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Entanglement and modular flow in many-body systems
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<latexit sha1_base64="mGKEzVM5FV4YMY9PQbFxmpkKGD4=">AAACFnicbVC7TsNAEDyHVwivACXNiQgpFEQ2ioAGKYKGMghikOLIOl82cMr5bN2tkSIrPZ/AV9BCRYdoaSn4F+zgAghTjWZ2tbMTxFIYtO0PqzQzOze/UF6sLC2vrK5V1zdcEyWaQ4dHMtLXATMghYIOCpRwHWtgYSDhKhie5v7VHWgjInWJoxh6IbtRYiA4w0zyq9sXvnu854UMb3WYXupx3dO3ke96UtFvtutXa3bDnoBOE6cgNVKg7Vc/vX7EkxAUcsmM6Tp2jL2UaRRcwrjiJQZixofsBroZVSwE00snv4zpTmIYRjQGTYWkExF+bqQsNGYUBtlkHtr89XLxP6+b4OColwoVJwiK54dQSJgcMlyLrCSgfaEBkeXJgQpFOdMMEbSgjPNMTLLWKlkfzt/vp4m733AOGs3zZq11UjRTJltkm9SJQw5Ji5yRNukQTu7JI3kiz9aD9WK9Wm/foyWr2Nkkv2C9fwFCnp79</latexit>

SV = �Tr(⇢V ln ⇢V )

divergent in QFT, 
regulated by UV cutoff



Entanglement and modular flow in many-body systems

Spatial bipartition into            such that
<latexit sha1_base64="p7p+mhfEGyA4TfH0wyX+Vzq9oXc=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESGoIhtFQBlBQxkk4kRKrOh82YRTzvbpbg8pMvkJWqjoEC0/Q8G/YAcXkDDVaGZXOzuhksKg6346S8srq2vrpY3y5tb2zm5lb983idUcWjyRie6EzIAUMbRQoISO0sCiUEI7HF/nfvsBtBFJfIcTBUHERrEYCs4wkzp+j1tF/ZN+perW3BnoIvEKUiUFmv3KV2+QcBtBjFwyY7qeqzBImUbBJUzLPWtAMT5mI+hmNGYRmCCd5Z3SY2sYJlSBpkLSmQi/N1IWGTOJwmwyYnhv5r1c/M/rWhxeBqmIlUWIeX4IhYTZIcO1yIoAOhAaEFmeHKiIKWeaIYIWlHGeiTZrppz14c1/v0j8s5p3Xqvf1quNq6KZEjkkR+SUeOSCNMgNaZIW4USSJ/JMXpxH59V5c95/RpecYueA/IHz8Q3k4pPv</latexit>

V [ V 0 <latexit sha1_base64="AXDpcQbKoe6NtM6HDMRLokiK3bQ=">AAACJXicbVDLSgNBEJz1GeNr1aOXwSB6CrsS1IsQ9JJjBPOAJITeSScOmX0w0yuEJd/hJ/gVXvXkTQQP4q+4G3OIiXUqqrqp7vIiJQ05zqe1tLyyurae28hvbm3v7Np7+3UTxlpgTYQq1E0PDCoZYI0kKWxGGsH3FDa84U3mNx5QGxkGdzSKsOPDIJB9KYBSqWu7bR/oXoBKKuOrGd6tt0OSPho+Kyb1k3HXLjhFZwK+SNwpKbApql37q90LRexjQEKBMS3XiaiTgCYpFI7z7dhgBGIIA2ylNIA0tZNMXhvz49gAhTxCzaXiExFnNxLwjRn5XjqZ3WnmvUz8z2vF1L/sJDKIYsJAZEEkFU6CjNAy7Qx5T2okguxy5DLgAjQQoZYchEjFOC0xn/bhzn+/SOpnRfe8WLotFcrX02Zy7JAdsVPmsgtWZhVWZTUm2CN7Zi/s1Xqy3qx36+N3dMma7hywP7C+fwADPaZY</latexit>

H = HV ⌦HV 0
<latexit sha1_base64="j2dtOrm1edWVuhPY9Zug9EhI910=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAsoImpRBIgEpjqL1ZRNOnM/W3RopMpH4BL6CFio6RMsvUPAv2CEFJEw1mtnVzk4QK2nJdT+dufmFxaXlwkpxdW19Y7O0td2yUWIENkWkInMdgEUlNTZJksLr2CCEgcKr4PY896/u0FgZ6UsaxtgJYaBlXwqgTOqWdu/92ErfgB4o9KX2Q6AbASqtj7qlsltxx+CzxJuQMpug0S19+b1IJCFqEgqsbXtuTJ0UDEmhcFT0E4sxiFsYYDujGkK0nXT8w4gfJBYo4jEaLhUfi/h7I4XQ2mEYZJN5RDvt5eJ/Xjuh/mknlTpOCLXID5FUOD5khZFZOch70iAR5MmRS80FGCBCIzkIkYlJ1lYx68Ob/n6WtI4q3nGlelEt184mzRTYHttnh8xjJ6zG6qzBmkywB/bEntmL8+i8Om/O+8/onDPZ2WF/4Hx8A//anN8=</latexit>

| i 2 H

<latexit sha1_base64="Hgpanyd4iAXwEW1z77osXSGCIsA=">AAACI3icbVC7TsNAEDzzDOEVoKQ5ESGogo0ioEGKoKEMEgmR4shaH0s4cT5bd2skZPIZfAJfQQsVHaKhyL9ghxQQmGZHM7va3QkTJS257qczNT0zOzdfWigvLi2vrFbW1ts2To3AlohVbDohWFRSY4skKewkBiEKFV6Gt6eFf3mHxspYX9B9gr0I+lpeSwGUS0Flzzc3cdA+9iOgGxNlF2YQZO2dwYOfWOkb0H2FvvouufIQVKpuzR2B/yXemFTZGM2gMvSvYpFGqEkosLbruQn1MjAkhcJB2U8tJiBuoY/dnGqI0Pay0WMDvp1aoJgnaLhUfCTiz4kMImvvozDvLO63k14h/ud1U7o+6mVSJymhFsUikgpHi6wwMk8M+ZU0SATF5cil5gIMEKGRHITIxTSPsJzn4U1+/5e092veQa1+Xq82TsbJlNgm22K7zGOHrMHOWJO1mGCP7Jm9sFfnyXlz3p2P79YpZzyzwX7BGX4BOqymCQ==</latexit>

⇢V = TrV 0 | ih |<latexit sha1_base64="9GA/5U1CkwVI3+dXWx88aSkiJ2g=">AAACDHicbVDLSgNBEJz1GeMr6kXwMhgET2FXgnoMevEYwTwgG0LvpBOHzM4uM71CSOIn+BVe9eRNvPoPHvwXN4+DJtali6puuruCWElLrvvlLC2vrK6tZzaym1vbO7u5vf2qjRIjsCIiFZl6ABaV1FghSQrrsUEIA4W1oHc99msPaKyM9B31Y2yG0NWyIwVQKrVyh0M/ttI3oLsKfTUtqTJs5fJuwZ2ALxJvRvJshnIr9+23I5GEqEkosLbhuTE1B2BICoWjrJ9YjEH0oIuNlGoI0TYHkw9G/CSxQBGP0XCp+ETE3xMDCK3th0HaGQLd23lvLP7nNRLqXDYHUscJoRbjRSQVThZZYWQaDfK2NEgE48uRS80FGCBCIzkIkYpJmlU2zcOb/36RVM8K3nmheFvMl65myWTYETtmp8xjF6zEbliZVZhgj+yZvbBX58l5c96dj2nrkjObOWB/4Hz+AIXDnBU=</latexit>

| ih |density matrix
reduced density matrix

<latexit sha1_base64="B7tvm3YXweBDyKUvRERZNJZ5qAE=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndHVVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1lvtBu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdUeZFo</latexit>

V

<latexit sha1_base64="kp22PRCzN3BG5hdkePXN/zcvj4w=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGsqAyENKouh82YRTzg/drSNFVv6AFio6RMv/UPAv2MYFJEw1mtnVzo4bKmnItj+twsrq2vpGcbO0tb2zu1feP2iZINICmyJQge643KCSPjZJksJOqJF7rsK2O7lJ/fYUtZGB/0CzEPseH/tyJAWnRLpvnQ7KFbtqZ2DLxMlJBXI0BuWv3jAQkYc+CcWN6Tp2SP2Ya5JC4bzUiwyGXEz4GLsJ9bmHph9nSefsJDKcAhaiZlKxTMTfGzH3jJl5bjLpcXo0i14q/ud1Ixpd9WPphxGhL9JDJBVmh4zQMqkA2VBqJOJpcmTSZ4JrToRaMi5EIkZJJ6WkD2fx+2XSOq86F9XaXa1Sv86bKcIRHMMZOHAJdbiFBjRBwAie4BlerKn1ar1Z7z+jBSvfOYQ/sD6+AbaHkZk=</latexit>

V 0

entanglement entropy

<latexit sha1_base64="mGKEzVM5FV4YMY9PQbFxmpkKGD4=">AAACFnicbVC7TsNAEDyHVwivACXNiQgpFEQ2ioAGKYKGMghikOLIOl82cMr5bN2tkSIrPZ/AV9BCRYdoaSn4F+zgAghTjWZ2tbMTxFIYtO0PqzQzOze/UF6sLC2vrK5V1zdcEyWaQ4dHMtLXATMghYIOCpRwHWtgYSDhKhie5v7VHWgjInWJoxh6IbtRYiA4w0zyq9sXvnu854UMb3WYXupx3dO3ke96UtFvtutXa3bDnoBOE6cgNVKg7Vc/vX7EkxAUcsmM6Tp2jL2UaRRcwrjiJQZixofsBroZVSwE00snv4zpTmIYRjQGTYWkExF+bqQsNGYUBtlkHtr89XLxP6+b4OColwoVJwiK54dQSJgcMlyLrCSgfaEBkeXJgQpFOdMMEbSgjPNMTLLWKlkfzt/vp4m733AOGs3zZq11UjRTJltkm9SJQw5Ji5yRNukQTu7JI3kiz9aD9WK9Wm/foyWr2Nkkv2C9fwFCnp79</latexit>

SV = �Tr(⇢V ln ⇢V )
<latexit sha1_base64="8YBZayVlxvSZ/K5+BmdgBeow4Z4=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFJrJRBJQRNHQEiTykJETryyaccn7obo2IrDR8BS1UdIiWP6HgX7BNCkiYajSzq50dN1TSkG1/WguLS8srq7m1/PrG5tZ2YWe3YYJIC6yLQAW65YJBJX2skySFrVAjeK7Cpju6SP3mPWojA/+GxiF2PRj6ciAFUCLddjygOwEqvpqUHo56haJdtjPweeJMSZFNUesVvjr9QEQe+iQUGNN27JC6MWiSQuEk34kMhiBGMMR2Qn3w0HTjLPWEH0YGKOAhai4Vz0T8vRGDZ8zYc5PJNKWZ9VLxP68d0eCsG0s/jAh9kR4iqTA7ZISWSR3I+1IjEaTJkUufC9BAhFpyECIRo6SffNKHM/v9PGkcl52TcuW6UqyeT5vJsX12wErMYaesyi5ZjdWZYJo9sWf2Yj1ar9ab9f4zumBNd/bYH1gf3wwqlto=</latexit>

O(x)

Modular flow
<latexit sha1_base64="JmrCFOKvGeE27zoJ98uebGGFG/Q=">AAACK3icbVDLSgNBEJz1GeMr6tHLYBDiwbArQT2KXrwZwSRCEkPv2Johsw9mesWw7Kf4CX6FVz15UvTof7i7RoiPOhVV1XR3uaGShmz7xZqYnJqemS3MFecXFpeWSyurTRNEWmBDBCrQ5y4YVNLHBklSeB5qBM9V2HIHR5nfukFtZOCf0TDErgfXvrySAiiVeqW9ju4HveZF3PGA+tqLZUJJzgWo+CSp3G59J7bHI71S2a7aOfhf4oxImY1Q75XeO5eBiDz0SSgwpu3YIXVj0CSFwqTYiQyGIAZwje2U+uCh6cb5gwnfjAxQwEPUXCqeizg+EYNnzNBz02R2o/ntZeJ/Xjuiq/1uLP0wIvRFtoikwnyREVqmzSG/lBqJILscufS5AA1EqCUHIVIxSqsspn04v7//S5o7VWe3WjutlQ8OR80U2DrbYBXmsD12wI5ZnTWYYHfsgT2yJ+veerZerbev6IQ1mlljP2B9fAI1/Kmm</latexit>

⇢itV O(x)⇢�it
V

divergent in QFT, 
regulated by UV cutoff



Entanglement and modular flow in many-body systems

Spatial bipartition into            such that
<latexit sha1_base64="p7p+mhfEGyA4TfH0wyX+Vzq9oXc=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESGoIhtFQBlBQxkk4kRKrOh82YRTzvbpbg8pMvkJWqjoEC0/Q8G/YAcXkDDVaGZXOzuhksKg6346S8srq2vrpY3y5tb2zm5lb983idUcWjyRie6EzIAUMbRQoISO0sCiUEI7HF/nfvsBtBFJfIcTBUHERrEYCs4wkzp+j1tF/ZN+perW3BnoIvEKUiUFmv3KV2+QcBtBjFwyY7qeqzBImUbBJUzLPWtAMT5mI+hmNGYRmCCd5Z3SY2sYJlSBpkLSmQi/N1IWGTOJwmwyYnhv5r1c/M/rWhxeBqmIlUWIeX4IhYTZIcO1yIoAOhAaEFmeHKiIKWeaIYIWlHGeiTZrppz14c1/v0j8s5p3Xqvf1quNq6KZEjkkR+SUeOSCNMgNaZIW4USSJ/JMXpxH59V5c95/RpecYueA/IHz8Q3k4pPv</latexit>

V [ V 0 <latexit sha1_base64="AXDpcQbKoe6NtM6HDMRLokiK3bQ=">AAACJXicbVDLSgNBEJz1GeNr1aOXwSB6CrsS1IsQ9JJjBPOAJITeSScOmX0w0yuEJd/hJ/gVXvXkTQQP4q+4G3OIiXUqqrqp7vIiJQ05zqe1tLyyurae28hvbm3v7Np7+3UTxlpgTYQq1E0PDCoZYI0kKWxGGsH3FDa84U3mNx5QGxkGdzSKsOPDIJB9KYBSqWu7bR/oXoBKKuOrGd6tt0OSPho+Kyb1k3HXLjhFZwK+SNwpKbApql37q90LRexjQEKBMS3XiaiTgCYpFI7z7dhgBGIIA2ylNIA0tZNMXhvz49gAhTxCzaXiExFnNxLwjRn5XjqZ3WnmvUz8z2vF1L/sJDKIYsJAZEEkFU6CjNAy7Qx5T2okguxy5DLgAjQQoZYchEjFOC0xn/bhzn+/SOpnRfe8WLotFcrX02Zy7JAdsVPmsgtWZhVWZTUm2CN7Zi/s1Xqy3qx36+N3dMma7hywP7C+fwADPaZY</latexit>

H = HV ⌦HV 0
<latexit sha1_base64="j2dtOrm1edWVuhPY9Zug9EhI910=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAsoImpRBIgEpjqL1ZRNOnM/W3RopMpH4BL6CFio6RMsvUPAv2CEFJEw1mtnVzk4QK2nJdT+dufmFxaXlwkpxdW19Y7O0td2yUWIENkWkInMdgEUlNTZJksLr2CCEgcKr4PY896/u0FgZ6UsaxtgJYaBlXwqgTOqWdu/92ErfgB4o9KX2Q6AbASqtj7qlsltxx+CzxJuQMpug0S19+b1IJCFqEgqsbXtuTJ0UDEmhcFT0E4sxiFsYYDujGkK0nXT8w4gfJBYo4jEaLhUfi/h7I4XQ2mEYZJN5RDvt5eJ/Xjuh/mknlTpOCLXID5FUOD5khZFZOch70iAR5MmRS80FGCBCIzkIkYlJ1lYx68Ob/n6WtI4q3nGlelEt184mzRTYHttnh8xjJ6zG6qzBmkywB/bEntmL8+i8Om/O+8/onDPZ2WF/4Hx8A//anN8=</latexit>

| i 2 H

<latexit sha1_base64="Hgpanyd4iAXwEW1z77osXSGCIsA=">AAACI3icbVC7TsNAEDzzDOEVoKQ5ESGogo0ioEGKoKEMEgmR4shaH0s4cT5bd2skZPIZfAJfQQsVHaKhyL9ghxQQmGZHM7va3QkTJS257qczNT0zOzdfWigvLi2vrFbW1ts2To3AlohVbDohWFRSY4skKewkBiEKFV6Gt6eFf3mHxspYX9B9gr0I+lpeSwGUS0Flzzc3cdA+9iOgGxNlF2YQZO2dwYOfWOkb0H2FvvouufIQVKpuzR2B/yXemFTZGM2gMvSvYpFGqEkosLbruQn1MjAkhcJB2U8tJiBuoY/dnGqI0Pay0WMDvp1aoJgnaLhUfCTiz4kMImvvozDvLO63k14h/ud1U7o+6mVSJymhFsUikgpHi6wwMk8M+ZU0SATF5cil5gIMEKGRHITIxTSPsJzn4U1+/5e092veQa1+Xq82TsbJlNgm22K7zGOHrMHOWJO1mGCP7Jm9sFfnyXlz3p2P79YpZzyzwX7BGX4BOqymCQ==</latexit>

⇢V = TrV 0 | ih |<latexit sha1_base64="9GA/5U1CkwVI3+dXWx88aSkiJ2g=">AAACDHicbVDLSgNBEJz1GeMr6kXwMhgET2FXgnoMevEYwTwgG0LvpBOHzM4uM71CSOIn+BVe9eRNvPoPHvwXN4+DJtali6puuruCWElLrvvlLC2vrK6tZzaym1vbO7u5vf2qjRIjsCIiFZl6ABaV1FghSQrrsUEIA4W1oHc99msPaKyM9B31Y2yG0NWyIwVQKrVyh0M/ttI3oLsKfTUtqTJs5fJuwZ2ALxJvRvJshnIr9+23I5GEqEkosLbhuTE1B2BICoWjrJ9YjEH0oIuNlGoI0TYHkw9G/CSxQBGP0XCp+ETE3xMDCK3th0HaGQLd23lvLP7nNRLqXDYHUscJoRbjRSQVThZZYWQaDfK2NEgE48uRS80FGCBCIzkIkYpJmlU2zcOb/36RVM8K3nmheFvMl65myWTYETtmp8xjF6zEbliZVZhgj+yZvbBX58l5c96dj2nrkjObOWB/4Hz+AIXDnBU=</latexit>

| ih |density matrix
reduced density matrix

<latexit sha1_base64="B7tvm3YXweBDyKUvRERZNJZ5qAE=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndHVVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1lvtBu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdUeZFo</latexit>

V

<latexit sha1_base64="kp22PRCzN3BG5hdkePXN/zcvj4w=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGsqAyENKouh82YRTzg/drSNFVv6AFio6RMv/UPAv2MYFJEw1mtnVzo4bKmnItj+twsrq2vpGcbO0tb2zu1feP2iZINICmyJQge643KCSPjZJksJOqJF7rsK2O7lJ/fYUtZGB/0CzEPseH/tyJAWnRLpvnQ7KFbtqZ2DLxMlJBXI0BuWv3jAQkYc+CcWN6Tp2SP2Ya5JC4bzUiwyGXEz4GLsJ9bmHph9nSefsJDKcAhaiZlKxTMTfGzH3jJl5bjLpcXo0i14q/ud1Ixpd9WPphxGhL9JDJBVmh4zQMqkA2VBqJOJpcmTSZ4JrToRaMi5EIkZJJ6WkD2fx+2XSOq86F9XaXa1Sv86bKcIRHMMZOHAJdbiFBjRBwAie4BlerKn1ar1Z7z+jBSvfOYQ/sD6+AbaHkZk=</latexit>

V 0

entanglement entropy

<latexit sha1_base64="mGKEzVM5FV4YMY9PQbFxmpkKGD4=">AAACFnicbVC7TsNAEDyHVwivACXNiQgpFEQ2ioAGKYKGMghikOLIOl82cMr5bN2tkSIrPZ/AV9BCRYdoaSn4F+zgAghTjWZ2tbMTxFIYtO0PqzQzOze/UF6sLC2vrK5V1zdcEyWaQ4dHMtLXATMghYIOCpRwHWtgYSDhKhie5v7VHWgjInWJoxh6IbtRYiA4w0zyq9sXvnu854UMb3WYXupx3dO3ke96UtFvtutXa3bDnoBOE6cgNVKg7Vc/vX7EkxAUcsmM6Tp2jL2UaRRcwrjiJQZixofsBroZVSwE00snv4zpTmIYRjQGTYWkExF+bqQsNGYUBtlkHtr89XLxP6+b4OColwoVJwiK54dQSJgcMlyLrCSgfaEBkeXJgQpFOdMMEbSgjPNMTLLWKlkfzt/vp4m733AOGs3zZq11UjRTJltkm9SJQw5Ji5yRNukQTu7JI3kiz9aD9WK9Wm/foyWr2Nkkv2C9fwFCnp79</latexit>

SV = �Tr(⇢V ln ⇢V )

Introduced in algebraic quantum field theory

<latexit sha1_base64="8YBZayVlxvSZ/K5+BmdgBeow4Z4=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFJrJRBJQRNHQEiTykJETryyaccn7obo2IrDR8BS1UdIiWP6HgX7BNCkiYajSzq50dN1TSkG1/WguLS8srq7m1/PrG5tZ2YWe3YYJIC6yLQAW65YJBJX2skySFrVAjeK7Cpju6SP3mPWojA/+GxiF2PRj6ciAFUCLddjygOwEqvpqUHo56haJdtjPweeJMSZFNUesVvjr9QEQe+iQUGNN27JC6MWiSQuEk34kMhiBGMMR2Qn3w0HTjLPWEH0YGKOAhai4Vz0T8vRGDZ8zYc5PJNKWZ9VLxP68d0eCsG0s/jAh9kR4iqTA7ZISWSR3I+1IjEaTJkUufC9BAhFpyECIRo6SffNKHM/v9PGkcl52TcuW6UqyeT5vJsX12wErMYaesyi5ZjdWZYJo9sWf2Yj1ar9ab9f4zumBNd/bYH1gf3wwqlto=</latexit>

O(x)

Modular flow
<latexit sha1_base64="JmrCFOKvGeE27zoJ98uebGGFG/Q=">AAACK3icbVDLSgNBEJz1GeMr6tHLYBDiwbArQT2KXrwZwSRCEkPv2Johsw9mesWw7Kf4CX6FVz15UvTof7i7RoiPOhVV1XR3uaGShmz7xZqYnJqemS3MFecXFpeWSyurTRNEWmBDBCrQ5y4YVNLHBklSeB5qBM9V2HIHR5nfukFtZOCf0TDErgfXvrySAiiVeqW9ju4HveZF3PGA+tqLZUJJzgWo+CSp3G59J7bHI71S2a7aOfhf4oxImY1Q75XeO5eBiDz0SSgwpu3YIXVj0CSFwqTYiQyGIAZwje2U+uCh6cb5gwnfjAxQwEPUXCqeizg+EYNnzNBz02R2o/ntZeJ/Xjuiq/1uLP0wIvRFtoikwnyREVqmzSG/lBqJILscufS5AA1EqCUHIVIxSqsspn04v7//S5o7VWe3WjutlQ8OR80U2DrbYBXmsD12wI5ZnTWYYHfsgT2yJ+veerZerbev6IQ1mlljP2B9fAI1/Kmm</latexit>

⇢itV O(x)⇢�it
V

divergent in QFT, 
regulated by UV cutoff

rigorously defined in QFT
involves QFT generalization of reduced density matrices



Entanglement and modular flow in many-body systems

Spatial bipartition into            such that
<latexit sha1_base64="p7p+mhfEGyA4TfH0wyX+Vzq9oXc=">AAAB+nicbVC7TsNAEDzzDOEVoKQ5ESGoIhtFQBlBQxkk4kRKrOh82YRTzvbpbg8pMvkJWqjoEC0/Q8G/YAcXkDDVaGZXOzuhksKg6346S8srq2vrpY3y5tb2zm5lb983idUcWjyRie6EzIAUMbRQoISO0sCiUEI7HF/nfvsBtBFJfIcTBUHERrEYCs4wkzp+j1tF/ZN+perW3BnoIvEKUiUFmv3KV2+QcBtBjFwyY7qeqzBImUbBJUzLPWtAMT5mI+hmNGYRmCCd5Z3SY2sYJlSBpkLSmQi/N1IWGTOJwmwyYnhv5r1c/M/rWhxeBqmIlUWIeX4IhYTZIcO1yIoAOhAaEFmeHKiIKWeaIYIWlHGeiTZrppz14c1/v0j8s5p3Xqvf1quNq6KZEjkkR+SUeOSCNMgNaZIW4USSJ/JMXpxH59V5c95/RpecYueA/IHz8Q3k4pPv</latexit>

V [ V 0 <latexit sha1_base64="AXDpcQbKoe6NtM6HDMRLokiK3bQ=">AAACJXicbVDLSgNBEJz1GeNr1aOXwSB6CrsS1IsQ9JJjBPOAJITeSScOmX0w0yuEJd/hJ/gVXvXkTQQP4q+4G3OIiXUqqrqp7vIiJQ05zqe1tLyyurae28hvbm3v7Np7+3UTxlpgTYQq1E0PDCoZYI0kKWxGGsH3FDa84U3mNx5QGxkGdzSKsOPDIJB9KYBSqWu7bR/oXoBKKuOrGd6tt0OSPho+Kyb1k3HXLjhFZwK+SNwpKbApql37q90LRexjQEKBMS3XiaiTgCYpFI7z7dhgBGIIA2ylNIA0tZNMXhvz49gAhTxCzaXiExFnNxLwjRn5XjqZ3WnmvUz8z2vF1L/sJDKIYsJAZEEkFU6CjNAy7Qx5T2okguxy5DLgAjQQoZYchEjFOC0xn/bhzn+/SOpnRfe8WLotFcrX02Zy7JAdsVPmsgtWZhVWZTUm2CN7Zi/s1Xqy3qx36+N3dMma7hywP7C+fwADPaZY</latexit>

H = HV ⌦HV 0
<latexit sha1_base64="j2dtOrm1edWVuhPY9Zug9EhI910=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAsoImpRBIgEpjqL1ZRNOnM/W3RopMpH4BL6CFio6RMsvUPAv2CEFJEw1mtnVzk4QK2nJdT+dufmFxaXlwkpxdW19Y7O0td2yUWIENkWkInMdgEUlNTZJksLr2CCEgcKr4PY896/u0FgZ6UsaxtgJYaBlXwqgTOqWdu/92ErfgB4o9KX2Q6AbASqtj7qlsltxx+CzxJuQMpug0S19+b1IJCFqEgqsbXtuTJ0UDEmhcFT0E4sxiFsYYDujGkK0nXT8w4gfJBYo4jEaLhUfi/h7I4XQ2mEYZJN5RDvt5eJ/Xjuh/mknlTpOCLXID5FUOD5khZFZOch70iAR5MmRS80FGCBCIzkIkYlJ1lYx68Ob/n6WtI4q3nGlelEt184mzRTYHttnh8xjJ6zG6qzBmkywB/bEntmL8+i8Om/O+8/onDPZ2WF/4Hx8A//anN8=</latexit>

| i 2 H

<latexit sha1_base64="Hgpanyd4iAXwEW1z77osXSGCIsA=">AAACI3icbVC7TsNAEDzzDOEVoKQ5ESGogo0ioEGKoKEMEgmR4shaH0s4cT5bd2skZPIZfAJfQQsVHaKhyL9ghxQQmGZHM7va3QkTJS257qczNT0zOzdfWigvLi2vrFbW1ts2To3AlohVbDohWFRSY4skKewkBiEKFV6Gt6eFf3mHxspYX9B9gr0I+lpeSwGUS0Flzzc3cdA+9iOgGxNlF2YQZO2dwYOfWOkb0H2FvvouufIQVKpuzR2B/yXemFTZGM2gMvSvYpFGqEkosLbruQn1MjAkhcJB2U8tJiBuoY/dnGqI0Pay0WMDvp1aoJgnaLhUfCTiz4kMImvvozDvLO63k14h/ud1U7o+6mVSJymhFsUikgpHi6wwMk8M+ZU0SATF5cil5gIMEKGRHITIxTSPsJzn4U1+/5e092veQa1+Xq82TsbJlNgm22K7zGOHrMHOWJO1mGCP7Jm9sFfnyXlz3p2P79YpZzyzwX7BGX4BOqymCQ==</latexit>

⇢V = TrV 0 | ih |<latexit sha1_base64="9GA/5U1CkwVI3+dXWx88aSkiJ2g=">AAACDHicbVDLSgNBEJz1GeMr6kXwMhgET2FXgnoMevEYwTwgG0LvpBOHzM4uM71CSOIn+BVe9eRNvPoPHvwXN4+DJtali6puuruCWElLrvvlLC2vrK6tZzaym1vbO7u5vf2qjRIjsCIiFZl6ABaV1FghSQrrsUEIA4W1oHc99msPaKyM9B31Y2yG0NWyIwVQKrVyh0M/ttI3oLsKfTUtqTJs5fJuwZ2ALxJvRvJshnIr9+23I5GEqEkosLbhuTE1B2BICoWjrJ9YjEH0oIuNlGoI0TYHkw9G/CSxQBGP0XCp+ETE3xMDCK3th0HaGQLd23lvLP7nNRLqXDYHUscJoRbjRSQVThZZYWQaDfK2NEgE48uRS80FGCBCIzkIkYpJmlU2zcOb/36RVM8K3nmheFvMl65myWTYETtmp8xjF6zEbliZVZhgj+yZvbBX58l5c96dj2nrkjObOWB/4Hz+AIXDnBU=</latexit>

| ih |density matrix
reduced density matrix

<latexit sha1_base64="B7tvm3YXweBDyKUvRERZNJZ5qAE=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndHVVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1lvtBu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdUeZFo</latexit>

V

<latexit sha1_base64="kp22PRCzN3BG5hdkePXN/zcvj4w=">AAAB9HicbVC7TsNAEFyHVwivACXNiQhBFdkoAsoIGsqAyENKouh82YRTzg/drSNFVv6AFio6RMv/UPAv2MYFJEw1mtnVzo4bKmnItj+twsrq2vpGcbO0tb2zu1feP2iZINICmyJQge643KCSPjZJksJOqJF7rsK2O7lJ/fYUtZGB/0CzEPseH/tyJAWnRLpvnQ7KFbtqZ2DLxMlJBXI0BuWv3jAQkYc+CcWN6Tp2SP2Ya5JC4bzUiwyGXEz4GLsJ9bmHph9nSefsJDKcAhaiZlKxTMTfGzH3jJl5bjLpcXo0i14q/ud1Ixpd9WPphxGhL9JDJBVmh4zQMqkA2VBqJOJpcmTSZ4JrToRaMi5EIkZJJ6WkD2fx+2XSOq86F9XaXa1Sv86bKcIRHMMZOHAJdbiFBjRBwAie4BlerKn1ar1Z7z+jBSvfOYQ/sD6+AbaHkZk=</latexit>

V 0

entanglement entropy

<latexit sha1_base64="mGKEzVM5FV4YMY9PQbFxmpkKGD4=">AAACFnicbVC7TsNAEDyHVwivACXNiQgpFEQ2ioAGKYKGMghikOLIOl82cMr5bN2tkSIrPZ/AV9BCRYdoaSn4F+zgAghTjWZ2tbMTxFIYtO0PqzQzOze/UF6sLC2vrK5V1zdcEyWaQ4dHMtLXATMghYIOCpRwHWtgYSDhKhie5v7VHWgjInWJoxh6IbtRYiA4w0zyq9sXvnu854UMb3WYXupx3dO3ke96UtFvtutXa3bDnoBOE6cgNVKg7Vc/vX7EkxAUcsmM6Tp2jL2UaRRcwrjiJQZixofsBroZVSwE00snv4zpTmIYRjQGTYWkExF+bqQsNGYUBtlkHtr89XLxP6+b4OColwoVJwiK54dQSJgcMlyLrCSgfaEBkeXJgQpFOdMMEbSgjPNMTLLWKlkfzt/vp4m733AOGs3zZq11UjRTJltkm9SJQw5Ji5yRNukQTu7JI3kiz9aD9WK9Wm/foyWr2Nkkv2C9fwFCnp79</latexit>

SV = �Tr(⇢V ln ⇢V )

Introduced in algebraic quantum field theory

[Jafferis, Lewkowycz, Maldacena, 
Suh, ’16; Faulkner, Lewkowycz, ’17; 
Chandrasekaran, Faulkner, Levine, 
’22; Chandrasekaran, Levine, ’22]

Application in the AdS/CFT correspondence, 
within the bulk reconstruction program

<latexit sha1_base64="8YBZayVlxvSZ/K5+BmdgBeow4Z4=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESGFJrJRBJQRNHQEiTykJETryyaccn7obo2IrDR8BS1UdIiWP6HgX7BNCkiYajSzq50dN1TSkG1/WguLS8srq7m1/PrG5tZ2YWe3YYJIC6yLQAW65YJBJX2skySFrVAjeK7Cpju6SP3mPWojA/+GxiF2PRj6ciAFUCLddjygOwEqvpqUHo56haJdtjPweeJMSZFNUesVvjr9QEQe+iQUGNN27JC6MWiSQuEk34kMhiBGMMR2Qn3w0HTjLPWEH0YGKOAhai4Vz0T8vRGDZ8zYc5PJNKWZ9VLxP68d0eCsG0s/jAh9kR4iqTA7ZISWSR3I+1IjEaTJkUufC9BAhFpyECIRo6SffNKHM/v9PGkcl52TcuW6UqyeT5vJsX12wErMYaesyi5ZjdWZYJo9sWf2Yj1ar9ab9f4zumBNd/bYH1gf3wwqlto=</latexit>

O(x)

Modular flow
<latexit sha1_base64="JmrCFOKvGeE27zoJ98uebGGFG/Q=">AAACK3icbVDLSgNBEJz1GeMr6tHLYBDiwbArQT2KXrwZwSRCEkPv2Johsw9mesWw7Kf4CX6FVz15UvTof7i7RoiPOhVV1XR3uaGShmz7xZqYnJqemS3MFecXFpeWSyurTRNEWmBDBCrQ5y4YVNLHBklSeB5qBM9V2HIHR5nfukFtZOCf0TDErgfXvrySAiiVeqW9ju4HveZF3PGA+tqLZUJJzgWo+CSp3G59J7bHI71S2a7aOfhf4oxImY1Q75XeO5eBiDz0SSgwpu3YIXVj0CSFwqTYiQyGIAZwje2U+uCh6cb5gwnfjAxQwEPUXCqeizg+EYNnzNBz02R2o/ntZeJ/Xjuiq/1uLP0wIvRFtoikwnyREVqmzSG/lBqJILscufS5AA1EqCUHIVIxSqsspn04v7//S5o7VWe3WjutlQ8OR80U2DrbYBXmsD12wI5ZnTWYYHfsgT2yJ+veerZerbev6IQ1mlljP2B9fAI1/Kmm</latexit>

⇢itV O(x)⇢�it
V

divergent in QFT, 
regulated by UV cutoff

rigorously defined in QFT
involves QFT generalization of reduced density matrices



Symmetry resolution of the entanglement
New ingredient for analyzing the fine structure of entanglement in theories endowed with a global symmetry

<latexit sha1_base64="HpnDBY8waboz1MG820BXftQE50g=">AAAB9nicbVC7TsNAEDzzDOEVoKQ5ESGFJrJRBJQRNJRBwkmkxIrOl01yyvls3a0RkZVfoIWKDtHyOxT8C7ZxAQlTjWZ2tbPjR1IYtO1Pa2V1bX1js7RV3t7Z3duvHBy2TRhrDi4PZai7PjMghQIXBUroRhpY4Evo+NObzO88gDYiVPc4i8AL2FiJkeAMM8mtOWeDStWu2znoMnEKUiUFWoPKV38Y8jgAhVwyY3qOHaGXMI2CS5iX+7GBiPEpG0MvpYoFYLwkzzqnp7FhGNIINBWS5iL83khYYMws8NPJgOHELHqZ+J/Xi3F05SVCRTGC4tkhFBLyQ4ZrkZYAdCg0ILIsOVChKGeaIYIWlHGeinHaSjntw1n8fpm0z+vORb1x16g2r4tmSuSYnJAaccglaZJb0iIu4WRCnsgzebEerVfrzXr/GV2xip0j8gfWxzeN6pIH</latexit>

U(1)System with a conserved         charge  

eigenvector of
<latexit sha1_base64="j2dtOrm1edWVuhPY9Zug9EhI910=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAsoImpRBIgEpjqL1ZRNOnM/W3RopMpH4BL6CFio6RMsvUPAv2CEFJEw1mtnVzk4QK2nJdT+dufmFxaXlwkpxdW19Y7O0td2yUWIENkWkInMdgEUlNTZJksLr2CCEgcKr4PY896/u0FgZ6UsaxtgJYaBlXwqgTOqWdu/92ErfgB4o9KX2Q6AbASqtj7qlsltxx+CzxJuQMpug0S19+b1IJCFqEgqsbXtuTJ0UDEmhcFT0E4sxiFsYYDujGkK0nXT8w4gfJBYo4jEaLhUfi/h7I4XQ2mEYZJN5RDvt5eJ/Xjuh/mknlTpOCLXID5FUOD5khZFZOch70iAR5MmRS80FGCBCIzkIkYlJ1lYx68Ob/n6WtI4q3nGlelEt184mzRTYHttnh8xjJ6zG6qzBmkywB/bEntmL8+i8Om/O+8/onDPZ2WF/4Hx8A//anN8=</latexit>

| i 2 H
<latexit sha1_base64="e7XvNcZSJQQHzIuPZXEO0w3/kNE=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndHlVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1lvtBu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdMrpFj</latexit>

Q

<latexit sha1_base64="w28oH7A9B/5EuB0R8TvAIkEwsqo=">AAACAHicbVDLSsNAFJ3UV62vqks3g0UUhJJIUTdC0Y3LBmxaaGOYTG/r0MmDmRuhhG78Cre6cidu/RMX/otJ7EKrZ3U4517uucePpdBomh9GaWFxaXmlvFpZW9/Y3Kpu7zg6ShSHNo9kpLo+0yBFCG0UKKEbK2CBL6Hjj69yv3MPSosovMFJDG7ARqEYCs4wk27tC9tz6DG1vdQ5nHrVmlk3C9C/xJqRGpmh5VU/+4OIJwGEyCXTumeZMbopUyi4hGmln2iIGR+zEfQyGrIAtJsWqaf0INEMIxqDokLSQoSfGykLtJ4EfjYZMLzT814u/uf1Ehyeu6kI4wQh5PkhFBKKQ5orkdUBdCAUILI8OVARUs4UQwQlKOM8E5Osn0rWhzX//V/inNSt03rDbtSal7NmymSP7JMjYpEz0iTXpEXahBNFHskTeTYejBfj1Xj7Hi0Zs51d8gvG+xc9NJW4</latexit>

Q = QV +QV 0



Symmetry resolution of the entanglement
New ingredient for analyzing the fine structure of entanglement in theories endowed with a global symmetry

<latexit sha1_base64="MC/h+vdZzZ+Wv/it8dxD7weFTo4=">AAAB83icbVC7TsNAEDyHVwivACXNiQgpVWSjCCgjaCgTiTykxIrOl0045Xy27vaQIitfQAsVHaLlgyj4F2zjAgJTjWZ2tbMTxFIYdN0Pp7S2vrG5Vd6u7Ozu7R9UD496JrKaQ5dHMtKDgBmQQkEXBUoYxBpYGEjoB/ObzO8/gDYiUne4iMEP2UyJqeAMU6lTH1drbsPNQf8SryA1UqA9rn6OJhG3ISjkkhkz9NwY/YRpFFzCsjKyBmLG52wGw5QqFoLxkzzokp5ZwzCiMWgqJM1F+LmRsNCYRRikkyHDe7PqZeJ/3tDi9MpPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfv+X9M4b3kWj2WnWWtdFM2VyQk5JnXjkkrTILWmTLuEEyCN5Is+OdV6cV+fte7TkFDvH5Bec9y8Mx5E6</latexit>

(
<latexit sha1_base64="k/qHW13QNv6zBhewaH0kdRvPsFk=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFBE9koAsoIGspEIg8psaLzZRNOOZ+tuz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtPbzO8+gjYiUvc4i8EP2USJseAMU6l1PqxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDB7PoZeJ/Xt/i+NpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOhc177JWb9WrjZuimRI5JifkjHjkijTIHWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H98OVpE7</latexit>

)
<latexit sha1_base64="nJ5YtrE/Wz99uWsuOSRgkVQUFfg=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBkIeURNH6sgmnnB/crUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R391omiLTApghUoDsuGFTSxyZJUtgJNYLnKmy7k8vUbz+gNjLwb2kaYt+DsS9HUgAl0s39wBmUK3bVzsAXiZOTCsvRGJS/esNARB76JBQY03XskPoxaJJC4azUiwyGICYwxm5CffDQ9OMs6owfRQYo4CFqLhXPRPy9EYNnzNRzk0kP6M7Me6n4n9eNaHTej6UfRoS+SA+RVJgdMkLLpAPkQ6mRCNLkyKXPBWggQi05CJGIUVJKKenDmf9+kbROqs5ptXZdq9Qv8maK7IAdsmPmsDNWZ1eswZpMsDF7Ys/sxXq0Xq036/1ntGDlO/vsD6yPb6oukic=</latexit>q1

<latexit sha1_base64="jEpU13NxdBf0NAhlitpxwkQDS5M=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRXYUAWUEDWUQ5CElUXS+bMIp5wd3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7LihkoZs+9NaWl5ZXVsvbBQ3t7Z3dkt7+y0TRFpgUwQq0B2XG1TSxyZJUtgJNXLPVdh2J5ep335AbWTg39I0xL7Hx74cScEpkW7uB9VBqWxX7AxskTg5KUOOxqD01RsGIvLQJ6G4MV3HDqkfc01SKJwVe5HBkIsJH2M3oT730PTjLOqMHUeGU8BC1Ewqlon4eyPmnjFTz00mPU53Zt5Lxf+8bkSj834s/TAi9EV6iKTC7JARWiYdIBtKjUQ8TY5M+kxwzYlQS8aFSMQoKaWY9OHMf79IWtWKc1qpXdfK9Yu8mQIcwhGcgANnUIcraEATBIzhCZ7hxXq0Xq036/1ndMnKdw7gD6yPb6u9kig=</latexit>q2

<latexit sha1_base64="igR3xI+XpvSytXWAMG4hjL3OjNE=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQBlBQxkEeUiJFa0vm3DK+cHdGhRZ+QRaqOgQLd9Dwb9gmxSQMNVoZlc7O16kpCHb/rQWFpeWV1YLa8X1jc2t7dLObtOEsRbYEKEKddsDg0oG2CBJCtuRRvA9hS1vdJn5rQfURobBLY0jdH0YBnIgBVAq3dz3Tnqlsl2xc/B54kxJmU1R75W+uv1QxD4GJBQY03HsiNwENEmhcFLsxgYjECMYYielAfho3CSPOuGHsQEKeYSaS8VzEX9vJOAbM/a9dNIHujOzXib+53ViGpy7iQyimDAQ2SGSCvNDRmiZdoC8LzUSQZYcuQy4AA1EqCUHIVIxTksppn04s9/Pk+ZxxTmtVK+r5drFtJkC22cH7Ig57IzV2BWrswYTbMie2DN7sR6tV+vNev8ZXbCmO3vsD6yPb61Mkik=</latexit>q3

<latexit sha1_base64="AzYXcENuDUCAx+lPUc4psA2zAe0=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIRAhqkCBrKIJGHlFjR+rJJTjk/dLdGiqx8BC1UdIiWr6HgX7CNC0iYajSzq50dL1LSkG1/WqWV1bX1jfJmZWt7Z3evun/QNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5veZn7nEbWRYfBAswhdH8aBHEkBlEqdvp6Eg/b1oFqz63YOvkycgtRYgeag+tUfhiL2MSChwJieY0fkJqBJCoXzSj82GIGYwhh7KQ3AR+Mmedw5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtDELHqZ+J/Xi2l05SYyiGLCQGSHSCrMDxmhZdoD8qHUSARZcuQy4AI0EKGWHIRIxTgtppL24Sx+v0zaZ3Xnon5+f15r3BTNlNkRO2anzGGXrMHuWJO1mGBT9sSe2YuVWK/Wm/X+M1qyip1D9gfWxze+H5Pl</latexit>⇢V =

<latexit sha1_base64="HpnDBY8waboz1MG820BXftQE50g=">AAAB9nicbVC7TsNAEDzzDOEVoKQ5ESGFJrJRBJQRNJRBwkmkxIrOl01yyvls3a0RkZVfoIWKDtHyOxT8C7ZxAQlTjWZ2tbPjR1IYtO1Pa2V1bX1js7RV3t7Z3duvHBy2TRhrDi4PZai7PjMghQIXBUroRhpY4Evo+NObzO88gDYiVPc4i8AL2FiJkeAMM8mtOWeDStWu2znoMnEKUiUFWoPKV38Y8jgAhVwyY3qOHaGXMI2CS5iX+7GBiPEpG0MvpYoFYLwkzzqnp7FhGNIINBWS5iL83khYYMws8NPJgOHELHqZ+J/Xi3F05SVCRTGC4tkhFBLyQ4ZrkZYAdCg0ILIsOVChKGeaIYIWlHGeinHaSjntw1n8fpm0z+vORb1x16g2r4tmSuSYnJAaccglaZJb0iIu4WRCnsgzebEerVfrzXr/GV2xip0j8gfWxzeN6pIH</latexit>

U(1)System with a conserved         charge  

<latexit sha1_base64="oc8qsuUT4NIbb8P8kzMt/dBCUEY=">AAAB/XicbVC7TsNAEDyHVwivACXNiQgpNJGNIqCMoKEMEnlIjmWdL5vklPODuzVSZEV8BS1UdIiWb6HgX7CNC0iYajSzq50dL5JCo2l+GqWV1bX1jfJmZWt7Z3evun/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW96nfm9B1BahMEdziJwfDYOxEhwhqlkD9QkdLv1e9c6das1s2HmoMvEKkiNFGi71a/BMOSxDwFyybS2LTNCJ2EKBZcwrwxiDRHjUzYGO6UB80E7SR55Tk9izTCkESgqJM1F+L2RMF/rme+lkz7DiV70MvE/z45xdOkkIohihIBnh1BIyA9prkTaBdChUIDIsuRARUA5UwwRlKCM81SM03IqaR/W4vfLpHvWsM4bzdtmrXVVNFMmR+SY1IlFLkiL3JA26RBOQvJEnsmL8Wi8Gm/G+89oySh2DskfGB/fDkmVIg==</latexit>

⇢V (q1)

<latexit sha1_base64="+s6RUBOBEDftVP4g/O7BapUvqSU=">AAAB/XicbVC7TsNAEDyHVwivACXNiQgpNJEdRUAZQUMZJJIgOZZ1vmySU84P7tZIkRXxFbRQ0SFavoWCf8E2LiBhqtHMrnZ2vEgKjab5aZRWVtfWN8qbla3tnd296v5BT4ex4tDloQzVncc0SBFAFwVKuIsUMN+T0PemV5nffwClRRjc4iwCx2fjQIwEZ5hK9kBNQrdXv3ebp261ZjbMHHSZWAWpkQIdt/o1GIY89iFALpnWtmVG6CRMoeAS5pVBrCFifMrGYKc0YD5oJ8kjz+lJrBmGNAJFhaS5CL83EuZrPfO9dNJnONGLXib+59kxji6cRARRjBDw7BAKCfkhzZVIuwA6FAoQWZYcqAgoZ4ohghKUcZ6KcVpOJe3DWvx+mfSaDeus0bpp1dqXRTNlckSOSZ1Y5Jy0yTXpkC7hJCRP5Jm8GI/Gq/FmvP+Mloxi55D8gfHxDQ/ZlSM=</latexit>

⇢V (q2)

<latexit sha1_base64="Aejab5g/lvLOAzTc7l+lHsf92qA=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESGFJrIhAsoIGsogkYfkWNb5sklOOT+4WyNFVsRX0EJFh2j5Fgr+Bdu4gISpRjO72tnxIik0muansbS8srq2Xtoob25t7+xW9vY7OowVhzYPZah6HtMgRQBtFCihFylgvieh602uM7/7AEqLMLjDaQSOz0aBGArOMJXsvhqHbqd2756duJWqWTdz0EViFaRKCrTcyld/EPLYhwC5ZFrblhmhkzCFgkuYlfuxhojxCRuBndKA+aCdJI88o8exZhjSCBQVkuYi/N5ImK/11PfSSZ/hWM97mfifZ8c4vHQSEUQxQsCzQygk5Ic0VyLtAuhAKEBkWXKgIqCcKYYISlDGeSrGaTnltA9r/vtF0jmtW+f1xm2j2rwqmimRQ3JEasQiF6RJbkiLtAknIXkiz+TFeDRejTfj/Wd0ySh2DsgfGB/fEWmVJA==</latexit>

⇢V (q3)

eigenvector of
<latexit sha1_base64="j2dtOrm1edWVuhPY9Zug9EhI910=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAsoImpRBIgEpjqL1ZRNOnM/W3RopMpH4BL6CFio6RMsvUPAv2CEFJEw1mtnVzk4QK2nJdT+dufmFxaXlwkpxdW19Y7O0td2yUWIENkWkInMdgEUlNTZJksLr2CCEgcKr4PY896/u0FgZ6UsaxtgJYaBlXwqgTOqWdu/92ErfgB4o9KX2Q6AbASqtj7qlsltxx+CzxJuQMpug0S19+b1IJCFqEgqsbXtuTJ0UDEmhcFT0E4sxiFsYYDujGkK0nXT8w4gfJBYo4jEaLhUfi/h7I4XQ2mEYZJN5RDvt5eJ/Xjuh/mknlTpOCLXID5FUOD5khZFZOch70iAR5MmRS80FGCBCIzkIkYlJ1lYx68Ob/n6WtI4q3nGlelEt184mzRTYHttnh8xjJ6zG6qzBmkywB/bEntmL8+i8Om/O+8/onDPZ2WF/4Hx8A//anN8=</latexit>

| i 2 H
<latexit sha1_base64="e7XvNcZSJQQHzIuPZXEO0w3/kNE=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndHlVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1lvtBu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdMrpFj</latexit>

Q

<latexit sha1_base64="RXAh/7TUHxrK6WEa5ZtDDVwumEA=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRoMhGEdAgRdBQJhJxIjnGOl82ySnnh+7WSFGUhq+ghYoO0fInFPwLtnEBCVONZna1s+PHUmg0zU9jaXlldW29tFHe3Nre2a3s7ds6ShSHNo9kpLo+0yBFCG0UKKEbK2CBL6Hjj28yv/MASosovMNJDG7AhqEYCM4wle6dlmef9tQo8mz3yvQqVbNm5qCLxCpIlRRoepWvXj/iSQAhcsm0diwzRnfKFAouYVbuJRpixsdsCE5KQxaAdqd56hk9TjTDiMagqJA0F+H3xpQFWk8CP50MGI70vJeJ/3lOgoNLdyrCOEEIeXYIhYT8kOZKpHUA7QsFiCxLDlSElDPFEEEJyjhPxSTtp5z2Yc1/v0jss5p1Xqu36tXGddFMiRySI3JCLHJBGuSWNEmbcKLIE3kmL8aj8Wq8Ge8/o0tGsXNA/sD4+AYfCpZF</latexit>

[QV , ⇢V ] = 0

<latexit sha1_base64="YyZGvZagLP6BL3pfU/BT5bHBK0c=">AAAB+HicbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh6JXjxiIoUEGrJdHriybdfdVxNs+A9e9eTNePXfePC/2FYOCs5pMvNe3rzxlRQGbfvTKiwtr6yuFddLG5tb2zvl3T3XRLHm0OKRjHTHZwakCKGFAiV0lAYW+BLa/vgy89sPoI2IwhucKPACNgrFUHCGqeSqvlu9P+6XK3bNzkEXiTMjFTJDs1/+6g0iHgcQIpfMmK5jK/QSplFwCdNSLzagGB+zEXRTGrIAjJfkaaf0KDYMI6pAUyFpLsLvjYQFxkwCP50MGN6aeS8T//O6MQ7PvUSEKkYIeXYIhYT8kOFapDUAHQgNiCxLDlSElDPNEEELyjhPxTjtpZT24cx/v0jck5pzWqtf1yuNi1kzRXJADkmVOOSMNMgVaZIW4eSOPJFn8mI9Wq/Wm/X+M1qwZjv75A+sj2+D05Mr</latexit>

pV (q)

<latexit sha1_base64="Si/a2TZToZFoGRh1o6tx9rrsqf8="></latexit>

⇢V (q) ⌘
⇧V (q)⇢V ⇧V (q)

Tr(⇧V (q)⇢V )

<latexit sha1_base64="w28oH7A9B/5EuB0R8TvAIkEwsqo=">AAACAHicbVDLSsNAFJ3UV62vqks3g0UUhJJIUTdC0Y3LBmxaaGOYTG/r0MmDmRuhhG78Cre6cidu/RMX/otJ7EKrZ3U4517uucePpdBomh9GaWFxaXmlvFpZW9/Y3Kpu7zg6ShSHNo9kpLo+0yBFCG0UKKEbK2CBL6Hjj69yv3MPSosovMFJDG7ARqEYCs4wk27tC9tz6DG1vdQ5nHrVmlk3C9C/xJqRGpmh5VU/+4OIJwGEyCXTumeZMbopUyi4hGmln2iIGR+zEfQyGrIAtJsWqaf0INEMIxqDokLSQoSfGykLtJ4EfjYZMLzT814u/uf1Ehyeu6kI4wQh5PkhFBKKQ5orkdUBdCAUILI8OVARUs4UQwQlKOM8E5Osn0rWhzX//V/inNSt03rDbtSal7NmymSP7JMjYpEz0iTXpEXahBNFHskTeTYejBfj1Xj7Hi0Zs51d8gvG+xc9NJW4</latexit>

Q = QV +QV 0



Symmetry resolution of the entanglement
New ingredient for analyzing the fine structure of entanglement in theories endowed with a global symmetry

<latexit sha1_base64="MC/h+vdZzZ+Wv/it8dxD7weFTo4=">AAAB83icbVC7TsNAEDyHVwivACXNiQgpVWSjCCgjaCgTiTykxIrOl0045Xy27vaQIitfQAsVHaLlgyj4F2zjAgJTjWZ2tbMTxFIYdN0Pp7S2vrG5Vd6u7Ozu7R9UD496JrKaQ5dHMtKDgBmQQkEXBUoYxBpYGEjoB/ObzO8/gDYiUne4iMEP2UyJqeAMU6lTH1drbsPNQf8SryA1UqA9rn6OJhG3ISjkkhkz9NwY/YRpFFzCsjKyBmLG52wGw5QqFoLxkzzokp5ZwzCiMWgqJM1F+LmRsNCYRRikkyHDe7PqZeJ/3tDi9MpPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfv+X9M4b3kWj2WnWWtdFM2VyQk5JnXjkkrTILWmTLuEEyCN5Is+OdV6cV+fte7TkFDvH5Bec9y8Mx5E6</latexit>

(
<latexit sha1_base64="k/qHW13QNv6zBhewaH0kdRvPsFk=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFBE9koAsoIGspEIg8psaLzZRNOOZ+tuz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtPbzO8+gjYiUvc4i8EP2USJseAMU6l1PqxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDB7PoZeJ/Xt/i+NpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOhc177JWb9WrjZuimRI5JifkjHjkijTIHWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H98OVpE7</latexit>

)
<latexit sha1_base64="nJ5YtrE/Wz99uWsuOSRgkVQUFfg=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBkIeURNH6sgmnnB/crUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R391omiLTApghUoDsuGFTSxyZJUtgJNYLnKmy7k8vUbz+gNjLwb2kaYt+DsS9HUgAl0s39wBmUK3bVzsAXiZOTCsvRGJS/esNARB76JBQY03XskPoxaJJC4azUiwyGICYwxm5CffDQ9OMs6owfRQYo4CFqLhXPRPy9EYNnzNRzk0kP6M7Me6n4n9eNaHTej6UfRoS+SA+RVJgdMkLLpAPkQ6mRCNLkyKXPBWggQi05CJGIUVJKKenDmf9+kbROqs5ptXZdq9Qv8maK7IAdsmPmsDNWZ1eswZpMsDF7Ys/sxXq0Xq036/1ntGDlO/vsD6yPb6oukic=</latexit>q1

<latexit sha1_base64="jEpU13NxdBf0NAhlitpxwkQDS5M=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRXYUAWUEDWUQ5CElUXS+bMIp5wd3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7LihkoZs+9NaWl5ZXVsvbBQ3t7Z3dkt7+y0TRFpgUwQq0B2XG1TSxyZJUtgJNXLPVdh2J5ep335AbWTg39I0xL7Hx74cScEpkW7uB9VBqWxX7AxskTg5KUOOxqD01RsGIvLQJ6G4MV3HDqkfc01SKJwVe5HBkIsJH2M3oT730PTjLOqMHUeGU8BC1Ewqlon4eyPmnjFTz00mPU53Zt5Lxf+8bkSj834s/TAi9EV6iKTC7JARWiYdIBtKjUQ8TY5M+kxwzYlQS8aFSMQoKaWY9OHMf79IWtWKc1qpXdfK9Yu8mQIcwhGcgANnUIcraEATBIzhCZ7hxXq0Xq036/1ndMnKdw7gD6yPb6u9kig=</latexit>q2

<latexit sha1_base64="igR3xI+XpvSytXWAMG4hjL3OjNE=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQBlBQxkEeUiJFa0vm3DK+cHdGhRZ+QRaqOgQLd9Dwb9gmxSQMNVoZlc7O16kpCHb/rQWFpeWV1YLa8X1jc2t7dLObtOEsRbYEKEKddsDg0oG2CBJCtuRRvA9hS1vdJn5rQfURobBLY0jdH0YBnIgBVAq3dz3Tnqlsl2xc/B54kxJmU1R75W+uv1QxD4GJBQY03HsiNwENEmhcFLsxgYjECMYYielAfho3CSPOuGHsQEKeYSaS8VzEX9vJOAbM/a9dNIHujOzXib+53ViGpy7iQyimDAQ2SGSCvNDRmiZdoC8LzUSQZYcuQy4AA1EqCUHIVIxTksppn04s9/Pk+ZxxTmtVK+r5drFtJkC22cH7Ig57IzV2BWrswYTbMie2DN7sR6tV+vNev8ZXbCmO3vsD6yPb61Mkik=</latexit>q3

<latexit sha1_base64="AzYXcENuDUCAx+lPUc4psA2zAe0=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIRAhqkCBrKIJGHlFjR+rJJTjk/dLdGiqx8BC1UdIiWr6HgX7CNC0iYajSzq50dL1LSkG1/WqWV1bX1jfJmZWt7Z3evun/QNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5veZn7nEbWRYfBAswhdH8aBHEkBlEqdvp6Eg/b1oFqz63YOvkycgtRYgeag+tUfhiL2MSChwJieY0fkJqBJCoXzSj82GIGYwhh7KQ3AR+Mmedw5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtDELHqZ+J/Xi2l05SYyiGLCQGSHSCrMDxmhZdoD8qHUSARZcuQy4AI0EKGWHIRIxTgtppL24Sx+v0zaZ3Xnon5+f15r3BTNlNkRO2anzGGXrMHuWJO1mGBT9sSe2YuVWK/Wm/X+M1qyip1D9gfWxze+H5Pl</latexit>⇢V =

<latexit sha1_base64="HpnDBY8waboz1MG820BXftQE50g=">AAAB9nicbVC7TsNAEDzzDOEVoKQ5ESGFJrJRBJQRNJRBwkmkxIrOl01yyvls3a0RkZVfoIWKDtHyOxT8C7ZxAQlTjWZ2tbPjR1IYtO1Pa2V1bX1js7RV3t7Z3duvHBy2TRhrDi4PZai7PjMghQIXBUroRhpY4Evo+NObzO88gDYiVPc4i8AL2FiJkeAMM8mtOWeDStWu2znoMnEKUiUFWoPKV38Y8jgAhVwyY3qOHaGXMI2CS5iX+7GBiPEpG0MvpYoFYLwkzzqnp7FhGNIINBWS5iL83khYYMws8NPJgOHELHqZ+J/Xi3F05SVCRTGC4tkhFBLyQ4ZrkZYAdCg0ILIsOVChKGeaIYIWlHGeinHaSjntw1n8fpm0z+vORb1x16g2r4tmSuSYnJAaccglaZJb0iIu4WRCnsgzebEerVfrzXr/GV2xip0j8gfWxzeN6pIH</latexit>

U(1)System with a conserved         charge  

<latexit sha1_base64="oc8qsuUT4NIbb8P8kzMt/dBCUEY=">AAAB/XicbVC7TsNAEDyHVwivACXNiQgpNJGNIqCMoKEMEnlIjmWdL5vklPODuzVSZEV8BS1UdIiWb6HgX7CNC0iYajSzq50dL5JCo2l+GqWV1bX1jfJmZWt7Z3evun/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW96nfm9B1BahMEdziJwfDYOxEhwhqlkD9QkdLv1e9c6das1s2HmoMvEKkiNFGi71a/BMOSxDwFyybS2LTNCJ2EKBZcwrwxiDRHjUzYGO6UB80E7SR55Tk9izTCkESgqJM1F+L2RMF/rme+lkz7DiV70MvE/z45xdOkkIohihIBnh1BIyA9prkTaBdChUIDIsuRARUA5UwwRlKCM81SM03IqaR/W4vfLpHvWsM4bzdtmrXVVNFMmR+SY1IlFLkiL3JA26RBOQvJEnsmL8Wi8Gm/G+89oySh2DskfGB/fDkmVIg==</latexit>

⇢V (q1)

<latexit sha1_base64="+s6RUBOBEDftVP4g/O7BapUvqSU=">AAAB/XicbVC7TsNAEDyHVwivACXNiQgpNJEdRUAZQUMZJJIgOZZ1vmySU84P7tZIkRXxFbRQ0SFavoWCf8E2LiBhqtHMrnZ2vEgKjab5aZRWVtfWN8qbla3tnd296v5BT4ex4tDloQzVncc0SBFAFwVKuIsUMN+T0PemV5nffwClRRjc4iwCx2fjQIwEZ5hK9kBNQrdXv3ebp261ZjbMHHSZWAWpkQIdt/o1GIY89iFALpnWtmVG6CRMoeAS5pVBrCFifMrGYKc0YD5oJ8kjz+lJrBmGNAJFhaS5CL83EuZrPfO9dNJnONGLXib+59kxji6cRARRjBDw7BAKCfkhzZVIuwA6FAoQWZYcqAgoZ4ohghKUcZ6KcVpOJe3DWvx+mfSaDeus0bpp1dqXRTNlckSOSZ1Y5Jy0yTXpkC7hJCRP5Jm8GI/Gq/FmvP+Mloxi55D8gfHxDQ/ZlSM=</latexit>

⇢V (q2)

<latexit sha1_base64="Aejab5g/lvLOAzTc7l+lHsf92qA=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESGFJrIhAsoIGsogkYfkWNb5sklOOT+4WyNFVsRX0EJFh2j5Fgr+Bdu4gISpRjO72tnxIik0muansbS8srq2Xtoob25t7+xW9vY7OowVhzYPZah6HtMgRQBtFCihFylgvieh602uM7/7AEqLMLjDaQSOz0aBGArOMJXsvhqHbqd2756duJWqWTdz0EViFaRKCrTcyld/EPLYhwC5ZFrblhmhkzCFgkuYlfuxhojxCRuBndKA+aCdJI88o8exZhjSCBQVkuYi/N5ImK/11PfSSZ/hWM97mfifZ8c4vHQSEUQxQsCzQygk5Ic0VyLtAuhAKEBkWXKgIqCcKYYISlDGeSrGaTnltA9r/vtF0jmtW+f1xm2j2rwqmimRQ3JEasQiF6RJbkiLtAknIXkiz+TFeDRejTfj/Wd0ySh2DsgfGB/fEWmVJA==</latexit>

⇢V (q3)

Symmetry-resolved entanglement entropy [Laflorencie, Rachel, ’14, Sela, Goldstein,’17]

eigenvector of
<latexit sha1_base64="j2dtOrm1edWVuhPY9Zug9EhI910=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAsoImpRBIgEpjqL1ZRNOnM/W3RopMpH4BL6CFio6RMsvUPAv2CEFJEw1mtnVzk4QK2nJdT+dufmFxaXlwkpxdW19Y7O0td2yUWIENkWkInMdgEUlNTZJksLr2CCEgcKr4PY896/u0FgZ6UsaxtgJYaBlXwqgTOqWdu/92ErfgB4o9KX2Q6AbASqtj7qlsltxx+CzxJuQMpug0S19+b1IJCFqEgqsbXtuTJ0UDEmhcFT0E4sxiFsYYDujGkK0nXT8w4gfJBYo4jEaLhUfi/h7I4XQ2mEYZJN5RDvt5eJ/Xjuh/mknlTpOCLXID5FUOD5khZFZOch70iAR5MmRS80FGCBCIzkIkYlJ1lYx68Ob/n6WtI4q3nGlelEt184mzRTYHttnh8xjJ6zG6qzBmkywB/bEntmL8+i8Om/O+8/onDPZ2WF/4Hx8A//anN8=</latexit>

| i 2 H
<latexit sha1_base64="e7XvNcZSJQQHzIuPZXEO0w3/kNE=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndHlVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1lvtBu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdMrpFj</latexit>

Q

<latexit sha1_base64="RXAh/7TUHxrK6WEa5ZtDDVwumEA=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRoMhGEdAgRdBQJhJxIjnGOl82ySnnh+7WSFGUhq+ghYoO0fInFPwLtnEBCVONZna1s+PHUmg0zU9jaXlldW29tFHe3Nre2a3s7ds6ShSHNo9kpLo+0yBFCG0UKKEbK2CBL6Hjj28yv/MASosovMNJDG7AhqEYCM4wle6dlmef9tQo8mz3yvQqVbNm5qCLxCpIlRRoepWvXj/iSQAhcsm0diwzRnfKFAouYVbuJRpixsdsCE5KQxaAdqd56hk9TjTDiMagqJA0F+H3xpQFWk8CP50MGI70vJeJ/3lOgoNLdyrCOEEIeXYIhYT8kOZKpHUA7QsFiCxLDlSElDPFEEEJyjhPxSTtp5z2Yc1/v0jss5p1Xqu36tXGddFMiRySI3JCLHJBGuSWNEmbcKLIE3kmL8aj8Wq8Ge8/o0tGsXNA/sD4+AYfCpZF</latexit>

[QV , ⇢V ] = 0

<latexit sha1_base64="gmW8wSa2KnWU5qJ4TAvEp0l8RhA=">AAACJXicbVBNS8NAEN34WetX1aOXxSLowZJIUS+C6MVjpTYV2hA226kubjbp7qxQir/Dn+Cv8KonbyJ4EP+KaczBr3eZx3szzMyLUikMuu6bMzE5NT0zW5orzy8sLi1XVlZ9k1jNocUTmeiLiBmQQkELBUq4SDWwOJLQjq5Pxn77BrQRiTrHYQpBzC6V6AvOMJPCitcM/cOusXE4oGnobw22aTMvOz/FrlQFDStVt+bmoH+JV5AqKdAIK+/dXsJtDAq5ZMZ0PDfFYMQ0Ci7htty1BlLGr9kldDKqWAwmGOWv3dJNaxgmNAVNhaS5CN8nRiw2ZhhHWWfM8Mr89sbif17HYv8gGAmVWgTFx4tQSMgXGa5FlhnQntCAyMaXAxWKcqYZImhBGeeZaLMQy1ke3u/v/xJ/t+bt1epn9erRcZFMiayTDbJFPLJPjsgpaZAW4eSOPJBH8uTcO8/Oi/P61TrhFDNr5Aecj09h/KLs</latexit>

SV =
X

q

pV (q)SV (q)�
X

q

pV (q) ln pV (q) Charge sector decomposition 
of entanglement entropy

<latexit sha1_base64="w28oH7A9B/5EuB0R8TvAIkEwsqo=">AAACAHicbVDLSsNAFJ3UV62vqks3g0UUhJJIUTdC0Y3LBmxaaGOYTG/r0MmDmRuhhG78Cre6cidu/RMX/otJ7EKrZ3U4517uucePpdBomh9GaWFxaXmlvFpZW9/Y3Kpu7zg6ShSHNo9kpLo+0yBFCG0UKKEbK2CBL6Hjj69yv3MPSosovMFJDG7ARqEYCs4wk27tC9tz6DG1vdQ5nHrVmlk3C9C/xJqRGpmh5VU/+4OIJwGEyCXTumeZMbopUyi4hGmln2iIGR+zEfQyGrIAtJsWqaf0INEMIxqDokLSQoSfGykLtJ4EfjYZMLzT814u/uf1Ehyeu6kI4wQh5PkhFBKKQ5orkdUBdCAUILI8OVARUs4UQwQlKOM8E5Osn0rWhzX//V/inNSt03rDbtSal7NmymSP7JMjYpEz0iTXpEXahBNFHskTeTYejBfj1Xj7Hi0Zs51d8gvG+xc9NJW4</latexit>

Q = QV +QV 0

<latexit sha1_base64="77j0IhsSDaEpY620ggd2H5pZYsU=">AAACHHicbVDLSsNAFJ3Ud31VXboZLEJdWBIRdSOIblwq2gc0IUymtzp0MokzN4KE/oKf4Fe41ZU7cSu48F9MYhFtPavDOfdyzz1BLIVB2/6wShOTU9Mzs3Pl+YXFpeXKymrTRInm0OCRjHQ7YAakUNBAgRLasQYWBhJaQf8k91u3oI2I1CXexeCF7EqJnuAMM8mv1C78Zu1m63DbDRle6zC91ANXX0eF6kr1w/1K1a7bBeg4cYakSoY48yufbjfiSQgKuWTGdBw7Ri9lGgWXMCi7iYGY8T67gk5GFQvBeGnx0YBuJoZhRGPQVEhaiPB7I2WhMXdhkE3muc2ol4v/eZ0EewdeKlScICieH0IhoThkuBZZVUC7QgMiy5MDFYpyphkiaEEZ55mYZN2Vsz6c0e/HSXOn7uzVd893q0fHw2ZmyTrZIDXikH1yRE7JGWkQTu7JI3kiz9aD9WK9Wm/foyVruLNG/sB6/wJEE6EO</latexit>

SV (q) = �Tr⇢V (q) ln ⇢V (q)

<latexit sha1_base64="YyZGvZagLP6BL3pfU/BT5bHBK0c=">AAAB+HicbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh6JXjxiIoUEGrJdHriybdfdVxNs+A9e9eTNePXfePC/2FYOCs5pMvNe3rzxlRQGbfvTKiwtr6yuFddLG5tb2zvl3T3XRLHm0OKRjHTHZwakCKGFAiV0lAYW+BLa/vgy89sPoI2IwhucKPACNgrFUHCGqeSqvlu9P+6XK3bNzkEXiTMjFTJDs1/+6g0iHgcQIpfMmK5jK/QSplFwCdNSLzagGB+zEXRTGrIAjJfkaaf0KDYMI6pAUyFpLsLvjYQFxkwCP50MGN6aeS8T//O6MQ7PvUSEKkYIeXYIhYT8kOFapDUAHQgNiCxLDlSElDPNEEELyjhPxTjtpZT24cx/v0jck5pzWqtf1yuNi1kzRXJADkmVOOSMNMgVaZIW4eSOPJFn8mI9Wq/Wm/X+M1qwZjv75A+sj2+D05Mr</latexit>

pV (q)

<latexit sha1_base64="Si/a2TZToZFoGRh1o6tx9rrsqf8="></latexit>

⇢V (q) ⌘
⇧V (q)⇢V ⇧V (q)

Tr(⇧V (q)⇢V )



Symmetry resolution of the entanglement
New ingredient for analyzing the fine structure of entanglement in theories endowed with a global symmetry

<latexit sha1_base64="MC/h+vdZzZ+Wv/it8dxD7weFTo4=">AAAB83icbVC7TsNAEDyHVwivACXNiQgpVWSjCCgjaCgTiTykxIrOl0045Xy27vaQIitfQAsVHaLlgyj4F2zjAgJTjWZ2tbMTxFIYdN0Pp7S2vrG5Vd6u7Ozu7R9UD496JrKaQ5dHMtKDgBmQQkEXBUoYxBpYGEjoB/ObzO8/gDYiUne4iMEP2UyJqeAMU6lTH1drbsPNQf8SryA1UqA9rn6OJhG3ISjkkhkz9NwY/YRpFFzCsjKyBmLG52wGw5QqFoLxkzzokp5ZwzCiMWgqJM1F+LmRsNCYRRikkyHDe7PqZeJ/3tDi9MpPhIotguLZIRQS8kOGa5E2AHQiNCCyLDlQoShnmiGCFpRxnoo2raSS9uGtfv+X9M4b3kWj2WnWWtdFM2VyQk5JnXjkkrTILWmTLuEEyCN5Is+OdV6cV+fte7TkFDvH5Bec9y8Mx5E6</latexit>

(
<latexit sha1_base64="k/qHW13QNv6zBhewaH0kdRvPsFk=">AAAB83icbVC7TsNAEDzzDOEVoKQ5ESFBE9koAsoIGspEIg8psaLzZRNOOZ+tuz2kyMoX0EJFh2j5IAr+Bdu4gISpRjO72tkJYikMuu6ns7K6tr6xWdoqb+/s7u1XDg47JrKaQ5tHMtK9gBmQQkEbBUroxRpYGEjoBtPbzO8+gjYiUvc4i8EP2USJseAMU6l1PqxU3Zqbgy4TryBVUqA5rHwNRhG3ISjkkhnT99wY/YRpFFzCvDywBmLGp2wC/ZQqFoLxkzzonJ5awzCiMWgqJM1F+L2RsNCYWRikkyHDB7PoZeJ/Xt/i+NpPhIotguLZIRQS8kOGa5E2AHQkNCCyLDlQoShnmiGCFpRxnoo2raSc9uEtfr9MOhc177JWb9WrjZuimRI5JifkjHjkijTIHWmSNuEEyBN5Ji+OdV6dN+f9Z3TFKXaOyB84H98OVpE7</latexit>

)
<latexit sha1_base64="nJ5YtrE/Wz99uWsuOSRgkVQUFfg=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJRBkIeURNH6sgmnnB/crUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+OGShqy7U+rsLS8srpWXC9tbG5t75R391omiLTApghUoDsuGFTSxyZJUtgJNYLnKmy7k8vUbz+gNjLwb2kaYt+DsS9HUgAl0s39wBmUK3bVzsAXiZOTCsvRGJS/esNARB76JBQY03XskPoxaJJC4azUiwyGICYwxm5CffDQ9OMs6owfRQYo4CFqLhXPRPy9EYNnzNRzk0kP6M7Me6n4n9eNaHTej6UfRoS+SA+RVJgdMkLLpAPkQ6mRCNLkyKXPBWggQi05CJGIUVJKKenDmf9+kbROqs5ptXZdq9Qv8maK7IAdsmPmsDNWZ1eswZpMsDF7Ys/sxXq0Xq036/1ntGDlO/vsD6yPb6oukic=</latexit>q1

<latexit sha1_base64="jEpU13NxdBf0NAhlitpxwkQDS5M=">AAAB9XicbVC7TsNAEFzzDOEVoKQ5ESFRRXYUAWUEDWUQ5CElUXS+bMIp5wd3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7LihkoZs+9NaWl5ZXVsvbBQ3t7Z3dkt7+y0TRFpgUwQq0B2XG1TSxyZJUtgJNXLPVdh2J5ep335AbWTg39I0xL7Hx74cScEpkW7uB9VBqWxX7AxskTg5KUOOxqD01RsGIvLQJ6G4MV3HDqkfc01SKJwVe5HBkIsJH2M3oT730PTjLOqMHUeGU8BC1Ewqlon4eyPmnjFTz00mPU53Zt5Lxf+8bkSj834s/TAi9EV6iKTC7JARWiYdIBtKjUQ8TY5M+kxwzYlQS8aFSMQoKaWY9OHMf79IWtWKc1qpXdfK9Yu8mQIcwhGcgANnUIcraEATBIzhCZ7hxXq0Xq036/1ndMnKdw7gD6yPb6u9kig=</latexit>q2

<latexit sha1_base64="igR3xI+XpvSytXWAMG4hjL3OjNE=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZEQBlBQxkEeUiJFa0vm3DK+cHdGhRZ+QRaqOgQLd9Dwb9gmxSQMNVoZlc7O16kpCHb/rQWFpeWV1YLa8X1jc2t7dLObtOEsRbYEKEKddsDg0oG2CBJCtuRRvA9hS1vdJn5rQfURobBLY0jdH0YBnIgBVAq3dz3Tnqlsl2xc/B54kxJmU1R75W+uv1QxD4GJBQY03HsiNwENEmhcFLsxgYjECMYYielAfho3CSPOuGHsQEKeYSaS8VzEX9vJOAbM/a9dNIHujOzXib+53ViGpy7iQyimDAQ2SGSCvNDRmiZdoC8LzUSQZYcuQy4AA1EqCUHIVIxTksppn04s9/Pk+ZxxTmtVK+r5drFtJkC22cH7Ig57IzV2BWrswYTbMie2DN7sR6tV+vNev8ZXbCmO3vsD6yPb61Mkik=</latexit>q3

<latexit sha1_base64="AzYXcENuDUCAx+lPUc4psA2zAe0=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIRAhqkCBrKIJGHlFjR+rJJTjk/dLdGiqx8BC1UdIiWr6HgX7CNC0iYajSzq50dL1LSkG1/WqWV1bX1jfJmZWt7Z3evun/QNmGsBbZEqELd9cCgkgG2SJLCbqQRfE9hx5veZn7nEbWRYfBAswhdH8aBHEkBlEqdvp6Eg/b1oFqz63YOvkycgtRYgeag+tUfhiL2MSChwJieY0fkJqBJCoXzSj82GIGYwhh7KQ3AR+Mmedw5P4kNUMgj1Fwqnov4eyMB35iZ76WTPtDELHqZ+J/Xi2l05SYyiGLCQGSHSCrMDxmhZdoD8qHUSARZcuQy4AI0EKGWHIRIxTgtppL24Sx+v0zaZ3Xnon5+f15r3BTNlNkRO2anzGGXrMHuWJO1mGBT9sSe2YuVWK/Wm/X+M1qyip1D9gfWxze+H5Pl</latexit>⇢V =

<latexit sha1_base64="HpnDBY8waboz1MG820BXftQE50g=">AAAB9nicbVC7TsNAEDzzDOEVoKQ5ESGFJrJRBJQRNJRBwkmkxIrOl01yyvls3a0RkZVfoIWKDtHyOxT8C7ZxAQlTjWZ2tbPjR1IYtO1Pa2V1bX1js7RV3t7Z3duvHBy2TRhrDi4PZai7PjMghQIXBUroRhpY4Evo+NObzO88gDYiVPc4i8AL2FiJkeAMM8mtOWeDStWu2znoMnEKUiUFWoPKV38Y8jgAhVwyY3qOHaGXMI2CS5iX+7GBiPEpG0MvpYoFYLwkzzqnp7FhGNIINBWS5iL83khYYMws8NPJgOHELHqZ+J/Xi3F05SVCRTGC4tkhFBLyQ4ZrkZYAdCg0ILIsOVChKGeaIYIWlHGeinHaSjntw1n8fpm0z+vORb1x16g2r4tmSuSYnJAaccglaZJb0iIu4WRCnsgzebEerVfrzXr/GV2xip0j8gfWxzeN6pIH</latexit>

U(1)System with a conserved         charge  

<latexit sha1_base64="oc8qsuUT4NIbb8P8kzMt/dBCUEY=">AAAB/XicbVC7TsNAEDyHVwivACXNiQgpNJGNIqCMoKEMEnlIjmWdL5vklPODuzVSZEV8BS1UdIiWb6HgX7CNC0iYajSzq50dL5JCo2l+GqWV1bX1jfJmZWt7Z3evun/Q1WGsOHR4KEPV95gGKQLooEAJ/UgB8z0JPW96nfm9B1BahMEdziJwfDYOxEhwhqlkD9QkdLv1e9c6das1s2HmoMvEKkiNFGi71a/BMOSxDwFyybS2LTNCJ2EKBZcwrwxiDRHjUzYGO6UB80E7SR55Tk9izTCkESgqJM1F+L2RMF/rme+lkz7DiV70MvE/z45xdOkkIohihIBnh1BIyA9prkTaBdChUIDIsuRARUA5UwwRlKCM81SM03IqaR/W4vfLpHvWsM4bzdtmrXVVNFMmR+SY1IlFLkiL3JA26RBOQvJEnsmL8Wi8Gm/G+89oySh2DskfGB/fDkmVIg==</latexit>

⇢V (q1)

<latexit sha1_base64="+s6RUBOBEDftVP4g/O7BapUvqSU=">AAAB/XicbVC7TsNAEDyHVwivACXNiQgpNJEdRUAZQUMZJJIgOZZ1vmySU84P7tZIkRXxFbRQ0SFavoWCf8E2LiBhqtHMrnZ2vEgKjab5aZRWVtfWN8qbla3tnd296v5BT4ex4tDloQzVncc0SBFAFwVKuIsUMN+T0PemV5nffwClRRjc4iwCx2fjQIwEZ5hK9kBNQrdXv3ebp261ZjbMHHSZWAWpkQIdt/o1GIY89iFALpnWtmVG6CRMoeAS5pVBrCFifMrGYKc0YD5oJ8kjz+lJrBmGNAJFhaS5CL83EuZrPfO9dNJnONGLXib+59kxji6cRARRjBDw7BAKCfkhzZVIuwA6FAoQWZYcqAgoZ4ohghKUcZ6KcVpOJe3DWvx+mfSaDeus0bpp1dqXRTNlckSOSZ1Y5Jy0yTXpkC7hJCRP5Jm8GI/Gq/FmvP+Mloxi55D8gfHxDQ/ZlSM=</latexit>

⇢V (q2)

<latexit sha1_base64="Aejab5g/lvLOAzTc7l+lHsf92qA=">AAAB/XicbVC7TsNAEDzzDOEVoKQ5ESGFJrIhAsoIGsogkYfkWNb5sklOOT+4WyNFVsRX0EJFh2j5Fgr+Bdu4gISpRjO72tnxIik0muansbS8srq2Xtoob25t7+xW9vY7OowVhzYPZah6HtMgRQBtFCihFylgvieh602uM7/7AEqLMLjDaQSOz0aBGArOMJXsvhqHbqd2756duJWqWTdz0EViFaRKCrTcyld/EPLYhwC5ZFrblhmhkzCFgkuYlfuxhojxCRuBndKA+aCdJI88o8exZhjSCBQVkuYi/N5ImK/11PfSSZ/hWM97mfifZ8c4vHQSEUQxQsCzQygk5Ic0VyLtAuhAKEBkWXKgIqCcKYYISlDGeSrGaTnltA9r/vtF0jmtW+f1xm2j2rwqmimRQ3JEasQiF6RJbkiLtAknIXkiz+TFeDRejTfj/Wd0ySh2DsgfGB/fEWmVJA==</latexit>

⇢V (q3)

Symmetry-resolved entanglement entropy [Laflorencie, Rachel, ’14, Sela, Goldstein,’17]

eigenvector of
<latexit sha1_base64="j2dtOrm1edWVuhPY9Zug9EhI910=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAsoImpRBIgEpjqL1ZRNOnM/W3RopMpH4BL6CFio6RMsvUPAv2CEFJEw1mtnVzk4QK2nJdT+dufmFxaXlwkpxdW19Y7O0td2yUWIENkWkInMdgEUlNTZJksLr2CCEgcKr4PY896/u0FgZ6UsaxtgJYaBlXwqgTOqWdu/92ErfgB4o9KX2Q6AbASqtj7qlsltxx+CzxJuQMpug0S19+b1IJCFqEgqsbXtuTJ0UDEmhcFT0E4sxiFsYYDujGkK0nXT8w4gfJBYo4jEaLhUfi/h7I4XQ2mEYZJN5RDvt5eJ/Xjuh/mknlTpOCLXID5FUOD5khZFZOch70iAR5MmRS80FGCBCIzkIkYlJ1lYx68Ob/n6WtI4q3nGlelEt184mzRTYHttnh8xjJ6zG6qzBmkywB/bEntmL8+i8Om/O+8/onDPZ2WF/4Hx8A//anN8=</latexit>

| i 2 H
<latexit sha1_base64="e7XvNcZSJQQHzIuPZXEO0w3/kNE=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndHlVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1lvtBu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdMrpFj</latexit>

Q

<latexit sha1_base64="RXAh/7TUHxrK6WEa5ZtDDVwumEA=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESFRoMhGEdAgRdBQJhJxIjnGOl82ySnnh+7WSFGUhq+ghYoO0fInFPwLtnEBCVONZna1s+PHUmg0zU9jaXlldW29tFHe3Nre2a3s7ds6ShSHNo9kpLo+0yBFCG0UKKEbK2CBL6Hjj28yv/MASosovMNJDG7AhqEYCM4wle6dlmef9tQo8mz3yvQqVbNm5qCLxCpIlRRoepWvXj/iSQAhcsm0diwzRnfKFAouYVbuJRpixsdsCE5KQxaAdqd56hk9TjTDiMagqJA0F+H3xpQFWk8CP50MGI70vJeJ/3lOgoNLdyrCOEEIeXYIhYT8kOZKpHUA7QsFiCxLDlSElDPFEEEJyjhPxSTtp5z2Yc1/v0jss5p1Xqu36tXGddFMiRySI3JCLHJBGuSWNEmbcKLIE3kmL8aj8Wq8Ge8/o0tGsXNA/sD4+AYfCpZF</latexit>

[QV , ⇢V ] = 0

<latexit sha1_base64="gmW8wSa2KnWU5qJ4TAvEp0l8RhA=">AAACJXicbVBNS8NAEN34WetX1aOXxSLowZJIUS+C6MVjpTYV2hA226kubjbp7qxQir/Dn+Cv8KonbyJ4EP+KaczBr3eZx3szzMyLUikMuu6bMzE5NT0zW5orzy8sLi1XVlZ9k1jNocUTmeiLiBmQQkELBUq4SDWwOJLQjq5Pxn77BrQRiTrHYQpBzC6V6AvOMJPCitcM/cOusXE4oGnobw22aTMvOz/FrlQFDStVt+bmoH+JV5AqKdAIK+/dXsJtDAq5ZMZ0PDfFYMQ0Ci7htty1BlLGr9kldDKqWAwmGOWv3dJNaxgmNAVNhaS5CN8nRiw2ZhhHWWfM8Mr89sbif17HYv8gGAmVWgTFx4tQSMgXGa5FlhnQntCAyMaXAxWKcqYZImhBGeeZaLMQy1ke3u/v/xJ/t+bt1epn9erRcZFMiayTDbJFPLJPjsgpaZAW4eSOPJBH8uTcO8/Oi/P61TrhFDNr5Aecj09h/KLs</latexit>

SV =
X

q

pV (q)SV (q)�
X

q

pV (q) ln pV (q) Charge sector decomposition 
of entanglement entropy

Equipartition of entanglement: the symmetry-resolved entanglement entropy is independent of the 
charge sector at leading order in the ultraviolet cutoff [Xavier, Alcaraz, Sierra, ’18]

<latexit sha1_base64="w28oH7A9B/5EuB0R8TvAIkEwsqo=">AAACAHicbVDLSsNAFJ3UV62vqks3g0UUhJJIUTdC0Y3LBmxaaGOYTG/r0MmDmRuhhG78Cre6cidu/RMX/otJ7EKrZ3U4517uucePpdBomh9GaWFxaXmlvFpZW9/Y3Kpu7zg6ShSHNo9kpLo+0yBFCG0UKKEbK2CBL6Hjj69yv3MPSosovMFJDG7ARqEYCs4wk27tC9tz6DG1vdQ5nHrVmlk3C9C/xJqRGpmh5VU/+4OIJwGEyCXTumeZMbopUyi4hGmln2iIGR+zEfQyGrIAtJsWqaf0INEMIxqDokLSQoSfGykLtJ4EfjYZMLzT814u/uf1Ehyeu6kI4wQh5PkhFBKKQ5orkdUBdCAUILI8OVARUs4UQwQlKOM8E5Osn0rWhzX//V/inNSt03rDbtSal7NmymSP7JMjYpEz0iTXpEXahBNFHskTeTYejBfj1Xj7Hi0Zs51d8gvG+xc9NJW4</latexit>

Q = QV +QV 0

<latexit sha1_base64="77j0IhsSDaEpY620ggd2H5pZYsU=">AAACHHicbVDLSsNAFJ3Ud31VXboZLEJdWBIRdSOIblwq2gc0IUymtzp0MokzN4KE/oKf4Fe41ZU7cSu48F9MYhFtPavDOfdyzz1BLIVB2/6wShOTU9Mzs3Pl+YXFpeXKymrTRInm0OCRjHQ7YAakUNBAgRLasQYWBhJaQf8k91u3oI2I1CXexeCF7EqJnuAMM8mv1C78Zu1m63DbDRle6zC91ANXX0eF6kr1w/1K1a7bBeg4cYakSoY48yufbjfiSQgKuWTGdBw7Ri9lGgWXMCi7iYGY8T67gk5GFQvBeGnx0YBuJoZhRGPQVEhaiPB7I2WhMXdhkE3muc2ol4v/eZ0EewdeKlScICieH0IhoThkuBZZVUC7QgMiy5MDFYpyphkiaEEZ55mYZN2Vsz6c0e/HSXOn7uzVd893q0fHw2ZmyTrZIDXikH1yRE7JGWkQTu7JI3kiz9aD9WK9Wm/foyVruLNG/sB6/wJEE6EO</latexit>

SV (q) = �Tr⇢V (q) ln ⇢V (q)

<latexit sha1_base64="YyZGvZagLP6BL3pfU/BT5bHBK0c=">AAAB+HicbVBNT8JAFNziF+IX6tHLRmKCF9Iaoh6JXjxiIoUEGrJdHriybdfdVxNs+A9e9eTNePXfePC/2FYOCs5pMvNe3rzxlRQGbfvTKiwtr6yuFddLG5tb2zvl3T3XRLHm0OKRjHTHZwakCKGFAiV0lAYW+BLa/vgy89sPoI2IwhucKPACNgrFUHCGqeSqvlu9P+6XK3bNzkEXiTMjFTJDs1/+6g0iHgcQIpfMmK5jK/QSplFwCdNSLzagGB+zEXRTGrIAjJfkaaf0KDYMI6pAUyFpLsLvjYQFxkwCP50MGN6aeS8T//O6MQ7PvUSEKkYIeXYIhYT8kOFapDUAHQgNiCxLDlSElDPNEEELyjhPxTjtpZT24cx/v0jck5pzWqtf1yuNi1kzRXJADkmVOOSMNMgVaZIW4eSOPJFn8mI9Wq/Wm/X+M1qwZjv75A+sj2+D05Mr</latexit>

pV (q)

<latexit sha1_base64="Si/a2TZToZFoGRh1o6tx9rrsqf8="></latexit>

⇢V (q) ⌘
⇧V (q)⇢V ⇧V (q)

Tr(⇧V (q)⇢V )



Goal of this talk

Modular theory in different charge sectors of the theory

Example: simple field theoretical setup

How do the charge sectors of a theory with U(1) 
symmetry contribute to the modular flow? 



In the algebraic approach to QFT, von Neumann (vN) algebras of operators play a special role

Causally complete region of spacetime <latexit sha1_base64="B7tvm3YXweBDyKUvRERZNJZ5qAE=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndHVVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1lvtBu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdUeZFo</latexit>

V vN algebra              bounded operators on
<latexit sha1_base64="3AJV7z0pXOgHXVYchQ/zuSyQYkY=">AAACCXicbVDLTgJBEJzFF+ILNZ68TCQmeCG7hqhH1ItHTOSRACG9Q4MTZh+Z6TUhG77Ar/CqJ2/Gq1/hwX9xd+WgYJ0qVd3p6nJDJQ3Z9qeVW1peWV3Lrxc2Nre2d4q7e00TRFpgQwQq0G0XDCrpY4MkKWyHGsFzFbbc8XXqtx5QGxn4dzQJsefByJdDKYASqV886HpA9wJUfDktN0+6JnINUr9Ysit2Br5InBkpsRnq/eJXdxCIyEOfhAJjOo4dUi8GTVIonBa6kcEQxBhG2EmoDx6aXpzFn/LjyAAFPETNpeKZiL83YvCMmXhuMpmGNfNeKv7ndSIaXvRi6YcRoS/SQyQVZoeM0DLpBflAaiSCNDly6XMBGohQSw5CJGKUFFVI+nDmv18kzdOKc1ap3lZLtatZM3l2yI5YmTnsnNXYDauzBhMsZk/smb1Yj9ar9Wa9/4zmrNnOPvsD6+MbAfuaEw==</latexit>

A(V ) ⇢ <latexit sha1_base64="nFumEOThxLIBA+b4It9lXHgEVBE=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNCmDREKkxIrWl0045fzQ3RopsiK+ghYqOkTLt1DwL9jGBSRMNZrZ1c6OFylpyLY/rdLK6tr6RnmzsrW9s7tX3T/omjDWAjsiVKHueWBQyQA7JElhL9IIvqfwzpteZ/7dA2ojw+CWZhG6PkwCOZYCKJX6Ax/oXoBKWvNhtWbX7Rx8mTgFqbEC7WH1azAKRexjQEKBMX3HjshNQJMUCueVQWwwAjGFCfZTGoCPxk3yyHN+EhugkEeouVQ8F/H3RgK+MTPfSyeziGbRy8T/vH5M40s3kUEUEwYiO0RSYX7ICC3TLpCPpEYiyJIjlwEXoIEIteQgRCrGaTmVtA9n8ftl0j2rO+f1xk2j1rwqmimzI3bMTpnDLliTtVibdZhgIXtiz+zFerRerTfr/We0ZBU7h+wPrI9vSoeV7A==</latexit>

H

Modular flow [Tomita, ’67; Takesaki, ’70]



In the algebraic approach to QFT, von Neumann (vN) algebras of operators play a special role

Causally complete region of spacetime <latexit sha1_base64="B7tvm3YXweBDyKUvRERZNJZ5qAE=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndHVVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1lvtBu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdUeZFo</latexit>

V vN algebra              bounded operators on
<latexit sha1_base64="3AJV7z0pXOgHXVYchQ/zuSyQYkY=">AAACCXicbVDLTgJBEJzFF+ILNZ68TCQmeCG7hqhH1ItHTOSRACG9Q4MTZh+Z6TUhG77Ar/CqJ2/Gq1/hwX9xd+WgYJ0qVd3p6nJDJQ3Z9qeVW1peWV3Lrxc2Nre2d4q7e00TRFpgQwQq0G0XDCrpY4MkKWyHGsFzFbbc8XXqtx5QGxn4dzQJsefByJdDKYASqV886HpA9wJUfDktN0+6JnINUr9Ysit2Br5InBkpsRnq/eJXdxCIyEOfhAJjOo4dUi8GTVIonBa6kcEQxBhG2EmoDx6aXpzFn/LjyAAFPETNpeKZiL83YvCMmXhuMpmGNfNeKv7ndSIaXvRi6YcRoS/SQyQVZoeM0DLpBflAaiSCNDly6XMBGohQSw5CJGKUFFVI+nDmv18kzdOKc1ap3lZLtatZM3l2yI5YmTnsnNXYDauzBhMsZk/smb1Yj9ar9Wa9/4zmrNnOPvsD6+MbAfuaEw==</latexit>

A(V ) ⇢ <latexit sha1_base64="nFumEOThxLIBA+b4It9lXHgEVBE=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNCmDREKkxIrWl0045fzQ3RopsiK+ghYqOkTLt1DwL9jGBSRMNZrZ1c6OFylpyLY/rdLK6tr6RnmzsrW9s7tX3T/omjDWAjsiVKHueWBQyQA7JElhL9IIvqfwzpteZ/7dA2ojw+CWZhG6PkwCOZYCKJX6Ax/oXoBKWvNhtWbX7Rx8mTgFqbEC7WH1azAKRexjQEKBMX3HjshNQJMUCueVQWwwAjGFCfZTGoCPxk3yyHN+EhugkEeouVQ8F/H3RgK+MTPfSyeziGbRy8T/vH5M40s3kUEUEwYiO0RSYX7ICC3TLpCPpEYiyJIjlwEXoIEIteQgRCrGaTmVtA9n8ftl0j2rO+f1xk2j1rwqmimzI3bMTpnDLliTtVibdZhgIXtiz+zFerRerTfr/We0ZBU7h+wPrI9vSoeV7A==</latexit>

H

QFT with U(1) global symmetry: we choose
<latexit sha1_base64="lTLS7u6CDA59oh4PISUj3pFqNsw=">AAACA3icbVC7TgJBFJ3FF+ID1NJmIjHBhuwaopaojSUm8kiAkLvDBSfMPjJz14RsKP0KW63sjK0fYuG/uLtSKHiqk3PuzT33uKGShmz708qtrK6tb+Q3C1vbO7vF0t5+ywSRFtgUgQp0xwWDSvrYJEkKO6FG8FyFbXdynfrtB9RGBv4dTUPsezD25UgKoEQalIo9D+hegIovZ5XWCR+UynbVzsCXiTMnZTZHY1D66g0DEXnok1BgTNexQ+rHoEkKhbNCLzIYgpjAGLsJ9cFD04+z4DN+HBmggIeouVQ8E/H3RgyeMVPPTSbTmGbRS8X/vG5Eo4t+LP0wIvRFeoikwuyQEVomjSAfSo1EkCZHLn0uQAMRaslBiESMkooKSR/O4vfLpHVadc6qtdtauX41bybPDtkRqzCHnbM6u2EN1mSCReyJPbMX69F6td6s95/RnDXfOWB/YH18A5YJlwU=</latexit>

A(V ) only made of U(1) invariant operators

Modular flow [Tomita, ’67; Takesaki, ’70]



In the algebraic approach to QFT, von Neumann (vN) algebras of operators play a special role

Causally complete region of spacetime <latexit sha1_base64="B7tvm3YXweBDyKUvRERZNJZ5qAE=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndHVVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1lvtBu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdUeZFo</latexit>

V vN algebra              bounded operators on
<latexit sha1_base64="3AJV7z0pXOgHXVYchQ/zuSyQYkY=">AAACCXicbVDLTgJBEJzFF+ILNZ68TCQmeCG7hqhH1ItHTOSRACG9Q4MTZh+Z6TUhG77Ar/CqJ2/Gq1/hwX9xd+WgYJ0qVd3p6nJDJQ3Z9qeVW1peWV3Lrxc2Nre2d4q7e00TRFpgQwQq0G0XDCrpY4MkKWyHGsFzFbbc8XXqtx5QGxn4dzQJsefByJdDKYASqV886HpA9wJUfDktN0+6JnINUr9Ysit2Br5InBkpsRnq/eJXdxCIyEOfhAJjOo4dUi8GTVIonBa6kcEQxBhG2EmoDx6aXpzFn/LjyAAFPETNpeKZiL83YvCMmXhuMpmGNfNeKv7ndSIaXvRi6YcRoS/SQyQVZoeM0DLpBflAaiSCNDly6XMBGohQSw5CJGKUFFVI+nDmv18kzdOKc1ap3lZLtatZM3l2yI5YmTnsnNXYDauzBhMsZk/smb1Yj9ar9Wa9/4zmrNnOPvsD6+MbAfuaEw==</latexit>

A(V ) ⇢ <latexit sha1_base64="nFumEOThxLIBA+b4It9lXHgEVBE=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNCmDREKkxIrWl0045fzQ3RopsiK+ghYqOkTLt1DwL9jGBSRMNZrZ1c6OFylpyLY/rdLK6tr6RnmzsrW9s7tX3T/omjDWAjsiVKHueWBQyQA7JElhL9IIvqfwzpteZ/7dA2ojw+CWZhG6PkwCOZYCKJX6Ax/oXoBKWvNhtWbX7Rx8mTgFqbEC7WH1azAKRexjQEKBMX3HjshNQJMUCueVQWwwAjGFCfZTGoCPxk3yyHN+EhugkEeouVQ8F/H3RgK+MTPfSyeziGbRy8T/vH5M40s3kUEUEwYiO0RSYX7ICC3TLpCPpEYiyJIjlwEXoIEIteQgRCrGaTmVtA9n8ftl0j2rO+f1xk2j1rwqmimzI3bMTpnDLliTtVibdZhgIXtiz+zFerRerTfr/We0ZBU7h+wPrI9vSoeV7A==</latexit>

H

<latexit sha1_base64="j2dtOrm1edWVuhPY9Zug9EhI910=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAsoImpRBIgEpjqL1ZRNOnM/W3RopMpH4BL6CFio6RMsvUPAv2CEFJEw1mtnVzk4QK2nJdT+dufmFxaXlwkpxdW19Y7O0td2yUWIENkWkInMdgEUlNTZJksLr2CCEgcKr4PY896/u0FgZ6UsaxtgJYaBlXwqgTOqWdu/92ErfgB4o9KX2Q6AbASqtj7qlsltxx+CzxJuQMpug0S19+b1IJCFqEgqsbXtuTJ0UDEmhcFT0E4sxiFsYYDujGkK0nXT8w4gfJBYo4jEaLhUfi/h7I4XQ2mEYZJN5RDvt5eJ/Xjuh/mknlTpOCLXID5FUOD5khZFZOch70iAR5MmRS80FGCBCIzkIkYlJ1lYx68Ob/n6WtI4q3nGlelEt184mzRTYHttnh8xjJ6zG6qzBmkywB/bEntmL8+i8Om/O+8/onDPZ2WF/4Hx8A//anN8=</latexit>

| i 2 HVacuum state of the QFT QFT with U(1) global symmetry: we choose
<latexit sha1_base64="lTLS7u6CDA59oh4PISUj3pFqNsw=">AAACA3icbVC7TgJBFJ3FF+ID1NJmIjHBhuwaopaojSUm8kiAkLvDBSfMPjJz14RsKP0KW63sjK0fYuG/uLtSKHiqk3PuzT33uKGShmz708qtrK6tb+Q3C1vbO7vF0t5+ywSRFtgUgQp0xwWDSvrYJEkKO6FG8FyFbXdynfrtB9RGBv4dTUPsezD25UgKoEQalIo9D+hegIovZ5XWCR+UynbVzsCXiTMnZTZHY1D66g0DEXnok1BgTNexQ+rHoEkKhbNCLzIYgpjAGLsJ9cFD04+z4DN+HBmggIeouVQ8E/H3RgyeMVPPTSbTmGbRS8X/vG5Eo4t+LP0wIvRFeoikwuyQEVomjSAfSo1EkCZHLn0uQAMRaslBiESMkooKSR/O4vfLpHVadc6qtdtauX41bybPDtkRqzCHnbM6u2EN1mSCReyJPbMX69F6td6s95/RnDXfOWB/YH18A5YJlwU=</latexit>

A(V ) only made of U(1) invariant operators

Modular flow [Tomita, ’67; Takesaki, ’70]



In the algebraic approach to QFT, von Neumann (vN) algebras of operators play a special role

Causally complete region of spacetime <latexit sha1_base64="B7tvm3YXweBDyKUvRERZNJZ5qAE=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndHVVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1lvtBu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdUeZFo</latexit>

V vN algebra              bounded operators on
<latexit sha1_base64="3AJV7z0pXOgHXVYchQ/zuSyQYkY=">AAACCXicbVDLTgJBEJzFF+ILNZ68TCQmeCG7hqhH1ItHTOSRACG9Q4MTZh+Z6TUhG77Ar/CqJ2/Gq1/hwX9xd+WgYJ0qVd3p6nJDJQ3Z9qeVW1peWV3Lrxc2Nre2d4q7e00TRFpgQwQq0G0XDCrpY4MkKWyHGsFzFbbc8XXqtx5QGxn4dzQJsefByJdDKYASqV886HpA9wJUfDktN0+6JnINUr9Ysit2Br5InBkpsRnq/eJXdxCIyEOfhAJjOo4dUi8GTVIonBa6kcEQxBhG2EmoDx6aXpzFn/LjyAAFPETNpeKZiL83YvCMmXhuMpmGNfNeKv7ndSIaXvRi6YcRoS/SQyQVZoeM0DLpBflAaiSCNDly6XMBGohQSw5CJGKUFFVI+nDmv18kzdOKc1ap3lZLtatZM3l2yI5YmTnsnNXYDauzBhMsZk/smb1Yj9ar9Wa9/4zmrNnOPvsD6+MbAfuaEw==</latexit>

A(V ) ⇢ <latexit sha1_base64="nFumEOThxLIBA+b4It9lXHgEVBE=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNCmDREKkxIrWl0045fzQ3RopsiK+ghYqOkTLt1DwL9jGBSRMNZrZ1c6OFylpyLY/rdLK6tr6RnmzsrW9s7tX3T/omjDWAjsiVKHueWBQyQA7JElhL9IIvqfwzpteZ/7dA2ojw+CWZhG6PkwCOZYCKJX6Ax/oXoBKWvNhtWbX7Rx8mTgFqbEC7WH1azAKRexjQEKBMX3HjshNQJMUCueVQWwwAjGFCfZTGoCPxk3yyHN+EhugkEeouVQ8F/H3RgK+MTPfSyeziGbRy8T/vH5M40s3kUEUEwYiO0RSYX7ICC3TLpCPpEYiyJIjlwEXoIEIteQgRCrGaTmVtA9n8ftl0j2rO+f1xk2j1rwqmimzI3bMTpnDLliTtVibdZhgIXtiz+zFerRerTfr/We0ZBU7h+wPrI9vSoeV7A==</latexit>

H

<latexit sha1_base64="j2dtOrm1edWVuhPY9Zug9EhI910=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAsoImpRBIgEpjqL1ZRNOnM/W3RopMpH4BL6CFio6RMsvUPAv2CEFJEw1mtnVzk4QK2nJdT+dufmFxaXlwkpxdW19Y7O0td2yUWIENkWkInMdgEUlNTZJksLr2CCEgcKr4PY896/u0FgZ6UsaxtgJYaBlXwqgTOqWdu/92ErfgB4o9KX2Q6AbASqtj7qlsltxx+CzxJuQMpug0S19+b1IJCFqEgqsbXtuTJ0UDEmhcFT0E4sxiFsYYDujGkK0nXT8w4gfJBYo4jEaLhUfi/h7I4XQ2mEYZJN5RDvt5eJ/Xjuh/mknlTpOCLXID5FUOD5khZFZOch70iAR5MmRS80FGCBCIzkIkYlJ1lYx68Ob/n6WtI4q3nGlelEt184mzRTYHttnh8xjJ6zG6qzBmkywB/bEntmL8+i8Om/O+8/onDPZ2WF/4Hx8A//anN8=</latexit>

| i 2 HVacuum state of the QFT QFT with U(1) global symmetry: we choose
<latexit sha1_base64="lTLS7u6CDA59oh4PISUj3pFqNsw=">AAACA3icbVC7TgJBFJ3FF+ID1NJmIjHBhuwaopaojSUm8kiAkLvDBSfMPjJz14RsKP0KW63sjK0fYuG/uLtSKHiqk3PuzT33uKGShmz708qtrK6tb+Q3C1vbO7vF0t5+ywSRFtgUgQp0xwWDSvrYJEkKO6FG8FyFbXdynfrtB9RGBv4dTUPsezD25UgKoEQalIo9D+hegIovZ5XWCR+UynbVzsCXiTMnZTZHY1D66g0DEXnok1BgTNexQ+rHoEkKhbNCLzIYgpjAGLsJ9cFD04+z4DN+HBmggIeouVQ8E/H3RgyeMVPPTSbTmGbRS8X/vG5Eo4t+LP0wIvRFeoikwuyQEVomjSAfSo1EkCZHLn0uQAMRaslBiESMkooKSR/O4vfLpHVadc6qtdtauX41bybPDtkRqzCHnbM6u2EN1mSCReyJPbMX69F6td6s95/RnDXfOWB/YH18A5YJlwU=</latexit>

A(V ) only made of U(1) invariant operators

Modular flow [Tomita, ’67; Takesaki, ’70]

Modular operator
<latexit sha1_base64="BlVzOH05bjTj4RLTId45m3Uxqwg=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIKCiDRB5SbEXryyaccn7obo0URRFfQQsVHaLlWyj4F2zjAhKmGs3samfHj5U0ZNufVmlpeWV1rbxe2djc2t6p7u61TZRogS0RqUh3fTCoZIgtkqSwG2uEwFfY8cdXmd95QG1kFN7RJEYvgFEoh1IApVLPvUZF0HdjI/vVml23c/BF4hSkxgo0+9UvdxCJJMCQhAJjeo4dkzcFTVIonFXcxGAMYgwj7KU0hACNN80jz/hRYoAiHqPmUvFcxN8bUwiMmQR+OhkA3Zt5LxP/83oJDS+8qQzjhDAU2SGSCvNDRmiZdoF8IDUSQZYcuQy5AA1EqCUHIVIxScuppH04898vkvZJ3Tmrn96e1hqXRTNldsAO2TFz2DlrsBvWZC0mWMSe2DN7sR6tV+vNev8ZLVnFzj77A+vjGwkylcM=</latexit>

� 



In the algebraic approach to QFT, von Neumann (vN) algebras of operators play a special role

Causally complete region of spacetime <latexit sha1_base64="B7tvm3YXweBDyKUvRERZNJZ5qAE=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndHVVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1lvtBu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdUeZFo</latexit>

V vN algebra              bounded operators on
<latexit sha1_base64="3AJV7z0pXOgHXVYchQ/zuSyQYkY=">AAACCXicbVDLTgJBEJzFF+ILNZ68TCQmeCG7hqhH1ItHTOSRACG9Q4MTZh+Z6TUhG77Ar/CqJ2/Gq1/hwX9xd+WgYJ0qVd3p6nJDJQ3Z9qeVW1peWV3Lrxc2Nre2d4q7e00TRFpgQwQq0G0XDCrpY4MkKWyHGsFzFbbc8XXqtx5QGxn4dzQJsefByJdDKYASqV886HpA9wJUfDktN0+6JnINUr9Ysit2Br5InBkpsRnq/eJXdxCIyEOfhAJjOo4dUi8GTVIonBa6kcEQxBhG2EmoDx6aXpzFn/LjyAAFPETNpeKZiL83YvCMmXhuMpmGNfNeKv7ndSIaXvRi6YcRoS/SQyQVZoeM0DLpBflAaiSCNDly6XMBGohQSw5CJGKUFFVI+nDmv18kzdOKc1ap3lZLtatZM3l2yI5YmTnsnNXYDauzBhMsZk/smb1Yj9ar9Wa9/4zmrNnOPvsD6+MbAfuaEw==</latexit>

A(V ) ⇢ <latexit sha1_base64="nFumEOThxLIBA+b4It9lXHgEVBE=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNCmDREKkxIrWl0045fzQ3RopsiK+ghYqOkTLt1DwL9jGBSRMNZrZ1c6OFylpyLY/rdLK6tr6RnmzsrW9s7tX3T/omjDWAjsiVKHueWBQyQA7JElhL9IIvqfwzpteZ/7dA2ojw+CWZhG6PkwCOZYCKJX6Ax/oXoBKWvNhtWbX7Rx8mTgFqbEC7WH1azAKRexjQEKBMX3HjshNQJMUCueVQWwwAjGFCfZTGoCPxk3yyHN+EhugkEeouVQ8F/H3RgK+MTPfSyeziGbRy8T/vH5M40s3kUEUEwYiO0RSYX7ICC3TLpCPpEYiyJIjlwEXoIEIteQgRCrGaTmVtA9n8ftl0j2rO+f1xk2j1rwqmimzI3bMTpnDLliTtVibdZhgIXtiz+zFerRerTfr/We0ZBU7h+wPrI9vSoeV7A==</latexit>

H

<latexit sha1_base64="j2dtOrm1edWVuhPY9Zug9EhI910=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAsoImpRBIgEpjqL1ZRNOnM/W3RopMpH4BL6CFio6RMsvUPAv2CEFJEw1mtnVzk4QK2nJdT+dufmFxaXlwkpxdW19Y7O0td2yUWIENkWkInMdgEUlNTZJksLr2CCEgcKr4PY896/u0FgZ6UsaxtgJYaBlXwqgTOqWdu/92ErfgB4o9KX2Q6AbASqtj7qlsltxx+CzxJuQMpug0S19+b1IJCFqEgqsbXtuTJ0UDEmhcFT0E4sxiFsYYDujGkK0nXT8w4gfJBYo4jEaLhUfi/h7I4XQ2mEYZJN5RDvt5eJ/Xjuh/mknlTpOCLXID5FUOD5khZFZOch70iAR5MmRS80FGCBCIzkIkYlJ1lYx68Ob/n6WtI4q3nGlelEt184mzRTYHttnh8xjJ6zG6qzBmkywB/bEntmL8+i8Om/O+8/onDPZ2WF/4Hx8A//anN8=</latexit>

| i 2 HVacuum state of the QFT

Given
<latexit sha1_base64="f8ehJjlpA2tl6G4c6pdPDQ1UfJU=">AAACGnicbVDLSgNBEJyNrxhfqx69DAZFQcKuiHqMevGoYmIgG0Lv2IlDZh/M9Aqy5A/8BL/Cq568iVcvHvwXd2MQTaxTUdVNV5cfK2nIcT6swsTk1PRMcbY0N7+wuGQvr9RNlGiBNRGpSDd8MKhkiDWSpLARa4TAV3jl905y/+oWtZFReEl3MbYC6IayIwVQJrXtzSNPhtwLgG4EqPSov1Xf3vF2OP3Ivp9e9Nt22ak4A/Bx4g5JmQ1x1rY/vetIJAGGJBQY03SdmFopaJJCYb/kJQZjED3oYjOjIQRoWungnz7fSAxQxGPUXCo+EPH3RgqBMXeBn03mCc2ol4v/ec2EOoetVIZxQhiK/BBJhYNDRmiZFYX8Wmokgjw58qwEARqIUEsOQmRikjVXyvpwR78fJ/Xdirtf2TvfK1ePh80U2RpbZ1vMZQesyk7ZGasxwe7ZI3tiz9aD9WK9Wm/fowVruLPK/sB6/wJnDKAO</latexit>

A 2 A(V ), t 2 R

Modular flow
<latexit sha1_base64="eHNPcBHnBIvWsbzeKWydj2VPDF8=">AAACKHicbVC7TsNAEDzzDOEVoKQ5ESHRENkoAkpeBWWQyEOKTbQ+NuHE+aG7NRKy8iN8Al9BCxUdSkHDl2CbFCEw1WhmVzs7fqykIdseWTOzc/MLi6Wl8vLK6tp6ZWOzZaJEC2yKSEW644NBJUNskiSFnVgjBL7Ctn9/nvvtB9RGRuE1PcboBTAIZV8KoEzqVeruBSqCnhsbeZO6AdCdDlI5pOHpL2d/0upVqnbNLsD/EmdMqmyMRq/y6d5GIgkwJKHAmK5jx+SloEkKhcOymxiMQdzDALsZDSFA46XFd0O+mxigiMeouVS8EHFyI4XAmMfAzybzjGbay8X/vG5C/WMvlWGcEIYiP0RSYXHICC2z2pDfSo1EkCdHLkMuQAMRaslBiExMsh7LWR/O9Pd/Seug5hzW6lf16snZuJkS22Y7bI857IidsEvWYE0m2BN7Ya/szXq23q0Pa/QzOmONd7bYL1hf38CiqGk=</latexit>

�it
 A��it

 

Modular flow [Tomita, ’67; Takesaki, ’70]

Modular operator
<latexit sha1_base64="BlVzOH05bjTj4RLTId45m3Uxqwg=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIKCiDRB5SbEXryyaccn7obo0URRFfQQsVHaLlWyj4F2zjAhKmGs3samfHj5U0ZNufVmlpeWV1rbxe2djc2t6p7u61TZRogS0RqUh3fTCoZIgtkqSwG2uEwFfY8cdXmd95QG1kFN7RJEYvgFEoh1IApVLPvUZF0HdjI/vVml23c/BF4hSkxgo0+9UvdxCJJMCQhAJjeo4dkzcFTVIonFXcxGAMYgwj7KU0hACNN80jz/hRYoAiHqPmUvFcxN8bUwiMmQR+OhkA3Zt5LxP/83oJDS+8qQzjhDAU2SGSCvNDRmiZdoF8IDUSQZYcuQy5AA1EqCUHIVIxScuppH04898vkvZJ3Tmrn96e1hqXRTNldsAO2TFz2DlrsBvWZC0mWMSe2DN7sR6tV+vNev8ZLVnFzj77A+vjGwkylcM=</latexit>

� 

QFT with U(1) global symmetry: we choose
<latexit sha1_base64="lTLS7u6CDA59oh4PISUj3pFqNsw=">AAACA3icbVC7TgJBFJ3FF+ID1NJmIjHBhuwaopaojSUm8kiAkLvDBSfMPjJz14RsKP0KW63sjK0fYuG/uLtSKHiqk3PuzT33uKGShmz708qtrK6tb+Q3C1vbO7vF0t5+ywSRFtgUgQp0xwWDSvrYJEkKO6FG8FyFbXdynfrtB9RGBv4dTUPsezD25UgKoEQalIo9D+hegIovZ5XWCR+UynbVzsCXiTMnZTZHY1D66g0DEXnok1BgTNexQ+rHoEkKhbNCLzIYgpjAGLsJ9cFD04+z4DN+HBmggIeouVQ8E/H3RgyeMVPPTSbTmGbRS8X/vG5Eo4t+LP0wIvRFeoikwuyQEVomjSAfSo1EkCZHLn0uQAMRaslBiESMkooKSR/O4vfLpHVadc6qtdtauX41bybPDtkRqzCHnbM6u2EN1mSCReyJPbMX69F6td6s95/RnDXfOWB/YH18A5YJlwU=</latexit>

A(V ) only made of U(1) invariant operators



In the algebraic approach to QFT, von Neumann (vN) algebras of operators play a special role

Causally complete region of spacetime <latexit sha1_base64="B7tvm3YXweBDyKUvRERZNJZ5qAE=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndHVVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1lvtBu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdUeZFo</latexit>

V vN algebra              bounded operators on
<latexit sha1_base64="3AJV7z0pXOgHXVYchQ/zuSyQYkY=">AAACCXicbVDLTgJBEJzFF+ILNZ68TCQmeCG7hqhH1ItHTOSRACG9Q4MTZh+Z6TUhG77Ar/CqJ2/Gq1/hwX9xd+WgYJ0qVd3p6nJDJQ3Z9qeVW1peWV3Lrxc2Nre2d4q7e00TRFpgQwQq0G0XDCrpY4MkKWyHGsFzFbbc8XXqtx5QGxn4dzQJsefByJdDKYASqV886HpA9wJUfDktN0+6JnINUr9Ysit2Br5InBkpsRnq/eJXdxCIyEOfhAJjOo4dUi8GTVIonBa6kcEQxBhG2EmoDx6aXpzFn/LjyAAFPETNpeKZiL83YvCMmXhuMpmGNfNeKv7ndSIaXvRi6YcRoS/SQyQVZoeM0DLpBflAaiSCNDly6XMBGohQSw5CJGKUFFVI+nDmv18kzdOKc1ap3lZLtatZM3l2yI5YmTnsnNXYDauzBhMsZk/smb1Yj9ar9Wa9/4zmrNnOPvsD6+MbAfuaEw==</latexit>

A(V ) ⇢ <latexit sha1_base64="nFumEOThxLIBA+b4It9lXHgEVBE=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNCmDREKkxIrWl0045fzQ3RopsiK+ghYqOkTLt1DwL9jGBSRMNZrZ1c6OFylpyLY/rdLK6tr6RnmzsrW9s7tX3T/omjDWAjsiVKHueWBQyQA7JElhL9IIvqfwzpteZ/7dA2ojw+CWZhG6PkwCOZYCKJX6Ax/oXoBKWvNhtWbX7Rx8mTgFqbEC7WH1azAKRexjQEKBMX3HjshNQJMUCueVQWwwAjGFCfZTGoCPxk3yyHN+EhugkEeouVQ8F/H3RgK+MTPfSyeziGbRy8T/vH5M40s3kUEUEwYiO0RSYX7ICC3TLpCPpEYiyJIjlwEXoIEIteQgRCrGaTmVtA9n8ftl0j2rO+f1xk2j1rwqmimzI3bMTpnDLliTtVibdZhgIXtiz+zFerRerTfr/We0ZBU7h+wPrI9vSoeV7A==</latexit>

H

<latexit sha1_base64="j2dtOrm1edWVuhPY9Zug9EhI910=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAsoImpRBIgEpjqL1ZRNOnM/W3RopMpH4BL6CFio6RMsvUPAv2CEFJEw1mtnVzk4QK2nJdT+dufmFxaXlwkpxdW19Y7O0td2yUWIENkWkInMdgEUlNTZJksLr2CCEgcKr4PY896/u0FgZ6UsaxtgJYaBlXwqgTOqWdu/92ErfgB4o9KX2Q6AbASqtj7qlsltxx+CzxJuQMpug0S19+b1IJCFqEgqsbXtuTJ0UDEmhcFT0E4sxiFsYYDujGkK0nXT8w4gfJBYo4jEaLhUfi/h7I4XQ2mEYZJN5RDvt5eJ/Xjuh/mknlTpOCLXID5FUOD5khZFZOch70iAR5MmRS80FGCBCIzkIkYlJ1lYx68Ob/n6WtI4q3nGlelEt184mzRTYHttnh8xjJ6zG6qzBmkywB/bEntmL8+i8Om/O+8/onDPZ2WF/4Hx8A//anN8=</latexit>

| i 2 HVacuum state of the QFT

Given
<latexit sha1_base64="f8ehJjlpA2tl6G4c6pdPDQ1UfJU=">AAACGnicbVDLSgNBEJyNrxhfqx69DAZFQcKuiHqMevGoYmIgG0Lv2IlDZh/M9Aqy5A/8BL/Cq568iVcvHvwXd2MQTaxTUdVNV5cfK2nIcT6swsTk1PRMcbY0N7+wuGQvr9RNlGiBNRGpSDd8MKhkiDWSpLARa4TAV3jl905y/+oWtZFReEl3MbYC6IayIwVQJrXtzSNPhtwLgG4EqPSov1Xf3vF2OP3Ivp9e9Nt22ak4A/Bx4g5JmQ1x1rY/vetIJAGGJBQY03SdmFopaJJCYb/kJQZjED3oYjOjIQRoWungnz7fSAxQxGPUXCo+EPH3RgqBMXeBn03mCc2ol4v/ec2EOoetVIZxQhiK/BBJhYNDRmiZFYX8Wmokgjw58qwEARqIUEsOQmRikjVXyvpwR78fJ/Xdirtf2TvfK1ePh80U2RpbZ1vMZQesyk7ZGasxwe7ZI3tiz9aD9WK9Wm/fowVruLPK/sB6/wJnDKAO</latexit>

A 2 A(V ), t 2 R

Modular flow
<latexit sha1_base64="eHNPcBHnBIvWsbzeKWydj2VPDF8=">AAACKHicbVC7TsNAEDzzDOEVoKQ5ESHRENkoAkpeBWWQyEOKTbQ+NuHE+aG7NRKy8iN8Al9BCxUdSkHDl2CbFCEw1WhmVzs7fqykIdseWTOzc/MLi6Wl8vLK6tp6ZWOzZaJEC2yKSEW644NBJUNskiSFnVgjBL7Ctn9/nvvtB9RGRuE1PcboBTAIZV8KoEzqVeruBSqCnhsbeZO6AdCdDlI5pOHpL2d/0upVqnbNLsD/EmdMqmyMRq/y6d5GIgkwJKHAmK5jx+SloEkKhcOymxiMQdzDALsZDSFA46XFd0O+mxigiMeouVS8EHFyI4XAmMfAzybzjGbay8X/vG5C/WMvlWGcEIYiP0RSYXHICC2z2pDfSo1EkCdHLkMuQAMRaslBiExMsh7LWR/O9Pd/Seug5hzW6lf16snZuJkS22Y7bI857IidsEvWYE0m2BN7Ya/szXq23q0Pa/QzOmONd7bYL1hf38CiqGk=</latexit>

�it
 A��it

 

We assume

<latexit sha1_base64="i9L7mSE62u75ZL32DRsNO1NTCvQ=">AAACG3icbVC7TsNAEDyHVwgvAyXNiQhBQ2SjCGiQEFBQBokEpDhY62OTnHJ+6G6NhKx8Ap/AV9BCRYdoKSj4FxyTgtdUczO7mtsJEiUNOc67VZqYnJqeKc9W5uYXFpfs5ZWWiVMtsCliFevLAAwqGWGTJCm8TDRCGCi8CAbHI//iBrWRcXROtwl2QuhFsisFUC759qZ3gorA9xIjDzzdj/2WF5MM0RSPrLU5vMq23aFvV52aU4D/Je6YVNkYDd/+8K5jkYYYkVBgTNt1EupkoEkKhcOKlxpMQAygh+2cRpBHdrLioCHfSA1QzBPUXCpeiPh9I4PQmNswyCdDoL757Y3E/7x2St39TiajJCWMxCiIpMIiyAgt86aQX0uNRDD6OXIZcQEaiFBLDkLkYppXV8n7cH9f/5e0dmrubq1+Vq8eHo2bKbM1ts62mMv22CE7ZQ3WZILdsQf2yJ6se+vZerFev0ZL1nhnlf2A9fYJSpihvQ==</latexit>

� = ⇢V ⌦ ⇢�1
V 0

<latexit sha1_base64="7cyN/632oHNxlEq0W/04TPSqzfs="></latexit>

�it
 A��it

 = ⇢itV A⇢�it
V ⌦ 1V 0

Modular flow [Tomita, ’67; Takesaki, ’70]

<latexit sha1_base64="H8dpX0O2mwb11b/aGz9xP4xyE80=">AAACJHicbVDLSgNBEJz1GeNr1aOXwSB6CrsS1IsQ9JJjBPOAJITeSScOmX0w0yuEJb/hJ/gVXvXkTTx40G9xN+YQE+tUVHVT3eVFShpynE9raXlldW09t5Hf3Nre2bX39usmjLXAmghVqJseGFQywBpJUtiMNILvKWx4w5vMbzygNjIM7mgUYceHQSD7UgClUtd22j7QvQCVVMZXM7xbb4ckfTSzWlI/GXftglN0JuCLxJ2SApui2rW/2r1QxD4GJBQY03KdiDoJaJJC4Tjfjg1GIIYwwFZKA0hDO8nkszE/jg1QyCPUXCo+EXF2IwHfmJHvpZPZnWbey8T/vFZM/ctOIoMoJgxEFkRS4STICC3TypD3pEYiyC5HLgMuQAMRaslBiFSM0w7zaR/u/PeLpH5WdM+LpdtSoXw9bSbHDtkRO2Uuu2BlVmFVVmOCPbJn9sJerSfrzXq3Pn5Hl6zpzgH7A+v7B50Xpi4=</latexit>

H = HV ⌦HV 0

Modular operator
<latexit sha1_base64="BlVzOH05bjTj4RLTId45m3Uxqwg=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIKCiDRB5SbEXryyaccn7obo0URRFfQQsVHaLlWyj4F2zjAhKmGs3samfHj5U0ZNufVmlpeWV1rbxe2djc2t6p7u61TZRogS0RqUh3fTCoZIgtkqSwG2uEwFfY8cdXmd95QG1kFN7RJEYvgFEoh1IApVLPvUZF0HdjI/vVml23c/BF4hSkxgo0+9UvdxCJJMCQhAJjeo4dkzcFTVIonFXcxGAMYgwj7KU0hACNN80jz/hRYoAiHqPmUvFcxN8bUwiMmQR+OhkA3Zt5LxP/83oJDS+8qQzjhDAU2SGSCvNDRmiZdoF8IDUSQZYcuQy5AA1EqCUHIVIxScuppH04898vkvZJ3Tmrn96e1hqXRTNldsAO2TFz2DlrsBvWZC0mWMSe2DN7sR6tV+vNev8ZLVnFzj77A+vjGwkylcM=</latexit>

� 

QFT with U(1) global symmetry: we choose
<latexit sha1_base64="lTLS7u6CDA59oh4PISUj3pFqNsw=">AAACA3icbVC7TgJBFJ3FF+ID1NJmIjHBhuwaopaojSUm8kiAkLvDBSfMPjJz14RsKP0KW63sjK0fYuG/uLtSKHiqk3PuzT33uKGShmz708qtrK6tb+Q3C1vbO7vF0t5+ywSRFtgUgQp0xwWDSvrYJEkKO6FG8FyFbXdynfrtB9RGBv4dTUPsezD25UgKoEQalIo9D+hegIovZ5XWCR+UynbVzsCXiTMnZTZHY1D66g0DEXnok1BgTNexQ+rHoEkKhbNCLzIYgpjAGLsJ9cFD04+z4DN+HBmggIeouVQ8E/H3RgyeMVPPTSbTmGbRS8X/vG5Eo4t+LP0wIvRFeoikwuyQEVomjSAfSo1EkCZHLn0uQAMRaslBiESMkooKSR/O4vfLpHVadc6qtdtauX41bybPDtkRqzCHnbM6u2EN1mSCReyJPbMX69F6td6s95/RnDXfOWB/YH18A5YJlwU=</latexit>

A(V ) only made of U(1) invariant operators



Modular flow [Tomita, ’67; Takesaki, ’70]

In the algebraic approach to QFT, von Neumann (vN) algebras of operators play a special role

Causally complete region of spacetime <latexit sha1_base64="B7tvm3YXweBDyKUvRERZNJZ5qAE=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6ndHVVrbt3NQVeJV5AaKdAaVb+G44jbEBRyyYwZeG6MfsI0Ci5hURlaAzHjMzaFQUoVC8H4SR50Qc+sYRjRGDQVkuYi/N5IWGjMPAzSyZDhg1n2MvE/b2Bxcu0nQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1lvtBu15k3RTJmckFNyTjxyRZrkjrRIh3AC5Ik8kxfHOq/Om/P+M1pyip1j8gfOxzdUeZFo</latexit>

V vN algebra              bounded operators on
<latexit sha1_base64="3AJV7z0pXOgHXVYchQ/zuSyQYkY=">AAACCXicbVDLTgJBEJzFF+ILNZ68TCQmeCG7hqhH1ItHTOSRACG9Q4MTZh+Z6TUhG77Ar/CqJ2/Gq1/hwX9xd+WgYJ0qVd3p6nJDJQ3Z9qeVW1peWV3Lrxc2Nre2d4q7e00TRFpgQwQq0G0XDCrpY4MkKWyHGsFzFbbc8XXqtx5QGxn4dzQJsefByJdDKYASqV886HpA9wJUfDktN0+6JnINUr9Ysit2Br5InBkpsRnq/eJXdxCIyEOfhAJjOo4dUi8GTVIonBa6kcEQxBhG2EmoDx6aXpzFn/LjyAAFPETNpeKZiL83YvCMmXhuMpmGNfNeKv7ndSIaXvRi6YcRoS/SQyQVZoeM0DLpBflAaiSCNDly6XMBGohQSw5CJGKUFFVI+nDmv18kzdOKc1ap3lZLtatZM3l2yI5YmTnsnNXYDauzBhMsZk/smb1Yj9ar9Wa9/4zmrNnOPvsD6+MbAfuaEw==</latexit>

A(V ) ⇢ <latexit sha1_base64="nFumEOThxLIBA+b4It9lXHgEVBE=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrJRBJQRNCmDREKkxIrWl0045fzQ3RopsiK+ghYqOkTLt1DwL9jGBSRMNZrZ1c6OFylpyLY/rdLK6tr6RnmzsrW9s7tX3T/omjDWAjsiVKHueWBQyQA7JElhL9IIvqfwzpteZ/7dA2ojw+CWZhG6PkwCOZYCKJX6Ax/oXoBKWvNhtWbX7Rx8mTgFqbEC7WH1azAKRexjQEKBMX3HjshNQJMUCueVQWwwAjGFCfZTGoCPxk3yyHN+EhugkEeouVQ8F/H3RgK+MTPfSyeziGbRy8T/vH5M40s3kUEUEwYiO0RSYX7ICC3TLpCPpEYiyJIjlwEXoIEIteQgRCrGaTmVtA9n8ftl0j2rO+f1xk2j1rwqmimzI3bMTpnDLliTtVibdZhgIXtiz+zFerRerTfr/We0ZBU7h+wPrI9vSoeV7A==</latexit>

H

<latexit sha1_base64="j2dtOrm1edWVuhPY9Zug9EhI910=">AAACDnicbVC7TsNAEDzzDOEVoIPmRIREFdkoAsoImpRBIgEpjqL1ZRNOnM/W3RopMpH4BL6CFio6RMsvUPAv2CEFJEw1mtnVzk4QK2nJdT+dufmFxaXlwkpxdW19Y7O0td2yUWIENkWkInMdgEUlNTZJksLr2CCEgcKr4PY896/u0FgZ6UsaxtgJYaBlXwqgTOqWdu/92ErfgB4o9KX2Q6AbASqtj7qlsltxx+CzxJuQMpug0S19+b1IJCFqEgqsbXtuTJ0UDEmhcFT0E4sxiFsYYDujGkK0nXT8w4gfJBYo4jEaLhUfi/h7I4XQ2mEYZJN5RDvt5eJ/Xjuh/mknlTpOCLXID5FUOD5khZFZOch70iAR5MmRS80FGCBCIzkIkYlJ1lYx68Ob/n6WtI4q3nGlelEt184mzRTYHttnh8xjJ6zG6qzBmkywB/bEntmL8+i8Om/O+8/onDPZ2WF/4Hx8A//anN8=</latexit>

| i 2 HVacuum state of the QFT QFT with U(1) global symmetry: we choose
<latexit sha1_base64="lTLS7u6CDA59oh4PISUj3pFqNsw=">AAACA3icbVC7TgJBFJ3FF+ID1NJmIjHBhuwaopaojSUm8kiAkLvDBSfMPjJz14RsKP0KW63sjK0fYuG/uLtSKHiqk3PuzT33uKGShmz708qtrK6tb+Q3C1vbO7vF0t5+ywSRFtgUgQp0xwWDSvrYJEkKO6FG8FyFbXdynfrtB9RGBv4dTUPsezD25UgKoEQalIo9D+hegIovZ5XWCR+UynbVzsCXiTMnZTZHY1D66g0DEXnok1BgTNexQ+rHoEkKhbNCLzIYgpjAGLsJ9cFD04+z4DN+HBmggIeouVQ8E/H3RgyeMVPPTSbTmGbRS8X/vG5Eo4t+LP0wIvRFeoikwuyQEVomjSAfSo1EkCZHLn0uQAMRaslBiESMkooKSR/O4vfLpHVadc6qtdtauX41bybPDtkRqzCHnbM6u2EN1mSCReyJPbMX69F6td6s95/RnDXfOWB/YH18A5YJlwU=</latexit>

A(V ) only made of U(1) invariant operators

Modular operator
<latexit sha1_base64="BlVzOH05bjTj4RLTId45m3Uxqwg=">AAAB/XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIKCiDRB5SbEXryyaccn7obo0URRFfQQsVHaLlWyj4F2zjAhKmGs3samfHj5U0ZNufVmlpeWV1rbxe2djc2t6p7u61TZRogS0RqUh3fTCoZIgtkqSwG2uEwFfY8cdXmd95QG1kFN7RJEYvgFEoh1IApVLPvUZF0HdjI/vVml23c/BF4hSkxgo0+9UvdxCJJMCQhAJjeo4dkzcFTVIonFXcxGAMYgwj7KU0hACNN80jz/hRYoAiHqPmUvFcxN8bUwiMmQR+OhkA3Zt5LxP/83oJDS+8qQzjhDAU2SGSCvNDRmiZdoF8IDUSQZYcuQy5AA1EqCUHIVIxScuppH04898vkvZJ3Tmrn96e1hqXRTNldsAO2TFz2DlrsBvWZC0mWMSe2DN7sR6tV+vNev8ZLVnFzj77A+vjGwkylcM=</latexit>

� 

Given
<latexit sha1_base64="f8ehJjlpA2tl6G4c6pdPDQ1UfJU=">AAACGnicbVDLSgNBEJyNrxhfqx69DAZFQcKuiHqMevGoYmIgG0Lv2IlDZh/M9Aqy5A/8BL/Cq568iVcvHvwXd2MQTaxTUdVNV5cfK2nIcT6swsTk1PRMcbY0N7+wuGQvr9RNlGiBNRGpSDd8MKhkiDWSpLARa4TAV3jl905y/+oWtZFReEl3MbYC6IayIwVQJrXtzSNPhtwLgG4EqPSov1Xf3vF2OP3Ivp9e9Nt22ak4A/Bx4g5JmQ1x1rY/vetIJAGGJBQY03SdmFopaJJCYb/kJQZjED3oYjOjIQRoWungnz7fSAxQxGPUXCo+EPH3RgqBMXeBn03mCc2ol4v/ec2EOoetVIZxQhiK/BBJhYNDRmiZFYX8Wmokgjw58qwEARqIUEsOQmRikjVXyvpwR78fJ/Xdirtf2TvfK1ePh80U2RpbZ1vMZQesyk7ZGasxwe7ZI3tiz9aD9WK9Wm/fowVruLPK/sB6/wJnDKAO</latexit>

A 2 A(V ), t 2 R

Modular flow
<latexit sha1_base64="eHNPcBHnBIvWsbzeKWydj2VPDF8=">AAACKHicbVC7TsNAEDzzDOEVoKQ5ESHRENkoAkpeBWWQyEOKTbQ+NuHE+aG7NRKy8iN8Al9BCxUdSkHDl2CbFCEw1WhmVzs7fqykIdseWTOzc/MLi6Wl8vLK6tp6ZWOzZaJEC2yKSEW644NBJUNskiSFnVgjBL7Ctn9/nvvtB9RGRuE1PcboBTAIZV8KoEzqVeruBSqCnhsbeZO6AdCdDlI5pOHpL2d/0upVqnbNLsD/EmdMqmyMRq/y6d5GIgkwJKHAmK5jx+SloEkKhcOymxiMQdzDALsZDSFA46XFd0O+mxigiMeouVS8EHFyI4XAmMfAzybzjGbay8X/vG5C/WMvlWGcEIYiP0RSYXHICC2z2pDfSo1EkCdHLkMuQAMRaslBiExMsh7LWR/O9Pd/Seug5hzW6lf16snZuJkS22Y7bI857IidsEvWYE0m2BN7Ya/szXq23q0Pa/QzOmONd7bYL1hf38CiqGk=</latexit>

�it
 A��it

 

<latexit sha1_base64="i9L7mSE62u75ZL32DRsNO1NTCvQ=">AAACG3icbVC7TsNAEDyHVwgvAyXNiQhBQ2SjCGiQEFBQBokEpDhY62OTnHJ+6G6NhKx8Ap/AV9BCRYdoKSj4FxyTgtdUczO7mtsJEiUNOc67VZqYnJqeKc9W5uYXFpfs5ZWWiVMtsCliFevLAAwqGWGTJCm8TDRCGCi8CAbHI//iBrWRcXROtwl2QuhFsisFUC759qZ3gorA9xIjDzzdj/2WF5MM0RSPrLU5vMq23aFvV52aU4D/Je6YVNkYDd/+8K5jkYYYkVBgTNt1EupkoEkKhcOKlxpMQAygh+2cRpBHdrLioCHfSA1QzBPUXCpeiPh9I4PQmNswyCdDoL757Y3E/7x2St39TiajJCWMxCiIpMIiyAgt86aQX0uNRDD6OXIZcQEaiFBLDkLkYppXV8n7cH9f/5e0dmrubq1+Vq8eHo2bKbM1ts62mMv22CE7ZQ3WZILdsQf2yJ6se+vZerFev0ZL1nhnlf2A9fYJSpihvQ==</latexit>

� = ⇢V ⌦ ⇢�1
V 0

<latexit sha1_base64="7cyN/632oHNxlEq0W/04TPSqzfs="></latexit>

�it
 A��it

 = ⇢itV A⇢�it
V ⌦ 1V 0

Modular correlation function
<latexit sha1_base64="wJgjq4iK7rY7jkLHNmODUzSixoE="></latexit>

Gmod(t) ⌘ h |B�it
 A��it

 | i = h |B⇢itV A⇢�it
V | i

<latexit sha1_base64="GAJyCsYel9RIAFgXC4sY29d9Xwo=">AAACHXicbVDLSgNBEJyNrxhfqx69DAYhQgi7EtSj0YtHFZMI2RB6J504OPtgpleQJd/gJ/gVXvXkTbyKB//F3RjEV52Kqm66uvxYSUOO82YVpqZnZueK86WFxaXlFXt1rWWiRAtsikhF+sIHg0qG2CRJCi9ijRD4Ctv+1VHut69RGxmF53QTYzeAYSgHUgBlUs/eblT5oSdD7gVAlwJU2hhVWttVr8rpS/b99GzUs8tOzRmD/yXuhJTZBCc9+93rRyIJMCShwJiO68TUTUGTFApHJS8xGIO4giF2MhpCgKabjl8a8a3EAEU8Rs2l4mMRv2+kEBhzE/jZZJ7Q/PZy8T+vk9Bgv5vKME4IQ5EfIqlwfMgILbOukPelRiLIkyPPShCggQi15CBEJiZZeaWsD/f3939Ja6fm7tbqp/XyweGkmSLbYJuswly2xw7YMTthTSbYLbtnD+zRurOerGfr5XO0YE121tkPWK8fyjygug==</latexit>

A,B 2 A(V ), t 2 R
Given

We assume <latexit sha1_base64="H8dpX0O2mwb11b/aGz9xP4xyE80=">AAACJHicbVDLSgNBEJz1GeNr1aOXwSB6CrsS1IsQ9JJjBPOAJITeSScOmX0w0yuEJb/hJ/gVXvXkTTx40G9xN+YQE+tUVHVT3eVFShpynE9raXlldW09t5Hf3Nre2bX39usmjLXAmghVqJseGFQywBpJUtiMNILvKWx4w5vMbzygNjIM7mgUYceHQSD7UgClUtd22j7QvQCVVMZXM7xbb4ckfTSzWlI/GXftglN0JuCLxJ2SApui2rW/2r1QxD4GJBQY03KdiDoJaJJC4Tjfjg1GIIYwwFZKA0hDO8nkszE/jg1QyCPUXCo+EXF2IwHfmJHvpZPZnWbey8T/vFZM/ctOIoMoJgxEFkRS4STICC3TypD3pEYiyC5HLgMuQAMRaslBiFSM0w7zaR/u/PeLpH5WdM+LpdtSoXw9bSbHDtkRO2Uuu2BlVmFVVmOCPbJn9sJerSfrzXq3Pn5Hl6zpzgH7A+v7B50Xpi4=</latexit>

H = HV ⌦HV 0



Modular flow in different charge sectors
Local operator algebra QFT state

<latexit sha1_base64="n8l+p90EFMiJ/UruyhFIhRZQ808=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEywIbuGqCVqY4mJPBJYyd3hghNmH5m5a0I2NH6FrVZ2xtY/sfBf3EUKBU91cs69ueceL1LSkG1/Wrml5ZXVtfx6YWNza3unuLvXNGGsBTZEqELd9sCgkgE2SJLCdqQRfE9hyxtdZX7rAbWRYXBL4whdH4aBHEgBlEp3XR/oXoBKLibl5nGvWLIr9hR8kTgzUmIz1HvFr24/FLGPAQkFxnQcOyI3AU1SKJwUurHBCMQIhthJaQA+GjeZpp7wo9gAhTxCzaXiUxF/byTgGzP2vXQyS2nmvUz8z+vENDh3ExlEMWEgskMkFU4PGaFlWgfyvtRIBFly5DLgAjQQoZYchEjFOO2nkPbhzH+/SJonFee0Ur2plmqXs2by7IAdsjJz2BmrsWtWZw0mmGZP7Jm9WI/Wq/Vmvf+M5qzZzj77A+vjG8Dxlqo=</latexit>

A(V )
<latexit sha1_base64="HJVX+YybWA4LAp8bObRjGSGcFC8=">AAAB/nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1DJoYxnBfEAuhLnNJC7Z21t254QQA/4KW63sxNa/YuF/8RJTaOKrHu/NMG9eZJR05PufXm5peWV1Lb9e2Njc2t4p7u7VXZJagTWRqMQ2I3CopMYaSVLYNBYhjhQ2osHVxG/co3Uy0bc0NNiOoa9lTwqgTAofQuNkaEH3FXaKJb/sT8EXSTAjJTZDtVP8CruJSGPUJBQ41wp8Q+0RWJJC4bgQpg4NiAH0sZVRDTG69miaecyPUgeUcIOWS8WnIv7eGEHs3DCOsskY6M7NexPxP6+VUu+iPZLapIRaTA6RVDg95ISVWRnIu9IiEUySI5eaC7BAhFZyECIT06ydQtZHMP/9IqmflIOz8unNaalyOWsmzw7YITtmATtnFXbNqqzGBDPsiT2zF+/Re/XevPef0Zw329lnf+B9fANBfZZ5</latexit>

| i



Modular flow in different charge sectors
Local operator algebra QFT state

<latexit sha1_base64="n8l+p90EFMiJ/UruyhFIhRZQ808=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEywIbuGqCVqY4mJPBJYyd3hghNmH5m5a0I2NH6FrVZ2xtY/sfBf3EUKBU91cs69ueceL1LSkG1/Wrml5ZXVtfx6YWNza3unuLvXNGGsBTZEqELd9sCgkgE2SJLCdqQRfE9hyxtdZX7rAbWRYXBL4whdH4aBHEgBlEp3XR/oXoBKLibl5nGvWLIr9hR8kTgzUmIz1HvFr24/FLGPAQkFxnQcOyI3AU1SKJwUurHBCMQIhthJaQA+GjeZpp7wo9gAhTxCzaXiUxF/byTgGzP2vXQyS2nmvUz8z+vENDh3ExlEMWEgskMkFU4PGaFlWgfyvtRIBFly5DLgAjQQoZYchEjFOO2nkPbhzH+/SJonFee0Ur2plmqXs2by7IAdsjJz2BmrsWtWZw0mmGZP7Jm9WI/Wq/Vmvf+M5qzZzj77A+vjG8Dxlqo=</latexit>

A(V )
<latexit sha1_base64="HJVX+YybWA4LAp8bObRjGSGcFC8=">AAAB/nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1DJoYxnBfEAuhLnNJC7Z21t254QQA/4KW63sxNa/YuF/8RJTaOKrHu/NMG9eZJR05PufXm5peWV1Lb9e2Njc2t4p7u7VXZJagTWRqMQ2I3CopMYaSVLYNBYhjhQ2osHVxG/co3Uy0bc0NNiOoa9lTwqgTAofQuNkaEH3FXaKJb/sT8EXSTAjJTZDtVP8CruJSGPUJBQ41wp8Q+0RWJJC4bgQpg4NiAH0sZVRDTG69miaecyPUgeUcIOWS8WnIv7eGEHs3DCOsskY6M7NexPxP6+VUu+iPZLapIRaTA6RVDg95ISVWRnIu9IiEUySI5eaC7BAhFZyECIT06ydQtZHMP/9IqmflIOz8unNaalyOWsmzw7YITtmATtnFXbNqqzGBDPsiT2zF+/Re/XevPef0Zw329lnf+B9fANBfZZ5</latexit>

| i
<latexit sha1_base64="da2w71hmGFr1bdtxydIXkqluiGA=">AAACI3icbZDJTgJBEIZ7cEPcUI9eOhITuOCMIerFxOXiERMBEyCTmqbUDj0L3TUmZsJj+Ag+hVc9eTNePPAuziAmuNTpz/dXpap+L1LSkG1/WLmZ2bn5hfxiYWl5ZXWtuL7RNGGsBTZEqEJ95YFBJQNskCSFV5FG8D2FLa9/lvmtO9RGhsEl3UfY9eEmkNdSAKXILe52fKBbASo5GbqDcrNy1KlLt1keVKaMFH9Tt1iyq/a4+F/hTESJTaruFkedXihiHwMSCoxpO3ZE3QQ0SaFwWOjEBiMQfbjBdioD8NF0k/FjQ74TG6CQR6i5VHwMcXoiAd+Ye99LO7NrzW8vg/957ZiuD7uJDKKYMBDZIpIKx4uM0DJNDHlPaiSC7HLkMuACNBChlhyESGGcRlhI83B+f/9XNPeqzn61dlErHZ9OksmzLbbNysxhB+yYnbM6azDBHtgTe2Yv1qP1ar1Z71+tOWsys8l+lDX6BOw4o2A=</latexit>

Aq(V ) = ⇧V (q)A(V )⇧V (q)

QFT with U(1) global symmetry: 
the algebra of U(1) invariant 
operators can be decomposed

<latexit sha1_base64="qKgyoCSFIr/M6XebiYvoK8RL/DY="></latexit>

A(V ) =
M

q2Z
Aq(V )



Modular flow in different charge sectors
Local operator algebra QFT state

<latexit sha1_base64="n8l+p90EFMiJ/UruyhFIhRZQ808=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEywIbuGqCVqY4mJPBJYyd3hghNmH5m5a0I2NH6FrVZ2xtY/sfBf3EUKBU91cs69ueceL1LSkG1/Wrml5ZXVtfx6YWNza3unuLvXNGGsBTZEqELd9sCgkgE2SJLCdqQRfE9hyxtdZX7rAbWRYXBL4whdH4aBHEgBlEp3XR/oXoBKLibl5nGvWLIr9hR8kTgzUmIz1HvFr24/FLGPAQkFxnQcOyI3AU1SKJwUurHBCMQIhthJaQA+GjeZpp7wo9gAhTxCzaXiUxF/byTgGzP2vXQyS2nmvUz8z+vENDh3ExlEMWEgskMkFU4PGaFlWgfyvtRIBFly5DLgAjQQoZYchEjFOO2nkPbhzH+/SJonFee0Ur2plmqXs2by7IAdsjJz2BmrsWtWZw0mmGZP7Jm9WI/Wq/Vmvf+M5qzZzj77A+vjG8Dxlqo=</latexit>

A(V )
<latexit sha1_base64="HJVX+YybWA4LAp8bObRjGSGcFC8=">AAAB/nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1DJoYxnBfEAuhLnNJC7Z21t254QQA/4KW63sxNa/YuF/8RJTaOKrHu/NMG9eZJR05PufXm5peWV1Lb9e2Njc2t4p7u7VXZJagTWRqMQ2I3CopMYaSVLYNBYhjhQ2osHVxG/co3Uy0bc0NNiOoa9lTwqgTAofQuNkaEH3FXaKJb/sT8EXSTAjJTZDtVP8CruJSGPUJBQ41wp8Q+0RWJJC4bgQpg4NiAH0sZVRDTG69miaecyPUgeUcIOWS8WnIv7eGEHs3DCOsskY6M7NexPxP6+VUu+iPZLapIRaTA6RVDg95ISVWRnIu9IiEUySI5eaC7BAhFZyECIT06ydQtZHMP/9IqmflIOz8unNaalyOWsmzw7YITtmATtnFXbNqqzGBDPsiT2zF+/Re/XevPef0Zw329lnf+B9fANBfZZ5</latexit>

| i
<latexit sha1_base64="da2w71hmGFr1bdtxydIXkqluiGA=">AAACI3icbZDJTgJBEIZ7cEPcUI9eOhITuOCMIerFxOXiERMBEyCTmqbUDj0L3TUmZsJj+Ag+hVc9eTNePPAuziAmuNTpz/dXpap+L1LSkG1/WLmZ2bn5hfxiYWl5ZXWtuL7RNGGsBTZEqEJ95YFBJQNskCSFV5FG8D2FLa9/lvmtO9RGhsEl3UfY9eEmkNdSAKXILe52fKBbASo5GbqDcrNy1KlLt1keVKaMFH9Tt1iyq/a4+F/hTESJTaruFkedXihiHwMSCoxpO3ZE3QQ0SaFwWOjEBiMQfbjBdioD8NF0k/FjQ74TG6CQR6i5VHwMcXoiAd+Ye99LO7NrzW8vg/957ZiuD7uJDKKYMBDZIpIKx4uM0DJNDHlPaiSC7HLkMuACNBChlhyESGGcRlhI83B+f/9XNPeqzn61dlErHZ9OksmzLbbNysxhB+yYnbM6azDBHtgTe2Yv1qP1ar1Z71+tOWsys8l+lDX6BOw4o2A=</latexit>

Aq(V ) = ⇧V (q)A(V )⇧V (q)
<latexit sha1_base64="NVur3iO3Pbyg4vTcZmXOPZqbTNk="></latexit>

| qi = ⇧V (q)⌦ 1V 0 | i

QFT with U(1) global symmetry: 
the algebra of U(1) invariant 
operators can be decomposed

<latexit sha1_base64="qKgyoCSFIr/M6XebiYvoK8RL/DY="></latexit>

A(V ) =
M

q2Z
Aq(V )



Modular flow in different charge sectors
Local operator algebra QFT state

<latexit sha1_base64="n8l+p90EFMiJ/UruyhFIhRZQ808=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEywIbuGqCVqY4mJPBJYyd3hghNmH5m5a0I2NH6FrVZ2xtY/sfBf3EUKBU91cs69ueceL1LSkG1/Wrml5ZXVtfx6YWNza3unuLvXNGGsBTZEqELd9sCgkgE2SJLCdqQRfE9hyxtdZX7rAbWRYXBL4whdH4aBHEgBlEp3XR/oXoBKLibl5nGvWLIr9hR8kTgzUmIz1HvFr24/FLGPAQkFxnQcOyI3AU1SKJwUurHBCMQIhthJaQA+GjeZpp7wo9gAhTxCzaXiUxF/byTgGzP2vXQyS2nmvUz8z+vENDh3ExlEMWEgskMkFU4PGaFlWgfyvtRIBFly5DLgAjQQoZYchEjFOO2nkPbhzH+/SJonFee0Ur2plmqXs2by7IAdsjJz2BmrsWtWZw0mmGZP7Jm9WI/Wq/Vmvf+M5qzZzj77A+vjG8Dxlqo=</latexit>

A(V )
<latexit sha1_base64="HJVX+YybWA4LAp8bObRjGSGcFC8=">AAAB/nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1DJoYxnBfEAuhLnNJC7Z21t254QQA/4KW63sxNa/YuF/8RJTaOKrHu/NMG9eZJR05PufXm5peWV1Lb9e2Njc2t4p7u7VXZJagTWRqMQ2I3CopMYaSVLYNBYhjhQ2osHVxG/co3Uy0bc0NNiOoa9lTwqgTAofQuNkaEH3FXaKJb/sT8EXSTAjJTZDtVP8CruJSGPUJBQ41wp8Q+0RWJJC4bgQpg4NiAH0sZVRDTG69miaecyPUgeUcIOWS8WnIv7eGEHs3DCOsskY6M7NexPxP6+VUu+iPZLapIRaTA6RVDg95ISVWRnIu9IiEUySI5eaC7BAhFZyECIT06ydQtZHMP/9IqmflIOz8unNaalyOWsmzw7YITtmATtnFXbNqqzGBDPsiT2zF+/Re/XevPef0Zw329lnf+B9fANBfZZ5</latexit>

| i

For each charge sector a modular 
operator can be defined

Modular flow in each sector
<latexit sha1_base64="FGvzc/6q0LiqbJGeHvfKgp6Tumw="></latexit>

�t,q(Aq) = [⇢V (q)]
itAq[⇢V (q)]

�it

<latexit sha1_base64="c8Tw4J3iMulypu9uxPDrkY4hj5w=">AAACCnicbVC7TsNAEDzzDOEVQKKhOREhQRPZKALKBBrKIJGHlETW+ljgxPns3K2RIpM/4CtooaJDtPwEBf+CHVLwmmo0s6udnSBW0pLrvjtT0zOzc/OFheLi0vLKamltvWWjxAhsikhFphOARSU1NkmSwk5sEMJAYTu4Ocn99i0aKyN9TsMY+yFcaXkpBVAm+aXNuj/oSd0Lga4FqLQ+8ge7rT2/VHYr7hj8L/EmpMwmaPilj95FJJIQNQkF1nY9N6Z+CoakUDgq9hKLMYgbuMJuRjWEaPvpOP+I7yQWKOIxGi4VH4v4fSOF0NphGGSTeU7728vF/7xuQpdH/VTqOCHUIj9EUuH4kBVGZsUgv5AGiSBPjlxqLsAAERrJQYhMTLKmilkf3u/v/5LWfsU7qFTPquXa8aSZAtti22yXeeyQ1dgpa7AmE+yOPbBH9uTcO8/Oi/P6NTrlTHY22A84b59lC5o/</latexit>

Aq 2 Aq(V )Given
<latexit sha1_base64="Fuep8rfVcCb7NC3molkYt176gg4="></latexit>X

q2Z
�t,q(Aq) = �t(A)

<latexit sha1_base64="da2w71hmGFr1bdtxydIXkqluiGA=">AAACI3icbZDJTgJBEIZ7cEPcUI9eOhITuOCMIerFxOXiERMBEyCTmqbUDj0L3TUmZsJj+Ag+hVc9eTNePPAuziAmuNTpz/dXpap+L1LSkG1/WLmZ2bn5hfxiYWl5ZXWtuL7RNGGsBTZEqEJ95YFBJQNskCSFV5FG8D2FLa9/lvmtO9RGhsEl3UfY9eEmkNdSAKXILe52fKBbASo5GbqDcrNy1KlLt1keVKaMFH9Tt1iyq/a4+F/hTESJTaruFkedXihiHwMSCoxpO3ZE3QQ0SaFwWOjEBiMQfbjBdioD8NF0k/FjQ74TG6CQR6i5VHwMcXoiAd+Ye99LO7NrzW8vg/957ZiuD7uJDKKYMBDZIpIKx4uM0DJNDHlPaiSC7HLkMuACNBChlhyESGGcRlhI83B+f/9XNPeqzn61dlErHZ9OksmzLbbNysxhB+yYnbM6azDBHtgTe2Yv1qP1ar1Z71+tOWsys8l+lDX6BOw4o2A=</latexit>

Aq(V ) = ⇧V (q)A(V )⇧V (q)
<latexit sha1_base64="NVur3iO3Pbyg4vTcZmXOPZqbTNk="></latexit>

| qi = ⇧V (q)⌦ 1V 0 | i

QFT with U(1) global symmetry: 
the algebra of U(1) invariant 
operators can be decomposed

<latexit sha1_base64="qKgyoCSFIr/M6XebiYvoK8RL/DY="></latexit>

A(V ) =
M

q2Z
Aq(V )



Modular flow in different charge sectors
Local operator algebra QFT state

<latexit sha1_base64="n8l+p90EFMiJ/UruyhFIhRZQ808=">AAACAHicbVC7TgJBFJ3FF+ILtbSZSEywIbuGqCVqY4mJPBJYyd3hghNmH5m5a0I2NH6FrVZ2xtY/sfBf3EUKBU91cs69ueceL1LSkG1/Wrml5ZXVtfx6YWNza3unuLvXNGGsBTZEqELd9sCgkgE2SJLCdqQRfE9hyxtdZX7rAbWRYXBL4whdH4aBHEgBlEp3XR/oXoBKLibl5nGvWLIr9hR8kTgzUmIz1HvFr24/FLGPAQkFxnQcOyI3AU1SKJwUurHBCMQIhthJaQA+GjeZpp7wo9gAhTxCzaXiUxF/byTgGzP2vXQyS2nmvUz8z+vENDh3ExlEMWEgskMkFU4PGaFlWgfyvtRIBFly5DLgAjQQoZYchEjFOO2nkPbhzH+/SJonFee0Ur2plmqXs2by7IAdsjJz2BmrsWtWZw0mmGZP7Jm9WI/Wq/Vmvf+M5qzZzj77A+vjG8Dxlqo=</latexit>

A(V )
<latexit sha1_base64="HJVX+YybWA4LAp8bObRjGSGcFC8=">AAAB/nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1DJoYxnBfEAuhLnNJC7Z21t254QQA/4KW63sxNa/YuF/8RJTaOKrHu/NMG9eZJR05PufXm5peWV1Lb9e2Njc2t4p7u7VXZJagTWRqMQ2I3CopMYaSVLYNBYhjhQ2osHVxG/co3Uy0bc0NNiOoa9lTwqgTAofQuNkaEH3FXaKJb/sT8EXSTAjJTZDtVP8CruJSGPUJBQ41wp8Q+0RWJJC4bgQpg4NiAH0sZVRDTG69miaecyPUgeUcIOWS8WnIv7eGEHs3DCOsskY6M7NexPxP6+VUu+iPZLapIRaTA6RVDg95ISVWRnIu9IiEUySI5eaC7BAhFZyECIT06ydQtZHMP/9IqmflIOz8unNaalyOWsmzw7YITtmATtnFXbNqqzGBDPsiT2zF+/Re/XevPef0Zw329lnf+B9fANBfZZ5</latexit>

| i

Modular flow in each sector
<latexit sha1_base64="FGvzc/6q0LiqbJGeHvfKgp6Tumw="></latexit>

�t,q(Aq) = [⇢V (q)]
itAq[⇢V (q)]

�it

<latexit sha1_base64="c8Tw4J3iMulypu9uxPDrkY4hj5w=">AAACCnicbVC7TsNAEDzzDOEVQKKhOREhQRPZKALKBBrKIJGHlETW+ljgxPns3K2RIpM/4CtooaJDtPwEBf+CHVLwmmo0s6udnSBW0pLrvjtT0zOzc/OFheLi0vLKamltvWWjxAhsikhFphOARSU1NkmSwk5sEMJAYTu4Ocn99i0aKyN9TsMY+yFcaXkpBVAm+aXNuj/oSd0Lga4FqLQ+8ge7rT2/VHYr7hj8L/EmpMwmaPilj95FJJIQNQkF1nY9N6Z+CoakUDgq9hKLMYgbuMJuRjWEaPvpOP+I7yQWKOIxGi4VH4v4fSOF0NphGGSTeU7728vF/7xuQpdH/VTqOCHUIj9EUuH4kBVGZsUgv5AGiSBPjlxqLsAAERrJQYhMTLKmilkf3u/v/5LWfsU7qFTPquXa8aSZAtti22yXeeyQ1dgpa7AmE+yOPbBH9uTcO8/Oi/P6NTrlTHY22A84b59lC5o/</latexit>

Aq 2 Aq(V )Given
<latexit sha1_base64="Fuep8rfVcCb7NC3molkYt176gg4="></latexit>X

q2Z
�t,q(Aq) = �t(A)

<latexit sha1_base64="da2w71hmGFr1bdtxydIXkqluiGA=">AAACI3icbZDJTgJBEIZ7cEPcUI9eOhITuOCMIerFxOXiERMBEyCTmqbUDj0L3TUmZsJj+Ag+hVc9eTNePPAuziAmuNTpz/dXpap+L1LSkG1/WLmZ2bn5hfxiYWl5ZXWtuL7RNGGsBTZEqEJ95YFBJQNskCSFV5FG8D2FLa9/lvmtO9RGhsEl3UfY9eEmkNdSAKXILe52fKBbASo5GbqDcrNy1KlLt1keVKaMFH9Tt1iyq/a4+F/hTESJTaruFkedXihiHwMSCoxpO3ZE3QQ0SaFwWOjEBiMQfbjBdioD8NF0k/FjQ74TG6CQR6i5VHwMcXoiAd+Ye99LO7NrzW8vg/957ZiuD7uJDKKYMBDZIpIKx4uM0DJNDHlPaiSC7HLkMuACNBChlhyESGGcRlhI83B+f/9XNPeqzn61dlErHZ9OksmzLbbNysxhB+yYnbM6azDBHtgTe2Yv1qP1ar1Z71+tOWsys8l+lDX6BOw4o2A=</latexit>

Aq(V ) = ⇧V (q)A(V )⇧V (q)
<latexit sha1_base64="NVur3iO3Pbyg4vTcZmXOPZqbTNk="></latexit>

| qi = ⇧V (q)⌦ 1V 0 | i

QFT with U(1) global symmetry: 
the algebra of U(1) invariant 
operators can be decomposed

<latexit sha1_base64="qKgyoCSFIr/M6XebiYvoK8RL/DY="></latexit>

A(V ) =
M

q2Z
Aq(V )

<latexit sha1_base64="ANrWLooBVj5p06HcMnASFGgTbrE="></latexit>

Gmod(t) =
X

q2Z
pV (q)Gmod(t, q)

Symmetry-resolved modular 
correlation function

<latexit sha1_base64="aJGj0CgrUFPKNjwGHFUc2AAk1uM="></latexit>

Gmod(t, q) ⌘
h q|Bq �t,q(Aq)⌦ 1V 0 | qi

h q| qi

For each charge sector a modular 
operator can be defined



Free massless Dirac field theory in 1+1 dimensions
<latexit sha1_base64="IciOCfOQnoqXJzHLG5ZyAhUR9sY=">AAACD3icbVC7TsNAEDyHVwivACXNiQiJAkU2ioAGKYKGEiQSkBJjrS+bcMnZPt2tkZCVgk/gK2ihokO0fAIF/4ITUvCaajSzq92ZUCtpyXXfncLU9MzsXHG+tLC4tLxSXl1r2iQ1AhsiUYm5DMGikjE2SJLCS20QolDhRTg4HvkXN2isTOJzutXoR9CLZVcKoFwKyhvNw3YoeyLVQdY/9IZXmrcg6O+EQd8PyhW36o7B/xJvQipsgtOg/NHuJCKNMCahwNqW52ryMzAkhcJhqZ1a1CAG0MNWTmOI0PrZOMSQb6UWKOEaDZeKj0X8vpFBZO1tFOaTEdC1/e2NxP+8VkrdAz+TsU4JYzE6RFLh+JAVRubtIO9Ig0Qw+hy5jLkAA0RoJAchcjHN6yrlfXi/0/8lzd2qt1etndUq9aNJM0W2wTbZNvPYPquzE3bKGkywO/bAHtmTc+88Oy/O69dowZnsrLMfcN4+Ab2lnAY=</latexit>

V =
p[

j=1

[aj , bj ]
<latexit sha1_base64="ogGVkDz1DgHRdbaRrIG50w9XFrE=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrGh92YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIM7mgaoevDOJAjKYBS6RYGzqBas+t2Dr5InILUWIHmoPrVH4Yi9jEgocCYnmNH5CagSQqFs0o/NhiBmMAYeykNwEfjJnnUGT+KDVDII9RcKp6L+HsjAd+Yqe+lkz7QvZn3MvE/rxfT6MJNZBDFhIHIDpFUmB8yQsu0A+RDqZEIsuTIZcAFaCBCLTkIkYpxWkol7cOZ/36RtE/qzln99Oa01rgsmimzA3bIjpnDzlmDXbMmazHBxuyJPbMX69F6td6s95/RklXs7LM/sD6+AZEekhc=</latexit>a1

<latexit sha1_base64="MatKMN7RJfXm4e8eM7vUkxnuDKM=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrGh92YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIM7mgaoevDOJAjKYBS6dYbOINqza7bOfgicQpSYwWag+pXfxiK2MeAhAJjeo4dkZuAJikUzir92GAEYgJj7KU0AB+Nm+RRZ/woNkAhj1BzqXgu4u+NBHxjpr6XTvpA92bey8T/vF5Mows3kUEUEwYiO0RSYX7ICC3TDpAPpUYiyJIjlwEXoIEIteQgRCrGaSmVtA9n/vtF0j6pO2f105vTWuOyaKbMDtghO2YOO2cNds2arMUEG7Mn9sxerEfr1Xqz3n9GS1axs8/+wPr4BpKvkhg=</latexit>

b1
<latexit sha1_base64="iNfgDT9ZQtO/83NvqXmuph+5Gvg=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrKjCCgjaCiDRB5SYkXryyY55fzQ3RoRRfkFWqjoEC2/Q8G/YBsXkDDVaGZXOztepKQh2/60CmvrG5tbxe3Szu7e/kH58KhtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON71J/c4DaiPD4J5mEbo+jAM5kgIolWBQKw3KFbtqZ+CrxMlJheVoDspf/WEoYh8DEgqM6Tl2RO4cNEmhcFHqxwYjEFMYYy+hAfho3HmWdcHPYgMU8gg1l4pnIv7emINvzMz3kkkfaGKWvVT8z+vFNLpy5zKIYsJApIdIKswOGaFlUgLyodRIBGly5DLgAjQQoZYchEjEOGkl7cNZ/n6VtGtV56Jav6tXGtd5M0V2wk7ZOXPYJWuwW9ZkLSbYhD2xZ/ZiPVqv1pv1/jNasPKdY/YH1sc3yCiSLA==</latexit>a2

<latexit sha1_base64="DFI69Yy6JctBvl6Ugv2CYSq/Ht8=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sklOOT90t0ZEVn6BFio6RMvvUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP2ibMNYCWyJUoe56YFDJAFskSWE30gi+p7DjTW8yv/OA2sgwuKdZhK4P40COpADKJBhElUG1ZtftHHyZOAWpsQLNQfWrPwxF7GNAQoExPceOyE1AkxQK55V+bDACMYUx9lIagI/GTfKsc34SG6CQR6i5VDwX8fdGAr4xM99LJ32giVn0MvE/rxfT6MpNZBDFhIHIDpFUmB8yQsu0BORDqZEIsuTIZcAFaCBCLTkIkYpx2krWh7P4/TJpn9Wdi/r53XmtcV00U2ZH7JidModdsga7ZU3WYoJN2BN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDKReSag==</latexit>ap
<latexit sha1_base64="Dq4TeA3HINZlsV+56iyGm7z91lk=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrKjCCgjaCiDIA8piaLzZRNOOT90twZFVj6BFio6RMv3UPAv2MYFJEw1mtnVzo4bKmnItj+twsrq2vpGcbO0tb2zu1feP2ibINICWyJQge663KCSPrZIksJuqJF7rsKOO71K/c4DaiMD/45mIQ48PvHlWApOiXTrDmvDcsWu2hnYMnFyUoEczWH5qz8KROShT0JxY3qOHdIg5pqkUDgv9SODIRdTPsFeQn3uoRnEWdQ5O4kMp4CFqJlULBPx90bMPWNmnptMepzuzaKXiv95vYjGF4NY+mFE6Iv0EEmF2SEjtEw6QDaSGol4mhyZ9JngmhOhlowLkYhRUkop6cNZ/H6ZtGtV56xav6lXGpd5M0U4gmM4BQfOoQHX0IQWCJjAEzzDi/VovVpv1vvPaMHKdw7hD6yPb5Q+khk=</latexit>

b2
<latexit sha1_base64="9Oe7cKemSIAgMGjdN/VvrocsyJ0=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrOh82YRTzufT3RoUWfkEWqjoEC3fQ8G/YBsXkDDVaGZXOzuBlsKi6346paXlldW18nplY3Nre6e6u9e2UWw4tHgkI9MNmAUpFLRQoISuNsDCQEInmFxlfucBjBWRusOpBj9kYyVGgjNMpdtgoAfVmlt3c9BF4hWkRgo0B9Wv/jDicQgKuWTW9jxXo58wg4JLmFX6sQXN+ISNoZdSxUKwfpJHndGj2DKMqAZDhaS5CL83EhZaOw2DdDJkeG/nvUz8z+vFOLrwE6F0jKB4dgiFhPyQ5UakHQAdCgOILEsOVCjKmWGIYARlnKdinJZSSfvw5r9fJO2TundWP705rTUui2bK5IAckmPikXPSINekSVqEkzF5Is/kxXl0Xp035/1ntOQUO/vkD5yPb/Tgklc=</latexit>

bp

Symmetry resolution for        -invariant operator: charge density 
<latexit sha1_base64="HpnDBY8waboz1MG820BXftQE50g=">AAAB9nicbVC7TsNAEDzzDOEVoKQ5ESGFJrJRBJQRNJRBwkmkxIrOl01yyvls3a0RkZVfoIWKDtHyOxT8C7ZxAQlTjWZ2tbPjR1IYtO1Pa2V1bX1js7RV3t7Z3duvHBy2TRhrDi4PZai7PjMghQIXBUroRhpY4Evo+NObzO88gDYiVPc4i8AL2FiJkeAMM8mtOWeDStWu2znoMnEKUiUFWoPKV38Y8jgAhVwyY3qOHaGXMI2CS5iX+7GBiPEpG0MvpYoFYLwkzzqnp7FhGNIINBWS5iL83khYYMws8NPJgOHELHqZ+J/Xi3F05SVCRTGC4tkhFBLyQ4ZrkZYAdCg0ILIsOVChKGeaIYIWlHGeinHaSjntw1n8fpm0z+vORb1x16g2r4tmSuSYnJAaccglaZJb0iIu4WRCnsgzebEerVfrzXr/GV2xip0j8gfWxzeN6pIH</latexit>

U(1)
<latexit sha1_base64="rMljKaJntITjyN5dk9zUdm6CUyE=">AAAB9nicbVC7TsNAEDzzDOEVoKQ5ESGFJrJRBJQRNJRBIg8psaLzZZMcOZ+tuzVKZOUXaKGiQ7T8DgX/gm1cQMJUo5ld7ex4oRQGbfvTWlldW9/YLGwVt3d29/ZLB4ctE0SaQ5MHMtAdjxmQQkETBUrohBqY70loe5Ob1G8/gjYiUPc4C8H12UiJoeAMU+mhMj3rl8p21c5Al4mTkzLJ0eiXvnqDgEc+KOSSGdN17BDdmGkUXMK82IsMhIxP2Ai6CVXMB+PGWdY5PY0Mw4CGoKmQNBPh90bMfGNmvpdM+gzHZtFLxf+8boTDKzcWKowQFE8PoZCQHTJci6QEoAOhAZGlyYEKRTnTDBG0oIzzRIySVopJH87i98ukdV51Lqq1u1q5fp03UyDH5IRUiEMuSZ3ckgZpEk7G5Ik8kxdrar1ab9b7z+iKle8ckT+wPr4BHeOSYw==</latexit>

j(x)

<latexit sha1_base64="pA+8Qpx4fZwovgd4iKCPuwQpZk8="></latexit>

GD
mod(x, y; t) ⌘ h |j(x)⇢itV j(y)⇢�it

V | i
[Hollands, ’21; Mintchev, Tonni, ’21]



Free massless Dirac field theory in 1+1 dimensions
<latexit sha1_base64="IciOCfOQnoqXJzHLG5ZyAhUR9sY=">AAACD3icbVC7TsNAEDyHVwivACXNiQiJAkU2ioAGKYKGEiQSkBJjrS+bcMnZPt2tkZCVgk/gK2ihokO0fAIF/4ITUvCaajSzq92ZUCtpyXXfncLU9MzsXHG+tLC4tLxSXl1r2iQ1AhsiUYm5DMGikjE2SJLCS20QolDhRTg4HvkXN2isTOJzutXoR9CLZVcKoFwKyhvNw3YoeyLVQdY/9IZXmrcg6O+EQd8PyhW36o7B/xJvQipsgtOg/NHuJCKNMCahwNqW52ryMzAkhcJhqZ1a1CAG0MNWTmOI0PrZOMSQb6UWKOEaDZeKj0X8vpFBZO1tFOaTEdC1/e2NxP+8VkrdAz+TsU4JYzE6RFLh+JAVRubtIO9Ig0Qw+hy5jLkAA0RoJAchcjHN6yrlfXi/0/8lzd2qt1etndUq9aNJM0W2wTbZNvPYPquzE3bKGkywO/bAHtmTc+88Oy/O69dowZnsrLMfcN4+Ab2lnAY=</latexit>

V =
p[

j=1

[aj , bj ]
<latexit sha1_base64="ogGVkDz1DgHRdbaRrIG50w9XFrE=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrGh92YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIM7mgaoevDOJAjKYBS6RYGzqBas+t2Dr5InILUWIHmoPrVH4Yi9jEgocCYnmNH5CagSQqFs0o/NhiBmMAYeykNwEfjJnnUGT+KDVDII9RcKp6L+HsjAd+Yqe+lkz7QvZn3MvE/rxfT6MJNZBDFhIHIDpFUmB8yQsu0A+RDqZEIsuTIZcAFaCBCLTkIkYpxWkol7cOZ/36RtE/qzln99Oa01rgsmimzA3bIjpnDzlmDXbMmazHBxuyJPbMX69F6td6s95/RklXs7LM/sD6+AZEekhc=</latexit>a1

<latexit sha1_base64="MatKMN7RJfXm4e8eM7vUkxnuDKM=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrGh92YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIM7mgaoevDOJAjKYBS6dYbOINqza7bOfgicQpSYwWag+pXfxiK2MeAhAJjeo4dkZuAJikUzir92GAEYgJj7KU0AB+Nm+RRZ/woNkAhj1BzqXgu4u+NBHxjpr6XTvpA92bey8T/vF5Mows3kUEUEwYiO0RSYX7ICC3TDpAPpUYiyJIjlwEXoIEIteQgRCrGaSmVtA9n/vtF0j6pO2f105vTWuOyaKbMDtghO2YOO2cNds2arMUEG7Mn9sxerEfr1Xqz3n9GS1axs8/+wPr4BpKvkhg=</latexit>

b1
<latexit sha1_base64="iNfgDT9ZQtO/83NvqXmuph+5Gvg=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrKjCCgjaCiDRB5SYkXryyY55fzQ3RoRRfkFWqjoEC2/Q8G/YBsXkDDVaGZXOztepKQh2/60CmvrG5tbxe3Szu7e/kH58KhtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON71J/c4DaiPD4J5mEbo+jAM5kgIolWBQKw3KFbtqZ+CrxMlJheVoDspf/WEoYh8DEgqM6Tl2RO4cNEmhcFHqxwYjEFMYYy+hAfho3HmWdcHPYgMU8gg1l4pnIv7emINvzMz3kkkfaGKWvVT8z+vFNLpy5zKIYsJApIdIKswOGaFlUgLyodRIBGly5DLgAjQQoZYchEjEOGkl7cNZ/n6VtGtV56Jav6tXGtd5M0V2wk7ZOXPYJWuwW9ZkLSbYhD2xZ/ZiPVqv1pv1/jNasPKdY/YH1sc3yCiSLA==</latexit>a2

<latexit sha1_base64="DFI69Yy6JctBvl6Ugv2CYSq/Ht8=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sklOOT90t0ZEVn6BFio6RMvvUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP2ibMNYCWyJUoe56YFDJAFskSWE30gi+p7DjTW8yv/OA2sgwuKdZhK4P40COpADKJBhElUG1ZtftHHyZOAWpsQLNQfWrPwxF7GNAQoExPceOyE1AkxQK55V+bDACMYUx9lIagI/GTfKsc34SG6CQR6i5VDwX8fdGAr4xM99LJ32giVn0MvE/rxfT6MpNZBDFhIHIDpFUmB8yQsu0BORDqZEIsuTIZcAFaCBCLTkIkYpx2krWh7P4/TJpn9Wdi/r53XmtcV00U2ZH7JidModdsga7ZU3WYoJN2BN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDKReSag==</latexit>ap
<latexit sha1_base64="Dq4TeA3HINZlsV+56iyGm7z91lk=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrKjCCgjaCiDIA8piaLzZRNOOT90twZFVj6BFio6RMv3UPAv2MYFJEw1mtnVzo4bKmnItj+twsrq2vpGcbO0tb2zu1feP2ibINICWyJQge663KCSPrZIksJuqJF7rsKOO71K/c4DaiMD/45mIQ48PvHlWApOiXTrDmvDcsWu2hnYMnFyUoEczWH5qz8KROShT0JxY3qOHdIg5pqkUDgv9SODIRdTPsFeQn3uoRnEWdQ5O4kMp4CFqJlULBPx90bMPWNmnptMepzuzaKXiv95vYjGF4NY+mFE6Iv0EEmF2SEjtEw6QDaSGol4mhyZ9JngmhOhlowLkYhRUkop6cNZ/H6ZtGtV56xav6lXGpd5M0U4gmM4BQfOoQHX0IQWCJjAEzzDi/VovVpv1vvPaMHKdw7hD6yPb5Q+khk=</latexit>

b2
<latexit sha1_base64="9Oe7cKemSIAgMGjdN/VvrocsyJ0=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrOh82YRTzufT3RoUWfkEWqjoEC3fQ8G/YBsXkDDVaGZXOzuBlsKi6346paXlldW18nplY3Nre6e6u9e2UWw4tHgkI9MNmAUpFLRQoISuNsDCQEInmFxlfucBjBWRusOpBj9kYyVGgjNMpdtgoAfVmlt3c9BF4hWkRgo0B9Wv/jDicQgKuWTW9jxXo58wg4JLmFX6sQXN+ISNoZdSxUKwfpJHndGj2DKMqAZDhaS5CL83EhZaOw2DdDJkeG/nvUz8z+vFOLrwE6F0jKB4dgiFhPyQ5UakHQAdCgOILEsOVCjKmWGIYARlnKdinJZSSfvw5r9fJO2TundWP705rTUui2bK5IAckmPikXPSINekSVqEkzF5Is/kxXl0Xp035/1ntOQUO/vkD5yPb/Tgklc=</latexit>

bp

Symmetry resolution for        -invariant operator: charge density 
<latexit sha1_base64="HpnDBY8waboz1MG820BXftQE50g=">AAAB9nicbVC7TsNAEDzzDOEVoKQ5ESGFJrJRBJQRNJRBwkmkxIrOl01yyvls3a0RkZVfoIWKDtHyOxT8C7ZxAQlTjWZ2tbPjR1IYtO1Pa2V1bX1js7RV3t7Z3duvHBy2TRhrDi4PZai7PjMghQIXBUroRhpY4Evo+NObzO88gDYiVPc4i8AL2FiJkeAMM8mtOWeDStWu2znoMnEKUiUFWoPKV38Y8jgAhVwyY3qOHaGXMI2CS5iX+7GBiPEpG0MvpYoFYLwkzzqnp7FhGNIINBWS5iL83khYYMws8NPJgOHELHqZ+J/Xi3F05SVCRTGC4tkhFBLyQ4ZrkZYAdCg0ILIsOVChKGeaIYIWlHGeinHaSjntw1n8fpm0z+vORb1x16g2r4tmSuSYnJAaccglaZJb0iIu4WRCnsgzebEerVfrzXr/GV2xip0j8gfWxzeN6pIH</latexit>

U(1)
<latexit sha1_base64="rMljKaJntITjyN5dk9zUdm6CUyE=">AAAB9nicbVC7TsNAEDzzDOEVoKQ5ESGFJrJRBJQRNJRBIg8psaLzZZMcOZ+tuzVKZOUXaKGiQ7T8DgX/gm1cQMJUo5ld7ex4oRQGbfvTWlldW9/YLGwVt3d29/ZLB4ctE0SaQ5MHMtAdjxmQQkETBUrohBqY70loe5Ob1G8/gjYiUPc4C8H12UiJoeAMU+mhMj3rl8p21c5Al4mTkzLJ0eiXvnqDgEc+KOSSGdN17BDdmGkUXMK82IsMhIxP2Ai6CVXMB+PGWdY5PY0Mw4CGoKmQNBPh90bMfGNmvpdM+gzHZtFLxf+8boTDKzcWKowQFE8PoZCQHTJci6QEoAOhAZGlyYEKRTnTDBG0oIzzRIySVopJH87i98ukdV51Lqq1u1q5fp03UyDH5IRUiEMuSZ3ckgZpEk7G5Ik8kxdrar1ab9b7z+iKle8ckT+wPr4BHeOSYw==</latexit>

j(x)

<latexit sha1_base64="pA+8Qpx4fZwovgd4iKCPuwQpZk8="></latexit>

GD
mod(x, y; t) ⌘ h |j(x)⇢itV j(y)⇢�it

V | i

terms vanishing as 
<latexit sha1_base64="PR75E0Ypok7J7hu1ZPvnFCze8/8=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYcUW9H5sgmnnM/H3RopilLwFbRQ0SFaPoWCf8E2LiBhqtHMrmZ3Qi2FRdf9dEpLyyura+X1ysbm1vZOdXevbePEcGjxWMamGzILUihooUAJXW2ARaGETji+yvzOAxgrYnWLEw1BxEZKDAVnmEqBD9oKGSsfY+r2qzW37uagi8QrSI0UaParX/4g5kkECrlk1vY8V2MwZQYFlzCr+IkFzfiYjaCXUsUisME0P3pGjxLL0lQNhgpJcxF+b0xZZO0kCtPJiOGdnfcy8T+vl+DwIpgKpRMExbMgFBLyIMuNSNsAOhAGEFl2OVChKGeGIYIRlHGeiklaTyXtw5v/fpG0T+reWf305rTWuCyaKZMDckiOiUfOSYNckyZpEU7uyRN5Ji/Oo/PqvDnvP6Mlp9jZJ3/gfHwDS3GWbw==</latexit>

✏ ! 0

<latexit sha1_base64="de9+oWfe+ToJf7cZvunbpP8cK1o="></latexit>X

q2Z
pV (q)G

D
mod(x, y; q, t) = GD

mod(x, y; t)
<latexit sha1_base64="05OA3dnMAyS36UYVlnT0WypNzJ0="></latexit>

GD
mod(x, y; q, t) = GD

mod(x, y; t) +
q

ln ✏
G(x, y; t) + . . .

[Hollands, ’21; Mintchev, Tonni, ’21]

Symmetry resolution



Free massless Dirac field theory in 1+1 dimensions
<latexit sha1_base64="IciOCfOQnoqXJzHLG5ZyAhUR9sY=">AAACD3icbVC7TsNAEDyHVwivACXNiQiJAkU2ioAGKYKGEiQSkBJjrS+bcMnZPt2tkZCVgk/gK2ihokO0fAIF/4ITUvCaajSzq92ZUCtpyXXfncLU9MzsXHG+tLC4tLxSXl1r2iQ1AhsiUYm5DMGikjE2SJLCS20QolDhRTg4HvkXN2isTOJzutXoR9CLZVcKoFwKyhvNw3YoeyLVQdY/9IZXmrcg6O+EQd8PyhW36o7B/xJvQipsgtOg/NHuJCKNMCahwNqW52ryMzAkhcJhqZ1a1CAG0MNWTmOI0PrZOMSQb6UWKOEaDZeKj0X8vpFBZO1tFOaTEdC1/e2NxP+8VkrdAz+TsU4JYzE6RFLh+JAVRubtIO9Ig0Qw+hy5jLkAA0RoJAchcjHN6yrlfXi/0/8lzd2qt1etndUq9aNJM0W2wTbZNvPYPquzE3bKGkywO/bAHtmTc+88Oy/O69dowZnsrLMfcN4+Ab2lnAY=</latexit>

V =
p[

j=1

[aj , bj ]
<latexit sha1_base64="ogGVkDz1DgHRdbaRrIG50w9XFrE=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrGh92YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIM7mgaoevDOJAjKYBS6RYGzqBas+t2Dr5InILUWIHmoPrVH4Yi9jEgocCYnmNH5CagSQqFs0o/NhiBmMAYeykNwEfjJnnUGT+KDVDII9RcKp6L+HsjAd+Yqe+lkz7QvZn3MvE/rxfT6MJNZBDFhIHIDpFUmB8yQsu0A+RDqZEIsuTIZcAFaCBCLTkIkYpxWkol7cOZ/36RtE/qzln99Oa01rgsmimzA3bIjpnDzlmDXbMmazHBxuyJPbMX69F6td6s95/RklXs7LM/sD6+AZEekhc=</latexit>a1

<latexit sha1_base64="MatKMN7RJfXm4e8eM7vUkxnuDKM=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrGh92YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIM7mgaoevDOJAjKYBS6dYbOINqza7bOfgicQpSYwWag+pXfxiK2MeAhAJjeo4dkZuAJikUzir92GAEYgJj7KU0AB+Nm+RRZ/woNkAhj1BzqXgu4u+NBHxjpr6XTvpA92bey8T/vF5Mows3kUEUEwYiO0RSYX7ICC3TDpAPpUYiyJIjlwEXoIEIteQgRCrGaSmVtA9n/vtF0j6pO2f105vTWuOyaKbMDtghO2YOO2cNds2arMUEG7Mn9sxerEfr1Xqz3n9GS1axs8/+wPr4BpKvkhg=</latexit>

b1
<latexit sha1_base64="iNfgDT9ZQtO/83NvqXmuph+5Gvg=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrKjCCgjaCiDRB5SYkXryyY55fzQ3RoRRfkFWqjoEC2/Q8G/YBsXkDDVaGZXOztepKQh2/60CmvrG5tbxe3Szu7e/kH58KhtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON71J/c4DaiPD4J5mEbo+jAM5kgIolWBQKw3KFbtqZ+CrxMlJheVoDspf/WEoYh8DEgqM6Tl2RO4cNEmhcFHqxwYjEFMYYy+hAfho3HmWdcHPYgMU8gg1l4pnIv7emINvzMz3kkkfaGKWvVT8z+vFNLpy5zKIYsJApIdIKswOGaFlUgLyodRIBGly5DLgAjQQoZYchEjEOGkl7cNZ/n6VtGtV56Jav6tXGtd5M0V2wk7ZOXPYJWuwW9ZkLSbYhD2xZ/ZiPVqv1pv1/jNasPKdY/YH1sc3yCiSLA==</latexit>a2

<latexit sha1_base64="DFI69Yy6JctBvl6Ugv2CYSq/Ht8=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sklOOT90t0ZEVn6BFio6RMvvUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP2ibMNYCWyJUoe56YFDJAFskSWE30gi+p7DjTW8yv/OA2sgwuKdZhK4P40COpADKJBhElUG1ZtftHHyZOAWpsQLNQfWrPwxF7GNAQoExPceOyE1AkxQK55V+bDACMYUx9lIagI/GTfKsc34SG6CQR6i5VDwX8fdGAr4xM99LJ32giVn0MvE/rxfT6MpNZBDFhIHIDpFUmB8yQsu0BORDqZEIsuTIZcAFaCBCLTkIkYpx2krWh7P4/TJpn9Wdi/r53XmtcV00U2ZH7JidModdsga7ZU3WYoJN2BN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDKReSag==</latexit>ap
<latexit sha1_base64="Dq4TeA3HINZlsV+56iyGm7z91lk=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrKjCCgjaCiDIA8piaLzZRNOOT90twZFVj6BFio6RMv3UPAv2MYFJEw1mtnVzo4bKmnItj+twsrq2vpGcbO0tb2zu1feP2ibINICWyJQge663KCSPrZIksJuqJF7rsKOO71K/c4DaiMD/45mIQ48PvHlWApOiXTrDmvDcsWu2hnYMnFyUoEczWH5qz8KROShT0JxY3qOHdIg5pqkUDgv9SODIRdTPsFeQn3uoRnEWdQ5O4kMp4CFqJlULBPx90bMPWNmnptMepzuzaKXiv95vYjGF4NY+mFE6Iv0EEmF2SEjtEw6QDaSGol4mhyZ9JngmhOhlowLkYhRUkop6cNZ/H6ZtGtV56xav6lXGpd5M0U4gmM4BQfOoQHX0IQWCJjAEzzDi/VovVpv1vvPaMHKdw7hD6yPb5Q+khk=</latexit>

b2
<latexit sha1_base64="9Oe7cKemSIAgMGjdN/VvrocsyJ0=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrOh82YRTzufT3RoUWfkEWqjoEC3fQ8G/YBsXkDDVaGZXOzuBlsKi6346paXlldW18nplY3Nre6e6u9e2UWw4tHgkI9MNmAUpFLRQoISuNsDCQEInmFxlfucBjBWRusOpBj9kYyVGgjNMpdtgoAfVmlt3c9BF4hWkRgo0B9Wv/jDicQgKuWTW9jxXo58wg4JLmFX6sQXN+ISNoZdSxUKwfpJHndGj2DKMqAZDhaS5CL83EhZaOw2DdDJkeG/nvUz8z+vFOLrwE6F0jKB4dgiFhPyQ5UakHQAdCgOILEsOVCjKmWGIYARlnKdinJZSSfvw5r9fJO2TundWP705rTUui2bK5IAckmPikXPSINekSVqEkzF5Is/kxXl0Xp035/1ntOQUO/vkD5yPb/Tgklc=</latexit>

bp

Symmetry resolution for        -invariant operator: charge density 
<latexit sha1_base64="HpnDBY8waboz1MG820BXftQE50g=">AAAB9nicbVC7TsNAEDzzDOEVoKQ5ESGFJrJRBJQRNJRBwkmkxIrOl01yyvls3a0RkZVfoIWKDtHyOxT8C7ZxAQlTjWZ2tbPjR1IYtO1Pa2V1bX1js7RV3t7Z3duvHBy2TRhrDi4PZai7PjMghQIXBUroRhpY4Evo+NObzO88gDYiVPc4i8AL2FiJkeAMM8mtOWeDStWu2znoMnEKUiUFWoPKV38Y8jgAhVwyY3qOHaGXMI2CS5iX+7GBiPEpG0MvpYoFYLwkzzqnp7FhGNIINBWS5iL83khYYMws8NPJgOHELHqZ+J/Xi3F05SVCRTGC4tkhFBLyQ4ZrkZYAdCg0ILIsOVChKGeaIYIWlHGeinHaSjntw1n8fpm0z+vORb1x16g2r4tmSuSYnJAaccglaZJb0iIu4WRCnsgzebEerVfrzXr/GV2xip0j8gfWxzeN6pIH</latexit>

U(1)
<latexit sha1_base64="rMljKaJntITjyN5dk9zUdm6CUyE=">AAAB9nicbVC7TsNAEDzzDOEVoKQ5ESGFJrJRBJQRNJRBIg8psaLzZZMcOZ+tuzVKZOUXaKGiQ7T8DgX/gm1cQMJUo5ld7ex4oRQGbfvTWlldW9/YLGwVt3d29/ZLB4ctE0SaQ5MHMtAdjxmQQkETBUrohBqY70loe5Ob1G8/gjYiUPc4C8H12UiJoeAMU+mhMj3rl8p21c5Al4mTkzLJ0eiXvnqDgEc+KOSSGdN17BDdmGkUXMK82IsMhIxP2Ai6CVXMB+PGWdY5PY0Mw4CGoKmQNBPh90bMfGNmvpdM+gzHZtFLxf+8boTDKzcWKowQFE8PoZCQHTJci6QEoAOhAZGlyYEKRTnTDBG0oIzzRIySVopJH87i98ukdV51Lqq1u1q5fp03UyDH5IRUiEMuSZ3ckgZpEk7G5Ik8kxdrar1ab9b7z+iKle8ckT+wPr4BHeOSYw==</latexit>

j(x)

<latexit sha1_base64="lt9Qrjy4NaFUUjSYg2fwHsuq8q4=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJAkU2ioAygoYySOQhJVF0vmzCKeezdbdGRCY/QQsVHaLlZyj4F87GBSRMNZrZ1c6OH0lh0HU/ncLS8srqWnG9tLG5tb1T3t1rmTDWHJo8lKHu+MyAFAqaKFBCJ9LAAl9C259cpX77HrQRobrFaQT9gI2VGAnO0Eqdh5NpTyjaGpQrbtXNQBeJl5MKydEYlL96w5DHASjkkhnT9dwI+wnTKLiEWakXG4gYn7AxdC1VLADTT7K8M3oUG4YhjUBTIWkmwu+NhAXGTAPfTgYM78y8l4r/ed0YRxf9RKgoRlA8PYRCQnbIcC1sEUCHQgMiS5MDtb9zphkiaEEZ51aMbTMl24c3//0iaZ1WvbNq7aZWqV/mzRTJATkkx8Qj56ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3LluUHg==</latexit>

x, y 2 V
<latexit sha1_base64="RBCRQV/oNeORQx6IND2z4KRUAcY="></latexit>

GD
mod(x, y; t) = h⌦|j(x)⇢itV j(y)⇢�it

V |⌦i

<latexit sha1_base64="pA+8Qpx4fZwovgd4iKCPuwQpZk8="></latexit>

GD
mod(x, y; t) ⌘ h |j(x)⇢itV j(y)⇢�it

V | i

terms vanishing as 
<latexit sha1_base64="PR75E0Ypok7J7hu1ZPvnFCze8/8=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYcUW9H5sgmnnM/H3RopilLwFbRQ0SFaPoWCf8E2LiBhqtHMrmZ3Qi2FRdf9dEpLyyura+X1ysbm1vZOdXevbePEcGjxWMamGzILUihooUAJXW2ARaGETji+yvzOAxgrYnWLEw1BxEZKDAVnmEqBD9oKGSsfY+r2qzW37uagi8QrSI0UaParX/4g5kkECrlk1vY8V2MwZQYFlzCr+IkFzfiYjaCXUsUisME0P3pGjxLL0lQNhgpJcxF+b0xZZO0kCtPJiOGdnfcy8T+vl+DwIpgKpRMExbMgFBLyIMuNSNsAOhAGEFl2OVChKGeGIYIRlHGeiklaTyXtw5v/fpG0T+reWf305rTWuCyaKZMDckiOiUfOSYNckyZpEU7uyRN5Ji/Oo/PqvDnvP6Mlp9jZJ3/gfHwDS3GWbw==</latexit>

✏ ! 0

<latexit sha1_base64="de9+oWfe+ToJf7cZvunbpP8cK1o="></latexit>X

q2Z
pV (q)G

D
mod(x, y; q, t) = GD

mod(x, y; t)
<latexit sha1_base64="05OA3dnMAyS36UYVlnT0WypNzJ0="></latexit>

GD
mod(x, y; q, t) = GD

mod(x, y; t) +
q

ln ✏
G(x, y; t) + . . .

SR modular correlation function is well-defined as
<latexit sha1_base64="PR75E0Ypok7J7hu1ZPvnFCze8/8=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYcUW9H5sgmnnM/H3RopilLwFbRQ0SFaPoWCf8E2LiBhqtHMrmZ3Qi2FRdf9dEpLyyura+X1ysbm1vZOdXevbePEcGjxWMamGzILUihooUAJXW2ARaGETji+yvzOAxgrYnWLEw1BxEZKDAVnmEqBD9oKGSsfY+r2qzW37uagi8QrSI0UaParX/4g5kkECrlk1vY8V2MwZQYFlzCr+IkFzfiYjaCXUsUisME0P3pGjxLL0lQNhgpJcxF+b0xZZO0kCtPJiOGdnfcy8T+vl+DwIpgKpRMExbMgFBLyIMuNSNsAOhAGEFl2OVChKGeGIYIRlHGeiklaTyXtw5v/fpG0T+reWf305rTWuCyaKZMDckiOiUfOSYNckyZpEU7uyRN5Ji/Oo/PqvDnvP6Mlp9jZJ3/gfHwDS3GWbw==</latexit>

✏ ! 0

Its definition arguably works independently of the factorization of the Hilbert space

[Hollands, ’21; Mintchev, Tonni, ’21]

Symmetry resolution



Free massless Dirac field theory in 1+1 dimensions
<latexit sha1_base64="IciOCfOQnoqXJzHLG5ZyAhUR9sY=">AAACD3icbVC7TsNAEDyHVwivACXNiQiJAkU2ioAGKYKGEiQSkBJjrS+bcMnZPt2tkZCVgk/gK2ihokO0fAIF/4ITUvCaajSzq92ZUCtpyXXfncLU9MzsXHG+tLC4tLxSXl1r2iQ1AhsiUYm5DMGikjE2SJLCS20QolDhRTg4HvkXN2isTOJzutXoR9CLZVcKoFwKyhvNw3YoeyLVQdY/9IZXmrcg6O+EQd8PyhW36o7B/xJvQipsgtOg/NHuJCKNMCahwNqW52ryMzAkhcJhqZ1a1CAG0MNWTmOI0PrZOMSQb6UWKOEaDZeKj0X8vpFBZO1tFOaTEdC1/e2NxP+8VkrdAz+TsU4JYzE6RFLh+JAVRubtIO9Ig0Qw+hy5jLkAA0RoJAchcjHN6yrlfXi/0/8lzd2qt1etndUq9aNJM0W2wTbZNvPYPquzE3bKGkywO/bAHtmTc+88Oy/O69dowZnsrLMfcN4+Ab2lnAY=</latexit>

V =
p[

j=1

[aj , bj ]
<latexit sha1_base64="ogGVkDz1DgHRdbaRrIG50w9XFrE=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrGh92YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIM7mgaoevDOJAjKYBS6RYGzqBas+t2Dr5InILUWIHmoPrVH4Yi9jEgocCYnmNH5CagSQqFs0o/NhiBmMAYeykNwEfjJnnUGT+KDVDII9RcKp6L+HsjAd+Yqe+lkz7QvZn3MvE/rxfT6MJNZBDFhIHIDpFUmB8yQsu0A+RDqZEIsuTIZcAFaCBCLTkIkYpxWkol7cOZ/36RtE/qzln99Oa01rgsmimzA3bIjpnDzlmDXbMmazHBxuyJPbMX69F6td6s95/RklXs7LM/sD6+AZEekhc=</latexit>a1

<latexit sha1_base64="MatKMN7RJfXm4e8eM7vUkxnuDKM=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrGh92YRTzg/drUGRlU+ghYoO0fI9FPwLtnEBCVONZna1s+NFShqy7U+rtLS8srpWXq9sbG5t71R399omjLXAlghVqLseGFQywBZJUtiNNILvKex4k6vM7zygNjIM7mgaoevDOJAjKYBS6dYbOINqza7bOfgicQpSYwWag+pXfxiK2MeAhAJjeo4dkZuAJikUzir92GAEYgJj7KU0AB+Nm+RRZ/woNkAhj1BzqXgu4u+NBHxjpr6XTvpA92bey8T/vF5Mows3kUEUEwYiO0RSYX7ICC3TDpAPpUYiyJIjlwEXoIEIteQgRCrGaSmVtA9n/vtF0j6pO2f105vTWuOyaKbMDtghO2YOO2cNds2arMUEG7Mn9sxerEfr1Xqz3n9GS1axs8/+wPr4BpKvkhg=</latexit>

b1
<latexit sha1_base64="iNfgDT9ZQtO/83NvqXmuph+5Gvg=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrKjCCgjaCiDRB5SYkXryyY55fzQ3RoRRfkFWqjoEC2/Q8G/YBsXkDDVaGZXOztepKQh2/60CmvrG5tbxe3Szu7e/kH58KhtwlgLbIlQhbrrgUElA2yRJIXdSCP4nsKON71J/c4DaiPD4J5mEbo+jAM5kgIolWBQKw3KFbtqZ+CrxMlJheVoDspf/WEoYh8DEgqM6Tl2RO4cNEmhcFHqxwYjEFMYYy+hAfho3HmWdcHPYgMU8gg1l4pnIv7emINvzMz3kkkfaGKWvVT8z+vFNLpy5zKIYsJApIdIKswOGaFlUgLyodRIBGly5DLgAjQQoZYchEjEOGkl7cNZ/n6VtGtV56Jav6tXGtd5M0V2wk7ZOXPYJWuwW9ZkLSbYhD2xZ/ZiPVqv1pv1/jNasPKdY/YH1sc3yCiSLA==</latexit>a2

<latexit sha1_base64="DFI69Yy6JctBvl6Ugv2CYSq/Ht8=">AAAB9nicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYeUWNH6sklOOT90t0ZEVn6BFio6RMvvUPAv2MYFJEw1mtnVzo4XKWnItj+t0srq2vpGebOytb2zu1fdP2ibMNYCWyJUoe56YFDJAFskSWE30gi+p7DjTW8yv/OA2sgwuKdZhK4P40COpADKJBhElUG1ZtftHHyZOAWpsQLNQfWrPwxF7GNAQoExPceOyE1AkxQK55V+bDACMYUx9lIagI/GTfKsc34SG6CQR6i5VDwX8fdGAr4xM99LJ32giVn0MvE/rxfT6MpNZBDFhIHIDpFUmB8yQsu0BORDqZEIsuTIZcAFaCBCLTkIkYpx2krWh7P4/TJpn9Wdi/r53XmtcV00U2ZH7JidModdsga7ZU3WYoJN2BN7Zi/Wo/VqvVnvP6Mlq9g5ZH9gfXwDKReSag==</latexit>ap
<latexit sha1_base64="Dq4TeA3HINZlsV+56iyGm7z91lk=">AAAB9XicbVC7TsNAEFyHVwivACXNiQiJKrKjCCgjaCiDIA8piaLzZRNOOT90twZFVj6BFio6RMv3UPAv2MYFJEw1mtnVzo4bKmnItj+twsrq2vpGcbO0tb2zu1feP2ibINICWyJQge663KCSPrZIksJuqJF7rsKOO71K/c4DaiMD/45mIQ48PvHlWApOiXTrDmvDcsWu2hnYMnFyUoEczWH5qz8KROShT0JxY3qOHdIg5pqkUDgv9SODIRdTPsFeQn3uoRnEWdQ5O4kMp4CFqJlULBPx90bMPWNmnptMepzuzaKXiv95vYjGF4NY+mFE6Iv0EEmF2SEjtEw6QDaSGol4mhyZ9JngmhOhlowLkYhRUkop6cNZ/H6ZtGtV56xav6lXGpd5M0U4gmM4BQfOoQHX0IQWCJjAEzzDi/VovVpv1vvPaMHKdw7hD6yPb5Q+khk=</latexit>

b2
<latexit sha1_base64="9Oe7cKemSIAgMGjdN/VvrocsyJ0=">AAAB9XicbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogyENKrOh82YRTzufT3RoUWfkEWqjoEC3fQ8G/YBsXkDDVaGZXOzuBlsKi6346paXlldW18nplY3Nre6e6u9e2UWw4tHgkI9MNmAUpFLRQoISuNsDCQEInmFxlfucBjBWRusOpBj9kYyVGgjNMpdtgoAfVmlt3c9BF4hWkRgo0B9Wv/jDicQgKuWTW9jxXo58wg4JLmFX6sQXN+ISNoZdSxUKwfpJHndGj2DKMqAZDhaS5CL83EhZaOw2DdDJkeG/nvUz8z+vFOLrwE6F0jKB4dgiFhPyQ5UakHQAdCgOILEsOVCjKmWGIYARlnKdinJZSSfvw5r9fJO2TundWP705rTUui2bK5IAckmPikXPSINekSVqEkzF5Is/kxXl0Xp035/1ntOQUO/vkD5yPb/Tgklc=</latexit>

bp

Symmetry resolution for        -invariant operator: charge density 
<latexit sha1_base64="HpnDBY8waboz1MG820BXftQE50g=">AAAB9nicbVC7TsNAEDzzDOEVoKQ5ESGFJrJRBJQRNJRBwkmkxIrOl01yyvls3a0RkZVfoIWKDtHyOxT8C7ZxAQlTjWZ2tbPjR1IYtO1Pa2V1bX1js7RV3t7Z3duvHBy2TRhrDi4PZai7PjMghQIXBUroRhpY4Evo+NObzO88gDYiVPc4i8AL2FiJkeAMM8mtOWeDStWu2znoMnEKUiUFWoPKV38Y8jgAhVwyY3qOHaGXMI2CS5iX+7GBiPEpG0MvpYoFYLwkzzqnp7FhGNIINBWS5iL83khYYMws8NPJgOHELHqZ+J/Xi3F05SVCRTGC4tkhFBLyQ4ZrkZYAdCg0ILIsOVChKGeaIYIWlHGeinHaSjntw1n8fpm0z+vORb1x16g2r4tmSuSYnJAaccglaZJb0iIu4WRCnsgzebEerVfrzXr/GV2xip0j8gfWxzeN6pIH</latexit>

U(1)
<latexit sha1_base64="rMljKaJntITjyN5dk9zUdm6CUyE=">AAAB9nicbVC7TsNAEDzzDOEVoKQ5ESGFJrJRBJQRNJRBIg8psaLzZZMcOZ+tuzVKZOUXaKGiQ7T8DgX/gm1cQMJUo5ld7ex4oRQGbfvTWlldW9/YLGwVt3d29/ZLB4ctE0SaQ5MHMtAdjxmQQkETBUrohBqY70loe5Ob1G8/gjYiUPc4C8H12UiJoeAMU+mhMj3rl8p21c5Al4mTkzLJ0eiXvnqDgEc+KOSSGdN17BDdmGkUXMK82IsMhIxP2Ai6CVXMB+PGWdY5PY0Mw4CGoKmQNBPh90bMfGNmvpdM+gzHZtFLxf+8boTDKzcWKowQFE8PoZCQHTJci6QEoAOhAZGlyYEKRTnTDBG0oIzzRIySVopJH87i98ukdV51Lqq1u1q5fp03UyDH5IRUiEMuSZ3ckgZpEk7G5Ik8kxdrar1ab9b7z+iKle8ckT+wPr4BHeOSYw==</latexit>

j(x)

<latexit sha1_base64="lt9Qrjy4NaFUUjSYg2fwHsuq8q4=">AAAB+nicbVC7TsNAEDyHVwivACXNiQiJAkU2ioAygoYySOQhJVF0vmzCKeezdbdGRCY/QQsVHaLlZyj4F87GBSRMNZrZ1c6OH0lh0HU/ncLS8srqWnG9tLG5tb1T3t1rmTDWHJo8lKHu+MyAFAqaKFBCJ9LAAl9C259cpX77HrQRobrFaQT9gI2VGAnO0Eqdh5NpTyjaGpQrbtXNQBeJl5MKydEYlL96w5DHASjkkhnT9dwI+wnTKLiEWakXG4gYn7AxdC1VLADTT7K8M3oUG4YhjUBTIWkmwu+NhAXGTAPfTgYM78y8l4r/ed0YRxf9RKgoRlA8PYRCQnbIcC1sEUCHQgMiS5MDtb9zphkiaEEZ51aMbTMl24c3//0iaZ1WvbNq7aZWqV/mzRTJATkkx8Qj56ROrkmDNAknkjyRZ/LiPDqvzpvz/jNacPKdffIHzsc3LluUHg==</latexit>

x, y 2 V
<latexit sha1_base64="RBCRQV/oNeORQx6IND2z4KRUAcY="></latexit>

GD
mod(x, y; t) = h⌦|j(x)⇢itV j(y)⇢�it

V |⌦i
<latexit sha1_base64="IaFdcB8CSRx3gKnvC+vVkLpEhEE="></latexit>

= h⌦|j+(x)�t (j+(y)) |⌦i+ h⌦|j�(x)�̄t (j�(y)) |⌦i
<latexit sha1_base64="gfCyuhf1fAbSG62EHnbCKLUnXJI="></latexit>

⌘ G(+)
mod(x, y; t) +G(�)

mod(x, y; t)

<latexit sha1_base64="pA+8Qpx4fZwovgd4iKCPuwQpZk8="></latexit>

GD
mod(x, y; t) ⌘ h |j(x)⇢itV j(y)⇢�it

V | i

terms vanishing as 
<latexit sha1_base64="PR75E0Ypok7J7hu1ZPvnFCze8/8=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYcUW9H5sgmnnM/H3RopilLwFbRQ0SFaPoWCf8E2LiBhqtHMrmZ3Qi2FRdf9dEpLyyura+X1ysbm1vZOdXevbePEcGjxWMamGzILUihooUAJXW2ARaGETji+yvzOAxgrYnWLEw1BxEZKDAVnmEqBD9oKGSsfY+r2qzW37uagi8QrSI0UaParX/4g5kkECrlk1vY8V2MwZQYFlzCr+IkFzfiYjaCXUsUisME0P3pGjxLL0lQNhgpJcxF+b0xZZO0kCtPJiOGdnfcy8T+vl+DwIpgKpRMExbMgFBLyIMuNSNsAOhAGEFl2OVChKGeGIYIRlHGeiklaTyXtw5v/fpG0T+reWf305rTWuCyaKZMDckiOiUfOSYNckyZpEU7uyRN5Ji/Oo/PqvDnvP6Mlp9jZJ3/gfHwDS3GWbw==</latexit>

✏ ! 0

<latexit sha1_base64="de9+oWfe+ToJf7cZvunbpP8cK1o="></latexit>X

q2Z
pV (q)G

D
mod(x, y; q, t) = GD

mod(x, y; t)
<latexit sha1_base64="05OA3dnMAyS36UYVlnT0WypNzJ0="></latexit>

GD
mod(x, y; q, t) = GD

mod(x, y; t) +
q

ln ✏
G(x, y; t) + . . .

Independence of the charge sector as  
<latexit sha1_base64="PR75E0Ypok7J7hu1ZPvnFCze8/8=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYcUW9H5sgmnnM/H3RopilLwFbRQ0SFaPoWCf8E2LiBhqtHMrmZ3Qi2FRdf9dEpLyyura+X1ysbm1vZOdXevbePEcGjxWMamGzILUihooUAJXW2ARaGETji+yvzOAxgrYnWLEw1BxEZKDAVnmEqBD9oKGSsfY+r2qzW37uagi8QrSI0UaParX/4g5kkECrlk1vY8V2MwZQYFlzCr+IkFzfiYjaCXUsUisME0P3pGjxLL0lQNhgpJcxF+b0xZZO0kCtPJiOGdnfcy8T+vl+DwIpgKpRMExbMgFBLyIMuNSNsAOhAGEFl2OVChKGeGIYIRlHGeiklaTyXtw5v/fpG0T+reWf305rTWuCyaKZMDckiOiUfOSYNckyZpEU7uyRN5Ji/Oo/PqvDnvP6Mlp9jZJ3/gfHwDS3GWbw==</latexit>

✏ ! 0 Equipartition of the modular 
correlation function

SR modular correlation function is well-defined as
<latexit sha1_base64="PR75E0Ypok7J7hu1ZPvnFCze8/8=">AAAB/3icbVC7TsNAEDyHVwivACXNiQiJKrIRAsoIGsogkYcUW9H5sgmnnM/H3RopilLwFbRQ0SFaPoWCf8E2LiBhqtHMrmZ3Qi2FRdf9dEpLyyura+X1ysbm1vZOdXevbePEcGjxWMamGzILUihooUAJXW2ARaGETji+yvzOAxgrYnWLEw1BxEZKDAVnmEqBD9oKGSsfY+r2qzW37uagi8QrSI0UaParX/4g5kkECrlk1vY8V2MwZQYFlzCr+IkFzfiYjaCXUsUisME0P3pGjxLL0lQNhgpJcxF+b0xZZO0kCtPJiOGdnfcy8T+vl+DwIpgKpRMExbMgFBLyIMuNSNsAOhAGEFl2OVChKGeGIYIRlHGeiklaTyXtw5v/fpG0T+reWf305rTWuCyaKZMDckiOiUfOSYNckyZpEU7uyRN5Ji/Oo/PqvDnvP6Mlp9jZJ3/gfHwDS3GWbw==</latexit>

✏ ! 0

Its definition arguably works independently of the factorization of the Hilbert space

[Hollands, ’21; Mintchev, Tonni, ’21]
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Thank you for your attention!


