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• AdS/CFT + Ryu-Takayanagi formula:

• Microscopic (CFT) entanglement  geometry in the bulk

•      is not fixed a priori but determined dynamically, e.g., by semi-classical 
gravitational path-integral

Look “under the hood” of this mechanism…
[Lewkowycz, Maldacena; ’13]
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[Ryu, Takayanagi; ’06]…

[Bekenstein; ’73]  [Hawking; ’75]
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Minimization Inverse coupling (instead of UV cutoff)

a la horizon 

microstate counting 

Consequence of diffeomorphism 
invariance, subject to some 
gauge-invariant condition

Appearance of low-energy 
effective field theory
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• Emergent spaces in the quantum mechanics of large-N matrices             

This talk: how these features arise in matrix quantum mechanics

[Banks, Fischler, Shenker, Stanford; ’97] [Berenstein, Maldacena, Nastase; ’98][Gross, Miljkovic; Brezin et. al; 
Ginsparg, Zinn-Justin; ’90]

(c=1 matrix model)
(BFSS) (BMN)



• Emergent spaces in the quantum mechanics of large-N matrices             

This talk: how these features arise in matrix quantum mechanics

: NxN matricesL = Tr
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[Banks, Fischler, Shenker, Stanford; ’97] [Berenstein, Maldacena, Nastase; ’98][Gross, Miljkovic; Brezin et. al; 
Ginsparg, Zinn-Justin; ’90]

These models describe dynamics of emergent D-brane world-volumes… 

(c=1 matrix model)
(BFSS) (BMN)



• Emergent spaces in the quantum mechanics of large-N matrices             

This talk: how these features arise in matrix quantum mechanics
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[Banks, Fischler, Shenker, Stanford; ’97] [Berenstein, Maldacena, Nastase; ’98][Gross, Miljkovic; Brezin et. al; 
Ginsparg, Zinn-Justin; ’90]

These models describe dynamics of emergent D-brane world-volumes… 
• Xa eigenvalues = locations of 0-branes in d-dim ambient space.               

·Non-commutativity = open strings stretching between branes.             
·Can coalesce into extended membranes.

(c=1 matrix model)
(BFSS) (BMN)

[Myers; ’99]
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[Banks, Fischler, Shenker, Stanford; ’97] [Berenstein, Maldacena, Nastase; ’98][Gross, Miljkovic; Brezin et. al; 
Ginsparg, Zinn-Justin; ’90]

These models describe dynamics of emergent D-brane world-volumes… 

Not (necessarily) quantum gravity or holography.
Regardless, interesting, tractable, models displaying similar key features

• Xa eigenvalues = locations of 0-branes in d-dim ambient space.               
·Non-commutativity = open strings stretching between branes.             
·Can coalesce into extended membranes.

(c=1 matrix model)
(BFSS) (BMN)

[Myers; ’99]
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An example: the “fuzzy sphere” state

{Xa}a=1,2,3
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• Configurations minimizing the potential satisfy             commutation relations.SU(2)
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An example: the “fuzzy sphere” state

{Xa}a=1,2,3
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• Configurations minimizing the potential satisfy             commutation relations.

•             is sharply peaked on                   - dim irrep of  fs(X)
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<latexit sha1_base64="9wF5gDw2lAmawaitfGNA8MRMqKE=">AAACBnicbVBNS8NAEN34WetX1KMIwSJ4KokIehEKXnqsYD+giWGznbRLNx/sTsQSevLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OCVHCFtv1tLC2vrK6tlzbKm1vbO7vm3n5LJZlk0GSJSGQnoAoEj6GJHAV0Ugk0CgS0g+H1xG/fg1Q8iW9xlIIX0X7MQ84oask3j1wBIbp55476LsID5kyMXcn7A3THV75Zsav2FNYicQpSIQUavvnl9hKWRRAjE1SprmOn6OVUImcCxmU3U5BSNqR96Goa0wiUl0/fGFsnWulZYSJ1xWhN1d8TOY2UGkWB7owoDtS8NxH/87oZhpdezuM0Q4jZbFGYCQsTa5KJ1eMSGIqRJpRJrm+12IBKylAnV9YhOPMvL5LWWdWxq87NeaVWL+IokUNyTE6JQy5IjdRJgzQJI4/kmbySN+PJeDHejY9Z65JRzByQPzA+fwA+05mf</latexit><latexit sha1_base64="9wF5gDw2lAmawaitfGNA8MRMqKE=">AAACBnicbVBNS8NAEN34WetX1KMIwSJ4KokIehEKXnqsYD+giWGznbRLNx/sTsQSevLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OCVHCFtv1tLC2vrK6tlzbKm1vbO7vm3n5LJZlk0GSJSGQnoAoEj6GJHAV0Ugk0CgS0g+H1xG/fg1Q8iW9xlIIX0X7MQ84oask3j1wBIbp55476LsID5kyMXcn7A3THV75Zsav2FNYicQpSIQUavvnl9hKWRRAjE1SprmOn6OVUImcCxmU3U5BSNqR96Goa0wiUl0/fGFsnWulZYSJ1xWhN1d8TOY2UGkWB7owoDtS8NxH/87oZhpdezuM0Q4jZbFGYCQsTa5KJ1eMSGIqRJpRJrm+12IBKylAnV9YhOPMvL5LWWdWxq87NeaVWL+IokUNyTE6JQy5IjdRJgzQJI4/kmbySN+PJeDHejY9Z65JRzByQPzA+fwA+05mf</latexit><latexit sha1_base64="9wF5gDw2lAmawaitfGNA8MRMqKE=">AAACBnicbVBNS8NAEN34WetX1KMIwSJ4KokIehEKXnqsYD+giWGznbRLNx/sTsQSevLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OCVHCFtv1tLC2vrK6tlzbKm1vbO7vm3n5LJZlk0GSJSGQnoAoEj6GJHAV0Ugk0CgS0g+H1xG/fg1Q8iW9xlIIX0X7MQ84oask3j1wBIbp55476LsID5kyMXcn7A3THV75Zsav2FNYicQpSIQUavvnl9hKWRRAjE1SprmOn6OVUImcCxmU3U5BSNqR96Goa0wiUl0/fGFsnWulZYSJ1xWhN1d8TOY2UGkWB7owoDtS8NxH/87oZhpdezuM0Q4jZbFGYCQsTa5KJ1eMSGIqRJpRJrm+12IBKylAnV9YhOPMvL5LWWdWxq87NeaVWL+IokUNyTE6JQy5IjdRJgzQJI4/kmbySN+PJeDHejY9Z65JRzByQPzA+fwA+05mf</latexit><latexit sha1_base64="9wF5gDw2lAmawaitfGNA8MRMqKE=">AAACBnicbVBNS8NAEN34WetX1KMIwSJ4KokIehEKXnqsYD+giWGznbRLNx/sTsQSevLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OCVHCFtv1tLC2vrK6tlzbKm1vbO7vm3n5LJZlk0GSJSGQnoAoEj6GJHAV0Ugk0CgS0g+H1xG/fg1Q8iW9xlIIX0X7MQ84oask3j1wBIbp55476LsID5kyMXcn7A3THV75Zsav2FNYicQpSIQUavvnl9hKWRRAjE1SprmOn6OVUImcCxmU3U5BSNqR96Goa0wiUl0/fGFsnWulZYSJ1xWhN1d8TOY2UGkWB7owoDtS8NxH/87oZhpdezuM0Q4jZbFGYCQsTa5KJ1eMSGIqRJpRJrm+12IBKylAnV9YhOPMvL5LWWdWxq87NeaVWL+IokUNyTE6JQy5IjdRJgzQJI4/kmbySN+PJeDHejY9Z65JRzByQPzA+fwA+05mf</latexit>

N
<latexit sha1_base64="JOjZ4LsIX2xFJtJUQ3mpFpuolJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zetKrZ7HUYQzOIdL8OAGalCHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPqF+M2A==</latexit><latexit sha1_base64="JOjZ4LsIX2xFJtJUQ3mpFpuolJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zetKrZ7HUYQzOIdL8OAGalCHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPqF+M2A==</latexit><latexit sha1_base64="JOjZ4LsIX2xFJtJUQ3mpFpuolJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zetKrZ7HUYQzOIdL8OAGalCHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPqF+M2A==</latexit><latexit sha1_base64="JOjZ4LsIX2xFJtJUQ3mpFpuolJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zetKrZ7HUYQzOIdL8OAGalCHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPqF+M2A==</latexit>

SU(2)
<latexit sha1_base64="ABY5eGtz60+CcEzToilC50zw7vE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvPRY0dRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZtxniUx0J6SGS6G4jwIl76Sa0ziU/DEc3878xyeujUjUA05SHsR0qEQkGEUr+fd+tX7ZL1fcmjsHWSfeklRgiVa//NUbJCyLuUImqTFdz00xyKlGwSSflnqZ4SllYzrkXUsVjbkJ8vmxU3JhlQGJEm1LIZmrvydyGhsziUPbGVMcmVVvJv7ndTOMboJcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10q7XPLfm3V1VGs1lHEU4g3OoggfX0IAmtMAHBgKe4RXeHOW8OO/Ox6K14CxnTuEPnM8fjdqN3Q==</latexit><latexit sha1_base64="ABY5eGtz60+CcEzToilC50zw7vE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvPRY0dRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZtxniUx0J6SGS6G4jwIl76Sa0ziU/DEc3878xyeujUjUA05SHsR0qEQkGEUr+fd+tX7ZL1fcmjsHWSfeklRgiVa//NUbJCyLuUImqTFdz00xyKlGwSSflnqZ4SllYzrkXUsVjbkJ8vmxU3JhlQGJEm1LIZmrvydyGhsziUPbGVMcmVVvJv7ndTOMboJcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10q7XPLfm3V1VGs1lHEU4g3OoggfX0IAmtMAHBgKe4RXeHOW8OO/Ox6K14CxnTuEPnM8fjdqN3Q==</latexit><latexit sha1_base64="ABY5eGtz60+CcEzToilC50zw7vE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvPRY0dRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZtxniUx0J6SGS6G4jwIl76Sa0ziU/DEc3878xyeujUjUA05SHsR0qEQkGEUr+fd+tX7ZL1fcmjsHWSfeklRgiVa//NUbJCyLuUImqTFdz00xyKlGwSSflnqZ4SllYzrkXUsVjbkJ8vmxU3JhlQGJEm1LIZmrvydyGhsziUPbGVMcmVVvJv7ndTOMboJcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10q7XPLfm3V1VGs1lHEU4g3OoggfX0IAmtMAHBgKe4RXeHOW8OO/Ox6K14CxnTuEPnM8fjdqN3Q==</latexit><latexit sha1_base64="ABY5eGtz60+CcEzToilC50zw7vE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvPRY0dRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZtxniUx0J6SGS6G4jwIl76Sa0ziU/DEc3878xyeujUjUA05SHsR0qEQkGEUr+fd+tX7ZL1fcmjsHWSfeklRgiVa//NUbJCyLuUImqTFdz00xyKlGwSSflnqZ4SllYzrkXUsVjbkJ8vmxU3JhlQGJEm1LIZmrvydyGhsziUPbGVMcmVVvJv7ndTOMboJcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10q7XPLfm3V1VGs1lHEU4g3OoggfX0IAmtMAHBgKe4RXeHOW8OO/Ox6K14CxnTuEPnM8fjdqN3Q==</latexit>

SU(2)
<latexit sha1_base64="ABY5eGtz60+CcEzToilC50zw7vE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvPRY0dRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZtxniUx0J6SGS6G4jwIl76Sa0ziU/DEc3878xyeujUjUA05SHsR0qEQkGEUr+fd+tX7ZL1fcmjsHWSfeklRgiVa//NUbJCyLuUImqTFdz00xyKlGwSSflnqZ4SllYzrkXUsVjbkJ8vmxU3JhlQGJEm1LIZmrvydyGhsziUPbGVMcmVVvJv7ndTOMboJcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10q7XPLfm3V1VGs1lHEU4g3OoggfX0IAmtMAHBgKe4RXeHOW8OO/Ox6K14CxnTuEPnM8fjdqN3Q==</latexit><latexit sha1_base64="ABY5eGtz60+CcEzToilC50zw7vE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvPRY0dRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZtxniUx0J6SGS6G4jwIl76Sa0ziU/DEc3878xyeujUjUA05SHsR0qEQkGEUr+fd+tX7ZL1fcmjsHWSfeklRgiVa//NUbJCyLuUImqTFdz00xyKlGwSSflnqZ4SllYzrkXUsVjbkJ8vmxU3JhlQGJEm1LIZmrvydyGhsziUPbGVMcmVVvJv7ndTOMboJcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10q7XPLfm3V1VGs1lHEU4g3OoggfX0IAmtMAHBgKe4RXeHOW8OO/Ox6K14CxnTuEPnM8fjdqN3Q==</latexit><latexit sha1_base64="ABY5eGtz60+CcEzToilC50zw7vE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvPRY0dRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZtxniUx0J6SGS6G4jwIl76Sa0ziU/DEc3878xyeujUjUA05SHsR0qEQkGEUr+fd+tX7ZL1fcmjsHWSfeklRgiVa//NUbJCyLuUImqTFdz00xyKlGwSSflnqZ4SllYzrkXUsVjbkJ8vmxU3JhlQGJEm1LIZmrvydyGhsziUPbGVMcmVVvJv7ndTOMboJcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10q7XPLfm3V1VGs1lHEU4g3OoggfX0IAmtMAHBgKe4RXeHOW8OO/Ox6K14CxnTuEPnM8fjdqN3Q==</latexit><latexit sha1_base64="ABY5eGtz60+CcEzToilC50zw7vE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvPRY0dRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZtxniUx0J6SGS6G4jwIl76Sa0ziU/DEc3878xyeujUjUA05SHsR0qEQkGEUr+fd+tX7ZL1fcmjsHWSfeklRgiVa//NUbJCyLuUImqTFdz00xyKlGwSSflnqZ4SllYzrkXUsVjbkJ8vmxU3JhlQGJEm1LIZmrvydyGhsziUPbGVMcmVVvJv7ndTOMboJcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10q7XPLfm3V1VGs1lHEU4g3OoggfX0IAmtMAHBgKe4RXeHOW8OO/Ox6K14CxnTuEPnM8fjdqN3Q==</latexit>

X

a

(Xcl)
2 =

⌫2

4
N(N � 1)

<latexit sha1_base64="ORzpHRN93izBRr7i39ucYpZVRdY="></latexit><latexit sha1_base64="ORzpHRN93izBRr7i39ucYpZVRdY="></latexit><latexit sha1_base64="ORzpHRN93izBRr7i39ucYpZVRdY="></latexit><latexit sha1_base64="ORzpHRN93izBRr7i39ucYpZVRdY="></latexit>

V (X) = Tr
�
⌫Xa + i✏abc[Xb, Xc]

�2
<latexit sha1_base64="hiHftiBC6DTs6HkhcSsQlN27+XQ="></latexit><latexit sha1_base64="hiHftiBC6DTs6HkhcSsQlN27+XQ="></latexit><latexit sha1_base64="hiHftiBC6DTs6HkhcSsQlN27+XQ="></latexit><latexit sha1_base64="hiHftiBC6DTs6HkhcSsQlN27+XQ="></latexit>



An example: the “fuzzy sphere” state

{Xa}a=1,2,3
<latexit sha1_base64="ZntByqo3lag2f5lv8WY5ixEPbLo="></latexit><latexit sha1_base64="ZntByqo3lag2f5lv8WY5ixEPbLo="></latexit><latexit sha1_base64="ZntByqo3lag2f5lv8WY5ixEPbLo="></latexit><latexit sha1_base64="ZntByqo3lag2f5lv8WY5ixEPbLo="></latexit>

• Configurations minimizing the potential satisfy             commutation relations.

•             is sharply peaked on                   - dim irrep of 

• Non-commutative sphere of radius 

 fs(X)
<latexit sha1_base64="nRWiTZxH1YkNrdSIl6aR7sG7c7A=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KIoMeClx4r2A9oQthsN+3SzSbsTtQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8MBVcg+N8W2vrG5tb26Wd8u7e/sGhXTnq6CRTlLVpIhLVC4lmgkvWBg6C9VLFSBwK1g3HNzO/e8+U5om8g0nK/JgMJY84JWCkwK54Lc0DD9gj5JGe1nrngV116s4ceJW4BamiAq3A/vIGCc1iJoEKonXfdVLwc6KAU8GmZS/TLCV0TIasb6gkMdN+Pj99is+MMsBRokxJwHP190ROYq0ncWg6YwIjvezNxP+8fgbRtZ9zmWbAJF0sijKBIcGzHPCAK0ZBTAwhVHFzK6YjoggFk1bZhOAuv7xKOhd116m7t5fVRrOIo4RO0CmqIRddoQZqohZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4ADViT3Q==</latexit><latexit sha1_base64="nRWiTZxH1YkNrdSIl6aR7sG7c7A=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KIoMeClx4r2A9oQthsN+3SzSbsTtQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8MBVcg+N8W2vrG5tb26Wd8u7e/sGhXTnq6CRTlLVpIhLVC4lmgkvWBg6C9VLFSBwK1g3HNzO/e8+U5om8g0nK/JgMJY84JWCkwK54Lc0DD9gj5JGe1nrngV116s4ceJW4BamiAq3A/vIGCc1iJoEKonXfdVLwc6KAU8GmZS/TLCV0TIasb6gkMdN+Pj99is+MMsBRokxJwHP190ROYq0ncWg6YwIjvezNxP+8fgbRtZ9zmWbAJF0sijKBIcGzHPCAK0ZBTAwhVHFzK6YjoggFk1bZhOAuv7xKOhd116m7t5fVRrOIo4RO0CmqIRddoQZqohZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4ADViT3Q==</latexit><latexit sha1_base64="nRWiTZxH1YkNrdSIl6aR7sG7c7A=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KIoMeClx4r2A9oQthsN+3SzSbsTtQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8MBVcg+N8W2vrG5tb26Wd8u7e/sGhXTnq6CRTlLVpIhLVC4lmgkvWBg6C9VLFSBwK1g3HNzO/e8+U5om8g0nK/JgMJY84JWCkwK54Lc0DD9gj5JGe1nrngV116s4ceJW4BamiAq3A/vIGCc1iJoEKonXfdVLwc6KAU8GmZS/TLCV0TIasb6gkMdN+Pj99is+MMsBRokxJwHP190ROYq0ncWg6YwIjvezNxP+8fgbRtZ9zmWbAJF0sijKBIcGzHPCAK0ZBTAwhVHFzK6YjoggFk1bZhOAuv7xKOhd116m7t5fVRrOIo4RO0CmqIRddoQZqohZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4ADViT3Q==</latexit><latexit sha1_base64="nRWiTZxH1YkNrdSIl6aR7sG7c7A=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KIoMeClx4r2A9oQthsN+3SzSbsTtQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8MBVcg+N8W2vrG5tb26Wd8u7e/sGhXTnq6CRTlLVpIhLVC4lmgkvWBg6C9VLFSBwK1g3HNzO/e8+U5om8g0nK/JgMJY84JWCkwK54Lc0DD9gj5JGe1nrngV116s4ceJW4BamiAq3A/vIGCc1iJoEKonXfdVLwc6KAU8GmZS/TLCV0TIasb6gkMdN+Pj99is+MMsBRokxJwHP190ROYq0ncWg6YwIjvezNxP+8fgbRtZ9zmWbAJF0sijKBIcGzHPCAK0ZBTAwhVHFzK6YjoggFk1bZhOAuv7xKOhd116m7t5fVRrOIo4RO0CmqIRddoQZqohZqI4oe0DN6RW/Wk/VivVsfi9Y1q5g5Rn9gff4ADViT3Q==</latexit>

{Xa
cl} =

<latexit sha1_base64="9wF5gDw2lAmawaitfGNA8MRMqKE=">AAACBnicbVBNS8NAEN34WetX1KMIwSJ4KokIehEKXnqsYD+giWGznbRLNx/sTsQSevLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OCVHCFtv1tLC2vrK6tlzbKm1vbO7vm3n5LJZlk0GSJSGQnoAoEj6GJHAV0Ugk0CgS0g+H1xG/fg1Q8iW9xlIIX0X7MQ84oask3j1wBIbp55476LsID5kyMXcn7A3THV75Zsav2FNYicQpSIQUavvnl9hKWRRAjE1SprmOn6OVUImcCxmU3U5BSNqR96Goa0wiUl0/fGFsnWulZYSJ1xWhN1d8TOY2UGkWB7owoDtS8NxH/87oZhpdezuM0Q4jZbFGYCQsTa5KJ1eMSGIqRJpRJrm+12IBKylAnV9YhOPMvL5LWWdWxq87NeaVWL+IokUNyTE6JQy5IjdRJgzQJI4/kmbySN+PJeDHejY9Z65JRzByQPzA+fwA+05mf</latexit><latexit sha1_base64="9wF5gDw2lAmawaitfGNA8MRMqKE=">AAACBnicbVBNS8NAEN34WetX1KMIwSJ4KokIehEKXnqsYD+giWGznbRLNx/sTsQSevLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OCVHCFtv1tLC2vrK6tlzbKm1vbO7vm3n5LJZlk0GSJSGQnoAoEj6GJHAV0Ugk0CgS0g+H1xG/fg1Q8iW9xlIIX0X7MQ84oask3j1wBIbp55476LsID5kyMXcn7A3THV75Zsav2FNYicQpSIQUavvnl9hKWRRAjE1SprmOn6OVUImcCxmU3U5BSNqR96Goa0wiUl0/fGFsnWulZYSJ1xWhN1d8TOY2UGkWB7owoDtS8NxH/87oZhpdezuM0Q4jZbFGYCQsTa5KJ1eMSGIqRJpRJrm+12IBKylAnV9YhOPMvL5LWWdWxq87NeaVWL+IokUNyTE6JQy5IjdRJgzQJI4/kmbySN+PJeDHejY9Z65JRzByQPzA+fwA+05mf</latexit><latexit sha1_base64="9wF5gDw2lAmawaitfGNA8MRMqKE=">AAACBnicbVBNS8NAEN34WetX1KMIwSJ4KokIehEKXnqsYD+giWGznbRLNx/sTsQSevLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OCVHCFtv1tLC2vrK6tlzbKm1vbO7vm3n5LJZlk0GSJSGQnoAoEj6GJHAV0Ugk0CgS0g+H1xG/fg1Q8iW9xlIIX0X7MQ84oask3j1wBIbp55476LsID5kyMXcn7A3THV75Zsav2FNYicQpSIQUavvnl9hKWRRAjE1SprmOn6OVUImcCxmU3U5BSNqR96Goa0wiUl0/fGFsnWulZYSJ1xWhN1d8TOY2UGkWB7owoDtS8NxH/87oZhpdezuM0Q4jZbFGYCQsTa5KJ1eMSGIqRJpRJrm+12IBKylAnV9YhOPMvL5LWWdWxq87NeaVWL+IokUNyTE6JQy5IjdRJgzQJI4/kmbySN+PJeDHejY9Z65JRzByQPzA+fwA+05mf</latexit><latexit sha1_base64="9wF5gDw2lAmawaitfGNA8MRMqKE=">AAACBnicbVBNS8NAEN34WetX1KMIwSJ4KokIehEKXnqsYD+giWGznbRLNx/sTsQSevLiX/HiQRGv/gZv/hu3bQ7a+mDg8d4MM/OCVHCFtv1tLC2vrK6tlzbKm1vbO7vm3n5LJZlk0GSJSGQnoAoEj6GJHAV0Ugk0CgS0g+H1xG/fg1Q8iW9xlIIX0X7MQ84oask3j1wBIbp55476LsID5kyMXcn7A3THV75Zsav2FNYicQpSIQUavvnl9hKWRRAjE1SprmOn6OVUImcCxmU3U5BSNqR96Goa0wiUl0/fGFsnWulZYSJ1xWhN1d8TOY2UGkWB7owoDtS8NxH/87oZhpdezuM0Q4jZbFGYCQsTa5KJ1eMSGIqRJpRJrm+12IBKylAnV9YhOPMvL5LWWdWxq87NeaVWL+IokUNyTE6JQy5IjdRJgzQJI4/kmbySN+PJeDHejY9Z65JRzByQPzA+fwA+05mf</latexit>

N
<latexit sha1_base64="JOjZ4LsIX2xFJtJUQ3mpFpuolJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zetKrZ7HUYQzOIdL8OAGalCHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPqF+M2A==</latexit><latexit sha1_base64="JOjZ4LsIX2xFJtJUQ3mpFpuolJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zetKrZ7HUYQzOIdL8OAGalCHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPqF+M2A==</latexit><latexit sha1_base64="JOjZ4LsIX2xFJtJUQ3mpFpuolJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zetKrZ7HUYQzOIdL8OAGalCHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPqF+M2A==</latexit><latexit sha1_base64="JOjZ4LsIX2xFJtJUQ3mpFpuolJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBS0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmveDcsWtuguQdeLlpAI5GoPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaEzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P512TIFTIjppZQpri9lbAxVZQZm03JhuCtvrxO2ldVz616zetKrZ7HUYQzOIdL8OAGalCHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPqF+M2A==</latexit>

SU(2)
<latexit sha1_base64="ABY5eGtz60+CcEzToilC50zw7vE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvPRY0dRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZtxniUx0J6SGS6G4jwIl76Sa0ziU/DEc3878xyeujUjUA05SHsR0qEQkGEUr+fd+tX7ZL1fcmjsHWSfeklRgiVa//NUbJCyLuUImqTFdz00xyKlGwSSflnqZ4SllYzrkXUsVjbkJ8vmxU3JhlQGJEm1LIZmrvydyGhsziUPbGVMcmVVvJv7ndTOMboJcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10q7XPLfm3V1VGs1lHEU4g3OoggfX0IAmtMAHBgKe4RXeHOW8OO/Ox6K14CxnTuEPnM8fjdqN3Q==</latexit><latexit sha1_base64="ABY5eGtz60+CcEzToilC50zw7vE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvPRY0dRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZtxniUx0J6SGS6G4jwIl76Sa0ziU/DEc3878xyeujUjUA05SHsR0qEQkGEUr+fd+tX7ZL1fcmjsHWSfeklRgiVa//NUbJCyLuUImqTFdz00xyKlGwSSflnqZ4SllYzrkXUsVjbkJ8vmxU3JhlQGJEm1LIZmrvydyGhsziUPbGVMcmVVvJv7ndTOMboJcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10q7XPLfm3V1VGs1lHEU4g3OoggfX0IAmtMAHBgKe4RXeHOW8OO/Ox6K14CxnTuEPnM8fjdqN3Q==</latexit><latexit sha1_base64="ABY5eGtz60+CcEzToilC50zw7vE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvPRY0dRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZtxniUx0J6SGS6G4jwIl76Sa0ziU/DEc3878xyeujUjUA05SHsR0qEQkGEUr+fd+tX7ZL1fcmjsHWSfeklRgiVa//NUbJCyLuUImqTFdz00xyKlGwSSflnqZ4SllYzrkXUsVjbkJ8vmxU3JhlQGJEm1LIZmrvydyGhsziUPbGVMcmVVvJv7ndTOMboJcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10q7XPLfm3V1VGs1lHEU4g3OoggfX0IAmtMAHBgKe4RXeHOW8OO/Ox6K14CxnTuEPnM8fjdqN3Q==</latexit><latexit sha1_base64="ABY5eGtz60+CcEzToilC50zw7vE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvPRY0dRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZtxniUx0J6SGS6G4jwIl76Sa0ziU/DEc3878xyeujUjUA05SHsR0qEQkGEUr+fd+tX7ZL1fcmjsHWSfeklRgiVa//NUbJCyLuUImqTFdz00xyKlGwSSflnqZ4SllYzrkXUsVjbkJ8vmxU3JhlQGJEm1LIZmrvydyGhsziUPbGVMcmVVvJv7ndTOMboJcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10q7XPLfm3V1VGs1lHEU4g3OoggfX0IAmtMAHBgKe4RXeHOW8OO/Ox6K14CxnTuEPnM8fjdqN3Q==</latexit>

SU(2)
<latexit sha1_base64="ABY5eGtz60+CcEzToilC50zw7vE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvPRY0dRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZtxniUx0J6SGS6G4jwIl76Sa0ziU/DEc3878xyeujUjUA05SHsR0qEQkGEUr+fd+tX7ZL1fcmjsHWSfeklRgiVa//NUbJCyLuUImqTFdz00xyKlGwSSflnqZ4SllYzrkXUsVjbkJ8vmxU3JhlQGJEm1LIZmrvydyGhsziUPbGVMcmVVvJv7ndTOMboJcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10q7XPLfm3V1VGs1lHEU4g3OoggfX0IAmtMAHBgKe4RXeHOW8OO/Ox6K14CxnTuEPnM8fjdqN3Q==</latexit><latexit sha1_base64="ABY5eGtz60+CcEzToilC50zw7vE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvPRY0dRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZtxniUx0J6SGS6G4jwIl76Sa0ziU/DEc3878xyeujUjUA05SHsR0qEQkGEUr+fd+tX7ZL1fcmjsHWSfeklRgiVa//NUbJCyLuUImqTFdz00xyKlGwSSflnqZ4SllYzrkXUsVjbkJ8vmxU3JhlQGJEm1LIZmrvydyGhsziUPbGVMcmVVvJv7ndTOMboJcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10q7XPLfm3V1VGs1lHEU4g3OoggfX0IAmtMAHBgKe4RXeHOW8OO/Ox6K14CxnTuEPnM8fjdqN3Q==</latexit><latexit sha1_base64="ABY5eGtz60+CcEzToilC50zw7vE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvPRY0dRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZtxniUx0J6SGS6G4jwIl76Sa0ziU/DEc3878xyeujUjUA05SHsR0qEQkGEUr+fd+tX7ZL1fcmjsHWSfeklRgiVa//NUbJCyLuUImqTFdz00xyKlGwSSflnqZ4SllYzrkXUsVjbkJ8vmxU3JhlQGJEm1LIZmrvydyGhsziUPbGVMcmVVvJv7ndTOMboJcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10q7XPLfm3V1VGs1lHEU4g3OoggfX0IAmtMAHBgKe4RXeHOW8OO/Ox6K14CxnTuEPnM8fjdqN3Q==</latexit><latexit sha1_base64="ABY5eGtz60+CcEzToilC50zw7vE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvPRY0dRCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3bj8O2vpg4PHeDDPzwlQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ2ySZZtxniUx0J6SGS6G4jwIl76Sa0ziU/DEc3878xyeujUjUA05SHsR0qEQkGEUr+fd+tX7ZL1fcmjsHWSfeklRgiVa//NUbJCyLuUImqTFdz00xyKlGwSSflnqZ4SllYzrkXUsVjbkJ8vmxU3JhlQGJEm1LIZmrvydyGhsziUPbGVMcmVVvJv7ndTOMboJcqDRDrthiUZRJggmZfU4GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10q7XPLfm3V1VGs1lHEU4g3OoggfX0IAmtMAHBgKe4RXeHOW8OO/Ox6K14CxnTuEPnM8fjdqN3Q==</latexit>

X

a

(Xcl)
2 =

⌫2

4
N(N � 1)

<latexit sha1_base64="ORzpHRN93izBRr7i39ucYpZVRdY="></latexit><latexit sha1_base64="ORzpHRN93izBRr7i39ucYpZVRdY="></latexit><latexit sha1_base64="ORzpHRN93izBRr7i39ucYpZVRdY="></latexit><latexit sha1_base64="ORzpHRN93izBRr7i39ucYpZVRdY="></latexit>

⌫N

2
<latexit sha1_base64="fBOgqVzlTtP7t8fh+TyADPQbz9w=">AAAB+HicbVDLSsNAFL3xWeujVZduBovgqiRF0GXBTVdSwT6gCWUynbRDJ5MwD6GGfIkbF4q49VPc+TdO2yy09cCFwzn3cu89YcqZ0q777Wxsbm3v7Jb2yvsHh0eV6vFJVyVGEtohCU9kP8SKciZoRzPNaT+VFMchp71wejv3e49UKpaIBz1LaRDjsWARI1hbaVit+JHEJPOFQXd51siH1ZpbdxdA68QrSA0KtIfVL3+UEBNToQnHSg08N9VBhqVmhNO87BtFU0ymeEwHlgocUxVki8NzdGGVEYoSaUtotFB/T2Q4VmoWh7YzxnqiVr25+J83MDq6CTImUqOpIMtFkeFIJ2ieAhoxSYnmM0swkczeisgE2yS0zapsQ/BWX14n3Ubdc+ve/VWt2SriKMEZnMMleHANTWhBGzpAwMAzvMKb8+S8OO/Ox7J1wylmTuEPnM8fmkyTDg==</latexit><latexit sha1_base64="fBOgqVzlTtP7t8fh+TyADPQbz9w=">AAAB+HicbVDLSsNAFL3xWeujVZduBovgqiRF0GXBTVdSwT6gCWUynbRDJ5MwD6GGfIkbF4q49VPc+TdO2yy09cCFwzn3cu89YcqZ0q777Wxsbm3v7Jb2yvsHh0eV6vFJVyVGEtohCU9kP8SKciZoRzPNaT+VFMchp71wejv3e49UKpaIBz1LaRDjsWARI1hbaVit+JHEJPOFQXd51siH1ZpbdxdA68QrSA0KtIfVL3+UEBNToQnHSg08N9VBhqVmhNO87BtFU0ymeEwHlgocUxVki8NzdGGVEYoSaUtotFB/T2Q4VmoWh7YzxnqiVr25+J83MDq6CTImUqOpIMtFkeFIJ2ieAhoxSYnmM0swkczeisgE2yS0zapsQ/BWX14n3Ubdc+ve/VWt2SriKMEZnMMleHANTWhBGzpAwMAzvMKb8+S8OO/Ox7J1wylmTuEPnM8fmkyTDg==</latexit><latexit sha1_base64="fBOgqVzlTtP7t8fh+TyADPQbz9w=">AAAB+HicbVDLSsNAFL3xWeujVZduBovgqiRF0GXBTVdSwT6gCWUynbRDJ5MwD6GGfIkbF4q49VPc+TdO2yy09cCFwzn3cu89YcqZ0q777Wxsbm3v7Jb2yvsHh0eV6vFJVyVGEtohCU9kP8SKciZoRzPNaT+VFMchp71wejv3e49UKpaIBz1LaRDjsWARI1hbaVit+JHEJPOFQXd51siH1ZpbdxdA68QrSA0KtIfVL3+UEBNToQnHSg08N9VBhqVmhNO87BtFU0ymeEwHlgocUxVki8NzdGGVEYoSaUtotFB/T2Q4VmoWh7YzxnqiVr25+J83MDq6CTImUqOpIMtFkeFIJ2ieAhoxSYnmM0swkczeisgE2yS0zapsQ/BWX14n3Ubdc+ve/VWt2SriKMEZnMMleHANTWhBGzpAwMAzvMKb8+S8OO/Ox7J1wylmTuEPnM8fmkyTDg==</latexit><latexit sha1_base64="fBOgqVzlTtP7t8fh+TyADPQbz9w=">AAAB+HicbVDLSsNAFL3xWeujVZduBovgqiRF0GXBTVdSwT6gCWUynbRDJ5MwD6GGfIkbF4q49VPc+TdO2yy09cCFwzn3cu89YcqZ0q777Wxsbm3v7Jb2yvsHh0eV6vFJVyVGEtohCU9kP8SKciZoRzPNaT+VFMchp71wejv3e49UKpaIBz1LaRDjsWARI1hbaVit+JHEJPOFQXd51siH1ZpbdxdA68QrSA0KtIfVL3+UEBNToQnHSg08N9VBhqVmhNO87BtFU0ymeEwHlgocUxVki8NzdGGVEYoSaUtotFB/T2Q4VmoWh7YzxnqiVr25+J83MDq6CTImUqOpIMtFkeFIJ2ieAhoxSYnmM0swkczeisgE2yS0zapsQ/BWX14n3Ubdc+ve/VWt2SriKMEZnMMleHANTWhBGzpAwMAzvMKb8+S8OO/Ox7J1wylmTuEPnM8fmkyTDg==</latexit>

V (X) = Tr
�
⌫Xa + i✏abc[Xb, Xc]

�2
<latexit sha1_base64="hiHftiBC6DTs6HkhcSsQlN27+XQ="></latexit><latexit sha1_base64="hiHftiBC6DTs6HkhcSsQlN27+XQ="></latexit><latexit sha1_base64="hiHftiBC6DTs6HkhcSsQlN27+XQ="></latexit><latexit sha1_base64="hiHftiBC6DTs6HkhcSsQlN27+XQ="></latexit>



Gauge redundancy as VPDs



• The matrix models of interest have a U(N) symmetry that we will gauge.

Gauge redundancy as VPDs

Xa ! U Xa U†
<latexit sha1_base64="7X1UNtMUZPYLIgKELRYG/0byppY="></latexit><latexit sha1_base64="7X1UNtMUZPYLIgKELRYG/0byppY="></latexit><latexit sha1_base64="7X1UNtMUZPYLIgKELRYG/0byppY="></latexit><latexit sha1_base64="7X1UNtMUZPYLIgKELRYG/0byppY="></latexit>

G = 2i
X

a

: [Xa,⇧a] :
<latexit sha1_base64="b+0nOwCIdTWaVBpKkjhYAU+h4Vw="></latexit><latexit sha1_base64="b+0nOwCIdTWaVBpKkjhYAU+h4Vw="></latexit><latexit sha1_base64="b+0nOwCIdTWaVBpKkjhYAU+h4Vw="></latexit><latexit sha1_base64="b+0nOwCIdTWaVBpKkjhYAU+h4Vw="></latexit>

generated by



• The matrix models of interest have a U(N) symmetry that we will gauge.

• At large N acts on membrane theory as volume preserving diffeomorphisms.

• Moyal map: the trace    integral over non-commutative functions.

Gauge redundancy as VPDs

Xa ! U Xa U†
<latexit sha1_base64="7X1UNtMUZPYLIgKELRYG/0byppY="></latexit><latexit sha1_base64="7X1UNtMUZPYLIgKELRYG/0byppY="></latexit><latexit sha1_base64="7X1UNtMUZPYLIgKELRYG/0byppY="></latexit><latexit sha1_base64="7X1UNtMUZPYLIgKELRYG/0byppY="></latexit>

G = 2i
X

a

: [Xa,⇧a] :
<latexit sha1_base64="b+0nOwCIdTWaVBpKkjhYAU+h4Vw="></latexit><latexit sha1_base64="b+0nOwCIdTWaVBpKkjhYAU+h4Vw="></latexit><latexit sha1_base64="b+0nOwCIdTWaVBpKkjhYAU+h4Vw="></latexit><latexit sha1_base64="b+0nOwCIdTWaVBpKkjhYAU+h4Vw="></latexit>

generated by

TrF̂ [Xa
cl]

N!1!
Z

d⌦ f⇤(x
a)
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• The matrix models of interest have a U(N) symmetry that we will gauge.

• At large N acts on membrane theory as volume preserving diffeomorphisms.

• Moyal map: the trace    integral over non-commutative functions.

Gauge redundancy as VPDs
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Area as state counting 

Inverse coupling (instead of UV cutoff)

Dimension of “edge modes” under 
gauge transformations acting at the 

edge of the subsystem

Area is regulated by N, and is 
replaced by coupling of NC field 

theory describing low-energy 
dynamics of the brane
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r
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Area as state counting 

Minimization Inverse coupling (instead of UV cutoff)

Dimension of “edge modes” under 
gauge transformations acting at the 

edge of the subsystem

Saddle-point in average over 
VPDs that change the subsystem

Area is regulated by N, and is 
replaced by coupling of NC field 

theory describing low-energy 
dynamics of the brane

gMax =

r
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• Initial partition: matrix elements in a MxM block in a fixed basis
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Hphys ,!
<latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit><latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit><latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit><latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit>

= H⌃⌃

O
(H⌃⌃̄ ⌦H⌃̄⌃̄)

<latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit><latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit><latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit><latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit>

:= Hin ⌦Hout
<latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit><latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit><latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit><latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit>

[Buividovich, 
Polikarpov; ’08]

[Donnelly; ’11]
[Casini, Huerta, 
Rosabal; ’13]
[Ghosh, Soni, 
Trivedi; ’15]…
[Das, et al.; ’21]…



• Initial partition: matrix elements in a MxM block in a fixed basis

• e.g. Fuzzy sphere, in basis where       is diagonal and ordered 

X3
<latexit sha1_base64="hN3h93eqKte8DMczrs1CyNPCmRY="></latexit><latexit sha1_base64="hN3h93eqKte8DMczrs1CyNPCmRY="></latexit><latexit sha1_base64="hN3h93eqKte8DMczrs1CyNPCmRY="></latexit><latexit sha1_base64="hN3h93eqKte8DMczrs1CyNPCmRY="></latexit>
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1

CCA

<latexit sha1_base64="uGt22CVWANlSa0d1M+ZmT/tul4M="></latexit><latexit sha1_base64="uGt22CVWANlSa0d1M+ZmT/tul4M="></latexit><latexit sha1_base64="uGt22CVWANlSa0d1M+ZmT/tul4M="></latexit><latexit sha1_base64="uGt22CVWANlSa0d1M+ZmT/tul4M="></latexit>

X3
<latexit sha1_base64="JGh6ftAGpCuGiSkU3AwHimWGteQ="></latexit><latexit sha1_base64="JGh6ftAGpCuGiSkU3AwHimWGteQ="></latexit><latexit sha1_base64="JGh6ftAGpCuGiSkU3AwHimWGteQ="></latexit><latexit sha1_base64="JGh6ftAGpCuGiSkU3AwHimWGteQ="></latexit>

This subsystem is not invariant under U(N)
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<latexit sha1_base64="L15Ggc+f/cosA4vnRu0h9YLyANQ="></latexit><latexit sha1_base64="L15Ggc+f/cosA4vnRu0h9YLyANQ="></latexit><latexit sha1_base64="L15Ggc+f/cosA4vnRu0h9YLyANQ="></latexit><latexit sha1_base64="L15Ggc+f/cosA4vnRu0h9YLyANQ="></latexit>

Hphys ,!
<latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit><latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit><latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit><latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit>

= H⌃⌃

O
(H⌃⌃̄ ⌦H⌃̄⌃̄)

<latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit><latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit><latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit><latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit>

:= Hin ⌦Hout
<latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit><latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit><latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit><latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit>

[Buividovich, 
Polikarpov; ’08]

[Donnelly; ’11]
[Casini, Huerta, 
Rosabal; ’13]
[Ghosh, Soni, 
Trivedi; ’15]…
[Das, et al.; ’21]…



• Initial partition: matrix elements in a MxM block in a fixed basis

• e.g. Fuzzy sphere, in basis where       is diagonal and ordered 

X3
<latexit sha1_base64="hN3h93eqKte8DMczrs1CyNPCmRY="></latexit><latexit sha1_base64="hN3h93eqKte8DMczrs1CyNPCmRY="></latexit><latexit sha1_base64="hN3h93eqKte8DMczrs1CyNPCmRY="></latexit><latexit sha1_base64="hN3h93eqKte8DMczrs1CyNPCmRY="></latexit>

Xa =

0

BB@

Xa
⌃⌃ Xa

⌃⌃̄

Xa
⌃̄⌃

Xa
⌃̄⌃̄

1

CCA

<latexit sha1_base64="uGt22CVWANlSa0d1M+ZmT/tul4M="></latexit><latexit sha1_base64="uGt22CVWANlSa0d1M+ZmT/tul4M="></latexit><latexit sha1_base64="uGt22CVWANlSa0d1M+ZmT/tul4M="></latexit><latexit sha1_base64="uGt22CVWANlSa0d1M+ZmT/tul4M="></latexit>

X3
<latexit sha1_base64="JGh6ftAGpCuGiSkU3AwHimWGteQ="></latexit><latexit sha1_base64="JGh6ftAGpCuGiSkU3AwHimWGteQ="></latexit><latexit sha1_base64="JGh6ftAGpCuGiSkU3AwHimWGteQ="></latexit><latexit sha1_base64="JGh6ftAGpCuGiSkU3AwHimWGteQ="></latexit>

This subsystem is not invariant under U(N)

⌃<latexit sha1_base64="/rjawSry4/B7BC4+y0lcjq20Hmw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLzlGNA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9+/ZSOBBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY1vwozJJLVUkuWiOOXIKjR/HQ2ZpsTyqSOYaOZuRWSMNSbWBVRyIQSrL6+T9lU18KvB3XWl3sjjKMIZnMMlBFCDOjSgCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHbS2PCQ==</latexit><latexit sha1_base64="/rjawSry4/B7BC4+y0lcjq20Hmw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLzlGNA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9+/ZSOBBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY1vwozJJLVUkuWiOOXIKjR/HQ2ZpsTyqSOYaOZuRWSMNSbWBVRyIQSrL6+T9lU18KvB3XWl3sjjKMIZnMMlBFCDOjSgCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHbS2PCQ==</latexit><latexit sha1_base64="/rjawSry4/B7BC4+y0lcjq20Hmw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLzlGNA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9+/ZSOBBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY1vwozJJLVUkuWiOOXIKjR/HQ2ZpsTyqSOYaOZuRWSMNSbWBVRyIQSrL6+T9lU18KvB3XWl3sjjKMIZnMMlBFCDOjSgCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHbS2PCQ==</latexit><latexit sha1_base64="/rjawSry4/B7BC4+y0lcjq20Hmw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLzlGNA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9+/ZSOBBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY1vwozJJLVUkuWiOOXIKjR/HQ2ZpsTyqSOYaOZuRWSMNSbWBVRyIQSrL6+T9lU18KvB3XWl3sjjKMIZnMMlBFCDOjSgCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHbS2PCQ==</latexit>

⌃̄
<latexit sha1_base64="naK8tAZg3fdQYkgK3HhCOnQCmlM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGi/cAmlMl20y7dbMLuRiih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIpylo0EYnqhqiZ4JK1DDeCdVPFMA4F64Tj25nfeWJK80Q+mEnKghiHkkecorHSox+i8u/5MMZ+perW3DnIKvEKUoUCzX7lyx8kNIuZNFSg1j3PTU2QozKcCjYt+5lmKdIxDlnPUokx00E+v3hKzq0yIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqKbIOcyzQyTdLEoygQxCZm9TwZcMWrExBKkittbCR2hQmpsSGUbgrf88ippX9Y8t+bdXVXrjSKOEpzCGVyAB9dQhwY0oQUUJDzDK7w52nlx3p2PReuaU8ycwB84nz9sgZDC</latexit><latexit sha1_base64="naK8tAZg3fdQYkgK3HhCOnQCmlM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGi/cAmlMl20y7dbMLuRiih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIpylo0EYnqhqiZ4JK1DDeCdVPFMA4F64Tj25nfeWJK80Q+mEnKghiHkkecorHSox+i8u/5MMZ+perW3DnIKvEKUoUCzX7lyx8kNIuZNFSg1j3PTU2QozKcCjYt+5lmKdIxDlnPUokx00E+v3hKzq0yIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqKbIOcyzQyTdLEoygQxCZm9TwZcMWrExBKkittbCR2hQmpsSGUbgrf88ippX9Y8t+bdXVXrjSKOEpzCGVyAB9dQhwY0oQUUJDzDK7w52nlx3p2PReuaU8ycwB84nz9sgZDC</latexit><latexit sha1_base64="naK8tAZg3fdQYkgK3HhCOnQCmlM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGi/cAmlMl20y7dbMLuRiih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIpylo0EYnqhqiZ4JK1DDeCdVPFMA4F64Tj25nfeWJK80Q+mEnKghiHkkecorHSox+i8u/5MMZ+perW3DnIKvEKUoUCzX7lyx8kNIuZNFSg1j3PTU2QozKcCjYt+5lmKdIxDlnPUokx00E+v3hKzq0yIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqKbIOcyzQyTdLEoygQxCZm9TwZcMWrExBKkittbCR2hQmpsSGUbgrf88ippX9Y8t+bdXVXrjSKOEpzCGVyAB9dQhwY0oQUUJDzDK7w52nlx3p2PReuaU8ycwB84nz9sgZDC</latexit><latexit sha1_base64="naK8tAZg3fdQYkgK3HhCOnQCmlM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGi/cAmlMl20y7dbMLuRiih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIpylo0EYnqhqiZ4JK1DDeCdVPFMA4F64Tj25nfeWJK80Q+mEnKghiHkkecorHSox+i8u/5MMZ+perW3DnIKvEKUoUCzX7lyx8kNIuZNFSg1j3PTU2QozKcCjYt+5lmKdIxDlnPUokx00E+v3hKzq0yIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqKbIOcyzQyTdLEoygQxCZm9TwZcMWrExBKkittbCR2hQmpsSGUbgrf88ippX9Y8t+bdXVXrjSKOEpzCGVyAB9dQhwY0oQUUJDzDK7w52nlx3p2PReuaU8ycwB84nz9sgZDC</latexit>

 
<latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit>

 
<latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit>

 
<latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit>

 
<latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit>

✓ ◆

<latexit sha1_base64="Cw0Srnc5ERZjCddNtSyaBSbnhto="></latexit><latexit sha1_base64="Cw0Srnc5ERZjCddNtSyaBSbnhto="></latexit><latexit sha1_base64="Cw0Srnc5ERZjCddNtSyaBSbnhto="></latexit><latexit sha1_base64="Cw0Srnc5ERZjCddNtSyaBSbnhto="></latexit>

Hext =
dO

a=1

O

i,j

spanC
�
|Xa

iji
 

<latexit sha1_base64="L15Ggc+f/cosA4vnRu0h9YLyANQ="></latexit><latexit sha1_base64="L15Ggc+f/cosA4vnRu0h9YLyANQ="></latexit><latexit sha1_base64="L15Ggc+f/cosA4vnRu0h9YLyANQ="></latexit><latexit sha1_base64="L15Ggc+f/cosA4vnRu0h9YLyANQ="></latexit>

Hphys ,!
<latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit><latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit><latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit><latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit>

= H⌃⌃

O
(H⌃⌃̄ ⌦H⌃̄⌃̄)

<latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit><latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit><latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit><latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit>

:= Hin ⌦Hout
<latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit><latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit><latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit><latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit>

[Buividovich, 
Polikarpov; ’08]

[Donnelly; ’11]
[Casini, Huerta, 
Rosabal; ’13]
[Ghosh, Soni, 
Trivedi; ’15]…
[Das, et al.; ’21]…



• Initial partition: matrix elements in a MxM block in a fixed basis

• e.g. Fuzzy sphere, in basis where       is diagonal and ordered 

X3
<latexit sha1_base64="hN3h93eqKte8DMczrs1CyNPCmRY="></latexit><latexit sha1_base64="hN3h93eqKte8DMczrs1CyNPCmRY="></latexit><latexit sha1_base64="hN3h93eqKte8DMczrs1CyNPCmRY="></latexit><latexit sha1_base64="hN3h93eqKte8DMczrs1CyNPCmRY="></latexit>

Xa =

0

BB@

Xa
⌃⌃ Xa

⌃⌃̄

Xa
⌃̄⌃

Xa
⌃̄⌃̄

1

CCA

<latexit sha1_base64="uGt22CVWANlSa0d1M+ZmT/tul4M="></latexit><latexit sha1_base64="uGt22CVWANlSa0d1M+ZmT/tul4M="></latexit><latexit sha1_base64="uGt22CVWANlSa0d1M+ZmT/tul4M="></latexit><latexit sha1_base64="uGt22CVWANlSa0d1M+ZmT/tul4M="></latexit>

X3
<latexit sha1_base64="JGh6ftAGpCuGiSkU3AwHimWGteQ="></latexit><latexit sha1_base64="JGh6ftAGpCuGiSkU3AwHimWGteQ="></latexit><latexit sha1_base64="JGh6ftAGpCuGiSkU3AwHimWGteQ="></latexit><latexit sha1_base64="JGh6ftAGpCuGiSkU3AwHimWGteQ="></latexit>

This subsystem is not invariant under U(N)

⌃<latexit sha1_base64="/rjawSry4/B7BC4+y0lcjq20Hmw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLzlGNA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9+/ZSOBBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY1vwozJJLVUkuWiOOXIKjR/HQ2ZpsTyqSOYaOZuRWSMNSbWBVRyIQSrL6+T9lU18KvB3XWl3sjjKMIZnMMlBFCDOjSgCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHbS2PCQ==</latexit><latexit sha1_base64="/rjawSry4/B7BC4+y0lcjq20Hmw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLzlGNA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9+/ZSOBBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY1vwozJJLVUkuWiOOXIKjR/HQ2ZpsTyqSOYaOZuRWSMNSbWBVRyIQSrL6+T9lU18KvB3XWl3sjjKMIZnMMlBFCDOjSgCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHbS2PCQ==</latexit><latexit sha1_base64="/rjawSry4/B7BC4+y0lcjq20Hmw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLzlGNA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9+/ZSOBBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY1vwozJJLVUkuWiOOXIKjR/HQ2ZpsTyqSOYaOZuRWSMNSbWBVRyIQSrL6+T9lU18KvB3XWl3sjjKMIZnMMlBFCDOjSgCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHbS2PCQ==</latexit><latexit sha1_base64="/rjawSry4/B7BC4+y0lcjq20Hmw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLzlGNA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9+/ZSOBBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY1vwozJJLVUkuWiOOXIKjR/HQ2ZpsTyqSOYaOZuRWSMNSbWBVRyIQSrL6+T9lU18KvB3XWl3sjjKMIZnMMlBFCDOjSgCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHbS2PCQ==</latexit>

⌃̄
<latexit sha1_base64="naK8tAZg3fdQYkgK3HhCOnQCmlM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGi/cAmlMl20y7dbMLuRiih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIpylo0EYnqhqiZ4JK1DDeCdVPFMA4F64Tj25nfeWJK80Q+mEnKghiHkkecorHSox+i8u/5MMZ+perW3DnIKvEKUoUCzX7lyx8kNIuZNFSg1j3PTU2QozKcCjYt+5lmKdIxDlnPUokx00E+v3hKzq0yIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqKbIOcyzQyTdLEoygQxCZm9TwZcMWrExBKkittbCR2hQmpsSGUbgrf88ippX9Y8t+bdXVXrjSKOEpzCGVyAB9dQhwY0oQUUJDzDK7w52nlx3p2PReuaU8ycwB84nz9sgZDC</latexit><latexit sha1_base64="naK8tAZg3fdQYkgK3HhCOnQCmlM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGi/cAmlMl20y7dbMLuRiih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIpylo0EYnqhqiZ4JK1DDeCdVPFMA4F64Tj25nfeWJK80Q+mEnKghiHkkecorHSox+i8u/5MMZ+perW3DnIKvEKUoUCzX7lyx8kNIuZNFSg1j3PTU2QozKcCjYt+5lmKdIxDlnPUokx00E+v3hKzq0yIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqKbIOcyzQyTdLEoygQxCZm9TwZcMWrExBKkittbCR2hQmpsSGUbgrf88ippX9Y8t+bdXVXrjSKOEpzCGVyAB9dQhwY0oQUUJDzDK7w52nlx3p2PReuaU8ycwB84nz9sgZDC</latexit><latexit sha1_base64="naK8tAZg3fdQYkgK3HhCOnQCmlM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGi/cAmlMl20y7dbMLuRiih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIpylo0EYnqhqiZ4JK1DDeCdVPFMA4F64Tj25nfeWJK80Q+mEnKghiHkkecorHSox+i8u/5MMZ+perW3DnIKvEKUoUCzX7lyx8kNIuZNFSg1j3PTU2QozKcCjYt+5lmKdIxDlnPUokx00E+v3hKzq0yIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqKbIOcyzQyTdLEoygQxCZm9TwZcMWrExBKkittbCR2hQmpsSGUbgrf88ippX9Y8t+bdXVXrjSKOEpzCGVyAB9dQhwY0oQUUJDzDK7w52nlx3p2PReuaU8ycwB84nz9sgZDC</latexit><latexit sha1_base64="naK8tAZg3fdQYkgK3HhCOnQCmlM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGi/cAmlMl20y7dbMLuRiih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIpylo0EYnqhqiZ4JK1DDeCdVPFMA4F64Tj25nfeWJK80Q+mEnKghiHkkecorHSox+i8u/5MMZ+perW3DnIKvEKUoUCzX7lyx8kNIuZNFSg1j3PTU2QozKcCjYt+5lmKdIxDlnPUokx00E+v3hKzq0yIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqKbIOcyzQyTdLEoygQxCZm9TwZcMWrExBKkittbCR2hQmpsSGUbgrf88ippX9Y8t+bdXVXrjSKOEpzCGVyAB9dQhwY0oQUUJDzDK7w52nlx3p2PReuaU8ycwB84nz9sgZDC</latexit>
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Hext =
dO

a=1

O

i,j

spanC
�
|Xa

iji
 

<latexit sha1_base64="L15Ggc+f/cosA4vnRu0h9YLyANQ="></latexit><latexit sha1_base64="L15Ggc+f/cosA4vnRu0h9YLyANQ="></latexit><latexit sha1_base64="L15Ggc+f/cosA4vnRu0h9YLyANQ="></latexit><latexit sha1_base64="L15Ggc+f/cosA4vnRu0h9YLyANQ="></latexit>

Hphys ,!
<latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit><latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit><latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit><latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit>

= H⌃⌃

O
(H⌃⌃̄ ⌦H⌃̄⌃̄)

<latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit><latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit><latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit><latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit>

:= Hin ⌦Hout
<latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit><latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit><latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit><latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit>

[Buividovich, 
Polikarpov; ’08]

[Donnelly; ’11]
[Casini, Huerta, 
Rosabal; ’13]
[Ghosh, Soni, 
Trivedi; ’15]…
[Das, et al.; ’21]…



• Initial partition: matrix elements in a MxM block in a fixed basis

• e.g. Fuzzy sphere, in basis where       is diagonal and ordered 

X3
<latexit sha1_base64="hN3h93eqKte8DMczrs1CyNPCmRY="></latexit><latexit sha1_base64="hN3h93eqKte8DMczrs1CyNPCmRY="></latexit><latexit sha1_base64="hN3h93eqKte8DMczrs1CyNPCmRY="></latexit><latexit sha1_base64="hN3h93eqKte8DMczrs1CyNPCmRY="></latexit>

Xa =

0

BB@

Xa
⌃⌃ Xa

⌃⌃̄

Xa
⌃̄⌃

Xa
⌃̄⌃̄

1

CCA

<latexit sha1_base64="uGt22CVWANlSa0d1M+ZmT/tul4M="></latexit><latexit sha1_base64="uGt22CVWANlSa0d1M+ZmT/tul4M="></latexit><latexit sha1_base64="uGt22CVWANlSa0d1M+ZmT/tul4M="></latexit><latexit sha1_base64="uGt22CVWANlSa0d1M+ZmT/tul4M="></latexit>

X3
<latexit sha1_base64="JGh6ftAGpCuGiSkU3AwHimWGteQ="></latexit><latexit sha1_base64="JGh6ftAGpCuGiSkU3AwHimWGteQ="></latexit><latexit sha1_base64="JGh6ftAGpCuGiSkU3AwHimWGteQ="></latexit><latexit sha1_base64="JGh6ftAGpCuGiSkU3AwHimWGteQ="></latexit>

This subsystem is not invariant under U(N)

⌃<latexit sha1_base64="/rjawSry4/B7BC4+y0lcjq20Hmw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLzlGNA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9+/ZSOBBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY1vwozJJLVUkuWiOOXIKjR/HQ2ZpsTyqSOYaOZuRWSMNSbWBVRyIQSrL6+T9lU18KvB3XWl3sjjKMIZnMMlBFCDOjSgCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHbS2PCQ==</latexit><latexit sha1_base64="/rjawSry4/B7BC4+y0lcjq20Hmw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLzlGNA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9+/ZSOBBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY1vwozJJLVUkuWiOOXIKjR/HQ2ZpsTyqSOYaOZuRWSMNSbWBVRyIQSrL6+T9lU18KvB3XWl3sjjKMIZnMMlBFCDOjSgCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHbS2PCQ==</latexit><latexit sha1_base64="/rjawSry4/B7BC4+y0lcjq20Hmw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLzlGNA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9+/ZSOBBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY1vwozJJLVUkuWiOOXIKjR/HQ2ZpsTyqSOYaOZuRWSMNSbWBVRyIQSrL6+T9lU18KvB3XWl3sjjKMIZnMMlBFCDOjSgCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHbS2PCQ==</latexit><latexit sha1_base64="/rjawSry4/B7BC4+y0lcjq20Hmw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BLzlGNA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q9+/ZSOBBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY1vwozJJLVUkuWiOOXIKjR/HQ2ZpsTyqSOYaOZuRWSMNSbWBVRyIQSrL6+T9lU18KvB3XWl3sjjKMIZnMMlBFCDOjSgCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHbS2PCQ==</latexit>

⌃̄
<latexit sha1_base64="naK8tAZg3fdQYkgK3HhCOnQCmlM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGi/cAmlMl20y7dbMLuRiih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIpylo0EYnqhqiZ4JK1DDeCdVPFMA4F64Tj25nfeWJK80Q+mEnKghiHkkecorHSox+i8u/5MMZ+perW3DnIKvEKUoUCzX7lyx8kNIuZNFSg1j3PTU2QozKcCjYt+5lmKdIxDlnPUokx00E+v3hKzq0yIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqKbIOcyzQyTdLEoygQxCZm9TwZcMWrExBKkittbCR2hQmpsSGUbgrf88ippX9Y8t+bdXVXrjSKOEpzCGVyAB9dQhwY0oQUUJDzDK7w52nlx3p2PReuaU8ycwB84nz9sgZDC</latexit><latexit sha1_base64="naK8tAZg3fdQYkgK3HhCOnQCmlM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGi/cAmlMl20y7dbMLuRiih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIpylo0EYnqhqiZ4JK1DDeCdVPFMA4F64Tj25nfeWJK80Q+mEnKghiHkkecorHSox+i8u/5MMZ+perW3DnIKvEKUoUCzX7lyx8kNIuZNFSg1j3PTU2QozKcCjYt+5lmKdIxDlnPUokx00E+v3hKzq0yIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqKbIOcyzQyTdLEoygQxCZm9TwZcMWrExBKkittbCR2hQmpsSGUbgrf88ippX9Y8t+bdXVXrjSKOEpzCGVyAB9dQhwY0oQUUJDzDK7w52nlx3p2PReuaU8ycwB84nz9sgZDC</latexit><latexit sha1_base64="naK8tAZg3fdQYkgK3HhCOnQCmlM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGi/cAmlMl20y7dbMLuRiih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIpylo0EYnqhqiZ4JK1DDeCdVPFMA4F64Tj25nfeWJK80Q+mEnKghiHkkecorHSox+i8u/5MMZ+perW3DnIKvEKUoUCzX7lyx8kNIuZNFSg1j3PTU2QozKcCjYt+5lmKdIxDlnPUokx00E+v3hKzq0yIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqKbIOcyzQyTdLEoygQxCZm9TwZcMWrExBKkittbCR2hQmpsSGUbgrf88ippX9Y8t+bdXVXrjSKOEpzCGVyAB9dQhwY0oQUUJDzDK7w52nlx3p2PReuaU8ycwB84nz9sgZDC</latexit><latexit sha1_base64="naK8tAZg3fdQYkgK3HhCOnQCmlM=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix46bGi/cAmlMl20y7dbMLuRiih/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIpylo0EYnqhqiZ4JK1DDeCdVPFMA4F64Tj25nfeWJK80Q+mEnKghiHkkecorHSox+i8u/5MMZ+perW3DnIKvEKUoUCzX7lyx8kNIuZNFSg1j3PTU2QozKcCjYt+5lmKdIxDlnPUokx00E+v3hKzq0yIFGibElD5urviRxjrSdxaDtjNCO97M3E/7xeZqKbIOcyzQyTdLEoygQxCZm9TwZcMWrExBKkittbCR2hQmpsSGUbgrf88ippX9Y8t+bdXVXrjSKOEpzCGVyAB9dQhwY0oQUUJDzDK7w52nlx3p2PReuaU8ycwB84nz9sgZDC</latexit>
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<latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit>
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<latexit sha1_base64="Cw0Srnc5ERZjCddNtSyaBSbnhto="></latexit><latexit sha1_base64="Cw0Srnc5ERZjCddNtSyaBSbnhto="></latexit><latexit sha1_base64="Cw0Srnc5ERZjCddNtSyaBSbnhto="></latexit><latexit sha1_base64="Cw0Srnc5ERZjCddNtSyaBSbnhto="></latexit>

U(M)⇥ U(N �M)
<latexit sha1_base64="BPmkuAahgirFjwCiEyVQA12TuX4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBHahSFp7WNZcNNNpYJpC20ok+mkHTp5MDNRSuynuHGhiFu/xJ1/46StoKIHLhzOuZd773EjRoU0zQ9tbX1jc2s7s5Pd3ds/ONRzRx0RxhwTG4cs5D0XCcJoQGxJJSO9iBPku4x03ell6ndvCRc0DG7kLCKOj8YB9ShGUklDPWcXWsWBpD4R0C5cnbeKQz1vGlbFsso1aBrlSqVaq6akVK2X69AyzAXyYIX2UH8fjEIc+ySQmCEh+pYZSSdBXFLMyDw7iAWJEJ6iMekrGiC1y0kWp8/hmVJG0Au5qkDChfp9IkG+EDPfVZ0+khPx20vFv7x+LL26k9AgiiUJ8HKRFzMoQ5jmAEeUEyzZTBGEOVW3QjxBHGGp0sqqEL4+hf+TTsmwVFbXF/lGcxVHBpyAU1AAFqiBBmiCNrABBnfgATyBZ+1ee9RetNdl65q2mjkGP6C9fQIptpKq</latexit><latexit sha1_base64="BPmkuAahgirFjwCiEyVQA12TuX4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBHahSFp7WNZcNNNpYJpC20ok+mkHTp5MDNRSuynuHGhiFu/xJ1/46StoKIHLhzOuZd773EjRoU0zQ9tbX1jc2s7s5Pd3ds/ONRzRx0RxhwTG4cs5D0XCcJoQGxJJSO9iBPku4x03ell6ndvCRc0DG7kLCKOj8YB9ShGUklDPWcXWsWBpD4R0C5cnbeKQz1vGlbFsso1aBrlSqVaq6akVK2X69AyzAXyYIX2UH8fjEIc+ySQmCEh+pYZSSdBXFLMyDw7iAWJEJ6iMekrGiC1y0kWp8/hmVJG0Au5qkDChfp9IkG+EDPfVZ0+khPx20vFv7x+LL26k9AgiiUJ8HKRFzMoQ5jmAEeUEyzZTBGEOVW3QjxBHGGp0sqqEL4+hf+TTsmwVFbXF/lGcxVHBpyAU1AAFqiBBmiCNrABBnfgATyBZ+1ee9RetNdl65q2mjkGP6C9fQIptpKq</latexit><latexit sha1_base64="BPmkuAahgirFjwCiEyVQA12TuX4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBHahSFp7WNZcNNNpYJpC20ok+mkHTp5MDNRSuynuHGhiFu/xJ1/46StoKIHLhzOuZd773EjRoU0zQ9tbX1jc2s7s5Pd3ds/ONRzRx0RxhwTG4cs5D0XCcJoQGxJJSO9iBPku4x03ell6ndvCRc0DG7kLCKOj8YB9ShGUklDPWcXWsWBpD4R0C5cnbeKQz1vGlbFsso1aBrlSqVaq6akVK2X69AyzAXyYIX2UH8fjEIc+ySQmCEh+pYZSSdBXFLMyDw7iAWJEJ6iMekrGiC1y0kWp8/hmVJG0Au5qkDChfp9IkG+EDPfVZ0+khPx20vFv7x+LL26k9AgiiUJ8HKRFzMoQ5jmAEeUEyzZTBGEOVW3QjxBHGGp0sqqEL4+hf+TTsmwVFbXF/lGcxVHBpyAU1AAFqiBBmiCNrABBnfgATyBZ+1ee9RetNdl65q2mjkGP6C9fQIptpKq</latexit><latexit sha1_base64="BPmkuAahgirFjwCiEyVQA12TuX4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBHahSFp7WNZcNNNpYJpC20ok+mkHTp5MDNRSuynuHGhiFu/xJ1/46StoKIHLhzOuZd773EjRoU0zQ9tbX1jc2s7s5Pd3ds/ONRzRx0RxhwTG4cs5D0XCcJoQGxJJSO9iBPku4x03ell6ndvCRc0DG7kLCKOj8YB9ShGUklDPWcXWsWBpD4R0C5cnbeKQz1vGlbFsso1aBrlSqVaq6akVK2X69AyzAXyYIX2UH8fjEIc+ySQmCEh+pYZSSdBXFLMyDw7iAWJEJ6iMekrGiC1y0kWp8/hmVJG0Au5qkDChfp9IkG+EDPfVZ0+khPx20vFv7x+LL26k9AgiiUJ8HKRFzMoQ5jmAEeUEyzZTBGEOVW3QjxBHGGp0sqqEL4+hf+TTsmwVFbXF/lGcxVHBpyAU1AAFqiBBmiCNrABBnfgATyBZ+1ee9RetNdl65q2mjkGP6C9fQIptpKq</latexit>

U(N)/(U(M)⇥ U(N �M))
<latexit sha1_base64="NjrZMj3yqGyY5N9g39I3eQt6wtc=">AAACAXicdZBNSwJBGMdnezV72+oSdBmSYPeQ7a6mdhO6eDEMWhVUZHYcdXD2hZnZQMQufZUuHYro2rfo1rdpVg0q6g8Df37P8/DM8/ciRoW0rA9taXlldW09tZHe3Nre2dX39usijDkmLg5ZyJseEoTRgLiSSkaaESfI9xhpeKPLpN64JVzQMLiR44h0fDQIaJ9iJBXq6oeucWWeGa5RNduS+kRABU6rptnVM1b2olRwzh1oZS2r6OQKiXGKeScHbUUSZcBCta7+3u6FOPZJIDFDQrRsK5KdCeKSYkam6XYsSITwCA1IS9kAqWWdyeyCKTxRpAf7IVcvkHBGv09MkC/E2PdUp4/kUPyuJfCvWiuW/VJnQoMoliTA80X9mEEZwiQO2KOcYMnGyiDMqforxEPEEZYqtLQK4etS+L+pO1nbytrX+Uy5sogjBY7AMTCADYqgDCqgBlyAwR14AE/gWbvXHrUX7XXeuqQtZg7AD2lvn3F+lFg=</latexit><latexit sha1_base64="NjrZMj3yqGyY5N9g39I3eQt6wtc=">AAACAXicdZBNSwJBGMdnezV72+oSdBmSYPeQ7a6mdhO6eDEMWhVUZHYcdXD2hZnZQMQufZUuHYro2rfo1rdpVg0q6g8Df37P8/DM8/ciRoW0rA9taXlldW09tZHe3Nre2dX39usijDkmLg5ZyJseEoTRgLiSSkaaESfI9xhpeKPLpN64JVzQMLiR44h0fDQIaJ9iJBXq6oeucWWeGa5RNduS+kRABU6rptnVM1b2olRwzh1oZS2r6OQKiXGKeScHbUUSZcBCta7+3u6FOPZJIDFDQrRsK5KdCeKSYkam6XYsSITwCA1IS9kAqWWdyeyCKTxRpAf7IVcvkHBGv09MkC/E2PdUp4/kUPyuJfCvWiuW/VJnQoMoliTA80X9mEEZwiQO2KOcYMnGyiDMqforxEPEEZYqtLQK4etS+L+pO1nbytrX+Uy5sogjBY7AMTCADYqgDCqgBlyAwR14AE/gWbvXHrUX7XXeuqQtZg7AD2lvn3F+lFg=</latexit><latexit sha1_base64="NjrZMj3yqGyY5N9g39I3eQt6wtc=">AAACAXicdZBNSwJBGMdnezV72+oSdBmSYPeQ7a6mdhO6eDEMWhVUZHYcdXD2hZnZQMQufZUuHYro2rfo1rdpVg0q6g8Df37P8/DM8/ciRoW0rA9taXlldW09tZHe3Nre2dX39usijDkmLg5ZyJseEoTRgLiSSkaaESfI9xhpeKPLpN64JVzQMLiR44h0fDQIaJ9iJBXq6oeucWWeGa5RNduS+kRABU6rptnVM1b2olRwzh1oZS2r6OQKiXGKeScHbUUSZcBCta7+3u6FOPZJIDFDQrRsK5KdCeKSYkam6XYsSITwCA1IS9kAqWWdyeyCKTxRpAf7IVcvkHBGv09MkC/E2PdUp4/kUPyuJfCvWiuW/VJnQoMoliTA80X9mEEZwiQO2KOcYMnGyiDMqforxEPEEZYqtLQK4etS+L+pO1nbytrX+Uy5sogjBY7AMTCADYqgDCqgBlyAwR14AE/gWbvXHrUX7XXeuqQtZg7AD2lvn3F+lFg=</latexit><latexit sha1_base64="NjrZMj3yqGyY5N9g39I3eQt6wtc=">AAACAXicdZBNSwJBGMdnezV72+oSdBmSYPeQ7a6mdhO6eDEMWhVUZHYcdXD2hZnZQMQufZUuHYro2rfo1rdpVg0q6g8Df37P8/DM8/ciRoW0rA9taXlldW09tZHe3Nre2dX39usijDkmLg5ZyJseEoTRgLiSSkaaESfI9xhpeKPLpN64JVzQMLiR44h0fDQIaJ9iJBXq6oeucWWeGa5RNduS+kRABU6rptnVM1b2olRwzh1oZS2r6OQKiXGKeScHbUUSZcBCta7+3u6FOPZJIDFDQrRsK5KdCeKSYkam6XYsSITwCA1IS9kAqWWdyeyCKTxRpAf7IVcvkHBGv09MkC/E2PdUp4/kUPyuJfCvWiuW/VJnQoMoliTA80X9mEEZwiQO2KOcYMnGyiDMqforxEPEEZYqtLQK4etS+L+pO1nbytrX+Uy5sogjBY7AMTCADYqgDCqgBlyAwR14AE/gWbvXHrUX7XXeuqQtZg7AD2lvn3F+lFg=</latexit>

⌘ F
<latexit sha1_base64="CqhZ99KCSYRXnU+mnthjC2dpBXw=">AAAB73icdVBdSwJBFJ21L7Mvq8dehiToaZldTe1NCMJHg/wAXWR2HHVwdnadmRVk8U/00kMRvfZ3euvfNKsGFXXgwuGce7n3Hj/iTGmEPqzMxubW9k52N7e3f3B4lD8+aakwloQ2SchD2fGxopwJ2tRMc9qJJMWBz2nbn9ykfntGpWKhuNfziHoBHgk2ZARrI3V6dBqzGbzt5wvIvq6W3SsXIhuhilssp8StlNwidIySogDWaPTz771BSOKACk04VqrroEh7CZaaEU4XuV6saITJBI9o11CBA6q8ZHnvAl4YZQCHoTQlNFyq3ycSHCg1D3zTGWA9Vr+9VPzL68Z6WPUSJqJYU0FWi4YxhzqE6fNwwCQlms8NwUQycyskYywx0SainAnh61P4P2m5toNs565UqNXXcWTBGTgHl8ABFVADddAATUAABw/gCTxbU+vRerFeV60Zaz1zCn7AevsEELKQAA==</latexit><latexit sha1_base64="CqhZ99KCSYRXnU+mnthjC2dpBXw=">AAAB73icdVBdSwJBFJ21L7Mvq8dehiToaZldTe1NCMJHg/wAXWR2HHVwdnadmRVk8U/00kMRvfZ3euvfNKsGFXXgwuGce7n3Hj/iTGmEPqzMxubW9k52N7e3f3B4lD8+aakwloQ2SchD2fGxopwJ2tRMc9qJJMWBz2nbn9ykfntGpWKhuNfziHoBHgk2ZARrI3V6dBqzGbzt5wvIvq6W3SsXIhuhilssp8StlNwidIySogDWaPTz771BSOKACk04VqrroEh7CZaaEU4XuV6saITJBI9o11CBA6q8ZHnvAl4YZQCHoTQlNFyq3ycSHCg1D3zTGWA9Vr+9VPzL68Z6WPUSJqJYU0FWi4YxhzqE6fNwwCQlms8NwUQycyskYywx0SainAnh61P4P2m5toNs565UqNXXcWTBGTgHl8ABFVADddAATUAABw/gCTxbU+vRerFeV60Zaz1zCn7AevsEELKQAA==</latexit><latexit sha1_base64="CqhZ99KCSYRXnU+mnthjC2dpBXw=">AAAB73icdVBdSwJBFJ21L7Mvq8dehiToaZldTe1NCMJHg/wAXWR2HHVwdnadmRVk8U/00kMRvfZ3euvfNKsGFXXgwuGce7n3Hj/iTGmEPqzMxubW9k52N7e3f3B4lD8+aakwloQ2SchD2fGxopwJ2tRMc9qJJMWBz2nbn9ykfntGpWKhuNfziHoBHgk2ZARrI3V6dBqzGbzt5wvIvq6W3SsXIhuhilssp8StlNwidIySogDWaPTz771BSOKACk04VqrroEh7CZaaEU4XuV6saITJBI9o11CBA6q8ZHnvAl4YZQCHoTQlNFyq3ycSHCg1D3zTGWA9Vr+9VPzL68Z6WPUSJqJYU0FWi4YxhzqE6fNwwCQlms8NwUQycyskYywx0SainAnh61P4P2m5toNs565UqNXXcWTBGTgHl8ABFVADddAATUAABw/gCTxbU+vRerFeV60Zaz1zCn7AevsEELKQAA==</latexit><latexit sha1_base64="CqhZ99KCSYRXnU+mnthjC2dpBXw=">AAAB73icdVBdSwJBFJ21L7Mvq8dehiToaZldTe1NCMJHg/wAXWR2HHVwdnadmRVk8U/00kMRvfZ3euvfNKsGFXXgwuGce7n3Hj/iTGmEPqzMxubW9k52N7e3f3B4lD8+aakwloQ2SchD2fGxopwJ2tRMc9qJJMWBz2nbn9ykfntGpWKhuNfziHoBHgk2ZARrI3V6dBqzGbzt5wvIvq6W3SsXIhuhilssp8StlNwidIySogDWaPTz771BSOKACk04VqrroEh7CZaaEU4XuV6saITJBI9o11CBA6q8ZHnvAl4YZQCHoTQlNFyq3ycSHCg1D3zTGWA9Vr+9VPzL68Z6WPUSJqJYU0FWi4YxhzqE6fNwwCQlms8NwUQycyskYywx0SainAnh61P4P2m5toNs565UqNXXcWTBGTgHl8ABFVADddAATUAABw/gCTxbU+vRerFeV60Zaz1zCn7AevsEELKQAA==</latexit>

Hext =
dO

a=1

O

i,j

spanC
�
|Xa

iji
 

<latexit sha1_base64="L15Ggc+f/cosA4vnRu0h9YLyANQ="></latexit><latexit sha1_base64="L15Ggc+f/cosA4vnRu0h9YLyANQ="></latexit><latexit sha1_base64="L15Ggc+f/cosA4vnRu0h9YLyANQ="></latexit><latexit sha1_base64="L15Ggc+f/cosA4vnRu0h9YLyANQ="></latexit>

Hphys ,!
<latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit><latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit><latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit><latexit sha1_base64="yhFqoqrtC9VuTaoM8bRPu5FCWlg=">AAACDnicbVBNS8NAEN3Ur1q/oh69LJaCp5KIoMeClx4r2A9oStlsN83STTbsTtQQ+gu8+Fe8eFDEq2dv/hu3bQ7a+mDg8d4MM/P8RHANjvNtldbWNza3ytuVnd29/QP78KijZaooa1MppOr5RDPBY9YGDoL1EsVI5AvW9SfXM797x5TmMr6FLGGDiIxjHnBKwEhDu+ZFBEJKBG4OPWAPkCdhpqdeKOVE8XEIRCl5P7SrTt2ZA68StyBVVKA1tL+8kaRpxGKggmjdd50EBjlRwKlg04qXapYQOiFj1jc0JhHTg3z+zhTXjDLCgVSmYsBz9fdETiKts8g3nbPj9bI3E//z+ikEV4Ocx0kKLKaLRUEqMEg8ywaPuGIURGYIoYqbWzENiSIUTIIVE4K7/PIq6ZzXXafu3lxUG80ijjI6QafoDLnoEjVQE7VQG1H0iJ7RK3qznqwX6936WLSWrGLmGP2B9fkD8PWdUw==</latexit>

= H⌃⌃

O
(H⌃⌃̄ ⌦H⌃̄⌃̄)

<latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit><latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit><latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit><latexit sha1_base64="eDH7EcQSR1Ky4c+tWQRPoN94umU="></latexit>

:= Hin ⌦Hout
<latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit><latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit><latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit><latexit sha1_base64="kKvH+Idp67Kv4FE4aUDupCfX4ls=">AAACG3icbVBNS8NAEN34WetX1KOXxSJ4KkkRFEEoeOmxgv2AJoTNdtMu3WTD7kQsof/Di3/FiwdFPAke/Ddu2xy09cHA470ZZuaFqeAaHOfbWlldW9/YLG2Vt3d29/btg8O2lpmirEWlkKobEs0ET1gLOAjWTRUjcShYJxzdTP3OPVOay+QOxinzYzJIeMQpASMFdu3q2osJDCkRuBF4wB4g58nEk8BjppcsmcEksCtO1ZkBLxO3IBVUoBnYn15f0ixmCVBBtO65Tgp+ThRwKtik7GWapYSOyID1DE2I2ezns98m+NQofRxJZSoBPFN/T+Qk1noch6Zzeqxe9Kbif14vg+jSN7+mGbCEzhdFmcAg8TQo3OeKURBjQwhV3NyK6ZAoQsHEWTYhuIsvL5N2reo6Vff2vFJvFHGU0DE6QWfIRReojhqoiVqIokf0jF7Rm/VkvVjv1se8dcUqZo7QH1hfP4oqomQ=</latexit>
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• Partition of matrix entries  subregion of the emergent geometry.

• U(N) mixes matrix blocks  VPDs mix subregions

• Gauge-invariant question:  

Gauge invariant entanglement

what is the entropy of any 
MxM matrix block?

what is the entropy of any 
region of fixed volume?



Gauge invariant entanglement



• Start with a gauge-fixed state                       and average over gauge orbit

Gauge invariant entanglement

| i =
Z

U(N)
dg ⇡̂(g)| gfi ⌘

Z

F
dV | V i

<latexit sha1_base64="PuYy3TCCYx20G/kc6y8dNtQLFto="></latexit><latexit sha1_base64="PuYy3TCCYx20G/kc6y8dNtQLFto="></latexit><latexit sha1_base64="PuYy3TCCYx20G/kc6y8dNtQLFto="></latexit><latexit sha1_base64="PuYy3TCCYx20G/kc6y8dNtQLFto="></latexit>

| gfi 2 Hext
<latexit sha1_base64="2ycmRbrsGM+Kk7FICjLE/tzldD4="></latexit><latexit sha1_base64="2ycmRbrsGM+Kk7FICjLE/tzldD4="></latexit><latexit sha1_base64="2ycmRbrsGM+Kk7FICjLE/tzldD4="></latexit><latexit sha1_base64="2ycmRbrsGM+Kk7FICjLE/tzldD4="></latexit>



• Start with a gauge-fixed state                       and average over gauge orbit

•          is invariant under U(M) acting on a MxM block in basis transformed by V.

Gauge invariant entanglement

| i =
Z

U(N)
dg ⇡̂(g)| gfi ⌘

Z

F
dV | V i

<latexit sha1_base64="PuYy3TCCYx20G/kc6y8dNtQLFto="></latexit><latexit sha1_base64="PuYy3TCCYx20G/kc6y8dNtQLFto="></latexit><latexit sha1_base64="PuYy3TCCYx20G/kc6y8dNtQLFto="></latexit><latexit sha1_base64="PuYy3TCCYx20G/kc6y8dNtQLFto="></latexit>

| V i
<latexit sha1_base64="XS8ks3Igh8QEE302VRIL/HKc2us="></latexit><latexit sha1_base64="XS8ks3Igh8QEE302VRIL/HKc2us="></latexit><latexit sha1_base64="XS8ks3Igh8QEE302VRIL/HKc2us="></latexit><latexit sha1_base64="XS8ks3Igh8QEE302VRIL/HKc2us="></latexit>

| gfi 2 Hext
<latexit sha1_base64="2ycmRbrsGM+Kk7FICjLE/tzldD4="></latexit><latexit sha1_base64="2ycmRbrsGM+Kk7FICjLE/tzldD4="></latexit><latexit sha1_base64="2ycmRbrsGM+Kk7FICjLE/tzldD4="></latexit><latexit sha1_base64="2ycmRbrsGM+Kk7FICjLE/tzldD4="></latexit>



• Start with a gauge-fixed state                       and average over gauge orbit

•          is invariant under U(M) acting on a MxM block in basis transformed by V.

Gauge invariant entanglement

| i =
Z

U(N)
dg ⇡̂(g)| gfi ⌘

Z

F
dV | V i

<latexit sha1_base64="PuYy3TCCYx20G/kc6y8dNtQLFto="></latexit><latexit sha1_base64="PuYy3TCCYx20G/kc6y8dNtQLFto="></latexit><latexit sha1_base64="PuYy3TCCYx20G/kc6y8dNtQLFto="></latexit><latexit sha1_base64="PuYy3TCCYx20G/kc6y8dNtQLFto="></latexit>

| V i
<latexit sha1_base64="XS8ks3Igh8QEE302VRIL/HKc2us="></latexit><latexit sha1_base64="XS8ks3Igh8QEE302VRIL/HKc2us="></latexit><latexit sha1_base64="XS8ks3Igh8QEE302VRIL/HKc2us="></latexit><latexit sha1_base64="XS8ks3Igh8QEE302VRIL/HKc2us="></latexit>

| gfi 2 Hext
<latexit sha1_base64="2ycmRbrsGM+Kk7FICjLE/tzldD4="></latexit><latexit sha1_base64="2ycmRbrsGM+Kk7FICjLE/tzldD4="></latexit><latexit sha1_base64="2ycmRbrsGM+Kk7FICjLE/tzldD4="></latexit><latexit sha1_base64="2ycmRbrsGM+Kk7FICjLE/tzldD4="></latexit>

 
<latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit>

✓ ◆

<latexit sha1_base64="Cw0Srnc5ERZjCddNtSyaBSbnhto="></latexit><latexit sha1_base64="Cw0Srnc5ERZjCddNtSyaBSbnhto="></latexit><latexit sha1_base64="Cw0Srnc5ERZjCddNtSyaBSbnhto="></latexit><latexit sha1_base64="Cw0Srnc5ERZjCddNtSyaBSbnhto="></latexit>

•                                  : similar to story in lattice gauge thy


• Maximally entangled edge modes in irreps        of U(M).

U(M)⇥ U(N �M)
<latexit sha1_base64="BPmkuAahgirFjwCiEyVQA12TuX4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBHahSFp7WNZcNNNpYJpC20ok+mkHTp5MDNRSuynuHGhiFu/xJ1/46StoKIHLhzOuZd773EjRoU0zQ9tbX1jc2s7s5Pd3ds/ONRzRx0RxhwTG4cs5D0XCcJoQGxJJSO9iBPku4x03ell6ndvCRc0DG7kLCKOj8YB9ShGUklDPWcXWsWBpD4R0C5cnbeKQz1vGlbFsso1aBrlSqVaq6akVK2X69AyzAXyYIX2UH8fjEIc+ySQmCEh+pYZSSdBXFLMyDw7iAWJEJ6iMekrGiC1y0kWp8/hmVJG0Au5qkDChfp9IkG+EDPfVZ0+khPx20vFv7x+LL26k9AgiiUJ8HKRFzMoQ5jmAEeUEyzZTBGEOVW3QjxBHGGp0sqqEL4+hf+TTsmwVFbXF/lGcxVHBpyAU1AAFqiBBmiCNrABBnfgATyBZ+1ee9RetNdl65q2mjkGP6C9fQIptpKq</latexit><latexit sha1_base64="BPmkuAahgirFjwCiEyVQA12TuX4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBHahSFp7WNZcNNNpYJpC20ok+mkHTp5MDNRSuynuHGhiFu/xJ1/46StoKIHLhzOuZd773EjRoU0zQ9tbX1jc2s7s5Pd3ds/ONRzRx0RxhwTG4cs5D0XCcJoQGxJJSO9iBPku4x03ell6ndvCRc0DG7kLCKOj8YB9ShGUklDPWcXWsWBpD4R0C5cnbeKQz1vGlbFsso1aBrlSqVaq6akVK2X69AyzAXyYIX2UH8fjEIc+ySQmCEh+pYZSSdBXFLMyDw7iAWJEJ6iMekrGiC1y0kWp8/hmVJG0Au5qkDChfp9IkG+EDPfVZ0+khPx20vFv7x+LL26k9AgiiUJ8HKRFzMoQ5jmAEeUEyzZTBGEOVW3QjxBHGGp0sqqEL4+hf+TTsmwVFbXF/lGcxVHBpyAU1AAFqiBBmiCNrABBnfgATyBZ+1ee9RetNdl65q2mjkGP6C9fQIptpKq</latexit><latexit sha1_base64="BPmkuAahgirFjwCiEyVQA12TuX4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBHahSFp7WNZcNNNpYJpC20ok+mkHTp5MDNRSuynuHGhiFu/xJ1/46StoKIHLhzOuZd773EjRoU0zQ9tbX1jc2s7s5Pd3ds/ONRzRx0RxhwTG4cs5D0XCcJoQGxJJSO9iBPku4x03ell6ndvCRc0DG7kLCKOj8YB9ShGUklDPWcXWsWBpD4R0C5cnbeKQz1vGlbFsso1aBrlSqVaq6akVK2X69AyzAXyYIX2UH8fjEIc+ySQmCEh+pYZSSdBXFLMyDw7iAWJEJ6iMekrGiC1y0kWp8/hmVJG0Au5qkDChfp9IkG+EDPfVZ0+khPx20vFv7x+LL26k9AgiiUJ8HKRFzMoQ5jmAEeUEyzZTBGEOVW3QjxBHGGp0sqqEL4+hf+TTsmwVFbXF/lGcxVHBpyAU1AAFqiBBmiCNrABBnfgATyBZ+1ee9RetNdl65q2mjkGP6C9fQIptpKq</latexit><latexit sha1_base64="BPmkuAahgirFjwCiEyVQA12TuX4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBHahSFp7WNZcNNNpYJpC20ok+mkHTp5MDNRSuynuHGhiFu/xJ1/46StoKIHLhzOuZd773EjRoU0zQ9tbX1jc2s7s5Pd3ds/ONRzRx0RxhwTG4cs5D0XCcJoQGxJJSO9iBPku4x03ell6ndvCRc0DG7kLCKOj8YB9ShGUklDPWcXWsWBpD4R0C5cnbeKQz1vGlbFsso1aBrlSqVaq6akVK2X69AyzAXyYIX2UH8fjEIc+ySQmCEh+pYZSSdBXFLMyDw7iAWJEJ6iMekrGiC1y0kWp8/hmVJG0Au5qkDChfp9IkG+EDPfVZ0+khPx20vFv7x+LL26k9AgiiUJ8HKRFzMoQ5jmAEeUEyzZTBGEOVW3QjxBHGGp0sqqEL4+hf+TTsmwVFbXF/lGcxVHBpyAU1AAFqiBBmiCNrABBnfgATyBZ+1ee9RetNdl65q2mjkGP6C9fQIptpKq</latexit>

µ⌃
<latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit><latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit><latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="W+KqZfHrSY4ZL3qhL0hbAxRPKZs=">AAAB5nicbZBLSwMxFIXv1FetVatbN8EiuCozbnRZcOOyon1gZyiZNNOGJpkhuSOUof/CjQtF/Enu/Demj4W2Hgh8nJOQe0+cSWHR97+90tb2zu5eeb9yUD08Oq6dVDs2zQ3jbZbK1PRiarkUmrdRoOS9zHCqYsm78eR2nnefubEi1Y84zXik6EiLRDCKznoKVT4IH8RI0UGt7jf8hcgmBCuow0qtQe0rHKYsV1wjk9TafuBnGBXUoGCSzyphbnlG2YSOeN+hporbqFhMPCMXzhmSJDXuaCQL9/eLgiprpyp2NxXFsV3P5uZ/WT/H5CYqhM5y5JotP0pySTAl8/XJUBjOUE4dUGaEm5WwMTWUoSup4koI1lfehM5VI/Abwb0PZTiDc7iEAK6hCXfQgjYw0PACb/DuWe/V+1jWVfJWvZ3CH3mfP0CJj2w=</latexit><latexit sha1_base64="W+KqZfHrSY4ZL3qhL0hbAxRPKZs=">AAAB5nicbZBLSwMxFIXv1FetVatbN8EiuCozbnRZcOOyon1gZyiZNNOGJpkhuSOUof/CjQtF/Enu/Demj4W2Hgh8nJOQe0+cSWHR97+90tb2zu5eeb9yUD08Oq6dVDs2zQ3jbZbK1PRiarkUmrdRoOS9zHCqYsm78eR2nnefubEi1Y84zXik6EiLRDCKznoKVT4IH8RI0UGt7jf8hcgmBCuow0qtQe0rHKYsV1wjk9TafuBnGBXUoGCSzyphbnlG2YSOeN+hporbqFhMPCMXzhmSJDXuaCQL9/eLgiprpyp2NxXFsV3P5uZ/WT/H5CYqhM5y5JotP0pySTAl8/XJUBjOUE4dUGaEm5WwMTWUoSup4koI1lfehM5VI/Abwb0PZTiDc7iEAK6hCXfQgjYw0PACb/DuWe/V+1jWVfJWvZ3CH3mfP0CJj2w=</latexit><latexit sha1_base64="Sfomlnw3/4XdHnZGsv8M1DiRE1g=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU8l60WPBS48V7Qd2l5JNs21okl2SrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7SxubW9U96t7O0fHB5Vj086Jsk0ZW2aiET3ImKY4Iq1LbeC9VLNiIwE60aT27nffWLa8EQ92GnKQklGisecEuukx0Bmg+CejyQZVGu4jhdA68QvSA0KtAbVr2CY0EwyZakgxvR9nNowJ9pyKtisEmSGpYROyIj1HVVEMhPmi4tn6MIpQxQn2pWyaKH+nsiJNGYqI9cpiR2bVW8u/uf1MxvfhDlXaWaZostFcSaQTdD8fTTkmlErpo4Qqrm7FdEx0YRaF1LFheCvvrxOOld1H9f9O1xrNIs4ynAG53AJPlxDA5rQgjZQUPAMr/DmGe/Fe/c+lq0lr5g5hT/wPn8AfeOQyg==</latexit><latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit><latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit><latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit><latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit><latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit><latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit>



• Start with a gauge-fixed state                       and average over gauge orbit

•          is invariant under U(M) acting on a MxM block in basis transformed by V.

Gauge invariant entanglement

| i =
Z

U(N)
dg ⇡̂(g)| gfi ⌘

Z

F
dV | V i

<latexit sha1_base64="PuYy3TCCYx20G/kc6y8dNtQLFto="></latexit><latexit sha1_base64="PuYy3TCCYx20G/kc6y8dNtQLFto="></latexit><latexit sha1_base64="PuYy3TCCYx20G/kc6y8dNtQLFto="></latexit><latexit sha1_base64="PuYy3TCCYx20G/kc6y8dNtQLFto="></latexit>

| V i
<latexit sha1_base64="XS8ks3Igh8QEE302VRIL/HKc2us="></latexit><latexit sha1_base64="XS8ks3Igh8QEE302VRIL/HKc2us="></latexit><latexit sha1_base64="XS8ks3Igh8QEE302VRIL/HKc2us="></latexit><latexit sha1_base64="XS8ks3Igh8QEE302VRIL/HKc2us="></latexit>

| gfi 2 Hext
<latexit sha1_base64="2ycmRbrsGM+Kk7FICjLE/tzldD4="></latexit><latexit sha1_base64="2ycmRbrsGM+Kk7FICjLE/tzldD4="></latexit><latexit sha1_base64="2ycmRbrsGM+Kk7FICjLE/tzldD4="></latexit><latexit sha1_base64="2ycmRbrsGM+Kk7FICjLE/tzldD4="></latexit>

 
<latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit><latexit sha1_base64="rd0F9LoFQyMwPK94+rxdFVAJZuE=">AAAB+XicdVDLSgMxFL3js9bXqEs3wSK4GmZa+1gW3HRZwT6gHUomzbShmcmQZCpl6J+4caGIW//EnX9j+hBU9MCFwzn3JveeIOFMadf9sDY2t7Z3dnN7+f2Dw6Nj++S0rUQqCW0RwYXsBlhRzmLa0kxz2k0kxVHAaSeY3Cz8zpRKxUR8p2cJ9SM8ilnICNZGGth2nzBJOMVSintOQz2wC67jlT2vVEWuUyqXK9XKghQrtVINeY67RAHWaA7s9/5QkDSisSYcK9Xz3ET7GZaamXfn+X6qaILJBI9oz9AYR1T52XLzObo0yhCFQpqKNVqq3ycyHCk1iwLTGWE9Vr+9hfiX10t1WPMzFieppjFZfRSmHGmBFjGgIZOUaD4zBBPJzK6IjLHERJuw8iaEr0vR/6RddDyT1e11od5Yx5GDc7iAK/CgCnVoQBNaQGAKD/AEz1ZmPVov1uuqdcNaz5zBD1hvn4mAlEU=</latexit>

✓ ◆

<latexit sha1_base64="Cw0Srnc5ERZjCddNtSyaBSbnhto="></latexit><latexit sha1_base64="Cw0Srnc5ERZjCddNtSyaBSbnhto="></latexit><latexit sha1_base64="Cw0Srnc5ERZjCddNtSyaBSbnhto="></latexit><latexit sha1_base64="Cw0Srnc5ERZjCddNtSyaBSbnhto="></latexit>

•                                  : similar to story in lattice gauge thy


• Maximally entangled edge modes in irreps        of U(M).

•     : no analogue in local gauge theory 

•             leads to different subsystems being traced out. 

U(M)⇥ U(N �M)
<latexit sha1_base64="BPmkuAahgirFjwCiEyVQA12TuX4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBHahSFp7WNZcNNNpYJpC20ok+mkHTp5MDNRSuynuHGhiFu/xJ1/46StoKIHLhzOuZd773EjRoU0zQ9tbX1jc2s7s5Pd3ds/ONRzRx0RxhwTG4cs5D0XCcJoQGxJJSO9iBPku4x03ell6ndvCRc0DG7kLCKOj8YB9ShGUklDPWcXWsWBpD4R0C5cnbeKQz1vGlbFsso1aBrlSqVaq6akVK2X69AyzAXyYIX2UH8fjEIc+ySQmCEh+pYZSSdBXFLMyDw7iAWJEJ6iMekrGiC1y0kWp8/hmVJG0Au5qkDChfp9IkG+EDPfVZ0+khPx20vFv7x+LL26k9AgiiUJ8HKRFzMoQ5jmAEeUEyzZTBGEOVW3QjxBHGGp0sqqEL4+hf+TTsmwVFbXF/lGcxVHBpyAU1AAFqiBBmiCNrABBnfgATyBZ+1ee9RetNdl65q2mjkGP6C9fQIptpKq</latexit><latexit sha1_base64="BPmkuAahgirFjwCiEyVQA12TuX4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBHahSFp7WNZcNNNpYJpC20ok+mkHTp5MDNRSuynuHGhiFu/xJ1/46StoKIHLhzOuZd773EjRoU0zQ9tbX1jc2s7s5Pd3ds/ONRzRx0RxhwTG4cs5D0XCcJoQGxJJSO9iBPku4x03ell6ndvCRc0DG7kLCKOj8YB9ShGUklDPWcXWsWBpD4R0C5cnbeKQz1vGlbFsso1aBrlSqVaq6akVK2X69AyzAXyYIX2UH8fjEIc+ySQmCEh+pYZSSdBXFLMyDw7iAWJEJ6iMekrGiC1y0kWp8/hmVJG0Au5qkDChfp9IkG+EDPfVZ0+khPx20vFv7x+LL26k9AgiiUJ8HKRFzMoQ5jmAEeUEyzZTBGEOVW3QjxBHGGp0sqqEL4+hf+TTsmwVFbXF/lGcxVHBpyAU1AAFqiBBmiCNrABBnfgATyBZ+1ee9RetNdl65q2mjkGP6C9fQIptpKq</latexit><latexit sha1_base64="BPmkuAahgirFjwCiEyVQA12TuX4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBHahSFp7WNZcNNNpYJpC20ok+mkHTp5MDNRSuynuHGhiFu/xJ1/46StoKIHLhzOuZd773EjRoU0zQ9tbX1jc2s7s5Pd3ds/ONRzRx0RxhwTG4cs5D0XCcJoQGxJJSO9iBPku4x03ell6ndvCRc0DG7kLCKOj8YB9ShGUklDPWcXWsWBpD4R0C5cnbeKQz1vGlbFsso1aBrlSqVaq6akVK2X69AyzAXyYIX2UH8fjEIc+ySQmCEh+pYZSSdBXFLMyDw7iAWJEJ6iMekrGiC1y0kWp8/hmVJG0Au5qkDChfp9IkG+EDPfVZ0+khPx20vFv7x+LL26k9AgiiUJ8HKRFzMoQ5jmAEeUEyzZTBGEOVW3QjxBHGGp0sqqEL4+hf+TTsmwVFbXF/lGcxVHBpyAU1AAFqiBBmiCNrABBnfgATyBZ+1ee9RetNdl65q2mjkGP6C9fQIptpKq</latexit><latexit sha1_base64="BPmkuAahgirFjwCiEyVQA12TuX4=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBHahSFp7WNZcNNNpYJpC20ok+mkHTp5MDNRSuynuHGhiFu/xJ1/46StoKIHLhzOuZd773EjRoU0zQ9tbX1jc2s7s5Pd3ds/ONRzRx0RxhwTG4cs5D0XCcJoQGxJJSO9iBPku4x03ell6ndvCRc0DG7kLCKOj8YB9ShGUklDPWcXWsWBpD4R0C5cnbeKQz1vGlbFsso1aBrlSqVaq6akVK2X69AyzAXyYIX2UH8fjEIc+ySQmCEh+pYZSSdBXFLMyDw7iAWJEJ6iMekrGiC1y0kWp8/hmVJG0Au5qkDChfp9IkG+EDPfVZ0+khPx20vFv7x+LL26k9AgiiUJ8HKRFzMoQ5jmAEeUEyzZTBGEOVW3QjxBHGGp0sqqEL4+hf+TTsmwVFbXF/lGcxVHBpyAU1AAFqiBBmiCNrABBnfgATyBZ+1ee9RetNdl65q2mjkGP6C9fQIptpKq</latexit>

F
<latexit sha1_base64="AGcjJHRdf/a0tHiFMMJ05ErgiQ8=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZkNiSa3gCA5JmAekCxhdtKbjM4+mJkVwpIv8OJBEa9+kjf/xkmygooWNBRV3XR3ebHgShPyYeXW1jc2t/LbhZ3dvf2D4uFRV0WJZNBhkYhk36MKBA+ho7kW0I8l0MAT0PPurhZ+7x6k4lF4o2cxuAGdhNznjGojta9HxRKx67VqvVrBxCZLLEj5ol4h2MmUEsrQGhXfh+OIJQGEmgmq1MAhsXZTKjVnAuaFYaIgpuyOTmBgaEgDUG66PHSOz4wyxn4kTYUaL9XvEykNlJoFnukMqJ6q395C/MsbJNqvuSkP40RDyFaL/ERgHeHF13jMJTAtZoZQJrm5FbMplZRpk03BhPD1Kf6fdMu2Q2ynXSk1mlkceXSCTtE5ctAlaqAmaqEOYgjQA3pCz9at9Wi9WK+r1pyVzRyjH7DePgH1PY0N</latexit><latexit sha1_base64="AGcjJHRdf/a0tHiFMMJ05ErgiQ8=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZkNiSa3gCA5JmAekCxhdtKbjM4+mJkVwpIv8OJBEa9+kjf/xkmygooWNBRV3XR3ebHgShPyYeXW1jc2t/LbhZ3dvf2D4uFRV0WJZNBhkYhk36MKBA+ho7kW0I8l0MAT0PPurhZ+7x6k4lF4o2cxuAGdhNznjGojta9HxRKx67VqvVrBxCZLLEj5ol4h2MmUEsrQGhXfh+OIJQGEmgmq1MAhsXZTKjVnAuaFYaIgpuyOTmBgaEgDUG66PHSOz4wyxn4kTYUaL9XvEykNlJoFnukMqJ6q395C/MsbJNqvuSkP40RDyFaL/ERgHeHF13jMJTAtZoZQJrm5FbMplZRpk03BhPD1Kf6fdMu2Q2ynXSk1mlkceXSCTtE5ctAlaqAmaqEOYgjQA3pCz9at9Wi9WK+r1pyVzRyjH7DePgH1PY0N</latexit><latexit sha1_base64="AGcjJHRdf/a0tHiFMMJ05ErgiQ8=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZkNiSa3gCA5JmAekCxhdtKbjM4+mJkVwpIv8OJBEa9+kjf/xkmygooWNBRV3XR3ebHgShPyYeXW1jc2t/LbhZ3dvf2D4uFRV0WJZNBhkYhk36MKBA+ho7kW0I8l0MAT0PPurhZ+7x6k4lF4o2cxuAGdhNznjGojta9HxRKx67VqvVrBxCZLLEj5ol4h2MmUEsrQGhXfh+OIJQGEmgmq1MAhsXZTKjVnAuaFYaIgpuyOTmBgaEgDUG66PHSOz4wyxn4kTYUaL9XvEykNlJoFnukMqJ6q395C/MsbJNqvuSkP40RDyFaL/ERgHeHF13jMJTAtZoZQJrm5FbMplZRpk03BhPD1Kf6fdMu2Q2ynXSk1mlkceXSCTtE5ctAlaqAmaqEOYgjQA3pCz9at9Wi9WK+r1pyVzRyjH7DePgH1PY0N</latexit><latexit sha1_base64="AGcjJHRdf/a0tHiFMMJ05ErgiQ8=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZkNiSa3gCA5JmAekCxhdtKbjM4+mJkVwpIv8OJBEa9+kjf/xkmygooWNBRV3XR3ebHgShPyYeXW1jc2t/LbhZ3dvf2D4uFRV0WJZNBhkYhk36MKBA+ho7kW0I8l0MAT0PPurhZ+7x6k4lF4o2cxuAGdhNznjGojta9HxRKx67VqvVrBxCZLLEj5ol4h2MmUEsrQGhXfh+OIJQGEmgmq1MAhsXZTKjVnAuaFYaIgpuyOTmBgaEgDUG66PHSOz4wyxn4kTYUaL9XvEykNlJoFnukMqJ6q395C/MsbJNqvuSkP40RDyFaL/ERgHeHF13jMJTAtZoZQJrm5FbMplZRpk03BhPD1Kf6fdMu2Q2ynXSk1mlkceXSCTtE5ctAlaqAmaqEOYgjQA3pCz9at9Wi9WK+r1pyVzRyjH7DePgH1PY0N</latexit>

V 2 F
<latexit sha1_base64="ryIT4aqcnqJKMc7WM/vmKTJo0Rk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQJMcIZhNIljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KU86M9f1vb219Y3Nru7RT3t3bPzisHB2HRmWa0BZRXOlOjA3lTNKWZZbTTqopFjGn7Xh8O/PbT1QbpuSDnaQ0EngoWcIItk4Kwx6T6K5fqfo1fw60SoKCVKFAs1/56g0UyQSVlnBsTDfwUxvlWFtGOJ2We5mhKSZjPKRdRyUW1ET5/NopOnfKACVKu5IWzdXfEzkWxkxE7DoFtiOz7M3E/7xuZpObKGcyzSyVZLEoyTiyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKwFfi24v6rWG0UcJTiFM7iAAK6hDg1oQgsIPMIzvMKbp7wX7937WLSuecXMCfyB9/kD3m2Oqw==</latexit><latexit sha1_base64="ryIT4aqcnqJKMc7WM/vmKTJo0Rk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQJMcIZhNIljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KU86M9f1vb219Y3Nru7RT3t3bPzisHB2HRmWa0BZRXOlOjA3lTNKWZZbTTqopFjGn7Xh8O/PbT1QbpuSDnaQ0EngoWcIItk4Kwx6T6K5fqfo1fw60SoKCVKFAs1/56g0UyQSVlnBsTDfwUxvlWFtGOJ2We5mhKSZjPKRdRyUW1ET5/NopOnfKACVKu5IWzdXfEzkWxkxE7DoFtiOz7M3E/7xuZpObKGcyzSyVZLEoyTiyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKwFfi24v6rWG0UcJTiFM7iAAK6hDg1oQgsIPMIzvMKbp7wX7937WLSuecXMCfyB9/kD3m2Oqw==</latexit><latexit sha1_base64="ryIT4aqcnqJKMc7WM/vmKTJo0Rk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQJMcIZhNIljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KU86M9f1vb219Y3Nru7RT3t3bPzisHB2HRmWa0BZRXOlOjA3lTNKWZZbTTqopFjGn7Xh8O/PbT1QbpuSDnaQ0EngoWcIItk4Kwx6T6K5fqfo1fw60SoKCVKFAs1/56g0UyQSVlnBsTDfwUxvlWFtGOJ2We5mhKSZjPKRdRyUW1ET5/NopOnfKACVKu5IWzdXfEzkWxkxE7DoFtiOz7M3E/7xuZpObKGcyzSyVZLEoyTiyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKwFfi24v6rWG0UcJTiFM7iAAK6hDg1oQgsIPMIzvMKbp7wX7937WLSuecXMCfyB9/kD3m2Oqw==</latexit><latexit sha1_base64="ryIT4aqcnqJKMc7WM/vmKTJo0Rk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQJMcIZhNIljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KU86M9f1vb219Y3Nru7RT3t3bPzisHB2HRmWa0BZRXOlOjA3lTNKWZZbTTqopFjGn7Xh8O/PbT1QbpuSDnaQ0EngoWcIItk4Kwx6T6K5fqfo1fw60SoKCVKFAs1/56g0UyQSVlnBsTDfwUxvlWFtGOJ2We5mhKSZjPKRdRyUW1ET5/NopOnfKACVKu5IWzdXfEzkWxkxE7DoFtiOz7M3E/7xuZpObKGcyzSyVZLEoyTiyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKwFfi24v6rWG0UcJTiFM7iAAK6hDg1oQgsIPMIzvMKbp7wX7937WLSuecXMCfyB9/kD3m2Oqw==</latexit>

µ⌃
<latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit><latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit><latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="W+KqZfHrSY4ZL3qhL0hbAxRPKZs=">AAAB5nicbZBLSwMxFIXv1FetVatbN8EiuCozbnRZcOOyon1gZyiZNNOGJpkhuSOUof/CjQtF/Enu/Demj4W2Hgh8nJOQe0+cSWHR97+90tb2zu5eeb9yUD08Oq6dVDs2zQ3jbZbK1PRiarkUmrdRoOS9zHCqYsm78eR2nnefubEi1Y84zXik6EiLRDCKznoKVT4IH8RI0UGt7jf8hcgmBCuow0qtQe0rHKYsV1wjk9TafuBnGBXUoGCSzyphbnlG2YSOeN+hporbqFhMPCMXzhmSJDXuaCQL9/eLgiprpyp2NxXFsV3P5uZ/WT/H5CYqhM5y5JotP0pySTAl8/XJUBjOUE4dUGaEm5WwMTWUoSup4koI1lfehM5VI/Abwb0PZTiDc7iEAK6hCXfQgjYw0PACb/DuWe/V+1jWVfJWvZ3CH3mfP0CJj2w=</latexit><latexit sha1_base64="W+KqZfHrSY4ZL3qhL0hbAxRPKZs=">AAAB5nicbZBLSwMxFIXv1FetVatbN8EiuCozbnRZcOOyon1gZyiZNNOGJpkhuSOUof/CjQtF/Enu/Demj4W2Hgh8nJOQe0+cSWHR97+90tb2zu5eeb9yUD08Oq6dVDs2zQ3jbZbK1PRiarkUmrdRoOS9zHCqYsm78eR2nnefubEi1Y84zXik6EiLRDCKznoKVT4IH8RI0UGt7jf8hcgmBCuow0qtQe0rHKYsV1wjk9TafuBnGBXUoGCSzyphbnlG2YSOeN+hporbqFhMPCMXzhmSJDXuaCQL9/eLgiprpyp2NxXFsV3P5uZ/WT/H5CYqhM5y5JotP0pySTAl8/XJUBjOUE4dUGaEm5WwMTWUoSup4koI1lfehM5VI/Abwb0PZTiDc7iEAK6hCXfQgjYw0PACb/DuWe/V+1jWVfJWvZ3CH3mfP0CJj2w=</latexit><latexit sha1_base64="Sfomlnw3/4XdHnZGsv8M1DiRE1g=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU8l60WPBS48V7Qd2l5JNs21okl2SrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7SxubW9U96t7O0fHB5Vj086Jsk0ZW2aiET3ImKY4Iq1LbeC9VLNiIwE60aT27nffWLa8EQ92GnKQklGisecEuukx0Bmg+CejyQZVGu4jhdA68QvSA0KtAbVr2CY0EwyZakgxvR9nNowJ9pyKtisEmSGpYROyIj1HVVEMhPmi4tn6MIpQxQn2pWyaKH+nsiJNGYqI9cpiR2bVW8u/uf1MxvfhDlXaWaZostFcSaQTdD8fTTkmlErpo4Qqrm7FdEx0YRaF1LFheCvvrxOOld1H9f9O1xrNIs4ynAG53AJPlxDA5rQgjZQUPAMr/DmGe/Fe/c+lq0lr5g5hT/wPn8AfeOQyg==</latexit><latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit><latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit><latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit><latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit><latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit><latexit sha1_base64="YzhVVrTQa6Uo5Vvh2xbdWq8UUs4=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwkmNE88DsEmYns8mQmdllHkJY8hdePCji1b/x5t84SfagiQUNRVU33V1xxpk2vv/tra1vbG5tl3bKu3v7B4eVo+O2Tq0itEVSnqpujDXlTNKWYYbTbqYoFjGnnXh8O/M7T1RplsoHM8loJPBQsoQRbJz0GArbD+/ZUOB+perX/DnQKgkKUoUCzX7lKxykxAoqDeFY617gZybKsTKMcDoth1bTDJMxHtKeoxILqqN8fvEUnTtlgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yeNclNlDOZWUMlWSxKLEcmRbP30YApSgyfOIKJYu5WREZYYWJcSGUXQrD88ippX9YCvxbcXVXrjSKOEpzCGVxAANdQhwY0oQUEJDzDK7x52nvx3r2PReuaV8ycwB94nz9/I5DO</latexit>



Area from the U(M) charge





• U(M) invariance           for any physical reduced density matrix

reps of U(M)

{ <latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit>

⇢in ⇡
M

µ

pµ
Iµ
dµ

<latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit>



• U(M) invariance           for any physical reduced density matrix

• Quantum variance of U(M) Casimir           dominating irrep,     , with               
and an exponentially large dimension [Frenkel; ’23][Frenkel, Hartnoll; ’23]

pµ? ⇡ 1
<latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit><latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit><latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit><latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit>

µ?
<latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit><latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit><latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit><latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit>

reps of U(M)

{ <latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit>

⇢in ⇡
M

µ

pµ
Iµ
dµ

<latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit>

dµ?
<latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit><latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit><latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit><latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit>



• U(M) invariance           for any physical reduced density matrix

• Quantum variance of U(M) Casimir           dominating irrep,     , with               
and an exponentially large dimension

• Read off this dimension from the Casimir:  

[Frenkel; ’23][Frenkel, Hartnoll; ’23]

pµ? ⇡ 1
<latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit><latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit><latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit><latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit>

µ?
<latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit><latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit><latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit><latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit>

reps of U(M)

{ <latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit>

⇢in ⇡
M

µ

pµ
Iµ
dµ

<latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit>

dµ?
<latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit><latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit><latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit><latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit>

h |C2| i
<latexit sha1_base64="VG0apu7ECM1af2jMnMTTI3LZGyg=">AAACB3icbZDLSsNAFIYn9VbrrepSkMEiuCpJEXRZ6KbLCvYCTQiT6Uk7dDIJMxOhpN258VXcuFDEra/gzrdx2mahrT8MfPznHM6cP0g4U9q2v63CxubW9k5xt7S3f3B4VD4+6ag4lRTaNOax7AVEAWcC2pppDr1EAokCDt1g3JjXuw8gFYvFvZ4k4EVkKFjIKNHG8svnLidiyAG7iWLThp/VZtM5unJh++WKXbUXwuvg5FBBuVp++csdxDSNQGjKiVJ9x060lxGpGeUwK7mpgoTQMRlC36AgESgvW9wxw5fGGeAwluYJjRfu74mMREpNosB0RkSP1Gptbv5X66c6vPUyJpJUg6DLRWHKsY7xPBQ8YBKo5hMDhEpm/orpiEhCtYmuZEJwVk9eh06t6thV5+66Um/mcRTRGbpAV8hBN6iOmqiF2oiiR/SMXtGb9WS9WO/Wx7K1YOUzp+iPrM8fehyZtQ==</latexit><latexit sha1_base64="VG0apu7ECM1af2jMnMTTI3LZGyg=">AAACB3icbZDLSsNAFIYn9VbrrepSkMEiuCpJEXRZ6KbLCvYCTQiT6Uk7dDIJMxOhpN258VXcuFDEra/gzrdx2mahrT8MfPznHM6cP0g4U9q2v63CxubW9k5xt7S3f3B4VD4+6ag4lRTaNOax7AVEAWcC2pppDr1EAokCDt1g3JjXuw8gFYvFvZ4k4EVkKFjIKNHG8svnLidiyAG7iWLThp/VZtM5unJh++WKXbUXwuvg5FBBuVp++csdxDSNQGjKiVJ9x060lxGpGeUwK7mpgoTQMRlC36AgESgvW9wxw5fGGeAwluYJjRfu74mMREpNosB0RkSP1Gptbv5X66c6vPUyJpJUg6DLRWHKsY7xPBQ8YBKo5hMDhEpm/orpiEhCtYmuZEJwVk9eh06t6thV5+66Um/mcRTRGbpAV8hBN6iOmqiF2oiiR/SMXtGb9WS9WO/Wx7K1YOUzp+iPrM8fehyZtQ==</latexit><latexit sha1_base64="VG0apu7ECM1af2jMnMTTI3LZGyg=">AAACB3icbZDLSsNAFIYn9VbrrepSkMEiuCpJEXRZ6KbLCvYCTQiT6Uk7dDIJMxOhpN258VXcuFDEra/gzrdx2mahrT8MfPznHM6cP0g4U9q2v63CxubW9k5xt7S3f3B4VD4+6ag4lRTaNOax7AVEAWcC2pppDr1EAokCDt1g3JjXuw8gFYvFvZ4k4EVkKFjIKNHG8svnLidiyAG7iWLThp/VZtM5unJh++WKXbUXwuvg5FBBuVp++csdxDSNQGjKiVJ9x060lxGpGeUwK7mpgoTQMRlC36AgESgvW9wxw5fGGeAwluYJjRfu74mMREpNosB0RkSP1Gptbv5X66c6vPUyJpJUg6DLRWHKsY7xPBQ8YBKo5hMDhEpm/orpiEhCtYmuZEJwVk9eh06t6thV5+66Um/mcRTRGbpAV8hBN6iOmqiF2oiiR/SMXtGb9WS9WO/Wx7K1YOUzp+iPrM8fehyZtQ==</latexit><latexit sha1_base64="VG0apu7ECM1af2jMnMTTI3LZGyg=">AAACB3icbZDLSsNAFIYn9VbrrepSkMEiuCpJEXRZ6KbLCvYCTQiT6Uk7dDIJMxOhpN258VXcuFDEra/gzrdx2mahrT8MfPznHM6cP0g4U9q2v63CxubW9k5xt7S3f3B4VD4+6ag4lRTaNOax7AVEAWcC2pppDr1EAokCDt1g3JjXuw8gFYvFvZ4k4EVkKFjIKNHG8svnLidiyAG7iWLThp/VZtM5unJh++WKXbUXwuvg5FBBuVp++csdxDSNQGjKiVJ9x060lxGpGeUwK7mpgoTQMRlC36AgESgvW9wxw5fGGeAwluYJjRfu74mMREpNosB0RkSP1Gptbv5X66c6vPUyJpJUg6DLRWHKsY7xPBQ8YBKo5hMDhEpm/orpiEhCtYmuZEJwVk9eh06t6thV5+66Um/mcRTRGbpAV8hBN6iOmqiF2oiiR/SMXtGb9WS9WO/Wx7K1YOUzp+iPrM8fehyZtQ==</latexit>



• U(M) invariance           for any physical reduced density matrix

• Quantum variance of U(M) Casimir           dominating irrep,     , with               
and an exponentially large dimension

• Read off this dimension from the Casimir:  

[Frenkel; ’23][Frenkel, Hartnoll; ’23]

pµ? ⇡ 1
<latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit><latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit><latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit><latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit>

µ?
<latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit><latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit><latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit><latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit>

reps of U(M)

{ <latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit>

⇢in ⇡
M

µ

pµ
Iµ
dµ

<latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit>

dµ?
<latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit><latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit><latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit><latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit>

h |C2| i
<latexit sha1_base64="VG0apu7ECM1af2jMnMTTI3LZGyg=">AAACB3icbZDLSsNAFIYn9VbrrepSkMEiuCpJEXRZ6KbLCvYCTQiT6Uk7dDIJMxOhpN258VXcuFDEra/gzrdx2mahrT8MfPznHM6cP0g4U9q2v63CxubW9k5xt7S3f3B4VD4+6ag4lRTaNOax7AVEAWcC2pppDr1EAokCDt1g3JjXuw8gFYvFvZ4k4EVkKFjIKNHG8svnLidiyAG7iWLThp/VZtM5unJh++WKXbUXwuvg5FBBuVp++csdxDSNQGjKiVJ9x060lxGpGeUwK7mpgoTQMRlC36AgESgvW9wxw5fGGeAwluYJjRfu74mMREpNosB0RkSP1Gptbv5X66c6vPUyJpJUg6DLRWHKsY7xPBQ8YBKo5hMDhEpm/orpiEhCtYmuZEJwVk9eh06t6thV5+66Um/mcRTRGbpAV8hBN6iOmqiF2oiiR/SMXtGb9WS9WO/Wx7K1YOUzp+iPrM8fehyZtQ==</latexit><latexit sha1_base64="VG0apu7ECM1af2jMnMTTI3LZGyg=">AAACB3icbZDLSsNAFIYn9VbrrepSkMEiuCpJEXRZ6KbLCvYCTQiT6Uk7dDIJMxOhpN258VXcuFDEra/gzrdx2mahrT8MfPznHM6cP0g4U9q2v63CxubW9k5xt7S3f3B4VD4+6ag4lRTaNOax7AVEAWcC2pppDr1EAokCDt1g3JjXuw8gFYvFvZ4k4EVkKFjIKNHG8svnLidiyAG7iWLThp/VZtM5unJh++WKXbUXwuvg5FBBuVp++csdxDSNQGjKiVJ9x060lxGpGeUwK7mpgoTQMRlC36AgESgvW9wxw5fGGeAwluYJjRfu74mMREpNosB0RkSP1Gptbv5X66c6vPUyJpJUg6DLRWHKsY7xPBQ8YBKo5hMDhEpm/orpiEhCtYmuZEJwVk9eh06t6thV5+66Um/mcRTRGbpAV8hBN6iOmqiF2oiiR/SMXtGb9WS9WO/Wx7K1YOUzp+iPrM8fehyZtQ==</latexit><latexit sha1_base64="VG0apu7ECM1af2jMnMTTI3LZGyg=">AAACB3icbZDLSsNAFIYn9VbrrepSkMEiuCpJEXRZ6KbLCvYCTQiT6Uk7dDIJMxOhpN258VXcuFDEra/gzrdx2mahrT8MfPznHM6cP0g4U9q2v63CxubW9k5xt7S3f3B4VD4+6ag4lRTaNOax7AVEAWcC2pppDr1EAokCDt1g3JjXuw8gFYvFvZ4k4EVkKFjIKNHG8svnLidiyAG7iWLThp/VZtM5unJh++WKXbUXwuvg5FBBuVp++csdxDSNQGjKiVJ9x060lxGpGeUwK7mpgoTQMRlC36AgESgvW9wxw5fGGeAwluYJjRfu74mMREpNosB0RkSP1Gptbv5X66c6vPUyJpJUg6DLRWHKsY7xPBQ8YBKo5hMDhEpm/orpiEhCtYmuZEJwVk9eh06t6thV5+66Um/mcRTRGbpAV8hBN6iOmqiF2oiiR/SMXtGb9WS9WO/Wx7K1YOUzp+iPrM8fehyZtQ==</latexit><latexit sha1_base64="VG0apu7ECM1af2jMnMTTI3LZGyg=">AAACB3icbZDLSsNAFIYn9VbrrepSkMEiuCpJEXRZ6KbLCvYCTQiT6Uk7dDIJMxOhpN258VXcuFDEra/gzrdx2mahrT8MfPznHM6cP0g4U9q2v63CxubW9k5xt7S3f3B4VD4+6ag4lRTaNOax7AVEAWcC2pppDr1EAokCDt1g3JjXuw8gFYvFvZ4k4EVkKFjIKNHG8svnLidiyAG7iWLThp/VZtM5unJh++WKXbUXwuvg5FBBuVp++csdxDSNQGjKiVJ9x060lxGpGeUwK7mpgoTQMRlC36AgESgvW9wxw5fGGeAwluYJjRfu74mMREpNosB0RkSP1Gptbv5X66c6vPUyJpJUg6DLRWHKsY7xPBQ8YBKo5hMDhEpm/orpiEhCtYmuZEJwVk9eh06t6thV5+66Um/mcRTRGbpAV8hBN6iOmqiF2oiiR/SMXtGb9WS9WO/Wx7K1YOUzp+iPrM8fehyZtQ==</latexit>

r
<latexit sha1_base64="HEXdS44zCAKWyzwQKZ+vfRblz3Q=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha+3EseOmxBVsLbSib7aZdu9mE3Y1QQn+BFw+KePUnefPfuGkrqOiDgcd7M8zM82POlHacDyu3sbm1vZPfLeztHxweFY9PeipKJKFdEvFI9n2sKGeCdjXTnPZjSXHoc3rrz64z//aeSsUicaPnMfVCPBEsYARrI3XkqFhybLfqupU6cuxKtVqr1zJSrjUqDeTazhIlWKM9Kr4PxxFJQio04VipgevE2kux1IxwuigME0VjTGZ4QgeGChxS5aXLQxfowihjFETSlNBoqX6fSHGo1Dz0TWeI9VT99jLxL2+Q6KDhpUzEiaaCrBYFCUc6QtnXaMwkJZrPDcFEMnMrIlMsMdEmm4IJ4etT9D/plW3XZNW5KjVb6zjycAbncAku1KEJLWhDFwhQeIAneLburEfrxXpdteas9cwp/ID19glSNI1M</latexit><latexit sha1_base64="HEXdS44zCAKWyzwQKZ+vfRblz3Q=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha+3EseOmxBVsLbSib7aZdu9mE3Y1QQn+BFw+KePUnefPfuGkrqOiDgcd7M8zM82POlHacDyu3sbm1vZPfLeztHxweFY9PeipKJKFdEvFI9n2sKGeCdjXTnPZjSXHoc3rrz64z//aeSsUicaPnMfVCPBEsYARrI3XkqFhybLfqupU6cuxKtVqr1zJSrjUqDeTazhIlWKM9Kr4PxxFJQio04VipgevE2kux1IxwuigME0VjTGZ4QgeGChxS5aXLQxfowihjFETSlNBoqX6fSHGo1Dz0TWeI9VT99jLxL2+Q6KDhpUzEiaaCrBYFCUc6QtnXaMwkJZrPDcFEMnMrIlMsMdEmm4IJ4etT9D/plW3XZNW5KjVb6zjycAbncAku1KEJLWhDFwhQeIAneLburEfrxXpdteas9cwp/ID19glSNI1M</latexit><latexit sha1_base64="HEXdS44zCAKWyzwQKZ+vfRblz3Q=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha+3EseOmxBVsLbSib7aZdu9mE3Y1QQn+BFw+KePUnefPfuGkrqOiDgcd7M8zM82POlHacDyu3sbm1vZPfLeztHxweFY9PeipKJKFdEvFI9n2sKGeCdjXTnPZjSXHoc3rrz64z//aeSsUicaPnMfVCPBEsYARrI3XkqFhybLfqupU6cuxKtVqr1zJSrjUqDeTazhIlWKM9Kr4PxxFJQio04VipgevE2kux1IxwuigME0VjTGZ4QgeGChxS5aXLQxfowihjFETSlNBoqX6fSHGo1Dz0TWeI9VT99jLxL2+Q6KDhpUzEiaaCrBYFCUc6QtnXaMwkJZrPDcFEMnMrIlMsMdEmm4IJ4etT9D/plW3XZNW5KjVb6zjycAbncAku1KEJLWhDFwhQeIAneLburEfrxXpdteas9cwp/ID19glSNI1M</latexit><latexit sha1_base64="HEXdS44zCAKWyzwQKZ+vfRblz3Q=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha+3EseOmxBVsLbSib7aZdu9mE3Y1QQn+BFw+KePUnefPfuGkrqOiDgcd7M8zM82POlHacDyu3sbm1vZPfLeztHxweFY9PeipKJKFdEvFI9n2sKGeCdjXTnPZjSXHoc3rrz64z//aeSsUicaPnMfVCPBEsYARrI3XkqFhybLfqupU6cuxKtVqr1zJSrjUqDeTazhIlWKM9Kr4PxxFJQio04VipgevE2kux1IxwuigME0VjTGZ4QgeGChxS5aXLQxfowihjFETSlNBoqX6fSHGo1Dz0TWeI9VT99jLxL2+Q6KDhpUzEiaaCrBYFCUc6QtnXaMwkJZrPDcFEMnMrIlMsMdEmm4IJ4etT9D/plW3XZNW5KjVb6zjycAbncAku1KEJLWhDFwhQeIAneLburEfrxXpdteas9cwp/ID19glSNI1M</latexit>

`r
<latexit sha1_base64="q68CcJuiApWta6V6/P2vs/7RD38=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiStfSwLbrqsYB/QhjKZTtqxk0yYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733+DFnSjvOh5Xb2Nza3snvFvb2Dw6PiscnXSUSSWiHCC5k38eKchbRjmaa034sKQ59Tnv+7Drze/dUKiaiWz2PqRfiScQCRrA2UndIOR/JUbHk2G7VdSt15NiVarVWr2WkXGtUGsi1nSVKsEZ7VHwfjgVJQhppwrFSA9eJtZdiqRnhdFEYJorGmMzwhA4MjXBIlZcur12gC6OMUSCkqUijpfp9IsWhUvPQN50h1lP128vEv7xBooOGl7IoTjSNyGpRkHCkBcpeR2MmKdF8bggmkplbEZliiYk2ARVMCF+fov9Jt2y7Jqubq1KztY4jD2dwDpfgQh2a0II2dIDAHTzAEzxbwnq0XqzXVWvOWs+cwg9Yb58Ms492</latexit><latexit sha1_base64="q68CcJuiApWta6V6/P2vs/7RD38=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiStfSwLbrqsYB/QhjKZTtqxk0yYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733+DFnSjvOh5Xb2Nza3snvFvb2Dw6PiscnXSUSSWiHCC5k38eKchbRjmaa034sKQ59Tnv+7Drze/dUKiaiWz2PqRfiScQCRrA2UndIOR/JUbHk2G7VdSt15NiVarVWr2WkXGtUGsi1nSVKsEZ7VHwfjgVJQhppwrFSA9eJtZdiqRnhdFEYJorGmMzwhA4MjXBIlZcur12gC6OMUSCkqUijpfp9IsWhUvPQN50h1lP128vEv7xBooOGl7IoTjSNyGpRkHCkBcpeR2MmKdF8bggmkplbEZliiYk2ARVMCF+fov9Jt2y7Jqubq1KztY4jD2dwDpfgQh2a0II2dIDAHTzAEzxbwnq0XqzXVWvOWs+cwg9Yb58Ms492</latexit><latexit sha1_base64="q68CcJuiApWta6V6/P2vs/7RD38=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiStfSwLbrqsYB/QhjKZTtqxk0yYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733+DFnSjvOh5Xb2Nza3snvFvb2Dw6PiscnXSUSSWiHCC5k38eKchbRjmaa034sKQ59Tnv+7Drze/dUKiaiWz2PqRfiScQCRrA2UndIOR/JUbHk2G7VdSt15NiVarVWr2WkXGtUGsi1nSVKsEZ7VHwfjgVJQhppwrFSA9eJtZdiqRnhdFEYJorGmMzwhA4MjXBIlZcur12gC6OMUSCkqUijpfp9IsWhUvPQN50h1lP128vEv7xBooOGl7IoTjSNyGpRkHCkBcpeR2MmKdF8bggmkplbEZliiYk2ARVMCF+fov9Jt2y7Jqubq1KztY4jD2dwDpfgQh2a0II2dIDAHTzAEzxbwnq0XqzXVWvOWs+cwg9Yb58Ms492</latexit><latexit sha1_base64="q68CcJuiApWta6V6/P2vs/7RD38=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiStfSwLbrqsYB/QhjKZTtqxk0yYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733+DFnSjvOh5Xb2Nza3snvFvb2Dw6PiscnXSUSSWiHCC5k38eKchbRjmaa034sKQ59Tnv+7Drze/dUKiaiWz2PqRfiScQCRrA2UndIOR/JUbHk2G7VdSt15NiVarVWr2WkXGtUGsi1nSVKsEZ7VHwfjgVJQhppwrFSA9eJtZdiqRnhdFEYJorGmMzwhA4MjXBIlZcur12gC6OMUSCkqUijpfp9IsWhUvPQN50h1lP128vEv7xBooOGl7IoTjSNyGpRkHCkBcpeR2MmKdF8bggmkplbEZliiYk2ARVMCF+fov9Jt2y7Jqubq1KztY4jD2dwDpfgQh2a0II2dIDAHTzAEzxbwnq0XqzXVWvOWs+cwg9Yb58Ms492</latexit>



• U(M) invariance           for any physical reduced density matrix

• Quantum variance of U(M) Casimir           dominating irrep,     , with               
and an exponentially large dimension

• Read off this dimension from the Casimir:  

[Frenkel; ’23][Frenkel, Hartnoll; ’23]

pµ? ⇡ 1
<latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit><latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit><latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit><latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit>

µ?
<latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit><latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit><latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit><latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit>

reps of U(M)

{ <latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit>

⇢in ⇡
M

µ

pµ
Iµ
dµ

<latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit>

dµ?
<latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit><latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit><latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit><latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit>

h |C2| i
<latexit sha1_base64="VG0apu7ECM1af2jMnMTTI3LZGyg=">AAACB3icbZDLSsNAFIYn9VbrrepSkMEiuCpJEXRZ6KbLCvYCTQiT6Uk7dDIJMxOhpN258VXcuFDEra/gzrdx2mahrT8MfPznHM6cP0g4U9q2v63CxubW9k5xt7S3f3B4VD4+6ag4lRTaNOax7AVEAWcC2pppDr1EAokCDt1g3JjXuw8gFYvFvZ4k4EVkKFjIKNHG8svnLidiyAG7iWLThp/VZtM5unJh++WKXbUXwuvg5FBBuVp++csdxDSNQGjKiVJ9x060lxGpGeUwK7mpgoTQMRlC36AgESgvW9wxw5fGGeAwluYJjRfu74mMREpNosB0RkSP1Gptbv5X66c6vPUyJpJUg6DLRWHKsY7xPBQ8YBKo5hMDhEpm/orpiEhCtYmuZEJwVk9eh06t6thV5+66Um/mcRTRGbpAV8hBN6iOmqiF2oiiR/SMXtGb9WS9WO/Wx7K1YOUzp+iPrM8fehyZtQ==</latexit><latexit sha1_base64="VG0apu7ECM1af2jMnMTTI3LZGyg=">AAACB3icbZDLSsNAFIYn9VbrrepSkMEiuCpJEXRZ6KbLCvYCTQiT6Uk7dDIJMxOhpN258VXcuFDEra/gzrdx2mahrT8MfPznHM6cP0g4U9q2v63CxubW9k5xt7S3f3B4VD4+6ag4lRTaNOax7AVEAWcC2pppDr1EAokCDt1g3JjXuw8gFYvFvZ4k4EVkKFjIKNHG8svnLidiyAG7iWLThp/VZtM5unJh++WKXbUXwuvg5FBBuVp++csdxDSNQGjKiVJ9x060lxGpGeUwK7mpgoTQMRlC36AgESgvW9wxw5fGGeAwluYJjRfu74mMREpNosB0RkSP1Gptbv5X66c6vPUyJpJUg6DLRWHKsY7xPBQ8YBKo5hMDhEpm/orpiEhCtYmuZEJwVk9eh06t6thV5+66Um/mcRTRGbpAV8hBN6iOmqiF2oiiR/SMXtGb9WS9WO/Wx7K1YOUzp+iPrM8fehyZtQ==</latexit><latexit sha1_base64="VG0apu7ECM1af2jMnMTTI3LZGyg=">AAACB3icbZDLSsNAFIYn9VbrrepSkMEiuCpJEXRZ6KbLCvYCTQiT6Uk7dDIJMxOhpN258VXcuFDEra/gzrdx2mahrT8MfPznHM6cP0g4U9q2v63CxubW9k5xt7S3f3B4VD4+6ag4lRTaNOax7AVEAWcC2pppDr1EAokCDt1g3JjXuw8gFYvFvZ4k4EVkKFjIKNHG8svnLidiyAG7iWLThp/VZtM5unJh++WKXbUXwuvg5FBBuVp++csdxDSNQGjKiVJ9x060lxGpGeUwK7mpgoTQMRlC36AgESgvW9wxw5fGGeAwluYJjRfu74mMREpNosB0RkSP1Gptbv5X66c6vPUyJpJUg6DLRWHKsY7xPBQ8YBKo5hMDhEpm/orpiEhCtYmuZEJwVk9eh06t6thV5+66Um/mcRTRGbpAV8hBN6iOmqiF2oiiR/SMXtGb9WS9WO/Wx7K1YOUzp+iPrM8fehyZtQ==</latexit><latexit sha1_base64="VG0apu7ECM1af2jMnMTTI3LZGyg=">AAACB3icbZDLSsNAFIYn9VbrrepSkMEiuCpJEXRZ6KbLCvYCTQiT6Uk7dDIJMxOhpN258VXcuFDEra/gzrdx2mahrT8MfPznHM6cP0g4U9q2v63CxubW9k5xt7S3f3B4VD4+6ag4lRTaNOax7AVEAWcC2pppDr1EAokCDt1g3JjXuw8gFYvFvZ4k4EVkKFjIKNHG8svnLidiyAG7iWLThp/VZtM5unJh++WKXbUXwuvg5FBBuVp++csdxDSNQGjKiVJ9x060lxGpGeUwK7mpgoTQMRlC36AgESgvW9wxw5fGGeAwluYJjRfu74mMREpNosB0RkSP1Gptbv5X66c6vPUyJpJUg6DLRWHKsY7xPBQ8YBKo5hMDhEpm/orpiEhCtYmuZEJwVk9eh06t6thV5+66Um/mcRTRGbpAV8hBN6iOmqiF2oiiR/SMXtGb9WS9WO/Wx7K1YOUzp+iPrM8fehyZtQ==</latexit>

r
<latexit sha1_base64="HEXdS44zCAKWyzwQKZ+vfRblz3Q=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha+3EseOmxBVsLbSib7aZdu9mE3Y1QQn+BFw+KePUnefPfuGkrqOiDgcd7M8zM82POlHacDyu3sbm1vZPfLeztHxweFY9PeipKJKFdEvFI9n2sKGeCdjXTnPZjSXHoc3rrz64z//aeSsUicaPnMfVCPBEsYARrI3XkqFhybLfqupU6cuxKtVqr1zJSrjUqDeTazhIlWKM9Kr4PxxFJQio04VipgevE2kux1IxwuigME0VjTGZ4QgeGChxS5aXLQxfowihjFETSlNBoqX6fSHGo1Dz0TWeI9VT99jLxL2+Q6KDhpUzEiaaCrBYFCUc6QtnXaMwkJZrPDcFEMnMrIlMsMdEmm4IJ4etT9D/plW3XZNW5KjVb6zjycAbncAku1KEJLWhDFwhQeIAneLburEfrxXpdteas9cwp/ID19glSNI1M</latexit><latexit sha1_base64="HEXdS44zCAKWyzwQKZ+vfRblz3Q=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha+3EseOmxBVsLbSib7aZdu9mE3Y1QQn+BFw+KePUnefPfuGkrqOiDgcd7M8zM82POlHacDyu3sbm1vZPfLeztHxweFY9PeipKJKFdEvFI9n2sKGeCdjXTnPZjSXHoc3rrz64z//aeSsUicaPnMfVCPBEsYARrI3XkqFhybLfqupU6cuxKtVqr1zJSrjUqDeTazhIlWKM9Kr4PxxFJQio04VipgevE2kux1IxwuigME0VjTGZ4QgeGChxS5aXLQxfowihjFETSlNBoqX6fSHGo1Dz0TWeI9VT99jLxL2+Q6KDhpUzEiaaCrBYFCUc6QtnXaMwkJZrPDcFEMnMrIlMsMdEmm4IJ4etT9D/plW3XZNW5KjVb6zjycAbncAku1KEJLWhDFwhQeIAneLburEfrxXpdteas9cwp/ID19glSNI1M</latexit><latexit sha1_base64="HEXdS44zCAKWyzwQKZ+vfRblz3Q=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha+3EseOmxBVsLbSib7aZdu9mE3Y1QQn+BFw+KePUnefPfuGkrqOiDgcd7M8zM82POlHacDyu3sbm1vZPfLeztHxweFY9PeipKJKFdEvFI9n2sKGeCdjXTnPZjSXHoc3rrz64z//aeSsUicaPnMfVCPBEsYARrI3XkqFhybLfqupU6cuxKtVqr1zJSrjUqDeTazhIlWKM9Kr4PxxFJQio04VipgevE2kux1IxwuigME0VjTGZ4QgeGChxS5aXLQxfowihjFETSlNBoqX6fSHGo1Dz0TWeI9VT99jLxL2+Q6KDhpUzEiaaCrBYFCUc6QtnXaMwkJZrPDcFEMnMrIlMsMdEmm4IJ4etT9D/plW3XZNW5KjVb6zjycAbncAku1KEJLWhDFwhQeIAneLburEfrxXpdteas9cwp/ID19glSNI1M</latexit><latexit sha1_base64="HEXdS44zCAKWyzwQKZ+vfRblz3Q=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha+3EseOmxBVsLbSib7aZdu9mE3Y1QQn+BFw+KePUnefPfuGkrqOiDgcd7M8zM82POlHacDyu3sbm1vZPfLeztHxweFY9PeipKJKFdEvFI9n2sKGeCdjXTnPZjSXHoc3rrz64z//aeSsUicaPnMfVCPBEsYARrI3XkqFhybLfqupU6cuxKtVqr1zJSrjUqDeTazhIlWKM9Kr4PxxFJQio04VipgevE2kux1IxwuigME0VjTGZ4QgeGChxS5aXLQxfowihjFETSlNBoqX6fSHGo1Dz0TWeI9VT99jLxL2+Q6KDhpUzEiaaCrBYFCUc6QtnXaMwkJZrPDcFEMnMrIlMsMdEmm4IJ4etT9D/plW3XZNW5KjVb6zjycAbncAku1KEJLWhDFwhQeIAneLburEfrxXpdteas9cwp/ID19glSNI1M</latexit>

`r
<latexit sha1_base64="q68CcJuiApWta6V6/P2vs/7RD38=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiStfSwLbrqsYB/QhjKZTtqxk0yYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733+DFnSjvOh5Xb2Nza3snvFvb2Dw6PiscnXSUSSWiHCC5k38eKchbRjmaa034sKQ59Tnv+7Drze/dUKiaiWz2PqRfiScQCRrA2UndIOR/JUbHk2G7VdSt15NiVarVWr2WkXGtUGsi1nSVKsEZ7VHwfjgVJQhppwrFSA9eJtZdiqRnhdFEYJorGmMzwhA4MjXBIlZcur12gC6OMUSCkqUijpfp9IsWhUvPQN50h1lP128vEv7xBooOGl7IoTjSNyGpRkHCkBcpeR2MmKdF8bggmkplbEZliiYk2ARVMCF+fov9Jt2y7Jqubq1KztY4jD2dwDpfgQh2a0II2dIDAHTzAEzxbwnq0XqzXVWvOWs+cwg9Yb58Ms492</latexit><latexit sha1_base64="q68CcJuiApWta6V6/P2vs/7RD38=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiStfSwLbrqsYB/QhjKZTtqxk0yYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733+DFnSjvOh5Xb2Nza3snvFvb2Dw6PiscnXSUSSWiHCC5k38eKchbRjmaa034sKQ59Tnv+7Drze/dUKiaiWz2PqRfiScQCRrA2UndIOR/JUbHk2G7VdSt15NiVarVWr2WkXGtUGsi1nSVKsEZ7VHwfjgVJQhppwrFSA9eJtZdiqRnhdFEYJorGmMzwhA4MjXBIlZcur12gC6OMUSCkqUijpfp9IsWhUvPQN50h1lP128vEv7xBooOGl7IoTjSNyGpRkHCkBcpeR2MmKdF8bggmkplbEZliiYk2ARVMCF+fov9Jt2y7Jqubq1KztY4jD2dwDpfgQh2a0II2dIDAHTzAEzxbwnq0XqzXVWvOWs+cwg9Yb58Ms492</latexit><latexit sha1_base64="q68CcJuiApWta6V6/P2vs/7RD38=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiStfSwLbrqsYB/QhjKZTtqxk0yYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733+DFnSjvOh5Xb2Nza3snvFvb2Dw6PiscnXSUSSWiHCC5k38eKchbRjmaa034sKQ59Tnv+7Drze/dUKiaiWz2PqRfiScQCRrA2UndIOR/JUbHk2G7VdSt15NiVarVWr2WkXGtUGsi1nSVKsEZ7VHwfjgVJQhppwrFSA9eJtZdiqRnhdFEYJorGmMzwhA4MjXBIlZcur12gC6OMUSCkqUijpfp9IsWhUvPQN50h1lP128vEv7xBooOGl7IoTjSNyGpRkHCkBcpeR2MmKdF8bggmkplbEZliiYk2ARVMCF+fov9Jt2y7Jqubq1KztY4jD2dwDpfgQh2a0II2dIDAHTzAEzxbwnq0XqzXVWvOWs+cwg9Yb58Ms492</latexit><latexit sha1_base64="q68CcJuiApWta6V6/P2vs/7RD38=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiStfSwLbrqsYB/QhjKZTtqxk0yYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733+DFnSjvOh5Xb2Nza3snvFvb2Dw6PiscnXSUSSWiHCC5k38eKchbRjmaa034sKQ59Tnv+7Drze/dUKiaiWz2PqRfiScQCRrA2UndIOR/JUbHk2G7VdSt15NiVarVWr2WkXGtUGsi1nSVKsEZ7VHwfjgVJQhppwrFSA9eJtZdiqRnhdFEYJorGmMzwhA4MjXBIlZcur12gC6OMUSCkqUijpfp9IsWhUvPQN50h1lP128vEv7xBooOGl7IoTjSNyGpRkHCkBcpeR2MmKdF8bggmkplbEZliiYk2ARVMCF+fov9Jt2y7Jqubq1KztY4jD2dwDpfgQh2a0II2dIDAHTzAEzxbwnq0XqzXVWvOWs+cwg9Yb58Ms492</latexit>

Under Moyal map, each row length is proportional to the 
area of a separate component of the entangling surface
[Frenkel; ’23]



• U(M) invariance           for any physical reduced density matrix

• Quantum variance of U(M) Casimir           dominating irrep,     , with               
and an exponentially large dimension

• Read off this dimension from the Casimir:  

[Frenkel; ’23][Frenkel, Hartnoll; ’23]

pµ? ⇡ 1
<latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit><latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit><latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit><latexit sha1_base64="lapQpIv5cSm+IXfNURIH2VVrQ5U="></latexit>

µ?
<latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit><latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit><latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit><latexit sha1_base64="6MU0/c1NON70CeSV0CEc+NLuQ2I="></latexit>

reps of U(M)

{ <latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit><latexit sha1_base64="MEkwRkK8XgzNCEK+dhW16NjpGq0=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw0xilmPAS44RzALJEHo6NUmTnoXuHiEM+QgvHhTx6vd482/sLIKKPih4vFdFVT0/EVxpx/mwNja3tnd2c3v5/YPDo+PCyWlHxalk2GaxiGXPpwoFj7CtuRbYSyTS0BfY9ac3C797j1LxOLrTswS9kI4jHnBGtZG6A+FLynBYKDq2W3Hdco04drlSqdaqC1Kq1st14trOEkVYozUsvA9GMUtDjDQTVKm+6yTay6jUnAmc5wepwoSyKR1j39CIhqi8bHnunFwaZUSCWJqKNFmq3ycyGio1C33TGVI9Ub+9hfiX1091UPcyHiWpxoitFgWpIDomi9/JiEtkWswMoUxycythE2oC0CahvAnh61PyP+mUbNdkdXtdbDTXceTgHC7gClyoQQOa0II2MJjCAzzBs5VYj9aL9bpq3bDWM2fwA9bbJ735j9s=</latexit>

⇢in ⇡
M

µ

pµ
Iµ
dµ

<latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit><latexit sha1_base64="dBKnTwJb5j8ZaXtTuEwyQJgiKEM="></latexit>

dµ?
<latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit><latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit><latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit><latexit sha1_base64="EYgtVIZzSLg0FdIlmHUR7MndfV4=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIoMuCmy4r2Ac0MUwmk3bozCTMTIQSs/BX3LhQxK2/4c6/cZpmoa0HBg7n3Ms9c8KUUaUd59taWV1b39isbdW3d3b39u2Dw55KMolJFycskYMQKcKoIF1NNSODVBLEQ0b64eRm5vcfiFQ0EXd6mhKfo5GgMcVIGymwjz2O9FjFeVQEuceze09pJIvAbjhNpwRcJm5FGqBCJ7C/vCjBGSdCY4aUGrpOqv0cSU0xI0XdyxRJEZ6gERkaKhAnys/L/AU8M0oE40SaJzQs1d8bOeJKTXloJsu0i95M/M8bZjq+9nMq0kwTgeeH4oxBncBZGTCikmDNpoYgLKnJCvEYSYS1qaxuSnAXv7xMehdN12m6t5eNVruqowZOwCk4By64Ai3QBh3QBRg8gmfwCt6sJ+vFerc+5qMrVrVzBP7A+vwBH2iW0Q==</latexit>

h |C2| i
<latexit sha1_base64="VG0apu7ECM1af2jMnMTTI3LZGyg=">AAACB3icbZDLSsNAFIYn9VbrrepSkMEiuCpJEXRZ6KbLCvYCTQiT6Uk7dDIJMxOhpN258VXcuFDEra/gzrdx2mahrT8MfPznHM6cP0g4U9q2v63CxubW9k5xt7S3f3B4VD4+6ag4lRTaNOax7AVEAWcC2pppDr1EAokCDt1g3JjXuw8gFYvFvZ4k4EVkKFjIKNHG8svnLidiyAG7iWLThp/VZtM5unJh++WKXbUXwuvg5FBBuVp++csdxDSNQGjKiVJ9x060lxGpGeUwK7mpgoTQMRlC36AgESgvW9wxw5fGGeAwluYJjRfu74mMREpNosB0RkSP1Gptbv5X66c6vPUyJpJUg6DLRWHKsY7xPBQ8YBKo5hMDhEpm/orpiEhCtYmuZEJwVk9eh06t6thV5+66Um/mcRTRGbpAV8hBN6iOmqiF2oiiR/SMXtGb9WS9WO/Wx7K1YOUzp+iPrM8fehyZtQ==</latexit><latexit sha1_base64="VG0apu7ECM1af2jMnMTTI3LZGyg=">AAACB3icbZDLSsNAFIYn9VbrrepSkMEiuCpJEXRZ6KbLCvYCTQiT6Uk7dDIJMxOhpN258VXcuFDEra/gzrdx2mahrT8MfPznHM6cP0g4U9q2v63CxubW9k5xt7S3f3B4VD4+6ag4lRTaNOax7AVEAWcC2pppDr1EAokCDt1g3JjXuw8gFYvFvZ4k4EVkKFjIKNHG8svnLidiyAG7iWLThp/VZtM5unJh++WKXbUXwuvg5FBBuVp++csdxDSNQGjKiVJ9x060lxGpGeUwK7mpgoTQMRlC36AgESgvW9wxw5fGGeAwluYJjRfu74mMREpNosB0RkSP1Gptbv5X66c6vPUyJpJUg6DLRWHKsY7xPBQ8YBKo5hMDhEpm/orpiEhCtYmuZEJwVk9eh06t6thV5+66Um/mcRTRGbpAV8hBN6iOmqiF2oiiR/SMXtGb9WS9WO/Wx7K1YOUzp+iPrM8fehyZtQ==</latexit><latexit sha1_base64="VG0apu7ECM1af2jMnMTTI3LZGyg=">AAACB3icbZDLSsNAFIYn9VbrrepSkMEiuCpJEXRZ6KbLCvYCTQiT6Uk7dDIJMxOhpN258VXcuFDEra/gzrdx2mahrT8MfPznHM6cP0g4U9q2v63CxubW9k5xt7S3f3B4VD4+6ag4lRTaNOax7AVEAWcC2pppDr1EAokCDt1g3JjXuw8gFYvFvZ4k4EVkKFjIKNHG8svnLidiyAG7iWLThp/VZtM5unJh++WKXbUXwuvg5FBBuVp++csdxDSNQGjKiVJ9x060lxGpGeUwK7mpgoTQMRlC36AgESgvW9wxw5fGGeAwluYJjRfu74mMREpNosB0RkSP1Gptbv5X66c6vPUyJpJUg6DLRWHKsY7xPBQ8YBKo5hMDhEpm/orpiEhCtYmuZEJwVk9eh06t6thV5+66Um/mcRTRGbpAV8hBN6iOmqiF2oiiR/SMXtGb9WS9WO/Wx7K1YOUzp+iPrM8fehyZtQ==</latexit><latexit sha1_base64="VG0apu7ECM1af2jMnMTTI3LZGyg=">AAACB3icbZDLSsNAFIYn9VbrrepSkMEiuCpJEXRZ6KbLCvYCTQiT6Uk7dDIJMxOhpN258VXcuFDEra/gzrdx2mahrT8MfPznHM6cP0g4U9q2v63CxubW9k5xt7S3f3B4VD4+6ag4lRTaNOax7AVEAWcC2pppDr1EAokCDt1g3JjXuw8gFYvFvZ4k4EVkKFjIKNHG8svnLidiyAG7iWLThp/VZtM5unJh++WKXbUXwuvg5FBBuVp++csdxDSNQGjKiVJ9x060lxGpGeUwK7mpgoTQMRlC36AgESgvW9wxw5fGGeAwluYJjRfu74mMREpNosB0RkSP1Gptbv5X66c6vPUyJpJUg6DLRWHKsY7xPBQ8YBKo5hMDhEpm/orpiEhCtYmuZEJwVk9eh06t6thV5+66Um/mcRTRGbpAV8hBN6iOmqiF2oiiR/SMXtGb9WS9WO/Wx7K1YOUzp+iPrM8fehyZtQ==</latexit>

r
<latexit sha1_base64="HEXdS44zCAKWyzwQKZ+vfRblz3Q=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha+3EseOmxBVsLbSib7aZdu9mE3Y1QQn+BFw+KePUnefPfuGkrqOiDgcd7M8zM82POlHacDyu3sbm1vZPfLeztHxweFY9PeipKJKFdEvFI9n2sKGeCdjXTnPZjSXHoc3rrz64z//aeSsUicaPnMfVCPBEsYARrI3XkqFhybLfqupU6cuxKtVqr1zJSrjUqDeTazhIlWKM9Kr4PxxFJQio04VipgevE2kux1IxwuigME0VjTGZ4QgeGChxS5aXLQxfowihjFETSlNBoqX6fSHGo1Dz0TWeI9VT99jLxL2+Q6KDhpUzEiaaCrBYFCUc6QtnXaMwkJZrPDcFEMnMrIlMsMdEmm4IJ4etT9D/plW3XZNW5KjVb6zjycAbncAku1KEJLWhDFwhQeIAneLburEfrxXpdteas9cwp/ID19glSNI1M</latexit><latexit sha1_base64="HEXdS44zCAKWyzwQKZ+vfRblz3Q=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha+3EseOmxBVsLbSib7aZdu9mE3Y1QQn+BFw+KePUnefPfuGkrqOiDgcd7M8zM82POlHacDyu3sbm1vZPfLeztHxweFY9PeipKJKFdEvFI9n2sKGeCdjXTnPZjSXHoc3rrz64z//aeSsUicaPnMfVCPBEsYARrI3XkqFhybLfqupU6cuxKtVqr1zJSrjUqDeTazhIlWKM9Kr4PxxFJQio04VipgevE2kux1IxwuigME0VjTGZ4QgeGChxS5aXLQxfowihjFETSlNBoqX6fSHGo1Dz0TWeI9VT99jLxL2+Q6KDhpUzEiaaCrBYFCUc6QtnXaMwkJZrPDcFEMnMrIlMsMdEmm4IJ4etT9D/plW3XZNW5KjVb6zjycAbncAku1KEJLWhDFwhQeIAneLburEfrxXpdteas9cwp/ID19glSNI1M</latexit><latexit sha1_base64="HEXdS44zCAKWyzwQKZ+vfRblz3Q=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha+3EseOmxBVsLbSib7aZdu9mE3Y1QQn+BFw+KePUnefPfuGkrqOiDgcd7M8zM82POlHacDyu3sbm1vZPfLeztHxweFY9PeipKJKFdEvFI9n2sKGeCdjXTnPZjSXHoc3rrz64z//aeSsUicaPnMfVCPBEsYARrI3XkqFhybLfqupU6cuxKtVqr1zJSrjUqDeTazhIlWKM9Kr4PxxFJQio04VipgevE2kux1IxwuigME0VjTGZ4QgeGChxS5aXLQxfowihjFETSlNBoqX6fSHGo1Dz0TWeI9VT99jLxL2+Q6KDhpUzEiaaCrBYFCUc6QtnXaMwkJZrPDcFEMnMrIlMsMdEmm4IJ4etT9D/plW3XZNW5KjVb6zjycAbncAku1KEJLWhDFwhQeIAneLburEfrxXpdteas9cwp/ID19glSNI1M</latexit><latexit sha1_base64="HEXdS44zCAKWyzwQKZ+vfRblz3Q=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0ha+3EseOmxBVsLbSib7aZdu9mE3Y1QQn+BFw+KePUnefPfuGkrqOiDgcd7M8zM82POlHacDyu3sbm1vZPfLeztHxweFY9PeipKJKFdEvFI9n2sKGeCdjXTnPZjSXHoc3rrz64z//aeSsUicaPnMfVCPBEsYARrI3XkqFhybLfqupU6cuxKtVqr1zJSrjUqDeTazhIlWKM9Kr4PxxFJQio04VipgevE2kux1IxwuigME0VjTGZ4QgeGChxS5aXLQxfowihjFETSlNBoqX6fSHGo1Dz0TWeI9VT99jLxL2+Q6KDhpUzEiaaCrBYFCUc6QtnXaMwkJZrPDcFEMnMrIlMsMdEmm4IJ4etT9D/plW3XZNW5KjVb6zjycAbncAku1KEJLWhDFwhQeIAneLburEfrxXpdteas9cwp/ID19glSNI1M</latexit>

`r
<latexit sha1_base64="q68CcJuiApWta6V6/P2vs/7RD38=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiStfSwLbrqsYB/QhjKZTtqxk0yYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733+DFnSjvOh5Xb2Nza3snvFvb2Dw6PiscnXSUSSWiHCC5k38eKchbRjmaa034sKQ59Tnv+7Drze/dUKiaiWz2PqRfiScQCRrA2UndIOR/JUbHk2G7VdSt15NiVarVWr2WkXGtUGsi1nSVKsEZ7VHwfjgVJQhppwrFSA9eJtZdiqRnhdFEYJorGmMzwhA4MjXBIlZcur12gC6OMUSCkqUijpfp9IsWhUvPQN50h1lP128vEv7xBooOGl7IoTjSNyGpRkHCkBcpeR2MmKdF8bggmkplbEZliiYk2ARVMCF+fov9Jt2y7Jqubq1KztY4jD2dwDpfgQh2a0II2dIDAHTzAEzxbwnq0XqzXVWvOWs+cwg9Yb58Ms492</latexit><latexit sha1_base64="q68CcJuiApWta6V6/P2vs/7RD38=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiStfSwLbrqsYB/QhjKZTtqxk0yYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733+DFnSjvOh5Xb2Nza3snvFvb2Dw6PiscnXSUSSWiHCC5k38eKchbRjmaa034sKQ59Tnv+7Drze/dUKiaiWz2PqRfiScQCRrA2UndIOR/JUbHk2G7VdSt15NiVarVWr2WkXGtUGsi1nSVKsEZ7VHwfjgVJQhppwrFSA9eJtZdiqRnhdFEYJorGmMzwhA4MjXBIlZcur12gC6OMUSCkqUijpfp9IsWhUvPQN50h1lP128vEv7xBooOGl7IoTjSNyGpRkHCkBcpeR2MmKdF8bggmkplbEZliiYk2ARVMCF+fov9Jt2y7Jqubq1KztY4jD2dwDpfgQh2a0II2dIDAHTzAEzxbwnq0XqzXVWvOWs+cwg9Yb58Ms492</latexit><latexit sha1_base64="q68CcJuiApWta6V6/P2vs/7RD38=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiStfSwLbrqsYB/QhjKZTtqxk0yYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733+DFnSjvOh5Xb2Nza3snvFvb2Dw6PiscnXSUSSWiHCC5k38eKchbRjmaa034sKQ59Tnv+7Drze/dUKiaiWz2PqRfiScQCRrA2UndIOR/JUbHk2G7VdSt15NiVarVWr2WkXGtUGsi1nSVKsEZ7VHwfjgVJQhppwrFSA9eJtZdiqRnhdFEYJorGmMzwhA4MjXBIlZcur12gC6OMUSCkqUijpfp9IsWhUvPQN50h1lP128vEv7xBooOGl7IoTjSNyGpRkHCkBcpeR2MmKdF8bggmkplbEZliiYk2ARVMCF+fov9Jt2y7Jqubq1KztY4jD2dwDpfgQh2a0II2dIDAHTzAEzxbwnq0XqzXVWvOWs+cwg9Yb58Ms492</latexit><latexit sha1_base64="q68CcJuiApWta6V6/P2vs/7RD38=">AAAB7XicdVDLSsNAFL2pr1pfVZduBovgKiStfSwLbrqsYB/QhjKZTtqxk0yYmQgl9B/cuFDErf/jzr9x0lZQ0QMXDufcy733+DFnSjvOh5Xb2Nza3snvFvb2Dw6PiscnXSUSSWiHCC5k38eKchbRjmaa034sKQ59Tnv+7Drze/dUKiaiWz2PqRfiScQCRrA2UndIOR/JUbHk2G7VdSt15NiVarVWr2WkXGtUGsi1nSVKsEZ7VHwfjgVJQhppwrFSA9eJtZdiqRnhdFEYJorGmMzwhA4MjXBIlZcur12gC6OMUSCkqUijpfp9IsWhUvPQN50h1lP128vEv7xBooOGl7IoTjSNyGpRkHCkBcpeR2MmKdF8bggmkplbEZliiYk2ARVMCF+fov9Jt2y7Jqubq1KztY4jD2dwDpfgQh2a0II2dIDAHTzAEzxbwnq0XqzXVWvOWs+cwg9Yb58Ms492</latexit>

Under Moyal map, each row length is proportional to the 
area of a separate component of the entangling surface
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<latexit sha1_base64="CvpyoHCI30CCVSsRdV0MBVlw/qU="></latexit><latexit sha1_base64="CvpyoHCI30CCVSsRdV0MBVlw/qU="></latexit><latexit sha1_base64="CvpyoHCI30CCVSsRdV0MBVlw/qU="></latexit><latexit sha1_base64="CvpyoHCI30CCVSsRdV0MBVlw/qU="></latexit>

[Frenkel; ’23]



Incorporating F

what is the entropy of any MxM matrix block?



• Assumption: reduced states of different subregions are distinguishable (to 
leading order in N)

⇢in ⇠ �
Z

F
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<latexit sha1_base64="PKnE4+xWk5L+tqVGBTOP0u97MlI="></latexit><latexit sha1_base64="PKnE4+xWk5L+tqVGBTOP0u97MlI="></latexit><latexit sha1_base64="PKnE4+xWk5L+tqVGBTOP0u97MlI="></latexit><latexit sha1_base64="PKnE4+xWk5L+tqVGBTOP0u97MlI="></latexit>



• Assumption: reduced states of different subregions are distinguishable (to 
leading order in N)

corroborated by Haar 
random sampling
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<latexit sha1_base64="PKnE4+xWk5L+tqVGBTOP0u97MlI="></latexit><latexit sha1_base64="PKnE4+xWk5L+tqVGBTOP0u97MlI="></latexit><latexit sha1_base64="PKnE4+xWk5L+tqVGBTOP0u97MlI="></latexit><latexit sha1_base64="PKnE4+xWk5L+tqVGBTOP0u97MlI="></latexit>



• Assumption: reduced states of different subregions are distinguishable (to 
leading order in N)

corroborated by Haar 
random sampling

replica symmetry
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<latexit sha1_base64="PKnE4+xWk5L+tqVGBTOP0u97MlI="></latexit><latexit sha1_base64="PKnE4+xWk5L+tqVGBTOP0u97MlI="></latexit><latexit sha1_base64="PKnE4+xWk5L+tqVGBTOP0u97MlI="></latexit><latexit sha1_base64="PKnE4+xWk5L+tqVGBTOP0u97MlI="></latexit>
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<latexit sha1_base64="jXyB0ti+3FP0CsSINaB2U39fjlk="></latexit><latexit sha1_base64="jXyB0ti+3FP0CsSINaB2U39fjlk="></latexit><latexit sha1_base64="jXyB0ti+3FP0CsSINaB2U39fjlk="></latexit><latexit sha1_base64="jXyB0ti+3FP0CsSINaB2U39fjlk="></latexit>



• Assumption: reduced states of different subregions are distinguishable (to 
leading order in N)

corroborated by Haar 
random sampling

replica symmetry

⇡ Z1-loope
�In(saddle) + e�In(typical)

<latexit sha1_base64="hBxP1QKKgxxp/rN/lAmgaCfcR78=">AAACMHicbVDLSgMxFM34tr6qLt0Ei6CIZUYEXQou1J2CVbGtQyZzq8FMEpI7Yhn6SW78FN0oKOLWrzB9LHwdCBzOuY/ckxgpHIbhSzA0PDI6Nj4xWZqanpmdK88vnDqdWw41rqW25wlzIIWCGgqUcG4ssCyRcJbc7HX9s1uwTmh1gm0DzYxdKdESnKGX4vJ+gxlj9R29iBsId1hEG1Jr04HLYuMwVqt90bE0ldBZ66z/1P1EP0l6Iy5XwmrYA/1LogGpkAGO4vJjI9U8z0Ahl8y5ehQabBbMouB+VamROzCM37ArqHuqWAauWfQO7tAVr6S0pa1/CmlP/d5RsMy5dpb4yozhtfvtdcX/vHqOrZ1mIZTJERTvL2rlkqKm3fRoKixwlG1PGLfC/5Xya2YZR59xyYcQ/T75LzndrEZhNTrequweDOKYIEtkmaySiGyTXXJAjkiNcHJPnsgreQsegufgPfjolw4Fg55F8gPB5xcRB6rV</latexit><latexit sha1_base64="hBxP1QKKgxxp/rN/lAmgaCfcR78=">AAACMHicbVDLSgMxFM34tr6qLt0Ei6CIZUYEXQou1J2CVbGtQyZzq8FMEpI7Yhn6SW78FN0oKOLWrzB9LHwdCBzOuY/ckxgpHIbhSzA0PDI6Nj4xWZqanpmdK88vnDqdWw41rqW25wlzIIWCGgqUcG4ssCyRcJbc7HX9s1uwTmh1gm0DzYxdKdESnKGX4vJ+gxlj9R29iBsId1hEG1Jr04HLYuMwVqt90bE0ldBZ66z/1P1EP0l6Iy5XwmrYA/1LogGpkAGO4vJjI9U8z0Ahl8y5ehQabBbMouB+VamROzCM37ArqHuqWAauWfQO7tAVr6S0pa1/CmlP/d5RsMy5dpb4yozhtfvtdcX/vHqOrZ1mIZTJERTvL2rlkqKm3fRoKixwlG1PGLfC/5Xya2YZR59xyYcQ/T75LzndrEZhNTrequweDOKYIEtkmaySiGyTXXJAjkiNcHJPnsgreQsegufgPfjolw4Fg55F8gPB5xcRB6rV</latexit><latexit sha1_base64="hBxP1QKKgxxp/rN/lAmgaCfcR78=">AAACMHicbVDLSgMxFM34tr6qLt0Ei6CIZUYEXQou1J2CVbGtQyZzq8FMEpI7Yhn6SW78FN0oKOLWrzB9LHwdCBzOuY/ckxgpHIbhSzA0PDI6Nj4xWZqanpmdK88vnDqdWw41rqW25wlzIIWCGgqUcG4ssCyRcJbc7HX9s1uwTmh1gm0DzYxdKdESnKGX4vJ+gxlj9R29iBsId1hEG1Jr04HLYuMwVqt90bE0ldBZ66z/1P1EP0l6Iy5XwmrYA/1LogGpkAGO4vJjI9U8z0Ahl8y5ehQabBbMouB+VamROzCM37ArqHuqWAauWfQO7tAVr6S0pa1/CmlP/d5RsMy5dpb4yozhtfvtdcX/vHqOrZ1mIZTJERTvL2rlkqKm3fRoKixwlG1PGLfC/5Xya2YZR59xyYcQ/T75LzndrEZhNTrequweDOKYIEtkmaySiGyTXXJAjkiNcHJPnsgreQsegufgPfjolw4Fg55F8gPB5xcRB6rV</latexit><latexit sha1_base64="hBxP1QKKgxxp/rN/lAmgaCfcR78=">AAACMHicbVDLSgMxFM34tr6qLt0Ei6CIZUYEXQou1J2CVbGtQyZzq8FMEpI7Yhn6SW78FN0oKOLWrzB9LHwdCBzOuY/ckxgpHIbhSzA0PDI6Nj4xWZqanpmdK88vnDqdWw41rqW25wlzIIWCGgqUcG4ssCyRcJbc7HX9s1uwTmh1gm0DzYxdKdESnKGX4vJ+gxlj9R29iBsId1hEG1Jr04HLYuMwVqt90bE0ldBZ66z/1P1EP0l6Iy5XwmrYA/1LogGpkAGO4vJjI9U8z0Ahl8y5ehQabBbMouB+VamROzCM37ArqHuqWAauWfQO7tAVr6S0pa1/CmlP/d5RsMy5dpb4yozhtfvtdcX/vHqOrZ1mIZTJERTvL2rlkqKm3fRoKixwlG1PGLfC/5Xya2YZR59xyYcQ/T75LzndrEZhNTrequweDOKYIEtkmaySiGyTXXJAjkiNcHJPnsgreQsegufgPfjolw4Fg55F8gPB5xcRB6rV</latexit>

Z1-loop
<latexit sha1_base64="oyA+5Iwldry0V1V4RNCcbsGm4dw=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AIXiy7Iuix6MVjBfuB7bJk07QNzSZLMivWpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMixLBDXjet1NYWV1b3yhulra2d3bL7t5+06hUU9agSijdjohhgkvWAA6CtRPNSBwJ1opG11O/9cC04UrewThhQUwGkvc5JWCl0C3fh11gj5D5p0KpZBK6Fa/qzYCXiZ+TCspRD92vbk/RNGYSqCDGdHwvgSAjGjgVbFLqpoYlhI7IgHUslSRmJshmh0/wsVV6uK+0LQl4pv6eyEhszDiObGdMYGgWvan4n9dJoX8ZZFwmKTBJ54v6qcCg8DQF3OOaURBjSwjV3N6K6ZBoQsFmVbIh+IsvL5PmWdX3qv7teaV2lcdRRIfoCJ0gH12gGrpBddRAFKXoGb2iN+fJeXHenY95a8HJZw7QHzifP80Nkys=</latexit><latexit sha1_base64="oyA+5Iwldry0V1V4RNCcbsGm4dw=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AIXiy7Iuix6MVjBfuB7bJk07QNzSZLMivWpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMixLBDXjet1NYWV1b3yhulra2d3bL7t5+06hUU9agSijdjohhgkvWAA6CtRPNSBwJ1opG11O/9cC04UrewThhQUwGkvc5JWCl0C3fh11gj5D5p0KpZBK6Fa/qzYCXiZ+TCspRD92vbk/RNGYSqCDGdHwvgSAjGjgVbFLqpoYlhI7IgHUslSRmJshmh0/wsVV6uK+0LQl4pv6eyEhszDiObGdMYGgWvan4n9dJoX8ZZFwmKTBJ54v6qcCg8DQF3OOaURBjSwjV3N6K6ZBoQsFmVbIh+IsvL5PmWdX3qv7teaV2lcdRRIfoCJ0gH12gGrpBddRAFKXoGb2iN+fJeXHenY95a8HJZw7QHzifP80Nkys=</latexit><latexit sha1_base64="oyA+5Iwldry0V1V4RNCcbsGm4dw=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AIXiy7Iuix6MVjBfuB7bJk07QNzSZLMivWpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMixLBDXjet1NYWV1b3yhulra2d3bL7t5+06hUU9agSijdjohhgkvWAA6CtRPNSBwJ1opG11O/9cC04UrewThhQUwGkvc5JWCl0C3fh11gj5D5p0KpZBK6Fa/qzYCXiZ+TCspRD92vbk/RNGYSqCDGdHwvgSAjGjgVbFLqpoYlhI7IgHUslSRmJshmh0/wsVV6uK+0LQl4pv6eyEhszDiObGdMYGgWvan4n9dJoX8ZZFwmKTBJ54v6qcCg8DQF3OOaURBjSwjV3N6K6ZBoQsFmVbIh+IsvL5PmWdX3qv7teaV2lcdRRIfoCJ0gH12gGrpBddRAFKXoGb2iN+fJeXHenY95a8HJZw7QHzifP80Nkys=</latexit><latexit sha1_base64="oyA+5Iwldry0V1V4RNCcbsGm4dw=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AIXiy7Iuix6MVjBfuB7bJk07QNzSZLMivWpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMixLBDXjet1NYWV1b3yhulra2d3bL7t5+06hUU9agSijdjohhgkvWAA6CtRPNSBwJ1opG11O/9cC04UrewThhQUwGkvc5JWCl0C3fh11gj5D5p0KpZBK6Fa/qzYCXiZ+TCspRD92vbk/RNGYSqCDGdHwvgSAjGjgVbFLqpoYlhI7IgHUslSRmJshmh0/wsVV6uK+0LQl4pv6eyEhszDiObGdMYGgWvan4n9dJoX8ZZFwmKTBJ54v6qcCg8DQF3OOaURBjSwjV3N6K6ZBoQsFmVbIh+IsvL5PmWdX3qv7teaV2lcdRRIfoCJ0gH12gGrpBddRAFKXoGb2iN+fJeXHenY95a8HJZw7QHzifP80Nkys=</latexit>

$
<latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit>

e�In(saddle)
<latexit sha1_base64="B7/lNONAPfGJxsu/2wixPIm5M2Q=">AAACAHicbVDLSsNAFJ3UV62vqgsXboJFqAtLIoIui250V8E+oI1hMrlth04mYeZGLKEbf8WNC0Xc+hnu/Bunj4VWD1w4nHPvzL0nSATX6DhfVm5hcWl5Jb9aWFvf2Nwqbu80dJwqBnUWi1i1AqpBcAl15CiglSigUSCgGQwux37zHpTmsbzFYQJeRHuSdzmjaCS/uAd32fG1L8sdhAfMNA1DAaOjkV8sORVnAvsvcWekRGao+cXPThizNAKJTFCt266ToJdRhZyZFwudVENC2YD2oG2opBFoL5scMLIPjRLa3ViZkmhP1J8TGY20HkaB6Ywo9vW8Nxb/89opds+9jMskRZBs+lE3FTbG9jgNO+QKGIqhIZQpbna1WZ8qytBkVjAhuPMn/yWNk4rrVNyb01L1YhZHnuyTA1ImLjkjVXJFaqROGBmRJ/JCXq1H69l6s96nrTlrNrNLfsH6+AaYd5Zm</latexit><latexit sha1_base64="B7/lNONAPfGJxsu/2wixPIm5M2Q=">AAACAHicbVDLSsNAFJ3UV62vqgsXboJFqAtLIoIui250V8E+oI1hMrlth04mYeZGLKEbf8WNC0Xc+hnu/Bunj4VWD1w4nHPvzL0nSATX6DhfVm5hcWl5Jb9aWFvf2Nwqbu80dJwqBnUWi1i1AqpBcAl15CiglSigUSCgGQwux37zHpTmsbzFYQJeRHuSdzmjaCS/uAd32fG1L8sdhAfMNA1DAaOjkV8sORVnAvsvcWekRGao+cXPThizNAKJTFCt266ToJdRhZyZFwudVENC2YD2oG2opBFoL5scMLIPjRLa3ViZkmhP1J8TGY20HkaB6Ywo9vW8Nxb/89opds+9jMskRZBs+lE3FTbG9jgNO+QKGIqhIZQpbna1WZ8qytBkVjAhuPMn/yWNk4rrVNyb01L1YhZHnuyTA1ImLjkjVXJFaqROGBmRJ/JCXq1H69l6s96nrTlrNrNLfsH6+AaYd5Zm</latexit><latexit sha1_base64="B7/lNONAPfGJxsu/2wixPIm5M2Q=">AAACAHicbVDLSsNAFJ3UV62vqgsXboJFqAtLIoIui250V8E+oI1hMrlth04mYeZGLKEbf8WNC0Xc+hnu/Bunj4VWD1w4nHPvzL0nSATX6DhfVm5hcWl5Jb9aWFvf2Nwqbu80dJwqBnUWi1i1AqpBcAl15CiglSigUSCgGQwux37zHpTmsbzFYQJeRHuSdzmjaCS/uAd32fG1L8sdhAfMNA1DAaOjkV8sORVnAvsvcWekRGao+cXPThizNAKJTFCt266ToJdRhZyZFwudVENC2YD2oG2opBFoL5scMLIPjRLa3ViZkmhP1J8TGY20HkaB6Ywo9vW8Nxb/89opds+9jMskRZBs+lE3FTbG9jgNO+QKGIqhIZQpbna1WZ8qytBkVjAhuPMn/yWNk4rrVNyb01L1YhZHnuyTA1ImLjkjVXJFaqROGBmRJ/JCXq1H69l6s96nrTlrNrNLfsH6+AaYd5Zm</latexit><latexit sha1_base64="B7/lNONAPfGJxsu/2wixPIm5M2Q=">AAACAHicbVDLSsNAFJ3UV62vqgsXboJFqAtLIoIui250V8E+oI1hMrlth04mYeZGLKEbf8WNC0Xc+hnu/Bunj4VWD1w4nHPvzL0nSATX6DhfVm5hcWl5Jb9aWFvf2Nwqbu80dJwqBnUWi1i1AqpBcAl15CiglSigUSCgGQwux37zHpTmsbzFYQJeRHuSdzmjaCS/uAd32fG1L8sdhAfMNA1DAaOjkV8sORVnAvsvcWekRGao+cXPThizNAKJTFCt266ToJdRhZyZFwudVENC2YD2oG2opBFoL5scMLIPjRLa3ViZkmhP1J8TGY20HkaB6Ywo9vW8Nxb/89opds+9jMskRZBs+lE3FTbG9jgNO+QKGIqhIZQpbna1WZ8qytBkVjAhuPMn/yWNk4rrVNyb01L1YhZHnuyTA1ImLjkjVXJFaqROGBmRJ/JCXq1H69l6s96nrTlrNrNLfsH6+AaYd5Zm</latexit>

e�In(typical)
<latexit sha1_base64="JiKPUt6bJrrBXiEWNZaUpgrKa9M=">AAACAXicbVC7SgNBFJ2NrxhfURvBZjEIsTDsiqBl0Ea7COYByRpmJzfJkNnZZeauGJbY+Cs2ForY+hd2/o2TZAtNPDBwOOdc7tzjR4JrdJxvK7OwuLS8kl3Nra1vbG7lt3dqOowVgyoLRagaPtUguIQqchTQiBTQwBdQ9weXY79+D0rzUN7iMAIvoD3Ju5xRNFI7vwd3yfF1WxZbCA+YmIixxOho1M4XnJIzgT1P3JQUSIpKO//V6oQsDkAiE1TrputE6CVUIWcCRrlWrCGibEB70DRU0gC0l0wuGNmHRunY3VCZJ9GeqL8nEhpoPQx8kwwo9vWsNxb/85oxds+9hMsoRpBsuqgbCxtDe1yH3eEKGIqhIZQpbv5qsz5VlKEpLWdKcGdPnie1k5LrlNyb00L5Iq0jS/bJASkSl5yRMrkiFVIljDySZ/JK3qwn68V6tz6m0YyVzuySP7A+fwCXTZb5</latexit><latexit sha1_base64="JiKPUt6bJrrBXiEWNZaUpgrKa9M=">AAACAXicbVC7SgNBFJ2NrxhfURvBZjEIsTDsiqBl0Ea7COYByRpmJzfJkNnZZeauGJbY+Cs2ForY+hd2/o2TZAtNPDBwOOdc7tzjR4JrdJxvK7OwuLS8kl3Nra1vbG7lt3dqOowVgyoLRagaPtUguIQqchTQiBTQwBdQ9weXY79+D0rzUN7iMAIvoD3Ju5xRNFI7vwd3yfF1WxZbCA+YmIixxOho1M4XnJIzgT1P3JQUSIpKO//V6oQsDkAiE1TrputE6CVUIWcCRrlWrCGibEB70DRU0gC0l0wuGNmHRunY3VCZJ9GeqL8nEhpoPQx8kwwo9vWsNxb/85oxds+9hMsoRpBsuqgbCxtDe1yH3eEKGIqhIZQpbv5qsz5VlKEpLWdKcGdPnie1k5LrlNyb00L5Iq0jS/bJASkSl5yRMrkiFVIljDySZ/JK3qwn68V6tz6m0YyVzuySP7A+fwCXTZb5</latexit><latexit sha1_base64="JiKPUt6bJrrBXiEWNZaUpgrKa9M=">AAACAXicbVC7SgNBFJ2NrxhfURvBZjEIsTDsiqBl0Ea7COYByRpmJzfJkNnZZeauGJbY+Cs2ForY+hd2/o2TZAtNPDBwOOdc7tzjR4JrdJxvK7OwuLS8kl3Nra1vbG7lt3dqOowVgyoLRagaPtUguIQqchTQiBTQwBdQ9weXY79+D0rzUN7iMAIvoD3Ju5xRNFI7vwd3yfF1WxZbCA+YmIixxOho1M4XnJIzgT1P3JQUSIpKO//V6oQsDkAiE1TrputE6CVUIWcCRrlWrCGibEB70DRU0gC0l0wuGNmHRunY3VCZJ9GeqL8nEhpoPQx8kwwo9vWsNxb/85oxds+9hMsoRpBsuqgbCxtDe1yH3eEKGIqhIZQpbv5qsz5VlKEpLWdKcGdPnie1k5LrlNyb00L5Iq0jS/bJASkSl5yRMrkiFVIljDySZ/JK3qwn68V6tz6m0YyVzuySP7A+fwCXTZb5</latexit><latexit sha1_base64="JiKPUt6bJrrBXiEWNZaUpgrKa9M=">AAACAXicbVC7SgNBFJ2NrxhfURvBZjEIsTDsiqBl0Ea7COYByRpmJzfJkNnZZeauGJbY+Cs2ForY+hd2/o2TZAtNPDBwOOdc7tzjR4JrdJxvK7OwuLS8kl3Nra1vbG7lt3dqOowVgyoLRagaPtUguIQqchTQiBTQwBdQ9weXY79+D0rzUN7iMAIvoD3Ju5xRNFI7vwd3yfF1WxZbCA+YmIixxOho1M4XnJIzgT1P3JQUSIpKO//V6oQsDkAiE1TrputE6CVUIWcCRrlWrCGibEB70DRU0gC0l0wuGNmHRunY3VCZJ9GeqL8nEhpoPQx8kwwo9vWsNxb/85oxds+9hMsoRpBsuqgbCxtDe1yH3eEKGIqhIZQpbv5qsz5VlKEpLWdKcGdPnie1k5LrlNyb00L5Iq0jS/bJASkSl5yRMrkiFVIljDySZ/JK3qwn68V6tz6m0YyVzuySP7A+fwCXTZb5</latexit>

⇢in ⇠ �
Z

F
dV ⇢in,V

<latexit sha1_base64="PKnE4+xWk5L+tqVGBTOP0u97MlI="></latexit><latexit sha1_base64="PKnE4+xWk5L+tqVGBTOP0u97MlI="></latexit><latexit sha1_base64="PKnE4+xWk5L+tqVGBTOP0u97MlI="></latexit><latexit sha1_base64="PKnE4+xWk5L+tqVGBTOP0u97MlI="></latexit>

Tr ⇢nin ⇠
Z

F
dV d1�n

µ?
V

<latexit sha1_base64="jXyB0ti+3FP0CsSINaB2U39fjlk="></latexit><latexit sha1_base64="jXyB0ti+3FP0CsSINaB2U39fjlk="></latexit><latexit sha1_base64="jXyB0ti+3FP0CsSINaB2U39fjlk="></latexit><latexit sha1_base64="jXyB0ti+3FP0CsSINaB2U39fjlk="></latexit>
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Tr ⇢nin ⇠
Z

F
dV d1�n

µ?
V
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• “Geometry from entanglement” in matrix quantum mechanics. 

• Gauge-invariant entanglement  invariance under VPDs 

• When gauge orbit admits a saddle-point, results in a minimal area formula

Recap

Outlook
• Revisit replica symmetry: accurate for n~1, but RS breaking important for 

Rényis

• Incorporating Lorentz / SUSY: MQMs relevant for flat-space supergravity, 
e.g. BFSS, BMN

• Towards an RT formula outside of holography: gauge fixing to more 
abstract features than a boundary. QRFs.



Thank you for your attention.



Extra slides



• Establishing the existence + dominance of a saddle point. 

• the value of                  itself and that it is a minimum


•            : the order of fluctuations about the saddle point


•                 : value of              for a typical configuration

Fine print on the saddle point

Tr⇢nin ⇡ Z1-loope
�In(saddle) + e�In(typical)

<latexit sha1_base64="HD5fHjf/IBWlAilIbVxyaGKqWvc="></latexit><latexit sha1_base64="HD5fHjf/IBWlAilIbVxyaGKqWvc="></latexit><latexit sha1_base64="HD5fHjf/IBWlAilIbVxyaGKqWvc="></latexit><latexit sha1_base64="HD5fHjf/IBWlAilIbVxyaGKqWvc="></latexit>

Can be checked, e.g. in the fuzzy sphere state 

In(saddle)
<latexit sha1_base64="mVLLVanLUkgpyNWwb+IKe/IPE68="></latexit><latexit sha1_base64="mVLLVanLUkgpyNWwb+IKe/IPE68="></latexit><latexit sha1_base64="mVLLVanLUkgpyNWwb+IKe/IPE68="></latexit><latexit sha1_base64="mVLLVanLUkgpyNWwb+IKe/IPE68="></latexit>

log dµ?
V

<latexit sha1_base64="TWHBdUDSwKCNax47fz4VE/WL6qQ="></latexit><latexit sha1_base64="TWHBdUDSwKCNax47fz4VE/WL6qQ="></latexit><latexit sha1_base64="TWHBdUDSwKCNax47fz4VE/WL6qQ="></latexit><latexit sha1_base64="TWHBdUDSwKCNax47fz4VE/WL6qQ="></latexit>

In(typical)
<latexit sha1_base64="ZK8J6VDbI3KHHqNDt/ocMk7o6WI="></latexit><latexit sha1_base64="ZK8J6VDbI3KHHqNDt/ocMk7o6WI="></latexit><latexit sha1_base64="ZK8J6VDbI3KHHqNDt/ocMk7o6WI="></latexit><latexit sha1_base64="ZK8J6VDbI3KHHqNDt/ocMk7o6WI="></latexit>

Z1-loop
<latexit sha1_base64="XNLlyzyTCBVeytCgAZWoOn7eQ50="></latexit><latexit sha1_base64="XNLlyzyTCBVeytCgAZWoOn7eQ50="></latexit><latexit sha1_base64="XNLlyzyTCBVeytCgAZWoOn7eQ50="></latexit><latexit sha1_base64="XNLlyzyTCBVeytCgAZWoOn7eQ50="></latexit>

Haar averaged 
integrals

Z1-loop
<latexit sha1_base64="oyA+5Iwldry0V1V4RNCcbsGm4dw=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AIXiy7Iuix6MVjBfuB7bJk07QNzSZLMivWpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMixLBDXjet1NYWV1b3yhulra2d3bL7t5+06hUU9agSijdjohhgkvWAA6CtRPNSBwJ1opG11O/9cC04UrewThhQUwGkvc5JWCl0C3fh11gj5D5p0KpZBK6Fa/qzYCXiZ+TCspRD92vbk/RNGYSqCDGdHwvgSAjGjgVbFLqpoYlhI7IgHUslSRmJshmh0/wsVV6uK+0LQl4pv6eyEhszDiObGdMYGgWvan4n9dJoX8ZZFwmKTBJ54v6qcCg8DQF3OOaURBjSwjV3N6K6ZBoQsFmVbIh+IsvL5PmWdX3qv7teaV2lcdRRIfoCJ0gH12gGrpBddRAFKXoGb2iN+fJeXHenY95a8HJZw7QHzifP80Nkys=</latexit><latexit sha1_base64="oyA+5Iwldry0V1V4RNCcbsGm4dw=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AIXiy7Iuix6MVjBfuB7bJk07QNzSZLMivWpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMixLBDXjet1NYWV1b3yhulra2d3bL7t5+06hUU9agSijdjohhgkvWAA6CtRPNSBwJ1opG11O/9cC04UrewThhQUwGkvc5JWCl0C3fh11gj5D5p0KpZBK6Fa/qzYCXiZ+TCspRD92vbk/RNGYSqCDGdHwvgSAjGjgVbFLqpoYlhI7IgHUslSRmJshmh0/wsVV6uK+0LQl4pv6eyEhszDiObGdMYGgWvan4n9dJoX8ZZFwmKTBJ54v6qcCg8DQF3OOaURBjSwjV3N6K6ZBoQsFmVbIh+IsvL5PmWdX3qv7teaV2lcdRRIfoCJ0gH12gGrpBddRAFKXoGb2iN+fJeXHenY95a8HJZw7QHzifP80Nkys=</latexit><latexit sha1_base64="oyA+5Iwldry0V1V4RNCcbsGm4dw=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AIXiy7Iuix6MVjBfuB7bJk07QNzSZLMivWpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMixLBDXjet1NYWV1b3yhulra2d3bL7t5+06hUU9agSijdjohhgkvWAA6CtRPNSBwJ1opG11O/9cC04UrewThhQUwGkvc5JWCl0C3fh11gj5D5p0KpZBK6Fa/qzYCXiZ+TCspRD92vbk/RNGYSqCDGdHwvgSAjGjgVbFLqpoYlhI7IgHUslSRmJshmh0/wsVV6uK+0LQl4pv6eyEhszDiObGdMYGgWvan4n9dJoX8ZZFwmKTBJ54v6qcCg8DQF3OOaURBjSwjV3N6K6ZBoQsFmVbIh+IsvL5PmWdX3qv7teaV2lcdRRIfoCJ0gH12gGrpBddRAFKXoGb2iN+fJeXHenY95a8HJZw7QHzifP80Nkys=</latexit><latexit sha1_base64="oyA+5Iwldry0V1V4RNCcbsGm4dw=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AIXiy7Iuix6MVjBfuB7bJk07QNzSZLMivWpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMixLBDXjet1NYWV1b3yhulra2d3bL7t5+06hUU9agSijdjohhgkvWAA6CtRPNSBwJ1opG11O/9cC04UrewThhQUwGkvc5JWCl0C3fh11gj5D5p0KpZBK6Fa/qzYCXiZ+TCspRD92vbk/RNGYSqCDGdHwvgSAjGjgVbFLqpoYlhI7IgHUslSRmJshmh0/wsVV6uK+0LQl4pv6eyEhszDiObGdMYGgWvan4n9dJoX8ZZFwmKTBJ54v6qcCg8DQF3OOaURBjSwjV3N6K6ZBoQsFmVbIh+IsvL5PmWdX3qv7teaV2lcdRRIfoCJ0gH12gGrpBddRAFKXoGb2iN+fJeXHenY95a8HJZw7QHzifP80Nkys=</latexit>

$
<latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit>

e�In(saddle)
<latexit sha1_base64="B7/lNONAPfGJxsu/2wixPIm5M2Q=">AAACAHicbVDLSsNAFJ3UV62vqgsXboJFqAtLIoIui250V8E+oI1hMrlth04mYeZGLKEbf8WNC0Xc+hnu/Bunj4VWD1w4nHPvzL0nSATX6DhfVm5hcWl5Jb9aWFvf2Nwqbu80dJwqBnUWi1i1AqpBcAl15CiglSigUSCgGQwux37zHpTmsbzFYQJeRHuSdzmjaCS/uAd32fG1L8sdhAfMNA1DAaOjkV8sORVnAvsvcWekRGao+cXPThizNAKJTFCt266ToJdRhZyZFwudVENC2YD2oG2opBFoL5scMLIPjRLa3ViZkmhP1J8TGY20HkaB6Ywo9vW8Nxb/89opds+9jMskRZBs+lE3FTbG9jgNO+QKGIqhIZQpbna1WZ8qytBkVjAhuPMn/yWNk4rrVNyb01L1YhZHnuyTA1ImLjkjVXJFaqROGBmRJ/JCXq1H69l6s96nrTlrNrNLfsH6+AaYd5Zm</latexit><latexit sha1_base64="B7/lNONAPfGJxsu/2wixPIm5M2Q=">AAACAHicbVDLSsNAFJ3UV62vqgsXboJFqAtLIoIui250V8E+oI1hMrlth04mYeZGLKEbf8WNC0Xc+hnu/Bunj4VWD1w4nHPvzL0nSATX6DhfVm5hcWl5Jb9aWFvf2Nwqbu80dJwqBnUWi1i1AqpBcAl15CiglSigUSCgGQwux37zHpTmsbzFYQJeRHuSdzmjaCS/uAd32fG1L8sdhAfMNA1DAaOjkV8sORVnAvsvcWekRGao+cXPThizNAKJTFCt266ToJdRhZyZFwudVENC2YD2oG2opBFoL5scMLIPjRLa3ViZkmhP1J8TGY20HkaB6Ywo9vW8Nxb/89opds+9jMskRZBs+lE3FTbG9jgNO+QKGIqhIZQpbna1WZ8qytBkVjAhuPMn/yWNk4rrVNyb01L1YhZHnuyTA1ImLjkjVXJFaqROGBmRJ/JCXq1H69l6s96nrTlrNrNLfsH6+AaYd5Zm</latexit><latexit sha1_base64="B7/lNONAPfGJxsu/2wixPIm5M2Q=">AAACAHicbVDLSsNAFJ3UV62vqgsXboJFqAtLIoIui250V8E+oI1hMrlth04mYeZGLKEbf8WNC0Xc+hnu/Bunj4VWD1w4nHPvzL0nSATX6DhfVm5hcWl5Jb9aWFvf2Nwqbu80dJwqBnUWi1i1AqpBcAl15CiglSigUSCgGQwux37zHpTmsbzFYQJeRHuSdzmjaCS/uAd32fG1L8sdhAfMNA1DAaOjkV8sORVnAvsvcWekRGao+cXPThizNAKJTFCt266ToJdRhZyZFwudVENC2YD2oG2opBFoL5scMLIPjRLa3ViZkmhP1J8TGY20HkaB6Ywo9vW8Nxb/89opds+9jMskRZBs+lE3FTbG9jgNO+QKGIqhIZQpbna1WZ8qytBkVjAhuPMn/yWNk4rrVNyb01L1YhZHnuyTA1ImLjkjVXJFaqROGBmRJ/JCXq1H69l6s96nrTlrNrNLfsH6+AaYd5Zm</latexit><latexit sha1_base64="B7/lNONAPfGJxsu/2wixPIm5M2Q=">AAACAHicbVDLSsNAFJ3UV62vqgsXboJFqAtLIoIui250V8E+oI1hMrlth04mYeZGLKEbf8WNC0Xc+hnu/Bunj4VWD1w4nHPvzL0nSATX6DhfVm5hcWl5Jb9aWFvf2Nwqbu80dJwqBnUWi1i1AqpBcAl15CiglSigUSCgGQwux37zHpTmsbzFYQJeRHuSdzmjaCS/uAd32fG1L8sdhAfMNA1DAaOjkV8sORVnAvsvcWekRGao+cXPThizNAKJTFCt266ToJdRhZyZFwudVENC2YD2oG2opBFoL5scMLIPjRLa3ViZkmhP1J8TGY20HkaB6Ywo9vW8Nxb/89opds+9jMskRZBs+lE3FTbG9jgNO+QKGIqhIZQpbna1WZ8qytBkVjAhuPMn/yWNk4rrVNyb01L1YhZHnuyTA1ImLjkjVXJFaqROGBmRJ/JCXq1H69l6s96nrTlrNrNLfsH6+AaYd5Zm</latexit>

e�In(typical)
<latexit sha1_base64="JiKPUt6bJrrBXiEWNZaUpgrKa9M=">AAACAXicbVC7SgNBFJ2NrxhfURvBZjEIsTDsiqBl0Ea7COYByRpmJzfJkNnZZeauGJbY+Cs2ForY+hd2/o2TZAtNPDBwOOdc7tzjR4JrdJxvK7OwuLS8kl3Nra1vbG7lt3dqOowVgyoLRagaPtUguIQqchTQiBTQwBdQ9weXY79+D0rzUN7iMAIvoD3Ju5xRNFI7vwd3yfF1WxZbCA+YmIixxOho1M4XnJIzgT1P3JQUSIpKO//V6oQsDkAiE1TrputE6CVUIWcCRrlWrCGibEB70DRU0gC0l0wuGNmHRunY3VCZJ9GeqL8nEhpoPQx8kwwo9vWsNxb/85oxds+9hMsoRpBsuqgbCxtDe1yH3eEKGIqhIZQpbv5qsz5VlKEpLWdKcGdPnie1k5LrlNyb00L5Iq0jS/bJASkSl5yRMrkiFVIljDySZ/JK3qwn68V6tz6m0YyVzuySP7A+fwCXTZb5</latexit><latexit sha1_base64="JiKPUt6bJrrBXiEWNZaUpgrKa9M=">AAACAXicbVC7SgNBFJ2NrxhfURvBZjEIsTDsiqBl0Ea7COYByRpmJzfJkNnZZeauGJbY+Cs2ForY+hd2/o2TZAtNPDBwOOdc7tzjR4JrdJxvK7OwuLS8kl3Nra1vbG7lt3dqOowVgyoLRagaPtUguIQqchTQiBTQwBdQ9weXY79+D0rzUN7iMAIvoD3Ju5xRNFI7vwd3yfF1WxZbCA+YmIixxOho1M4XnJIzgT1P3JQUSIpKO//V6oQsDkAiE1TrputE6CVUIWcCRrlWrCGibEB70DRU0gC0l0wuGNmHRunY3VCZJ9GeqL8nEhpoPQx8kwwo9vWsNxb/85oxds+9hMsoRpBsuqgbCxtDe1yH3eEKGIqhIZQpbv5qsz5VlKEpLWdKcGdPnie1k5LrlNyb00L5Iq0jS/bJASkSl5yRMrkiFVIljDySZ/JK3qwn68V6tz6m0YyVzuySP7A+fwCXTZb5</latexit><latexit sha1_base64="JiKPUt6bJrrBXiEWNZaUpgrKa9M=">AAACAXicbVC7SgNBFJ2NrxhfURvBZjEIsTDsiqBl0Ea7COYByRpmJzfJkNnZZeauGJbY+Cs2ForY+hd2/o2TZAtNPDBwOOdc7tzjR4JrdJxvK7OwuLS8kl3Nra1vbG7lt3dqOowVgyoLRagaPtUguIQqchTQiBTQwBdQ9weXY79+D0rzUN7iMAIvoD3Ju5xRNFI7vwd3yfF1WxZbCA+YmIixxOho1M4XnJIzgT1P3JQUSIpKO//V6oQsDkAiE1TrputE6CVUIWcCRrlWrCGibEB70DRU0gC0l0wuGNmHRunY3VCZJ9GeqL8nEhpoPQx8kwwo9vWsNxb/85oxds+9hMsoRpBsuqgbCxtDe1yH3eEKGIqhIZQpbv5qsz5VlKEpLWdKcGdPnie1k5LrlNyb00L5Iq0jS/bJASkSl5yRMrkiFVIljDySZ/JK3qwn68V6tz6m0YyVzuySP7A+fwCXTZb5</latexit><latexit sha1_base64="JiKPUt6bJrrBXiEWNZaUpgrKa9M=">AAACAXicbVC7SgNBFJ2NrxhfURvBZjEIsTDsiqBl0Ea7COYByRpmJzfJkNnZZeauGJbY+Cs2ForY+hd2/o2TZAtNPDBwOOdc7tzjR4JrdJxvK7OwuLS8kl3Nra1vbG7lt3dqOowVgyoLRagaPtUguIQqchTQiBTQwBdQ9weXY79+D0rzUN7iMAIvoD3Ju5xRNFI7vwd3yfF1WxZbCA+YmIixxOho1M4XnJIzgT1P3JQUSIpKO//V6oQsDkAiE1TrputE6CVUIWcCRrlWrCGibEB70DRU0gC0l0wuGNmHRunY3VCZJ9GeqL8nEhpoPQx8kwwo9vWsNxb/85oxds+9hMsoRpBsuqgbCxtDe1yH3eEKGIqhIZQpbv5qsz5VlKEpLWdKcGdPnie1k5LrlNyb00L5Iq0jS/bJASkSl5yRMrkiFVIljDySZ/JK3qwn68V6tz6m0YyVzuySP7A+fwCXTZb5</latexit>



• U(N) is much larger than smooth continuum VPDs.


• F contains many elements that act non-geometrically (send     to fractal 
and/or fragmented Planck-sized regions)   

• These non-geometric maps proliferate and wash out the saddle-point

Tr⇢nin ⇡ Z1-loope
�In(saddle) + e�In(typical)

<latexit sha1_base64="HD5fHjf/IBWlAilIbVxyaGKqWvc="></latexit><latexit sha1_base64="HD5fHjf/IBWlAilIbVxyaGKqWvc="></latexit><latexit sha1_base64="HD5fHjf/IBWlAilIbVxyaGKqWvc="></latexit><latexit sha1_base64="HD5fHjf/IBWlAilIbVxyaGKqWvc="></latexit>

⌃
<latexit sha1_base64="0oS6D1+sKnVwIZUInlm2nNISqjI="></latexit><latexit sha1_base64="0oS6D1+sKnVwIZUInlm2nNISqjI="></latexit><latexit sha1_base64="0oS6D1+sKnVwIZUInlm2nNISqjI="></latexit><latexit sha1_base64="0oS6D1+sKnVwIZUInlm2nNISqjI="></latexit>

We find it necessary to “coarse-grain” the integral over F to elements that 
act geometrically on ⌃

<latexit sha1_base64="I7yQbfPE4rAU9tCi/qcpLGNnXLE="></latexit><latexit sha1_base64="I7yQbfPE4rAU9tCi/qcpLGNnXLE="></latexit><latexit sha1_base64="I7yQbfPE4rAU9tCi/qcpLGNnXLE="></latexit><latexit sha1_base64="I7yQbfPE4rAU9tCi/qcpLGNnXLE="></latexit>

Does not seem special to matrix character of the problem… may be generic

more serious fine print…

Z1-loop
<latexit sha1_base64="oyA+5Iwldry0V1V4RNCcbsGm4dw=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AIXiy7Iuix6MVjBfuB7bJk07QNzSZLMivWpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMixLBDXjet1NYWV1b3yhulra2d3bL7t5+06hUU9agSijdjohhgkvWAA6CtRPNSBwJ1opG11O/9cC04UrewThhQUwGkvc5JWCl0C3fh11gj5D5p0KpZBK6Fa/qzYCXiZ+TCspRD92vbk/RNGYSqCDGdHwvgSAjGjgVbFLqpoYlhI7IgHUslSRmJshmh0/wsVV6uK+0LQl4pv6eyEhszDiObGdMYGgWvan4n9dJoX8ZZFwmKTBJ54v6qcCg8DQF3OOaURBjSwjV3N6K6ZBoQsFmVbIh+IsvL5PmWdX3qv7teaV2lcdRRIfoCJ0gH12gGrpBddRAFKXoGb2iN+fJeXHenY95a8HJZw7QHzifP80Nkys=</latexit><latexit sha1_base64="oyA+5Iwldry0V1V4RNCcbsGm4dw=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AIXiy7Iuix6MVjBfuB7bJk07QNzSZLMivWpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMixLBDXjet1NYWV1b3yhulra2d3bL7t5+06hUU9agSijdjohhgkvWAA6CtRPNSBwJ1opG11O/9cC04UrewThhQUwGkvc5JWCl0C3fh11gj5D5p0KpZBK6Fa/qzYCXiZ+TCspRD92vbk/RNGYSqCDGdHwvgSAjGjgVbFLqpoYlhI7IgHUslSRmJshmh0/wsVV6uK+0LQl4pv6eyEhszDiObGdMYGgWvan4n9dJoX8ZZFwmKTBJ54v6qcCg8DQF3OOaURBjSwjV3N6K6ZBoQsFmVbIh+IsvL5PmWdX3qv7teaV2lcdRRIfoCJ0gH12gGrpBddRAFKXoGb2iN+fJeXHenY95a8HJZw7QHzifP80Nkys=</latexit><latexit sha1_base64="oyA+5Iwldry0V1V4RNCcbsGm4dw=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AIXiy7Iuix6MVjBfuB7bJk07QNzSZLMivWpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMixLBDXjet1NYWV1b3yhulra2d3bL7t5+06hUU9agSijdjohhgkvWAA6CtRPNSBwJ1opG11O/9cC04UrewThhQUwGkvc5JWCl0C3fh11gj5D5p0KpZBK6Fa/qzYCXiZ+TCspRD92vbk/RNGYSqCDGdHwvgSAjGjgVbFLqpoYlhI7IgHUslSRmJshmh0/wsVV6uK+0LQl4pv6eyEhszDiObGdMYGgWvan4n9dJoX8ZZFwmKTBJ54v6qcCg8DQF3OOaURBjSwjV3N6K6ZBoQsFmVbIh+IsvL5PmWdX3qv7teaV2lcdRRIfoCJ0gH12gGrpBddRAFKXoGb2iN+fJeXHenY95a8HJZw7QHzifP80Nkys=</latexit><latexit sha1_base64="oyA+5Iwldry0V1V4RNCcbsGm4dw=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AIXiy7Iuix6MVjBfuB7bJk07QNzSZLMivWpb/EiwdFvPpTvPlvTNs9aOuDgcd7M8zMixLBDXjet1NYWV1b3yhulra2d3bL7t5+06hUU9agSijdjohhgkvWAA6CtRPNSBwJ1opG11O/9cC04UrewThhQUwGkvc5JWCl0C3fh11gj5D5p0KpZBK6Fa/qzYCXiZ+TCspRD92vbk/RNGYSqCDGdHwvgSAjGjgVbFLqpoYlhI7IgHUslSRmJshmh0/wsVV6uK+0LQl4pv6eyEhszDiObGdMYGgWvan4n9dJoX8ZZFwmKTBJ54v6qcCg8DQF3OOaURBjSwjV3N6K6ZBoQsFmVbIh+IsvL5PmWdX3qv7teaV2lcdRRIfoCJ0gH12gGrpBddRAFKXoGb2iN+fJeXHenY95a8HJZw7QHzifP80Nkys=</latexit>

$
<latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit><latexit sha1_base64="vz+Vp+7uAOoWGXG3uoQITGsJr5Q=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzW7YnSi19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5USq4Qd//dgpr6xubW8Xt0s7u3n7ZPThsGpVpyhpUCaXbETFMcMkayFGwdqoZSSLBWtHoZua3Hpg2XMl7HKcsTMhA8phTglbqueWuYDFqPhgi0Vo99tyKX/Xn8FZJkJMK5Kj33K9uX9EsYRKpIMZ0Aj/FcEI0cirYtNTNDEsJHZEB61gqScJMOJkfPvVOrdL3YqVtSfTm6u+JCUmMGSeR7UwIDs2yNxP/8zoZxlfhhMs0QybpYlGcCQ+VN0vB63PNKIqxJYRqbm/16JBoQtFmVbIhBMsvr5LmeTXwq8HdRaV2ncdRhGM4gTMI4BJqcAt1aACFDJ7hFd6cJ+fFeXc+Fq0FJ585gj9wPn8AalaTkQ==</latexit>

e�In(saddle)
<latexit sha1_base64="B7/lNONAPfGJxsu/2wixPIm5M2Q=">AAACAHicbVDLSsNAFJ3UV62vqgsXboJFqAtLIoIui250V8E+oI1hMrlth04mYeZGLKEbf8WNC0Xc+hnu/Bunj4VWD1w4nHPvzL0nSATX6DhfVm5hcWl5Jb9aWFvf2Nwqbu80dJwqBnUWi1i1AqpBcAl15CiglSigUSCgGQwux37zHpTmsbzFYQJeRHuSdzmjaCS/uAd32fG1L8sdhAfMNA1DAaOjkV8sORVnAvsvcWekRGao+cXPThizNAKJTFCt266ToJdRhZyZFwudVENC2YD2oG2opBFoL5scMLIPjRLa3ViZkmhP1J8TGY20HkaB6Ywo9vW8Nxb/89opds+9jMskRZBs+lE3FTbG9jgNO+QKGIqhIZQpbna1WZ8qytBkVjAhuPMn/yWNk4rrVNyb01L1YhZHnuyTA1ImLjkjVXJFaqROGBmRJ/JCXq1H69l6s96nrTlrNrNLfsH6+AaYd5Zm</latexit><latexit sha1_base64="B7/lNONAPfGJxsu/2wixPIm5M2Q=">AAACAHicbVDLSsNAFJ3UV62vqgsXboJFqAtLIoIui250V8E+oI1hMrlth04mYeZGLKEbf8WNC0Xc+hnu/Bunj4VWD1w4nHPvzL0nSATX6DhfVm5hcWl5Jb9aWFvf2Nwqbu80dJwqBnUWi1i1AqpBcAl15CiglSigUSCgGQwux37zHpTmsbzFYQJeRHuSdzmjaCS/uAd32fG1L8sdhAfMNA1DAaOjkV8sORVnAvsvcWekRGao+cXPThizNAKJTFCt266ToJdRhZyZFwudVENC2YD2oG2opBFoL5scMLIPjRLa3ViZkmhP1J8TGY20HkaB6Ywo9vW8Nxb/89opds+9jMskRZBs+lE3FTbG9jgNO+QKGIqhIZQpbna1WZ8qytBkVjAhuPMn/yWNk4rrVNyb01L1YhZHnuyTA1ImLjkjVXJFaqROGBmRJ/JCXq1H69l6s96nrTlrNrNLfsH6+AaYd5Zm</latexit><latexit sha1_base64="B7/lNONAPfGJxsu/2wixPIm5M2Q=">AAACAHicbVDLSsNAFJ3UV62vqgsXboJFqAtLIoIui250V8E+oI1hMrlth04mYeZGLKEbf8WNC0Xc+hnu/Bunj4VWD1w4nHPvzL0nSATX6DhfVm5hcWl5Jb9aWFvf2Nwqbu80dJwqBnUWi1i1AqpBcAl15CiglSigUSCgGQwux37zHpTmsbzFYQJeRHuSdzmjaCS/uAd32fG1L8sdhAfMNA1DAaOjkV8sORVnAvsvcWekRGao+cXPThizNAKJTFCt266ToJdRhZyZFwudVENC2YD2oG2opBFoL5scMLIPjRLa3ViZkmhP1J8TGY20HkaB6Ywo9vW8Nxb/89opds+9jMskRZBs+lE3FTbG9jgNO+QKGIqhIZQpbna1WZ8qytBkVjAhuPMn/yWNk4rrVNyb01L1YhZHnuyTA1ImLjkjVXJFaqROGBmRJ/JCXq1H69l6s96nrTlrNrNLfsH6+AaYd5Zm</latexit><latexit sha1_base64="B7/lNONAPfGJxsu/2wixPIm5M2Q=">AAACAHicbVDLSsNAFJ3UV62vqgsXboJFqAtLIoIui250V8E+oI1hMrlth04mYeZGLKEbf8WNC0Xc+hnu/Bunj4VWD1w4nHPvzL0nSATX6DhfVm5hcWl5Jb9aWFvf2Nwqbu80dJwqBnUWi1i1AqpBcAl15CiglSigUSCgGQwux37zHpTmsbzFYQJeRHuSdzmjaCS/uAd32fG1L8sdhAfMNA1DAaOjkV8sORVnAvsvcWekRGao+cXPThizNAKJTFCt266ToJdRhZyZFwudVENC2YD2oG2opBFoL5scMLIPjRLa3ViZkmhP1J8TGY20HkaB6Ywo9vW8Nxb/89opds+9jMskRZBs+lE3FTbG9jgNO+QKGIqhIZQpbna1WZ8qytBkVjAhuPMn/yWNk4rrVNyb01L1YhZHnuyTA1ImLjkjVXJFaqROGBmRJ/JCXq1H69l6s96nrTlrNrNLfsH6+AaYd5Zm</latexit>

e�In(typical)
<latexit sha1_base64="JiKPUt6bJrrBXiEWNZaUpgrKa9M=">AAACAXicbVC7SgNBFJ2NrxhfURvBZjEIsTDsiqBl0Ea7COYByRpmJzfJkNnZZeauGJbY+Cs2ForY+hd2/o2TZAtNPDBwOOdc7tzjR4JrdJxvK7OwuLS8kl3Nra1vbG7lt3dqOowVgyoLRagaPtUguIQqchTQiBTQwBdQ9weXY79+D0rzUN7iMAIvoD3Ju5xRNFI7vwd3yfF1WxZbCA+YmIixxOho1M4XnJIzgT1P3JQUSIpKO//V6oQsDkAiE1TrputE6CVUIWcCRrlWrCGibEB70DRU0gC0l0wuGNmHRunY3VCZJ9GeqL8nEhpoPQx8kwwo9vWsNxb/85oxds+9hMsoRpBsuqgbCxtDe1yH3eEKGIqhIZQpbv5qsz5VlKEpLWdKcGdPnie1k5LrlNyb00L5Iq0jS/bJASkSl5yRMrkiFVIljDySZ/JK3qwn68V6tz6m0YyVzuySP7A+fwCXTZb5</latexit><latexit sha1_base64="JiKPUt6bJrrBXiEWNZaUpgrKa9M=">AAACAXicbVC7SgNBFJ2NrxhfURvBZjEIsTDsiqBl0Ea7COYByRpmJzfJkNnZZeauGJbY+Cs2ForY+hd2/o2TZAtNPDBwOOdc7tzjR4JrdJxvK7OwuLS8kl3Nra1vbG7lt3dqOowVgyoLRagaPtUguIQqchTQiBTQwBdQ9weXY79+D0rzUN7iMAIvoD3Ju5xRNFI7vwd3yfF1WxZbCA+YmIixxOho1M4XnJIzgT1P3JQUSIpKO//V6oQsDkAiE1TrputE6CVUIWcCRrlWrCGibEB70DRU0gC0l0wuGNmHRunY3VCZJ9GeqL8nEhpoPQx8kwwo9vWsNxb/85oxds+9hMsoRpBsuqgbCxtDe1yH3eEKGIqhIZQpbv5qsz5VlKEpLWdKcGdPnie1k5LrlNyb00L5Iq0jS/bJASkSl5yRMrkiFVIljDySZ/JK3qwn68V6tz6m0YyVzuySP7A+fwCXTZb5</latexit><latexit sha1_base64="JiKPUt6bJrrBXiEWNZaUpgrKa9M=">AAACAXicbVC7SgNBFJ2NrxhfURvBZjEIsTDsiqBl0Ea7COYByRpmJzfJkNnZZeauGJbY+Cs2ForY+hd2/o2TZAtNPDBwOOdc7tzjR4JrdJxvK7OwuLS8kl3Nra1vbG7lt3dqOowVgyoLRagaPtUguIQqchTQiBTQwBdQ9weXY79+D0rzUN7iMAIvoD3Ju5xRNFI7vwd3yfF1WxZbCA+YmIixxOho1M4XnJIzgT1P3JQUSIpKO//V6oQsDkAiE1TrputE6CVUIWcCRrlWrCGibEB70DRU0gC0l0wuGNmHRunY3VCZJ9GeqL8nEhpoPQx8kwwo9vWsNxb/85oxds+9hMsoRpBsuqgbCxtDe1yH3eEKGIqhIZQpbv5qsz5VlKEpLWdKcGdPnie1k5LrlNyb00L5Iq0jS/bJASkSl5yRMrkiFVIljDySZ/JK3qwn68V6tz6m0YyVzuySP7A+fwCXTZb5</latexit><latexit sha1_base64="JiKPUt6bJrrBXiEWNZaUpgrKa9M=">AAACAXicbVC7SgNBFJ2NrxhfURvBZjEIsTDsiqBl0Ea7COYByRpmJzfJkNnZZeauGJbY+Cs2ForY+hd2/o2TZAtNPDBwOOdc7tzjR4JrdJxvK7OwuLS8kl3Nra1vbG7lt3dqOowVgyoLRagaPtUguIQqchTQiBTQwBdQ9weXY79+D0rzUN7iMAIvoD3Ju5xRNFI7vwd3yfF1WxZbCA+YmIixxOho1M4XnJIzgT1P3JQUSIpKO//V6oQsDkAiE1TrputE6CVUIWcCRrlWrCGibEB70DRU0gC0l0wuGNmHRunY3VCZJ9GeqL8nEhpoPQx8kwwo9vWsNxb/85oxds+9hMsoRpBsuqgbCxtDe1yH3eEKGIqhIZQpbv5qsz5VlKEpLWdKcGdPnie1k5LrlNyb00L5Iq0jS/bJASkSl5yRMrkiFVIljDySZ/JK3qwn68V6tz6m0YyVzuySP7A+fwCXTZb5</latexit>



On coarse-grained diffeos



• Integrals over U(M), U(N-M)  reduced state at any V is indistinguishable 
against VPDs preserving a subregion.


• Integral over F  different reduced states that are distinguishable for 
different V’s.


• The reduced state of a low-energy observer in any sector should not be 
orthogonal to one related by a Planck-sized diffeo  remove from integral.


• Still large enough to account for geometric VPDs as              , but 
suppressed enough that the geometric area dominates as a saddle.

Return to the factorization map

In practicality: integrate over a quotient of F

N ! 1
<latexit sha1_base64="/n6mGlS7+Yr8yDnD4RhbWi1nQ1E="></latexit><latexit sha1_base64="/n6mGlS7+Yr8yDnD4RhbWi1nQ1E="></latexit><latexit sha1_base64="/n6mGlS7+Yr8yDnD4RhbWi1nQ1E="></latexit><latexit sha1_base64="/n6mGlS7+Yr8yDnD4RhbWi1nQ1E="></latexit>

| i =
Z

F
dV

Z

U(M)
dU

Z

U(N�M)
dŨ ⇡̂(UŨV )| gfi

<latexit sha1_base64="vvmCf9I04pDTIJqBv3orNlKgtu0="></latexit><latexit sha1_base64="vvmCf9I04pDTIJqBv3orNlKgtu0="></latexit><latexit sha1_base64="vvmCf9I04pDTIJqBv3orNlKgtu0="></latexit><latexit sha1_base64="vvmCf9I04pDTIJqBv3orNlKgtu0="></latexit>



• By comparing                    to             and to                   we find a range of p 
such that the minimal area dominates.

E.g. in the fuzzy sphere state:

In(saddle)
<latexit sha1_base64="mVLLVanLUkgpyNWwb+IKe/IPE68="></latexit><latexit sha1_base64="mVLLVanLUkgpyNWwb+IKe/IPE68="></latexit><latexit sha1_base64="mVLLVanLUkgpyNWwb+IKe/IPE68="></latexit><latexit sha1_base64="mVLLVanLUkgpyNWwb+IKe/IPE68="></latexit>

In(typical)
<latexit sha1_base64="ZK8J6VDbI3KHHqNDt/ocMk7o6WI="></latexit><latexit sha1_base64="ZK8J6VDbI3KHHqNDt/ocMk7o6WI="></latexit><latexit sha1_base64="ZK8J6VDbI3KHHqNDt/ocMk7o6WI="></latexit><latexit sha1_base64="ZK8J6VDbI3KHHqNDt/ocMk7o6WI="></latexit>

Z1-loop
<latexit sha1_base64="XNLlyzyTCBVeytCgAZWoOn7eQ50="></latexit><latexit sha1_base64="XNLlyzyTCBVeytCgAZWoOn7eQ50="></latexit><latexit sha1_base64="XNLlyzyTCBVeytCgAZWoOn7eQ50="></latexit><latexit sha1_base64="XNLlyzyTCBVeytCgAZWoOn7eQ50="></latexit>

F = U(N 0)/(U(M 0)⌦ U(N 0 �M 0))
<latexit sha1_base64="ORcWIOj3c3Aa8YCy3kB1hEYOza4="></latexit><latexit sha1_base64="ORcWIOj3c3Aa8YCy3kB1hEYOza4="></latexit><latexit sha1_base64="ORcWIOj3c3Aa8YCy3kB1hEYOza4="></latexit><latexit sha1_base64="ORcWIOj3c3Aa8YCy3kB1hEYOza4="></latexit>

N 0 = N/p
<latexit sha1_base64="e3P3n9uVfb0FxqM0KXc8vz54uQc="></latexit><latexit sha1_base64="e3P3n9uVfb0FxqM0KXc8vz54uQc="></latexit><latexit sha1_base64="e3P3n9uVfb0FxqM0KXc8vz54uQc="></latexit><latexit sha1_base64="e3P3n9uVfb0FxqM0KXc8vz54uQc="></latexit>

M 0 = M/p
<latexit sha1_base64="o6JX8uDpcfd28er5ICbaA865XEk="></latexit><latexit sha1_base64="o6JX8uDpcfd28er5ICbaA865XEk="></latexit><latexit sha1_base64="o6JX8uDpcfd28er5ICbaA865XEk="></latexit><latexit sha1_base64="o6JX8uDpcfd28er5ICbaA865XEk="></latexit>

• A “low-tech” solution…

N3/4 ⌧ p ⌧ N
<latexit sha1_base64="PitX6WZwx3eIuz3044RgXvZmfKc="></latexit><latexit sha1_base64="PitX6WZwx3eIuz3044RgXvZmfKc="></latexit><latexit sha1_base64="PitX6WZwx3eIuz3044RgXvZmfKc="></latexit><latexit sha1_base64="PitX6WZwx3eIuz3044RgXvZmfKc="></latexit>


