexit>

12

<latexit sha1_base64="+BSlgtelDd49Tjlojt8E3ttpENk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIqMeCF/FU0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1y1a25c5BV4uWkCjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JqVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrvOZd1i7uL6r1Sh5HEU6gAmfgwRXU4RYa0AQGQ3iGV3hzpPPivDsfi9aCk88cwx84nz++241b</latexit>

J1

<latexit sha1_base64="+BSlgtelDd49Tjlojt8E3ttpENk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIqMeCF/FU0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1y1a25c5BV4uWkCjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JqVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrvOZd1i7uL6r1Sh5HEU6gAmfgwRXU4RYa0AQGQ3iGV3hzpPPivDsfi9aCk88cwx84nz++241b</latexit>

J1

<latexit sha1_base64="+BSlgtelDd49Tjlojt8E3ttpENk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIqMeCF/FU0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1y1a25c5BV4uWkCjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JqVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrvOZd1i7uL6r1Sh5HEU6gAmfgwRXU4RYa0AQGQ3iGV3hzpPPivDsfi9aCk88cwx84nz++241b</latexit>

J1
<latexit sha1_base64="+BSlgtelDd49Tjlojt8E3ttpENk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIqMeCF/FU0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1y1a25c5BV4uWkCjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JqVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrvOZd1i7uL6r1Sh5HEU6gAmfgwRXU4RYa0AQGQ3iGV3hzpPPivDsfi9aCk88cwx84nz++241b</latexit>

J1

<latexit sha1_base64="+BSlgtelDd49Tjlojt8E3ttpENk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIqMeCF/FU0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1y1a25c5BV4uWkCjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JqVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrvOZd1i7uL6r1Sh5HEU6gAmfgwRXU4RYa0AQGQ3iGV3hzpPPivDsfi9aCk88cwx84nz++241b</latexit>

J1

<latexit sha1_base64="+BSlgtelDd49Tjlojt8E3ttpENk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIqMeCF/FU0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrR5wk3I/oUIlQMIpWerjre/1y1a25c5BV4uWkCjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JqVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrvOZd1i7uL6r1Sh5HEU6gAmfgwRXU4RYa0AQGQ3iGV3hzpPPivDsfi9aCk88cwx84nz++241b</latexit>

J1
<latexit sha1_base64="b5oUGJAJ0eU8choKkeSKGPys0FQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9gNQT0GvIiniOYByRJmJ73JkNnZZWZWCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn77SdUmsfy0UwS9CM6lDzkjBorPdz1q/1i2a24C5B14mWkDBka/eJXbxCzNEJpmKBadz03Mf6UKsOZwFmhl2pMKBvTIXYtlTRC7U8Xp87IuVUGJIyVLWnIQv09MaWR1pMosJ0RNSO96s3F/7xuasJrf8plkhqUbLkoTAUxMZn/TQZcITNiYgllittbCRtRRZmx6RRsCN7qy+ukVa14l5Xafa1cL2Vx5OEMSnABHlxBHW6hAU1gMIRneIU3RzgvzrvzsWzNOdnMKfyB8/kDwF+NXA==</latexit>

J2

<latexit sha1_base64="b5oUGJAJ0eU8choKkeSKGPys0FQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9gNQT0GvIiniOYByRJmJ73JkNnZZWZWCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn77SdUmsfy0UwS9CM6lDzkjBorPdz1q/1i2a24C5B14mWkDBka/eJXbxCzNEJpmKBadz03Mf6UKsOZwFmhl2pMKBvTIXYtlTRC7U8Xp87IuVUGJIyVLWnIQv09MaWR1pMosJ0RNSO96s3F/7xuasJrf8plkhqUbLkoTAUxMZn/TQZcITNiYgllittbCRtRRZmx6RRsCN7qy+ukVa14l5Xafa1cL2Vx5OEMSnABHlxBHW6hAU1gMIRneIU3RzgvzrvzsWzNOdnMKfyB8/kDwF+NXA==</latexit>

J2
<latexit sha1_base64="b5oUGJAJ0eU8choKkeSKGPys0FQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9gNQT0GvIiniOYByRJmJ73JkNnZZWZWCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn77SdUmsfy0UwS9CM6lDzkjBorPdz1q/1i2a24C5B14mWkDBka/eJXbxCzNEJpmKBadz03Mf6UKsOZwFmhl2pMKBvTIXYtlTRC7U8Xp87IuVUGJIyVLWnIQv09MaWR1pMosJ0RNSO96s3F/7xuasJrf8plkhqUbLkoTAUxMZn/TQZcITNiYgllittbCRtRRZmx6RRsCN7qy+ukVa14l5Xafa1cL2Vx5OEMSnABHlxBHW6hAU1gMIRneIU3RzgvzrvzsWzNOdnMKfyB8/kDwF+NXA==</latexit>

J2

<latexit sha1_base64="b5oUGJAJ0eU8choKkeSKGPys0FQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9gNQT0GvIiniOYByRJmJ73JkNnZZWZWCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn77SdUmsfy0UwS9CM6lDzkjBorPdz1q/1i2a24C5B14mWkDBka/eJXbxCzNEJpmKBadz03Mf6UKsOZwFmhl2pMKBvTIXYtlTRC7U8Xp87IuVUGJIyVLWnIQv09MaWR1pMosJ0RNSO96s3F/7xuasJrf8plkhqUbLkoTAUxMZn/TQZcITNiYgllittbCRtRRZmx6RRsCN7qy+ukVa14l5Xafa1cL2Vx5OEMSnABHlxBHW6hAU1gMIRneIU3RzgvzrvzsWzNOdnMKfyB8/kDwF+NXA==</latexit>

J2

<latexit sha1_base64="b5oUGJAJ0eU8choKkeSKGPys0FQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9gNQT0GvIiniOYByRJmJ73JkNnZZWZWCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn77SdUmsfy0UwS9CM6lDzkjBorPdz1q/1i2a24C5B14mWkDBka/eJXbxCzNEJpmKBadz03Mf6UKsOZwFmhl2pMKBvTIXYtlTRC7U8Xp87IuVUGJIyVLWnIQv09MaWR1pMosJ0RNSO96s3F/7xuasJrf8plkhqUbLkoTAUxMZn/TQZcITNiYgllittbCRtRRZmx6RRsCN7qy+ukVa14l5Xafa1cL2Vx5OEMSnABHlxBHW6hAU1gMIRneIU3RzgvzrvzsWzNOdnMKfyB8/kDwF+NXA==</latexit>

J2
<latexit sha1_base64="b5oUGJAJ0eU8choKkeSKGPys0FQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9gNQT0GvIiniOYByRJmJ73JkNnZZWZWCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn77SdUmsfy0UwS9CM6lDzkjBorPdz1q/1i2a24C5B14mWkDBka/eJXbxCzNEJpmKBadz03Mf6UKsOZwFmhl2pMKBvTIXYtlTRC7U8Xp87IuVUGJIyVLWnIQv09MaWR1pMosJ0RNSO96s3F/7xuasJrf8plkhqUbLkoTAUxMZn/TQZcITNiYgllittbCRtRRZmx6RRsCN7qy+ukVa14l5Xafa1cL2Vx5OEMSnABHlxBHW6hAU1gMIRneIU3RzgvzrvzsWzNOdnMKfyB8/kDwF+NXA==</latexit>

J2

<latexit sha1_base64="5KTzO5Nv0a1GRckBWuiYxcCtod0=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9jVoB4DXsRTRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHu56F71i2a24c5BV4mWkDBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JqVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasJrf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeV7xLivV+2q5VsriyMMJlOAMPLiCGtxCHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHweONXQ==</latexit>

J3

<latexit sha1_base64="5KTzO5Nv0a1GRckBWuiYxcCtod0=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9jVoB4DXsRTRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHu56F71i2a24c5BV4mWkDBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JqVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasJrf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeV7xLivV+2q5VsriyMMJlOAMPLiCGtxCHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHweONXQ==</latexit>

J3

<latexit sha1_base64="5KTzO5Nv0a1GRckBWuiYxcCtod0=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9jVoB4DXsRTRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHu56F71i2a24c5BV4mWkDBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JqVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasJrf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeV7xLivV+2q5VsriyMMJlOAMPLiCGtxCHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHweONXQ==</latexit>

J3
<latexit sha1_base64="5KTzO5Nv0a1GRckBWuiYxcCtod0=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9jVoB4DXsRTRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHu56F71i2a24c5BV4mWkDBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JqVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasJrf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeV7xLivV+2q5VsriyMMJlOAMPLiCGtxCHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHweONXQ==</latexit>

J3

<latexit sha1_base64="5KTzO5Nv0a1GRckBWuiYxcCtod0=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9jVoB4DXsRTRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHu56F71i2a24c5BV4mWkDBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JqVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasJrf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeV7xLivV+2q5VsriyMMJlOAMPLiCGtxCHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHweONXQ==</latexit>

J3

<latexit sha1_base64="5KTzO5Nv0a1GRckBWuiYxcCtod0=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9jVoB4DXsRTRPOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5aMYJ+hEdSB5yRo2VHu56F71i2a24c5BV4mWkDBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JqVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasJrf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeV7xLivV+2q5VsriyMMJlOAMPLiCGtxCHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHweONXQ==</latexit>

J3

<latexit sha1_base64="UVRV1fRw4oY4VXTr5q1NQwcasD4=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9gVX8eAF/EU0TwgWcLsZDYZMju7zPQKYcknePGgiFe/yJt/4yTZg0YLGoqqbrq7gkQKg6775RRWVtfWN4qbpa3tnd298v5By8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp757UeujYjVA04S7kd0qEQoGEUr3d/23X656tbcOchf4uWkCjka/fJnbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JsVUGJIy1LYVkrv6cyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWX/5LWac27qJ3fnVXrlTyOIhxBBU7Ag0uoww00oAkMhvAEL/DqSOfZeXPeF60FJ585hF9wPr4BvamNWw==</latexit>

J0
<latexit sha1_base64="UVRV1fRw4oY4VXTr5q1NQwcasD4=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9gVX8eAF/EU0TwgWcLsZDYZMju7zPQKYcknePGgiFe/yJt/4yTZg0YLGoqqbrq7gkQKg6775RRWVtfWN4qbpa3tnd298v5By8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp757UeujYjVA04S7kd0qEQoGEUr3d/23X656tbcOchf4uWkCjka/fJnbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JsVUGJIy1LYVkrv6cyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWX/5LWac27qJ3fnVXrlTyOIhxBBU7Ag0uoww00oAkMhvAEL/DqSOfZeXPeF60FJ585hF9wPr4BvamNWw==</latexit>

J0

<latexit sha1_base64="UVRV1fRw4oY4VXTr5q1NQwcasD4=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9gVX8eAF/EU0TwgWcLsZDYZMju7zPQKYcknePGgiFe/yJt/4yTZg0YLGoqqbrq7gkQKg6775RRWVtfWN4qbpa3tnd298v5By8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp757UeujYjVA04S7kd0qEQoGEUr3d/23X656tbcOchf4uWkCjka/fJnbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JsVUGJIy1LYVkrv6cyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWX/5LWac27qJ3fnVXrlTyOIhxBBU7Ag0uoww00oAkMhvAEL/DqSOfZeXPeF60FJ585hF9wPr4BvamNWw==</latexit>

J0

Rainbow chain and entanglement blossom
• Stong disorder RG        effective long range interaction

• S3

• Sk
• all-to-all Hamiltonian
diagonalized by group algebra – Young operators

− 11
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2 − 7
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2 + 3
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2 + 11

2
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<latexit sha1_base64="GDbW23/8+eK317lnEYFdiI5mS6A=">AAAB73icbVDLTgJBEOzFF+IL9ehlAjHxRHaVqEcSLx4xkUcCK+kdZmHC7Ow6M2tCCD/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3cz81hNTmsfy3owT5kc4kDzkFI2V2l0UyRAfLnrFsltx5yCrxMtIGTLUe8Wvbj+macSkoQK17nhuYvwJKsOpYNNCN9UsQTrCAetYKjFi2p/M752SU6v0SRgrW9KQufp7YoKR1uMosJ0RmqFe9mbif14nNeG1P+EySQ2TdLEoTAUxMZk9T/pcMWrE2BKkittbCR2iQmpsRAUbgrf88ippnle8y0r1rlqulbI48nACJTgDD66gBrdQhwZQEPAMr/DmPDovzrvzsWjNOdnMMfyB8/kDr6KPpg==</latexit>

↵3

<latexit sha1_base64="h3fz4sXyJN2iqCH7I3k3cBHHSPk=">AAAB73icbVDLTgJBEOzFF+IL9ehlAjHxRHYJUY8kXjxiIo8EVtI7zMKE2dl1ZtaEEH7CiweN8ervePNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn77SemNI/lvZkkzI9wKHnIKRordXookhE+VPvFsltxFyDrxMtIGTI0+sWv3iCmacSkoQK17npuYvwpKsOpYLNCL9UsQTrGIetaKjFi2p8u7p2Rc6sMSBgrW9KQhfp7YoqR1pMosJ0RmpFe9ebif143NeG1P+UySQ2TdLkoTAUxMZk/TwZcMWrExBKkittbCR2hQmpsRAUbgrf68jppVSveZaV2VyvXS1kceTiDElyAB1dQh1toQBMoCHiGV3hzHp0X5935WLbmnGzmFP7A+fwBrh6PpQ==</latexit>

↵2

<latexit sha1_base64="YtzUsbYS8uKm3NI3l2FMdzraNCU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LC2Cp5JIUY8FLx4r2A9oQ5lsN+3azSbsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfywUwT5kc4kjzkFI2V2n0UyRgH5apbcxcg68TLSRVyNAflr/4wpmnEpKECte55bmL8DJXhVLBZqZ9qliCd4Ij1LJUYMe1ni2tn5NwqQxLGypY0ZKH+nsgw0noaBbYzQjPWq95c/M/rpSa88TMuk9QwSZeLwlQQE5P562TIFaNGTC1Bqri9ldAxKqTGBlSyIXirL6+T9mXNu6rV7+vVRiWPowhnUIEL8OAaGnAHTWgBhUd4hld4c2LnxXl3PpatBSefOYU/cD5/AITPjwE=</latexit>↵
<latexit sha1_base64="GjKSn+JJUxO2wodwKUrwYPtIhfg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KVbfmLkDWiZeTKuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IuVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX9a869pV86par+RxFOEMKnABHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDc+uMng==</latexit>

1

<latexit sha1_base64="GjKSn+JJUxO2wodwKUrwYPtIhfg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KVbfmLkDWiZeTKuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IuVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX9a869pV86par+RxFOEMKnABHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDc+uMng==</latexit>

1
<latexit sha1_base64="GjKSn+JJUxO2wodwKUrwYPtIhfg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LC2Cp5KIqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KVbfmLkDWiZeTKuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IuVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX9a869pV86par+RxFOEMKnABHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDc+uMng==</latexit>

1

<latexit sha1_base64="YtzUsbYS8uKm3NI3l2FMdzraNCU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LC2Cp5JIUY8FLx4r2A9oQ5lsN+3azSbsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfywUwT5kc4kjzkFI2V2n0UyRgH5apbcxcg68TLSRVyNAflr/4wpmnEpKECte55bmL8DJXhVLBZqZ9qliCd4Ij1LJUYMe1ni2tn5NwqQxLGypY0ZKH+nsgw0noaBbYzQjPWq95c/M/rpSa88TMuk9QwSZeLwlQQE5P562TIFaNGTC1Bqri9ldAxKqTGBlSyIXirL6+T9mXNu6rV7+vVRiWPowhnUIEL8OAaGnAHTWgBhUd4hld4c2LnxXl3PpatBSefOYU/cD5/AITPjwE=</latexit>↵

<latexit sha1_base64="YtzUsbYS8uKm3NI3l2FMdzraNCU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LC2Cp5JIUY8FLx4r2A9oQ5lsN+3azSbsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M79zhNTmsfywUwT5kc4kjzkFI2V2n0UyRgH5apbcxcg68TLSRVyNAflr/4wpmnEpKECte55bmL8DJXhVLBZqZ9qliCd4Ij1LJUYMe1ni2tn5NwqQxLGypY0ZKH+nsgw0noaBbYzQjPWq95c/M/rpSa88TMuk9QwSZeLwlQQE5P562TIFaNGTC1Bqri9ldAxKqTGBlSyIXirL6+T9mXNu6rV7+vVRiWPowhnUIEL8OAaGnAHTWgBhUd4hld4c2LnxXl3PpatBSefOYU/cD5/AITPjwE=</latexit>↵

<latexit sha1_base64="h3fz4sXyJN2iqCH7I3k3cBHHSPk=">AAAB73icbVDLTgJBEOzFF+IL9ehlAjHxRHYJUY8kXjxiIo8EVtI7zMKE2dl1ZtaEEH7CiweN8ervePNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn77SemNI/lvZkkzI9wKHnIKRordXookhE+VPvFsltxFyDrxMtIGTI0+sWv3iCmacSkoQK17npuYvwpKsOpYLNCL9UsQTrGIetaKjFi2p8u7p2Rc6sMSBgrW9KQhfp7YoqR1pMosJ0RmpFe9ebif143NeG1P+UySQ2TdLkoTAUxMZk/TwZcMWrExBKkittbCR2hQmpsRAUbgrf68jppVSveZaV2VyvXS1kceTiDElyAB1dQh1toQBMoCHiGV3hzHp0X5935WLbmnGzmFP7A+fwBrh6PpQ==</latexit>

↵2

<latexit sha1_base64="h3fz4sXyJN2iqCH7I3k3cBHHSPk=">AAAB73icbVDLTgJBEOzFF+IL9ehlAjHxRHYJUY8kXjxiIo8EVtI7zMKE2dl1ZtaEEH7CiweN8ervePNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn77SemNI/lvZkkzI9wKHnIKRordXookhE+VPvFsltxFyDrxMtIGTI0+sWv3iCmacSkoQK17npuYvwpKsOpYLNCL9UsQTrGIetaKjFi2p8u7p2Rc6sMSBgrW9KQhfp7YoqR1pMosJ0RmpFe9ebif143NeG1P+UySQ2TdLkoTAUxMZk/TwZcMWrExBKkittbCR2hQmpsRAUbgrf68jppVSveZaV2VyvXS1kceTiDElyAB1dQh1toQBMoCHiGV3hzHp0X5935WLbmnGzmFP7A+fwBrh6PpQ==</latexit>

↵2
<latexit sha1_base64="GDbW23/8+eK317lnEYFdiI5mS6A=">AAAB73icbVDLTgJBEOzFF+IL9ehlAjHxRHaVqEcSLx4xkUcCK+kdZmHC7Ow6M2tCCD/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3cz81hNTmsfy3owT5kc4kDzkFI2V2l0UyRAfLnrFsltx5yCrxMtIGTLUe8Wvbj+macSkoQK17nhuYvwJKsOpYNNCN9UsQTrCAetYKjFi2p/M752SU6v0SRgrW9KQufp7YoKR1uMosJ0RmqFe9mbif14nNeG1P+EySQ2TdLEoTAUxMZk9T/pcMWrE2BKkittbCR2iQmpsRAUbgrf88ippnle8y0r1rlqulbI48nACJTgDD66gBrdQhwZQEPAMr/DmPDovzrvzsWjNOdnMMfyB8/kDr6KPpg==</latexit>

↵3
<latexit sha1_base64="GDbW23/8+eK317lnEYFdiI5mS6A=">AAAB73icbVDLTgJBEOzFF+IL9ehlAjHxRHaVqEcSLx4xkUcCK+kdZmHC7Ow6M2tCCD/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3cz81hNTmsfy3owT5kc4kDzkFI2V2l0UyRAfLnrFsltx5yCrxMtIGTLUe8Wvbj+macSkoQK17nhuYvwJKsOpYNNCN9UsQTrCAetYKjFi2p/M752SU6v0SRgrW9KQufp7YoKR1uMosJ0RmqFe9mbif14nNeG1P+EySQ2TdLEoTAUxMZk9T/pcMWrE2BKkittbCR2iQmpsRAUbgrf88ippnle8y0r1rlqulbI48nACJTgDD66gBrdQhwZQEPAMr/DmPDovzrvzsWjNOdnMMfyB8/kDr6KPpg==</latexit>

↵3

• AdS metric

ZZ, Annals of Physics, ’23

Vitagliano, Riera, Latore, New J Phys ’10
Ramirez, Rodriguez-Laguna, Sierra, J Stat Mech, ’14, ’15
Rodriguez-Laguna, et al, J Phys A, ’17
MacCormack, Liu, Nozaki, and Ryu, J Phys A, ’19

<latexit sha1_base64="Px4E1OaCwU457veFFBFHfMgcf0Q="></latexit>
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Colored vertex and dimer/tiling models
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(b)(a)
<latexit sha1_base64="E+wPEUna0UbkF79edY4h/WzAo8o=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFclDIjRV0W3LisaB/QjkMmzbShSWZIMtIyzK+4caGIW3/EnX9jpp2Fth4IHM65l3tygphRpR3n21pb39jc2i7tlHf39g8O7aNKR0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gcpP73SciFY3Eg57FxONoJGhIMdJG8u3KvZ9Oa7PsccCRHkuejjPfrjp1Zw64StyCVEGBlm9/DYYRTjgRGjOkVN91Yu2lSGqKGcnKg0SRGOEJGpG+oQJxorx0nj2DZ0YZwjCS5gkN5+rvjRRxpWY8MJN5QrXs5eJ/Xj/R4bWXUhEnmgi8OBQmDOoI5kXAIZUEazYzBGFJTVaIx0girE1dZVOCu/zlVdK5qLuX9cZdo9qsFXWUwAk4BefABVegCW5BC7QBBlPwDF7Bm5VZL9a79bEYXbOKnWPwB9bnD5MMlLw=</latexit>

Sh
x,y

<latexit sha1_base64="emhdThun2jxVoOFYo2xIpukAqtA=">AAAB+3icbVDLSgMxFM34rPU11qWbYBFcSJmRoi4LblxWtA9oxyGTZtrQJDMkmdIyzK+4caGIW3/EnX9jpp2Fth4IHM65l3tygphRpR3n21pb39jc2i7tlHf39g8O7aNKW0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gfJv7nQmRikbiUc9i4nE0FDSkGGkj+XblwU+nF7Psqc+RHkmeTjLfrjo1Zw64StyCVEGBpm9/9QcRTjgRGjOkVM91Yu2lSGqKGcnK/USRGOExGpKeoQJxorx0nj2DZ0YZwDCS5gkN5+rvjRRxpWY8MJN5QrXs5eJ/Xi/R4Y2XUhEnmgi8OBQmDOoI5kXAAZUEazYzBGFJTVaIR0girE1dZVOCu/zlVdK+rLlXtfp9vdpwijpK4AScgnPggmvQAHegCVoAgyl4Bq/gzcqsF+vd+liMrlnFzjH4A+vzB6mGlM4=</latexit>

Sv
x,y

<latexit sha1_base64="r7a/BfC1820E36cs7YelQX6cxR4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCi1oSKeqy4MZlRfuANobJdNIOnUzCzKRYQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c7yIUaks69soLC2vrK4V10sbm1vbO+buXkuGscCkiUMWio6HJGGUk6aiipFOJAgKPEba3ugq89tjIiQN+Z2aRMQJ0IBTn2KktOSaB7du8nBqVybpfS9AaiiCZJy6ZtmqWlPARWLnpAxyNFzzq9cPcRwQrjBDUnZtK1JOgoSimJG01IsliRAeoQHpaspRQKSTTNOn8FgrfeiHQj+u4FT9vZGgQMpJ4OnJLKGc9zLxP68bK//SSSiPYkU4nh3yYwZVCLMqYJ8KghWbaIKwoDorxEMkEFa6sJIuwZ7/8iJpnVXt82rtplauV/I6iuAQHIETYIMLUAfXoAGaAINH8AxewZvxZLwY78bHbLRg5Dv74A+Mzx+JwJU8</latexit>

Sv
x�1,y

<latexit sha1_base64="YmXGGQW41tVZqOSrnissKp1fNE8=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4qCWRoi4LblxWtA9oY5hMJ+3QmUmYmYgxBH/FjQtF3Pof7vwbJ20W2npg4HDOvdwzx48okcq2v42FxaXlldXSWnl9Y3Nr29zZbcswFgi3UEhD0fWhxJRw3FJEUdyNBIbMp7jjjy9zv3OPhSQhv1VJhF0Gh5wEBEGlJc/cv/HSh2py4mR3fQbVSLB0lHlmxa7ZE1jzxClIBRRoeuZXfxCimGGuEIVS9hw7Um4KhSKI4qzcjyWOIBrDIe5pyiHD0k0n6TPrSCsDKwiFflxZE/X3RgqZlAnz9WSeUM56ufif14tVcOGmhEexwhxNDwUxtVRo5VVYAyIwUjTRBCJBdFYLjaCASOnCyroEZ/bL86R9WnPOavXreqVRLeoogQNwCI6BA85BA1yBJmgBBB7BM3gFb8aT8WK8Gx/T0QWj2NkDf2B8/gB1CJUu</latexit>

Sh
x,y�1

(c)

<latexit sha1_base64="No2T45N1tAdBzotJZz2WV5MkQbM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dtbWNza3tgs7xd29/YPD0tFxS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS47JfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ66riXVeqjWq55uZxFOAUzuACPLiBGtxDHZrAAOEZXuHNeXRenHfnY9G65uQzJ/AHzucPbwmMpg==</latexit>

+
<latexit sha1_base64="j8QcfPwvBJ5hLEamiqlhbA2B9eA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3cxvP6HSPJYPZpKgH9Gh5CFn1Fipcdkvld2KOwdZJV5OypCj3i999QYxSyOUhgmqdddzE+NnVBnOBE6LvVRjQtmYDrFrqaQRaj+bHzol51YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IS3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2RRtCN7yy6ukdVXxrivVRrVcc/M4CnAKZ3ABHtxADe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHchGMqA==</latexit>�

<latexit sha1_base64="No2T45N1tAdBzotJZz2WV5MkQbM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dtbWNza3tgs7xd29/YPD0tFxS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS47JfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ66riXVeqjWq55uZxFOAUzuACPLiBGtxDHZrAAOEZXuHNeXRenHfnY9G65uQzJ/AHzucPbwmMpg==</latexit>

+

<latexit sha1_base64="No2T45N1tAdBzotJZz2WV5MkQbM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dtbWNza3tgs7xd29/YPD0tFxS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS47JfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ66riXVeqjWq55uZxFOAUzuACPLiBGtxDHZrAAOEZXuHNeXRenHfnY9G65uQzJ/AHzucPbwmMpg==</latexit>

+ <latexit sha1_base64="j8QcfPwvBJ5hLEamiqlhbA2B9eA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3cxvP6HSPJYPZpKgH9Gh5CFn1Fipcdkvld2KOwdZJV5OypCj3i999QYxSyOUhgmqdddzE+NnVBnOBE6LvVRjQtmYDrFrqaQRaj+bHzol51YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IS3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2RRtCN7yy6ukdVXxrivVRrVcc/M4CnAKZ3ABHtxADe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHchGMqA==</latexit>�
<latexit sha1_base64="No2T45N1tAdBzotJZz2WV5MkQbM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dtbWNza3tgs7xd29/YPD0tFxS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS47JfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ66riXVeqjWq55uZxFOAUzuACPLiBGtxDHZrAAOEZXuHNeXRenHfnY9G65uQzJ/AHzucPbwmMpg==</latexit>

+

<latexit sha1_base64="j8QcfPwvBJ5hLEamiqlhbA2B9eA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3cxvP6HSPJYPZpKgH9Gh5CFn1Fipcdkvld2KOwdZJV5OypCj3i999QYxSyOUhgmqdddzE+NnVBnOBE6LvVRjQtmYDrFrqaQRaj+bHzol51YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IS3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2RRtCN7yy6ukdVXxrivVRrVcc/M4CnAKZ3ABHtxADe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHchGMqA==</latexit>�

<latexit sha1_base64="j8QcfPwvBJ5hLEamiqlhbA2B9eA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3cxvP6HSPJYPZpKgH9Gh5CFn1Fipcdkvld2KOwdZJV5OypCj3i999QYxSyOUhgmqdddzE+NnVBnOBE6LvVRjQtmYDrFrqaQRaj+bHzol51YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IS3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2RRtCN7yy6ukdVXxrivVRrVcc/M4CnAKZ3ABHtxADe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHchGMqA==</latexit>�

<latexit sha1_base64="j8QcfPwvBJ5hLEamiqlhbA2B9eA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3cxvP6HSPJYPZpKgH9Gh5CFn1Fipcdkvld2KOwdZJV5OypCj3i999QYxSyOUhgmqdddzE+NnVBnOBE6LvVRjQtmYDrFrqaQRaj+bHzol51YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IS3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2RRtCN7yy6ukdVXxrivVRrVcc/M4CnAKZ3ABHtxADe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHchGMqA==</latexit>� <latexit sha1_base64="j8QcfPwvBJ5hLEamiqlhbA2B9eA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3cxvP6HSPJYPZpKgH9Gh5CFn1Fipcdkvld2KOwdZJV5OypCj3i999QYxSyOUhgmqdddzE+NnVBnOBE6LvVRjQtmYDrFrqaQRaj+bHzol51YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IS3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2RRtCN7yy6ukdVXxrivVRrVcc/M4CnAKZ3ABHtxADe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHchGMqA==</latexit>�
<latexit sha1_base64="j8QcfPwvBJ5hLEamiqlhbA2B9eA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3cxvP6HSPJYPZpKgH9Gh5CFn1Fipcdkvld2KOwdZJV5OypCj3i999QYxSyOUhgmqdddzE+NnVBnOBE6LvVRjQtmYDrFrqaQRaj+bHzol51YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IS3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2RRtCN7yy6ukdVXxrivVRrVcc/M4CnAKZ3ABHtxADe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHchGMqA==</latexit>�

<latexit sha1_base64="j8QcfPwvBJ5hLEamiqlhbA2B9eA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3cxvP6HSPJYPZpKgH9Gh5CFn1Fipcdkvld2KOwdZJV5OypCj3i999QYxSyOUhgmqdddzE+NnVBnOBE6LvVRjQtmYDrFrqaQRaj+bHzol51YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IS3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2RRtCN7yy6ukdVXxrivVRrVcc/M4CnAKZ3ABHtxADe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHchGMqA==</latexit>� <latexit sha1_base64="j8QcfPwvBJ5hLEamiqlhbA2B9eA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3cxvP6HSPJYPZpKgH9Gh5CFn1Fipcdkvld2KOwdZJV5OypCj3i999QYxSyOUhgmqdddzE+NnVBnOBE6LvVRjQtmYDrFrqaQRaj+bHzol51YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IS3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2RRtCN7yy6ukdVXxrivVRrVcc/M4CnAKZ3ABHtxADe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHchGMqA==</latexit>�

<latexit sha1_base64="No2T45N1tAdBzotJZz2WV5MkQbM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dtbWNza3tgs7xd29/YPD0tFxS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS47JfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ66riXVeqjWq55uZxFOAUzuACPLiBGtxDHZrAAOEZXuHNeXRenHfnY9G65uQzJ/AHzucPbwmMpg==</latexit>

+

<latexit sha1_base64="No2T45N1tAdBzotJZz2WV5MkQbM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dtbWNza3tgs7xd29/YPD0tFxS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS47JfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ66riXVeqjWq55uZxFOAUzuACPLiBGtxDHZrAAOEZXuHNeXRenHfnY9G65uQzJ/AHzucPbwmMpg==</latexit>

+ <latexit sha1_base64="j8QcfPwvBJ5hLEamiqlhbA2B9eA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3cxvP6HSPJYPZpKgH9Gh5CFn1Fipcdkvld2KOwdZJV5OypCj3i999QYxSyOUhgmqdddzE+NnVBnOBE6LvVRjQtmYDrFrqaQRaj+bHzol51YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IS3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2RRtCN7yy6ukdVXxrivVRrVcc/M4CnAKZ3ABHtxADe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHchGMqA==</latexit>� <latexit sha1_base64="j8QcfPwvBJ5hLEamiqlhbA2B9eA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3cxvP6HSPJYPZpKgH9Gh5CFn1Fipcdkvld2KOwdZJV5OypCj3i999QYxSyOUhgmqdddzE+NnVBnOBE6LvVRjQtmYDrFrqaQRaj+bHzol51YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IS3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2RRtCN7yy6ukdVXxrivVRrVcc/M4CnAKZ3ABHtxADe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHchGMqA==</latexit>�
<latexit sha1_base64="j8QcfPwvBJ5hLEamiqlhbA2B9eA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3cxvP6HSPJYPZpKgH9Gh5CFn1Fipcdkvld2KOwdZJV5OypCj3i999QYxSyOUhgmqdddzE+NnVBnOBE6LvVRjQtmYDrFrqaQRaj+bHzol51YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IS3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2RRtCN7yy6ukdVXxrivVRrVcc/M4CnAKZ3ABHtxADe6hDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHchGMqA==</latexit>�

<latexit sha1_base64="No2T45N1tAdBzotJZz2WV5MkQbM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dtbWNza3tgs7xd29/YPD0tFxS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS47JfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ66riXVeqjWq55uZxFOAUzuACPLiBGtxDHZrAAOEZXuHNeXRenHfnY9G65uQzJ/AHzucPbwmMpg==</latexit>

+

<latexit sha1_base64="No2T45N1tAdBzotJZz2WV5MkQbM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQkmkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dtbWNza3tgs7xd29/YPD0tFxS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS47JfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJ66riXVeqjWq55uZxFOAUzuACPLiBGtxDHZrAAOEZXuHNeXRenHfnY9G65uQzJ/AHzucPbwmMpg==</latexit>

+

The Lozenge tiling story 
• 2-component colouring each with s colors           s2 colors of lozenge

x

z

(b)(a)

lowest configuration

 (rhombille tiling)

highest configuration

<latexit sha1_base64="jn0lLop6YvPdf3ayK9N10uVkSAQ=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPuBw8BLx4jmgWSMfR0apImPT1jd48QhnyCFw+KePWLvPk3dpaDRh8UPN6roqpekAiujet+ObmFxaXllfxqYW19Y3OruL1T13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8Hgauw3HlFpHss7M0zQj2hP8pAzaqx0+3B/3CmW3LI7AflLvBkpwQzVTvGz3Y1ZGqE0TFCtW56bGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqD8nMhppPYwC2xlR09fz3lj8z2ulJrzwMy6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNp2BD8OZf/kvqR2XvrHx6c1KqXM7iyMMe7MMheHAOFbiGKtSAQQ+e4AVeHeE8O2/O+7Q158xmduEXnI9vA/uNng==</latexit>

q3
<latexit sha1_base64="jn0lLop6YvPdf3ayK9N10uVkSAQ=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPuBw8BLx4jmgWSMfR0apImPT1jd48QhnyCFw+KePWLvPk3dpaDRh8UPN6roqpekAiujet+ObmFxaXllfxqYW19Y3OruL1T13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8Hgauw3HlFpHss7M0zQj2hP8pAzaqx0+3B/3CmW3LI7AflLvBkpwQzVTvGz3Y1ZGqE0TFCtW56bGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqD8nMhppPYwC2xlR09fz3lj8z2ulJrzwMy6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNp2BD8OZf/kvqR2XvrHx6c1KqXM7iyMMe7MMheHAOFbiGKtSAQQ+e4AVeHeE8O2/O+7Q158xmduEXnI9vA/uNng==</latexit>

q3
<latexit sha1_base64="jn0lLop6YvPdf3ayK9N10uVkSAQ=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPuBw8BLx4jmgWSMfR0apImPT1jd48QhnyCFw+KePWLvPk3dpaDRh8UPN6roqpekAiujet+ObmFxaXllfxqYW19Y3OruL1T13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8Hgauw3HlFpHss7M0zQj2hP8pAzaqx0+3B/3CmW3LI7AflLvBkpwQzVTvGz3Y1ZGqE0TFCtW56bGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqD8nMhppPYwC2xlR09fz3lj8z2ulJrzwMy6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNp2BD8OZf/kvqR2XvrHx6c1KqXM7iyMMe7MMheHAOFbiGKtSAQQ+e4AVeHeE8O2/O+7Q158xmduEXnI9vA/uNng==</latexit>

q3

<latexit sha1_base64="jn0lLop6YvPdf3ayK9N10uVkSAQ=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPuBw8BLx4jmgWSMfR0apImPT1jd48QhnyCFw+KePWLvPk3dpaDRh8UPN6roqpekAiujet+ObmFxaXllfxqYW19Y3OruL1T13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8Hgauw3HlFpHss7M0zQj2hP8pAzaqx0+3B/3CmW3LI7AflLvBkpwQzVTvGz3Y1ZGqE0TFCtW56bGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqD8nMhppPYwC2xlR09fz3lj8z2ulJrzwMy6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNp2BD8OZf/kvqR2XvrHx6c1KqXM7iyMMe7MMheHAOFbiGKtSAQQ+e4AVeHeE8O2/O+7Q158xmduEXnI9vA/uNng==</latexit>

q3
<latexit sha1_base64="jn0lLop6YvPdf3ayK9N10uVkSAQ=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPuBw8BLx4jmgWSMfR0apImPT1jd48QhnyCFw+KePWLvPk3dpaDRh8UPN6roqpekAiujet+ObmFxaXllfxqYW19Y3OruL1T13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8Hgauw3HlFpHss7M0zQj2hP8pAzaqx0+3B/3CmW3LI7AflLvBkpwQzVTvGz3Y1ZGqE0TFCtW56bGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqD8nMhppPYwC2xlR09fz3lj8z2ulJrzwMy6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNp2BD8OZf/kvqR2XvrHx6c1KqXM7iyMMe7MMheHAOFbiGKtSAQQ+e4AVeHeE8O2/O+7Q158xmduEXnI9vA/uNng==</latexit>

q3
<latexit sha1_base64="jn0lLop6YvPdf3ayK9N10uVkSAQ=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPuBw8BLx4jmgWSMfR0apImPT1jd48QhnyCFw+KePWLvPk3dpaDRh8UPN6roqpekAiujet+ObmFxaXllfxqYW19Y3OruL1T13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8Hgauw3HlFpHss7M0zQj2hP8pAzaqx0+3B/3CmW3LI7AflLvBkpwQzVTvGz3Y1ZGqE0TFCtW56bGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqD8nMhppPYwC2xlR09fz3lj8z2ulJrzwMy6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNp2BD8OZf/kvqR2XvrHx6c1KqXM7iyMMe7MMheHAOFbiGKtSAQQ+e4AVeHeE8O2/O+7Q158xmduEXnI9vA/uNng==</latexit>

q3

<latexit sha1_base64="jn0lLop6YvPdf3ayK9N10uVkSAQ=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPuBw8BLx4jmgWSMfR0apImPT1jd48QhnyCFw+KePWLvPk3dpaDRh8UPN6roqpekAiujet+ObmFxaXllfxqYW19Y3OruL1T13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8Hgauw3HlFpHss7M0zQj2hP8pAzaqx0+3B/3CmW3LI7AflLvBkpwQzVTvGz3Y1ZGqE0TFCtW56bGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqD8nMhppPYwC2xlR09fz3lj8z2ulJrzwMy6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNp2BD8OZf/kvqR2XvrHx6c1KqXM7iyMMe7MMheHAOFbiGKtSAQQ+e4AVeHeE8O2/O+7Q158xmduEXnI9vA/uNng==</latexit>

q3

<latexit sha1_base64="jn0lLop6YvPdf3ayK9N10uVkSAQ=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPuBw8BLx4jmgWSMfR0apImPT1jd48QhnyCFw+KePWLvPk3dpaDRh8UPN6roqpekAiujet+ObmFxaXllfxqYW19Y3OruL1T13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8Hgauw3HlFpHss7M0zQj2hP8pAzaqx0+3B/3CmW3LI7AflLvBkpwQzVTvGz3Y1ZGqE0TFCtW56bGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqD8nMhppPYwC2xlR09fz3lj8z2ulJrzwMy6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNp2BD8OZf/kvqR2XvrHx6c1KqXM7iyMMe7MMheHAOFbiGKtSAQQ+e4AVeHeE8O2/O+7Q158xmduEXnI9vA/uNng==</latexit>

q3

penalizes color mismatching

<latexit sha1_base64="m1UfjtapRRzpwyIyQoqZuhphXHo="></latexit>
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X

v2⇤�

X

n=x,y,z

X

c1 6=c2

|P c1,c2
v,n ihP c1,c2

v,n |+ 1

2

�
|P c1,c1

v,n i � |P c2,c2
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v,n |

�

penalizes color unbalancing

ensures weighted superposition of different heights

guarantees unique ground state

Color:

Bulk:

Boundary:

Causer, Garrahan, Lamacraft, PRE, 22’

ZZ, I Klich, SciPost ’23

ZZ, I Klich, arXiv:2210.01098

The 6-vertex story — coupled Fredkin chains

<latexit sha1_base64="i3YKmW9Q/j4f3xrjMATJnGADg/I=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARCkpJSlGXBTcuXFSwD2hCmEwn7dDJJMxMhBCz8FfcuFDErb/hzr9x2mahrQcuHM65l3vv8WNGpbKsb6O0srq2vlHerGxt7+zumfsHXRklApMOjlgk+j6ShFFOOooqRvqxICj0Gen5k+up33sgQtKI36s0Jm6IRpwGFCOlJc88cuIx9TInEAhnt2d2njXy8zT3zKpVt2aAy8QuSBUUaHvmlzOMcBISrjBDUg5sK1ZuhoSimJG84iSSxAhP0IgMNOUoJNLNZvfn8FQrQxhEQhdXcKb+nshQKGUa+rozRGosF72p+J83SFRw5WaUx4kiHM8XBQmDKoLTMOCQCoIVSzVBWFB9K8RjpKNQOrKKDsFefHmZdBt1+6LevGtWW7UijjI4BiegBmxwCVrgBrRBB2DwCJ7BK3gznowX4934mLeWjGLmEPyB8fkDsLmV0Q==</latexit>

�L+1
2 ,y

<latexit sha1_base64="2ik/yFiFPeKIbLaKkThU7gzs+Pk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIqMeCF48t2A9oQ9lsp+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLp3dzvPKHSPJIPJo3RD+lY8hFn1FipmQ7KFbfmLkDWiZeTCuRoDMpf/WHEkhClYYJq3fPc2PgZVYYzgbNSP9EYUzalY+xZKmmI2s8Wh87IhVWGZBQpW9KQhfp7IqOh1mkY2M6Qmole9ebif14vMaNbP+MyTgxKtlw0SgQxEZl/TYZcITMitYQyxe2thE2ooszYbEo2BG/15XXSvqx517Wr5lWlXs3jKMIZnEMVPLiBOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH4tmM7A==</latexit>y<latexit sha1_base64="XxQyX1hB6ZMDM13ZKq18Ny33sUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfmLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX9a869pV86pSr+ZxFOEMzqEKHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDdDWMow==</latexit>

0

<latexit sha1_base64="M6Cnmdl/c5LIx7D4JM1Eq/xJ4fs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfmLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX9a869pV86pSr+ZxFOEMzqEKHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDdbmMpA==</latexit>

1

<latexit sha1_base64="Ut3IOJwXgWK+iOskuinNfkvQmBo=">AAAB8nicdVDNSgMxGMzWv1r/qh69BIvQ07K7rW29Vbx4rGBtYbuUbJptQ7PJkmSFsvQxvHhQxKtP4823MdtWUNGBwDDzfWS+CRNGlXacD6uwtr6xuVXcLu3s7u0flA+P7pRIJSZdLJiQ/RApwignXU01I/1EEhSHjPTC6VXu9+6JVFTwWz1LSBCjMacRxUgbyR/ESE8wYtnlfFiuOPZFq+Gde9CxHafp1Ro58Zp1rwZdo+SogBU6w/L7YCRwGhOuMUNK+a6T6CBDUlPMyLw0SBVJEJ6iMfEN5SgmKsgWkefwzCgjGAlpHtdwoX7fyFCs1CwOzWQeUf32cvEvz0911AoyypNUE46XH0Upg1rA/H44opJgzWaGICypyQrxBEmEtWmpZEr4uhT+T+48223Y9Zt6pV1d1VEEJ+AUVIELmqANrkEHdAEGAjyAJ/BsaevRerFel6MFa7VzDH7AevsEzlORig==</latexit>

A

<latexit sha1_base64="2jW0zbP24C72T5Ac08IzolcgOL8=">AAACHXicbVDJSgNBEO2JW4xb1KOXxiB4cZiRuN0CXjxGMAskIfR0KkmTnoXuGkkY5ke8+CtePCjiwYv4N3YWUBMfFDzeq6KqnhdJodFxvqzM0vLK6lp2PbexubW9k9/dq+owVhwqPJShqntMgxQBVFCghHqkgPmehJo3uB77tXtQWoTBHY4iaPmsF4iu4AyN1M4Xm4oJDV44TOyzCNOkiTBELhSX0El+zBP7yrg0cdM0zbXzBcd2JqCLxJ2RApmh3M5/NDshj30IkEumdcN1ImwlTKEwe9JcM9YQMT5gPWgYGjAfdCuZfJfSI6N0aDdUpgKkE/X3RMJ8rUe+Zzp9hn09743F/7xGjN3LViKCKEYI+HRRN5YUQzqOinaEAo5yZAjjSphbKe8zxTiaQMchuPMvL5Lqqe2e28XbYqHkzOLIkgNySI6JSy5IidyQMqkQTh7IE3khr9aj9Wy9We/T1ow1m9knf2B9fgMAhKMF</latexit>

1�

<latexit sha1_base64="2jW0zbP24C72T5Ac08IzolcgOL8=">AAACHXicbVDJSgNBEO2JW4xb1KOXxiB4cZiRuN0CXjxGMAskIfR0KkmTnoXuGkkY5ke8+CtePCjiwYv4N3YWUBMfFDzeq6KqnhdJodFxvqzM0vLK6lp2PbexubW9k9/dq+owVhwqPJShqntMgxQBVFCghHqkgPmehJo3uB77tXtQWoTBHY4iaPmsF4iu4AyN1M4Xm4oJDV44TOyzCNOkiTBELhSX0El+zBP7yrg0cdM0zbXzBcd2JqCLxJ2RApmh3M5/NDshj30IkEumdcN1ImwlTKEwe9JcM9YQMT5gPWgYGjAfdCuZfJfSI6N0aDdUpgKkE/X3RMJ8rUe+Zzp9hn09743F/7xGjN3LViKCKEYI+HRRN5YUQzqOinaEAo5yZAjjSphbKe8zxTiaQMchuPMvL5Lqqe2e28XbYqHkzOLIkgNySI6JSy5IidyQMqkQTh7IE3khr9aj9Wy9We/T1ow1m9knf2B9fgMAhKMF</latexit>

1�
<latexit sha1_base64="2jW0zbP24C72T5Ac08IzolcgOL8=">AAACHXicbVDJSgNBEO2JW4xb1KOXxiB4cZiRuN0CXjxGMAskIfR0KkmTnoXuGkkY5ke8+CtePCjiwYv4N3YWUBMfFDzeq6KqnhdJodFxvqzM0vLK6lp2PbexubW9k9/dq+owVhwqPJShqntMgxQBVFCghHqkgPmehJo3uB77tXtQWoTBHY4iaPmsF4iu4AyN1M4Xm4oJDV44TOyzCNOkiTBELhSX0El+zBP7yrg0cdM0zbXzBcd2JqCLxJ2RApmh3M5/NDshj30IkEumdcN1ImwlTKEwe9JcM9YQMT5gPWgYGjAfdCuZfJfSI6N0aDdUpgKkE/X3RMJ8rUe+Zzp9hn09743F/7xGjN3LViKCKEYI+HRRN5YUQzqOinaEAo5yZAjjSphbKe8zxTiaQMchuPMvL5Lqqe2e28XbYqHkzOLIkgNySI6JSy5IidyQMqkQTh7IE3khr9aj9Wy9We/T1ow1m9knf2B9fgMAhKMF</latexit>

1�

<latexit sha1_base64="N3t3JZV4Kfvp3F+gW2RPJTkleKg=">AAACHXicbVDJSgNBEO1xjXGLevTSGAQvDjMhbreAF48RzAJJCD2dStKkZ6G7RhKG+REv/ooXD4p48CL+jZ0F1MQHBY/3qqiq50VSaHScL2tpeWV1bT2zkd3c2t7Zze3tV3UYKw4VHspQ1T2mQYoAKihQQj1SwHxPQs0bXI/92j0oLcLgDkcRtHzWC0RXcIZGaueKTcWEBi8cJvZZhGnSRBgiF4pL6CQ/5ql9ZVyaFNI0zbZzecd2JqCLxJ2RPJmh3M59NDshj30IkEumdcN1ImwlTKEwe9JsM9YQMT5gPWgYGjAfdCuZfJfSY6N0aDdUpgKkE/X3RMJ8rUe+Zzp9hn09743F/7xGjN3LViKCKEYI+HRRN5YUQzqOinaEAo5yZAjjSphbKe8zxTiaQMchuPMvL5JqwXbP7eJtMV9yZnFkyCE5IifEJRekRG5ImVQIJw/kibyQV+vRerberPdp65I1mzkgf2B9fgMCDKMG</latexit>

2�
<latexit sha1_base64="7FeQas75Elofqio/bmh/3cHhSd8=">AAACHXicbVDJSgNBEO1xjXGLevTSGAQvDjMat1vAi8cIZoEkhJ5OJWnSs9BdIwnD/IgXf8WLB0U8eBH/xs4CauKDgsd7VVTV8yIpNDrOl7WwuLS8sppZy65vbG5t53Z2KzqMFYcyD2Woah7TIEUAZRQooRYpYL4noer1r0d+9R6UFmFwh8MImj7rBqIjOEMjtXKFhmJCgxcOEvsswjRpIAyQC8UltJMf89i+Mi5NTtM0zbZyecd2xqDzxJ2SPJmi1Mp9NNohj30IkEumdd11ImwmTKEwe9JsI9YQMd5nXagbGjAfdDMZf5fSQ6O0aSdUpgKkY/X3RMJ8rYe+Zzp9hj09643E/7x6jJ3LZiKCKEYI+GRRJ5YUQzqKiraFAo5yaAjjSphbKe8xxTiaQEchuLMvz5PKie2e24XbQr7oTOPIkH1yQI6ISy5IkdyQEikTTh7IE3khr9aj9Wy9We+T1gVrOrNH/sD6/AYDlKMH</latexit>

3�

<latexit sha1_base64="7FeQas75Elofqio/bmh/3cHhSd8=">AAACHXicbVDJSgNBEO1xjXGLevTSGAQvDjMat1vAi8cIZoEkhJ5OJWnSs9BdIwnD/IgXf8WLB0U8eBH/xs4CauKDgsd7VVTV8yIpNDrOl7WwuLS8sppZy65vbG5t53Z2KzqMFYcyD2Woah7TIEUAZRQooRYpYL4noer1r0d+9R6UFmFwh8MImj7rBqIjOEMjtXKFhmJCgxcOEvsswjRpIAyQC8UltJMf89i+Mi5NTtM0zbZyecd2xqDzxJ2SPJmi1Mp9NNohj30IkEumdd11ImwmTKEwe9JsI9YQMd5nXagbGjAfdDMZf5fSQ6O0aSdUpgKkY/X3RMJ8rYe+Zzp9hj09643E/7x6jJ3LZiKCKEYI+GRRJ5YUQzqKiraFAo5yaAjjSphbKe8xxTiaQEchuLMvz5PKie2e24XbQr7oTOPIkH1yQI6ISy5IkdyQEikTTh7IE3khr9aj9Wy9We+T1gVrOrNH/sD6/AYDlKMH</latexit>

3�

<latexit sha1_base64="vKMER5dLKpcQ0ktU5mDWuswymrM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahF8tuKeqx4MWLUMHWSruUbJptQ5PskmSFsvRXePGgiFd/jjf/jdl2D9r6YODx3gwz84KYM21c99sprK1vbG4Vt0s7u3v7B+XDo46OEkVom0Q8Ut0Aa8qZpG3DDKfdWFEsAk4fgsl15j88UaVZJO/NNKa+wCPJQkawsdJjPx6zwe15vTQoV9yaOwdaJV5OKpCjNSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/OAZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsIrP2UyTgyVZLEoTDgyEcq+R0OmKDF8agkmitlbERljhYmxGWUheMsvr5JOveZd1Bp3jUqzmsdRhBM4hSp4cAlNuIEWtIGAgGd4hTdHOS/Ou/OxaC04+cwx/IHz+QN2PI91</latexit>

�M � 2

<latexit sha1_base64="Ai+1Daw5NJtupGzVVtz0h3eCl24=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahF8uuFPVY8OJFqGA/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xmy7B219MPB4b4aZeUHMmTau++0U1tY3NreK26Wd3b39g/LhUVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYHKT+Z0nqjSL5IOZxtQXeCRZyAg2Vnrsx2M2uDv3SoNyxa25c6BV4uWkAjmag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ/OD56hM6sMURgpW9Kgufp7IsVC66kIbKfAZqyXvUz8z+slJrz2UybjxFBJFovChCMToex7NGSKEsOnlmCimL0VkTFWmBibURaCt/zyKmlf1LzLWv2+XmlU8ziKcAKnUAUPrqABt9CEFhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwB0t490</latexit>

�M � 1

<latexit sha1_base64="aaim5FSpkQBZa93hncfw5wGxajA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvQU9kVUY8FL16ECvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPBjfW8b1RYW9/Y3Cpul3Z29/YPyodHLaNSTVmTKqF0JySGCS5Z03IrWCfRjMShYO1wfDPz209MG67kg50kLIjJUPKIU2Kd1OolI96/65crXs2bA68SPycVyNHol796A0XTmElLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jksTMBNn82ik+c8oAR0q7khbP1d8TGYmNmcSh64yJHZllbyb+53VTG10HGZdJapmki0VRKrBVePY6HnDNqBUTRwjV3N2K6YhoQq0LqORC8JdfXiWt85p/Wbu4v6jUq3kcRTiBU6iCD1dQh1toQBMoPMIzvMIbUugFvaOPRWsB5TPH8Afo8wdg0o7u</latexit>

�M

Entangled Bell-pairs proportional to cross-sectional area

Alternating boundary condition

Ergodic among positive height surfaces 

Correlated Fredkin moves
<latexit sha1_base64="FpZUNkUmmTdWmd0tehJ+Rn0VA2g=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6+Ah4MVjRPOAZA2zk04yZHZ2nZkVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmLBtXHdb2dpeWV1bT23kd/c2t7ZLezt13WUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJ74jSdUmkfy3oxi9EPal7zHGTVWunt8KHcKRbfkTkEWiZeRImSodgpf7W7EkhClYYJq3fLc2PgpVYYzgeN8O9EYUzakfWxZKmmI2k+np47JsVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQM9703E/7xWYnqXfsplnBiUbLaolwhiIjL5m3S5QmbEyBLKFLe3EjagijJj08nbELz5lxdJvVzyzktnt6fFylUWRw4O4QhOwIMLqMANVKEGDPrwDK/w5gjnxXl3PmatS042cwB/4Hz+AAJ3jZ0=</latexit>

q2
<latexit sha1_base64="FpZUNkUmmTdWmd0tehJ+Rn0VA2g=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6+Ah4MVjRPOAZA2zk04yZHZ2nZkVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmLBtXHdb2dpeWV1bT23kd/c2t7ZLezt13WUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJ74jSdUmkfy3oxi9EPal7zHGTVWunt8KHcKRbfkTkEWiZeRImSodgpf7W7EkhClYYJq3fLc2PgpVYYzgeN8O9EYUzakfWxZKmmI2k+np47JsVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQM9703E/7xWYnqXfsplnBiUbLaolwhiIjL5m3S5QmbEyBLKFLe3EjagijJj08nbELz5lxdJvVzyzktnt6fFylUWRw4O4QhOwIMLqMANVKEGDPrwDK/w5gjnxXl3PmatS042cwB/4Hz+AAJ3jZ0=</latexit>

q2

<latexit sha1_base64="FpZUNkUmmTdWmd0tehJ+Rn0VA2g=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6+Ah4MVjRPOAZA2zk04yZHZ2nZkVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmLBtXHdb2dpeWV1bT23kd/c2t7ZLezt13WUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJ74jSdUmkfy3oxi9EPal7zHGTVWunt8KHcKRbfkTkEWiZeRImSodgpf7W7EkhClYYJq3fLc2PgpVYYzgeN8O9EYUzakfWxZKmmI2k+np47JsVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQM9703E/7xWYnqXfsplnBiUbLaolwhiIjL5m3S5QmbEyBLKFLe3EjagijJj08nbELz5lxdJvVzyzktnt6fFylUWRw4O4QhOwIMLqMANVKEGDPrwDK/w5gjnxXl3PmatS042cwB/4Hz+AAJ3jZ0=</latexit>

q2
<latexit sha1_base64="FpZUNkUmmTdWmd0tehJ+Rn0VA2g=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6+Ah4MVjRPOAZA2zk04yZHZ2nZkVwpJP8OJBEa9+kTf/xkmyB00saCiquunuCmLBtXHdb2dpeWV1bT23kd/c2t7ZLezt13WUKIY1FolINQOqUXCJNcONwGaskIaBwEYwvJ74jSdUmkfy3oxi9EPal7zHGTVWunt8KHcKRbfkTkEWiZeRImSodgpf7W7EkhClYYJq3fLc2PgpVYYzgeN8O9EYUzakfWxZKmmI2k+np47JsVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQM9703E/7xWYnqXfsplnBiUbLaolwhiIjL5m3S5QmbEyBLKFLe3EjagijJj08nbELz5lxdJvVzyzktnt6fFylUWRw4O4QhOwIMLqMANVKEGDPrwDK/w5gjnxXl3PmatS042cwB/4Hz+AAJ3jZ0=</latexit>

q2



Topological entanglement entropy

A B

C

A B

C

D D

(a) (b)

<latexit sha1_base64="uHgCX38soc42RCWF1udXhdv5TYw=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBAEMeyKr0YI2lhYRDQPyIZwdzJJhszsLDOzQlhS2PgrNhaK2PoRdv6Nk0ehiQcuHM65l3vvCWPOtPG8b2dufmFxaTmzkl1dW9/YdLe2K1omitAykVyqWgiachbRsmGG01qsKIiQ02rYuxr61QeqNJPRvenHtCGgE7E2I2Cs1HRzdxcB8LgL+AYfBh0QAvABDkhLGt10817BGwHPEn9C8miCUtP9ClqSJIJGhnDQuu57sWmkoAwjnA6yQaJpDKQHHVq3NAJBdSMdPTHAe1Zp4bZUtiKDR+rviRSE1n0R2k4BpqunvaH4n1dPTPu8kbIoTgyNyHhRO+HYSDxMBLeYosTwviVAFLO3YtIFBcTY3LI2BH/65VlSOSr4p4WT2+N88XISRwbl0C7aRz46Q0V0jUqojAh6RM/oFb05T86L8+58jFvnnMnMDvoD5/MHaZqWsQ==</latexit>

S = ↵L� � + · · ·
<latexit sha1_base64="MH4sM6ftcNA4mov6YBiGbHUYmcI="></latexit>

Stopo ⌘ SA + SB + SC � SAB � SBC � SAC + SABC

<latexit sha1_base64="zDOwROxxDcAt8qKdQdmfNvNUnII=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiTiayMUdeGygn1AE8rNdJIOnUnCzEQooeCvuHGhiFu/w51/47TNQlsPXDiccy/33hOknCntON/WwuLS8spqaa28vrG5tW3v7DZVkklCGyThiWwHoChnMW1opjltp5KCCDhtBYObsd96pFKxJH7Qw5T6AqKYhYyANlLX3vciEAKusMeTCOceAY5vR1274lSdCfA8cQtSQQXqXfvL6yUkEzTWhINSHddJtZ+D1IxwOip7maIpkAFEtGNoDIIqP5+cP8JHRunhMJGmYo0n6u+JHIRSQxGYTgG6r2a9sfif18l0eOnnLE4zTWMyXRRmHOsEj7PAPSYp0XxoCBDJzK2Y9EEC0SaxsgnBnX15njRPqu559ez+tFK7LuIooQN0iI6Riy5QDd2hOmoggnL0jF7Rm/VkvVjv1se0dcEqZvbQH1ifPwu/lOk=</latexit>

� = logD

Kitaev, Preskill, PRL, ’06

Example: Toric code

p

s

<latexit sha1_base64="TEoq3/vCniviaAv2SZA2DsVCc3o="></latexit>

As =
Y

j2star(s)

�x
j Bp =

Y

j2boundary(p)

�z
j

<latexit sha1_base64="CC1XgDaMpN+AFzF/qXCV2s7u2VM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Vw0ZZEfG2EWjddVrAPaEKYTCft0JkkzEyEUvoDbvwVNy4UcevenX/jNM1CWw9cOJxzL/fe48eMSmVZ30ZuaXlldS2/XtjY3NreMXf3WjJKBCZNHLFIdHwkCaMhaSqqGOnEgiDuM9L2h7dTv/1AhKRReK9GMXE56oc0oBgpLXnmUd2zHHjtwLIjE+5JeKPLKZWdEkyFGNa82DOLVsVKAReJnZEiyNDwzC+nF+GEk1BhhqTs2las3DESimJGJgUnkSRGeIj6pKtpiDiR7jj9ZgKPtdKDQSR0hQqm6u+JMeJSjrivOzlSAznvTcX/vG6igit3TMM4USTEs0VBwqCK4DQa2KOCYMVGmiAsqL4V4gESCCsdYEGHYM+/vEhapxX7onJ+d1as1rI48uAAHIITYINLUAV10ABNgMEjeAav4M14Ml6Md+Nj1pozspl98AfG5w9SXpk6</latexit>

H0 = �
X

s

As �
X

p

Bp

Kitaev, Annals of Physics, ’03



Sub-area law entanglement

• 2D conformal quantum critical points:
• Universal:                                                  for smooth boundaries
                         
 for sharp corner with interior angle

• quantum dimer, vertex, and loop models

<latexit sha1_base64="7NT2g9uJs/+CG511TX10v/AuUyo=">AAACFHicbVC7SgNBFJ2Nrxhfq5Y2g0GIBMOu+GqEoI2FYETzgOwS7k4myZDZBzOzQljyETb+io2FIrYWdv6Nk2QLTTwwcOace7n3Hi/iTCrL+jYyc/MLi0vZ5dzK6tr6hrm5VZNhLAitkpCHouGBpJwFtKqY4rQRCQq+x2nd61+O/PoDFZKFwb0aRNT1oRuwDiOgtNQyi3fn2AEe9QBf4wPseFQBdnjY1d8idnxQPQI8uRkW7P2WmbdK1hh4ltgpyaMUlZb55bRDEvs0UISDlE3bipSbgFCMcDrMObGkEZA+dGlT0wB8Kt1kfNQQ72mljTuh0C9QeKz+7kjAl3Lge7pytKWc9kbif14zVp0zN2FBFCsakMmgTsyxCvEoIdxmghLFB5oAEUzvikkPBBClc8zpEOzpk2dJ7bBkn5SOb4/y5Ys0jizaQbuogGx0isroClVQFRH0iJ7RK3oznowX4934mJRmjLRnG/2B8fkDQxyb2g==</latexit>

S = ↵L� � logL+O(1)
<latexit sha1_base64="eTLJgELwRi3dGDl4pOiXTUsoe3k=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0WoiCURrW6Etm5cVrAPaEKYTCft0MmDmYlQQr7Djb/ixoUi7sSNf+M0zUJbDwz3cM693LnHjRgV0jC+tcLS8srqWnG9tLG5tb2j7+51RBhzTNo4ZCHvuUgQRgPSllQy0os4Qb7LSNcd30z97gPhgobBvZxExPbRMKAexUgqydFNyyUSwWtoeRzhBKdJLa1YeESdxklWmqdZSRoWjiPYTI8dvWxUjQxwkZg5KYMcLUf/tAYhjn0SSMyQEH3TiKSdIC4pZiQtWbEgEcJjNCR9RQPkE2En2WkpPFLKAHohVy+QMFN/TyTIF2Liu6rTR3Ik5r2p+J/Xj6V3ZSc0iGJJAjxb5MUMyhBOc4IDygmWbKIIwpyqv0I8QiojqdIsqRDM+ZMXSeesataqF3fn5Xozj6MIDsAhqAATXII6uAUt0AYYPIJn8AretCftRXvXPmatBS2f2Qd/oH39AE6kn80=</latexit>

� =
c

6
(�A + �B � �A[B)

<latexit sha1_base64="5EQnho31Z9LEGUDNsf7e5vKcPIo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJPtpl26uwm7G6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvTDjTxvO+ndLK6tr6RnmzsrW9s7tX3T941HGqCG2RmMeqE6KmnEnaMsxw2kkURRFy2g7Ht7nffqJKs1g+mElCA4FDySJG0Fip3RuiEFjpV2te3ZvBXSZ+QWpQoNmvfvUGMUkFlYZw1Lrre4kJMlSGEU6nlV6qaYJkjEPatVSioDrIZudO3ROrDNwoVrakcWfq74kMhdYTEdpOgWakF71c/M/rpia6DjImk9RQSeaLopS7Jnbz390BU5QYPrEEiWL2VpeMUCExNqE8BH/x5WXyeFb3L+sX9+e1xk0RRxmO4BhOwYcraMAdNKEFBMbwDK/w5iTOi/PufMxbS04xcwh/4Hz+AMCgjzM=</latexit>�
<latexit sha1_base64="pTeRk9sXz0VOS738YNauO/BlGic="></latexit>

� =
c�

24⇡

✓
1� ⇡2

�2

◆
logL

Fradkin, Moore, PRL, ’06; Casini, Huerta, Nucl. Phys. B, ’07; Hirata, Takayanagi, JHEP, ’07; Stoudenmire et al., PRB, ’14

<latexit sha1_base64="O2CmvpVYhTuZynRDKW5VvqP+ajQ="></latexit>

S  L log 2� 1

2
logL+

1

2
log

2

⇡

5 10 15
N

2.5

5.0

7.5

10.0

S

exact
MC
°0.41 + 0.59N ° 0.16 lnN

5 10 15
N

1.05

1.10

1.15

¢
S

Zhang, Røising, J Phys. A, ’23

<latexit sha1_base64="4dLaHQArSao1nBAxeP0csGqxS2U=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4qknxtRGKblx0UcE+oAllMp20QyczYWYilBBw46+4caGIW3/CnX/jtM1CWw9cOJxzL/feE8SMKu0439bC4tLyymphrbi+sbm1be/sNpVIJCYNLJiQ7QApwignDU01I+1YEhQFjLSC4c3Ybz0Qqajg93oUEz9CfU5DipE2Utfej6+8UCKculnqBZSLKK1lae2kkmVdu+SUnQngPHFzUgI56l37y+sJnESEa8yQUh3XibWfIqkpZiQreokiMcJD1CcdQzmKiPLTyQ8ZPDJKD4ZCmuIaTtTfEymKlBpFgemMkB6oWW8s/ud1Eh1e+inlcaIJx9NFYcKgFnAcCOxRSbBmI0MQltTcCvEAmUi0ia1oQnBnX54nzUrZPS+f3Z2Wqtd5HAVwAA7BMXDBBaiCW1AHDYDBI3gGr+DNerJerHfrY9q6YOUze+APrM8fIYCX2Q==</latexit>

p =
1� L

L/2

�



Bicolor toric code

• S3 invariant Hamiltonian
• Vertex:                                        Plaquette:

<latexit sha1_base64="dz6MBZnkX1rX99imDu6k+5DTVZg=">AAACF3icbVDJSgNBEO1xjXGLevTSGARFDDPuBwMRPXiMYIyQiUNNp2Maexa6awJhmL/w4q948aCIV735N3aWg9uDgsd7VVTV82MpNNr2pzU2PjE5NZ2byc/OzS8sFpaWr3SUKMZrLJKRuvZBcylCXkOBkl/HikPgS1737077fr3LlRZReIm9mDcDuA1FWzBAI3mFUsfr0jLddnUSeCmUnexml5543Zt0AzYzukXdDmDqnnGJkHldr1C0S/YA9C9xRqRIRqh6hQ+3FbEk4CEyCVo3HDvGZgoKBZM8y7uJ5jGwO7jlDUNDCLhupoO/MrpulBZtR8pUiHSgfp9IIdC6F/imMwDs6N9eX/zPayTYPmqmIowT5CEbLmonkmJE+yHRllCcoewZAkwJcytlHVDA0ESZNyE4v1/+S652Ss5Baf9ir1g5HsWRI6tkjWwQhxySCjknVVIjjNyTR/JMXqwH68l6td6GrWPWaGaF/ID1/gU5Hp4f</latexit>

hv = �
3X

a=1

A(a)
v + �̂v

<latexit sha1_base64="zsPeTNH7a+Z4O3IR0Hvnq4WfmB8="></latexit>

A(a)
v =

Y

j2+v

Z(a)
j , for a = 1, 2, 3,

<latexit sha1_base64="JRHOEk/iBiBj3U3CJ+HzhieEQJM=">AAACEnicbVDJSgNBEO2JW4xb1KOXxiAkh4QZ11wCQS+eJIKJgSxDTacnadKz0N0jhGG+wYu/4sWDIl49efNv7CwHTXxQ8Hiviqp6TsiZVKb5baSWlldW19LrmY3Nre2d7O5eQwaRILROAh6IpgOScubTumKK02YoKHgOp/fO8Grs3z9QIVng36lRSDse9H3mMgJKS3a2MLBdXMHFtow8O4aKlXRP8KXtduM8FBJcxO0BqPgmsV07mzNL5gR4kVgzkkMz1OzsV7sXkMijviIcpGxZZqg6MQjFCKdJph1JGgIZQp+2NPXBo7ITT15K8JFWetgNhC5f4Yn6eyIGT8qR5+hOD9RAzntj8T+vFSm33ImZH0aK+mS6yI04VgEe54N7TFCi+EgTIILpWzEZgACidIoZHYI1//IiaRyXrPPS2e1prlqexZFGB+gQ5ZGFLlAVXaMaqiOCHtEzekVvxpPxYrwbH9PWlDGb2Ud/YHz+APIFm8Q=</latexit>

hf = �
3X

a=1

B(a)
f � N̂f

<latexit sha1_base64="ZTM1oMNPAZzOiZgaf7ftzMzhRwI=">AAACFHicbVDLSsNAFJ3UV1tfVZduBotQUUoiProRim5cVrAPaGKYTCfttJNJnJkIJfQj3Pgrblwo4taFO//GaZuFth64cDjnXu69x4sYlco0v43MwuLS8ko2l19dW9/YLGxtN2QYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDa7GfvOBCElDfquGEXEC1OXUpxgpLbmFw9yl698lJXQwurAjEXbcpG9TDm15HyNBXH/UcvtT/8gtFM2yOQGcJ1ZKiiBFzS182Z0QxwHhCjMkZdsyI+UkSCiKGRnl7ViSCOEB6pK2phwFRDrJ5KkR3NdKB/qh0MUVnKi/JxIUSDkMPN0ZINWTs95Y/M9rx8qvOAnlUawIx9NFfsygCuE4IdihgmDFhpogLKi+FeIeEggrnWNeh2DNvjxPGsdl66x8enNSrFbSOLJgF+yBErDAOaiCa1ADdYDBI3gGr+DNeDJejHfjY9qaMdKZHfAHxucPgEud2g==</latexit>

B(a)
f =

Y

j2⇤f

X(a)
j ,

<latexit sha1_base64="9QicWPq3/GFYCv7UWsoOse5nJsQ="></latexit>

X(1) =

0

@
0 1 0
1 0 0
0 0 0

1

A , Z(1) =

0

@
1 0 0
0 �1 0
0 0 0

1

A ,

X(2) =

0

@
0 0 1
0 0 0
1 0 0

1

A , Z(2) =

0

@
1 0 0
0 0 0
0 0 �1

1

A ,

X(3) =

0

@
0 0 0
0 0 1
0 1 0

1

A , Z(3) =

0

@
0 0 0
0 1 0
0 0 �1

1

A ,







Ground state degeneracy

42=16 topological sectors: 4 for each direction
<latexit sha1_base64="WkACukcWnR2JzlXe+s42z+Uk9rE="></latexit>

{|;i , |ri , |bi , |rbi}



Ground state degeneracy

42=16 topological sectors: 4 for each direction
<latexit sha1_base64="WkACukcWnR2JzlXe+s42z+Uk9rE="></latexit>

{|;i , |ri , |bi , |rbi}

But what about these two?



Ground state degeneracy

42=16 topological sectors: 4 for each direction
<latexit sha1_base64="WkACukcWnR2JzlXe+s42z+Uk9rE="></latexit>

{|;i , |ri , |bi , |rbi}

<latexit sha1_base64="l+9LxjX9R4JqMrG4+kR71G3fQrs="></latexit>

C(a)
<f,f 0> =

Y

j2(f[f 0)\(f\f 0)

X(a)
j , for a = 1, 2, 3.

<latexit sha1_base64="jGcUHbCPXdv7SLVYSHCkH4olHG8="></latexit>

Hint =
X

v

hv +
X

f

hf +
X

<f,f 0>

h<f,f 0>

<latexit sha1_base64="aG+haZWVucM+SA877VFjb4wvhls="></latexit>

h<f,f 0> = �
3X

a=1

C(a)
<f,f 0> � N̂<f,f 0>

But what about these two?



Hilbert space fragmentation

I.

II.

III.

Similarity to Reidemeister moves



Hilbert space fragmentation

I.

II.

III.

Similarity to Reidemeister moves



Exact excited states
<latexit sha1_base64="W7Ye9UdyKpEdL7eLokSw0bNenqI=">AAACF3icbZDLSsNAFIYnXmu9Rd3pZrAILUhJxEuXRTcuK9gLpLFMppN26GQSZiZCCAFfwxdwq2/gTty69AV8DqdtFrb1h4GP/5zDOfN7EaNSWda3sbS8srq2Xtgobm5t7+yae/stGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXujm3G9/UiEpCG/V0lE3AANOPUpRkpbPfPQue75D2kZVbJTOEWvkrldTqyeWbKq1kRwEewcSiBXo2f+dPshjgPCFWZISse2IuWmSCiKGcmK3ViSCOERGhBHI0cBkW46+UMGT7TTh34o9OMKTty/EykKpEwCT3cGSA3lfG1s/ldzYuXX3JTyKFaE4+kiP2ZQhXAcCOxTQbBiiQaEBdW3QjxEAmGlY5vZEg0TSbHMdDD2fAyL0Dqr2pfVi7vzUr2WR1QAR+AYlIENrkAd3IIGaAIMnsALeAVvxrPxbnwYn9PWJSOfOQAzMr5+AZIMnxk=</latexit>

[B(a)
f , B(b)

f ] 6= 0
<latexit sha1_base64="wXYRyoUsOWHdfxUnz09EuT8W/6E=">AAACAXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGMA9IljA76SRjZmeXmVkhLDn5A171D7yJV7/EH/A7nCR7MIkFDUVVN91dQSy4Nq777eTW1jc2t/LbhZ3dvf2D4uFRQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSQfzDhGP6QDyfucUWOlBu1IJEG3WHLL7gxklXgZKUGGWrf40+lFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10du2EnFmlR/qRsiUNmal/J1Iaaj0OA9sZUjPUy95U/M9rJ6Zf8VMu48SgZPNF/UQQE5Hp66THFTIjxpZQpri9lbAhVZQZG9DClng41pzpiQ3GW45hlTQuyt51+er+slStZBHl4QRO4Rw8uIEq3EEN6sDgEV7gFd6cZ+fd+XA+5605J5s5hgU4X7+Jg5ew</latexit>

a 6= bfor

But
<latexit sha1_base64="VTKDa2fzQ8rsxbxyOCAvqHmsuGM="></latexit>

[A(a)
v , B(b)

f ] = 0, [A(a)
v , C(b)

<f,f 0>] = 0,

<latexit sha1_base64="lBG9QB2AJeNPNIP8r7z5Gra7y9w=">AAACBnicbVDLSsNAFL3xWeur6tJNsAgupCTioxuh4KbLCvYBaQiT6aQdOpkJM5NCCd37A271D9yJW3/DH/A7nLZZ2NYDFw7n3Mu994QJo0o7zre1tr6xubVd2Cnu7u0fHJaOjltKpBKTJhZMyE6IFGGUk6ammpFOIgmKQ0ba4fBh6rdHRCoq+JMeJ8SPUZ/TiGKkjeR59WB0WQ8i/94JSmWn4sxgrxI3J2XI0QhKP92ewGlMuMYMKeW5TqL9DElNMSOTYjdVJEF4iPrEM5SjmCg/m508sc+N0rMjIU1xbc/UvxMZipUax6HpjJEeqGVvKv7neamOqn5GeZJqwvF8UZQyWwt7+r/do5JgzcaGICypudXGAyQR1ialhS3JYKwoVhMTjLscwyppXVXc28rN43W5Vs0jKsApnMEFuHAHNahDA5qAQcALvMKb9Wy9Wx/W57x1zcpnTmAB1tcvjvqZSw==</latexit>

[Hv, Hf ] = 0So

<latexit sha1_base64="SqDv1NLckMGkSSFSS262LapdaPM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoOQi2E3+DoGvHjwEME8IFnD7GQ2GTM7s8zMCmHJP3jxoIhX/8ebf+Mk2YMmFjQUVd10dwUxZ9q47reTW1ldW9/Ibxa2tnd294r7B00tE0Vog0guVTvAmnImaMMww2k7VhRHAaetYHQ99VtPVGkmxb0Zx9SP8ECwkBFsrNQ89dzbh2qvWHIr7gxomXgZKUGGeq/41e1LkkRUGMKx1h3PjY2fYmUY4XRS6CaaxpiM8IB2LBU4otpPZ9dO0IlV+iiUypYwaKb+nkhxpPU4CmxnhM1QL3pT8T+vk5jwyk+ZiBNDBZkvChOOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG4K3+PIyaVYr3kXl/O6sVCtnceThCI6hDB5cQg1uoA4NIPAIz/AKb450Xpx352PemnOymUP4A+fzBwxPjhA=</latexit>

�10L2

<latexit sha1_base64="b2+4dJ4knJ6fpCNaE+Y/L9x8eSI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKjxwDXjxGMA9IljA7O5uMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSq4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSmKWtSJZTuhMQwwSVrIkfBOqlmJAkFa4ej25nffmLacCUfcJyyICEDyWNOCVqp1aORQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhjXggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemQaELRBlSyIfjLL6+S1kXVv65e3V9W6rU8jiKcwCmcgw83UIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8Aa6Vjy8=</latexit> ··
· <latexit sha1_base64="b2+4dJ4knJ6fpCNaE+Y/L9x8eSI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKjxwDXjxGMA9IljA7O5uMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSq4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSmKWtSJZTuhMQwwSVrIkfBOqlmJAkFa4ej25nffmLacCUfcJyyICEDyWNOCVqp1aORQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhjXggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemQaELRBlSyIfjLL6+S1kXVv65e3V9W6rU8jiKcwCmcgw83UIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8Aa6Vjy8=</latexit> ··

·

<latexit sha1_base64="f1OCV6g0Keow00YdWK9dCscrmD8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaJryOJF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnIbm1vbO/ndwt7+weFR8fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJYPZpKgH9Gh5CFn1FipUe0XS27FXYCsEy8jJchQ7xe/eoOYpRFKwwTVuuu5ifGnVBnOBM4KvVRjQtmYDrFrqaQRan+6OHRGLqwyIGGsbElDFurviSmNtJ5Ege2MqBnpVW8u/ud1UxPe+lMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrWrFu65cNS5LtXIWRx7O4BzK4MEN1OAe6tAEBgjP8ApvzqPz4rw7H8vWnJPNnMIfOJ8/d4+Mpg==</latexit>

2

<latexit sha1_base64="b2+4dJ4knJ6fpCNaE+Y/L9x8eSI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKjxwDXjxGMA9IljA7O5uMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSq4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSmKWtSJZTuhMQwwSVrIkfBOqlmJAkFa4ej25nffmLacCUfcJyyICEDyWNOCVqp1aORQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhjXggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemQaELRBlSyIfjLL6+S1kXVv65e3V9W6rU8jiKcwCmcgw83UIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8Aa6Vjy8=</latexit> ··
·

<latexit sha1_base64="b2+4dJ4knJ6fpCNaE+Y/L9x8eSI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKjxwDXjxGMA9IljA7O5uMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSq4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSmKWtSJZTuhMQwwSVrIkfBOqlmJAkFa4ej25nffmLacCUfcJyyICEDyWNOCVqp1aORQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhjXggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemQaELRBlSyIfjLL6+S1kXVv65e3V9W6rU8jiKcwCmcgw83UIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8Aa6Vjy8=</latexit> ··
·

<latexit sha1_base64="b2+4dJ4knJ6fpCNaE+Y/L9x8eSI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKjxwDXjxGMA9IljA7O5uMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSq4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSmKWtSJZTuhMQwwSVrIkfBOqlmJAkFa4ej25nffmLacCUfcJyyICEDyWNOCVqp1aORQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhjXggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemQaELRBlSyIfjLL6+S1kXVv65e3V9W6rU8jiKcwCmcgw83UIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8Aa6Vjy8=</latexit>

···

<latexit sha1_base64="QtMbRHWnBliQLceukqtqB7H/gPE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHZ9H0m8eIREHglsyOzQCyOzs5uZWRNC+AIvHjTGq5/kzb9xgD0oWEknlarudHcFieDauO63k1tb39jcym8Xdnb39g+Kh0dNHaeKYYPFIlbtgGoUXGLDcCOwnSikUSCwFYzuZn7rCZXmsXww4wT9iA4kDzmjxkr1i16x5FbcOcgq8TJSggy1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzQ6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeGtP+EySQ1KtlgUpoKYmMy+Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSPK9415Wr+mWpWs7iyMMJnEIZPLiBKtxDDRrAAOEZXuHNeXRenHfnY9Gac7KZY/gD5/MHeROMpw==</latexit>

3

<latexit sha1_base64="zqxUjg0+dvE0du5GucvVL8uAqrM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOQU9gVX8eACB4TMA9IljA76U3GzM4uM7NCCPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1FipftcrltyKOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmucV76pyWb8oVctZHHk4gVMogwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJRbjLk=</latexit>

E

<latexit sha1_base64="w/K6PMnU27z6J7ZfnD+SwGe1gF4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoOQU9gNvo4BLx48RDAPSNYwO5lNhszMLjOzQljyC148KOLVH/Lm3zib7EETCxqKqm66u4KYM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOEkVoi0Q8Ut0Aa8qZpC3DDKfdWFEsAk47weQm8ztPVGkWyQczjakv8EiykBFsMql+91gflCtuzZ0DrRIvJxXI0RyUv/rDiCSCSkM41rrnubHxU6wMI5zOSv1E0xiTCR7RnqUSC6r9dH7rDJ1ZZYjCSNmSBs3V3xMpFlpPRWA7BTZjvexl4n9eLzHhtZ8yGSeGSrJYFCYcmQhlj6MhU5QYPrUEE8XsrYiMscLE2HhKNgRv+eVV0q7XvMvaxf15pVHN4yjCCZxCFTy4ggbcQhNaQGAMz/AKb45wXpx352PRWnDymWP4A+fzBzVbjaA=</latexit>

2L2
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Exact excited states
<latexit sha1_base64="W7Ye9UdyKpEdL7eLokSw0bNenqI=">AAACF3icbZDLSsNAFIYnXmu9Rd3pZrAILUhJxEuXRTcuK9gLpLFMppN26GQSZiZCCAFfwxdwq2/gTty69AV8DqdtFrb1h4GP/5zDOfN7EaNSWda3sbS8srq2Xtgobm5t7+yae/stGcYCkyYOWSg6HpKEUU6aiipGOpEgKPAYaXujm3G9/UiEpCG/V0lE3AANOPUpRkpbPfPQue75D2kZVbJTOEWvkrldTqyeWbKq1kRwEewcSiBXo2f+dPshjgPCFWZISse2IuWmSCiKGcmK3ViSCOERGhBHI0cBkW46+UMGT7TTh34o9OMKTty/EykKpEwCT3cGSA3lfG1s/ldzYuXX3JTyKFaE4+kiP2ZQhXAcCOxTQbBiiQaEBdW3QjxEAmGlY5vZEg0TSbHMdDD2fAyL0Dqr2pfVi7vzUr2WR1QAR+AYlIENrkAd3IIGaAIMnsALeAVvxrPxbnwYn9PWJSOfOQAzMr5+AZIMnxk=</latexit>

[B(a)
f , B(b)

f ] 6= 0
<latexit sha1_base64="wXYRyoUsOWHdfxUnz09EuT8W/6E=">AAACAXicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGMA9IljA76SRjZmeXmVkhLDn5A171D7yJV7/EH/A7nCR7MIkFDUVVN91dQSy4Nq777eTW1jc2t/LbhZ3dvf2D4uFRQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSQfzDhGP6QDyfucUWOlBu1IJEG3WHLL7gxklXgZKUGGWrf40+lFLAlRGiao1m3PjY2fUmU4EzgpdBKNMWUjOsC2pZKGqP10du2EnFmlR/qRsiUNmal/J1Iaaj0OA9sZUjPUy95U/M9rJ6Zf8VMu48SgZPNF/UQQE5Hp66THFTIjxpZQpri9lbAhVZQZG9DClng41pzpiQ3GW45hlTQuyt51+er+slStZBHl4QRO4Rw8uIEq3EEN6sDgEV7gFd6cZ+fd+XA+5605J5s5hgU4X7+Jg5ew</latexit>

a 6= bfor

But
<latexit sha1_base64="VTKDa2fzQ8rsxbxyOCAvqHmsuGM="></latexit>

[A(a)
v , B(b)

f ] = 0, [A(a)
v , C(b)

<f,f 0>] = 0,

<latexit sha1_base64="lBG9QB2AJeNPNIP8r7z5Gra7y9w=">AAACBnicbVDLSsNAFL3xWeur6tJNsAgupCTioxuh4KbLCvYBaQiT6aQdOpkJM5NCCd37A271D9yJW3/DH/A7nLZZ2NYDFw7n3Mu994QJo0o7zre1tr6xubVd2Cnu7u0fHJaOjltKpBKTJhZMyE6IFGGUk6ammpFOIgmKQ0ba4fBh6rdHRCoq+JMeJ8SPUZ/TiGKkjeR59WB0WQ8i/94JSmWn4sxgrxI3J2XI0QhKP92ewGlMuMYMKeW5TqL9DElNMSOTYjdVJEF4iPrEM5SjmCg/m508sc+N0rMjIU1xbc/UvxMZipUax6HpjJEeqGVvKv7neamOqn5GeZJqwvF8UZQyWwt7+r/do5JgzcaGICypudXGAyQR1ialhS3JYKwoVhMTjLscwyppXVXc28rN43W5Vs0jKsApnMEFuHAHNahDA5qAQcALvMKb9Wy9Wx/W57x1zcpnTmAB1tcvjvqZSw==</latexit>

[Hv, Hf ] = 0So

<latexit sha1_base64="SqDv1NLckMGkSSFSS262LapdaPM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoOQi2E3+DoGvHjwEME8IFnD7GQ2GTM7s8zMCmHJP3jxoIhX/8ebf+Mk2YMmFjQUVd10dwUxZ9q47reTW1ldW9/Ibxa2tnd294r7B00tE0Vog0guVTvAmnImaMMww2k7VhRHAaetYHQ99VtPVGkmxb0Zx9SP8ECwkBFsrNQ89dzbh2qvWHIr7gxomXgZKUGGeq/41e1LkkRUGMKx1h3PjY2fYmUY4XRS6CaaxpiM8IB2LBU4otpPZ9dO0IlV+iiUypYwaKb+nkhxpPU4CmxnhM1QL3pT8T+vk5jwyk+ZiBNDBZkvChOOjETT11GfKUoMH1uCiWL2VkSGWGFibEAFG4K3+PIyaVYr3kXl/O6sVCtnceThCI6hDB5cQg1uoA4NIPAIz/AKb450Xpx352PemnOymUP4A+fzBwxPjhA=</latexit>

�10L2

<latexit sha1_base64="b2+4dJ4knJ6fpCNaE+Y/L9x8eSI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKjxwDXjxGMA9IljA7O5uMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSq4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSmKWtSJZTuhMQwwSVrIkfBOqlmJAkFa4ej25nffmLacCUfcJyyICEDyWNOCVqp1aORQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhjXggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemQaELRBlSyIfjLL6+S1kXVv65e3V9W6rU8jiKcwCmcgw83UIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8Aa6Vjy8=</latexit> ··
· <latexit sha1_base64="b2+4dJ4knJ6fpCNaE+Y/L9x8eSI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKjxwDXjxGMA9IljA7O5uMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSq4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSmKWtSJZTuhMQwwSVrIkfBOqlmJAkFa4ej25nffmLacCUfcJyyICEDyWNOCVqp1aORQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhjXggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemQaELRBlSyIfjLL6+S1kXVv65e3V9W6rU8jiKcwCmcgw83UIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8Aa6Vjy8=</latexit> ··

·

<latexit sha1_base64="f1OCV6g0Keow00YdWK9dCscrmD8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaJryOJF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnIbm1vbO/ndwt7+weFR8fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3dxvP6HSPJYPZpKgH9Gh5CFn1FipUe0XS27FXYCsEy8jJchQ7xe/eoOYpRFKwwTVuuu5ifGnVBnOBM4KvVRjQtmYDrFrqaQRan+6OHRGLqwyIGGsbElDFurviSmNtJ5Ege2MqBnpVW8u/ud1UxPe+lMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrWrFu65cNS5LtXIWRx7O4BzK4MEN1OAe6tAEBgjP8ApvzqPz4rw7H8vWnJPNnMIfOJ8/d4+Mpg==</latexit>

2

<latexit sha1_base64="b2+4dJ4knJ6fpCNaE+Y/L9x8eSI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKjxwDXjxGMA9IljA7O5uMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSq4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSmKWtSJZTuhMQwwSVrIkfBOqlmJAkFa4ej25nffmLacCUfcJyyICEDyWNOCVqp1aORQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhjXggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemQaELRBlSyIfjLL6+S1kXVv65e3V9W6rU8jiKcwCmcgw83UIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8Aa6Vjy8=</latexit> ··
·

<latexit sha1_base64="b2+4dJ4knJ6fpCNaE+Y/L9x8eSI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKjxwDXjxGMA9IljA7O5uMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSq4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSmKWtSJZTuhMQwwSVrIkfBOqlmJAkFa4ej25nffmLacCUfcJyyICEDyWNOCVqp1aORQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhjXggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemQaELRBlSyIfjLL6+S1kXVv65e3V9W6rU8jiKcwCmcgw83UIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8Aa6Vjy8=</latexit> ··
·

<latexit sha1_base64="b2+4dJ4knJ6fpCNaE+Y/L9x8eSI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKjxwDXjxGMA9IljA7O5uMmZ1ZZnqFEPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dYSq4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSmKWtSJZTuhMQwwSVrIkfBOqlmJAkFa4ej25nffmLacCUfcJyyICEDyWNOCVqp1aORQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhjXggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemQaELRBlSyIfjLL6+S1kXVv65e3V9W6rU8jiKcwCmcgw83UIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8Aa6Vjy8=</latexit>

···

<latexit sha1_base64="QtMbRHWnBliQLceukqtqB7H/gPE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHZ9H0m8eIREHglsyOzQCyOzs5uZWRNC+AIvHjTGq5/kzb9xgD0oWEknlarudHcFieDauO63k1tb39jcym8Xdnb39g+Kh0dNHaeKYYPFIlbtgGoUXGLDcCOwnSikUSCwFYzuZn7rCZXmsXww4wT9iA4kDzmjxkr1i16x5FbcOcgq8TJSggy1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzQ6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeGtP+EySQ1KtlgUpoKYmMy+Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSPK9415Wr+mWpWs7iyMMJnEIZPLiBKtxDDRrAAOEZXuHNeXRenHfnY9Gac7KZY/gD5/MHeROMpw==</latexit>

3

<latexit sha1_base64="zqxUjg0+dvE0du5GucvVL8uAqrM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOQU9gVX8eACB4TMA9IljA76U3GzM4uM7NCCPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1FipftcrltyKOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmucV76pyWb8oVctZHHk4gVMogwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJRbjLk=</latexit>

E

<latexit sha1_base64="w/K6PMnU27z6J7ZfnD+SwGe1gF4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoOQU9gNvo4BLx48RDAPSNYwO5lNhszMLjOzQljyC148KOLVH/Lm3zib7EETCxqKqm66u4KYM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOEkVoi0Q8Ut0Aa8qZpC3DDKfdWFEsAk47weQm8ztPVGkWyQczjakv8EiykBFsMql+91gflCtuzZ0DrRIvJxXI0RyUv/rDiCSCSkM41rrnubHxU6wMI5zOSv1E0xiTCR7RnqUSC6r9dH7rDJ1ZZYjCSNmSBs3V3xMpFlpPRWA7BTZjvexl4n9eLzHhtZ8yGSeGSrJYFCYcmQhlj6MhU5QYPrUEE8XsrYiMscLE2HhKNgRv+eVV0q7XvMvaxf15pVHN4yjCCZxCFTy4ggbcQhNaQGAMz/AKb45wXpx352PRWnDymWP4A+fzBzVbjaA=</latexit>

2L2

Spectrum of Hv
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Upper bound on entanglement entropy

<latexit sha1_base64="4JptRPrF9cdLebC1ppMQFAYBY/0="></latexit>

|GSi =
X

�2{�,r,b}⌦2l

p
p� |GSA(�)i ⌦ |GSB(�)i

<latexit sha1_base64="xIuBYLDewLvTw8xMwAjNL6KYYCo=">AAAB8nicbVDLSgMxFM3UV62vqks3wSJ0VWbE17LixmUF+4DpUDJppg3NJENyRyhDP8ONC0Xc+jXu/Bsz7Sy09UDgcM695NwTJoIbcN1vp7S2vrG5Vd6u7Ozu7R9UD486RqWasjZVQuleSAwTXLI2cBCsl2hG4lCwbji5y/3uE9OGK/kI04QFMRlJHnFKwEp+PyYwpkRkt7NBteY23DnwKvEKUkMFWoPqV3+oaBozCVQQY3zPTSDIiAZOBZtV+qlhCaETMmK+pZLEzATZPPIMn1lliCOl7ZOA5+rvjYzExkzj0E7mEc2yl4v/eX4K0U2QcZmkwCRdfBSlAoPC+f14yDWjIKaWEKq5zYrpmGhCwbZUsSV4yyevks55w7tqXD5c1Jr1oo4yOkGnqI48dI2a6B61UBtRpNAzekVvDjgvzrvzsRgtOcXOMfoD5/MHa7yRRw==</latexit>

A
<latexit sha1_base64="CiQucr66yODycQ2iHBCDJNbGNqE=">AAAB8nicbVDLSgMxFM3UV62vqks3wSJ0VWbE17LoxmUF+4DpUDJppg3NJENyRyhDP8ONC0Xc+jXu/Bsz7Sy09UDgcM695NwTJoIbcN1vp7S2vrG5Vd6u7Ozu7R9UD486RqWasjZVQuleSAwTXLI2cBCsl2hG4lCwbji5y/3uE9OGK/kI04QFMRlJHnFKwEp+PyYwpkRkt7NBteY23DnwKvEKUkMFWoPqV3+oaBozCVQQY3zPTSDIiAZOBZtV+qlhCaETMmK+pZLEzATZPPIMn1lliCOl7ZOA5+rvjYzExkzj0E7mEc2yl4v/eX4K0U2QcZmkwCRdfBSlAoPC+f14yDWjIKaWEKq5zYrpmGhCwbZUsSV4yyevks55w7tqXD5c1Jr1oo4yOkGnqI48dI2a6B61UBtRpNAzekVvDjgvzrvzsRgtOcXOMfoD5/MHbUGRSA==</latexit>

B
<latexit sha1_base64="706/iLYuiQ8U2NN4bHdikM/u8SU="></latexit>

Ni =
X

i,j=0 mod 2

✓
2l

i j 2l � i� j

◆
=

32l + 3

4

<latexit sha1_base64="zV18k/VPdahp1tbaqtyMUeSpo5g=">AAACHHicbZDLSsNAFIYnXmu9RV26MFgEVyURL90IBTeupIK9QBPCZDpph85MwsxECCFLX8MXcKtv4E7cCr6Az+GkzcK2/jDw859zOGe+IKZEKtv+NpaWV1bX1isb1c2t7Z1dc2+/I6NEINxGEY1EL4ASU8JxWxFFcS8WGLKA4m4wvinq3UcsJIn4g0pj7DE45CQkCCod+eZR7LuSDBm8dkMBUebk2Z3vMqhGgmUkz32zZtftiaxF45SmBkq1fPPHHUQoYZgrRKGUfceOlZdBoQiiOK+6icQxRGM4xH1tOWRYetnkI7l1opOBFUZCP66sSfp3IoNMypQFurM4Uc7XivC/Wj9RYcPLCI8ThTmaLgoTaqnIKqhYAyIwUjTVBiJB9K0WGkENRGl2M1viUSoJkgUYZx7Doumc1Z3L+sX9ea3ZKBFVwCE4BqfAAVegCW5BC7QBAk/gBbyCN+PZeDc+jM9p65JRzhyAGRlfv/6Ro04=</latexit>

p� =
1

Ni

<latexit sha1_base64="7QnHJEvr6JMf1HoIocHvhIE1VgM="></latexit>

Si = �
X

p� log p� = 2l log 3� log 4 + ✏

<latexit sha1_base64="kPSBuJpOROqoPcqyWkgzVUQ1a/o="></latexit>

(1 + sr + sb)
2l =

2lX

i+j=0

✓
2l

i j 2l � i� j

◆
sirs

j
b

Agrees with quantum dimension



Non-intersecting bicolor loop model

• Honeycomb lattice



Topological sectors
<latexit sha1_base64="dYAegFk6f/RRi2cvOkYzVRA+oek="></latexit>

{ |;x, ;yi ,
|;xi ⌦ {|ryi , |byi , |rbyi , |rbrbyi , ...},
{|rxi , |bxi , |rbxi , |rbrbxi , ..., }⌦ |;yi ,
{|rx, rxi , |bx, bxi , |rbx, rbyi , |rbrbx, rbrbyi , ...}},

<latexit sha1_base64="CTzI4QoKLDmEJ6WQ0KabAaUP0zM="></latexit>

T =

0

BBBB@

1 1 1 0 0
1 1 0 0 1
1 0 1 1 0
0 0 1 1 0
0 1 0 0 1

1

CCCCA
,

|�i
|ri
|bi
|rbi
|bri

Upper bound on entanglement entropy

Transfer matrix method

<latexit sha1_base64="lbdiLf7bYDj473NvU/jHBEYgqsA="></latexit>

Nn = trT 2l = (
p
3 + 1)2l + 22l + 1 + (1�

p
3)2l

<latexit sha1_base64="rK2qY9sJEymcWcvf+Sxsx3j6+wE="></latexit>

Sn = 2l log
⇣
1 +

p
3
⌘
+ ✏

<latexit sha1_base64="anFyUYCJNq83k0dKE1fMRyHCW+4=">AAACHHicbZDLSsNAFIYnXmu9RV26MFgEVyURL90IBTeupIK9QBPCZDpph85MwsxECCFLX8MXcKtv4E7cCr6Az+GkzcK2/jDw859zOGe+IKZEKtv+NpaWV1bX1isb1c2t7Z1dc2+/I6NEINxGEY1EL4ASU8JxWxFFcS8WGLKA4m4wvinq3UcsJIn4g0pj7DE45CQkCCod+eZR7LuSDBm8dkMBUebk2Z3vMqhGgmU8z32zZtftiaxF45SmBkq1fPPHHUQoYZgrRKGUfceOlZdBoQiiOK+6icQxRGM4xH1tOWRYetnkI7l1opOBFUZCP66sSfp3IoNMypQFurM4Uc7XivC/Wj9RYcPLCI8ThTmaLgoTaqnIKqhYAyIwUjTVBiJB9K0WGkENRGl2M1viUSoJkgUYZx7Doumc1Z3L+sX9ea3ZKBFVwCE4BqfAAVegCW5BC7QBAk/gBbyCN+PZeDc+jM9p65JRzhyAGRlfvwaio1M=</latexit>

p� =
1

Nn



Balasubramanian--Lake--Choi model

(a)
<latexit sha1_base64="fK3cb/9rYMk06DMbBmX6GUgOaOE=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAYhp7Arvi5CwIvHCOYB2RBmJ51kyOzsMjMrxJgv8eJBEa9+ijf/xkmyB00saCiquunuChPBtfG8b2dldW19YzO3ld/e2d0ruPsHdR2nimGNxSJWzZBqFFxizXAjsJkopFEosBEOb6Z+4wGV5rG8N6ME2xHtS97jjBorddzCU5BoHigq+wLJNem4Ra/szUCWiZ+RImSodtyvoBuzNEJpmKBat3wvMe0xVYYzgZN8kGpMKBvSPrYslTRC3R7PDp+QE6t0SS9WtqQhM/X3xJhGWo+i0HZG1Az0ojcV//NaqeldtcdcJqlByeaLeqkgJibTFEiXK2RGjCyhTHF7K2EDqigzNqu8DcFffHmZ1E/L/kX5/O6sWCllceTgCI6hBD5cQgVuoQo1YJDCM7zCm/PovDjvzse8dcXJZg7hD5zPHxtMkqc=</latexit>

| i = <latexit sha1_base64="HUs9IpozJIzZZ5GovX+RQItQChk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMQEMKu+DoGvHhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+nmvWHIr7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw1p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV5UvOvKVf2yVC1nceThBE6hDB7cQBXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A2zzjJ8=</latexit>

+
<latexit sha1_base64="HUs9IpozJIzZZ5GovX+RQItQChk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMQEMKu+DoGvHhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+nmvWHIr7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw1p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV5UvOvKVf2yVC1nceThBE6hDB7cQBXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A2zzjJ8=</latexit>

+ <latexit sha1_base64="NLpl7O/ITmxagrP0bfZBdI66T+g=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoOQU9gVX8eAF48RzAOSJczOziZjZmeWmV4hhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXmApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/mzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcY3wYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ67zmX9Uu7y8q9WoeRxFO4BSq4MM11OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AKnFjx8=</latexit>· · ·

(b)

(c)

<latexit sha1_base64="00HKv9E/f+hBo/xCu8WxpGA4A8Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNryOJF4+QyCOBDZkdemFkdnYzM2skhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHst7M07Qj+hA8pAzaqxUf+oVS27FnYOsEi8jJchQ6xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3RKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhPe+BMuk9SgZItFYSqIicnsa9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzfOKd1W5rF+UquUsjjycwCmUwYNrqMId1KABDBCe4RXenAfnxXl3PhatOSebOYY/cD5/AOGnjOw=</latexit>x

<latexit sha1_base64="M0yDA6wG1IrZ2q8F0dIX/0q69Iw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIX8eCF48t2FpoQ9lsJ+3azSbsboRQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jemyxBP6JDyUPOqLFSM+uXK27NnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEnVBnOBE5LvVRjQtmYDrFrqaQRan8yP3RKzqwyIGGsbElD5urviQmNtM6iwHZG1Iz0sjcT//O6qQlv/AmXSWpQssWiMBXExGT2NRlwhcyIzBLKFLe3EjaiijJjsynZELzll1dJ+7zmXdUumxeVejWPowgncApV8OAa6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f4yuM7Q==</latexit>y

<latexit sha1_base64="M/6vE7RN29NP3xrjbnBb9ECG8DQ=">AAAB9XicbVDLSsNAFL2pr1pfVZduBotQQUoivpaFblxWsA9oY5lMJ+3QySTMTKoh9D/cuFDErf/izr9x2mahrQcuHM65l3vv8SLOlLbtbyu3srq2vpHfLGxt7+zuFfcPmiqMJaENEvJQtj2sKGeCNjTTnLYjSXHgcdryRrWp3xpTqVgo7nUSUTfAA8F8RrA20kN3jGU0ZL1a+eksOe0VS3bFngEtEycjJchQ7xW/uv2QxAEVmnCsVMexI+2mWGpGOJ0UurGiESYjPKAdQwUOqHLT2dUTdGKUPvJDaUpoNFN/T6Q4UCoJPNMZYD1Ui95U/M/rxNq/cVMmolhTQeaL/JgjHaJpBKjPJCWaJ4ZgIpm5FZEhlphoE1TBhOAsvrxMmucV56pyeXdRqpazOPJwBMdQBgeuoQq3UIcGEJDwDK/wZj1aL9a79TFvzVnZzCH8gfX5A7Sakew=</latexit> '
C
(x
,y
)

<latexit sha1_base64="+Pfuj+Abv96hD4JLuBWgvu+5w7U=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBQ8SNgVX3gKePEiRDAPSJYwO+kkQ2Zn15lZISz5CS8eFPHq73jzb5wke9DEgoaiqpvuriAWXBvX/XYWFpeWV1Zza/n1jc2t7cLObk1HiWJYZZGIVCOgGgWXWDXcCGzECmkYCKwHg5uxX39CpXkkH8wwRj+kPcm7nFFjpcZdO/VO2Oi6XSi6JXcCMk+8jBQhQ6Vd+Gp1IpaEKA0TVOum58bGT6kynAkc5VuJxpiyAe1h01JJQ9R+Orl3RI6s0iHdSNmShkzU3xMpDbUehoHtDKnp61lvLP7nNRPTvfJTLuPEoGTTRd1EEBOR8fOkwxUyI4aWUKa4vZWwPlWUGRtR3obgzb48T2qnJe+idH5/ViwfZnHkYB8O4Bg8uIQy3EIFqsBAwDO8wpvz6Lw4787HtHXByWb24A+czx8uA49U</latexit>

M1,c :

<latexit sha1_base64="+lL9ZrQMqY9pviksGggKLZxB3oQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBqPgKeyKr2PAi8cIxgSSEGYns8mQeTEzK4QlH+HFgyJe/R5v/o2TZA+aWNBQVHXT3RVrzqwLw++gsLK6tr5R3Cxtbe/s7pX3Dx6tSg2hDaK4Mq0YW8qZpA3HHKctbSgWMafNeHQ79ZtP1Fim5IMba9oVeCBZwgh2Xmp2BNbWqV65ElbDGdAyiXJSgRz1Xvmr01ckFVQ6wrG17SjUrpth4xjhdFLqpJZqTEZ4QNueSiyo7Wazcyfo1Ct9lCjjSzo0U39PZFhYOxax7xTYDe2iNxX/89qpS266GZM6dVSS+aIk5cgpNP0d9ZmhxPGxJ5gY5m9FZIgNJs4nVPIhRIsvL5PH82p0Vb28v6jUTvI4inAEx3AGEVxDDe6gDg0gMIJneIW3QAcvwXvwMW8tBPnMIfxB8PkDhIuPnA==</latexit>7!

<latexit sha1_base64="mjHjviWoTITB99EP5aCZvRtqMLI=">AAAB73icbVDLSgNBEOyNrxhfUY9eBqPgQcJu8IWngBcvQgTzgGQJs5PZZMjszDozK4QlP+HFgyJe/R1v/o2TZA+aWNBQVHXT3RXEnGnjut9Obml5ZXUtv17Y2Nza3inu7jW0TBShdSK5VK0Aa8qZoHXDDKetWFEcBZw2g+HNxG8+UaWZFA9mFFM/wn3BQkawsVLrrptWTsn4ulssuWV3CrRIvIyUIEOtW/zq9CRJIioM4VjrtufGxk+xMoxwOi50Ek1jTIa4T9uWChxR7afTe8fo2Co9FEplSxg0VX9PpDjSehQFtjPCZqDnvYn4n9dOTHjlp0zEiaGCzBaFCUdGosnzqMcUJYaPLMFEMXsrIgOsMDE2ooINwZt/eZE0KmXvonx+f1aqHmVx5OEADuEEPLiEKtxCDepAgMMzvMKb8+i8OO/Ox6w152Qz+/AHzucPL4uPVQ==</latexit>

M2,c :

<latexit sha1_base64="+lL9ZrQMqY9pviksGggKLZxB3oQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBqPgKeyKr2PAi8cIxgSSEGYns8mQeTEzK4QlH+HFgyJe/R5v/o2TZA+aWNBQVHXT3RVrzqwLw++gsLK6tr5R3Cxtbe/s7pX3Dx6tSg2hDaK4Mq0YW8qZpA3HHKctbSgWMafNeHQ79ZtP1Fim5IMba9oVeCBZwgh2Xmp2BNbWqV65ElbDGdAyiXJSgRz1Xvmr01ckFVQ6wrG17SjUrpth4xjhdFLqpJZqTEZ4QNueSiyo7Wazcyfo1Ct9lCjjSzo0U39PZFhYOxax7xTYDe2iNxX/89qpS266GZM6dVSS+aIk5cgpNP0d9ZmhxPGxJ5gY5m9FZIgNJs4nVPIhRIsvL5PH82p0Vb28v6jUTvI4inAEx3AGEVxDDe6gDg0gMIJneIW3QAcvwXvwMW8tBPnMIfxB8PkDhIuPnA==</latexit>7!

<latexit sha1_base64="ip2+yNcPoWeliIf6kUrzZqRBBsg=">AAAB73icbVDLSgNBEOyNrxhfUY9eBqPgQcKubzwFvHgRIpgHJEuYncwmQ2Zn1plZISz5CS8eFPHq73jzb5wke9DEgoaiqpvuriDmTBvX/XZyC4tLyyv51cLa+sbmVnF7p65logitEcmlagZYU84ErRlmOG3GiuIo4LQRDG7GfuOJKs2keDDDmPoR7gkWMoKNlZp3nfT0mIyuO8WSW3YnQPPEy0gJMlQ7xa92V5IkosIQjrVueW5s/BQrwwino0I70TTGZIB7tGWpwBHVfjq5d4QOrdJFoVS2hEET9fdEiiOth1FgOyNs+nrWG4v/ea3EhFd+ykScGCrIdFGYcGQkGj+PukxRYvjQEkwUs7ci0scKE2MjKtgQvNmX50n9pOxdlM/vz0qVgyyOPOzBPhyBB5dQgVuoQg0IcHiGV3hzHp0X5935mLbmnGxmF/7A+fwBMROPVg==</latexit>

M3,c :

<latexit sha1_base64="+lL9ZrQMqY9pviksGggKLZxB3oQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBqPgKeyKr2PAi8cIxgSSEGYns8mQeTEzK4QlH+HFgyJe/R5v/o2TZA+aWNBQVHXT3RVrzqwLw++gsLK6tr5R3Cxtbe/s7pX3Dx6tSg2hDaK4Mq0YW8qZpA3HHKctbSgWMafNeHQ79ZtP1Fim5IMba9oVeCBZwgh2Xmp2BNbWqV65ElbDGdAyiXJSgRz1Xvmr01ckFVQ6wrG17SjUrpth4xjhdFLqpJZqTEZ4QNueSiyo7Wazcyfo1Ct9lCjjSzo0U39PZFhYOxax7xTYDe2iNxX/89qpS266GZM6dVSS+aIk5cgpNP0d9ZmhxPGxJ5gY5m9FZIgNJs4nVPIhRIsvL5PH82p0Vb28v6jUTvI4inAEx3AGEVxDDe6gDg0gMIJneIW3QAcvwXvwMW8tBPnMIfxB8PkDhIuPnA==</latexit>7!

Loop nucleation Corner expansion Face expansion

<latexit sha1_base64="bFVH9jr2GjPIShllvPutbTo/M9s=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovQVUnEF7gpuHFZwT6gCWUyvWmHTiZhZqKUtJ/ixoUibv0Sd/6N0zYLbT2XC4dz7mXunCDhTGnH+bYKa+sbm1vF7dLO7t7+gV0+bKk4lRSaNOax7AREAWcCmpppDp1EAokCDu1gdDvz248gFYvFgx4n4EdkIFjIKNFG6tnliXezKOxJIgYcenbFqTlz4FXi5qSCcjR69pfXj2kagdCUE6W6rpNoPyNSM8phWvJSBQmhIzKArqGCRKD8bH76FJ8apY/DWJoWGs/V3xsZiZQaR4GZjIgeqmVvJv7ndVMdXvsZE0mqQdDFQ2HKsY7xLAfcZxKo5mNDCJXM3IrpkEhCtUmrZEJwl7+8SlpnNfeydnF/XqlX8ziK6BidoCpy0RWqozvUQE1E0RN6Rq/ozZpYL9a79bEYLVj5zhH6A+vzB+qxkxI=</latexit>
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Only creation/annihilation + isotopy moves,
No surgery moves!

Isotopy moves

Surgery moves

Creation/annihilation



Sub-leading logarithmic contribution

Emergent height function 

Bijective mapping to colored random walks
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Saddle-point approximation
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Summary and Outlook

• Long range entanglement in colored loop models can be reflected in 
the (upper bound on) entanglement entropy in 3 different ways
• Coloring toric code breaks exact sovablitity, results in a kinetically 

constrained model with towers of exact excited states
1. Spectrum generating algebra for the tower states?
2. Spectral gap and loop correlation
3. Topological invariant to classify Krylov subspace
4. Generalization of anyonic excitations
5. Fault tolerant quantum computation of qtrits



Thank you for your attention!


