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Background + motivation
Fruitful interplay between quantum field theory, high-energy 

and condensed matter physics

“Low-energy dogma:” in the IR relevant degrees of freedom 
described by a continuum effective field theory

Notable: TQFTs for describing gapped phases of matter
• Responses: Hall viscosity, geometric responses

• anyonic excitations

• entanglement entropies, negativities, etc. 

• breaking of higher-form symmetries

[X.L.Qi, et. al; 2008], [Hoyos, Son; 2012], 

[G.Y. Cho, et. al.; 2014]…
[S.C.Zhang,et.al.; 1989],…

[M.Levin, X.G. Wen, 2006], [A.Kitaev, J.Preskill; 2006],

[X.Wen, et.al., 2016],…

[X.G. Wen; 2019]



This dogma has been challenged by a growing understanding 
of “fracton” phases of matter

•Excitations w/ no mobility, (+perhaps some with restricted mobility)
•Enforced by novel forms of symmetry (i.e. sub-system, extensive)
•Extensive ground state degeneracy
•UV / IR mixing

These features require new structures in IR QFT

•Discontinuous field configs
•Coupling to background foliations
•Tensor gauge theories

[Chamon; 2005] [Bravyi, et. al.; 2011] [Bravyi, Haah; 2013] [Haah; 2011] [Yoshida; 2013]   ….

[N.Seiberg, S.H.Shao; 2020-2021]

[W.Shirley, et.al.; 2019] [K.Slagle; 2020]

[Pretko; 2017] [Prem, et.al., 2018]



The fractonic “meat” of TGT lies in dipole conservation

The focus of these theories: gapless phases in (3+1) dimensions

However, there is an interesting theory one can construct in 
(2+1)d with a Chern-Simons-like term

•Fractons via dipole + trace-quadrupole conservation
•Gapped
•Displays many characteristics similar to FQH systems: 
•“dipolar quantum Hall fluid”
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Tensor Chern-Simons

: symmetric traceless tensorAij
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Has a gauge symmetry
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<latexit sha1_base64="Rk4KRATkUrfEqoNxj0OGLznW0Kk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+u+2y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2U41o</latexit><latexit sha1_base64="Rk4KRATkUrfEqoNxj0OGLznW0Kk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+u+2y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2U41o</latexit><latexit sha1_base64="Rk4KRATkUrfEqoNxj0OGLznW0Kk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+u+2y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2U41o</latexit><latexit sha1_base64="Rk4KRATkUrfEqoNxj0OGLznW0Kk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+u+2y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2U41o</latexit>

: scalar



Conservation of
Charge

Dipole moment

Trace quadrupole moment

Q0 =

Z
d2x ⇢

<latexit sha1_base64="/dBh661mV2VDx2zmC+U4ymlQw+8=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcSJkpgm6EohuXLdgHdMYhk8m0oZlkSDJiGeqvuHGhiFs/xJ1/Y9rOQlsPBA7n3Ms9OWHKqNKO822trK6tb2yWtsrbO7t7+/bBYUeJTGLSxoIJ2QuRIoxy0tZUM9JLJUFJyEg3HN1M/e4DkYoKfqfHKfETNOA0phhpIwV2pRU4Vx7lGkb39UfvzJNDEdhVp+bMAJeJW5AqKNAM7C8vEjhLCNeYIaX6rpNqP0dSU8zIpOxliqQIj9CA9A3lKCHKz2fhJ/DEKBGMhTTPxJipvzdylCg1TkIzmSA9VIveVPzP62c6vvRzytNME47nh+KMQS3gtAkYUUmwZmNDEJbUZIV4iCTC2vRVNiW4i19eJp16zXVqbuu82rgu6iiBI3AMToELLkAD3IImaAMMxuAZvII368l6sd6tj/noilXsVMAfWJ8/T86T5g==</latexit><latexit sha1_base64="/dBh661mV2VDx2zmC+U4ymlQw+8=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcSJkpgm6EohuXLdgHdMYhk8m0oZlkSDJiGeqvuHGhiFs/xJ1/Y9rOQlsPBA7n3Ms9OWHKqNKO822trK6tb2yWtsrbO7t7+/bBYUeJTGLSxoIJ2QuRIoxy0tZUM9JLJUFJyEg3HN1M/e4DkYoKfqfHKfETNOA0phhpIwV2pRU4Vx7lGkb39UfvzJNDEdhVp+bMAJeJW5AqKNAM7C8vEjhLCNeYIaX6rpNqP0dSU8zIpOxliqQIj9CA9A3lKCHKz2fhJ/DEKBGMhTTPxJipvzdylCg1TkIzmSA9VIveVPzP62c6vvRzytNME47nh+KMQS3gtAkYUUmwZmNDEJbUZIV4iCTC2vRVNiW4i19eJp16zXVqbuu82rgu6iiBI3AMToELLkAD3IImaAMMxuAZvII368l6sd6tj/noilXsVMAfWJ8/T86T5g==</latexit><latexit sha1_base64="/dBh661mV2VDx2zmC+U4ymlQw+8=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcSJkpgm6EohuXLdgHdMYhk8m0oZlkSDJiGeqvuHGhiFs/xJ1/Y9rOQlsPBA7n3Ms9OWHKqNKO822trK6tb2yWtsrbO7t7+/bBYUeJTGLSxoIJ2QuRIoxy0tZUM9JLJUFJyEg3HN1M/e4DkYoKfqfHKfETNOA0phhpIwV2pRU4Vx7lGkb39UfvzJNDEdhVp+bMAJeJW5AqKNAM7C8vEjhLCNeYIaX6rpNqP0dSU8zIpOxliqQIj9CA9A3lKCHKz2fhJ/DEKBGMhTTPxJipvzdylCg1TkIzmSA9VIveVPzP62c6vvRzytNME47nh+KMQS3gtAkYUUmwZmNDEJbUZIV4iCTC2vRVNiW4i19eJp16zXVqbuu82rgu6iiBI3AMToELLkAD3IImaAMMxuAZvII368l6sd6tj/noilXsVMAfWJ8/T86T5g==</latexit><latexit sha1_base64="/dBh661mV2VDx2zmC+U4ymlQw+8=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcSJkpgm6EohuXLdgHdMYhk8m0oZlkSDJiGeqvuHGhiFs/xJ1/Y9rOQlsPBA7n3Ms9OWHKqNKO822trK6tb2yWtsrbO7t7+/bBYUeJTGLSxoIJ2QuRIoxy0tZUM9JLJUFJyEg3HN1M/e4DkYoKfqfHKfETNOA0phhpIwV2pRU4Vx7lGkb39UfvzJNDEdhVp+bMAJeJW5AqKNAM7C8vEjhLCNeYIaX6rpNqP0dSU8zIpOxliqQIj9CA9A3lKCHKz2fhJ/DEKBGMhTTPxJipvzdylCg1TkIzmSA9VIveVPzP62c6vvRzytNME47nh+KMQS3gtAkYUUmwZmNDEJbUZIV4iCTC2vRVNiW4i19eJp16zXVqbuu82rgu6iiBI3AMToELLkAD3IImaAMMxuAZvII368l6sd6tj/noilXsVMAfWJ8/T86T5g==</latexit>

~Q1 =

Z
d2x ~x⇢

<latexit sha1_base64="nQIWtZd26j8jZOMgazDkJ21noFI=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQkpSBN0IRTcuW7APaGKYTCbt0MkkzExKS+jOjb/ixoUibv0Fd/6N07QLbT1w4XDOvdx7j58wKpVlfRuFldW19Y3iZmlre2d3z9w/aMk4FZg0ccxi0fGRJIxy0lRUMdJJBEGRz0jbH9xO/faQCEljfq/GCXEj1OM0pBgpLXnmsTMkGDY8+9qhXMHgoTpyznNt5Ih+7Jllq2LlgMvEnpMymKPumV9OEOM0IlxhhqTs2lai3AwJRTEjk5KTSpIgPEA90tWUo4hIN8v/mMBTrQQwjIUufUyu/p7IUCTlOPJ1Z4RUXy56U/E/r5uq8MrNKE9SRTieLQpTBlUMp6HAgAqCFRtrgrCg+laI+0ggrHR0JR2CvfjyMmlVK7ZVsRsX5drNPI4iOAIn4AzY4BLUwB2ogybA4BE8g1fwZjwZL8a78TFrLRjzmUPwB8bnDzdlmEE=</latexit><latexit sha1_base64="nQIWtZd26j8jZOMgazDkJ21noFI=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQkpSBN0IRTcuW7APaGKYTCbt0MkkzExKS+jOjb/ixoUibv0Fd/6N07QLbT1w4XDOvdx7j58wKpVlfRuFldW19Y3iZmlre2d3z9w/aMk4FZg0ccxi0fGRJIxy0lRUMdJJBEGRz0jbH9xO/faQCEljfq/GCXEj1OM0pBgpLXnmsTMkGDY8+9qhXMHgoTpyznNt5Ih+7Jllq2LlgMvEnpMymKPumV9OEOM0IlxhhqTs2lai3AwJRTEjk5KTSpIgPEA90tWUo4hIN8v/mMBTrQQwjIUufUyu/p7IUCTlOPJ1Z4RUXy56U/E/r5uq8MrNKE9SRTieLQpTBlUMp6HAgAqCFRtrgrCg+laI+0ggrHR0JR2CvfjyMmlVK7ZVsRsX5drNPI4iOAIn4AzY4BLUwB2ogybA4BE8g1fwZjwZL8a78TFrLRjzmUPwB8bnDzdlmEE=</latexit><latexit sha1_base64="nQIWtZd26j8jZOMgazDkJ21noFI=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQkpSBN0IRTcuW7APaGKYTCbt0MkkzExKS+jOjb/ixoUibv0Fd/6N07QLbT1w4XDOvdx7j58wKpVlfRuFldW19Y3iZmlre2d3z9w/aMk4FZg0ccxi0fGRJIxy0lRUMdJJBEGRz0jbH9xO/faQCEljfq/GCXEj1OM0pBgpLXnmsTMkGDY8+9qhXMHgoTpyznNt5Ih+7Jllq2LlgMvEnpMymKPumV9OEOM0IlxhhqTs2lai3AwJRTEjk5KTSpIgPEA90tWUo4hIN8v/mMBTrQQwjIUufUyu/p7IUCTlOPJ1Z4RUXy56U/E/r5uq8MrNKE9SRTieLQpTBlUMp6HAgAqCFRtrgrCg+laI+0ggrHR0JR2CvfjyMmlVK7ZVsRsX5drNPI4iOAIn4AzY4BLUwB2ogybA4BE8g1fwZjwZL8a78TFrLRjzmUPwB8bnDzdlmEE=</latexit><latexit sha1_base64="nQIWtZd26j8jZOMgazDkJ21noFI=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQkpSBN0IRTcuW7APaGKYTCbt0MkkzExKS+jOjb/ixoUibv0Fd/6N07QLbT1w4XDOvdx7j58wKpVlfRuFldW19Y3iZmlre2d3z9w/aMk4FZg0ccxi0fGRJIxy0lRUMdJJBEGRz0jbH9xO/faQCEljfq/GCXEj1OM0pBgpLXnmsTMkGDY8+9qhXMHgoTpyznNt5Ih+7Jllq2LlgMvEnpMymKPumV9OEOM0IlxhhqTs2lai3AwJRTEjk5KTSpIgPEA90tWUo4hIN8v/mMBTrQQwjIUufUyu/p7IUCTlOPJ1Z4RUXy56U/E/r5uq8MrNKE9SRTieLQpTBlUMp6HAgAqCFRtrgrCg+laI+0ggrHR0JR2CvfjyMmlVK7ZVsRsX5drNPI4iOAIn4AzY4BLUwB2ogybA4BE8g1fwZjwZL8a78TFrLRjzmUPwB8bnDzdlmEE=</latexit>

QT
2 =

Z
d2xx2⇢

<latexit sha1_base64="0I06xi6vPl/cuy1Z5oR893ObXgg=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBhZQkCLoRim5cttAXNGmYTCbt0MlMmJlIS6kbf8WNC0Xc+hfu/BunbRbaeuDC4Zx7ufeeMKVEKtv+NlZW19Y3Ngtbxe2d3b198+CwKXkmEG4gTrloh1BiShhuKKIobqcCwySkuBUO7qZ+6wELSTirq1GK/QT2GIkJgkpLgXlcC9xu/cYjTFlR1x16F8Ou64k+D8ySXbZnsJaJk5MSyFENzC8v4ihLMFOIQik7jp0qfwyFIojiSdHLJE4hGsAe7mjKYIKlP559MLHOtBJZMRe69CUz9ffEGCZSjpJQdyZQ9eWiNxX/8zqZiq/9MWFppjBD80VxRi3FrWkcVkQERoqONIFIEH2rhfpQQKR0aEUdgrP48jJpumXHLju1y1LlNo+jAE7AKTgHDrgCFXAPqqABEHgEz+AVvBlPxovxbnzMW1eMfOYI/IHx+QPONpXU</latexit><latexit sha1_base64="0I06xi6vPl/cuy1Z5oR893ObXgg=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBhZQkCLoRim5cttAXNGmYTCbt0MlMmJlIS6kbf8WNC0Xc+hfu/BunbRbaeuDC4Zx7ufeeMKVEKtv+NlZW19Y3Ngtbxe2d3b198+CwKXkmEG4gTrloh1BiShhuKKIobqcCwySkuBUO7qZ+6wELSTirq1GK/QT2GIkJgkpLgXlcC9xu/cYjTFlR1x16F8Ou64k+D8ySXbZnsJaJk5MSyFENzC8v4ihLMFOIQik7jp0qfwyFIojiSdHLJE4hGsAe7mjKYIKlP559MLHOtBJZMRe69CUz9ffEGCZSjpJQdyZQ9eWiNxX/8zqZiq/9MWFppjBD80VxRi3FrWkcVkQERoqONIFIEH2rhfpQQKR0aEUdgrP48jJpumXHLju1y1LlNo+jAE7AKTgHDrgCFXAPqqABEHgEz+AVvBlPxovxbnzMW1eMfOYI/IHx+QPONpXU</latexit><latexit sha1_base64="0I06xi6vPl/cuy1Z5oR893ObXgg=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBhZQkCLoRim5cttAXNGmYTCbt0MlMmJlIS6kbf8WNC0Xc+hfu/BunbRbaeuDC4Zx7ufeeMKVEKtv+NlZW19Y3Ngtbxe2d3b198+CwKXkmEG4gTrloh1BiShhuKKIobqcCwySkuBUO7qZ+6wELSTirq1GK/QT2GIkJgkpLgXlcC9xu/cYjTFlR1x16F8Ou64k+D8ySXbZnsJaJk5MSyFENzC8v4ihLMFOIQik7jp0qfwyFIojiSdHLJE4hGsAe7mjKYIKlP559MLHOtBJZMRe69CUz9ffEGCZSjpJQdyZQ9eWiNxX/8zqZiq/9MWFppjBD80VxRi3FrWkcVkQERoqONIFIEH2rhfpQQKR0aEUdgrP48jJpumXHLju1y1LlNo+jAE7AKTgHDrgCFXAPqqABEHgEz+AVvBlPxovxbnzMW1eMfOYI/IHx+QPONpXU</latexit><latexit sha1_base64="0I06xi6vPl/cuy1Z5oR893ObXgg=">AAACAXicbVDLSsNAFJ34rPUVdSO4CRbBhZQkCLoRim5cttAXNGmYTCbt0MlMmJlIS6kbf8WNC0Xc+hfu/BunbRbaeuDC4Zx7ufeeMKVEKtv+NlZW19Y3Ngtbxe2d3b198+CwKXkmEG4gTrloh1BiShhuKKIobqcCwySkuBUO7qZ+6wELSTirq1GK/QT2GIkJgkpLgXlcC9xu/cYjTFlR1x16F8Ou64k+D8ySXbZnsJaJk5MSyFENzC8v4ihLMFOIQik7jp0qfwyFIojiSdHLJE4hGsAe7mjKYIKlP559MLHOtBJZMRe69CUz9ffEGCZSjpJQdyZQ9eWiNxX/8zqZiq/9MWFppjBD80VxRi3FrWkcVkQERoqONIFIEH2rhfpQQKR0aEUdgrP48jJpumXHLju1y1LlNo+jAE7AKTgHDrgCFXAPqqABEHgEz+AVvBlPxovxbnzMW1eMfOYI/IHx+QPONpXU</latexit>



A note on units:

[Aij ] ⇠ `�1
<latexit sha1_base64="H8GsJ5oFrzZalX1rAo3VAr7qPoc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZEBF1W3bisYB+QxDCZTtqxM5MwMxFKCPgrblwo4tbvcOffOG2z0OqBC4dz7uXee6KUUaUd58uqLCwuLa9UV2tr6xubW/b2TkclmcSkjROWyF6EFGFUkLammpFeKgniESPdaHQ18bsPRCqaiFs9TknA0UDQmGKkjRTae95FmNP7IvAV5T5h7C4/dovQrjsNZwr4l7glqYMSrdD+9PsJzjgRGjOklOc6qQ5yJDXFjBQ1P1MkRXiEBsQzVCBOVJBPzy/goVH6ME6kKaHhVP05kSOu1JhHppMjPVTz3kT8z/MyHZ8HORVpponAs0VxxqBO4CQL2KeSYM3GhiAsqbkV4iGSCGuTWM2E4M6//Jd0Thqu03BvTuvNyzKOKtgHB+AIuOAMNME1aIE2wCAHT+AFvFqP1rP1Zr3PWitWObMLfsH6+AYe4JWS</latexit><latexit sha1_base64="H8GsJ5oFrzZalX1rAo3VAr7qPoc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZEBF1W3bisYB+QxDCZTtqxM5MwMxFKCPgrblwo4tbvcOffOG2z0OqBC4dz7uXee6KUUaUd58uqLCwuLa9UV2tr6xubW/b2TkclmcSkjROWyF6EFGFUkLammpFeKgniESPdaHQ18bsPRCqaiFs9TknA0UDQmGKkjRTae95FmNP7IvAV5T5h7C4/dovQrjsNZwr4l7glqYMSrdD+9PsJzjgRGjOklOc6qQ5yJDXFjBQ1P1MkRXiEBsQzVCBOVJBPzy/goVH6ME6kKaHhVP05kSOu1JhHppMjPVTz3kT8z/MyHZ8HORVpponAs0VxxqBO4CQL2KeSYM3GhiAsqbkV4iGSCGuTWM2E4M6//Jd0Thqu03BvTuvNyzKOKtgHB+AIuOAMNME1aIE2wCAHT+AFvFqP1rP1Zr3PWitWObMLfsH6+AYe4JWS</latexit><latexit sha1_base64="H8GsJ5oFrzZalX1rAo3VAr7qPoc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZEBF1W3bisYB+QxDCZTtqxM5MwMxFKCPgrblwo4tbvcOffOG2z0OqBC4dz7uXee6KUUaUd58uqLCwuLa9UV2tr6xubW/b2TkclmcSkjROWyF6EFGFUkLammpFeKgniESPdaHQ18bsPRCqaiFs9TknA0UDQmGKkjRTae95FmNP7IvAV5T5h7C4/dovQrjsNZwr4l7glqYMSrdD+9PsJzjgRGjOklOc6qQ5yJDXFjBQ1P1MkRXiEBsQzVCBOVJBPzy/goVH6ME6kKaHhVP05kSOu1JhHppMjPVTz3kT8z/MyHZ8HORVpponAs0VxxqBO4CQL2KeSYM3GhiAsqbkV4iGSCGuTWM2E4M6//Jd0Thqu03BvTuvNyzKOKtgHB+AIuOAMNME1aIE2wCAHT+AFvFqP1rP1Zr3PWitWObMLfsH6+AYe4JWS</latexit><latexit sha1_base64="H8GsJ5oFrzZalX1rAo3VAr7qPoc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEN5ZEBF1W3bisYB+QxDCZTtqxM5MwMxFKCPgrblwo4tbvcOffOG2z0OqBC4dz7uXee6KUUaUd58uqLCwuLa9UV2tr6xubW/b2TkclmcSkjROWyF6EFGFUkLammpFeKgniESPdaHQ18bsPRCqaiFs9TknA0UDQmGKkjRTae95FmNP7IvAV5T5h7C4/dovQrjsNZwr4l7glqYMSrdD+9PsJzjgRGjOklOc6qQ5yJDXFjBQ1P1MkRXiEBsQzVCBOVJBPzy/goVH6ME6kKaHhVP05kSOu1JhHppMjPVTz3kT8z/MyHZ8HORVpponAs0VxxqBO4CQL2KeSYM3GhiAsqbkV4iGSCGuTWM2E4M6//Jd0Thqu03BvTuvNyzKOKtgHB+AIuOAMNME1aIE2wCAHT+AFvFqP1rP1Zr3PWitWObMLfsH6+AYe4JWS</latexit>

[A0] ⇠ `0
<latexit sha1_base64="XuoZGkTaeCbJZfuUvs3rAs9wsBg=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVTIi6LLqxmUF+4CZccikmTY0yQxJplCG/okbF4q49U/c+Tem7Sy09cCFwzn3cu89ccaZNgh9O5W19Y3Nrep2bWd3b//APTzq6DRXhLZJylPVi7GmnEnaNsxw2ssUxSLmtBuP7mZ+d0yVZql8NJOMhgIPJEsYwcZKkev6NxEKA80EDCjnTyhy66iB5oCrxCtJHZRoRe5X0E9JLqg0hGOtfQ9lJiywMoxwOq0FuaYZJiM8oL6lEguqw2J++RSeWaUPk1TZkgbO1d8TBRZaT0RsOwU2Q73szcT/PD83yXVYMJnlhkqyWJTkHJoUzmKAfaYoMXxiCSaK2VshGWKFibFh1WwI3vLLq6Rz0fBQw3u4rDdvyziq4AScgnPggSvQBPegBdqAgDF4Bq/gzSmcF+fd+Vi0Vpxy5hj8gfP5Az9Fkr8=</latexit><latexit sha1_base64="XuoZGkTaeCbJZfuUvs3rAs9wsBg=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVTIi6LLqxmUF+4CZccikmTY0yQxJplCG/okbF4q49U/c+Tem7Sy09cCFwzn3cu89ccaZNgh9O5W19Y3Nrep2bWd3b//APTzq6DRXhLZJylPVi7GmnEnaNsxw2ssUxSLmtBuP7mZ+d0yVZql8NJOMhgIPJEsYwcZKkev6NxEKA80EDCjnTyhy66iB5oCrxCtJHZRoRe5X0E9JLqg0hGOtfQ9lJiywMoxwOq0FuaYZJiM8oL6lEguqw2J++RSeWaUPk1TZkgbO1d8TBRZaT0RsOwU2Q73szcT/PD83yXVYMJnlhkqyWJTkHJoUzmKAfaYoMXxiCSaK2VshGWKFibFh1WwI3vLLq6Rz0fBQw3u4rDdvyziq4AScgnPggSvQBPegBdqAgDF4Bq/gzSmcF+fd+Vi0Vpxy5hj8gfP5Az9Fkr8=</latexit><latexit sha1_base64="XuoZGkTaeCbJZfuUvs3rAs9wsBg=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVTIi6LLqxmUF+4CZccikmTY0yQxJplCG/okbF4q49U/c+Tem7Sy09cCFwzn3cu89ccaZNgh9O5W19Y3Nrep2bWd3b//APTzq6DRXhLZJylPVi7GmnEnaNsxw2ssUxSLmtBuP7mZ+d0yVZql8NJOMhgIPJEsYwcZKkev6NxEKA80EDCjnTyhy66iB5oCrxCtJHZRoRe5X0E9JLqg0hGOtfQ9lJiywMoxwOq0FuaYZJiM8oL6lEguqw2J++RSeWaUPk1TZkgbO1d8TBRZaT0RsOwU2Q73szcT/PD83yXVYMJnlhkqyWJTkHJoUzmKAfaYoMXxiCSaK2VshGWKFibFh1WwI3vLLq6Rz0fBQw3u4rDdvyziq4AScgnPggSvQBPegBdqAgDF4Bq/gzSmcF+fd+Vi0Vpxy5hj8gfP5Az9Fkr8=</latexit><latexit sha1_base64="XuoZGkTaeCbJZfuUvs3rAs9wsBg=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVTIi6LLqxmUF+4CZccikmTY0yQxJplCG/okbF4q49U/c+Tem7Sy09cCFwzn3cu89ccaZNgh9O5W19Y3Nrep2bWd3b//APTzq6DRXhLZJylPVi7GmnEnaNsxw2ssUxSLmtBuP7mZ+d0yVZql8NJOMhgIPJEsYwcZKkev6NxEKA80EDCjnTyhy66iB5oCrxCtJHZRoRe5X0E9JLqg0hGOtfQ9lJiywMoxwOq0FuaYZJiM8oL6lEguqw2J++RSeWaUPk1TZkgbO1d8TBRZaT0RsOwU2Q73szcT/PD83yXVYMJnlhkqyWJTkHJoUzmKAfaYoMXxiCSaK2VshGWKFibFh1WwI3vLLq6Rz0fBQw3u4rDdvyziq4AScgnPggSvQBPegBdqAgDF4Bq/gzSmcF+fd+Vi0Vpxy5hj8gfP5Az9Fkr8=</latexit>

[↵] ⇠ `
<latexit sha1_base64="MAe0dcWnJaOWb7/aBHqEdZ2KMrY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOSUDbbSbt0dxN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8OONMG8/7diobm1vbO9Xd2t7+weGRe3zS0WmuKLRpylPVi4kGziS0DTMcepkCImIO3Xh8P/e7E1CapfLJTDOIBBlKljBKjJX6rhuEhGcjEoWaiRA477t1r+EtgNeJX5I6KtHqu1/hIKW5AGkoJ1oHvpeZqCDKMMphVgtzDRmhYzKEwFJJBOioWFw+wxdWGeAkVbakwQv190RBhNZTEdtOQcxIr3pz8T8vyE1yGxVMZrkBSZeLkpxjk+J5DHjAFFDDp5YQqpi9FdMRUYQaG1bNhuCvvrxOOlcN32v4j9f15l0ZRxWdoXN0iXx0g5roAbVQG1E0Qc/oFb05hfPivDsfy9aKU86coj9wPn8AnzuTow==</latexit><latexit sha1_base64="MAe0dcWnJaOWb7/aBHqEdZ2KMrY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOSUDbbSbt0dxN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8OONMG8/7diobm1vbO9Xd2t7+weGRe3zS0WmuKLRpylPVi4kGziS0DTMcepkCImIO3Xh8P/e7E1CapfLJTDOIBBlKljBKjJX6rhuEhGcjEoWaiRA477t1r+EtgNeJX5I6KtHqu1/hIKW5AGkoJ1oHvpeZqCDKMMphVgtzDRmhYzKEwFJJBOioWFw+wxdWGeAkVbakwQv190RBhNZTEdtOQcxIr3pz8T8vyE1yGxVMZrkBSZeLkpxjk+J5DHjAFFDDp5YQqpi9FdMRUYQaG1bNhuCvvrxOOlcN32v4j9f15l0ZRxWdoXN0iXx0g5roAbVQG1E0Qc/oFb05hfPivDsfy9aKU86coj9wPn8AnzuTow==</latexit><latexit sha1_base64="MAe0dcWnJaOWb7/aBHqEdZ2KMrY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOSUDbbSbt0dxN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8OONMG8/7diobm1vbO9Xd2t7+weGRe3zS0WmuKLRpylPVi4kGziS0DTMcepkCImIO3Xh8P/e7E1CapfLJTDOIBBlKljBKjJX6rhuEhGcjEoWaiRA477t1r+EtgNeJX5I6KtHqu1/hIKW5AGkoJ1oHvpeZqCDKMMphVgtzDRmhYzKEwFJJBOioWFw+wxdWGeAkVbakwQv190RBhNZTEdtOQcxIr3pz8T8vyE1yGxVMZrkBSZeLkpxjk+J5DHjAFFDDp5YQqpi9FdMRUYQaG1bNhuCvvrxOOlcN32v4j9f15l0ZRxWdoXN0iXx0g5roAbVQG1E0Qc/oFb05hfPivDsfy9aKU86coj9wPn8AnzuTow==</latexit><latexit sha1_base64="MAe0dcWnJaOWb7/aBHqEdZ2KMrY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOSUDbbSbt0dxN2N4US+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8OONMG8/7diobm1vbO9Xd2t7+weGRe3zS0WmuKLRpylPVi4kGziS0DTMcepkCImIO3Xh8P/e7E1CapfLJTDOIBBlKljBKjJX6rhuEhGcjEoWaiRA477t1r+EtgNeJX5I6KtHqu1/hIKW5AGkoJ1oHvpeZqCDKMMphVgtzDRmhYzKEwFJJBOioWFw+wxdWGeAkVbakwQv190RBhNZTEdtOQcxIr3pz8T8vyE1yGxVMZrkBSZeLkpxjk+J5DHjAFFDDp5YQqpi9FdMRUYQaG1bNhuCvvrxOOlcN32v4j9f15l0ZRxWdoXN0iXx0g5roAbVQG1E0Qc/oFb05hfPivDsfy9aKU86coj9wPn8AnzuTow==</latexit>

[⇢] ⇠ `�3
<latexit sha1_base64="8U1f2TWjCjBUhwda3euBmwIJBdE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpKooMuiG5cV7AOSWCbTSTt0HmFmIpRQf8WNC0Xc+iHu/BunbRbaeuDC4Zx7ufeeOGVUG8/7dkorq2vrG+XNytb2zu6eu3/Q1jJTmLSwZFJ1Y6QJo4K0DDWMdFNFEI8Z6cSjm6nfeSRKUynuzTglEUcDQROKkbFSz60GoRrKKNSUh4Sxh/z0fNJza17dmwEuE78gNVCg2XO/wr7EGSfCYIa0DnwvNVGOlKGYkUklzDRJER6hAQksFYgTHeWz4yfw2Cp9mEhlSxg4U39P5IhrPeax7eTIDPWiNxX/84LMJFdRTkWaGSLwfFGSMWgknCYB+1QRbNjYEoQVtbdCPEQKYWPzqtgQ/MWXl0n7rO57df/uota4LuIog0NwBE6ADy5BA9yCJmgBDMbgGbyCN+fJeXHenY95a8kpZqrgD5zPH5zMlLo=</latexit><latexit sha1_base64="8U1f2TWjCjBUhwda3euBmwIJBdE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpKooMuiG5cV7AOSWCbTSTt0HmFmIpRQf8WNC0Xc+iHu/BunbRbaeuDC4Zx7ufeeOGVUG8/7dkorq2vrG+XNytb2zu6eu3/Q1jJTmLSwZFJ1Y6QJo4K0DDWMdFNFEI8Z6cSjm6nfeSRKUynuzTglEUcDQROKkbFSz60GoRrKKNSUh4Sxh/z0fNJza17dmwEuE78gNVCg2XO/wr7EGSfCYIa0DnwvNVGOlKGYkUklzDRJER6hAQksFYgTHeWz4yfw2Cp9mEhlSxg4U39P5IhrPeax7eTIDPWiNxX/84LMJFdRTkWaGSLwfFGSMWgknCYB+1QRbNjYEoQVtbdCPEQKYWPzqtgQ/MWXl0n7rO57df/uota4LuIog0NwBE6ADy5BA9yCJmgBDMbgGbyCN+fJeXHenY95a8kpZqrgD5zPH5zMlLo=</latexit><latexit sha1_base64="8U1f2TWjCjBUhwda3euBmwIJBdE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpKooMuiG5cV7AOSWCbTSTt0HmFmIpRQf8WNC0Xc+iHu/BunbRbaeuDC4Zx7ufeeOGVUG8/7dkorq2vrG+XNytb2zu6eu3/Q1jJTmLSwZFJ1Y6QJo4K0DDWMdFNFEI8Z6cSjm6nfeSRKUynuzTglEUcDQROKkbFSz60GoRrKKNSUh4Sxh/z0fNJza17dmwEuE78gNVCg2XO/wr7EGSfCYIa0DnwvNVGOlKGYkUklzDRJER6hAQksFYgTHeWz4yfw2Cp9mEhlSxg4U39P5IhrPeax7eTIDPWiNxX/84LMJFdRTkWaGSLwfFGSMWgknCYB+1QRbNjYEoQVtbdCPEQKYWPzqtgQ/MWXl0n7rO57df/uota4LuIog0NwBE6ADy5BA9yCJmgBDMbgGbyCN+fJeXHenY95a8kpZqrgD5zPH5zMlLo=</latexit><latexit sha1_base64="8U1f2TWjCjBUhwda3euBmwIJBdE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpKooMuiG5cV7AOSWCbTSTt0HmFmIpRQf8WNC0Xc+iHu/BunbRbaeuDC4Zx7ufeeOGVUG8/7dkorq2vrG+XNytb2zu6eu3/Q1jJTmLSwZFJ1Y6QJo4K0DDWMdFNFEI8Z6cSjm6nfeSRKUynuzTglEUcDQROKkbFSz60GoRrKKNSUh4Sxh/z0fNJza17dmwEuE78gNVCg2XO/wr7EGSfCYIa0DnwvNVGOlKGYkUklzDRJER6hAQksFYgTHeWz4yfw2Cp9mEhlSxg4U39P5IhrPeax7eTIDPWiNxX/84LMJFdRTkWaGSLwfFGSMWgknCYB+1QRbNjYEoQVtbdCPEQKYWPzqtgQ/MWXl0n7rO57df/uota4LuIog0NwBE6ADy5BA9yCJmgBDMbgGbyCN+fJeXHenY95a8kpZqrgD5zPH5zMlLo=</latexit>

µ
<latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit><latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit><latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit><latexit sha1_base64="UFOX4zita877+Ikq+M6IENXmVh0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOZpMhM7PLTK8QQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZxhsskYlpR9RyKTRvoEDJ26nhVEWSt6LR7cxvPXFjRaIfcZzyUNGBFrFgFJ300FVZr1zxq/4cZJUEOalAjnqv/NXtJyxTXCOT1NpO4KcYTqhBwSSflrqZ5SllIzrgHUc1VdyGk/mpU3LmlD6JE+NKI5mrvycmVFk7VpHrVBSHdtmbif95nQzj63AidJoh12yxKM4kwYTM/iZ9YThDOXaEMiPcrYQNqaEMXTolF0Kw/PIqaV5UA78a3F9Wajd5HEU4gVM4hwCuoAZ3UIcGMBjAM7zCmye9F+/d+1i0Frx85hj+wPv8AV1ejdY=</latexit>

k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>(    is dimensionless, while a possible tensor-Maxwell coupling 

is irrelevant)

Requires an (inverse) length scale 

Charge “density”

Gauge parameters



Path integration

Z[⇢, J ] =
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<latexit sha1_base64="9dhRvzLwPXHxfI7yKL1WB0qrzQA="></latexit><latexit sha1_base64="9dhRvzLwPXHxfI7yKL1WB0qrzQA="></latexit><latexit sha1_base64="9dhRvzLwPXHxfI7yKL1WB0qrzQA="></latexit><latexit sha1_base64="9dhRvzLwPXHxfI7yKL1WB0qrzQA="></latexit>

appears linearly and enforcesA0
<latexit sha1_base64="Rk4KRATkUrfEqoNxj0OGLznW0Kk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+u+2y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2U41o</latexit><latexit sha1_base64="Rk4KRATkUrfEqoNxj0OGLznW0Kk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+u+2y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2U41o</latexit><latexit sha1_base64="Rk4KRATkUrfEqoNxj0OGLznW0Kk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+u+2y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2U41o</latexit><latexit sha1_base64="Rk4KRATkUrfEqoNxj0OGLznW0Kk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeqF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh+u+2y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuqp5b9e4vK/WbPI4inMApnIMHNajDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwC2U41o</latexit>

"ij�kl@i@kAjl =
2⇡

k
⇢

<latexit sha1_base64="ceuc8vkzzz9TI2wr+g73WGSCTic="></latexit><latexit sha1_base64="ceuc8vkzzz9TI2wr+g73WGSCTic="></latexit><latexit sha1_base64="ceuc8vkzzz9TI2wr+g73WGSCTic="></latexit><latexit sha1_base64="ceuc8vkzzz9TI2wr+g73WGSCTic="></latexit>

Tensor Gauss’ 
law constraint

Aij = A(0)
ij + (@i@j �

1

2
�ij@

2)�
<latexit sha1_base64="+mubdFWhJOrVDyhTS5wbABIwLp8="></latexit><latexit sha1_base64="+mubdFWhJOrVDyhTS5wbABIwLp8="></latexit><latexit sha1_base64="+mubdFWhJOrVDyhTS5wbABIwLp8="></latexit><latexit sha1_base64="+mubdFWhJOrVDyhTS5wbABIwLp8="></latexit>

fixed, solves constraint



Path integral 1: wavefunction
 [a] =

Z DAij

Vg

����
A[⌃]=a

�[t.G.L.]eiStCS

<latexit sha1_base64="Jwg5Dc+qrjV33pvCDrs589wKa6M="></latexit><latexit sha1_base64="Jwg5Dc+qrjV33pvCDrs589wKa6M="></latexit><latexit sha1_base64="Jwg5Dc+qrjV33pvCDrs589wKa6M="></latexit><latexit sha1_base64="Jwg5Dc+qrjV33pvCDrs589wKa6M="></latexit>

This functional gauge variant 
and so not physical

  Apply projector

 [a] :=

Z
D↵ (U↵ �  )[a] =

Z
D↵ [a(↵)]

<latexit sha1_base64="V1htNaPVhOR27pJEl689mUrxQBY="></latexit><latexit sha1_base64="V1htNaPVhOR27pJEl689mUrxQBY="></latexit><latexit sha1_base64="V1htNaPVhOR27pJEl689mUrxQBY="></latexit><latexit sha1_base64="V1htNaPVhOR27pJEl689mUrxQBY="></latexit>

 [a] / �[
X

i

qi]�[
X

i

qi(~x� ~xi)]�[
X

i

qi(x� xi)
2]

<latexit sha1_base64="tm81gWRASpQLiItiX7AGlCMtk5k="></latexit><latexit sha1_base64="tm81gWRASpQLiItiX7AGlCMtk5k="></latexit><latexit sha1_base64="tm81gWRASpQLiItiX7AGlCMtk5k="></latexit><latexit sha1_base64="tm81gWRASpQLiItiX7AGlCMtk5k="></latexit>

Unique state on        once total charge, dipole moment, 
trace quad moment sum to zero.

R2
<latexit sha1_base64="QoqXk2e4O/oIxGf3SB85A/PSOWk=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy6r2AdMx5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlGlmRQPZprQIMYjwSJGsLGS34+xGYchun9sDKo1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp1z617dxe15nVRRxlO4BTOwYNLaMIttKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8feBmQtA==</latexit><latexit sha1_base64="QoqXk2e4O/oIxGf3SB85A/PSOWk=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy6r2AdMx5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlGlmRQPZprQIMYjwSJGsLGS34+xGYchun9sDKo1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp1z617dxe15nVRRxlO4BTOwYNLaMIttKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8feBmQtA==</latexit><latexit sha1_base64="QoqXk2e4O/oIxGf3SB85A/PSOWk=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy6r2AdMx5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlGlmRQPZprQIMYjwSJGsLGS34+xGYchun9sDKo1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp1z617dxe15nVRRxlO4BTOwYNLaMIttKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8feBmQtA==</latexit><latexit sha1_base64="QoqXk2e4O/oIxGf3SB85A/PSOWk=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy6r2AdMx5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlGlmRQPZprQIMYjwSJGsLGS34+xGYchun9sDKo1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp1z617dxe15nVRRxlO4BTOwYNLaMIttKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8feBmQtA==</latexit>



Path integral 2: edge modes

Writing Aij = (@i@j �
1

2
�ij)�

<latexit sha1_base64="GaTyGTtIBvXIK31U/jEHcwA4Q8E=">AAACIXicbVDLSsNAFJ34rPUVdelmsAh1YUmKYDdC1Y3LCvYBTQiT6aSddvJgZiKUkF9x46+4caFId+LPOEmDaOuBgcM553LnHjdiVEjD+NRWVtfWNzZLW+Xtnd29ff3gsCPCmGPSxiELec9FgjAakLakkpFexAnyXUa67uQ287uPhAsaBg9yGhHbR8OAehQjqSRHb1w7CR2nV1UrQlxSxBz6w8bnlscRTsw0qafWgDCJ8vCZFY2oo1eMmpEDLhOzIBVQoOXoM2sQ4tgngcQMCdE3jUjaSbYLM5KWrViQCOEJGpK+ogHyibCT/MIUniplAL2QqxdImKu/JxLkCzH1XZX0kRyJRS8T//P6sfQadkKDKJYkwPNFXsygDGFWFxxQTrBkU0UQ5lT9FeIRUq1IVWpZlWAunrxMOvWaadTM+4tK86aoowSOwQmoAhNcgia4Ay3QBhg8gRfwBt61Z+1V+9Bm8+iKVswcgT/Qvr4B8gOknA==</latexit><latexit sha1_base64="GaTyGTtIBvXIK31U/jEHcwA4Q8E=">AAACIXicbVDLSsNAFJ34rPUVdelmsAh1YUmKYDdC1Y3LCvYBTQiT6aSddvJgZiKUkF9x46+4caFId+LPOEmDaOuBgcM553LnHjdiVEjD+NRWVtfWNzZLW+Xtnd29ff3gsCPCmGPSxiELec9FgjAakLakkpFexAnyXUa67uQ287uPhAsaBg9yGhHbR8OAehQjqSRHb1w7CR2nV1UrQlxSxBz6w8bnlscRTsw0qafWgDCJ8vCZFY2oo1eMmpEDLhOzIBVQoOXoM2sQ4tgngcQMCdE3jUjaSbYLM5KWrViQCOEJGpK+ogHyibCT/MIUniplAL2QqxdImKu/JxLkCzH1XZX0kRyJRS8T//P6sfQadkKDKJYkwPNFXsygDGFWFxxQTrBkU0UQ5lT9FeIRUq1IVWpZlWAunrxMOvWaadTM+4tK86aoowSOwQmoAhNcgia4Ay3QBhg8gRfwBt61Z+1V+9Bm8+iKVswcgT/Qvr4B8gOknA==</latexit><latexit sha1_base64="GaTyGTtIBvXIK31U/jEHcwA4Q8E=">AAACIXicbVDLSsNAFJ34rPUVdelmsAh1YUmKYDdC1Y3LCvYBTQiT6aSddvJgZiKUkF9x46+4caFId+LPOEmDaOuBgcM553LnHjdiVEjD+NRWVtfWNzZLW+Xtnd29ff3gsCPCmGPSxiELec9FgjAakLakkpFexAnyXUa67uQ287uPhAsaBg9yGhHbR8OAehQjqSRHb1w7CR2nV1UrQlxSxBz6w8bnlscRTsw0qafWgDCJ8vCZFY2oo1eMmpEDLhOzIBVQoOXoM2sQ4tgngcQMCdE3jUjaSbYLM5KWrViQCOEJGpK+ogHyibCT/MIUniplAL2QqxdImKu/JxLkCzH1XZX0kRyJRS8T//P6sfQadkKDKJYkwPNFXsygDGFWFxxQTrBkU0UQ5lT9FeIRUq1IVWpZlWAunrxMOvWaadTM+4tK86aoowSOwQmoAhNcgia4Ay3QBhg8gRfwBt61Z+1V+9Bm8+iKVswcgT/Qvr4B8gOknA==</latexit><latexit sha1_base64="GaTyGTtIBvXIK31U/jEHcwA4Q8E=">AAACIXicbVDLSsNAFJ34rPUVdelmsAh1YUmKYDdC1Y3LCvYBTQiT6aSddvJgZiKUkF9x46+4caFId+LPOEmDaOuBgcM553LnHjdiVEjD+NRWVtfWNzZLW+Xtnd29ff3gsCPCmGPSxiELec9FgjAakLakkpFexAnyXUa67uQ287uPhAsaBg9yGhHbR8OAehQjqSRHb1w7CR2nV1UrQlxSxBz6w8bnlscRTsw0qafWgDCJ8vCZFY2oo1eMmpEDLhOzIBVQoOXoM2sQ4tgngcQMCdE3jUjaSbYLM5KWrViQCOEJGpK+ogHyibCT/MIUniplAL2QqxdImKu/JxLkCzH1XZX0kRyJRS8T//P6sfQadkKDKJYkwPNFXsygDGFWFxxQTrBkU0UQ5lT9FeIRUq1IVWpZlWAunrxMOvWaadTM+4tK86aoowSOwQmoAhNcgia4Ay3QBhg8gRfwBt61Z+1V+9Bm8+iKVswcgT/Qvr4B8gOknA==</latexit>

Bulk action is a total derivative

S@ =
k

4⇡

Z

R⇥Y
dt �ij@t(@i�)d(@j�)

<latexit sha1_base64="WzgG3M0hkOcuDlLX6ne4Ypqerxg="></latexit><latexit sha1_base64="WzgG3M0hkOcuDlLX6ne4Ypqerxg="></latexit><latexit sha1_base64="WzgG3M0hkOcuDlLX6ne4Ypqerxg="></latexit><latexit sha1_base64="WzgG3M0hkOcuDlLX6ne4Ypqerxg="></latexit>

Useful physical picture: chiral boundary dipoles



s
<latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit>

n
<latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit>

⇠(s) := @n�|Y
<latexit sha1_base64="+ltEXGRR5JvprtrcQ5BpYcYDn0c=">AAACDnicbVDLSsNAFJ34rPUVdekmWAp1UxIRFEEounFZwT6kKWEynbRDJ5MwcyOW2C9w46+4caGIW9fu/BsnbRbaeuDC4Zx7Z+49fsyZAtv+NhYWl5ZXVgtrxfWNza1tc2e3qaJEEtogEY9k28eKciZoAxhw2o4lxaHPacsfXmZ+645KxSJxA6OYdkPcFyxgBIOWPLPs3rOKOjw7dzkNoOrGWALD3BNuPGCuZP0BPHi3nlmyq/YE1jxxclJCOeqe+eX2IpKEVADhWKmOY8fQTbPHCafjopsoGmMyxH3a0VTgkKpuOjlnbJW10rOCSOoSYE3U3xMpDpUahb7uDDEM1KyXif95nQSC027KRJwAFWT6UZBwCyIry8bqMUkJ8JEmmEimd7XIAEtMQCdY1CE4syfPk+ZR1bGrzvVxqXaRx1FA++gAVZCDTlANXaE6aiCCHtEzekVvxpPxYrwbH9PWBSOf2UN/YHz+AB/WnCs=</latexit><latexit sha1_base64="+ltEXGRR5JvprtrcQ5BpYcYDn0c=">AAACDnicbVDLSsNAFJ34rPUVdekmWAp1UxIRFEEounFZwT6kKWEynbRDJ5MwcyOW2C9w46+4caGIW9fu/BsnbRbaeuDC4Zx7Z+49fsyZAtv+NhYWl5ZXVgtrxfWNza1tc2e3qaJEEtogEY9k28eKciZoAxhw2o4lxaHPacsfXmZ+645KxSJxA6OYdkPcFyxgBIOWPLPs3rOKOjw7dzkNoOrGWALD3BNuPGCuZP0BPHi3nlmyq/YE1jxxclJCOeqe+eX2IpKEVADhWKmOY8fQTbPHCafjopsoGmMyxH3a0VTgkKpuOjlnbJW10rOCSOoSYE3U3xMpDpUahb7uDDEM1KyXif95nQSC027KRJwAFWT6UZBwCyIry8bqMUkJ8JEmmEimd7XIAEtMQCdY1CE4syfPk+ZR1bGrzvVxqXaRx1FA++gAVZCDTlANXaE6aiCCHtEzekVvxpPxYrwbH9PWBSOf2UN/YHz+AB/WnCs=</latexit><latexit sha1_base64="+ltEXGRR5JvprtrcQ5BpYcYDn0c=">AAACDnicbVDLSsNAFJ34rPUVdekmWAp1UxIRFEEounFZwT6kKWEynbRDJ5MwcyOW2C9w46+4caGIW9fu/BsnbRbaeuDC4Zx7Z+49fsyZAtv+NhYWl5ZXVgtrxfWNza1tc2e3qaJEEtogEY9k28eKciZoAxhw2o4lxaHPacsfXmZ+645KxSJxA6OYdkPcFyxgBIOWPLPs3rOKOjw7dzkNoOrGWALD3BNuPGCuZP0BPHi3nlmyq/YE1jxxclJCOeqe+eX2IpKEVADhWKmOY8fQTbPHCafjopsoGmMyxH3a0VTgkKpuOjlnbJW10rOCSOoSYE3U3xMpDpUahb7uDDEM1KyXif95nQSC027KRJwAFWT6UZBwCyIry8bqMUkJ8JEmmEimd7XIAEtMQCdY1CE4syfPk+ZR1bGrzvVxqXaRx1FA++gAVZCDTlANXaE6aiCCHtEzekVvxpPxYrwbH9PWBSOf2UN/YHz+AB/WnCs=</latexit><latexit sha1_base64="+ltEXGRR5JvprtrcQ5BpYcYDn0c=">AAACDnicbVDLSsNAFJ34rPUVdekmWAp1UxIRFEEounFZwT6kKWEynbRDJ5MwcyOW2C9w46+4caGIW9fu/BsnbRbaeuDC4Zx7Z+49fsyZAtv+NhYWl5ZXVgtrxfWNza1tc2e3qaJEEtogEY9k28eKciZoAxhw2o4lxaHPacsfXmZ+645KxSJxA6OYdkPcFyxgBIOWPLPs3rOKOjw7dzkNoOrGWALD3BNuPGCuZP0BPHi3nlmyq/YE1jxxclJCOeqe+eX2IpKEVADhWKmOY8fQTbPHCafjopsoGmMyxH3a0VTgkKpuOjlnbJW10rOCSOoSYE3U3xMpDpUahb7uDDEM1KyXif95nQSC027KRJwAFWT6UZBwCyIry8bqMUkJ8JEmmEimd7XIAEtMQCdY1CE4syfPk+ZR1bGrzvVxqXaRx1FA++gAVZCDTlANXaE6aiCCHtEzekVvxpPxYrwbH9PWBSOf2UN/YHz+AB/WnCs=</latexit>
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dt ds
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�
<latexit sha1_base64="2Pi0QVQBf3PkwRQINf510LpEzW8="></latexit><latexit sha1_base64="2Pi0QVQBf3PkwRQINf510LpEzW8="></latexit><latexit sha1_base64="2Pi0QVQBf3PkwRQINf510LpEzW8="></latexit><latexit sha1_base64="2Pi0QVQBf3PkwRQINf510LpEzW8="></latexit>

Let the coordinate around      be      and let        be a normal 
coordinate.

Y
<latexit sha1_base64="T3f5yAtJWEWlpP50X1BS1VdMuC0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ie0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBtz2M3Q==</latexit><latexit sha1_base64="T3f5yAtJWEWlpP50X1BS1VdMuC0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ie0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBtz2M3Q==</latexit><latexit sha1_base64="T3f5yAtJWEWlpP50X1BS1VdMuC0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ie0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBtz2M3Q==</latexit><latexit sha1_base64="T3f5yAtJWEWlpP50X1BS1VdMuC0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ie0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBtz2M3Q==</latexit>

We can think of the edge theories as chiral scalar 
+ “chiral Lifshitz” scalar

To keep in mind: one way to think of the entanglement 
entropy ~ the correlations between edge modes on opposite 

sides of an entangling cut.



Extended operators
There are no local gauge-inv operators.  

However there are extended gauge invariant operators.  

Firstly, line operators  

Lq(~x) = exp

✓
iµq

Z
dtA0(t,~x)

◆

<latexit sha1_base64="nn71Fzx3S+6ybjMsI0mbeO2nOjE=">AAACPnicbVC7SgNBFJ31bXxFLW0GgxBBwq4I2gg+GgsLBaNCJiyzk7vJ4OwjM3clYdkvs/Eb7CxtLBSxtXQSU/i6MMPhnHO5954gVdKg6z46Y+MTk1PTM7OlufmFxaXy8sqlSTItoC4SlejrgBtQMoY6SlRwnWrgUaDgKrg5HuhXt6CNTOIL7KfQjHg7lqEUHC3ll+sMoYf58A/C/LQo/G6V3YKgOQtC2is29xn0UqYgxKpkUU a7TMZIW8i2Dn23ils/zEzLdgc3/XLFrbnDon+BNwIVMqozv/zAWonIIohRKG5Mw3NTbOZcoxQKihLLDKRc3PA2NCyMeQSmmQ/PL+iGZVo0TLR9drUh+70j55Ex/Siwzohjx/zWBuR/WiPDcK+ZyzjNEGLxNSjMFMWEDrKkLalBoOpbwIWWdlcqOlxzgTbxkg3B+33yX3C5XfPcmne+Uzk4GsUxQ9bIOqkSj+ySA3JCzkidCHJHnsgLeXXunWfnzXn/so45o55V8qOcj09bPa8Y</latexit><latexit sha1_base64="nn71Fzx3S+6ybjMsI0mbeO2nOjE=">AAACPnicbVC7SgNBFJ31bXxFLW0GgxBBwq4I2gg+GgsLBaNCJiyzk7vJ4OwjM3clYdkvs/Eb7CxtLBSxtXQSU/i6MMPhnHO5954gVdKg6z46Y+MTk1PTM7OlufmFxaXy8sqlSTItoC4SlejrgBtQMoY6SlRwnWrgUaDgKrg5HuhXt6CNTOIL7KfQjHg7lqEUHC3ll+sMoYf58A/C/LQo/G6V3YKgOQtC2is29xn0UqYgxKpkUU a7TMZIW8i2Dn23ils/zEzLdgc3/XLFrbnDon+BNwIVMqozv/zAWonIIohRKG5Mw3NTbOZcoxQKihLLDKRc3PA2NCyMeQSmmQ/PL+iGZVo0TLR9drUh+70j55Ex/Siwzohjx/zWBuR/WiPDcK+ZyzjNEGLxNSjMFMWEDrKkLalBoOpbwIWWdlcqOlxzgTbxkg3B+33yX3C5XfPcmne+Uzk4GsUxQ9bIOqkSj+ySA3JCzkidCHJHnsgLeXXunWfnzXn/so45o55V8qOcj09bPa8Y</latexit><latexit sha1_base64="nn71Fzx3S+6ybjMsI0mbeO2nOjE=">AAACPnicbVC7SgNBFJ31bXxFLW0GgxBBwq4I2gg+GgsLBaNCJiyzk7vJ4OwjM3clYdkvs/Eb7CxtLBSxtXQSU/i6MMPhnHO5954gVdKg6z46Y+MTk1PTM7OlufmFxaXy8sqlSTItoC4SlejrgBtQMoY6SlRwnWrgUaDgKrg5HuhXt6CNTOIL7KfQjHg7lqEUHC3ll+sMoYf58A/C/LQo/G6V3YKgOQtC2is29xn0UqYgxKpkUU a7TMZIW8i2Dn23ils/zEzLdgc3/XLFrbnDon+BNwIVMqozv/zAWonIIohRKG5Mw3NTbOZcoxQKihLLDKRc3PA2NCyMeQSmmQ/PL+iGZVo0TLR9drUh+70j55Ex/Siwzohjx/zWBuR/WiPDcK+ZyzjNEGLxNSjMFMWEDrKkLalBoOpbwIWWdlcqOlxzgTbxkg3B+33yX3C5XfPcmne+Uzk4GsUxQ9bIOqkSj+ySA3JCzkidCHJHnsgLeXXunWfnzXn/so45o55V8qOcj09bPa8Y</latexit><latexit sha1_base64="nn71Fzx3S+6ybjMsI0mbeO2nOjE=">AAACPnicbVC7SgNBFJ31bXxFLW0GgxBBwq4I2gg+GgsLBaNCJiyzk7vJ4OwjM3clYdkvs/Eb7CxtLBSxtXQSU/i6MMPhnHO5954gVdKg6z46Y+MTk1PTM7OlufmFxaXy8sqlSTItoC4SlejrgBtQMoY6SlRwnWrgUaDgKrg5HuhXt6CNTOIL7KfQjHg7lqEUHC3ll+sMoYf58A/C/LQo/G6V3YKgOQtC2is29xn0UqYgxKpkUU a7TMZIW8i2Dn23ils/zEzLdgc3/XLFrbnDon+BNwIVMqozv/zAWonIIohRKG5Mw3NTbOZcoxQKihLLDKRc3PA2NCyMeQSmmQ/PL+iGZVo0TLR9drUh+70j55Ex/Siwzohjx/zWBuR/WiPDcK+ZyzjNEGLxNSjMFMWEDrKkLalBoOpbwIWWdlcqOlxzgTbxkg3B+33yX3C5XfPcmne+Uzk4GsUxQ9bIOqkSj+ySA3JCzkidCHJHnsgLeXXunWfnzXn/so45o55V8qOcj09bPa8Y</latexit>

Charge defect operator

"ij�kl@i@kAjl = µ
2⇡q

k
�2(~x� ~x)

<latexit sha1_base64="mQVQLkylSVP2KCc8f6fBTEWS/ZQ="></latexit><latexit sha1_base64="mQVQLkylSVP2KCc8f6fBTEWS/ZQ="></latexit><latexit sha1_base64="mQVQLkylSVP2KCc8f6fBTEWS/ZQ="></latexit><latexit sha1_base64="mQVQLkylSVP2KCc8f6fBTEWS/ZQ="></latexit>

Modifies tensor-Gauss constraint



Monopole string operator

Dipole string operator

Trace-quadrupole string operator

Mp[Cs]
<latexit sha1_base64="XAVGZemgO8ee7CfrzcfhP5NMYO0=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuCqJCLosduNGqGAfkIQwmU7aoZMHMxOhhGz8FTcuFHHrZ7jzb5y0WWjrgQuHc+7l3nuClDOpLOvbWFldW9/YrG3Vt3d29/bNg8OeTDJBaJckPBGDAEvKWUy7iilOB6mgOAo47QeTdun3H6mQLIkf1DSlXoRHMQsZwUpLvnmcu0GI7go/ddwIqzHBHLV96flmw2paM6BlYlekARU6vvnlDhOSRTRWhGMpHdtKlZdjoRjhtKi7maQpJhM8oo6mMY6o9PLZAwU608oQhYnQFSs0U39P5DiSchoFurM8Ui56pfif52QqvPZyFqeZojGZLwozjlSCyjTQkAlKFJ9qgolg+lZExlhgonRmdR2CvfjyMuldNG2rad9fNlo3VRw1OIFTOAcbrqAFt9CBLhAo4Ble4c14Ml6Md+Nj3rpiVDNH8AfG5w8QWpYM</latexit><latexit sha1_base64="XAVGZemgO8ee7CfrzcfhP5NMYO0=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuCqJCLosduNGqGAfkIQwmU7aoZMHMxOhhGz8FTcuFHHrZ7jzb5y0WWjrgQuHc+7l3nuClDOpLOvbWFldW9/YrG3Vt3d29/bNg8OeTDJBaJckPBGDAEvKWUy7iilOB6mgOAo47QeTdun3H6mQLIkf1DSlXoRHMQsZwUpLvnmcu0GI7go/ddwIqzHBHLV96flmw2paM6BlYlekARU6vvnlDhOSRTRWhGMpHdtKlZdjoRjhtKi7maQpJhM8oo6mMY6o9PLZAwU608oQhYnQFSs0U39P5DiSchoFurM8Ui56pfif52QqvPZyFqeZojGZLwozjlSCyjTQkAlKFJ9qgolg+lZExlhgonRmdR2CvfjyMuldNG2rad9fNlo3VRw1OIFTOAcbrqAFt9CBLhAo4Ble4c14Ml6Md+Nj3rpiVDNH8AfG5w8QWpYM</latexit><latexit sha1_base64="XAVGZemgO8ee7CfrzcfhP5NMYO0=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuCqJCLosduNGqGAfkIQwmU7aoZMHMxOhhGz8FTcuFHHrZ7jzb5y0WWjrgQuHc+7l3nuClDOpLOvbWFldW9/YrG3Vt3d29/bNg8OeTDJBaJckPBGDAEvKWUy7iilOB6mgOAo47QeTdun3H6mQLIkf1DSlXoRHMQsZwUpLvnmcu0GI7go/ddwIqzHBHLV96flmw2paM6BlYlekARU6vvnlDhOSRTRWhGMpHdtKlZdjoRjhtKi7maQpJhM8oo6mMY6o9PLZAwU608oQhYnQFSs0U39P5DiSchoFurM8Ui56pfif52QqvPZyFqeZojGZLwozjlSCyjTQkAlKFJ9qgolg+lZExlhgonRmdR2CvfjyMuldNG2rad9fNlo3VRw1OIFTOAcbrqAFt9CBLhAo4Ble4c14Ml6Md+Nj3rpiVDNH8AfG5w8QWpYM</latexit><latexit sha1_base64="XAVGZemgO8ee7CfrzcfhP5NMYO0=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuCqJCLosduNGqGAfkIQwmU7aoZMHMxOhhGz8FTcuFHHrZ7jzb5y0WWjrgQuHc+7l3nuClDOpLOvbWFldW9/YrG3Vt3d29/bNg8OeTDJBaJckPBGDAEvKWUy7iilOB6mgOAo47QeTdun3H6mQLIkf1DSlXoRHMQsZwUpLvnmcu0GI7go/ddwIqzHBHLV96flmw2paM6BlYlekARU6vvnlDhOSRTRWhGMpHdtKlZdjoRjhtKi7maQpJhM8oo6mMY6o9PLZAwU608oQhYnQFSs0U39P5DiSchoFurM8Ui56pfif52QqvPZyFqeZojGZLwozjlSCyjTQkAlKFJ9qgolg+lZExlhgonRmdR2CvfjyMuldNG2rad9fNlo3VRw1OIFTOAcbrqAFt9CBLhAo4Ble4c14Ml6Md+Nj3rpiVDNH8AfG5w8QWpYM</latexit>
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<latexit sha1_base64="XWa5XH0vCbPBNtFDUyn7eBjv7WY="></latexit><latexit sha1_base64="XWa5XH0vCbPBNtFDUyn7eBjv7WY="></latexit><latexit sha1_base64="XWa5XH0vCbPBNtFDUyn7eBjv7WY="></latexit><latexit sha1_base64="XWa5XH0vCbPBNtFDUyn7eBjv7WY="></latexit>

D~v[Cs]
<latexit sha1_base64="uPd3uVgINmt+eutHdAk8o9FAnGM=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFmsC5cV7AOaECbTm3bo5MHMpFBCPsCNv+LGhSJu/QB3/o2TNAttPTBw5px7ufceL+ZMKtP8Nipr6xubW9Xt2s7u3v5B/fCoJ6NEUOjSiEdi4BEJnIXQVUxxGMQCSOBx6HvTdu73ZyAki8IHNY/BCcg4ZD6jRGnJrTdS2/Pxbeam9gxo8Zll2dAOiJpQwnHblY6uMptmAbxKrJI0UImOW/+yRxFNAggV5UTKoWXGykmJUIxyyGp2IiEmdErGMNQ0JAFIJy2OyfCZVkbYj4R+ocKF+rsjJYGU88DTlfmSctnLxf+8YaL8aydlYZwoCOlikJ9wrCKcJ4NHTABVfK4JoYLpXTGdEEGo0vnVdAjW8smrpHfRtMymdX/ZaN2UcVTRCTpF58hCV6iF7lAHdRFFj+gZvaI348l4Md6Nj0VpxSh7jtEfGJ8/mIGbTw==</latexit><latexit sha1_base64="uPd3uVgINmt+eutHdAk8o9FAnGM=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFmsC5cV7AOaECbTm3bo5MHMpFBCPsCNv+LGhSJu/QB3/o2TNAttPTBw5px7ufceL+ZMKtP8Nipr6xubW9Xt2s7u3v5B/fCoJ6NEUOjSiEdi4BEJnIXQVUxxGMQCSOBx6HvTdu73ZyAki8IHNY/BCcg4ZD6jRGnJrTdS2/Pxbeam9gxo8Zll2dAOiJpQwnHblY6uMptmAbxKrJI0UImOW/+yRxFNAggV5UTKoWXGykmJUIxyyGp2IiEmdErGMNQ0JAFIJy2OyfCZVkbYj4R+ocKF+rsjJYGU88DTlfmSctnLxf+8YaL8aydlYZwoCOlikJ9wrCKcJ4NHTABVfK4JoYLpXTGdEEGo0vnVdAjW8smrpHfRtMymdX/ZaN2UcVTRCTpF58hCV6iF7lAHdRFFj+gZvaI348l4Md6Nj0VpxSh7jtEfGJ8/mIGbTw==</latexit><latexit sha1_base64="uPd3uVgINmt+eutHdAk8o9FAnGM=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFmsC5cV7AOaECbTm3bo5MHMpFBCPsCNv+LGhSJu/QB3/o2TNAttPTBw5px7ufceL+ZMKtP8Nipr6xubW9Xt2s7u3v5B/fCoJ6NEUOjSiEdi4BEJnIXQVUxxGMQCSOBx6HvTdu73ZyAki8IHNY/BCcg4ZD6jRGnJrTdS2/Pxbeam9gxo8Zll2dAOiJpQwnHblY6uMptmAbxKrJI0UImOW/+yRxFNAggV5UTKoWXGykmJUIxyyGp2IiEmdErGMNQ0JAFIJy2OyfCZVkbYj4R+ocKF+rsjJYGU88DTlfmSctnLxf+8YaL8aydlYZwoCOlikJ9wrCKcJ4NHTABVfK4JoYLpXTGdEEGo0vnVdAjW8smrpHfRtMymdX/ZaN2UcVTRCTpF58hCV6iF7lAHdRFFj+gZvaI348l4Md6Nj0VpxSh7jtEfGJ8/mIGbTw==</latexit><latexit sha1_base64="uPd3uVgINmt+eutHdAk8o9FAnGM=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFmsC5cV7AOaECbTm3bo5MHMpFBCPsCNv+LGhSJu/QB3/o2TNAttPTBw5px7ufceL+ZMKtP8Nipr6xubW9Xt2s7u3v5B/fCoJ6NEUOjSiEdi4BEJnIXQVUxxGMQCSOBx6HvTdu73ZyAki8IHNY/BCcg4ZD6jRGnJrTdS2/Pxbeam9gxo8Zll2dAOiJpQwnHblY6uMptmAbxKrJI0UImOW/+yRxFNAggV5UTKoWXGykmJUIxyyGp2IiEmdErGMNQ0JAFIJy2OyfCZVkbYj4R+ocKF+rsjJYGU88DTlfmSctnLxf+8YaL8aydlYZwoCOlikJ9wrCKcJ4NHTABVfK4JoYLpXTGdEEGo0vnVdAjW8smrpHfRtMymdX/ZaN2UcVTRCTpF58hCV6iF7lAHdRFFj+gZvaI348l4Md6Nj0VpxSh7jtEfGJ8/mIGbTw==</latexit>
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<latexit sha1_base64="K7t7FqGgpbEcjRc/QqC0bJMWOPM="></latexit><latexit sha1_base64="K7t7FqGgpbEcjRc/QqC0bJMWOPM="></latexit><latexit sha1_base64="K7t7FqGgpbEcjRc/QqC0bJMWOPM="></latexit><latexit sha1_base64="K7t7FqGgpbEcjRc/QqC0bJMWOPM="></latexit>

T⌫ [Cs]
<latexit sha1_base64="Y9k0JQZjjyEMFdKxFXWTyJRnAHo=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6L3bis0BckIUymk3boZBJmJkIJxY2/4saFIm79Cnf+jdPHQlsPXDiccy/33hNlnCntON9WaW19Y3OrvF3Z2d3bP7APjzoqzSWhbZLyVPYirChngrY105z2MklxEnHajUaNqd99oFKxVLT0OKNBggeCxYxgbaTQPin8KEatSeiL3PMTrIcEc9QIVRDaVafmzIBWibsgVVigGdpffj8leUKFJhwr5blOpoMCS80Ip5OKnyuaYTLCA+oZKnBCVVDMXpigc6P0UZxKU0Kjmfp7osCJUuMkMp3TI9WyNxX/87xcxzdBwUSWayrIfFGcc6RTNM0D9ZmkRPOxIZhIZm5FZIglJtqkVjEhuMsvr5LOZc11au79VbV+u4ijDKdwBhfgwjXU4Q6a0AYCj/AMr/BmPVkv1rv1MW8tWYuZY/gD6/MHse6W9g==</latexit><latexit sha1_base64="Y9k0JQZjjyEMFdKxFXWTyJRnAHo=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6L3bis0BckIUymk3boZBJmJkIJxY2/4saFIm79Cnf+jdPHQlsPXDiccy/33hNlnCntON9WaW19Y3OrvF3Z2d3bP7APjzoqzSWhbZLyVPYirChngrY105z2MklxEnHajUaNqd99oFKxVLT0OKNBggeCxYxgbaTQPin8KEatSeiL3PMTrIcEc9QIVRDaVafmzIBWibsgVVigGdpffj8leUKFJhwr5blOpoMCS80Ip5OKnyuaYTLCA+oZKnBCVVDMXpigc6P0UZxKU0Kjmfp7osCJUuMkMp3TI9WyNxX/87xcxzdBwUSWayrIfFGcc6RTNM0D9ZmkRPOxIZhIZm5FZIglJtqkVjEhuMsvr5LOZc11au79VbV+u4ijDKdwBhfgwjXU4Q6a0AYCj/AMr/BmPVkv1rv1MW8tWYuZY/gD6/MHse6W9g==</latexit><latexit sha1_base64="Y9k0JQZjjyEMFdKxFXWTyJRnAHo=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6L3bis0BckIUymk3boZBJmJkIJxY2/4saFIm79Cnf+jdPHQlsPXDiccy/33hNlnCntON9WaW19Y3OrvF3Z2d3bP7APjzoqzSWhbZLyVPYirChngrY105z2MklxEnHajUaNqd99oFKxVLT0OKNBggeCxYxgbaTQPin8KEatSeiL3PMTrIcEc9QIVRDaVafmzIBWibsgVVigGdpffj8leUKFJhwr5blOpoMCS80Ip5OKnyuaYTLCA+oZKnBCVVDMXpigc6P0UZxKU0Kjmfp7osCJUuMkMp3TI9WyNxX/87xcxzdBwUSWayrIfFGcc6RTNM0D9ZmkRPOxIZhIZm5FZIglJtqkVjEhuMsvr5LOZc11au79VbV+u4ijDKdwBhfgwjXU4Q6a0AYCj/AMr/BmPVkv1rv1MW8tWYuZY/gD6/MHse6W9g==</latexit><latexit sha1_base64="Y9k0JQZjjyEMFdKxFXWTyJRnAHo=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIrkoigi6L3bis0BckIUymk3boZBJmJkIJxY2/4saFIm79Cnf+jdPHQlsPXDiccy/33hNlnCntON9WaW19Y3OrvF3Z2d3bP7APjzoqzSWhbZLyVPYirChngrY105z2MklxEnHajUaNqd99oFKxVLT0OKNBggeCxYxgbaTQPin8KEatSeiL3PMTrIcEc9QIVRDaVafmzIBWibsgVVigGdpffj8leUKFJhwr5blOpoMCS80Ip5OKnyuaYTLCA+oZKnBCVVDMXpigc6P0UZxKU0Kjmfp7osCJUuMkMp3TI9WyNxX/87xcxzdBwUSWayrIfFGcc6RTNM0D9ZmkRPOxIZhIZm5FZIglJtqkVjEhuMsvr5LOZc11au79VbV+u4ijDKdwBhfgwjXU4Q6a0AYCj/AMr/BmPVkv1rv1MW8tWYuZY/gD6/MHse6W9g==</latexit>

D
T⌫ [Cs]
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= exp
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<latexit sha1_base64="AsWRPyzWNKSPNeaqrQCAEqTZOAg="></latexit><latexit sha1_base64="AsWRPyzWNKSPNeaqrQCAEqTZOAg="></latexit><latexit sha1_base64="AsWRPyzWNKSPNeaqrQCAEqTZOAg="></latexit><latexit sha1_base64="AsWRPyzWNKSPNeaqrQCAEqTZOAg="></latexit>



Return to charge defect op.

Locked along time contour              fractonic physics

Consider two defects Lq(~x1)L�q(~x2)
<latexit sha1_base64="7xr8jUA1fpKLtwer0BlUxtaHENo=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VoF5akCrosunHhooJ9QBPCZDpph04enZkUS8iHuPFX3LhQxI0Lwb9x2kawrQcunDnnXube40aMCmkY31puZXVtfSO/Wdja3tnd0/cPmiKMOSYNHLKQt10kCKMBaUgqGWlHnCDfZaTlDq4nfmtEuKBhcC/HEbF91AuoRzGSSnL0s8RyPXibOsOSNSJ4+npIHbP8qyenw3TOqpYdvWhUjCngMjEzUgQZ6o7+aXVDHPskkJghITqmEUk7QVxSzEhasGJBIoQHqEc6igbIJ8JOpsel8EQpXeiFXFUg4VT9O5EgX4ix76pOH8m+WPQm4n9eJ5bepZ3QIIolCfDsIy9mUIZwkhTsUk6wZGNFEOZU7QpxH3GEpcqzoEIwF09eJs1qxTQq5t15sXaVxZEHR+AYlIAJLkAN3IA6aAAMHsEzeAVv2pP2or1rH7PWnJbNHII5aF8/UHeg3Q==</latexit><latexit sha1_base64="7xr8jUA1fpKLtwer0BlUxtaHENo=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VoF5akCrosunHhooJ9QBPCZDpph04enZkUS8iHuPFX3LhQxI0Lwb9x2kawrQcunDnnXube40aMCmkY31puZXVtfSO/Wdja3tnd0/cPmiKMOSYNHLKQt10kCKMBaUgqGWlHnCDfZaTlDq4nfmtEuKBhcC/HEbF91AuoRzGSSnL0s8RyPXibOsOSNSJ4+npIHbP8qyenw3TOqpYdvWhUjCngMjEzUgQZ6o7+aXVDHPskkJghITqmEUk7QVxSzEhasGJBIoQHqEc6igbIJ8JOpsel8EQpXeiFXFUg4VT9O5EgX4ix76pOH8m+WPQm4n9eJ5bepZ3QIIolCfDsIy9mUIZwkhTsUk6wZGNFEOZU7QpxH3GEpcqzoEIwF09eJs1qxTQq5t15sXaVxZEHR+AYlIAJLkAN3IA6aAAMHsEzeAVv2pP2or1rH7PWnJbNHII5aF8/UHeg3Q==</latexit><latexit sha1_base64="7xr8jUA1fpKLtwer0BlUxtaHENo=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VoF5akCrosunHhooJ9QBPCZDpph04enZkUS8iHuPFX3LhQxI0Lwb9x2kawrQcunDnnXube40aMCmkY31puZXVtfSO/Wdja3tnd0/cPmiKMOSYNHLKQt10kCKMBaUgqGWlHnCDfZaTlDq4nfmtEuKBhcC/HEbF91AuoRzGSSnL0s8RyPXibOsOSNSJ4+npIHbP8qyenw3TOqpYdvWhUjCngMjEzUgQZ6o7+aXVDHPskkJghITqmEUk7QVxSzEhasGJBIoQHqEc6igbIJ8JOpsel8EQpXeiFXFUg4VT9O5EgX4ix76pOH8m+WPQm4n9eJ5bepZ3QIIolCfDsIy9mUIZwkhTsUk6wZGNFEOZU7QpxH3GEpcqzoEIwF09eJs1qxTQq5t15sXaVxZEHR+AYlIAJLkAN3IA6aAAMHsEzeAVv2pP2or1rH7PWnJbNHII5aF8/UHeg3Q==</latexit><latexit sha1_base64="7xr8jUA1fpKLtwer0BlUxtaHENo=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VoF5akCrosunHhooJ9QBPCZDpph04enZkUS8iHuPFX3LhQxI0Lwb9x2kawrQcunDnnXube40aMCmkY31puZXVtfSO/Wdja3tnd0/cPmiKMOSYNHLKQt10kCKMBaUgqGWlHnCDfZaTlDq4nfmtEuKBhcC/HEbF91AuoRzGSSnL0s8RyPXibOsOSNSJ4+npIHbP8qyenw3TOqpYdvWhUjCngMjEzUgQZ6o7+aXVDHPskkJghITqmEUk7QVxSzEhasGJBIoQHqEc6igbIJ8JOpsel8EQpXeiFXFUg4VT9O5EgX4ix76pOH8m+WPQm4n9eJ5bepZ3QIIolCfDsIy9mUIZwkhTsUk6wZGNFEOZU7QpxH3GEpcqzoEIwF09eJs1qxTQq5t15sXaVxZEHR+AYlIAJLkAN3IA6aAAMHsEzeAVv2pP2or1rH7PWnJbNHII5aF8/UHeg3Q==</latexit>

Can use         to deform in direction 
orthogonal to dipole moment

Aij
<latexit sha1_base64="Qal21wwY2KHuiEcVXcZWC13KNzM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeoF48RzAOSJcxOZpNJ5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+m/mtJ6oNU/LRThIaCjyQLGYEWyc1b3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8GD5eV2m0eRxFO4BTOIYArqME91KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AJi3jyE=</latexit><latexit sha1_base64="Qal21wwY2KHuiEcVXcZWC13KNzM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeoF48RzAOSJcxOZpNJ5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+m/mtJ6oNU/LRThIaCjyQLGYEWyc1b3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8GD5eV2m0eRxFO4BTOIYArqME91KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AJi3jyE=</latexit><latexit sha1_base64="Qal21wwY2KHuiEcVXcZWC13KNzM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeoF48RzAOSJcxOZpNJ5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+m/mtJ6oNU/LRThIaCjyQLGYEWyc1b3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8GD5eV2m0eRxFO4BTOIYArqME91KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AJi3jyE=</latexit><latexit sha1_base64="Qal21wwY2KHuiEcVXcZWC13KNzM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeoF48RzAOSJcxOZpNJ5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS+m/mtJ6oNU/LRThIaCjyQLGYEWyc1b3oZG0175Ypf9edAqyTISQVy1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNpqZsammAyxgPacVRiQU2Yza+dojOn9FGstCtp0Vz9PZFhYcxERK5TYDs0y95M/M/rpDa+DjMmk9RSSRaL4pQjq9DsddRnmhLLJ45gopm7FZEh1phYF1DJhRAsv7xKmhfVwK8GD5eV2m0eRxFO4BTOIYArqME91KEBBEbwDK/w5invxXv3PhatBS+fOYY/8D5/AJi3jyE=</latexit>

Restricted mobility = 
local deformability of strip operators

�ij
@xi

@⌘

@xj

@�
= 0

<latexit sha1_base64="NbYR48vMm1Bc640YFhRS3Yc3NFk=">AAACPHicbVC7SgNBFJ31bXxFLW0Gg2AVdkXQRhBtLBWNEbIx3J3cjaOzD2buimHZD7PxI+ysbCwUsbV28gAf8cDAmXPPvTP3BKmShlz3yRkbn5icmp6ZLc3NLywulZdXzk2SaYE1kahEXwRgUMkYayRJ4UWqEaJAYT24OezV67eojUziM+qm2IygE8tQCiArtcqnfhsVQSuX14UfahC5n4ImCYrfXcri++Yjwajj+qfDyE4ExZ7bKlfcqtsHHyXekFTYEMet8qPfTkQWYUxCgTENz02pmffmCoVFyc8MpiBuoIMNS2OI0DTz/vIF37BKm4eJticm3ld/duQQGdONAuuMgK7M31pP/K/WyCjcbeYyTjPCWAweCjPFKeG9JHlbahSkupaA0NL+lYsrsAGRzbtkQ/D+rjxKzreqnlv1TrYr+wfDOGbYGltnm8xjO2yfHbFjVmOC3bNn9srenAfnxXl3PgbWMWfYs8p+wfn8Aut9sNw=</latexit><latexit sha1_base64="NbYR48vMm1Bc640YFhRS3Yc3NFk=">AAACPHicbVC7SgNBFJ31bXxFLW0Gg2AVdkXQRhBtLBWNEbIx3J3cjaOzD2buimHZD7PxI+ysbCwUsbV28gAf8cDAmXPPvTP3BKmShlz3yRkbn5icmp6ZLc3NLywulZdXzk2SaYE1kahEXwRgUMkYayRJ4UWqEaJAYT24OezV67eojUziM+qm2IygE8tQCiArtcqnfhsVQSuX14UfahC5n4ImCYrfXcri++Yjwajj+qfDyE4ExZ7bKlfcqtsHHyXekFTYEMet8qPfTkQWYUxCgTENz02pmffmCoVFyc8MpiBuoIMNS2OI0DTz/vIF37BKm4eJticm3ld/duQQGdONAuuMgK7M31pP/K/WyCjcbeYyTjPCWAweCjPFKeG9JHlbahSkupaA0NL+lYsrsAGRzbtkQ/D+rjxKzreqnlv1TrYr+wfDOGbYGltnm8xjO2yfHbFjVmOC3bNn9srenAfnxXl3PgbWMWfYs8p+wfn8Aut9sNw=</latexit><latexit sha1_base64="NbYR48vMm1Bc640YFhRS3Yc3NFk=">AAACPHicbVC7SgNBFJ31bXxFLW0Gg2AVdkXQRhBtLBWNEbIx3J3cjaOzD2buimHZD7PxI+ysbCwUsbV28gAf8cDAmXPPvTP3BKmShlz3yRkbn5icmp6ZLc3NLywulZdXzk2SaYE1kahEXwRgUMkYayRJ4UWqEaJAYT24OezV67eojUziM+qm2IygE8tQCiArtcqnfhsVQSuX14UfahC5n4ImCYrfXcri++Yjwajj+qfDyE4ExZ7bKlfcqtsHHyXekFTYEMet8qPfTkQWYUxCgTENz02pmffmCoVFyc8MpiBuoIMNS2OI0DTz/vIF37BKm4eJticm3ld/duQQGdONAuuMgK7M31pP/K/WyCjcbeYyTjPCWAweCjPFKeG9JHlbahSkupaA0NL+lYsrsAGRzbtkQ/D+rjxKzreqnlv1TrYr+wfDOGbYGltnm8xjO2yfHbFjVmOC3bNn9srenAfnxXl3PgbWMWfYs8p+wfn8Aut9sNw=</latexit><latexit sha1_base64="NbYR48vMm1Bc640YFhRS3Yc3NFk=">AAACPHicbVC7SgNBFJ31bXxFLW0Gg2AVdkXQRhBtLBWNEbIx3J3cjaOzD2buimHZD7PxI+ysbCwUsbV28gAf8cDAmXPPvTP3BKmShlz3yRkbn5icmp6ZLc3NLywulZdXzk2SaYE1kahEXwRgUMkYayRJ4UWqEaJAYT24OezV67eojUziM+qm2IygE8tQCiArtcqnfhsVQSuX14UfahC5n4ImCYrfXcri++Yjwajj+qfDyE4ExZ7bKlfcqtsHHyXekFTYEMet8qPfTkQWYUxCgTENz02pmffmCoVFyc8MpiBuoIMNS2OI0DTz/vIF37BKm4eJticm3ld/duQQGdONAuuMgK7M31pP/K/WyCjcbeYyTjPCWAweCjPFKeG9JHlbahSkupaA0NL+lYsrsAGRzbtkQ/D+rjxKzreqnlv1TrYr+wfDOGbYGltnm8xjO2yfHbFjVmOC3bNn9srenAfnxXl3PgbWMWfYs8p+wfn8Aut9sNw=</latexit>

⌘
<latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit>

�
<latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit>



U(1) vs.      : charge, level, and dipole quantizationR
<latexit sha1_base64="nwoAQXK4rvlvt6rQrF7b2HfMZ64=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6YP2+6KblxWsQ9ph5JJ0zY0yQxJRihDv8KNC0Xc+jnu/BszbQUVPRA4nHMvOfcEEWfaIPThrKyurW9sZray2zu7e/u5g8OWDmNFaJOEPFSdAGvKmaRNwwynnUhRLAJO28HkMvXb91RpFspbM42oL/BIsiEj2FjpriewGQcBvOnn8sgtFIrVkgeRW0TntUrNkjJC5WoNei6aIw+WaPRz771BSGJBpSEca931UGT8BCvDCKezbC/WNMJkgke0a6nEgmo/mQeewVOrDOAwVPZJA+fq940EC62nIrCTaUD920vFv7xubIZVP2Eyig2VZPHRMObQhDC9Hg6YosTwqSWYKGazQjLGChNjO8raEr4uhf+TVsH1kOtdl/L1i2UdGXAMTsAZ8EAF1MEVaIAmIECAB/AEnh3lPDovzutidMVZ7hyBH3DePgHBz5Bh</latexit><latexit sha1_base64="nwoAQXK4rvlvt6rQrF7b2HfMZ64=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6YP2+6KblxWsQ9ph5JJ0zY0yQxJRihDv8KNC0Xc+jnu/BszbQUVPRA4nHMvOfcEEWfaIPThrKyurW9sZray2zu7e/u5g8OWDmNFaJOEPFSdAGvKmaRNwwynnUhRLAJO28HkMvXb91RpFspbM42oL/BIsiEj2FjpriewGQcBvOnn8sgtFIrVkgeRW0TntUrNkjJC5WoNei6aIw+WaPRz771BSGJBpSEca931UGT8BCvDCKezbC/WNMJkgke0a6nEgmo/mQeewVOrDOAwVPZJA+fq940EC62nIrCTaUD920vFv7xubIZVP2Eyig2VZPHRMObQhDC9Hg6YosTwqSWYKGazQjLGChNjO8raEr4uhf+TVsH1kOtdl/L1i2UdGXAMTsAZ8EAF1MEVaIAmIECAB/AEnh3lPDovzutidMVZ7hyBH3DePgHBz5Bh</latexit><latexit sha1_base64="nwoAQXK4rvlvt6rQrF7b2HfMZ64=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6YP2+6KblxWsQ9ph5JJ0zY0yQxJRihDv8KNC0Xc+jnu/BszbQUVPRA4nHMvOfcEEWfaIPThrKyurW9sZray2zu7e/u5g8OWDmNFaJOEPFSdAGvKmaRNwwynnUhRLAJO28HkMvXb91RpFspbM42oL/BIsiEj2FjpriewGQcBvOnn8sgtFIrVkgeRW0TntUrNkjJC5WoNei6aIw+WaPRz771BSGJBpSEca931UGT8BCvDCKezbC/WNMJkgke0a6nEgmo/mQeewVOrDOAwVPZJA+fq940EC62nIrCTaUD920vFv7xubIZVP2Eyig2VZPHRMObQhDC9Hg6YosTwqSWYKGazQjLGChNjO8raEr4uhf+TVsH1kOtdl/L1i2UdGXAMTsAZ8EAF1MEVaIAmIECAB/AEnh3lPDovzutidMVZ7hyBH3DePgHBz5Bh</latexit><latexit sha1_base64="nwoAQXK4rvlvt6rQrF7b2HfMZ64=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ6YP2+6KblxWsQ9ph5JJ0zY0yQxJRihDv8KNC0Xc+jnu/BszbQUVPRA4nHMvOfcEEWfaIPThrKyurW9sZray2zu7e/u5g8OWDmNFaJOEPFSdAGvKmaRNwwynnUhRLAJO28HkMvXb91RpFspbM42oL/BIsiEj2FjpriewGQcBvOnn8sgtFIrVkgeRW0TntUrNkjJC5WoNei6aIw+WaPRz771BSGJBpSEca931UGT8BCvDCKezbC/WNMJkgke0a6nEgmo/mQeewVOrDOAwVPZJA+fq940EC62nIrCTaUD920vFv7xubIZVP2Eyig2VZPHRMObQhDC9Hg6YosTwqSWYKGazQjLGChNjO8raEr4uhf+TVsH1kOtdl/L1i2UdGXAMTsAZ8EAF1MEVaIAmIECAB/AEnh3lPDovzutidMVZ7hyBH3DePgHBz5Bh</latexit>

So far: considered infinitesimal gauge tx’s.  
Can we treat symmetry as U(1)?

Need inverse length scale: g↵ = exp (iµ↵)
<latexit sha1_base64="FOLt/rWz97yeoj4Kg+i5K5WFmDw=">AAACDXicbVA9SwNBEN2LXzF+nVraHEYhNuFOBG2EoI1lBPMBuSPsbeaSJXsf7M6J4cgfsPGv2FgoYmtv579xk1yhiQ8GHu/NMDPPTwRXaNvfRmFpeWV1rbhe2tjc2t4xd/eaKk4lgwaLRSzbPlUgeAQN5CignUigoS+g5Q+vJ37rHqTicXSHowS8kPYjHnBGUUtd86jfdalIBvTShYfEFRBghbthOhNdyfsDPOmaZbtqT2EtEicnZZKj3jW/3F7M0hAiZIIq1XHsBL2MSuRMwLjkpgoSyoa0Dx1NIxqC8rLpN2PrWCs9K4ilrgitqfp7IqOhUqPQ150hxYGa9ybif14nxeDCy3iUpAgRmy0KUmFhbE2isXpcAkMx0oQyyfWtFhtQSRnqAEs6BGf+5UXSPK06dtW5PSvXrvI4iuSAHJIKccg5qZEbUicNwsgjeSav5M14Ml6Md+Nj1low8pl98gfG5w/FTZv8</latexit><latexit sha1_base64="FOLt/rWz97yeoj4Kg+i5K5WFmDw=">AAACDXicbVA9SwNBEN2LXzF+nVraHEYhNuFOBG2EoI1lBPMBuSPsbeaSJXsf7M6J4cgfsPGv2FgoYmtv579xk1yhiQ8GHu/NMDPPTwRXaNvfRmFpeWV1rbhe2tjc2t4xd/eaKk4lgwaLRSzbPlUgeAQN5CignUigoS+g5Q+vJ37rHqTicXSHowS8kPYjHnBGUUtd86jfdalIBvTShYfEFRBghbthOhNdyfsDPOmaZbtqT2EtEicnZZKj3jW/3F7M0hAiZIIq1XHsBL2MSuRMwLjkpgoSyoa0Dx1NIxqC8rLpN2PrWCs9K4ilrgitqfp7IqOhUqPQ150hxYGa9ybif14nxeDCy3iUpAgRmy0KUmFhbE2isXpcAkMx0oQyyfWtFhtQSRnqAEs6BGf+5UXSPK06dtW5PSvXrvI4iuSAHJIKccg5qZEbUicNwsgjeSav5M14Ml6Md+Nj1low8pl98gfG5w/FTZv8</latexit><latexit sha1_base64="FOLt/rWz97yeoj4Kg+i5K5WFmDw=">AAACDXicbVA9SwNBEN2LXzF+nVraHEYhNuFOBG2EoI1lBPMBuSPsbeaSJXsf7M6J4cgfsPGv2FgoYmtv579xk1yhiQ8GHu/NMDPPTwRXaNvfRmFpeWV1rbhe2tjc2t4xd/eaKk4lgwaLRSzbPlUgeAQN5CignUigoS+g5Q+vJ37rHqTicXSHowS8kPYjHnBGUUtd86jfdalIBvTShYfEFRBghbthOhNdyfsDPOmaZbtqT2EtEicnZZKj3jW/3F7M0hAiZIIq1XHsBL2MSuRMwLjkpgoSyoa0Dx1NIxqC8rLpN2PrWCs9K4ilrgitqfp7IqOhUqPQ150hxYGa9ybif14nxeDCy3iUpAgRmy0KUmFhbE2isXpcAkMx0oQyyfWtFhtQSRnqAEs6BGf+5UXSPK06dtW5PSvXrvI4iuSAHJIKccg5qZEbUicNwsgjeSav5M14Ml6Md+Nj1low8pl98gfG5w/FTZv8</latexit><latexit sha1_base64="FOLt/rWz97yeoj4Kg+i5K5WFmDw=">AAACDXicbVA9SwNBEN2LXzF+nVraHEYhNuFOBG2EoI1lBPMBuSPsbeaSJXsf7M6J4cgfsPGv2FgoYmtv579xk1yhiQ8GHu/NMDPPTwRXaNvfRmFpeWV1rbhe2tjc2t4xd/eaKk4lgwaLRSzbPlUgeAQN5CignUigoS+g5Q+vJ37rHqTicXSHowS8kPYjHnBGUUtd86jfdalIBvTShYfEFRBghbthOhNdyfsDPOmaZbtqT2EtEicnZZKj3jW/3F7M0hAiZIIq1XHsBL2MSuRMwLjkpgoSyoa0Dx1NIxqC8rLpN2PrWCs9K4ilrgitqfp7IqOhUqPQ150hxYGa9ybif14nxeDCy3iUpAgRmy0KUmFhbE2isXpcAkMx0oQyyfWtFhtQSRnqAEs6BGf+5UXSPK06dtW5PSvXrvI4iuSAHJIKccg5qZEbUicNwsgjeSav5M14Ml6Md+Nj1low8pl98gfG5w/FTZv8</latexit>

Invariance under large gauge tx’s quantizes defect charges,      
q 2 Z

<latexit sha1_base64="48YSkNmziLPSJchhU1sq+yO31qo=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7Irgh6LXjxWsK3YXUqSZtvQbHabZAtl6e/w4kERr/4Yb/4bs+0etHUgMMy8x5sMSQTXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVlLVoLGL1SLBmgkvWMtwI9pgohiMiWIeMbnO/M2FK81g+mGnCgggPJA85xcZKwdjn0o+wGRKCnnrVmlt350CrxCtIDQo0e9Uvvx/TNGLSUIG17npuYoIMK8OpYLOKn2qWYDrCA9a1VOKI6SCbh56hM6v0URgr+6RBc/X3RoYjracRsZN5QL3s5eJ/Xjc14XWQcZmkhkm6OBSmApkY5Q2gPleMGjG1BFPFbVZEh1hhamxPFVuCt/zlVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLaAwhmd4hTdn4rw4787HYrTkFDvH8AfO5w96+5Hk</latexit><latexit sha1_base64="48YSkNmziLPSJchhU1sq+yO31qo=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7Irgh6LXjxWsK3YXUqSZtvQbHabZAtl6e/w4kERr/4Yb/4bs+0etHUgMMy8x5sMSQTXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVlLVoLGL1SLBmgkvWMtwI9pgohiMiWIeMbnO/M2FK81g+mGnCgggPJA85xcZKwdjn0o+wGRKCnnrVmlt350CrxCtIDQo0e9Uvvx/TNGLSUIG17npuYoIMK8OpYLOKn2qWYDrCA9a1VOKI6SCbh56hM6v0URgr+6RBc/X3RoYjracRsZN5QL3s5eJ/Xjc14XWQcZmkhkm6OBSmApkY5Q2gPleMGjG1BFPFbVZEh1hhamxPFVuCt/zlVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLaAwhmd4hTdn4rw4787HYrTkFDvH8AfO5w96+5Hk</latexit><latexit sha1_base64="48YSkNmziLPSJchhU1sq+yO31qo=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7Irgh6LXjxWsK3YXUqSZtvQbHabZAtl6e/w4kERr/4Yb/4bs+0etHUgMMy8x5sMSQTXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVlLVoLGL1SLBmgkvWMtwI9pgohiMiWIeMbnO/M2FK81g+mGnCgggPJA85xcZKwdjn0o+wGRKCnnrVmlt350CrxCtIDQo0e9Uvvx/TNGLSUIG17npuYoIMK8OpYLOKn2qWYDrCA9a1VOKI6SCbh56hM6v0URgr+6RBc/X3RoYjracRsZN5QL3s5eJ/Xjc14XWQcZmkhkm6OBSmApkY5Q2gPleMGjG1BFPFbVZEh1hhamxPFVuCt/zlVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLaAwhmd4hTdn4rw4787HYrTkFDvH8AfO5w96+5Hk</latexit><latexit sha1_base64="48YSkNmziLPSJchhU1sq+yO31qo=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7Irgh6LXjxWsK3YXUqSZtvQbHabZAtl6e/w4kERr/4Yb/4bs+0etHUgMMy8x5sMSQTXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVlLVoLGL1SLBmgkvWMtwI9pgohiMiWIeMbnO/M2FK81g+mGnCgggPJA85xcZKwdjn0o+wGRKCnnrVmlt350CrxCtIDQo0e9Uvvx/TNGLSUIG17npuYoIMK8OpYLOKn2qWYDrCA9a1VOKI6SCbh56hM6v0URgr+6RBc/X3RoYjracRsZN5QL3s5eJ/Xjc14XWQcZmkhkm6OBSmApkY5Q2gPleMGjG1BFPFbVZEh1hhamxPFVuCt/zlVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLaAwhmd4hTdn4rw4787HYrTkFDvH8AfO5w96+5Hk</latexit>

What is the role of this length scale?

Can we quantize the level, other charges (string ops)?



Some inspiration from XY-plaquette model*

H =
X

r̂

✓
⇡r̂⇡r̂ �K cos(�̂xy�r̂)�

K

2
cos(�̂xx�r̂)�

K

2
cos(�̂yy�r̂)

◆

<latexit sha1_base64="+bM77h2mmIiWScgonpVSMY7qtK4="></latexit><latexit sha1_base64="+bM77h2mmIiWScgonpVSMY7qtK4="></latexit><latexit sha1_base64="+bM77h2mmIiWScgonpVSMY7qtK4="></latexit><latexit sha1_base64="+bM77h2mmIiWScgonpVSMY7qtK4="></latexit>

Global compact dipolar shift symmetry

� ! �+ ⇤(1)
x r̂x + ⇤(1)

y r̂y
<latexit sha1_base64="02+OQXVw5SlAC7TgWqB+3ssXa00=">AAACLHicbVDLSgMxFM3Ud31VXboJFqEilBkRdFl048KFglWhU4c7adoJzTxI7miHoR/kxl8RxIUibv0O01rEth4InJxz703u8RMpNNr2u1WYmZ2bX1hcKi6vrK6tlzY2r3WcKsbrLJaxuvVBcykiXkeBkt8mikPoS37jd08H/s09V1rE0RVmCW+G0IlEWzBAI3mlUzcJhKtEJ0BQKn4YXPfdczOgBV7vLq84e303AKTK6/3q2ZieeaWyXbWHoNPEGZEyGeHCK724rZilIY+QSdC64dgJNnNQKJjk/aKbap4A60KHNwyNIOS6mQ+X7dNdo7RoO1bmREiH6t+OHEKts9A3lSFgoCe9gfif10ixfdzMRZSkyCP281A7lRRjOkiOtoTiDGVmCDAlzF8pC0ABQ5Nv0YTgTK48Ta4Pqo5ddS4Py7WTURyLZJvskApxyBGpkTNyQeqEkUfyTN7Iu/VkvVof1udPacEa9WyRMVhf3y5iqBw=</latexit><latexit sha1_base64="02+OQXVw5SlAC7TgWqB+3ssXa00=">AAACLHicbVDLSgMxFM3Ud31VXboJFqEilBkRdFl048KFglWhU4c7adoJzTxI7miHoR/kxl8RxIUibv0O01rEth4InJxz703u8RMpNNr2u1WYmZ2bX1hcKi6vrK6tlzY2r3WcKsbrLJaxuvVBcykiXkeBkt8mikPoS37jd08H/s09V1rE0RVmCW+G0IlEWzBAI3mlUzcJhKtEJ0BQKn4YXPfdczOgBV7vLq84e303AKTK6/3q2ZieeaWyXbWHoNPEGZEyGeHCK724rZilIY+QSdC64dgJNnNQKJjk/aKbap4A60KHNwyNIOS6mQ+X7dNdo7RoO1bmREiH6t+OHEKts9A3lSFgoCe9gfif10ixfdzMRZSkyCP281A7lRRjOkiOtoTiDGVmCDAlzF8pC0ABQ5Nv0YTgTK48Ta4Pqo5ddS4Py7WTURyLZJvskApxyBGpkTNyQeqEkUfyTN7Iu/VkvVof1udPacEa9WyRMVhf3y5iqBw=</latexit><latexit sha1_base64="02+OQXVw5SlAC7TgWqB+3ssXa00=">AAACLHicbVDLSgMxFM3Ud31VXboJFqEilBkRdFl048KFglWhU4c7adoJzTxI7miHoR/kxl8RxIUibv0O01rEth4InJxz703u8RMpNNr2u1WYmZ2bX1hcKi6vrK6tlzY2r3WcKsbrLJaxuvVBcykiXkeBkt8mikPoS37jd08H/s09V1rE0RVmCW+G0IlEWzBAI3mlUzcJhKtEJ0BQKn4YXPfdczOgBV7vLq84e303AKTK6/3q2ZieeaWyXbWHoNPEGZEyGeHCK724rZilIY+QSdC64dgJNnNQKJjk/aKbap4A60KHNwyNIOS6mQ+X7dNdo7RoO1bmREiH6t+OHEKts9A3lSFgoCe9gfif10ixfdzMRZSkyCP281A7lRRjOkiOtoTiDGVmCDAlzF8pC0ABQ5Nv0YTgTK48Ta4Pqo5ddS4Py7WTURyLZJvskApxyBGpkTNyQeqEkUfyTN7Iu/VkvVof1udPacEa9WyRMVhf3y5iqBw=</latexit><latexit sha1_base64="02+OQXVw5SlAC7TgWqB+3ssXa00=">AAACLHicbVDLSgMxFM3Ud31VXboJFqEilBkRdFl048KFglWhU4c7adoJzTxI7miHoR/kxl8RxIUibv0O01rEth4InJxz703u8RMpNNr2u1WYmZ2bX1hcKi6vrK6tlzY2r3WcKsbrLJaxuvVBcykiXkeBkt8mikPoS37jd08H/s09V1rE0RVmCW+G0IlEWzBAI3mlUzcJhKtEJ0BQKn4YXPfdczOgBV7vLq84e303AKTK6/3q2ZieeaWyXbWHoNPEGZEyGeHCK724rZilIY+QSdC64dgJNnNQKJjk/aKbap4A60KHNwyNIOS6mQ+X7dNdo7RoO1bmREiH6t+OHEKts9A3lSFgoCe9gfif10ixfdzMRZSkyCP281A7lRRjOkiOtoTiDGVmCDAlzF8pC0ABQ5Nv0YTgTK48Ta4Pqo5ddS4Py7WTURyLZJvskApxyBGpkTNyQeqEkUfyTN7Iu/VkvVof1udPacEa9WyRMVhf3y5iqBw=</latexit>

⇤(1)
i ⇠ ⇤(1)

i + 2⇡
<latexit sha1_base64="DPWiRXKesKlm4jXGhivWz4xmmek=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsCGWmCLosunHhooJ9QGccMplMG5pkhiQjlKGf4MZfceNCEbcu3fk3po+Fth4IHM45l5t7wpRRpR3n2yosLa+srhXXSxubW9s79u5eSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDX22w9EKpqIOz1Mic9RT9CYYqSNFNjH3o0JRyig93nFPRl5ivI56bTmpTSwy07VmQAuEndGymCGRmB/eVGCM06Exgwp1XWdVPs5kppiRkYlL1MkRXiAeqRrqECcKD+fHDSCR0aJYJxI84SGE/X3RI64UkMemiRHuq/mvbH4n9fNdHzh51SkmSYCTxfFGYM6geN2YEQlwZoNDUFYUvNXiPtIIqxNhyVTgjt/8iJp1aquU3Vvz8r1y1kdRXAADkEFuOAc1ME1aIAmwOARPINX8GY9WS/Wu/UxjRas2cw++APr8wf2ZZvi</latexit><latexit sha1_base64="DPWiRXKesKlm4jXGhivWz4xmmek=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsCGWmCLosunHhooJ9QGccMplMG5pkhiQjlKGf4MZfceNCEbcu3fk3po+Fth4IHM45l5t7wpRRpR3n2yosLa+srhXXSxubW9s79u5eSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDX22w9EKpqIOz1Mic9RT9CYYqSNFNjH3o0JRyig93nFPRl5ivI56bTmpTSwy07VmQAuEndGymCGRmB/eVGCM06Exgwp1XWdVPs5kppiRkYlL1MkRXiAeqRrqECcKD+fHDSCR0aJYJxI84SGE/X3RI64UkMemiRHuq/mvbH4n9fNdHzh51SkmSYCTxfFGYM6geN2YEQlwZoNDUFYUvNXiPtIIqxNhyVTgjt/8iJp1aquU3Vvz8r1y1kdRXAADkEFuOAc1ME1aIAmwOARPINX8GY9WS/Wu/UxjRas2cw++APr8wf2ZZvi</latexit><latexit sha1_base64="DPWiRXKesKlm4jXGhivWz4xmmek=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsCGWmCLosunHhooJ9QGccMplMG5pkhiQjlKGf4MZfceNCEbcu3fk3po+Fth4IHM45l5t7wpRRpR3n2yosLa+srhXXSxubW9s79u5eSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDX22w9EKpqIOz1Mic9RT9CYYqSNFNjH3o0JRyig93nFPRl5ivI56bTmpTSwy07VmQAuEndGymCGRmB/eVGCM06Exgwp1XWdVPs5kppiRkYlL1MkRXiAeqRrqECcKD+fHDSCR0aJYJxI84SGE/X3RI64UkMemiRHuq/mvbH4n9fNdHzh51SkmSYCTxfFGYM6geN2YEQlwZoNDUFYUvNXiPtIIqxNhyVTgjt/8iJp1aquU3Vvz8r1y1kdRXAADkEFuOAc1ME1aIAmwOARPINX8GY9WS/Wu/UxjRas2cw++APr8wf2ZZvi</latexit><latexit sha1_base64="DPWiRXKesKlm4jXGhivWz4xmmek=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsCGWmCLosunHhooJ9QGccMplMG5pkhiQjlKGf4MZfceNCEbcu3fk3po+Fth4IHM45l5t7wpRRpR3n2yosLa+srhXXSxubW9s79u5eSyWZxKSJE5bITogUYVSQpqaakU4qCeIhI+1wcDX22w9EKpqIOz1Mic9RT9CYYqSNFNjH3o0JRyig93nFPRl5ivI56bTmpTSwy07VmQAuEndGymCGRmB/eVGCM06Exgwp1XWdVPs5kppiRkYlL1MkRXiAeqRrqECcKD+fHDSCR0aJYJxI84SGE/X3RI64UkMemiRHuq/mvbH4n9fNdHzh51SkmSYCTxfFGYM6geN2YEQlwZoNDUFYUvNXiPtIIqxNhyVTgjt/8iJp1aquU3Vvz8r1y1kdRXAADkEFuOAc1ME1aIAmwOARPINX8GY9WS/Wu/UxjRas2cw++APr8wf2ZZvi</latexit>

The continuum Hamiltonian

H =
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<latexit sha1_base64="0i/F+LL9F+WAKrJ+KfaYYbomttc="></latexit><latexit sha1_base64="0i/F+LL9F+WAKrJ+KfaYYbomttc="></latexit><latexit sha1_base64="0i/F+LL9F+WAKrJ+KfaYYbomttc="></latexit><latexit sha1_base64="0i/F+LL9F+WAKrJ+KfaYYbomttc="></latexit>

�̃ ⇠ a�
<latexit sha1_base64="E64SQU7EBg45/e5LhpG6khlB35c=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4KokIuiy6MZlBXuBJpTJZNIOnUzCzIlQQ/FV3LhQxK3v4c63cdJmoa0/DHz85xzOmT9IBdfgON9WZWV1bX2julnb2t7Z3bP3Dzo6yRRlbZqIRPUCopngkrWBg2C9VDESB4J1g/FNUe8+MKV5Iu9hkjI/JkPJI04JGGtgH3nARci8dMQ9zWNMChrYdafhzISXwS2hjkq1BvaXFyY0i5kEKojWfddJwc+JAk4Fm9a8TLOU0DEZsr5BSWKm/Xx2/RSfGifEUaLMk4Bn7u+JnMRaT+LAdMYERnqxVpj/1foZRFd+zmWaAZN0vijKBIYEF1HgkCtGQUwMEKq4uRXTEVGEggmsZkJwF7+8DJ3zhus03LuLevO6jKOKjtEJOkMuukRNdItaqI0oekTP6BW9WU/Wi/VufcxbK1Y5c4j+yPr8AYdalUE=</latexit><latexit sha1_base64="E64SQU7EBg45/e5LhpG6khlB35c=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4KokIuiy6MZlBXuBJpTJZNIOnUzCzIlQQ/FV3LhQxK3v4c63cdJmoa0/DHz85xzOmT9IBdfgON9WZWV1bX2julnb2t7Z3bP3Dzo6yRRlbZqIRPUCopngkrWBg2C9VDESB4J1g/FNUe8+MKV5Iu9hkjI/JkPJI04JGGtgH3nARci8dMQ9zWNMChrYdafhzISXwS2hjkq1BvaXFyY0i5kEKojWfddJwc+JAk4Fm9a8TLOU0DEZsr5BSWKm/Xx2/RSfGifEUaLMk4Bn7u+JnMRaT+LAdMYERnqxVpj/1foZRFd+zmWaAZN0vijKBIYEF1HgkCtGQUwMEKq4uRXTEVGEggmsZkJwF7+8DJ3zhus03LuLevO6jKOKjtEJOkMuukRNdItaqI0oekTP6BW9WU/Wi/VufcxbK1Y5c4j+yPr8AYdalUE=</latexit><latexit sha1_base64="E64SQU7EBg45/e5LhpG6khlB35c=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4KokIuiy6MZlBXuBJpTJZNIOnUzCzIlQQ/FV3LhQxK3v4c63cdJmoa0/DHz85xzOmT9IBdfgON9WZWV1bX2julnb2t7Z3bP3Dzo6yRRlbZqIRPUCopngkrWBg2C9VDESB4J1g/FNUe8+MKV5Iu9hkjI/JkPJI04JGGtgH3nARci8dMQ9zWNMChrYdafhzISXwS2hjkq1BvaXFyY0i5kEKojWfddJwc+JAk4Fm9a8TLOU0DEZsr5BSWKm/Xx2/RSfGifEUaLMk4Bn7u+JnMRaT+LAdMYERnqxVpj/1foZRFd+zmWaAZN0vijKBIYEF1HgkCtGQUwMEKq4uRXTEVGEggmsZkJwF7+8DJ3zhus03LuLevO6jKOKjtEJOkMuukRNdItaqI0oekTP6BW9WU/Wi/VufcxbK1Y5c4j+yPr8AYdalUE=</latexit><latexit sha1_base64="E64SQU7EBg45/e5LhpG6khlB35c=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4KokIuiy6MZlBXuBJpTJZNIOnUzCzIlQQ/FV3LhQxK3v4c63cdJmoa0/DHz85xzOmT9IBdfgON9WZWV1bX2julnb2t7Z3bP3Dzo6yRRlbZqIRPUCopngkrWBg2C9VDESB4J1g/FNUe8+MKV5Iu9hkjI/JkPJI04JGGtgH3nARci8dMQ9zWNMChrYdafhzISXwS2hjkq1BvaXFyY0i5kEKojWfddJwc+JAk4Fm9a8TLOU0DEZsr5BSWKm/Xx2/RSfGifEUaLMk4Bn7u+JnMRaT+LAdMYERnqxVpj/1foZRFd+zmWaAZN0vijKBIYEF1HgkCtGQUwMEKq4uRXTEVGEggmsZkJwF7+8DJ3zhus03LuLevO6jKOKjtEJOkMuukRNdItaqI0oekTP6BW9WU/Wi/VufcxbK1Y5c4j+yPr8AYdalUE=</latexit>

also possesses a shift symmetry….

�̃ ! �̃+ ⇤(1)
i xi

<latexit sha1_base64="mnpkndASIqSN5aMFmMFvPdOdxQA=">AAACHXicbVDLSsNAFJ3UV62vqEs3wSJUlJJIQZdFNy5cVLAPaNIymUyboZMHMzdqCf0RN/6KGxeKuHAj/o3TNqC2HrhwOOfemXuPG3MmwTS/tNzC4tLySn61sLa+sbmlb+80ZJQIQusk4pFouVhSzkJaBwactmJBceBy2nQHF2O/eUuFZFF4A8OYOgHuh6zHCAYldfWKDYx71I59ZgvW9wELEd39iEf2lXrMw13WSUvW4cg+vu+wrl40y+YExjyxMlJEGWpd/cP2IpIENATCsZRty4zBSbEARjgdFexE0hiTAe7TtqIhDqh00sl1I+NAKZ7Ri4SqEIyJ+nsixYGUw8BVnQEGX856Y/E/r51A78xJWRgnQEMy/aiXcAMiYxyV4TFBCfChIpgIpnY1iI8FJqACLagQrNmT50njpGyZZeu6UqyeZ3Hk0R7aRyVkoVNURZeohuqIoAf0hF7Qq/aoPWtv2vu0NadlM7voD7TPb1Gfop0=</latexit><latexit sha1_base64="mnpkndASIqSN5aMFmMFvPdOdxQA=">AAACHXicbVDLSsNAFJ3UV62vqEs3wSJUlJJIQZdFNy5cVLAPaNIymUyboZMHMzdqCf0RN/6KGxeKuHAj/o3TNqC2HrhwOOfemXuPG3MmwTS/tNzC4tLySn61sLa+sbmlb+80ZJQIQusk4pFouVhSzkJaBwactmJBceBy2nQHF2O/eUuFZFF4A8OYOgHuh6zHCAYldfWKDYx71I59ZgvW9wELEd39iEf2lXrMw13WSUvW4cg+vu+wrl40y+YExjyxMlJEGWpd/cP2IpIENATCsZRty4zBSbEARjgdFexE0hiTAe7TtqIhDqh00sl1I+NAKZ7Ri4SqEIyJ+nsixYGUw8BVnQEGX856Y/E/r51A78xJWRgnQEMy/aiXcAMiYxyV4TFBCfChIpgIpnY1iI8FJqACLagQrNmT50njpGyZZeu6UqyeZ3Hk0R7aRyVkoVNURZeohuqIoAf0hF7Qq/aoPWtv2vu0NadlM7voD7TPb1Gfop0=</latexit><latexit sha1_base64="mnpkndASIqSN5aMFmMFvPdOdxQA=">AAACHXicbVDLSsNAFJ3UV62vqEs3wSJUlJJIQZdFNy5cVLAPaNIymUyboZMHMzdqCf0RN/6KGxeKuHAj/o3TNqC2HrhwOOfemXuPG3MmwTS/tNzC4tLySn61sLa+sbmlb+80ZJQIQusk4pFouVhSzkJaBwactmJBceBy2nQHF2O/eUuFZFF4A8OYOgHuh6zHCAYldfWKDYx71I59ZgvW9wELEd39iEf2lXrMw13WSUvW4cg+vu+wrl40y+YExjyxMlJEGWpd/cP2IpIENATCsZRty4zBSbEARjgdFexE0hiTAe7TtqIhDqh00sl1I+NAKZ7Ri4SqEIyJ+nsixYGUw8BVnQEGX856Y/E/r51A78xJWRgnQEMy/aiXcAMiYxyV4TFBCfChIpgIpnY1iI8FJqACLagQrNmT50njpGyZZeu6UqyeZ3Hk0R7aRyVkoVNURZeohuqIoAf0hF7Qq/aoPWtv2vu0NadlM7voD7TPb1Gfop0=</latexit><latexit sha1_base64="mnpkndASIqSN5aMFmMFvPdOdxQA=">AAACHXicbVDLSsNAFJ3UV62vqEs3wSJUlJJIQZdFNy5cVLAPaNIymUyboZMHMzdqCf0RN/6KGxeKuHAj/o3TNqC2HrhwOOfemXuPG3MmwTS/tNzC4tLySn61sLa+sbmlb+80ZJQIQusk4pFouVhSzkJaBwactmJBceBy2nQHF2O/eUuFZFF4A8OYOgHuh6zHCAYldfWKDYx71I59ZgvW9wELEd39iEf2lXrMw13WSUvW4cg+vu+wrl40y+YExjyxMlJEGWpd/cP2IpIENATCsZRty4zBSbEARjgdFexE0hiTAe7TtqIhDqh00sl1I+NAKZ7Ri4SqEIyJ+nsixYGUw8BVnQEGX856Y/E/r51A78xJWRgnQEMy/aiXcAMiYxyV4TFBCfChIpgIpnY1iI8FJqACLagQrNmT50njpGyZZeu6UqyeZ3Hk0R7aRyVkoVNURZeohuqIoAf0hF7Qq/aoPWtv2vu0NadlM7voD7TPb1Gfop0=</latexit>

xi ⇠ ar̂i
<latexit sha1_base64="CYSamc090WYk1u/ChHiH9dNUROE=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMeiF48V7Ac0MUy2m3bpZhN2N2qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZemHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJQlsk4YnshqAoZ4K2NNOcdlNJIQ457YSjq6nfuadSsUTc6nFK/RgGgkWMgDZSYFcf75inWIzBG4LGMmCBXXPqzgx4mbgFqaECzcD+8voJyWIqNOGgVM91Uu3nIDUjnE4qXqZoCmQEA9ozVEBMlZ/PTp/gY6P0cZRIU0Ljmfp7IodYqXEcms4Y9FAtelPxP6+X6ejCz5lIM00FmS+KMo51gqc54D6TlGg+NgSIZOZWTIYggWiTVsWE4C6+vEzap3XXqbs3Z7XGZRFHGR2iI3SCXHSOGugaNVELEfSAntErerOerBfr3fqYt5asYuYA/YH1+QPJmZOt</latexit><latexit sha1_base64="CYSamc090WYk1u/ChHiH9dNUROE=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMeiF48V7Ac0MUy2m3bpZhN2N2qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZemHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJQlsk4YnshqAoZ4K2NNOcdlNJIQ457YSjq6nfuadSsUTc6nFK/RgGgkWMgDZSYFcf75inWIzBG4LGMmCBXXPqzgx4mbgFqaECzcD+8voJyWIqNOGgVM91Uu3nIDUjnE4qXqZoCmQEA9ozVEBMlZ/PTp/gY6P0cZRIU0Ljmfp7IodYqXEcms4Y9FAtelPxP6+X6ejCz5lIM00FmS+KMo51gqc54D6TlGg+NgSIZOZWTIYggWiTVsWE4C6+vEzap3XXqbs3Z7XGZRFHGR2iI3SCXHSOGugaNVELEfSAntErerOerBfr3fqYt5asYuYA/YH1+QPJmZOt</latexit><latexit sha1_base64="CYSamc090WYk1u/ChHiH9dNUROE=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMeiF48V7Ac0MUy2m3bpZhN2N2qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZemHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJQlsk4YnshqAoZ4K2NNOcdlNJIQ457YSjq6nfuadSsUTc6nFK/RgGgkWMgDZSYFcf75inWIzBG4LGMmCBXXPqzgx4mbgFqaECzcD+8voJyWIqNOGgVM91Uu3nIDUjnE4qXqZoCmQEA9ozVEBMlZ/PTp/gY6P0cZRIU0Ljmfp7IodYqXEcms4Y9FAtelPxP6+X6ejCz5lIM00FmS+KMo51gqc54D6TlGg+NgSIZOZWTIYggWiTVsWE4C6+vEzap3XXqbs3Z7XGZRFHGR2iI3SCXHSOGugaNVELEfSAntErerOerBfr3fqYt5asYuYA/YH1+QPJmZOt</latexit><latexit sha1_base64="CYSamc090WYk1u/ChHiH9dNUROE=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIoMeiF48V7Ac0MUy2m3bpZhN2N2qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZemHKmtON8W6WV1bX1jfJmZWt7Z3fPru63VZJJQlsk4YnshqAoZ4K2NNOcdlNJIQ457YSjq6nfuadSsUTc6nFK/RgGgkWMgDZSYFcf75inWIzBG4LGMmCBXXPqzgx4mbgFqaECzcD+8voJyWIqNOGgVM91Uu3nIDUjnE4qXqZoCmQEA9ozVEBMlZ/PTp/gY6P0cZRIU0Ljmfp7IodYqXEcms4Y9FAtelPxP6+X6ejCz5lIM00FmS+KMo51gqc54D6TlGg+NgSIZOZWTIYggWiTVsWE4C6+vEzap3XXqbs3Z7XGZRFHGR2iI3SCXHSOGugaNVELEfSAntErerOerBfr3fqYt5asYuYA/YH1+QPJmZOt</latexit>

although in the continuum limit it is not compact.

[A. Paramekanti, et.al., 2002] [H.He, et.al.; 2020]



However we might be interested in organizing states by the 
integer charges of the lattice theory.

µ = a�1
<latexit sha1_base64="RVQoRGOo+UAGIF5ZdALxU2ywU+E=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0IsQ9OIxgnlgsobZyWwyZGZ2mYcQlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXdXlHKmje9/e0vLK6tr64WN4ubW9s5uaW+/oROrCK2ThCeqFWFNOZO0bpjhtJUqikXEaTMa3kz85hNVmiXy3oxSGgrclyxmBBsnPXSEvcKP2Wkw7pbKfsWfAi2SICdlyFHrlr46vYRYQaUhHGvdDvzUhBlWhhFOx8WO1TTFZIj7tO2oxILqMJtePEbHTumhOFGupEFT9fdEhoXWIxG5ToHNQM97E/E/r21NfBlmTKbWUElmi2LLkUnQ5H3UY4oSw0eOYKKYuxWRAVaYGBdS0YUQzL+8SBpnlcCvBHfn5ep1HkcBDuEITiCAC6jCLdSgDgQkPMMrvHnae/HevY9Z65KXzxzAH3ifP/PdkG4=</latexit><latexit sha1_base64="RVQoRGOo+UAGIF5ZdALxU2ywU+E=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0IsQ9OIxgnlgsobZyWwyZGZ2mYcQlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXdXlHKmje9/e0vLK6tr64WN4ubW9s5uaW+/oROrCK2ThCeqFWFNOZO0bpjhtJUqikXEaTMa3kz85hNVmiXy3oxSGgrclyxmBBsnPXSEvcKP2Wkw7pbKfsWfAi2SICdlyFHrlr46vYRYQaUhHGvdDvzUhBlWhhFOx8WO1TTFZIj7tO2oxILqMJtePEbHTumhOFGupEFT9fdEhoXWIxG5ToHNQM97E/E/r21NfBlmTKbWUElmi2LLkUnQ5H3UY4oSw0eOYKKYuxWRAVaYGBdS0YUQzL+8SBpnlcCvBHfn5ep1HkcBDuEITiCAC6jCLdSgDgQkPMMrvHnae/HevY9Z65KXzxzAH3ifP/PdkG4=</latexit><latexit sha1_base64="RVQoRGOo+UAGIF5ZdALxU2ywU+E=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0IsQ9OIxgnlgsobZyWwyZGZ2mYcQlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXdXlHKmje9/e0vLK6tr64WN4ubW9s5uaW+/oROrCK2ThCeqFWFNOZO0bpjhtJUqikXEaTMa3kz85hNVmiXy3oxSGgrclyxmBBsnPXSEvcKP2Wkw7pbKfsWfAi2SICdlyFHrlr46vYRYQaUhHGvdDvzUhBlWhhFOx8WO1TTFZIj7tO2oxILqMJtePEbHTumhOFGupEFT9fdEhoXWIxG5ToHNQM97E/E/r21NfBlmTKbWUElmi2LLkUnQ5H3UY4oSw0eOYKKYuxWRAVaYGBdS0YUQzL+8SBpnlcCvBHfn5ep1HkcBDuEITiCAC6jCLdSgDgQkPMMrvHnae/HevY9Z65KXzxzAH3ifP/PdkG4=</latexit><latexit sha1_base64="RVQoRGOo+UAGIF5ZdALxU2ywU+E=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBC8GHZF0IsQ9OIxgnlgsobZyWwyZGZ2mYcQlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXdXlHKmje9/e0vLK6tr64WN4ubW9s5uaW+/oROrCK2ThCeqFWFNOZO0bpjhtJUqikXEaTMa3kz85hNVmiXy3oxSGgrclyxmBBsnPXSEvcKP2Wkw7pbKfsWfAi2SICdlyFHrlr46vYRYQaUhHGvdDvzUhBlWhhFOx8WO1TTFZIj7tO2oxILqMJtePEbHTumhOFGupEFT9fdEhoXWIxG5ToHNQM97E/E/r21NfBlmTKbWUElmi2LLkUnQ5H3UY4oSw0eOYKKYuxWRAVaYGBdS0YUQzL+8SBpnlcCvBHfn5ep1HkcBDuEITiCAC6jCLdSgDgQkPMMrvHnae/HevY9Z65KXzxzAH3ifP/PdkG4=</latexit>

and treat        as integer valued in gauge tx’s.µ~x
<latexit sha1_base64="bFVoAxMN2CyuRYOP1H/HOQXpFb8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDbbSbt0swm7m2Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hwdua3Rqg0T+SDGacYxLQvecQZNVZ69OOM+CNk5KlbrrhVdw6ySrycVCBHvVv+8nsJy2KUhgmqdcdzUxNMqDKcCZyW/ExjStmQ9rFjqaQx6mAyv3hKzqzSI1GibElD5urviQmNtR7Hoe2MqRnoZW8m/ud1MhNdBxMu08ygZItFUSaIScjsfdLjCpkRY0soU9zeStiAKsqMDalkQ/CWX14lzYuq51a9+8tK7SaPowgncArn4MEV1OAO6tAABhKe4RXeHO28OO/Ox6K14OQzx/AHzucP84+Qbg==</latexit><latexit sha1_base64="bFVoAxMN2CyuRYOP1H/HOQXpFb8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDbbSbt0swm7m2Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hwdua3Rqg0T+SDGacYxLQvecQZNVZ69OOM+CNk5KlbrrhVdw6ySrycVCBHvVv+8nsJy2KUhgmqdcdzUxNMqDKcCZyW/ExjStmQ9rFjqaQx6mAyv3hKzqzSI1GibElD5urviQmNtR7Hoe2MqRnoZW8m/ud1MhNdBxMu08ygZItFUSaIScjsfdLjCpkRY0soU9zeStiAKsqMDalkQ/CWX14lzYuq51a9+8tK7SaPowgncArn4MEV1OAO6tAABhKe4RXeHO28OO/Ox6K14OQzx/AHzucP84+Qbg==</latexit><latexit sha1_base64="bFVoAxMN2CyuRYOP1H/HOQXpFb8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDbbSbt0swm7m2Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hwdua3Rqg0T+SDGacYxLQvecQZNVZ69OOM+CNk5KlbrrhVdw6ySrycVCBHvVv+8nsJy2KUhgmqdcdzUxNMqDKcCZyW/ExjStmQ9rFjqaQx6mAyv3hKzqzSI1GibElD5urviQmNtR7Hoe2MqRnoZW8m/ud1MhNdBxMu08ygZItFUSaIScjsfdLjCpkRY0soU9zeStiAKsqMDalkQ/CWX14lzYuq51a9+8tK7SaPowgncArn4MEV1OAO6tAABhKe4RXeHO28OO/Ox6K14OQzx/AHzucP84+Qbg==</latexit><latexit sha1_base64="bFVoAxMN2CyuRYOP1H/HOQXpFb8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gObUDbbSbt0swm7m2Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmGDZYIhLVDqlGwSU2DDcC26lCGocCW+Hwdua3Rqg0T+SDGacYxLQvecQZNVZ69OOM+CNk5KlbrrhVdw6ySrycVCBHvVv+8nsJy2KUhgmqdcdzUxNMqDKcCZyW/ExjStmQ9rFjqaQx6mAyv3hKzqzSI1GibElD5urviQmNtR7Hoe2MqRnoZW8m/ud1MhNdBxMu08ygZItFUSaIScjsfdLjCpkRY0soU9zeStiAKsqMDalkQ/CWX14lzYuq51a9+8tK7SaPowgncArn4MEV1OAO6tAABhKe4RXeHO28OO/Ox6K14OQzx/AHzucP84+Qbg==</latexit>

Invariance under large gauge tx’s requires of string ops 

Mp
<latexit sha1_base64="1YYtxc3ELOBOhQwaWR3VhtTsjtM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyNEMDGShLC3mUuW7O4du3tCOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMCxPBjfX9b6+wsrq2vlHcLG1t7+zulfcPmiZONcMGi0WsWyE1KLjChuVWYCvRSGUo8CEcXU/9hyfUhsfq3o4T7Eo6UDzijFonPWadMCK3k17SK1f8qj8DWSZBTiqQo94rf3X6MUslKssENaYd+IntZlRbzgROSp3UYELZiA6w7aiiEk03mx08ISdO6ZMo1q6UJTP190RGpTFjGbpOSe3QLHpT8T+vndrosptxlaQWFZsvilJBbEym35M+18isGDtCmebuVsKGVFNmXUYlF0Kw+PIyaZ5VA78a3J1Xald5HEU4gmM4hQAuoAY3UIcGMJDwDK/w5mnvxXv3PuatBS+fOYQ/8D5/AHbRkCw=</latexit><latexit sha1_base64="1YYtxc3ELOBOhQwaWR3VhtTsjtM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyNEMDGShLC3mUuW7O4du3tCOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMCxPBjfX9b6+wsrq2vlHcLG1t7+zulfcPmiZONcMGi0WsWyE1KLjChuVWYCvRSGUo8CEcXU/9hyfUhsfq3o4T7Eo6UDzijFonPWadMCK3k17SK1f8qj8DWSZBTiqQo94rf3X6MUslKssENaYd+IntZlRbzgROSp3UYELZiA6w7aiiEk03mx08ISdO6ZMo1q6UJTP190RGpTFjGbpOSe3QLHpT8T+vndrosptxlaQWFZsvilJBbEym35M+18isGDtCmebuVsKGVFNmXUYlF0Kw+PIyaZ5VA78a3J1Xald5HEU4gmM4hQAuoAY3UIcGMJDwDK/w5mnvxXv3PuatBS+fOYQ/8D5/AHbRkCw=</latexit><latexit sha1_base64="1YYtxc3ELOBOhQwaWR3VhtTsjtM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyNEMDGShLC3mUuW7O4du3tCOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMCxPBjfX9b6+wsrq2vlHcLG1t7+zulfcPmiZONcMGi0WsWyE1KLjChuVWYCvRSGUo8CEcXU/9hyfUhsfq3o4T7Eo6UDzijFonPWadMCK3k17SK1f8qj8DWSZBTiqQo94rf3X6MUslKssENaYd+IntZlRbzgROSp3UYELZiA6w7aiiEk03mx08ISdO6ZMo1q6UJTP190RGpTFjGbpOSe3QLHpT8T+vndrosptxlaQWFZsvilJBbEym35M+18isGDtCmebuVsKGVFNmXUYlF0Kw+PIyaZ5VA78a3J1Xald5HEU4gmM4hQAuoAY3UIcGMJDwDK/w5mnvxXv3PuatBS+fOYQ/8D5/AHbRkCw=</latexit><latexit sha1_base64="1YYtxc3ELOBOhQwaWR3VhtTsjtM=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyNEMDGShLC3mUuW7O4du3tCOPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMCxPBjfX9b6+wsrq2vlHcLG1t7+zulfcPmiZONcMGi0WsWyE1KLjChuVWYCvRSGUo8CEcXU/9hyfUhsfq3o4T7Eo6UDzijFonPWadMCK3k17SK1f8qj8DWSZBTiqQo94rf3X6MUslKssENaYd+IntZlRbzgROSp3UYELZiA6w7aiiEk03mx08ISdO6ZMo1q6UJTP190RGpTFjGbpOSe3QLHpT8T+vndrosptxlaQWFZsvilJBbEym35M+18isGDtCmebuVsKGVFNmXUYlF0Kw+PIyaZ5VA78a3J1Xald5HEU4gmM4hQAuoAY3UIcGMJDwDK/w5mnvxXv3PuatBS+fOYQ/8D5/AHbRkCw=</latexit>

D~v
<latexit sha1_base64="aB/oGjS2BRObJxCpNTs4fIuoRds=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQi6LKoC5cV7AOaUCbTm3boZBJmJoUSAv6KGxeKuPU73Pk3TtMstPXAhTPn3Mvce4KEM6Ud59taWV1b39isbFW3d3b39u2Dw7aKU0mhRWMey25AFHAmoKWZ5tBNJJAo4NAJxrczvzMBqVgsHvU0AT8iQ8FCRok2Ut8+zrwgxHd5P/MmQIvHJM/7ds2pOwXwMnFLUkMlmn37yxvENI1AaMqJUj3XSbSfEakZ5ZBXvVRBQuiYDKFnqCARKD8r1s/xmVEGOIylKaFxof6eyEik1DQKTGdE9EgtejPxP6+X6vDaz5hIUg2Czj8KU451jGdZ4AGTQDWfGkKoZGZXTEdEEqpNYlUTgrt48jJpX9Rdp+4+XNYaN2UcFXSCTtE5ctEVaqB71EQtRFGGntErerOerBfr3fqYt65Y5cwR+gPr8wcxmJWg</latexit><latexit sha1_base64="aB/oGjS2BRObJxCpNTs4fIuoRds=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQi6LKoC5cV7AOaUCbTm3boZBJmJoUSAv6KGxeKuPU73Pk3TtMstPXAhTPn3Mvce4KEM6Ud59taWV1b39isbFW3d3b39u2Dw7aKU0mhRWMey25AFHAmoKWZ5tBNJJAo4NAJxrczvzMBqVgsHvU0AT8iQ8FCRok2Ut8+zrwgxHd5P/MmQIvHJM/7ds2pOwXwMnFLUkMlmn37yxvENI1AaMqJUj3XSbSfEakZ5ZBXvVRBQuiYDKFnqCARKD8r1s/xmVEGOIylKaFxof6eyEik1DQKTGdE9EgtejPxP6+X6vDaz5hIUg2Czj8KU451jGdZ4AGTQDWfGkKoZGZXTEdEEqpNYlUTgrt48jJpX9Rdp+4+XNYaN2UcFXSCTtE5ctEVaqB71EQtRFGGntErerOerBfr3fqYt65Y5cwR+gPr8wcxmJWg</latexit><latexit sha1_base64="aB/oGjS2BRObJxCpNTs4fIuoRds=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQi6LKoC5cV7AOaUCbTm3boZBJmJoUSAv6KGxeKuPU73Pk3TtMstPXAhTPn3Mvce4KEM6Ud59taWV1b39isbFW3d3b39u2Dw7aKU0mhRWMey25AFHAmoKWZ5tBNJJAo4NAJxrczvzMBqVgsHvU0AT8iQ8FCRok2Ut8+zrwgxHd5P/MmQIvHJM/7ds2pOwXwMnFLUkMlmn37yxvENI1AaMqJUj3XSbSfEakZ5ZBXvVRBQuiYDKFnqCARKD8r1s/xmVEGOIylKaFxof6eyEik1DQKTGdE9EgtejPxP6+X6vDaz5hIUg2Czj8KU451jGdZ4AGTQDWfGkKoZGZXTEdEEqpNYlUTgrt48jJpX9Rdp+4+XNYaN2UcFXSCTtE5ctEVaqB71EQtRFGGntErerOerBfr3fqYt65Y5cwR+gPr8wcxmJWg</latexit><latexit sha1_base64="aB/oGjS2BRObJxCpNTs4fIuoRds=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiQi6LKoC5cV7AOaUCbTm3boZBJmJoUSAv6KGxeKuPU73Pk3TtMstPXAhTPn3Mvce4KEM6Ud59taWV1b39isbFW3d3b39u2Dw7aKU0mhRWMey25AFHAmoKWZ5tBNJJAo4NAJxrczvzMBqVgsHvU0AT8iQ8FCRok2Ut8+zrwgxHd5P/MmQIvHJM/7ds2pOwXwMnFLUkMlmn37yxvENI1AaMqJUj3XSbSfEakZ5ZBXvVRBQuiYDKFnqCARKD8r1s/xmVEGOIylKaFxof6eyEik1DQKTGdE9EgtejPxP6+X6vDaz5hIUg2Czj8KU451jGdZ4AGTQDWfGkKoZGZXTEdEEqpNYlUTgrt48jJpX9Rdp+4+XNYaN2UcFXSCTtE5ctEVaqB71EQtRFGGntErerOerBfr3fqYt65Y5cwR+gPr8wcxmJWg</latexit>

T⌫
<latexit sha1_base64="PRF4t6mYw4GaPgR2WHy7MPBsb88=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK/YImlM120y7d7MbdTaGE/A4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/ndLG5tb2Tnm3srd/cHhUPT7paJkqQttEcql6IdaUM0HbhhlOe4miOA457YaT+7nfnVKlmRQtM0toEOORYBEj2FgpyPwwQq18kPkizQfVmlt3F0DrxCtIDQo0B9UvfyhJGlNhCMda9z03MUGGlWGE07zip5ommEzwiPYtFTimOsgWR+fowipDFEllSxi0UH9PZDjWehaHtjPGZqxXvbn4n9dPTXQbZEwkqaGCLBdFKUdGonkCaMgUJYbPLMFEMXsrImOsMDE2p4oNwVt9eZ10ruqeW/cer2uNuyKOMpzBOVyCBzfQgAdoQhsIPMEzvMKbM3VenHfnY9lacoqZU/gD5/MH1zSSIg==</latexit><latexit sha1_base64="PRF4t6mYw4GaPgR2WHy7MPBsb88=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK/YImlM120y7d7MbdTaGE/A4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/ndLG5tb2Tnm3srd/cHhUPT7paJkqQttEcql6IdaUM0HbhhlOe4miOA457YaT+7nfnVKlmRQtM0toEOORYBEj2FgpyPwwQq18kPkizQfVmlt3F0DrxCtIDQo0B9UvfyhJGlNhCMda9z03MUGGlWGE07zip5ommEzwiPYtFTimOsgWR+fowipDFEllSxi0UH9PZDjWehaHtjPGZqxXvbn4n9dPTXQbZEwkqaGCLBdFKUdGonkCaMgUJYbPLMFEMXsrImOsMDE2p4oNwVt9eZ10ruqeW/cer2uNuyKOMpzBOVyCBzfQgAdoQhsIPMEzvMKbM3VenHfnY9lacoqZU/gD5/MH1zSSIg==</latexit><latexit sha1_base64="PRF4t6mYw4GaPgR2WHy7MPBsb88=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK/YImlM120y7d7MbdTaGE/A4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/ndLG5tb2Tnm3srd/cHhUPT7paJkqQttEcql6IdaUM0HbhhlOe4miOA457YaT+7nfnVKlmRQtM0toEOORYBEj2FgpyPwwQq18kPkizQfVmlt3F0DrxCtIDQo0B9UvfyhJGlNhCMda9z03MUGGlWGE07zip5ommEzwiPYtFTimOsgWR+fowipDFEllSxi0UH9PZDjWehaHtjPGZqxXvbn4n9dPTXQbZEwkqaGCLBdFKUdGonkCaMgUJYbPLMFEMXsrImOsMDE2p4oNwVt9eZ10ruqeW/cer2uNuyKOMpzBOVyCBzfQgAdoQhsIPMEzvMKbM3VenHfnY9lacoqZU/gD5/MH1zSSIg==</latexit><latexit sha1_base64="PRF4t6mYw4GaPgR2WHy7MPBsb88=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK/YImlM120y7d7MbdTaGE/A4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/ndLG5tb2Tnm3srd/cHhUPT7paJkqQttEcql6IdaUM0HbhhlOe4miOA457YaT+7nfnVKlmRQtM0toEOORYBEj2FgpyPwwQq18kPkizQfVmlt3F0DrxCtIDQo0B9UvfyhJGlNhCMda9z03MUGGlWGE07zip5ommEzwiPYtFTimOsgWR+fowipDFEllSxi0UH9PZDjWehaHtjPGZqxXvbn4n9dPTXQbZEwkqaGCLBdFKUdGonkCaMgUJYbPLMFEMXsrImOsMDE2p4oNwVt9eZ10ruqeW/cer2uNuyKOMpzBOVyCBzfQgAdoQhsIPMEzvMKbM3VenHfnY9lacoqZU/gD5/MH1zSSIg==</latexit>

k 2 Z
<latexit sha1_base64="TkzBmb24Rc4y36F7x4kGKQNeo1Y=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7AM7Q0nSTBuayYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uSeHJIJr47rfTmltfWNzq7xd2dnd2z+oHh61dZwqylo0FrHqEqyZ4JK1DDeCdRPFcEQE65Dxbe53JkxpHssHM01YEOGh5CGn2FgpGPtc+hE2I0LQY79ac+vuHGiVeAWpQYFmv/rlD2KaRkwaKrDWPc9NTJBhZTgVbFbxU80STMd4yHqWShwxHWTz0DN0ZpUBCmNlnzRorv7eyHCk9TQidjIPqJe9XPzP66UmvA4yLpPUMEkXh8JUIBOjvAE04IpRI6aWYKq4zYroCCtMje2pYkvwlr+8StoXdc+te/eXtcZNUUcZTuAUzsGDK2jAHTShBRSe4Ble4c2ZOC/Ou/OxGC05xc4x/IHz+QNxm5He</latexit><latexit sha1_base64="TkzBmb24Rc4y36F7x4kGKQNeo1Y=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7AM7Q0nSTBuayYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uSeHJIJr47rfTmltfWNzq7xd2dnd2z+oHh61dZwqylo0FrHqEqyZ4JK1DDeCdRPFcEQE65Dxbe53JkxpHssHM01YEOGh5CGn2FgpGPtc+hE2I0LQY79ac+vuHGiVeAWpQYFmv/rlD2KaRkwaKrDWPc9NTJBhZTgVbFbxU80STMd4yHqWShwxHWTz0DN0ZpUBCmNlnzRorv7eyHCk9TQidjIPqJe9XPzP66UmvA4yLpPUMEkXh8JUIBOjvAE04IpRI6aWYKq4zYroCCtMje2pYkvwlr+8StoXdc+te/eXtcZNUUcZTuAUzsGDK2jAHTShBRSe4Ble4c2ZOC/Ou/OxGC05xc4x/IHz+QNxm5He</latexit><latexit sha1_base64="TkzBmb24Rc4y36F7x4kGKQNeo1Y=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7AM7Q0nSTBuayYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uSeHJIJr47rfTmltfWNzq7xd2dnd2z+oHh61dZwqylo0FrHqEqyZ4JK1DDeCdRPFcEQE65Dxbe53JkxpHssHM01YEOGh5CGn2FgpGPtc+hE2I0LQY79ac+vuHGiVeAWpQYFmv/rlD2KaRkwaKrDWPc9NTJBhZTgVbFbxU80STMd4yHqWShwxHWTz0DN0ZpUBCmNlnzRorv7eyHCk9TQidjIPqJe9XPzP66UmvA4yLpPUMEkXh8JUIBOjvAE04IpRI6aWYKq4zYroCCtMje2pYkvwlr+8StoXdc+te/eXtcZNUUcZTuAUzsGDK2jAHTShBRSe4Ble4c2ZOC/Ou/OxGC05xc4x/IHz+QNxm5He</latexit><latexit sha1_base64="TkzBmb24Rc4y36F7x4kGKQNeo1Y=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7AM7Q0nSTBuayYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uSeHJIJr47rfTmltfWNzq7xd2dnd2z+oHh61dZwqylo0FrHqEqyZ4JK1DDeCdRPFcEQE65Dxbe53JkxpHssHM01YEOGh5CGn2FgpGPtc+hE2I0LQY79ac+vuHGiVeAWpQYFmv/rlD2KaRkwaKrDWPc9NTJBhZTgVbFbxU80STMd4yHqWShwxHWTz0DN0ZpUBCmNlnzRorv7eyHCk9TQidjIPqJe9XPzP66UmvA4yLpPUMEkXh8JUIBOjvAE04IpRI6aWYKq4zYroCCtMje2pYkvwlr+8StoXdc+te/eXtcZNUUcZTuAUzsGDK2jAHTShBRSe4Ble4c2ZOC/Ou/OxGC05xc4x/IHz+QNxm5He</latexit>

and of the level
p,vi, ⌫ 2 Z

<latexit sha1_base64="MVfPGIt1i0MycpFKEGB8T+vV2b8=">AAACBHicbVBNS8NAEJ34WetX1GMvi0XwUEoigh6LXjxWsB/Y1LLZbtqlm03Y3RRK6MGLf8WLB0W8+iO8+W/ctDlo64OBx3szzMzzY86Udpxva2V1bX1js7BV3N7Z3du3Dw6bKkokoQ0S8Ui2fawoZ4I2NNOctmNJcehz2vJH15nfGlOpWCTu9CSm3RAPBAsYwdpIPbsUV1LPD9B4+sAqnkg8JrwQ66Hvo/ueXXaqzgxombg5KUOOes/+8voRSUIqNOFYqY7rxLqbYqkZ4XRa9BJFY0xGeEA7hgocUtVNZ09M0YlR+iiIpCmh0Uz9PZHiUKlJ6JvO7EC16GXif14n0cFlN2UiTjQVZL4oSDjSEcoSQX0mKdF8YggmkplbERliiYk2uRVNCO7iy8ukeVZ1nap7e16uXeVxFKAEx3AKLlxADW6gDg0g8AjP8Apv1pP1Yr1bH/PWFSufOYI/sD5/AAiBl7A=</latexit><latexit sha1_base64="MVfPGIt1i0MycpFKEGB8T+vV2b8=">AAACBHicbVBNS8NAEJ34WetX1GMvi0XwUEoigh6LXjxWsB/Y1LLZbtqlm03Y3RRK6MGLf8WLB0W8+iO8+W/ctDlo64OBx3szzMzzY86Udpxva2V1bX1js7BV3N7Z3du3Dw6bKkokoQ0S8Ui2fawoZ4I2NNOctmNJcehz2vJH15nfGlOpWCTu9CSm3RAPBAsYwdpIPbsUV1LPD9B4+sAqnkg8JrwQ66Hvo/ueXXaqzgxombg5KUOOes/+8voRSUIqNOFYqY7rxLqbYqkZ4XRa9BJFY0xGeEA7hgocUtVNZ09M0YlR+iiIpCmh0Uz9PZHiUKlJ6JvO7EC16GXif14n0cFlN2UiTjQVZL4oSDjSEcoSQX0mKdF8YggmkplbERliiYk2uRVNCO7iy8ukeVZ1nap7e16uXeVxFKAEx3AKLlxADW6gDg0g8AjP8Apv1pP1Yr1bH/PWFSufOYI/sD5/AAiBl7A=</latexit><latexit sha1_base64="MVfPGIt1i0MycpFKEGB8T+vV2b8=">AAACBHicbVBNS8NAEJ34WetX1GMvi0XwUEoigh6LXjxWsB/Y1LLZbtqlm03Y3RRK6MGLf8WLB0W8+iO8+W/ctDlo64OBx3szzMzzY86Udpxva2V1bX1js7BV3N7Z3du3Dw6bKkokoQ0S8Ui2fawoZ4I2NNOctmNJcehz2vJH15nfGlOpWCTu9CSm3RAPBAsYwdpIPbsUV1LPD9B4+sAqnkg8JrwQ66Hvo/ueXXaqzgxombg5KUOOes/+8voRSUIqNOFYqY7rxLqbYqkZ4XRa9BJFY0xGeEA7hgocUtVNZ09M0YlR+iiIpCmh0Uz9PZHiUKlJ6JvO7EC16GXif14n0cFlN2UiTjQVZL4oSDjSEcoSQX0mKdF8YggmkplbERliiYk2uRVNCO7iy8ukeVZ1nap7e16uXeVxFKAEx3AKLlxADW6gDg0g8AjP8Apv1pP1Yr1bH/PWFSufOYI/sD5/AAiBl7A=</latexit><latexit sha1_base64="MVfPGIt1i0MycpFKEGB8T+vV2b8=">AAACBHicbVBNS8NAEJ34WetX1GMvi0XwUEoigh6LXjxWsB/Y1LLZbtqlm03Y3RRK6MGLf8WLB0W8+iO8+W/ctDlo64OBx3szzMzzY86Udpxva2V1bX1js7BV3N7Z3du3Dw6bKkokoQ0S8Ui2fawoZ4I2NNOctmNJcehz2vJH15nfGlOpWCTu9CSm3RAPBAsYwdpIPbsUV1LPD9B4+sAqnkg8JrwQ66Hvo/ueXXaqzgxombg5KUOOes/+8voRSUIqNOFYqY7rxLqbYqkZ4XRa9BJFY0xGeEA7hgocUtVNZ09M0YlR+iiIpCmh0Uz9PZHiUKlJ6JvO7EC16GXif14n0cFlN2UiTjQVZL4oSDjSEcoSQX0mKdF8YggmkplbERliiYk2uRVNCO7iy8ukeVZ1nap7e16uXeVxFKAEx3AKLlxADW6gDg0g8AjP8Apv1pP1Yr1bH/PWFSufOYI/sD5/AAiBl7A=</latexit>

Provides mechanism to quantize dipole moments in units of 
lattice spacing.



Dipole condensation
Large dipolar gauge tx’s shift dipole moments by kZ

<latexit sha1_base64="4ChAWN7+qwrmugGMkCaRNc68jEU=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+6BtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy0emDgcM69zLknSATXxnW/nNLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWB6m/udR1Sax/LBzBL0IzqWPOSMGiv1poOImkkQkN6wWnPr7gLkL/EKUoMCzWH1czCKWRqhNExQrfuemxg/o8pwJnBeGaQaE8qmdIx9SyWNUPvZIvGcnFllRMJY2ScNWag/NzIaaT2LAjuZB9SrXi7+5/VTE177GZdJalCy5UdhKoiJSX4+GXGFzIiZJZQpbrMSNqGKMmNLqtgSvNWT/5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDCU/wAq+Odp6dN+d9OVpyip1j+AXn4xskHJCN</latexit><latexit sha1_base64="4ChAWN7+qwrmugGMkCaRNc68jEU=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+6BtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy0emDgcM69zLknSATXxnW/nNLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWB6m/udR1Sax/LBzBL0IzqWPOSMGiv1poOImkkQkN6wWnPr7gLkL/EKUoMCzWH1czCKWRqhNExQrfuemxg/o8pwJnBeGaQaE8qmdIx9SyWNUPvZIvGcnFllRMJY2ScNWag/NzIaaT2LAjuZB9SrXi7+5/VTE177GZdJalCy5UdhKoiJSX4+GXGFzIiZJZQpbrMSNqGKMmNLqtgSvNWT/5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDCU/wAq+Odp6dN+d9OVpyip1j+AXn4xskHJCN</latexit><latexit sha1_base64="4ChAWN7+qwrmugGMkCaRNc68jEU=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+6BtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy0emDgcM69zLknSATXxnW/nNLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWB6m/udR1Sax/LBzBL0IzqWPOSMGiv1poOImkkQkN6wWnPr7gLkL/EKUoMCzWH1czCKWRqhNExQrfuemxg/o8pwJnBeGaQaE8qmdIx9SyWNUPvZIvGcnFllRMJY2ScNWag/NzIaaT2LAjuZB9SrXi7+5/VTE177GZdJalCy5UdhKoiJSX4+GXGFzIiZJZQpbrMSNqGKMmNLqtgSvNWT/5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDCU/wAq+Odp6dN+d9OVpyip1j+AXn4xskHJCN</latexit><latexit sha1_base64="4ChAWN7+qwrmugGMkCaRNc68jEU=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+6BtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy0emDgcM69zLknSATXxnW/nNLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWB6m/udR1Sax/LBzBL0IzqWPOSMGiv1poOImkkQkN6wWnPr7gLkL/EKUoMCzWH1czCKWRqhNExQrfuemxg/o8pwJnBeGaQaE8qmdIx9SyWNUPvZIvGcnFllRMJY2ScNWag/NzIaaT2LAjuZB9SrXi7+5/VTE177GZdJalCy5UdhKoiJSX4+GXGFzIiZJZQpbrMSNqGKMmNLqtgSvNWT/5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDCU/wAq+Odp6dN+d9OVpyip1j+AXn4xskHJCN</latexit>

Invariance: physical dipoles fall in equivalency classes of Zk
<latexit sha1_base64="nOnYCq3VdpTiCUBHWFN5igsNzrM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFqp148ojoOAPA4mg2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6MaBZN8VumnhieUTeiI9yxVNOLGz+aRZ+TMKkMSxto+hWSu/t7IaGTMNArsZB7RLHu5+J/XSzG89jOhkhS5YouPwlQSjEl+PxkKzRnKqSWUaWGzEjammjK0LVVsCd7yyaukfVH33Lp3f1lr3BR1lOEETuEcPLiCBtxBE1rAIIZneIU3B50X5935WIyWnGLnGP7A+fwB3DKQ9g==</latexit><latexit sha1_base64="nOnYCq3VdpTiCUBHWFN5igsNzrM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFqp148ojoOAPA4mg2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6MaBZN8VumnhieUTeiI9yxVNOLGz+aRZ+TMKkMSxto+hWSu/t7IaGTMNArsZB7RLHu5+J/XSzG89jOhkhS5YouPwlQSjEl+PxkKzRnKqSWUaWGzEjammjK0LVVsCd7yyaukfVH33Lp3f1lr3BR1lOEETuEcPLiCBtxBE1rAIIZneIU3B50X5935WIyWnGLnGP7A+fwB3DKQ9g==</latexit><latexit sha1_base64="nOnYCq3VdpTiCUBHWFN5igsNzrM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFqp148ojoOAPA4mg2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6MaBZN8VumnhieUTeiI9yxVNOLGz+aRZ+TMKkMSxto+hWSu/t7IaGTMNArsZB7RLHu5+J/XSzG89jOhkhS5YouPwlQSjEl+PxkKzRnKqSWUaWGzEjammjK0LVVsCd7yyaukfVH33Lp3f1lr3BR1lOEETuEcPLiCBtxBE1rAIIZneIU3B50X5935WIyWnGLnGP7A+fwB3DKQ9g==</latexit><latexit sha1_base64="nOnYCq3VdpTiCUBHWFN5igsNzrM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFqp148ojoOAPA4mg2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6MaBZN8VumnhieUTeiI9yxVNOLGz+aRZ+TMKkMSxto+hWSu/t7IaGTMNArsZB7RLHu5+J/XSzG89jOhkhS5YouPwlQSjEl+PxkKzRnKqSWUaWGzEjammjK0LVVsCd7yyaukfVH33Lp3f1lr3BR1lOEETuEcPLiCBtxBE1rAIIZneIU3B50X5935WIyWnGLnGP7A+fwB3DKQ9g==</latexit>

di := q(µxi) ⇠ di + kZ
<latexit sha1_base64="QunIpEEFBZi2UPlQsnSooYUjCyg=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQEUoigiIIRTcuK9gHNmmZTKbt0JkkzkzEErp346+4caGIW3/AnX/jpM1CWw9cOJxzL/fe40WMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3GjKMBSZ1HLJQtDwkCaMBqSuqGGlFgiDuMdL0hpep37wnQtIwuFGjiLgc9QPaoxgpLXXNot+hZ+d3ZYfH8KFDDxxJOdTa4dDhSA08D952zZJVsSaA88TOSAlkqHXNL8cPccxJoDBDUrZtK1JugoSimJFxwYkliRAeoj5paxogTqSbTH4Zw32t+LAXCl2BghP190SCuJQj7unO9EA566Xif147Vr1TN6FBFCsS4OmiXsygCmEaDPSpIFixkSYIC6pvhXiABMJKx1fQIdizL8+TxlHFtir29XGpepHFkQd7oAjKwAYnoAquQA3UAQaP4Bm8gjfjyXgx3o2PaWvOyGZ2wR8Ynz8R/pnK</latexit><latexit sha1_base64="QunIpEEFBZi2UPlQsnSooYUjCyg=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQEUoigiIIRTcuK9gHNmmZTKbt0JkkzkzEErp346+4caGIW3/AnX/jpM1CWw9cOJxzL/fe40WMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3GjKMBSZ1HLJQtDwkCaMBqSuqGGlFgiDuMdL0hpep37wnQtIwuFGjiLgc9QPaoxgpLXXNot+hZ+d3ZYfH8KFDDxxJOdTa4dDhSA08D952zZJVsSaA88TOSAlkqHXNL8cPccxJoDBDUrZtK1JugoSimJFxwYkliRAeoj5paxogTqSbTH4Zw32t+LAXCl2BghP190SCuJQj7unO9EA566Xif147Vr1TN6FBFCsS4OmiXsygCmEaDPSpIFixkSYIC6pvhXiABMJKx1fQIdizL8+TxlHFtir29XGpepHFkQd7oAjKwAYnoAquQA3UAQaP4Bm8gjfjyXgx3o2PaWvOyGZ2wR8Ynz8R/pnK</latexit><latexit sha1_base64="QunIpEEFBZi2UPlQsnSooYUjCyg=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQEUoigiIIRTcuK9gHNmmZTKbt0JkkzkzEErp346+4caGIW3/AnX/jpM1CWw9cOJxzL/fe40WMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3GjKMBSZ1HLJQtDwkCaMBqSuqGGlFgiDuMdL0hpep37wnQtIwuFGjiLgc9QPaoxgpLXXNot+hZ+d3ZYfH8KFDDxxJOdTa4dDhSA08D952zZJVsSaA88TOSAlkqHXNL8cPccxJoDBDUrZtK1JugoSimJFxwYkliRAeoj5paxogTqSbTH4Zw32t+LAXCl2BghP190SCuJQj7unO9EA566Xif147Vr1TN6FBFCsS4OmiXsygCmEaDPSpIFixkSYIC6pvhXiABMJKx1fQIdizL8+TxlHFtir29XGpepHFkQd7oAjKwAYnoAquQA3UAQaP4Bm8gjfjyXgx3o2PaWvOyGZ2wR8Ynz8R/pnK</latexit><latexit sha1_base64="QunIpEEFBZi2UPlQsnSooYUjCyg=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQEUoigiIIRTcuK9gHNmmZTKbt0JkkzkzEErp346+4caGIW3/AnX/jpM1CWw9cOJxzL/fe40WMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3GjKMBSZ1HLJQtDwkCaMBqSuqGGlFgiDuMdL0hpep37wnQtIwuFGjiLgc9QPaoxgpLXXNot+hZ+d3ZYfH8KFDDxxJOdTa4dDhSA08D952zZJVsSaA88TOSAlkqHXNL8cPccxJoDBDUrZtK1JugoSimJFxwYkliRAeoj5paxogTqSbTH4Zw32t+LAXCl2BghP190SCuJQj7unO9EA566Xif147Vr1TN6FBFCsS4OmiXsygCmEaDPSpIFixkSYIC6pvhXiABMJKx1fQIdizL8+TxlHFtir29XGpepHFkQd7oAjKwAYnoAquQA3UAQaP4Bm8gjfjyXgx3o2PaWvOyGZ2wR8Ynz8R/pnK</latexit>

The vacuum forms a condensate, allowing “long-ish dipoles” to 
become transparent.

Aside: there is rich connection between tensor gauge thy & elastic thy of 2d 
lattices

Dipole condensation ~ condensation of dislocations ~ quantum melting 
transition of the lattice. 

[A. Kumar, A.C. Potter; 2019] [D.Nguyen, et.al.; 2020][M.Pretko, L.Radzihovsky; 2018]

[M.Pretko, L.Radzihovsky; 2018] [A. Gromov; 2019] [A. Gromov, P. Surowka; 2019]



This condensate restores (macroscopic) mobility to dipoles

as well as charges



On       we can decompose charges into dipoles and it is useful 
to treat the dipoles as the fundamental objects

R2
<latexit sha1_base64="QoqXk2e4O/oIxGf3SB85A/PSOWk=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy6r2AdMx5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlGlmRQPZprQIMYjwSJGsLGS34+xGYchun9sDKo1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp1z617dxe15nVRRxlO4BTOwYNLaMIttKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8feBmQtA==</latexit><latexit sha1_base64="QoqXk2e4O/oIxGf3SB85A/PSOWk=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy6r2AdMx5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlGlmRQPZprQIMYjwSJGsLGS34+xGYchun9sDKo1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp1z617dxe15nVRRxlO4BTOwYNLaMIttKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8feBmQtA==</latexit><latexit sha1_base64="QoqXk2e4O/oIxGf3SB85A/PSOWk=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy6r2AdMx5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlGlmRQPZprQIMYjwSJGsLGS34+xGYchun9sDKo1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp1z617dxe15nVRRxlO4BTOwYNLaMIttKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8feBmQtA==</latexit><latexit sha1_base64="QoqXk2e4O/oIxGf3SB85A/PSOWk=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy6r2AdMx5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlGlmRQPZprQIMYjwSJGsLGS34+xGYchun9sDKo1t+7OgVaJV5AaFGgNql/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqEzqwxRJJV9wqC5+nsjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPnmVdBp1z617dxe15nVRRxlO4BTOwYNLaMIttKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8feBmQtA==</latexit>

These dipoles have Abelian “anyonic” statistics determined by 
wrapping them with dipole string operators



Entanglement entropy
Let us push/test the FQH analogy even further by looking at 

the ground state entanglement entropy.

⇢A = TrHAc | ih |
<latexit sha1_base64="5EESzkwaCH6WUeP3GzQ1GExJz18="></latexit><latexit sha1_base64="5EESzkwaCH6WUeP3GzQ1GExJz18="></latexit><latexit sha1_base64="5EESzkwaCH6WUeP3GzQ1GExJz18="></latexit><latexit sha1_base64="5EESzkwaCH6WUeP3GzQ1GExJz18="></latexit>

SA = �TrHA (⇢A log ⇢A)
<latexit sha1_base64="VX7fG7LEg343A17BJA5W02blmd8=">AAACT3icbZFNSwMxEIaz9bP1q+rRS7AIerDsiqAXoerFY0WrQreUbDrbBrObJZkVy7L/0Ive/BtePChiWvdgrQOBl+edMJM3QSKFQdd9dUozs3PzC4vlytLyyupadX3jxqhUc2hxJZW+C5gBKWJooUAJd4kGFgUSboP785F/+wDaCBVf4zCBTsT6sQgFZ2hRtxpedTM/YjjgTNLT/GTfR3jE7Frnv/jFRE/uSwhx19cDNcF9qfrTUIv+APe61Zpbd8dFp4VXiBopqtmtvvg9xdMIYuSSGdP23AQ7GdMouIS84qcGEsbvWR/aVsYsAtPJxnnkdMeSHg2VtidGOqa/b2QsMmYYBbZztKn5643gf147xfC4k4k4SRFi/jMoTCVFRUfh0p7QwFEOrWBcC7sr5QOmGUf7BRUbgvf3ydPi5qDuuXXv8rDWOCviWCRbZJvsEo8ckQa5IE3SIpw8kTfyQT6dZ+fd+SoVrSWnEJtkokrlbxzstaw=</latexit><latexit sha1_base64="VX7fG7LEg343A17BJA5W02blmd8=">AAACT3icbZFNSwMxEIaz9bP1q+rRS7AIerDsiqAXoerFY0WrQreUbDrbBrObJZkVy7L/0Ive/BtePChiWvdgrQOBl+edMJM3QSKFQdd9dUozs3PzC4vlytLyyupadX3jxqhUc2hxJZW+C5gBKWJooUAJd4kGFgUSboP785F/+wDaCBVf4zCBTsT6sQgFZ2hRtxpedTM/YjjgTNLT/GTfR3jE7Frnv/jFRE/uSwhx19cDNcF9qfrTUIv+APe61Zpbd8dFp4VXiBopqtmtvvg9xdMIYuSSGdP23AQ7GdMouIS84qcGEsbvWR/aVsYsAtPJxnnkdMeSHg2VtidGOqa/b2QsMmYYBbZztKn5643gf147xfC4k4k4SRFi/jMoTCVFRUfh0p7QwFEOrWBcC7sr5QOmGUf7BRUbgvf3ydPi5qDuuXXv8rDWOCviWCRbZJvsEo8ckQa5IE3SIpw8kTfyQT6dZ+fd+SoVrSWnEJtkokrlbxzstaw=</latexit><latexit sha1_base64="VX7fG7LEg343A17BJA5W02blmd8=">AAACT3icbZFNSwMxEIaz9bP1q+rRS7AIerDsiqAXoerFY0WrQreUbDrbBrObJZkVy7L/0Ive/BtePChiWvdgrQOBl+edMJM3QSKFQdd9dUozs3PzC4vlytLyyupadX3jxqhUc2hxJZW+C5gBKWJooUAJd4kGFgUSboP785F/+wDaCBVf4zCBTsT6sQgFZ2hRtxpedTM/YjjgTNLT/GTfR3jE7Frnv/jFRE/uSwhx19cDNcF9qfrTUIv+APe61Zpbd8dFp4VXiBopqtmtvvg9xdMIYuSSGdP23AQ7GdMouIS84qcGEsbvWR/aVsYsAtPJxnnkdMeSHg2VtidGOqa/b2QsMmYYBbZztKn5643gf147xfC4k4k4SRFi/jMoTCVFRUfh0p7QwFEOrWBcC7sr5QOmGUf7BRUbgvf3ydPi5qDuuXXv8rDWOCviWCRbZJvsEo8ckQa5IE3SIpw8kTfyQT6dZ+fd+SoVrSWnEJtkokrlbxzstaw=</latexit><latexit sha1_base64="VX7fG7LEg343A17BJA5W02blmd8=">AAACT3icbZFNSwMxEIaz9bP1q+rRS7AIerDsiqAXoerFY0WrQreUbDrbBrObJZkVy7L/0Ive/BtePChiWvdgrQOBl+edMJM3QSKFQdd9dUozs3PzC4vlytLyyupadX3jxqhUc2hxJZW+C5gBKWJooUAJd4kGFgUSboP785F/+wDaCBVf4zCBTsT6sQgFZ2hRtxpedTM/YjjgTNLT/GTfR3jE7Frnv/jFRE/uSwhx19cDNcF9qfrTUIv+APe61Zpbd8dFp4VXiBopqtmtvvg9xdMIYuSSGdP23AQ7GdMouIS84qcGEsbvWR/aVsYsAtPJxnnkdMeSHg2VtidGOqa/b2QsMmYYBbZztKn5643gf147xfC4k4k4SRFi/jMoTCVFRUfh0p7QwFEOrWBcC7sr5QOmGUf7BRUbgvf3ydPi5qDuuXXv8rDWOCviWCRbZJvsEo8ckQa5IE3SIpw8kTfyQT6dZ+fd+SoVrSWnEJtkokrlbxzstaw=</latexit>

SA = C `A
"

� � + . . .
<latexit sha1_base64="UguwI+y5yBSgMJ/it5wVskhKjo0="></latexit><latexit sha1_base64="UguwI+y5yBSgMJ/it5wVskhKjo0="></latexit><latexit sha1_base64="UguwI+y5yBSgMJ/it5wVskhKjo0="></latexit><latexit sha1_base64="UguwI+y5yBSgMJ/it5wVskhKjo0="></latexit>

� =
1

2
log k

<latexit sha1_base64="Rn3rXCRkY2qf/HPtR5dEIi07xxA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLoRim5cVrAPaEKZTCfp0HmEmYlQQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvfdEKaPaeN63U1pZXVvfKG9WtrZ3dvfc/YO2lpnCpIUlk6obIU0YFaRlqGGkmyqCeMRIJxrdTP3OA1GaSnFvxikJOUoEjSlGxkp99yhIEOfoKogVwrk/yeuTgMkEjvpu1at5M8Bl4hekCgo0++5XMJA440QYzJDWPd9LTZgjZShmZFIJMk1ShEcoIT1LBeJEh/nsgwk8tcoAxlLZEgbO1N8TOeJaj3lkOzkyQ73oTcX/vF5m4sswpyLNDBF4vijOGDQSTuOAA6oINmxsCcKK2lshHiKbhbGhVWwI/uLLy6Rdr/lezb87rzauizjK4BicgDPggwvQALegCVoAg0fwDF7Bm/PkvDjvzse8teQUM4fgD5zPHyJwlqs=</latexit><latexit sha1_base64="Rn3rXCRkY2qf/HPtR5dEIi07xxA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLoRim5cVrAPaEKZTCfp0HmEmYlQQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvfdEKaPaeN63U1pZXVvfKG9WtrZ3dvfc/YO2lpnCpIUlk6obIU0YFaRlqGGkmyqCeMRIJxrdTP3OA1GaSnFvxikJOUoEjSlGxkp99yhIEOfoKogVwrk/yeuTgMkEjvpu1at5M8Bl4hekCgo0++5XMJA440QYzJDWPd9LTZgjZShmZFIJMk1ShEcoIT1LBeJEh/nsgwk8tcoAxlLZEgbO1N8TOeJaj3lkOzkyQ73oTcX/vF5m4sswpyLNDBF4vijOGDQSTuOAA6oINmxsCcKK2lshHiKbhbGhVWwI/uLLy6Rdr/lezb87rzauizjK4BicgDPggwvQALegCVoAg0fwDF7Bm/PkvDjvzse8teQUM4fgD5zPHyJwlqs=</latexit><latexit sha1_base64="Rn3rXCRkY2qf/HPtR5dEIi07xxA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLoRim5cVrAPaEKZTCfp0HmEmYlQQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvfdEKaPaeN63U1pZXVvfKG9WtrZ3dvfc/YO2lpnCpIUlk6obIU0YFaRlqGGkmyqCeMRIJxrdTP3OA1GaSnFvxikJOUoEjSlGxkp99yhIEOfoKogVwrk/yeuTgMkEjvpu1at5M8Bl4hekCgo0++5XMJA440QYzJDWPd9LTZgjZShmZFIJMk1ShEcoIT1LBeJEh/nsgwk8tcoAxlLZEgbO1N8TOeJaj3lkOzkyQ73oTcX/vF5m4sswpyLNDBF4vijOGDQSTuOAA6oINmxsCcKK2lshHiKbhbGhVWwI/uLLy6Rdr/lezb87rzauizjK4BicgDPggwvQALegCVoAg0fwDF7Bm/PkvDjvzse8teQUM4fgD5zPHyJwlqs=</latexit><latexit sha1_base64="Rn3rXCRkY2qf/HPtR5dEIi07xxA=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkCLoRim5cVrAPaEKZTCfp0HmEmYlQQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvfdEKaPaeN63U1pZXVvfKG9WtrZ3dvfc/YO2lpnCpIUlk6obIU0YFaRlqGGkmyqCeMRIJxrdTP3OA1GaSnFvxikJOUoEjSlGxkp99yhIEOfoKogVwrk/yeuTgMkEjvpu1at5M8Bl4hekCgo0++5XMJA440QYzJDWPd9LTZgjZShmZFIJMk1ShEcoIT1LBeJEh/nsgwk8tcoAxlLZEgbO1N8TOeJaj3lkOzkyQ73oTcX/vF5m4sswpyLNDBF4vijOGDQSTuOAA6oINmxsCcKK2lshHiKbhbGhVWwI/uLLy6Rdr/lezb87rzauizjK4BicgDPggwvQALegCVoAg0fwDF7Bm/PkvDjvzse8teQUM4fgD5zPHyJwlqs=</latexit>

For an Abelian topo. phase:

total # of anyons

HA ⌦HAc
<latexit sha1_base64="mIid3gehrKIiLXdSC0ILTi4wF9Y=">AAACIHicbVDLSsNAFJ34rPUVdelmsAiuSiJCXVbddFnBPqCpYTKdtEMnM2FmIpSQT3Hjr7hxoYju9GuctEG07YELh3Pu5d57gphRpR3ny1pZXVvf2Cxtlbd3dvf27YPDthKJxKSFBROyGyBFGOWkpalmpBtLgqKAkU4wvsn9zgORigp+pycx6UdoyGlIMdJG8u2aFyE9wojBhp/+8qvME5pGRC1373Hm2xWn6kwBF4lbkAoo0PTtT28gcBIRrjFDSvVcJ9b9FElNMSNZ2UsUiREeoyHpGcqR2d5Ppw9m8NQoAxgKaYprOFX/TqQoUmoSBaYzP1LNe7m4zOslOrzsp5THiSYczxaFCYNawDwtOKCSYM0mhiAsqbkV4hGSCGuTadmE4M6/vEja51XXqbq3F5X6dRFHCRyDE3AGXFADddAATdACGDyCZ/AK3qwn68V6tz5mrStWMXME/sH6/gEytaOX</latexit><latexit sha1_base64="mIid3gehrKIiLXdSC0ILTi4wF9Y=">AAACIHicbVDLSsNAFJ34rPUVdelmsAiuSiJCXVbddFnBPqCpYTKdtEMnM2FmIpSQT3Hjr7hxoYju9GuctEG07YELh3Pu5d57gphRpR3ny1pZXVvf2Cxtlbd3dvf27YPDthKJxKSFBROyGyBFGOWkpalmpBtLgqKAkU4wvsn9zgORigp+pycx6UdoyGlIMdJG8u2aFyE9wojBhp/+8qvME5pGRC1373Hm2xWn6kwBF4lbkAoo0PTtT28gcBIRrjFDSvVcJ9b9FElNMSNZ2UsUiREeoyHpGcqR2d5Ppw9m8NQoAxgKaYprOFX/TqQoUmoSBaYzP1LNe7m4zOslOrzsp5THiSYczxaFCYNawDwtOKCSYM0mhiAsqbkV4hGSCGuTadmE4M6/vEja51XXqbq3F5X6dRFHCRyDE3AGXFADddAATdACGDyCZ/AK3qwn68V6tz5mrStWMXME/sH6/gEytaOX</latexit><latexit sha1_base64="mIid3gehrKIiLXdSC0ILTi4wF9Y=">AAACIHicbVDLSsNAFJ34rPUVdelmsAiuSiJCXVbddFnBPqCpYTKdtEMnM2FmIpSQT3Hjr7hxoYju9GuctEG07YELh3Pu5d57gphRpR3ny1pZXVvf2Cxtlbd3dvf27YPDthKJxKSFBROyGyBFGOWkpalmpBtLgqKAkU4wvsn9zgORigp+pycx6UdoyGlIMdJG8u2aFyE9wojBhp/+8qvME5pGRC1373Hm2xWn6kwBF4lbkAoo0PTtT28gcBIRrjFDSvVcJ9b9FElNMSNZ2UsUiREeoyHpGcqR2d5Ppw9m8NQoAxgKaYprOFX/TqQoUmoSBaYzP1LNe7m4zOslOrzsp5THiSYczxaFCYNawDwtOKCSYM0mhiAsqbkV4hGSCGuTadmE4M6/vEja51XXqbq3F5X6dRFHCRyDE3AGXFADddAATdACGDyCZ/AK3qwn68V6tz5mrStWMXME/sH6/gEytaOX</latexit><latexit sha1_base64="mIid3gehrKIiLXdSC0ILTi4wF9Y=">AAACIHicbVDLSsNAFJ34rPUVdelmsAiuSiJCXVbddFnBPqCpYTKdtEMnM2FmIpSQT3Hjr7hxoYju9GuctEG07YELh3Pu5d57gphRpR3ny1pZXVvf2Cxtlbd3dvf27YPDthKJxKSFBROyGyBFGOWkpalmpBtLgqKAkU4wvsn9zgORigp+pycx6UdoyGlIMdJG8u2aFyE9wojBhp/+8qvME5pGRC1373Hm2xWn6kwBF4lbkAoo0PTtT28gcBIRrjFDSvVcJ9b9FElNMSNZ2UsUiREeoyHpGcqR2d5Ppw9m8NQoAxgKaYprOFX/TqQoUmoSBaYzP1LNe7m4zOslOrzsp5THiSYczxaFCYNawDwtOKCSYM0mhiAsqbkV4hGSCGuTadmE4M6/vEja51XXqbq3F5X6dRFHCRyDE3AGXFADddAATdACGDyCZ/AK3qwn68V6tz5mrStWMXME/sH6/gEytaOX</latexit>

[M.Levin, X.G. Wen; 2006]
[A. Kitaev, J. Preskill; 2006]



an important subtlety …

In gauge theories,                               (even in a regularized sense…)H 6= HA ⌦HAc
<latexit sha1_base64="dgQPfRfAUYJLzL2SSf3kvOAhJ9g=">AAACLnicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFkVocsK9gFNDJPppB06mcSZiVBCvsiNv6ILQUXc+hlO2uCj9sDAmXPu5d57/JhRqSzrxSgtLC4tr5RXK2vrG5tb5vZOW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6CL3O3dESBrxazWOiRuiAacBxUhpyTMvnRCpIUYMNhxObn9+XvrNzzInUjQkcr57gzPPrFo1awL4n9gFqYICTc98cvoRTkLCFWZIyp5txcpNkVAUM5JVnESSGOERGpCephzp6W46OTeDB1rpwyAS+nEFJ+rvjhSFUo5DX1fmS8pZLxfneb1EBaduSnmcKMLxdFCQMKgimGcH+1QQrNhYE4QF1btCPEQCYaUTrugQ7NmT/5P2Uc22avbVcbV+XsRRBntgHxwCG5yAOmiAJmgBDO7BI3gFb8aD8Wy8Gx/T0pJR9OyCPzA+vwB066lh</latexit><latexit sha1_base64="dgQPfRfAUYJLzL2SSf3kvOAhJ9g=">AAACLnicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFkVocsK9gFNDJPppB06mcSZiVBCvsiNv6ILQUXc+hlO2uCj9sDAmXPu5d57/JhRqSzrxSgtLC4tr5RXK2vrG5tb5vZOW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6CL3O3dESBrxazWOiRuiAacBxUhpyTMvnRCpIUYMNhxObn9+XvrNzzInUjQkcr57gzPPrFo1awL4n9gFqYICTc98cvoRTkLCFWZIyp5txcpNkVAUM5JVnESSGOERGpCephzp6W46OTeDB1rpwyAS+nEFJ+rvjhSFUo5DX1fmS8pZLxfneb1EBaduSnmcKMLxdFCQMKgimGcH+1QQrNhYE4QF1btCPEQCYaUTrugQ7NmT/5P2Uc22avbVcbV+XsRRBntgHxwCG5yAOmiAJmgBDO7BI3gFb8aD8Wy8Gx/T0pJR9OyCPzA+vwB066lh</latexit><latexit sha1_base64="dgQPfRfAUYJLzL2SSf3kvOAhJ9g=">AAACLnicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFkVocsK9gFNDJPppB06mcSZiVBCvsiNv6ILQUXc+hlO2uCj9sDAmXPu5d57/JhRqSzrxSgtLC4tr5RXK2vrG5tb5vZOW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6CL3O3dESBrxazWOiRuiAacBxUhpyTMvnRCpIUYMNhxObn9+XvrNzzInUjQkcr57gzPPrFo1awL4n9gFqYICTc98cvoRTkLCFWZIyp5txcpNkVAUM5JVnESSGOERGpCephzp6W46OTeDB1rpwyAS+nEFJ+rvjhSFUo5DX1fmS8pZLxfneb1EBaduSnmcKMLxdFCQMKgimGcH+1QQrNhYE4QF1btCPEQCYaUTrugQ7NmT/5P2Uc22avbVcbV+XsRRBntgHxwCG5yAOmiAJmgBDO7BI3gFb8aD8Wy8Gx/T0pJR9OyCPzA+vwB066lh</latexit><latexit sha1_base64="dgQPfRfAUYJLzL2SSf3kvOAhJ9g=">AAACLnicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFkVocsK9gFNDJPppB06mcSZiVBCvsiNv6ILQUXc+hlO2uCj9sDAmXPu5d57/JhRqSzrxSgtLC4tr5RXK2vrG5tb5vZOW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6CL3O3dESBrxazWOiRuiAacBxUhpyTMvnRCpIUYMNhxObn9+XvrNzzInUjQkcr57gzPPrFo1awL4n9gFqYICTc98cvoRTkLCFWZIyp5txcpNkVAUM5JVnESSGOERGpCephzp6W46OTeDB1rpwyAS+nEFJ+rvjhSFUo5DX1fmS8pZLxfneb1EBaduSnmcKMLxdFCQMKgimGcH+1QQrNhYE4QF1btCPEQCYaUTrugQ7NmT/5P2Uc22avbVcbV+XsRRBntgHxwCG5yAOmiAJmgBDO7BI3gFb8aD8Wy8Gx/T0pJR9OyCPzA+vwB066lh</latexit>

Simple diagnosis: dimHR2 = 1
<latexit sha1_base64="sBBMFDHCfPjk6Nv3L8SASHzW1XE=">AAACDXicbZC7SgNBFIZn4y3GW9TSZjAKVmE3CNoIQZuUUcwFsusyO5kkQ2YvzJwVw5IXsPFVbCwUsbW3822c3WyhiT8MfPznHOac34sEV2Ca30ZhaXllda24XtrY3NreKe/utVUYS8paNBSh7HpEMcED1gIOgnUjyYjvCdbxxldpvXPPpOJhcAuTiDk+GQZ8wCkBbbnlIxvYAyR97k9tn8CIEoEbbpKx5+Gbu9r0wnLLFbNqZsKLYOVQQbmabvnL7oc09lkAVBClepYZgZMQCZwKNi3ZsWIRoWMyZD2NAfGZcpLsmik+1k4fD0KpXwA4c39PJMRXauJ7ujPdUs3XUvO/Wi+GwbmT8CCKgQV09tEgFhhCnEaD+1wyCmKigVDJ9a6YjogkFHSAJR2CNX/yIrRrVcusWtenlfplHkcRHaBDdIIsdIbqqIGaqIUoekTP6BW9GU/Gi/FufMxaC0Y+s4/+yPj8ATHdm5U=</latexit><latexit sha1_base64="sBBMFDHCfPjk6Nv3L8SASHzW1XE=">AAACDXicbZC7SgNBFIZn4y3GW9TSZjAKVmE3CNoIQZuUUcwFsusyO5kkQ2YvzJwVw5IXsPFVbCwUsbW3822c3WyhiT8MfPznHOac34sEV2Ca30ZhaXllda24XtrY3NreKe/utVUYS8paNBSh7HpEMcED1gIOgnUjyYjvCdbxxldpvXPPpOJhcAuTiDk+GQZ8wCkBbbnlIxvYAyR97k9tn8CIEoEbbpKx5+Gbu9r0wnLLFbNqZsKLYOVQQbmabvnL7oc09lkAVBClepYZgZMQCZwKNi3ZsWIRoWMyZD2NAfGZcpLsmik+1k4fD0KpXwA4c39PJMRXauJ7ujPdUs3XUvO/Wi+GwbmT8CCKgQV09tEgFhhCnEaD+1wyCmKigVDJ9a6YjogkFHSAJR2CNX/yIrRrVcusWtenlfplHkcRHaBDdIIsdIbqqIGaqIUoekTP6BW9GU/Gi/FufMxaC0Y+s4/+yPj8ATHdm5U=</latexit><latexit sha1_base64="sBBMFDHCfPjk6Nv3L8SASHzW1XE=">AAACDXicbZC7SgNBFIZn4y3GW9TSZjAKVmE3CNoIQZuUUcwFsusyO5kkQ2YvzJwVw5IXsPFVbCwUsbW3822c3WyhiT8MfPznHOac34sEV2Ca30ZhaXllda24XtrY3NreKe/utVUYS8paNBSh7HpEMcED1gIOgnUjyYjvCdbxxldpvXPPpOJhcAuTiDk+GQZ8wCkBbbnlIxvYAyR97k9tn8CIEoEbbpKx5+Gbu9r0wnLLFbNqZsKLYOVQQbmabvnL7oc09lkAVBClepYZgZMQCZwKNi3ZsWIRoWMyZD2NAfGZcpLsmik+1k4fD0KpXwA4c39PJMRXauJ7ujPdUs3XUvO/Wi+GwbmT8CCKgQV09tEgFhhCnEaD+1wyCmKigVDJ9a6YjogkFHSAJR2CNX/yIrRrVcusWtenlfplHkcRHaBDdIIsdIbqqIGaqIUoekTP6BW9GU/Gi/FufMxaC0Y+s4/+yPj8ATHdm5U=</latexit><latexit sha1_base64="sBBMFDHCfPjk6Nv3L8SASHzW1XE=">AAACDXicbZC7SgNBFIZn4y3GW9TSZjAKVmE3CNoIQZuUUcwFsusyO5kkQ2YvzJwVw5IXsPFVbCwUsbW3822c3WyhiT8MfPznHOac34sEV2Ca30ZhaXllda24XtrY3NreKe/utVUYS8paNBSh7HpEMcED1gIOgnUjyYjvCdbxxldpvXPPpOJhcAuTiDk+GQZ8wCkBbbnlIxvYAyR97k9tn8CIEoEbbpKx5+Gbu9r0wnLLFbNqZsKLYOVQQbmabvnL7oc09lkAVBClepYZgZMQCZwKNi3ZsWIRoWMyZD2NAfGZcpLsmik+1k4fD0KpXwA4c39PJMRXauJ7ujPdUs3XUvO/Wi+GwbmT8CCKgQV09tEgFhhCnEaD+1wyCmKigVDJ9a6YjogkFHSAJR2CNX/yIrRrVcusWtenlfplHkcRHaBDdIIsdIbqqIGaqIUoekTP6BW9GU/Gi/FufMxaC0Y+s4/+yPj8ATHdm5U=</latexit>

What about                 ? dimHA
<latexit sha1_base64="uZBDfMfmtywN14ATatIlcXX4nVE=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRXJVEBF1W3XRZwV6gCWEynbRDJxdmTsQSunbjq7hxoYhbn8Cdb+OkDaKtPwx8/Occ5pzfTwRXYFlfRmlpeWV1rbxe2djc2t4xd/faKk4lZS0ai1h2faKY4BFrAQfBuolkJPQF6/ij67zeuWNS8Ti6hXHC3JAMIh5wSkBbnnnoALuHrM/DiRMSGFIicMPLfvhy4plVq2ZNhRfBLqCKCjU989PpxzQNWQRUEKV6tpWAmxEJnAo2qTipYgmhIzJgPY0RCZlys+kpE3ysnT4OYqlfBHjq/p7ISKjUOPR1Z76imq/l5n+1XgrBhZvxKEmBRXT2UZAKDDHOc8F9LhkFMdZAqOR6V0yHRBIKOr2KDsGeP3kR2qc126rZN2fV+lURRxkdoCN0gmx0juqogZqohSh6QE/oBb0aj8az8Wa8z1pLRjGzj/7I+PgGpEya1A==</latexit><latexit sha1_base64="uZBDfMfmtywN14ATatIlcXX4nVE=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRXJVEBF1W3XRZwV6gCWEynbRDJxdmTsQSunbjq7hxoYhbn8Cdb+OkDaKtPwx8/Occ5pzfTwRXYFlfRmlpeWV1rbxe2djc2t4xd/faKk4lZS0ai1h2faKY4BFrAQfBuolkJPQF6/ij67zeuWNS8Ti6hXHC3JAMIh5wSkBbnnnoALuHrM/DiRMSGFIicMPLfvhy4plVq2ZNhRfBLqCKCjU989PpxzQNWQRUEKV6tpWAmxEJnAo2qTipYgmhIzJgPY0RCZlys+kpE3ysnT4OYqlfBHjq/p7ISKjUOPR1Z76imq/l5n+1XgrBhZvxKEmBRXT2UZAKDDHOc8F9LhkFMdZAqOR6V0yHRBIKOr2KDsGeP3kR2qc126rZN2fV+lURRxkdoCN0gmx0juqogZqohSh6QE/oBb0aj8az8Wa8z1pLRjGzj/7I+PgGpEya1A==</latexit><latexit sha1_base64="uZBDfMfmtywN14ATatIlcXX4nVE=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRXJVEBF1W3XRZwV6gCWEynbRDJxdmTsQSunbjq7hxoYhbn8Cdb+OkDaKtPwx8/Occ5pzfTwRXYFlfRmlpeWV1rbxe2djc2t4xd/faKk4lZS0ai1h2faKY4BFrAQfBuolkJPQF6/ij67zeuWNS8Ti6hXHC3JAMIh5wSkBbnnnoALuHrM/DiRMSGFIicMPLfvhy4plVq2ZNhRfBLqCKCjU989PpxzQNWQRUEKV6tpWAmxEJnAo2qTipYgmhIzJgPY0RCZlys+kpE3ysnT4OYqlfBHjq/p7ISKjUOPR1Z76imq/l5n+1XgrBhZvxKEmBRXT2UZAKDDHOc8F9LhkFMdZAqOR6V0yHRBIKOr2KDsGeP3kR2qc126rZN2fV+lURRxkdoCN0gmx0juqogZqohSh6QE/oBb0aj8az8Wa8z1pLRjGzj/7I+PgGpEya1A==</latexit><latexit sha1_base64="uZBDfMfmtywN14ATatIlcXX4nVE=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRXJVEBF1W3XRZwV6gCWEynbRDJxdmTsQSunbjq7hxoYhbn8Cdb+OkDaKtPwx8/Occ5pzfTwRXYFlfRmlpeWV1rbxe2djc2t4xd/faKk4lZS0ai1h2faKY4BFrAQfBuolkJPQF6/ij67zeuWNS8Ti6hXHC3JAMIh5wSkBbnnnoALuHrM/DiRMSGFIicMPLfvhy4plVq2ZNhRfBLqCKCjU989PpxzQNWQRUEKV6tpWAmxEJnAo2qTipYgmhIzJgPY0RCZlys+kpE3ysnT4OYqlfBHjq/p7ISKjUOPR1Z76imq/l5n+1XgrBhZvxKEmBRXT2UZAKDDHOc8F9LhkFMdZAqOR6V0yHRBIKOr2KDsGeP3kR2qc126rZN2fV+lURRxkdoCN0gmx0juqogZqohSh6QE/oBb0aj8az8Wa8z1pLRjGzj/7I+PgGpEya1A==</latexit>

The generator of gauge tx’s 
yields a boundary term 
when the parameter has 

support on @A
<latexit sha1_base64="opSD105LC7AHsWm7BzmhY53nLD4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cKthbbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x0+agrQ8WHu/NzM68IJHCoOt+O6WV1bX1jfJmZWt7Z3evun/QNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3+T+wxPXRsTqHicJ9yM6VCIUjKKVHnsJ1SioJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/y+cxyaeVXmp4QtmYDnnXUkUjbvxstvGUnFhlQMJY26eQzNTfHRmNjJlEga2MKI7MopeL/3ndFMNLPxMqSZErNv8oTCXBmOTnk4HQnKGcWEKZFnZXwkZUU4Y2pIoNwVs8eZm0z+qeW/fuzmuN6yKOMhzBMZyCBxfQgFtoQgsYKHiGV3hzjPPivDsf89KSU/Qcwh84nz8cyJCI</latexit><latexit sha1_base64="opSD105LC7AHsWm7BzmhY53nLD4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cKthbbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x0+agrQ8WHu/NzM68IJHCoOt+O6WV1bX1jfJmZWt7Z3evun/QNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3+T+wxPXRsTqHicJ9yM6VCIUjKKVHnsJ1SioJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/y+cxyaeVXmp4QtmYDnnXUkUjbvxstvGUnFhlQMJY26eQzNTfHRmNjJlEga2MKI7MopeL/3ndFMNLPxMqSZErNv8oTCXBmOTnk4HQnKGcWEKZFnZXwkZUU4Y2pIoNwVs8eZm0z+qeW/fuzmuN6yKOMhzBMZyCBxfQgFtoQgsYKHiGV3hzjPPivDsf89KSU/Qcwh84nz8cyJCI</latexit><latexit sha1_base64="opSD105LC7AHsWm7BzmhY53nLD4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cKthbbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x0+agrQ8WHu/NzM68IJHCoOt+O6WV1bX1jfJmZWt7Z3evun/QNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3+T+wxPXRsTqHicJ9yM6VCIUjKKVHnsJ1SioJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/y+cxyaeVXmp4QtmYDnnXUkUjbvxstvGUnFhlQMJY26eQzNTfHRmNjJlEga2MKI7MopeL/3ndFMNLPxMqSZErNv8oTCXBmOTnk4HQnKGcWEKZFnZXwkZUU4Y2pIoNwVs8eZm0z+qeW/fuzmuN6yKOMhzBMZyCBxfQgFtoQgsYKHiGV3hzjPPivDsf89KSU/Qcwh84nz8cyJCI</latexit><latexit sha1_base64="opSD105LC7AHsWm7BzmhY53nLD4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cKthbbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x0+agrQ8WHu/NzM68IJHCoOt+O6WV1bX1jfJmZWt7Z3evun/QNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3+T+wxPXRsTqHicJ9yM6VCIUjKKVHnsJ1SioJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/y+cxyaeVXmp4QtmYDnnXUkUjbvxstvGUnFhlQMJY26eQzNTfHRmNjJlEga2MKI7MopeL/3ndFMNLPxMqSZErNv8oTCXBmOTnk4HQnKGcWEKZFnZXwkZUU4Y2pIoNwVs8eZm0z+qeW/fuzmuN6yKOMhzBMZyCBxfQgFtoQgsYKHiGV3hzjPPivDsf89KSU/Qcwh84nz8cyJCI</latexit>

Q̂[↵] =

I

@A
ds n̂i "

ij�kl@k↵Ajl + . . .
<latexit sha1_base64="RPFKh/mq5UTMzWXrPj62eFmMBWc="></latexit><latexit sha1_base64="RPFKh/mq5UTMzWXrPj62eFmMBWc="></latexit><latexit sha1_base64="RPFKh/mq5UTMzWXrPj62eFmMBWc="></latexit><latexit sha1_base64="RPFKh/mq5UTMzWXrPj62eFmMBWc="></latexit>

The algebra of these charges is 
centrally extended and so it is 
not consistent to set               as 

a constraint.

h
Q̂[↵], Q̂[�]

i
= i

4⇡

k

I

@A
�ij@i↵d(@j�)

<latexit sha1_base64="zB6AlBZH/1WYTQ2J0y5u0ShV3TQ="></latexit><latexit sha1_base64="zB6AlBZH/1WYTQ2J0y5u0ShV3TQ="></latexit><latexit sha1_base64="zB6AlBZH/1WYTQ2J0y5u0ShV3TQ="></latexit><latexit sha1_base64="zB6AlBZH/1WYTQ2J0y5u0ShV3TQ="></latexit>

Q̂ = 0
<latexit sha1_base64="O4bey0CP9aIyeT37vwi0akBGb6U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3Mbz9xbUSsHnCScD+iQyVCwShaqdMbUSSNG7dfrrhVdw6ySrycVCBHvV/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/N4pObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMyeJwOhOUM5sYQyLeythI2opgxtRCUbgrf88ippXVQ9t+o1Liu12zyOIpzAKZyDB1dQg3uoQxMYSHiGV3hzHp0X5935WLQWnHzmGP7A+fwB+T+PQQ==</latexit><latexit sha1_base64="O4bey0CP9aIyeT37vwi0akBGb6U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3Mbz9xbUSsHnCScD+iQyVCwShaqdMbUSSNG7dfrrhVdw6ySrycVCBHvV/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/N4pObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMyeJwOhOUM5sYQyLeythI2opgxtRCUbgrf88ippXVQ9t+o1Liu12zyOIpzAKZyDB1dQg3uoQxMYSHiGV3hzHp0X5935WLQWnHzmGP7A+fwB+T+PQQ==</latexit><latexit sha1_base64="O4bey0CP9aIyeT37vwi0akBGb6U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3Mbz9xbUSsHnCScD+iQyVCwShaqdMbUSSNG7dfrrhVdw6ySrycVCBHvV/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/N4pObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMyeJwOhOUM5sYQyLeythI2opgxtRCUbgrf88ippXVQ9t+o1Liu12zyOIpzAKZyDB1dQg3uoQxMYSHiGV3hzHp0X5935WLQWnHzmGP7A+fwB+T+PQQ==</latexit><latexit sha1_base64="O4bey0CP9aIyeT37vwi0akBGb6U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8d3Mbz9xbUSsHnCScD+iQyVCwShaqdMbUSSNG7dfrrhVdw6ySrycVCBHvV/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/N4pObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMyeJwOhOUM5sYQyLeythI2opgxtRCUbgrf88ippXVQ9t+o1Liu12zyOIpzAKZyDB1dQg3uoQxMYSHiGV3hzHp0X5935WLQWnHzmGP7A+fwB+T+PQQ==</latexit>



Instead         must carry representations of this algebraHA
<latexit sha1_base64="JxZj+XOwuATK/BndAS7GDGQMoSc=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF0WXXTZQV7gTaEyXTSDp1MwsxEKKEbX8WNC0Xc+hjufBsnbRBt/WHg4z/nMOf8QcKZ0o7zZZVWVtfWN8qbla3tnd09e/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfJvXOw9UKhaLez1JqBfhoWAhI1gby7eP+hHWI4I5avjZD19Pfbvq1JyZ0DK4BVShUNO3P/uDmKQRFZpwrFTPdRLtZVhqRjidVvqpogkmYzykPYMCR1R52eyAKTo1zgCFsTRPaDRzf09kOFJqEgWmM19RLdZy879aL9XhlZcxkaSaCjL/KEw50jHK00ADJinRfGIAE8nMroiMsMREm8wqJgR38eRlaJ/XXKfm3l1U6zdFHGU4hhM4AxcuoQ4NaEILCEzhCV7g1Xq0nq03633eWrKKmUP4I+vjGytZlh0=</latexit><latexit sha1_base64="JxZj+XOwuATK/BndAS7GDGQMoSc=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF0WXXTZQV7gTaEyXTSDp1MwsxEKKEbX8WNC0Xc+hjufBsnbRBt/WHg4z/nMOf8QcKZ0o7zZZVWVtfWN8qbla3tnd09e/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfJvXOw9UKhaLez1JqBfhoWAhI1gby7eP+hHWI4I5avjZD19Pfbvq1JyZ0DK4BVShUNO3P/uDmKQRFZpwrFTPdRLtZVhqRjidVvqpogkmYzykPYMCR1R52eyAKTo1zgCFsTRPaDRzf09kOFJqEgWmM19RLdZy879aL9XhlZcxkaSaCjL/KEw50jHK00ADJinRfGIAE8nMroiMsMREm8wqJgR38eRlaJ/XXKfm3l1U6zdFHGU4hhM4AxcuoQ4NaEILCEzhCV7g1Xq0nq03633eWrKKmUP4I+vjGytZlh0=</latexit><latexit sha1_base64="JxZj+XOwuATK/BndAS7GDGQMoSc=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF0WXXTZQV7gTaEyXTSDp1MwsxEKKEbX8WNC0Xc+hjufBsnbRBt/WHg4z/nMOf8QcKZ0o7zZZVWVtfWN8qbla3tnd09e/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfJvXOw9UKhaLez1JqBfhoWAhI1gby7eP+hHWI4I5avjZD19Pfbvq1JyZ0DK4BVShUNO3P/uDmKQRFZpwrFTPdRLtZVhqRjidVvqpogkmYzykPYMCR1R52eyAKTo1zgCFsTRPaDRzf09kOFJqEgWmM19RLdZy879aL9XhlZcxkaSaCjL/KEw50jHK00ADJinRfGIAE8nMroiMsMREm8wqJgR38eRlaJ/XXKfm3l1U6zdFHGU4hhM4AxcuoQ4NaEILCEzhCV7g1Xq0nq03633eWrKKmUP4I+vjGytZlh0=</latexit><latexit sha1_base64="JxZj+XOwuATK/BndAS7GDGQMoSc=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVEhF0WXXTZQV7gTaEyXTSDp1MwsxEKKEbX8WNC0Xc+hjufBsnbRBt/WHg4z/nMOf8QcKZ0o7zZZVWVtfWN8qbla3tnd09e/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfJvXOw9UKhaLez1JqBfhoWAhI1gby7eP+hHWI4I5avjZD19Pfbvq1JyZ0DK4BVShUNO3P/uDmKQRFZpwrFTPdRLtZVhqRjidVvqpogkmYzykPYMCR1R52eyAKTo1zgCFsTRPaDRzf09kOFJqEgWmM19RLdZy879aL9XhlZcxkaSaCjL/KEw50jHK00ADJinRfGIAE8nMroiMsMREm8wqJgR38eRlaJ/XXKfm3l1U6zdFHGU4hhM4AxcuoQ4NaEILCEzhCV7g1Xq0nq03633eWrKKmUP4I+vjGytZlh0=</latexit>

With a little massaging, we 
find it is isomorphic 

to two           Kac-Moody 
algebras      
u(1)

<latexit sha1_base64="aoNLvfqzPmx4OPYT2R98aAqqgCE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7APasWTSTBuayQzJHaWU/ocbF4q49V/c+Tdm2llo64HA4Zx7uScnSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN5nfeuTaiFjd4zjhfkQHSoSCUbTSQzeiOAw1HZG04p31SmW36s5AlomXkzLkqPdKX91+zNKIK2SSGtPx3AT9CdUomOTTYjc1PKFsRAe8Y6miETf+ZJZ6Sk6t0idhrO1TSGbq740JjYwZR4GdzFKaRS8T//M6KYZX/kSoJEWu2PxQmEqCMckqIH2hOUM5toQyLWxWwoZUU4a2qKItwVv88jJpnlc9t+rdXZRr13kdBTiGE6iAB5dQg1uoQwMYaHiGV3hznpwX5935mI+uOPnOEfyB8/kDaMKRxw==</latexit><latexit sha1_base64="aoNLvfqzPmx4OPYT2R98aAqqgCE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7APasWTSTBuayQzJHaWU/ocbF4q49V/c+Tdm2llo64HA4Zx7uScnSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN5nfeuTaiFjd4zjhfkQHSoSCUbTSQzeiOAw1HZG04p31SmW36s5AlomXkzLkqPdKX91+zNKIK2SSGtPx3AT9CdUomOTTYjc1PKFsRAe8Y6miETf+ZJZ6Sk6t0idhrO1TSGbq740JjYwZR4GdzFKaRS8T//M6KYZX/kSoJEWu2PxQmEqCMckqIH2hOUM5toQyLWxWwoZUU4a2qKItwVv88jJpnlc9t+rdXZRr13kdBTiGE6iAB5dQg1uoQwMYaHiGV3hznpwX5935mI+uOPnOEfyB8/kDaMKRxw==</latexit><latexit sha1_base64="aoNLvfqzPmx4OPYT2R98aAqqgCE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7APasWTSTBuayQzJHaWU/ocbF4q49V/c+Tdm2llo64HA4Zx7uScnSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN5nfeuTaiFjd4zjhfkQHSoSCUbTSQzeiOAw1HZG04p31SmW36s5AlomXkzLkqPdKX91+zNKIK2SSGtPx3AT9CdUomOTTYjc1PKFsRAe8Y6miETf+ZJZ6Sk6t0idhrO1TSGbq740JjYwZR4GdzFKaRS8T//M6KYZX/kSoJEWu2PxQmEqCMckqIH2hOUM5toQyLWxWwoZUU4a2qKItwVv88jJpnlc9t+rdXZRr13kdBTiGE6iAB5dQg1uoQwMYaHiGV3hznpwX5935mI+uOPnOEfyB8/kDaMKRxw==</latexit><latexit sha1_base64="aoNLvfqzPmx4OPYT2R98aAqqgCE=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7APasWTSTBuayQzJHaWU/ocbF4q49V/c+Tdm2llo64HA4Zx7uScnSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN5nfeuTaiFjd4zjhfkQHSoSCUbTSQzeiOAw1HZG04p31SmW36s5AlomXkzLkqPdKX91+zNKIK2SSGtPx3AT9CdUomOTTYjc1PKFsRAe8Y6miETf+ZJZ6Sk6t0idhrO1TSGbq740JjYwZR4GdzFKaRS8T//M6KYZX/kSoJEWu2PxQmEqCMckqIH2hOUM5toQyLWxWwoZUU4a2qKItwVv88jJpnlc9t+rdXZRr13kdBTiGE6iAB5dQg1uoQwMYaHiGV3hznpwX5935mI+uOPnOEfyB8/kDaMKRxw==</latexit>

(Physically, these stem from independent 
dipolar edge modes)

The zero modes,        , are in fact what appear in the exponent 
of dipole string operator and so the eigenvalues are the        

total dipole moment (in the      direction) contained in 

J i
0

<latexit sha1_base64="lescjd02KGJ91S62lCxuzQzZjqg=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix6EU8VTFtoY9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysFhUyeZYuizRCSqHVKNgkv0DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqzk3z3ynturVN2aOwNZJl5BqlCg0at8dfsJy2KUhgmqdcdzUxPkVBnOBE7K3UxjStmIDrBjqaQx6iCfHTshp1bpkyhRtqQhM/X3RE5jrcdxaDtjaoZ60ZuK/3mdzERXQc5lmhmUbL4oygQxCZl+TvpcITNibAllittbCRtSRZmx+ZRtCN7iy8ukeV7z3Jp3f1GtXxdxlOAYTuAMPLiEOtxCA3xgwOEZXuHNkc6L8+58zFtXnGLmCP7A+fwBPhWOTA==</latexit><latexit sha1_base64="lescjd02KGJ91S62lCxuzQzZjqg=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix6EU8VTFtoY9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysFhUyeZYuizRCSqHVKNgkv0DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqzk3z3ynturVN2aOwNZJl5BqlCg0at8dfsJy2KUhgmqdcdzUxPkVBnOBE7K3UxjStmIDrBjqaQx6iCfHTshp1bpkyhRtqQhM/X3RE5jrcdxaDtjaoZ60ZuK/3mdzERXQc5lmhmUbL4oygQxCZl+TvpcITNibAllittbCRtSRZmx+ZRtCN7iy8ukeV7z3Jp3f1GtXxdxlOAYTuAMPLiEOtxCA3xgwOEZXuHNkc6L8+58zFtXnGLmCP7A+fwBPhWOTA==</latexit><latexit sha1_base64="lescjd02KGJ91S62lCxuzQzZjqg=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix6EU8VTFtoY9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysFhUyeZYuizRCSqHVKNgkv0DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqzk3z3ynturVN2aOwNZJl5BqlCg0at8dfsJy2KUhgmqdcdzUxPkVBnOBE7K3UxjStmIDrBjqaQx6iCfHTshp1bpkyhRtqQhM/X3RE5jrcdxaDtjaoZ60ZuK/3mdzERXQc5lmhmUbL4oygQxCZl+TvpcITNibAllittbCRtSRZmx+ZRtCN7iy8ukeV7z3Jp3f1GtXxdxlOAYTuAMPLiEOtxCA3xgwOEZXuHNkc6L8+58zFtXnGLmCP7A+fwBPhWOTA==</latexit><latexit sha1_base64="lescjd02KGJ91S62lCxuzQzZjqg=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix6EU8VTFtoY9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Nktb5e2d3b39ysFhUyeZYuizRCSqHVKNgkv0DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqzk3z3ynturVN2aOwNZJl5BqlCg0at8dfsJy2KUhgmqdcdzUxPkVBnOBE7K3UxjStmIDrBjqaQx6iCfHTshp1bpkyhRtqQhM/X3RE5jrcdxaDtjaoZ60ZuK/3mdzERXQc5lmhmUbL4oygQxCZl+TvpcITNibAllittbCRtSRZmx+ZRtCN7iy8ukeV7z3Jp3f1GtXxdxlOAYTuAMPLiEOtxCA3xgwOEZXuHNkc6L8+58zFtXnGLmCP7A+fwBPhWOTA==</latexit>

ith
<latexit sha1_base64="NNmArmg0DO02ylfO0pmsojwS9Rs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhtnJbDJmdmaZ6RXCkn/w4kERr/6PN//GyeOgiQUNRVU33V1RKoVF3//2VlbX1jc2C1vF7Z3dvf3SwWHD6swwXmdaatOKqOVSKF5HgZK3UsNpEknejIY3E7/5xI0VWt3jKOVhQvtKxIJRdFJDPOQ4GHdLZb/iT0GWSTAnZZij1i19dXqaZQlXyCS1th34KYY5NSiY5ONiJ7M8pWxI+7ztqKIJt2E+vXZMTp3SI7E2rhSSqfp7IqeJtaMkcp0JxYFd9Cbif147w/gqzIVKM+SKzRbFmSSoyeR10hOGM5QjRygzwt1K2IAaytAFVHQhBIsvL5PGeSXwK8HdRbl6PY+jAMdwAmcQwCVU4RZqUAcGj/AMr/Dmae/Fe/c+Zq0r3nzmCP7A+/wB4k+PUQ==</latexit><latexit sha1_base64="NNmArmg0DO02ylfO0pmsojwS9Rs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhtnJbDJmdmaZ6RXCkn/w4kERr/6PN//GyeOgiQUNRVU33V1RKoVF3//2VlbX1jc2C1vF7Z3dvf3SwWHD6swwXmdaatOKqOVSKF5HgZK3UsNpEknejIY3E7/5xI0VWt3jKOVhQvtKxIJRdFJDPOQ4GHdLZb/iT0GWSTAnZZij1i19dXqaZQlXyCS1th34KYY5NSiY5ONiJ7M8pWxI+7ztqKIJt2E+vXZMTp3SI7E2rhSSqfp7IqeJtaMkcp0JxYFd9Cbif147w/gqzIVKM+SKzRbFmSSoyeR10hOGM5QjRygzwt1K2IAaytAFVHQhBIsvL5PGeSXwK8HdRbl6PY+jAMdwAmcQwCVU4RZqUAcGj/AMr/Dmae/Fe/c+Zq0r3nzmCP7A+/wB4k+PUQ==</latexit><latexit sha1_base64="NNmArmg0DO02ylfO0pmsojwS9Rs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhtnJbDJmdmaZ6RXCkn/w4kERr/6PN//GyeOgiQUNRVU33V1RKoVF3//2VlbX1jc2C1vF7Z3dvf3SwWHD6swwXmdaatOKqOVSKF5HgZK3UsNpEknejIY3E7/5xI0VWt3jKOVhQvtKxIJRdFJDPOQ4GHdLZb/iT0GWSTAnZZij1i19dXqaZQlXyCS1th34KYY5NSiY5ONiJ7M8pWxI+7ztqKIJt2E+vXZMTp3SI7E2rhSSqfp7IqeJtaMkcp0JxYFd9Cbif147w/gqzIVKM+SKzRbFmSSoyeR10hOGM5QjRygzwt1K2IAaytAFVHQhBIsvL5PGeSXwK8HdRbl6PY+jAMdwAmcQwCVU4RZqUAcGj/AMr/Dmae/Fe/c+Zq0r3nzmCP7A+/wB4k+PUQ==</latexit><latexit sha1_base64="NNmArmg0DO02ylfO0pmsojwS9Rs=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhtnJbDJmdmaZ6RXCkn/w4kERr/6PN//GyeOgiQUNRVU33V1RKoVF3//2VlbX1jc2C1vF7Z3dvf3SwWHD6swwXmdaatOKqOVSKF5HgZK3UsNpEknejIY3E7/5xI0VWt3jKOVhQvtKxIJRdFJDPOQ4GHdLZb/iT0GWSTAnZZij1i19dXqaZQlXyCS1th34KYY5NSiY5ONiJ7M8pWxI+7ztqKIJt2E+vXZMTp3SI7E2rhSSqfp7IqeJtaMkcp0JxYFd9Cbif147w/gqzIVKM+SKzRbFmSSoyeR10hOGM5QjRygzwt1K2IAaytAFVHQhBIsvL5PGeSXwK8HdRbl6PY+jAMdwAmcQwCVU4RZqUAcGj/AMr/Dmae/Fe/c+Zq0r3nzmCP7A+/wB4k+PUQ==</latexit>

A
<latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit>

[J i
m, Jj

n] =
2⇡

k
(2⇡m)�ij�m+n

<latexit sha1_base64="diTjiamdBCFM0q86S3YJW+qBg9Y="></latexit><latexit sha1_base64="diTjiamdBCFM0q86S3YJW+qBg9Y="></latexit><latexit sha1_base64="diTjiamdBCFM0q86S3YJW+qBg9Y="></latexit><latexit sha1_base64="diTjiamdBCFM0q86S3YJW+qBg9Y="></latexit>

Importantly these representations are infinite dimensional.
1 6= 1⇥1

<latexit sha1_base64="7gs1OTGtmLHC7c6e6ziMsOW0JQk=">AAACAHicbZBNS8NAEIYn9avWr6gHD16CRfBUEhH0WPTisYL9gCaUzXbTLt1s4u5ECKUX/4oXD4p49Wd489+4bXPQ1hcWHt6ZYXbeMBVco+t+W6WV1bX1jfJmZWt7Z3fP3j9o6SRTlDVpIhLVCYlmgkvWRI6CdVLFSBwK1g5HN9N6+5EpzRN5j3nKgpgMJI84JWisnn3k+ZI9+FxGmPvIY6bn3LOrbs2dyVkGr4AqFGr07C+/n9AsZhKpIFp3PTfFYEwUcirYpOJnmqWEjsiAdQ1KYlYF49kBE+fUOH0nSpR5Ep2Z+3tiTGKt8zg0nTHBoV6sTc3/at0Mo6tgzGWaIZN0vijKhIOJM03D6XPFKIrcAKGKm786dEgUoWgyq5gQvMWTl6F1XvPcmnd3Ua1fF3GU4RhO4Aw8uIQ63EIDmkBhAs/wCm/Wk/VivVsf89aSVcwcwh9Znz9od5bs</latexit><latexit sha1_base64="7gs1OTGtmLHC7c6e6ziMsOW0JQk=">AAACAHicbZBNS8NAEIYn9avWr6gHD16CRfBUEhH0WPTisYL9gCaUzXbTLt1s4u5ECKUX/4oXD4p49Wd489+4bXPQ1hcWHt6ZYXbeMBVco+t+W6WV1bX1jfJmZWt7Z3fP3j9o6SRTlDVpIhLVCYlmgkvWRI6CdVLFSBwK1g5HN9N6+5EpzRN5j3nKgpgMJI84JWisnn3k+ZI9+FxGmPvIY6bn3LOrbs2dyVkGr4AqFGr07C+/n9AsZhKpIFp3PTfFYEwUcirYpOJnmqWEjsiAdQ1KYlYF49kBE+fUOH0nSpR5Ep2Z+3tiTGKt8zg0nTHBoV6sTc3/at0Mo6tgzGWaIZN0vijKhIOJM03D6XPFKIrcAKGKm786dEgUoWgyq5gQvMWTl6F1XvPcmnd3Ua1fF3GU4RhO4Aw8uIQ63EIDmkBhAs/wCm/Wk/VivVsf89aSVcwcwh9Znz9od5bs</latexit><latexit sha1_base64="7gs1OTGtmLHC7c6e6ziMsOW0JQk=">AAACAHicbZBNS8NAEIYn9avWr6gHD16CRfBUEhH0WPTisYL9gCaUzXbTLt1s4u5ECKUX/4oXD4p49Wd489+4bXPQ1hcWHt6ZYXbeMBVco+t+W6WV1bX1jfJmZWt7Z3fP3j9o6SRTlDVpIhLVCYlmgkvWRI6CdVLFSBwK1g5HN9N6+5EpzRN5j3nKgpgMJI84JWisnn3k+ZI9+FxGmPvIY6bn3LOrbs2dyVkGr4AqFGr07C+/n9AsZhKpIFp3PTfFYEwUcirYpOJnmqWEjsiAdQ1KYlYF49kBE+fUOH0nSpR5Ep2Z+3tiTGKt8zg0nTHBoV6sTc3/at0Mo6tgzGWaIZN0vijKhIOJM03D6XPFKIrcAKGKm786dEgUoWgyq5gQvMWTl6F1XvPcmnd3Ua1fF3GU4RhO4Aw8uIQ63EIDmkBhAs/wCm/Wk/VivVsf89aSVcwcwh9Znz9od5bs</latexit><latexit sha1_base64="7gs1OTGtmLHC7c6e6ziMsOW0JQk=">AAACAHicbZBNS8NAEIYn9avWr6gHD16CRfBUEhH0WPTisYL9gCaUzXbTLt1s4u5ECKUX/4oXD4p49Wd489+4bXPQ1hcWHt6ZYXbeMBVco+t+W6WV1bX1jfJmZWt7Z3fP3j9o6SRTlDVpIhLVCYlmgkvWRI6CdVLFSBwK1g5HN9N6+5EpzRN5j3nKgpgMJI84JWisnn3k+ZI9+FxGmPvIY6bn3LOrbs2dyVkGr4AqFGr07C+/n9AsZhKpIFp3PTfFYEwUcirYpOJnmqWEjsiAdQ1KYlYF49kBE+fUOH0nSpR5Ep2Z+3tiTGKt8zg0nTHBoV6sTc3/at0Mo6tgzGWaIZN0vijKhIOJM03D6XPFKIrcAKGKm786dEgUoWgyq5gQvMWTl6F1XvPcmnd3Ua1fF3GU4RhO4Aw8uIQ63EIDmkBhAs/wCm/Wk/VivVsf89aSVcwcwh9Znz9od5bs</latexit>



The fix: embed                                and take trace within this 
larger, extended Hilbert space
H ,! HA ⌦HAc

<latexit sha1_base64="AgDLR5htYKGCtYB6kBKC5R6J70k=">AAACOXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl102UF+4Cmlsl02gydZMLMjVJCfsuNf+FOcONCEbf+gNM2+Gh74MLhnHu59x4vElyDbT9buaXlldW1/HphY3Nre6e4u9fQMlaU1akUUrU8opngIasDB8FakWIk8ARresOrsd+8Y0pzGd7AKGKdgAxC3ueUgJG6xZobEPApEbjq+lIOFR/4QJSS979GN/nhF6krgQdML3ZvadotluyyPQGeJ05GSihDrVt8cnuSxgELgQqidduxI+gkRAGngqUFN9YsInRIBqxtaEjM9k4y+TzFR0bp4b5UpkLAE/XvREICrUeBZzrHR+pZbywu8tox9M87CQ+jGFhIp4v6scAg8ThG3OOKURAjQwhV3NyKqU8UoWDCLpgQnNmX50njpOzYZef6tFS5zOLIowN0iI6Rg85QBVVRDdURRQ/oBb2hd+vRerU+rM9pa87KZvbRP1hf34rCroU=</latexit><latexit sha1_base64="AgDLR5htYKGCtYB6kBKC5R6J70k=">AAACOXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl102UF+4Cmlsl02gydZMLMjVJCfsuNf+FOcONCEbf+gNM2+Gh74MLhnHu59x4vElyDbT9buaXlldW1/HphY3Nre6e4u9fQMlaU1akUUrU8opngIasDB8FakWIk8ARresOrsd+8Y0pzGd7AKGKdgAxC3ueUgJG6xZobEPApEbjq+lIOFR/4QJSS979GN/nhF6krgQdML3ZvadotluyyPQGeJ05GSihDrVt8cnuSxgELgQqidduxI+gkRAGngqUFN9YsInRIBqxtaEjM9k4y+TzFR0bp4b5UpkLAE/XvREICrUeBZzrHR+pZbywu8tox9M87CQ+jGFhIp4v6scAg8ThG3OOKURAjQwhV3NyKqU8UoWDCLpgQnNmX50njpOzYZef6tFS5zOLIowN0iI6Rg85QBVVRDdURRQ/oBb2hd+vRerU+rM9pa87KZvbRP1hf34rCroU=</latexit><latexit sha1_base64="AgDLR5htYKGCtYB6kBKC5R6J70k=">AAACOXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl102UF+4Cmlsl02gydZMLMjVJCfsuNf+FOcONCEbf+gNM2+Gh74MLhnHu59x4vElyDbT9buaXlldW1/HphY3Nre6e4u9fQMlaU1akUUrU8opngIasDB8FakWIk8ARresOrsd+8Y0pzGd7AKGKdgAxC3ueUgJG6xZobEPApEbjq+lIOFR/4QJSS979GN/nhF6krgQdML3ZvadotluyyPQGeJ05GSihDrVt8cnuSxgELgQqidduxI+gkRAGngqUFN9YsInRIBqxtaEjM9k4y+TzFR0bp4b5UpkLAE/XvREICrUeBZzrHR+pZbywu8tox9M87CQ+jGFhIp4v6scAg8ThG3OOKURAjQwhV3NyKqU8UoWDCLpgQnNmX50njpOzYZef6tFS5zOLIowN0iI6Rg85QBVVRDdURRQ/oBb2hd+vRerU+rM9pa87KZvbRP1hf34rCroU=</latexit><latexit sha1_base64="AgDLR5htYKGCtYB6kBKC5R6J70k=">AAACOXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdFl102UF+4Cmlsl02gydZMLMjVJCfsuNf+FOcONCEbf+gNM2+Gh74MLhnHu59x4vElyDbT9buaXlldW1/HphY3Nre6e4u9fQMlaU1akUUrU8opngIasDB8FakWIk8ARresOrsd+8Y0pzGd7AKGKdgAxC3ueUgJG6xZobEPApEbjq+lIOFR/4QJSS979GN/nhF6krgQdML3ZvadotluyyPQGeJ05GSihDrVt8cnuSxgELgQqidduxI+gkRAGngqUFN9YsInRIBqxtaEjM9k4y+TzFR0bp4b5UpkLAE/XvREICrUeBZzrHR+pZbywu8tox9M87CQ+jGFhIp4v6scAg8ThG3OOKURAjQwhV3NyKqU8UoWDCLpgQnNmX50njpOzYZef6tFS5zOLIowN0iI6Rg85QBVVRDdURRQ/oBb2hd+vRerU+rM9pa87KZvbRP1hf34rCroU=</latexit>

Physical ground state,        ,  maps to a       that we will identify 
by imposing gauge invariance by hand.

| i
<latexit sha1_base64="cFII5ZZ4SUKXudhScXUbj+eQwgQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbSbt0swm7G6HE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8O/M7j6g0T+SDmaQYxHQoecQZNVbyn/xUc19RORTYr9bcujsHWSVeQWpQoNmvfvmDhGUxSsME1brnuakJcqoMZwKnFT/TmFI2pkPsWSppjDrI5zdPyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eLzPRdZBzmWYGJVssijJBTEJmAZABV8iMmFhCmeL2VsJGVFFmbEwVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMEjhGV7hzcmcF+fd+Vi0lpxi5hj+wPn8AWw7kes=</latexit><latexit sha1_base64="cFII5ZZ4SUKXudhScXUbj+eQwgQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbSbt0swm7G6HE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8O/M7j6g0T+SDmaQYxHQoecQZNVbyn/xUc19RORTYr9bcujsHWSVeQWpQoNmvfvmDhGUxSsME1brnuakJcqoMZwKnFT/TmFI2pkPsWSppjDrI5zdPyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eLzPRdZBzmWYGJVssijJBTEJmAZABV8iMmFhCmeL2VsJGVFFmbEwVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMEjhGV7hzcmcF+fd+Vi0lpxi5hj+wPn8AWw7kes=</latexit><latexit sha1_base64="cFII5ZZ4SUKXudhScXUbj+eQwgQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbSbt0swm7G6HE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8O/M7j6g0T+SDmaQYxHQoecQZNVbyn/xUc19RORTYr9bcujsHWSVeQWpQoNmvfvmDhGUxSsME1brnuakJcqoMZwKnFT/TmFI2pkPsWSppjDrI5zdPyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eLzPRdZBzmWYGJVssijJBTEJmAZABV8iMmFhCmeL2VsJGVFFmbEwVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMEjhGV7hzcmcF+fd+Vi0lpxi5hj+wPn8AWw7kes=</latexit><latexit sha1_base64="cFII5ZZ4SUKXudhScXUbj+eQwgQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gOaUDbbSbt0swm7G6HE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXB8O/M7j6g0T+SDmaQYxHQoecQZNVbyn/xUc19RORTYr9bcujsHWSVeQWpQoNmvfvmDhGUxSsME1brnuakJcqoMZwKnFT/TmFI2pkPsWSppjDrI5zdPyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eLzPRdZBzmWYGJVssijJBTEJmAZABV8iMmFhCmeL2VsJGVFFmbEwVG4K3/PIqaV/UPbfu3V/WGjdFHGU4gVM4Bw+uoAF30IQWMEjhGV7hzcmcF+fd+Vi0lpxi5hj+wPn8AWw7kes=</latexit>

| ̃i
<latexit sha1_base64="Vbn/VLWHTCzwjPfQd9Foe2HS3x0=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16CRbBU0lE0GPRi8cK9gOaUDabSbt0swm7G7HU/hUvHhTx6h/x5r9x2+agrQ8GHu/NMDMvzDhT2nW/rdLa+sbmVnm7srO7t39gH1bbKs0lxRZNeSq7IVHImcCWZppjN5NIkpBjJxzdzPzOA0rFUnGvxxkGCRkIFjNKtJH6dvXJ14xH6GeK+ZKIAce+XXPr7hzOKvEKUoMCzb795UcpzRMUmnKiVM9zMx1MiNSMcpxW/FxhRuiIDLBnqCAJqmAyv33qnBolcuJUmhLamau/JyYkUWqchKYzIXqolr2Z+J/Xy3V8FUyYyHKNgi4WxTl3dOrMgnAiJpFqPjaEUMnMrQ4dEkmoNnFVTAje8surpH1e99y6d3dRa1wXcZThGE7gDDy4hAbcQhNaQOERnuEV3qyp9WK9Wx+L1pJVzBzBH1ifP5T/lMY=</latexit><latexit sha1_base64="Vbn/VLWHTCzwjPfQd9Foe2HS3x0=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16CRbBU0lE0GPRi8cK9gOaUDabSbt0swm7G7HU/hUvHhTx6h/x5r9x2+agrQ8GHu/NMDMvzDhT2nW/rdLa+sbmVnm7srO7t39gH1bbKs0lxRZNeSq7IVHImcCWZppjN5NIkpBjJxzdzPzOA0rFUnGvxxkGCRkIFjNKtJH6dvXJ14xH6GeK+ZKIAce+XXPr7hzOKvEKUoMCzb795UcpzRMUmnKiVM9zMx1MiNSMcpxW/FxhRuiIDLBnqCAJqmAyv33qnBolcuJUmhLamau/JyYkUWqchKYzIXqolr2Z+J/Xy3V8FUyYyHKNgi4WxTl3dOrMgnAiJpFqPjaEUMnMrQ4dEkmoNnFVTAje8surpH1e99y6d3dRa1wXcZThGE7gDDy4hAbcQhNaQOERnuEV3qyp9WK9Wx+L1pJVzBzBH1ifP5T/lMY=</latexit><latexit sha1_base64="Vbn/VLWHTCzwjPfQd9Foe2HS3x0=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16CRbBU0lE0GPRi8cK9gOaUDabSbt0swm7G7HU/hUvHhTx6h/x5r9x2+agrQ8GHu/NMDMvzDhT2nW/rdLa+sbmVnm7srO7t39gH1bbKs0lxRZNeSq7IVHImcCWZppjN5NIkpBjJxzdzPzOA0rFUnGvxxkGCRkIFjNKtJH6dvXJ14xH6GeK+ZKIAce+XXPr7hzOKvEKUoMCzb795UcpzRMUmnKiVM9zMx1MiNSMcpxW/FxhRuiIDLBnqCAJqmAyv33qnBolcuJUmhLamau/JyYkUWqchKYzIXqolr2Z+J/Xy3V8FUyYyHKNgi4WxTl3dOrMgnAiJpFqPjaEUMnMrQ4dEkmoNnFVTAje8surpH1e99y6d3dRa1wXcZThGE7gDDy4hAbcQhNaQOERnuEV3qyp9WK9Wx+L1pJVzBzBH1ifP5T/lMY=</latexit><latexit sha1_base64="Vbn/VLWHTCzwjPfQd9Foe2HS3x0=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16CRbBU0lE0GPRi8cK9gOaUDabSbt0swm7G7HU/hUvHhTx6h/x5r9x2+agrQ8GHu/NMDMvzDhT2nW/rdLa+sbmVnm7srO7t39gH1bbKs0lxRZNeSq7IVHImcCWZppjN5NIkpBjJxzdzPzOA0rFUnGvxxkGCRkIFjNKtJH6dvXJ14xH6GeK+ZKIAce+XXPr7hzOKvEKUoMCzb795UcpzRMUmnKiVM9zMx1MiNSMcpxW/FxhRuiIDLBnqCAJqmAyv33qnBolcuJUmhLamau/JyYkUWqchKYzIXqolr2Z+J/Xy3V8FUyYyHKNgi4WxTl3dOrMgnAiJpFqPjaEUMnMrQ4dEkmoNnFVTAje8surpH1e99y6d3dRa1wXcZThGE7gDDy4hAbcQhNaQOERnuEV3qyp9WK9Wx+L1pJVzBzBH1ifP5T/lMY=</latexit>

�
J i
m,A ⌦ 1Ac + 1A ⌦ J i

�m,Ac

�
| ̃i = 0

<latexit sha1_base64="xAFXo8buJHgZf67+3Lui0rjUZow="></latexit><latexit sha1_base64="xAFXo8buJHgZf67+3Lui0rjUZow="></latexit><latexit sha1_base64="xAFXo8buJHgZf67+3Lui0rjUZow="></latexit><latexit sha1_base64="xAFXo8buJHgZf67+3Lui0rjUZow="></latexit>

Once dipole moment in       has been specified, solution is 
unique: Ishibashi state(s) 

A
<latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit><latexit sha1_base64="PbOEPO3Lq2g2RJJxwl06Gsfiq/M=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeqF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EccSoJFf9as2tuzOQZeIVpAYFmv3qV28QszTiCpmkxnQ9N0E/oxoFk3xa6aWGJ5SN6ZB3LVU04sbPZomn5MQqAxLG2j6FZKb+3shoZMwkCuxkntAsern4n9dNMbz0M6GSFLli84/CVBKMSX4+GQjNGcqJJZRpYbMSNqKaMrQlVWwJ3uLJy6R9Vvfcund3XmtcF3WU4QiO4RQ8uIAG3EITWsBAwTO8wptjnBfn3fmYj5acYucQ/sD5/AH/jZB1</latexit>

� ̃� = �dx�⊗ �dy�
<latexit sha1_base64="WV+NJjUc9KW9+QnjAqMXhEO3NiE=">AAACMXicbVDLSgMxFM34rPVVdelmsAiuyowIuhGKbtwIFe0DnLFkMrc1mEmG5I5YRv/D/3DvVn+hO3El+BOmD0GrBwIn597D4Z4oFdyg5/WdqemZ2bn5wkJxcWl5ZbW0tt4wKtMM6kwJpVsRNSC4hDpyFNBKNdAkEtCMbo4H8+YtaMOVvMBeCmFCu5J3OKNopXZp9z5ALmIIUsMDTWVXwOF9fHUX6NEnUMgTMFbqfUvtUtmreEO4f4k/JmUyRq1d+ghixbIEJDJBjbn0vRTDnGrkTMBDMcgMpJTd0C5cWiqpDQzz4W0P7rZVYrejtH0S3aH605HTxJheEtnNhOK1mZwNxH9np/Lc2pSYyMfOQZhzmWYIko3iO5lwUbmD+tyYa2AoepZQprm9wGXXVFOGtuSircafLOIvaexWfK/in+2Vq0fjkgpkk2yRHeKTfVIlJ6RG6oSRR/JMXsir8+T0nTfnfbQ65Yw9G+QXnM8vMCesVw==</latexit><latexit sha1_base64="WV+NJjUc9KW9+QnjAqMXhEO3NiE=">AAACMXicbVDLSgMxFM34rPVVdelmsAiuyowIuhGKbtwIFe0DnLFkMrc1mEmG5I5YRv/D/3DvVn+hO3El+BOmD0GrBwIn597D4Z4oFdyg5/WdqemZ2bn5wkJxcWl5ZbW0tt4wKtMM6kwJpVsRNSC4hDpyFNBKNdAkEtCMbo4H8+YtaMOVvMBeCmFCu5J3OKNopXZp9z5ALmIIUsMDTWVXwOF9fHUX6NEnUMgTMFbqfUvtUtmreEO4f4k/JmUyRq1d+ghixbIEJDJBjbn0vRTDnGrkTMBDMcgMpJTd0C5cWiqpDQzz4W0P7rZVYrejtH0S3aH605HTxJheEtnNhOK1mZwNxH9np/Lc2pSYyMfOQZhzmWYIko3iO5lwUbmD+tyYa2AoepZQprm9wGXXVFOGtuSircafLOIvaexWfK/in+2Vq0fjkgpkk2yRHeKTfVIlJ6RG6oSRR/JMXsir8+T0nTfnfbQ65Yw9G+QXnM8vMCesVw==</latexit><latexit sha1_base64="WV+NJjUc9KW9+QnjAqMXhEO3NiE=">AAACMXicbVDLSgMxFM34rPVVdelmsAiuyowIuhGKbtwIFe0DnLFkMrc1mEmG5I5YRv/D/3DvVn+hO3El+BOmD0GrBwIn597D4Z4oFdyg5/WdqemZ2bn5wkJxcWl5ZbW0tt4wKtMM6kwJpVsRNSC4hDpyFNBKNdAkEtCMbo4H8+YtaMOVvMBeCmFCu5J3OKNopXZp9z5ALmIIUsMDTWVXwOF9fHUX6NEnUMgTMFbqfUvtUtmreEO4f4k/JmUyRq1d+ghixbIEJDJBjbn0vRTDnGrkTMBDMcgMpJTd0C5cWiqpDQzz4W0P7rZVYrejtH0S3aH605HTxJheEtnNhOK1mZwNxH9np/Lc2pSYyMfOQZhzmWYIko3iO5lwUbmD+tyYa2AoepZQprm9wGXXVFOGtuSircafLOIvaexWfK/in+2Vq0fjkgpkk2yRHeKTfVIlJ6RG6oSRR/JMXsir8+T0nTfnfbQ65Yw9G+QXnM8vMCesVw==</latexit><latexit sha1_base64="WV+NJjUc9KW9+QnjAqMXhEO3NiE=">AAACMXicbVDLSgMxFM34rPVVdelmsAiuyowIuhGKbtwIFe0DnLFkMrc1mEmG5I5YRv/D/3DvVn+hO3El+BOmD0GrBwIn597D4Z4oFdyg5/WdqemZ2bn5wkJxcWl5ZbW0tt4wKtMM6kwJpVsRNSC4hDpyFNBKNdAkEtCMbo4H8+YtaMOVvMBeCmFCu5J3OKNopXZp9z5ALmIIUsMDTWVXwOF9fHUX6NEnUMgTMFbqfUvtUtmreEO4f4k/JmUyRq1d+ghixbIEJDJBjbn0vRTDnGrkTMBDMcgMpJTd0C5cWiqpDQzz4W0P7rZVYrejtH0S3aH605HTxJheEtnNhOK1mZwNxH9np/Lc2pSYyMfOQZhzmWYIko3iO5lwUbmD+tyYa2AoepZQprm9wGXXVFOGtuSircafLOIvaexWfK/in+2Vq0fjkgpkk2yRHeKTfVIlJ6RG6oSRR/JMXsir8+T0nTfnfbQ65Yw9G+QXnM8vMCesVw==</latexit>



Bulk ent of tCS = LR ent of dipole Ishibashi states

This reduces to a known calculation.

� ̃�→ e−✏H� ̃�
<latexit sha1_base64="YEye1/RCfttF5sp0+zlky8vUEfg="></latexit><latexit sha1_base64="YEye1/RCfttF5sp0+zlky8vUEfg="></latexit><latexit sha1_base64="YEye1/RCfttF5sp0+zlky8vUEfg="></latexit><latexit sha1_base64="YEye1/RCfttF5sp0+zlky8vUEfg="></latexit>

Dedekind eta function: from            oscillators 
Jacobi theta function: from summing over         dipoles equivalent by large gauge tx# :

<latexit sha1_base64="lBVIIz0yzZtVZlsJo08ieMEkiBM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQfFU9OKxgv3AdinZdLYNzWaXJFsoS/+FFw+KePXfePPfmLZ70NYHgcd7M5OZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rTEqzWP5aCYJ+hEdSB5yRo2VnrpjqswQDb3plStu1Z2DrBIvJxXIUe+Vv7r9mKURSsME1brjuYnxMzuPM4HTUjfVmFA2ogPsWCpphNrP5htPyZlV+iSMlX3SkLn6uyOjkdaTKLCVETVDvezNxP+8TmrCaz/jMkkNSrb4KEwFMTGZnU/6XCEzYmIJZYrbXQkbUkWZsSGVbAje8smrpHlR9dyq93BZqd3mcRThBE7hHDy4ghrcQx0awEDCM7zCm6OdF+fd+ViUFpy85xj+wPn8AY79kNM=</latexit><latexit sha1_base64="lBVIIz0yzZtVZlsJo08ieMEkiBM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQfFU9OKxgv3AdinZdLYNzWaXJFsoS/+FFw+KePXfePPfmLZ70NYHgcd7M5OZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rTEqzWP5aCYJ+hEdSB5yRo2VnrpjqswQDb3plStu1Z2DrBIvJxXIUe+Vv7r9mKURSsME1brjuYnxMzuPM4HTUjfVmFA2ogPsWCpphNrP5htPyZlV+iSMlX3SkLn6uyOjkdaTKLCVETVDvezNxP+8TmrCaz/jMkkNSrb4KEwFMTGZnU/6XCEzYmIJZYrbXQkbUkWZsSGVbAje8smrpHlR9dyq93BZqd3mcRThBE7hHDy4ghrcQx0awEDCM7zCm6OdF+fd+ViUFpy85xj+wPn8AY79kNM=</latexit><latexit sha1_base64="lBVIIz0yzZtVZlsJo08ieMEkiBM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQfFU9OKxgv3AdinZdLYNzWaXJFsoS/+FFw+KePXfePPfmLZ70NYHgcd7M5OZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rTEqzWP5aCYJ+hEdSB5yRo2VnrpjqswQDb3plStu1Z2DrBIvJxXIUe+Vv7r9mKURSsME1brjuYnxMzuPM4HTUjfVmFA2ogPsWCpphNrP5htPyZlV+iSMlX3SkLn6uyOjkdaTKLCVETVDvezNxP+8TmrCaz/jMkkNSrb4KEwFMTGZnU/6XCEzYmIJZYrbXQkbUkWZsSGVbAje8smrpHlR9dyq93BZqd3mcRThBE7hHDy4ghrcQx0awEDCM7zCm6OdF+fd+ViUFpy85xj+wPn8AY79kNM=</latexit><latexit sha1_base64="lBVIIz0yzZtVZlsJo08ieMEkiBM=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQfFU9OKxgv3AdinZdLYNzWaXJFsoS/+FFw+KePXfePPfmLZ70NYHgcd7M5OZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rTEqzWP5aCYJ+hEdSB5yRo2VnrpjqswQDb3plStu1Z2DrBIvJxXIUe+Vv7r9mKURSsME1brjuYnxMzuPM4HTUjfVmFA2ogPsWCpphNrP5htPyZlV+iSMlX3SkLn6uyOjkdaTKLCVETVDvezNxP+8TmrCaz/jMkkNSrb4KEwFMTGZnU/6XCEzYmIJZYrbXQkbUkWZsSGVbAje8smrpHlR9dyq93BZqd3mcRThBE7hHDy4ghrcQx0awEDCM7zCm6OdF+fd+ViUFpy85xj+wPn8AY79kNM=</latexit>

⌘ :
<latexit sha1_base64="6GqQRmSDErwkUsDF4JXiFew4VeI=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUDwVvXisYNpCG8pmO2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332ymtrW9sbpW3Kzu7e/sH1cOjlkkyzcHniUx0J2QGpFDgo0AJnVQDi0MJ7XB8N/PbT6CNSNQjTlIIYjZUIhKcoZX8HiC76Vdrbt2dg64SryA1UqDZr371BgnPYlDIJTOm67kpBjnTKLiEaaWXGUgZH7MhdC1VLAYT5PNjp/TMKgMaJdqWQjpXf0/kLDZmEoe2M2Y4MsveTPzP62YYXQe5UGmGoPhiUZRJigmdfU4HQgNHObGEcS3srZSPmGYcbT4VG4K3/PIqaV3UPbfuPVzWGrdFHGVyQk7JOfHIFWmQe9IkPuFEkGfySt4c5bw4787HorXkFDPH5A+czx+HSo58</latexit><latexit sha1_base64="6GqQRmSDErwkUsDF4JXiFew4VeI=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUDwVvXisYNpCG8pmO2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332ymtrW9sbpW3Kzu7e/sH1cOjlkkyzcHniUx0J2QGpFDgo0AJnVQDi0MJ7XB8N/PbT6CNSNQjTlIIYjZUIhKcoZX8HiC76Vdrbt2dg64SryA1UqDZr371BgnPYlDIJTOm67kpBjnTKLiEaaWXGUgZH7MhdC1VLAYT5PNjp/TMKgMaJdqWQjpXf0/kLDZmEoe2M2Y4MsveTPzP62YYXQe5UGmGoPhiUZRJigmdfU4HQgNHObGEcS3srZSPmGYcbT4VG4K3/PIqaV3UPbfuPVzWGrdFHGVyQk7JOfHIFWmQe9IkPuFEkGfySt4c5bw4787HorXkFDPH5A+czx+HSo58</latexit><latexit sha1_base64="6GqQRmSDErwkUsDF4JXiFew4VeI=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUDwVvXisYNpCG8pmO2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332ymtrW9sbpW3Kzu7e/sH1cOjlkkyzcHniUx0J2QGpFDgo0AJnVQDi0MJ7XB8N/PbT6CNSNQjTlIIYjZUIhKcoZX8HiC76Vdrbt2dg64SryA1UqDZr371BgnPYlDIJTOm67kpBjnTKLiEaaWXGUgZH7MhdC1VLAYT5PNjp/TMKgMaJdqWQjpXf0/kLDZmEoe2M2Y4MsveTPzP62YYXQe5UGmGoPhiUZRJigmdfU4HQgNHObGEcS3srZSPmGYcbT4VG4K3/PIqaV3UPbfuPVzWGrdFHGVyQk7JOfHIFWmQe9IkPuFEkGfySt4c5bw4787HorXkFDPH5A+czx+HSo58</latexit><latexit sha1_base64="6GqQRmSDErwkUsDF4JXiFew4VeI=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUDwVvXisYNpCG8pmO2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332ymtrW9sbpW3Kzu7e/sH1cOjlkkyzcHniUx0J2QGpFDgo0AJnVQDi0MJ7XB8N/PbT6CNSNQjTlIIYjZUIhKcoZX8HiC76Vdrbt2dg64SryA1UqDZr371BgnPYlDIJTOm67kpBjnTKLiEaaWXGUgZH7MhdC1VLAYT5PNjp/TMKgMaJdqWQjpXf0/kLDZmEoe2M2Y4MsveTPzP62YYXQe5UGmGoPhiUZRJigmdfU4HQgNHObGEcS3srZSPmGYcbT4VG4K3/PIqaV3UPbfuPVzWGrdFHGVyQk7JOfHIFWmQe9IkPuFEkGfySt4c5bw4787HorXkFDPH5A+czx+HSo58</latexit>

kZ
<latexit sha1_base64="4ChAWN7+qwrmugGMkCaRNc68jEU=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+6BtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy0emDgcM69zLknSATXxnW/nNLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWB6m/udR1Sax/LBzBL0IzqWPOSMGiv1poOImkkQkN6wWnPr7gLkL/EKUoMCzWH1czCKWRqhNExQrfuemxg/o8pwJnBeGaQaE8qmdIx9SyWNUPvZIvGcnFllRMJY2ScNWag/NzIaaT2LAjuZB9SrXi7+5/VTE177GZdJalCy5UdhKoiJSX4+GXGFzIiZJZQpbrMSNqGKMmNLqtgSvNWT/5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDCU/wAq+Odp6dN+d9OVpyip1j+AXn4xskHJCN</latexit><latexit sha1_base64="4ChAWN7+qwrmugGMkCaRNc68jEU=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+6BtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy0emDgcM69zLknSATXxnW/nNLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWB6m/udR1Sax/LBzBL0IzqWPOSMGiv1poOImkkQkN6wWnPr7gLkL/EKUoMCzWH1czCKWRqhNExQrfuemxg/o8pwJnBeGaQaE8qmdIx9SyWNUPvZIvGcnFllRMJY2ScNWag/NzIaaT2LAjuZB9SrXi7+5/VTE177GZdJalCy5UdhKoiJSX4+GXGFzIiZJZQpbrMSNqGKMmNLqtgSvNWT/5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDCU/wAq+Odp6dN+d9OVpyip1j+AXn4xskHJCN</latexit><latexit sha1_base64="4ChAWN7+qwrmugGMkCaRNc68jEU=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+6BtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy0emDgcM69zLknSATXxnW/nNLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWB6m/udR1Sax/LBzBL0IzqWPOSMGiv1poOImkkQkN6wWnPr7gLkL/EKUoMCzWH1czCKWRqhNExQrfuemxg/o8pwJnBeGaQaE8qmdIx9SyWNUPvZIvGcnFllRMJY2ScNWag/NzIaaT2LAjuZB9SrXi7+5/VTE177GZdJalCy5UdhKoiJSX4+GXGFzIiZJZQpbrMSNqGKMmNLqtgSvNWT/5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDCU/wAq+Odp6dN+d9OVpyip1j+AXn4xskHJCN</latexit><latexit sha1_base64="4ChAWN7+qwrmugGMkCaRNc68jEU=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+6BtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy0emDgcM69zLknSATXxnW/nNLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWB6m/udR1Sax/LBzBL0IzqWPOSMGiv1poOImkkQkN6wWnPr7gLkL/EKUoMCzWH1czCKWRqhNExQrfuemxg/o8pwJnBeGaQaE8qmdIx9SyWNUPvZIvGcnFllRMJY2ScNWag/NzIaaT2LAjuZB9SrXi7+5/VTE177GZdJalCy5UdhKoiJSX4+GXGFzIiZJZQpbrMSNqGKMmNLqtgSvNWT/5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDCU/wAq+Odp6dN+d9OVpyip1j+AXn4xskHJCN</latexit>

One subtlety:
Ishibashi states have 
divergent norm that 
require regularization
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<latexit sha1_base64="X2KQ3TZsb3FPP01gRMKOL9iwAXQ="></latexit><latexit sha1_base64="X2KQ3TZsb3FPP01gRMKOL9iwAXQ="></latexit><latexit sha1_base64="X2KQ3TZsb3FPP01gRMKOL9iwAXQ="></latexit><latexit sha1_base64="X2KQ3TZsb3FPP01gRMKOL9iwAXQ="></latexit>

[X. Wen, S. Matsuura, S. Ryu; 2016]

m 6= 0
<latexit sha1_base64="fth7L9NuGhm3c1fXb934Km3GQAQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmQmdl1ZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWie1ZFfhI/F75Ypf9ecgqyTISQVy1Hvlr24/ZqlEZZmgxnQCP7FhRrXlTOC01E0NJpSN6RA7jioq0YTZ/NwpOXNKnwxi7UpZMld/T2RUGjORkeuU1I7MsjcT//M6qR1chxlXSWpRscWiQSqIjcnsd9LnGpkVE0co09zdStiIasqsS6jkQgiWX14lzYtq4FeD+8tK7SaPowgncArnEMAV1OAO6tAABmN4hld48xLvxXv3PhatBS+fOYY/8D5/AKtCjx0=</latexit><latexit sha1_base64="fth7L9NuGhm3c1fXb934Km3GQAQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmQmdl1ZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWie1ZFfhI/F75Ypf9ecgqyTISQVy1Hvlr24/ZqlEZZmgxnQCP7FhRrXlTOC01E0NJpSN6RA7jioq0YTZ/NwpOXNKnwxi7UpZMld/T2RUGjORkeuU1I7MsjcT//M6qR1chxlXSWpRscWiQSqIjcnsd9LnGpkVE0co09zdStiIasqsS6jkQgiWX14lzYtq4FeD+8tK7SaPowgncArnEMAV1OAO6tAABmN4hld48xLvxXv3PhatBS+fOYY/8D5/AKtCjx0=</latexit><latexit sha1_base64="fth7L9NuGhm3c1fXb934Km3GQAQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmQmdl1ZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWie1ZFfhI/F75Ypf9ecgqyTISQVy1Hvlr24/ZqlEZZmgxnQCP7FhRrXlTOC01E0NJpSN6RA7jioq0YTZ/NwpOXNKnwxi7UpZMld/T2RUGjORkeuU1I7MsjcT//M6qR1chxlXSWpRscWiQSqIjcnsd9LnGpkVE0co09zdStiIasqsS6jkQgiWX14lzYtq4FeD+8tK7SaPowgncArnEMAV1OAO6tAABmN4hld48xLvxXv3PhatBS+fOYY/8D5/AKtCjx0=</latexit><latexit sha1_base64="fth7L9NuGhm3c1fXb934Km3GQAQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmQmdl1ZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWie1ZFfhI/F75Ypf9ecgqyTISQVy1Hvlr24/ZqlEZZmgxnQCP7FhRrXlTOC01E0NJpSN6RA7jioq0YTZ/NwpOXNKnwxi7UpZMld/T2RUGjORkeuU1I7MsjcT//M6qR1chxlXSWpRscWiQSqIjcnsd9LnGpkVE0co09zdStiIasqsS6jkQgiWX14lzYtq4FeD+8tK7SaPowgncArnEMAV1OAO6tAABmN4hld48xLvxXv3PhatBS+fOYY/8D5/AKtCjx0=</latexit>



Another perspective:
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<latexit sha1_base64="xduZsYAoN5z7KKq9VprGlEE/KPY="></latexit><latexit sha1_base64="xduZsYAoN5z7KKq9VprGlEE/KPY="></latexit><latexit sha1_base64="xduZsYAoN5z7KKq9VprGlEE/KPY="></latexit><latexit sha1_base64="xduZsYAoN5z7KKq9VprGlEE/KPY="></latexit>

arises as the thermal partition 
function of the edge theory with 

inverse temperature                     

� ⇠ n✏

`
<latexit sha1_base64="AFP5WoF/KHlRO8U0KXFlrrJN7nM=">AAACCHicbVA9SwNBEN2LXzF+nVpauBgEq3AngpZBG8sI5gNyR9jbzCVLdveO3T0hHClt/Cs2ForY+hPs/Ddukis08cHA470ZZuZFKWfaeN63U1pZXVvfKG9WtrZ3dvfc/YOWTjJFoUkTnqhORDRwJqFpmOHQSRUQEXFoR6Obqd9+AKVZIu/NOIVQkIFkMaPEWKnnHgcRGBJoJoJYEZrLAFLNeCIneQCcT3pu1at5M+Bl4hekigo0eu5X0E9oJkAayonWXd9LTZgTZRjlMKkEmYaU0BEZQNdSSQToMJ89MsGnVunjOFG2pMEz9fdEToTWYxHZTkHMUC96U/E/r5uZ+CrMmUwzA5LOF8UZxybB01Rwnymgho8tIVQxeyumQ2IDMTa7ig3BX3x5mbTOa75X8+8uqvXrIo4yOkIn6Az56BLV0S1qoCai6BE9o1f05jw5L8678zFvLTnFzCH6A+fzB0UjmsM=</latexit><latexit sha1_base64="AFP5WoF/KHlRO8U0KXFlrrJN7nM=">AAACCHicbVA9SwNBEN2LXzF+nVpauBgEq3AngpZBG8sI5gNyR9jbzCVLdveO3T0hHClt/Cs2ForY+hPs/Ddukis08cHA470ZZuZFKWfaeN63U1pZXVvfKG9WtrZ3dvfc/YOWTjJFoUkTnqhORDRwJqFpmOHQSRUQEXFoR6Obqd9+AKVZIu/NOIVQkIFkMaPEWKnnHgcRGBJoJoJYEZrLAFLNeCIneQCcT3pu1at5M+Bl4hekigo0eu5X0E9oJkAayonWXd9LTZgTZRjlMKkEmYaU0BEZQNdSSQToMJ89MsGnVunjOFG2pMEz9fdEToTWYxHZTkHMUC96U/E/r5uZ+CrMmUwzA5LOF8UZxybB01Rwnymgho8tIVQxeyumQ2IDMTa7ig3BX3x5mbTOa75X8+8uqvXrIo4yOkIn6Az56BLV0S1qoCai6BE9o1f05jw5L8678zFvLTnFzCH6A+fzB0UjmsM=</latexit><latexit sha1_base64="AFP5WoF/KHlRO8U0KXFlrrJN7nM=">AAACCHicbVA9SwNBEN2LXzF+nVpauBgEq3AngpZBG8sI5gNyR9jbzCVLdveO3T0hHClt/Cs2ForY+hPs/Ddukis08cHA470ZZuZFKWfaeN63U1pZXVvfKG9WtrZ3dvfc/YOWTjJFoUkTnqhORDRwJqFpmOHQSRUQEXFoR6Obqd9+AKVZIu/NOIVQkIFkMaPEWKnnHgcRGBJoJoJYEZrLAFLNeCIneQCcT3pu1at5M+Bl4hekigo0eu5X0E9oJkAayonWXd9LTZgTZRjlMKkEmYaU0BEZQNdSSQToMJ89MsGnVunjOFG2pMEz9fdEToTWYxHZTkHMUC96U/E/r5uZ+CrMmUwzA5LOF8UZxybB01Rwnymgho8tIVQxeyumQ2IDMTa7ig3BX3x5mbTOa75X8+8uqvXrIo4yOkIn6Az56BLV0S1qoCai6BE9o1f05jw5L8678zFvLTnFzCH6A+fzB0UjmsM=</latexit><latexit sha1_base64="AFP5WoF/KHlRO8U0KXFlrrJN7nM=">AAACCHicbVA9SwNBEN2LXzF+nVpauBgEq3AngpZBG8sI5gNyR9jbzCVLdveO3T0hHClt/Cs2ForY+hPs/Ddukis08cHA470ZZuZFKWfaeN63U1pZXVvfKG9WtrZ3dvfc/YOWTjJFoUkTnqhORDRwJqFpmOHQSRUQEXFoR6Obqd9+AKVZIu/NOIVQkIFkMaPEWKnnHgcRGBJoJoJYEZrLAFLNeCIneQCcT3pu1at5M+Bl4hekigo0eu5X0E9oJkAayonWXd9LTZgTZRjlMKkEmYaU0BEZQNdSSQToMJ89MsGnVunjOFG2pMEz9fdEToTWYxHZTkHMUC96U/E/r5uZ+CrMmUwzA5LOF8UZxybB01Rwnymgho8tIVQxeyumQ2IDMTa7ig3BX3x5mbTOa75X8+8uqvXrIo4yOkIn6Az56BLV0S1qoCai6BE9o1f05jw5L8678zFvLTnFzCH6A+fzB0UjmsM=</latexit>

The Jacobi theta arises from winding modes of          that arise 
when the symmetry group is compact

@i�
<latexit sha1_base64="Xow5tME2jvrXbnET7zxk541JmNs=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0xpJJM21oJhOSjFKG/ocbF4q49V/c+Tdm2llo64ELh3PuTe49oeRMG9f9dkpr6xubW+Xtys7u3v5B9fCoo5NUEdomCU9UL8SaciZo2zDDaU8qiuOQ0244ucn97iNVmiXi3kwlDWI8EixiBBsrPfgSK8MwHzBfjtmgWnPr7hxolXgFqUGB1qD65Q8TksZUGMKx1n3PlSbI8jcJp7OKn2oqMZngEe1bKnBMdZDNt56hM6sMUZQoW8Kgufp7IsOx1tM4tJ0xNmO97OXif14/NdFVkDEhU0MFWXwUpRyZBOURoCFTlBg+tQQTxeyuiIyxwsTYoCo2BG/55FXSuah7bt27u6w1r4s4ynACp3AOHjSgCbfQgjYQUPAMr/DmPDkvzrvzsWgtOcXMMfyB8/kD0ciStA==</latexit><latexit sha1_base64="Xow5tME2jvrXbnET7zxk541JmNs=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0xpJJM21oJhOSjFKG/ocbF4q49V/c+Tdm2llo64ELh3PuTe49oeRMG9f9dkpr6xubW+Xtys7u3v5B9fCoo5NUEdomCU9UL8SaciZo2zDDaU8qiuOQ0244ucn97iNVmiXi3kwlDWI8EixiBBsrPfgSK8MwHzBfjtmgWnPr7hxolXgFqUGB1qD65Q8TksZUGMKx1n3PlSbI8jcJp7OKn2oqMZngEe1bKnBMdZDNt56hM6sMUZQoW8Kgufp7IsOx1tM4tJ0xNmO97OXif14/NdFVkDEhU0MFWXwUpRyZBOURoCFTlBg+tQQTxeyuiIyxwsTYoCo2BG/55FXSuah7bt27u6w1r4s4ynACp3AOHjSgCbfQgjYQUPAMr/DmPDkvzrvzsWgtOcXMMfyB8/kD0ciStA==</latexit><latexit sha1_base64="Xow5tME2jvrXbnET7zxk541JmNs=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0xpJJM21oJhOSjFKG/ocbF4q49V/c+Tdm2llo64ELh3PuTe49oeRMG9f9dkpr6xubW+Xtys7u3v5B9fCoo5NUEdomCU9UL8SaciZo2zDDaU8qiuOQ0244ucn97iNVmiXi3kwlDWI8EixiBBsrPfgSK8MwHzBfjtmgWnPr7hxolXgFqUGB1qD65Q8TksZUGMKx1n3PlSbI8jcJp7OKn2oqMZngEe1bKnBMdZDNt56hM6sMUZQoW8Kgufp7IsOx1tM4tJ0xNmO97OXif14/NdFVkDEhU0MFWXwUpRyZBOURoCFTlBg+tQQTxeyuiIyxwsTYoCo2BG/55FXSuah7bt27u6w1r4s4ynACp3AOHjSgCbfQgjYQUPAMr/DmPDkvzrvzsWgtOcXMMfyB8/kD0ciStA==</latexit><latexit sha1_base64="Xow5tME2jvrXbnET7zxk541JmNs=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0xpJJM21oJhOSjFKG/ocbF4q49V/c+Tdm2llo64ELh3PuTe49oeRMG9f9dkpr6xubW+Xtys7u3v5B9fCoo5NUEdomCU9UL8SaciZo2zDDaU8qiuOQ0244ucn97iNVmiXi3kwlDWI8EixiBBsrPfgSK8MwHzBfjtmgWnPr7hxolXgFqUGB1qD65Q8TksZUGMKx1n3PlSbI8jcJp7OKn2oqMZngEe1bKnBMdZDNt56hM6sMUZQoW8Kgufp7IsOx1tM4tJ0xNmO97OXif14/NdFVkDEhU0MFWXwUpRyZBOURoCFTlBg+tQQTxeyuiIyxwsTYoCo2BG/55FXSuah7bt27u6w1r4s4ynACp3AOHjSgCbfQgjYQUPAMr/DmPDkvzrvzsWgtOcXMMfyB8/kD0ciStA==</latexit>



Taking the              and            limits we findn ! 1
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The subleading constant is consistent with two separate Abelian 
topological orders each with k anyons.



❖ No charge, level, or dipole quantizations

❖ Importantly, vacuum =/= “condensate of long-ish dipoles”…

❖ Charges remain fractonic and dipoles retain restricted mobility

❖ “fractonic insulator”

What if       instead of U(1)? R
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What is the entanglement entropy of such a phase?
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The coefficient of the log, 2 x (1/2), is universal but coarse: 
only tells us that there are two polarizations to Aij
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Other loose ends
❖ How robust is this quantum Hall analogue?

❖ Unlike Abelian CS, expect that the Hilbert space of tCS is sensitive to 
curvature.

❖ Can be embedded into a theory of “chiral elasticity.” Relevant gauge 
symmetry ~ Area preserving diffeos

❖ Interesting connections between APDs, qH physics, TGT

❖ Higher-D and gapless tensor gauge theories?

❖ Two contributions to ent. entropy:

❖ Edge modes

❖ Bulk (gapless) modes. 

[A. Gromov; 2019] [K. Slagle, et.al.; 2019]

[A. Gromov; 2019]

[Y.H. Du, et.al.; 2021][A. Cappelli, et.al.;1992]



❖ Entanglement signatures of gapped fracton phases

❖ Growing body of work for stabilizer fracton codes

❖ Field theory desc. of fracton phases is mature enough 
to start investigating these types of questions.

❖ Good first start: foliated field theories.

[B.Shi, Y.M. Liu; 2018] [H.Ma, et.al.; 2018] [W.Shirley, et.al.; 2018]

[K.Slagle; 2020]



Thank you. 
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