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Initial states in high-energy collisions are wavepackets

<latexit sha1_base64="/CmLyuy33zw1KyajjSKVIZ7h/Yk="></latexit>

Low energy wavepacket
<latexit sha1_base64="cClEBVibUz4ybeko1AqLlxtjmxI=">AAACCnicdVA9SwNBEN3zM8avqKXNahCswl2iZ8qgjaWCiUISwt5mkizu7R27c9FwpLbxr9hYKGLrL7Dz37j5EFT0wcDjvZndmRfEUhh03Q9nZnZufmExs5RdXlldW89tbNZMlGgOVR7JSF8FzIAUCqooUMJVrIGFgYTL4Ppk5F/2QRsRqQscxNAMWVeJjuAMrdTK7TQQbjE9Fd0ebVBQoLsDS25YH2LGrwGHrVzeLfilcqlcpG7BHcMSz/MP/SL1pkqeTHHWyr032hFPQlDIJTOm7rkxNlOmUXAJw2wjMeO3WRfqlioWgmmm41OGdM8qbdqJtC2FdKx+n0hZaMwgDGxnyLBnfnsj8S+vnmCn3EyFihMExScfdRJJMaKjXGhbaOAoB5YwroXdlfIe04yjTS9rQ/i6lP5PasWC5xf884N85XgaR4Zsk12yTzxyRCrklJyRKuHkjjyQJ/Ls3DuPzovzOmmdcaYzW+QHnLdPWvKauQ==</latexit>

High energy wavepacket

Wavepackets can be used to study transport properties*

*Lee and Farrell in preparation
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High energy wavepacket

Wavepackets can be used to study transport properties*

*Lee and Farrell in preparation


Quantum advantage expected in simulations of real-time dynamics



<latexit sha1_base64="XoQvlfp3FZtNw7LQ1KSQ7WcXO4w=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIruqMSHVZdOOygn1AOwyZNNOGJpkhyQi19EvcuFDErZ/izr8xbWehrQcu93DOveTmRCln2njet1NYW9/Y3Cpul3Z29/bL7sFhSyeZIrRJEp6oToQ15UzSpmGG006qKBYRp+1odDvz249UaZbIBzNOaSDwQLKYEWysFLrlnmYC+ee2DQQO09CteFVvDrRK/JxUIEcjdL96/YRkgkpDONa663upCSZYGUY4nZZ6maYpJiM8oF1LJRZUB5P54VN0apU+ihNlSxo0V39vTLDQeiwiOymwGeplbyb+53UzE18HEybTzFBJFg/FGUcmQbMUUJ8pSgwfW4KJYvZWRIZYYWJsViUbgr/85VXSuqj6tWrt/rJSv8njKMIxnMAZ+HAFdbiDBjSBQAbP8ApvzpPz4rw7H4vRgpPvHMEfOJ8//JqSrQ==</latexit>

→ 1/ωp

<latexit sha1_base64="6btjF464Vc0YnNaTP/6N4skCmEw=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnNO7egF48RTQwkS5idTJIhsw9mZoWw5BO8eFDEq1/kzb9xNomgogUNRVU33V1eJLjSGH9YmbX1jc2t7HZuZ3dv/yB/eNRRYSwpa9NQhLLrEcUED1hbcy1YN5KM+J5gd970MvXv7plUPAxu9Sxirk/GAR9xSrSRbqYDPMgXsI0rtXKjjrBdqjeKxZTgMq6Uqsix8QIFWKE1yL/3hyGNfRZoKohSPQdH2k2I1JwKNs/1Y8UiQqdkzHqGBsRnyk0Wp87RmVGGaBRKU4FGC/X7REJ8pWa+Zzp9oifqt5eKf3m9WI/qbsKDKNYsoMtFo1ggHaL0bzTkklEtZoYQKrm5FdEJkYRqk07OhPD1KfqfdIq2U7Wr1+VC82IVRxZO4BTOwYEaNOEKWtAGCmN4gCd4toT1aL1Yr8vWjLWaOYYfsN4+AXJujfA=</latexit>

k0

<latexit sha1_base64="aXXeqf5YGukf9PDIq+3OKCUtjOg="></latexit>

|ωWP→ =
∑

k

e→(k→k0)
2/ω2

p |ωk→
<latexit sha1_base64="6btjF464Vc0YnNaTP/6N4skCmEw=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnNO7egF48RTQwkS5idTJIhsw9mZoWw5BO8eFDEq1/kzb9xNomgogUNRVU33V1eJLjSGH9YmbX1jc2t7HZuZ3dv/yB/eNRRYSwpa9NQhLLrEcUED1hbcy1YN5KM+J5gd970MvXv7plUPAxu9Sxirk/GAR9xSrSRbqYDPMgXsI0rtXKjjrBdqjeKxZTgMq6Uqsix8QIFWKE1yL/3hyGNfRZoKohSPQdH2k2I1JwKNs/1Y8UiQqdkzHqGBsRnyk0Wp87RmVGGaBRKU4FGC/X7REJ8pWa+Zzp9oifqt5eKf3m9WI/qbsKDKNYsoMtFo1ggHaL0bzTkklEtZoYQKrm5FdEJkYRqk07OhPD1KfqfdIq2U7Wr1+VC82IVRxZO4BTOwYEaNOEKWtAGCmN4gCd4toT1aL1Yr8vWjLWaOYYfsN4+AXJujfA=</latexit>

k0 <latexit sha1_base64="uo56kSDp0H69a8FSXJEbx5g7yO8=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB07KrtfZY9OKxgv2AdinZNNuGJtk1yQql9E948aCIV/+ON/+NabugVh8MPN6bYWZemHCmjed9OrmV1bX1jfxmYWt7Z3evuH/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXc/81gNVmsXyzowTGgg8kCxiBBsrtbuaDQTuJb1iyXPLlep59QJ5rjfHN/EzUoIM9V7xo9uPSSqoNIRjrTu+l5hggpVhhNNpoZtqmmAywgPasVRiQXUwmd87RSdW6aMoVrakQXP158QEC63HIrSdApuhXvZm4n9eJzVRNZgwmaSGSrJYFKUcmRjNnkd9pigxfGwJJorZWxEZYoWJsREVbAj+8st/SfPM9Stu5bZcql1lceThCI7hFHy4hBrcQB0aQIDDIzzDi3PvPDmvztuiNedkM4fwC877F1tGkDM=</latexit>ωp
<latexit sha1_base64="uo56kSDp0H69a8FSXJEbx5g7yO8=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB07KrtfZY9OKxgv2AdinZNNuGJtk1yQql9E948aCIV/+ON/+NabugVh8MPN6bYWZemHCmjed9OrmV1bX1jfxmYWt7Z3evuH/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXc/81gNVmsXyzowTGgg8kCxiBBsrtbuaDQTuJb1iyXPLlep59QJ5rjfHN/EzUoIM9V7xo9uPSSqoNIRjrTu+l5hggpVhhNNpoZtqmmAywgPasVRiQXUwmd87RSdW6aMoVrakQXP158QEC63HIrSdApuhXvZm4n9eJzVRNZgwmaSGSrJYFKUcmRjNnkd9pigxfGwJJorZWxEZYoWJsREVbAj+8st/SfPM9Stu5bZcql1lceThCI7hFHy4hBrcQB0aQIDDIzzDi3PvPDmvztuiNedkM4fwC877F1tGkDM=</latexit>ωp

Gaussian wavepackets saturate ΔxΔp ≥ ℏ/2
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→ 1/ωp
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k0

<latexit sha1_base64="aXXeqf5YGukf9PDIq+3OKCUtjOg="></latexit>

|ωWP→ =
∑

k

e→(k→k0)
2/ω2

p |ωk→
<latexit sha1_base64="6btjF464Vc0YnNaTP/6N4skCmEw=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnNO7egF48RTQwkS5idTJIhsw9mZoWw5BO8eFDEq1/kzb9xNomgogUNRVU33V1eJLjSGH9YmbX1jc2t7HZuZ3dv/yB/eNRRYSwpa9NQhLLrEcUED1hbcy1YN5KM+J5gd970MvXv7plUPAxu9Sxirk/GAR9xSrSRbqYDPMgXsI0rtXKjjrBdqjeKxZTgMq6Uqsix8QIFWKE1yL/3hyGNfRZoKohSPQdH2k2I1JwKNs/1Y8UiQqdkzHqGBsRnyk0Wp87RmVGGaBRKU4FGC/X7REJ8pWa+Zzp9oifqt5eKf3m9WI/qbsKDKNYsoMtFo1ggHaL0bzTkklEtZoYQKrm5FdEJkYRqk07OhPD1KfqfdIq2U7Wr1+VC82IVRxZO4BTOwYEaNOEKWtAGCmN4gCd4toT1aL1Yr8vWjLWaOYYfsN4+AXJujfA=</latexit>

k0 <latexit sha1_base64="uo56kSDp0H69a8FSXJEbx5g7yO8=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB07KrtfZY9OKxgv2AdinZNNuGJtk1yQql9E948aCIV/+ON/+NabugVh8MPN6bYWZemHCmjed9OrmV1bX1jfxmYWt7Z3evuH/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXc/81gNVmsXyzowTGgg8kCxiBBsrtbuaDQTuJb1iyXPLlep59QJ5rjfHN/EzUoIM9V7xo9uPSSqoNIRjrTu+l5hggpVhhNNpoZtqmmAywgPasVRiQXUwmd87RSdW6aMoVrakQXP158QEC63HIrSdApuhXvZm4n9eJzVRNZgwmaSGSrJYFKUcmRjNnkd9pigxfGwJJorZWxEZYoWJsREVbAj+8st/SfPM9Stu5bZcql1lceThCI7hFHy4hBrcQB0aQIDDIzzDi3PvPDmvztuiNedkM4fwC877F1tGkDM=</latexit>ωp
<latexit sha1_base64="uo56kSDp0H69a8FSXJEbx5g7yO8=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB07KrtfZY9OKxgv2AdinZNNuGJtk1yQql9E948aCIV/+ON/+NabugVh8MPN6bYWZemHCmjed9OrmV1bX1jfxmYWt7Z3evuH/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXc/81gNVmsXyzowTGgg8kCxiBBsrtbuaDQTuJb1iyXPLlep59QJ5rjfHN/EzUoIM9V7xo9uPSSqoNIRjrTu+l5hggpVhhNNpoZtqmmAywgPasVRiQXUwmd87RSdW6aMoVrakQXP158QEC63HIrSdApuhXvZm4n9eJzVRNZgwmaSGSrJYFKUcmRjNnkd9pigxfGwJJorZWxEZYoWJsREVbAj+8st/SfPM9Stu5bZcql1lceThCI7hFHy4hBrcQB0aQIDDIzzDi3PvPDmvztuiNedkM4fwC877F1tGkDM=</latexit>ωp

       is the lowest-energy state with momentum k ≠ 0<latexit sha1_base64="7mr8oKQVoJ9THSPZ5GPHvE48zMs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXojTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vq1dnteqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD/YnktQ=</latexit>

|ωk→

Gaussian wavepackets saturate ΔxΔp ≥ ℏ/2
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<latexit sha1_base64="XoQvlfp3FZtNw7LQ1KSQ7WcXO4w=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIruqMSHVZdOOygn1AOwyZNNOGJpkhyQi19EvcuFDErZ/izr8xbWehrQcu93DOveTmRCln2njet1NYW9/Y3Cpul3Z29/bL7sFhSyeZIrRJEp6oToQ15UzSpmGG006qKBYRp+1odDvz249UaZbIBzNOaSDwQLKYEWysFLrlnmYC+ee2DQQO09CteFVvDrRK/JxUIEcjdL96/YRkgkpDONa663upCSZYGUY4nZZ6maYpJiM8oF1LJRZUB5P54VN0apU+ihNlSxo0V39vTLDQeiwiOymwGeplbyb+53UzE18HEybTzFBJFg/FGUcmQbMUUJ8pSgwfW4KJYvZWRIZYYWJsViUbgr/85VXSuqj6tWrt/rJSv8njKMIxnMAZ+HAFdbiDBjSBQAbP8ApvzpPz4rw7H4vRgpPvHMEfOJ8//JqSrQ==</latexit>

→ 1/ωp

<latexit sha1_base64="6btjF464Vc0YnNaTP/6N4skCmEw=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnNO7egF48RTQwkS5idTJIhsw9mZoWw5BO8eFDEq1/kzb9xNomgogUNRVU33V1eJLjSGH9YmbX1jc2t7HZuZ3dv/yB/eNRRYSwpa9NQhLLrEcUED1hbcy1YN5KM+J5gd970MvXv7plUPAxu9Sxirk/GAR9xSrSRbqYDPMgXsI0rtXKjjrBdqjeKxZTgMq6Uqsix8QIFWKE1yL/3hyGNfRZoKohSPQdH2k2I1JwKNs/1Y8UiQqdkzHqGBsRnyk0Wp87RmVGGaBRKU4FGC/X7REJ8pWa+Zzp9oifqt5eKf3m9WI/qbsKDKNYsoMtFo1ggHaL0bzTkklEtZoYQKrm5FdEJkYRqk07OhPD1KfqfdIq2U7Wr1+VC82IVRxZO4BTOwYEaNOEKWtAGCmN4gCd4toT1aL1Yr8vWjLWaOYYfsN4+AXJujfA=</latexit>

k0

<latexit sha1_base64="aXXeqf5YGukf9PDIq+3OKCUtjOg="></latexit>

|ωWP→ =
∑

k

e→(k→k0)
2/ω2

p |ωk→
<latexit sha1_base64="6btjF464Vc0YnNaTP/6N4skCmEw=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnNO7egF48RTQwkS5idTJIhsw9mZoWw5BO8eFDEq1/kzb9xNomgogUNRVU33V1eJLjSGH9YmbX1jc2t7HZuZ3dv/yB/eNRRYSwpa9NQhLLrEcUED1hbcy1YN5KM+J5gd970MvXv7plUPAxu9Sxirk/GAR9xSrSRbqYDPMgXsI0rtXKjjrBdqjeKxZTgMq6Uqsix8QIFWKE1yL/3hyGNfRZoKohSPQdH2k2I1JwKNs/1Y8UiQqdkzHqGBsRnyk0Wp87RmVGGaBRKU4FGC/X7REJ8pWa+Zzp9oifqt5eKf3m9WI/qbsKDKNYsoMtFo1ggHaL0bzTkklEtZoYQKrm5FdEJkYRqk07OhPD1KfqfdIq2U7Wr1+VC82IVRxZO4BTOwYEaNOEKWtAGCmN4gCd4toT1aL1Yr8vWjLWaOYYfsN4+AXJujfA=</latexit>

k0 <latexit sha1_base64="uo56kSDp0H69a8FSXJEbx5g7yO8=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB07KrtfZY9OKxgv2AdinZNNuGJtk1yQql9E948aCIV/+ON/+NabugVh8MPN6bYWZemHCmjed9OrmV1bX1jfxmYWt7Z3evuH/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXc/81gNVmsXyzowTGgg8kCxiBBsrtbuaDQTuJb1iyXPLlep59QJ5rjfHN/EzUoIM9V7xo9uPSSqoNIRjrTu+l5hggpVhhNNpoZtqmmAywgPasVRiQXUwmd87RSdW6aMoVrakQXP158QEC63HIrSdApuhXvZm4n9eJzVRNZgwmaSGSrJYFKUcmRjNnkd9pigxfGwJJorZWxEZYoWJsREVbAj+8st/SfPM9Stu5bZcql1lceThCI7hFHy4hBrcQB0aQIDDIzzDi3PvPDmvztuiNedkM4fwC877F1tGkDM=</latexit>ωp
<latexit sha1_base64="uo56kSDp0H69a8FSXJEbx5g7yO8=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB07KrtfZY9OKxgv2AdinZNNuGJtk1yQql9E948aCIV/+ON/+NabugVh8MPN6bYWZemHCmjed9OrmV1bX1jfxmYWt7Z3evuH/Q1HGqCG2QmMeqHWJNOZO0YZjhtJ0oikXIaSscXc/81gNVmsXyzowTGgg8kCxiBBsrtbuaDQTuJb1iyXPLlep59QJ5rjfHN/EzUoIM9V7xo9uPSSqoNIRjrTu+l5hggpVhhNNpoZtqmmAywgPasVRiQXUwmd87RSdW6aMoVrakQXP158QEC63HIrSdApuhXvZm4n9eJzVRNZgwmaSGSrJYFKUcmRjNnkd9pigxfGwJJorZWxEZYoWJsREVbAj+8st/SfPM9Stu5bZcql1lceThCI7hFHy4hBrcQB0aQIDDIzzDi3PvPDmvztuiNedkM4fwC877F1tGkDM=</latexit>ωp

       is the lowest-energy state with momentum k ≠ 0<latexit sha1_base64="7mr8oKQVoJ9THSPZ5GPHvE48zMs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXojTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vq1dnteqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD/YnktQ=</latexit>

|ωk→

Gaussian wavepackets saturate ΔxΔp ≥ ℏ/2

First, consider preparing        on a quantum computer 
<latexit sha1_base64="7mr8oKQVoJ9THSPZ5GPHvE48zMs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXojTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vq1dnteqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD/YnktQ=</latexit>

|ωk→

2



           is always long-range entangled, even for  
gapped systems with a finite correlation length [1]

<latexit sha1_base64="7mr8oKQVoJ9THSPZ5GPHvE48zMs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXojTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vq1dnteqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD/YnktQ=</latexit>

|ωk→

[1] Gioia and Wang PRX 2022 
[2] Haegeman et. al PRB 2012
3



Plane-wave structures forces the position of excitations to be entangled

<latexit sha1_base64="7mr8oKQVoJ9THSPZ5GPHvE48zMs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXojTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vq1dnteqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD/YnktQ=</latexit>

|ωk→

<latexit sha1_base64="FF71IAMjR8ld9CxEJ/0lMd/YClM=">AAACAnicbVBNS8NAEN34WetX1ZN4CRbBU0lEqseiF48V7Ac0pWy2k3bpZhN2J8USgxf/ihcPinj1V3jz37j9OGjrg4HHezPMzPNjwTU6zre1tLyyurae28hvbm3v7Bb29us6ShSDGotEpJo+1SC4hBpyFNCMFdDQF9DwB9djvzEEpXkk73AUQzukPckDzigaqVM4fPBizTuph3CP6ZCyLPMUlT0BnULRKTkT2IvEnZEimaHaKXx53YglIUhkgmrdcp0Y2ylVyJmALO8lGmLKBrQHLUMlDUG308kLmX1ilK4dRMqURHui/p5Iaaj1KPRNZ0ixr+e9sfif10owuGynXMYJgmTTRUEibIzscR52lytgKEaGUKa4udVmfaooQ5Na3oTgzr+8SOpnJbdcKt+eFytXszhy5Igck1PikgtSITekSmqEkUfyTF7Jm/VkvVjv1se0dcmazRyQP7A+fwDFA5hT</latexit>

|ωvac→

<latexit sha1_base64="DV/LX0+21ar46RKaU71bWaUw2QQ=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBAEMewGiR6DXjxGMA9I1jA76U2GzD6cmQ2EJd/hxYMiXv0Yb/6Nk2QPmljQUFR1093lxYIrbdvf1srq2vrGZm4rv72zu7dfODhsqCiRDOssEpFseVSh4CHWNdcCW7FEGngCm97wduo3RygVj8IHPY7RDWg/5D5nVBvJPe8QfEwvyoST4aRbKNolewayTJyMFCFDrVv46vQilgQYaiaoUm3HjrWbUqk5EzjJdxKFMWVD2se2oSENULnp7OgJOTVKj/iRNBVqMlN/T6Q0UGoceKYzoHqgFr2p+J/XTrR/7aY8jBONIZsv8hNBdESmCZAel8i0GBtCmeTmVsIGVFKmTU55E4Kz+PIyaZRLTqVUub8sVm+yOHJwDCdwBg5cQRXuoAZ1YPAEz/AKb9bIerHerY9564qVzRzBH1ifP9PckNw=</latexit>

+ e→2ik
<latexit sha1_base64="WgidDFYjl9kH0GzZ6z+CU8ervag=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMgiGFXJHoMevEYwTwgu4bZSW8yZPbBzKwQlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXeXnwiutG1/W4WV1bX1jeJmaWt7Z3evvH/QUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3R7dRvP6FUPI4e9DhBL6SDiAecUW0k98wl+JidE05Gk165YlftGcgycXJSgRyNXvnL7ccsDTHSTFCluo6daC+jUnMmcFJyU4UJZSM6wK6hEQ1Redns5gk5MUqfBLE0FWkyU39PZDRUahz6pjOkeqgWvan4n9dNdXDtZTxKUo0Rmy8KUkF0TKYBkD6XyLQYG0KZ5OZWwoZUUqZNTCUTgrP48jJpXVSdWrV2f1mp3+RxFOEIjuEUHLiCOtxBA5rAIIFneIU3K7VerHfrY95asPKZQ/gD6/MHYA6QoA==</latexit>

+ e→ik <latexit sha1_base64="Lp5wiAIrlf/f58GVx7RZ0laXDjU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz2bRLN5uwOxFK6Y/w4kERr/4eb/4bt20O2vpg4PHeDDPzglQKg6777RTW1jc2t4rbpZ3dvf2D8uFRyySZZrzJEpnoTkANl0LxJgqUvJNqTuNA8nYwupv57SeujUjUI45T7sd0oEQkGEUrtS96LEzQ9MsVt+rOQVaJl5MK5Gj0y1+9MGFZzBUySY3pem6K/oRqFEzyaamXGZ5SNqID3rVU0ZgbfzI/d0rOrBKSKNG2FJK5+ntiQmNjxnFgO2OKQ7PszcT/vG6G0Y0/ESrNkCu2WBRlkmBCZr+TUGjOUI4toUwLeythQ6opQ5tQyYbgLb+8SlqXVa9WrT1cVeq3eRxFOIFTOAcPrqEO99CAJjAYwTO8wpuTOi/Ou/OxaC04+cwx/IHz+QMZFI9v</latexit>

+ · · ·

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

Quasiparticle ansatz in MPS [2]

[1] Gioia and Wang PRX 2022 
[2] Haegeman et. al PRB 2012


           is always long-range entangled, even for  
gapped systems with a finite correlation length [1]

<latexit sha1_base64="7mr8oKQVoJ9THSPZ5GPHvE48zMs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXojTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vq1dnteqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD/YnktQ=</latexit>

|ωk→

3



Strategy for preparing 
1. Apply quantum circuits that build the long-range  entanglement O(L)

- Constant-depth with mid-circuit measurement and feedforward (MCM-FF)

<latexit sha1_base64="CbadVzphvBFuQ86nG4JDCn6mUDQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF0xbaUDbbSbt2swm7G6GU/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6m/mtJ1SaJ/LBjFMMYjqQPOKMGis1/F6p7FbcOcgq8XJShhz1Xumr209YFqM0TFCtO56bmmBCleFM4LTYzTSmlI3oADuWShqjDibzQ6fk3Cp9EiXKljRkrv6emNBY63Ec2s6YmqFe9mbif14nM9FNMOEyzQxKtlgUZYKYhMy+Jn2ukBkxtoQyxe2thA2poszYbIo2BG/55VXSvKx41Uq1cVWu3eZxFOAUzuACPLiGGtxDHXxggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHtL+M5A==</latexit>

U
<latexit sha1_base64="FC06GaTf0KYgTE/NlLBYB5Rd37E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqtPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDtkOM5Q==</latexit>

V

<latexit sha1_base64="2kDrx0AXktTQl1TMAHZUD9dqoA0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J2IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ilbg/5E2YiJFO3X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzkKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM/icDoTlDObGEMi3srYSNqKYMbUolG4K3/PIqaV1UvVq1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCGZ3iFNwedF+fd+Vi0Fpx85hj+wPn8ASFTkSs=</latexit>

if 0

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="Aqaf4kZZ4oZw9yMa1yfljHA69HY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120i7dbOLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGivdP/bcXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEDFI2j</latexit>q0
<latexit sha1_base64="HAVxy/77DfEejtoQbW/WOeu2/bM=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120i7dbOLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGivdP/a8XqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEEmI2k</latexit>q1

<latexit sha1_base64="qb/tfXDey1ZHG0Gq1YoCB5K5dGA=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBDZkdZmHC7Ow602tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2L1gOOE+xEdKBEKRtFK94+9Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8ABhyNpQ==</latexit>q2
<latexit sha1_base64="giHl7Q3hwDEUCDm38iDDxxRUtPw=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF48Y5ZHAhswODUyYnV1nZk3Ihk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoZuo3n1BpHskHM47RD+lA8j5n1Fjp/rF73i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7JXKVfuLkrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4AB6CNpg==</latexit>q3

<latexit sha1_base64="ZFfVSxFwYsdWo2a5d+8KPptxLNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDtsY2V</latexit>c0

<latexit sha1_base64="7mr8oKQVoJ9THSPZ5GPHvE48zMs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXojTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vq1dnteqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD/YnktQ=</latexit>

|ωk→

4



Strategy for preparing 
1. Apply quantum circuits that build the long-range  entanglement O(L)

1. Apply quantum circuits that build the short-range  entanglement  O(ξ)2.

- Constant-depth with mid-circuit measurement and feedforward (MCM-FF)

- Reformulate as an energy minimization problem. Optimize parameterized  
  quantum circuits

<latexit sha1_base64="CbadVzphvBFuQ86nG4JDCn6mUDQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF0xbaUDbbSbt2swm7G6GU/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6m/mtJ1SaJ/LBjFMMYjqQPOKMGis1/F6p7FbcOcgq8XJShhz1Xumr209YFqM0TFCtO56bmmBCleFM4LTYzTSmlI3oADuWShqjDibzQ6fk3Cp9EiXKljRkrv6emNBY63Ec2s6YmqFe9mbif14nM9FNMOEyzQxKtlgUZYKYhMy+Jn2ukBkxtoQyxe2thA2poszYbIo2BG/55VXSvKx41Uq1cVWu3eZxFOAUzuACPLiGGtxDHXxggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHtL+M5A==</latexit>

U
<latexit sha1_base64="FC06GaTf0KYgTE/NlLBYB5Rd37E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqtPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDtkOM5Q==</latexit>

V

<latexit sha1_base64="2kDrx0AXktTQl1TMAHZUD9dqoA0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J2IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ilbg/5E2YiJFO3X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzkKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM/icDoTlDObGEMi3srYSNqKYMbUolG4K3/PIqaV1UvVq1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCGZ3iFNwedF+fd+Vi0Fpx85hj+wPn8ASFTkSs=</latexit>

if 0

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="Aqaf4kZZ4oZw9yMa1yfljHA69HY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120i7dbOLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGivdP/bcXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEDFI2j</latexit>q0
<latexit sha1_base64="HAVxy/77DfEejtoQbW/WOeu2/bM=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120i7dbOLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGivdP/a8XqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEEmI2k</latexit>q1

<latexit sha1_base64="qb/tfXDey1ZHG0Gq1YoCB5K5dGA=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBDZkdZmHC7Ow602tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2L1gOOE+xEdKBEKRtFK94+9Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8ABhyNpQ==</latexit>q2
<latexit sha1_base64="giHl7Q3hwDEUCDm38iDDxxRUtPw=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF48Y5ZHAhswODUyYnV1nZk3Ihk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoZuo3n1BpHskHM47RD+lA8j5n1Fjp/rF73i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7JXKVfuLkrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4AB6CNpg==</latexit>q3

<latexit sha1_base64="ZFfVSxFwYsdWo2a5d+8KPptxLNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDtsY2V</latexit>c0

<latexit sha1_base64="7mr8oKQVoJ9THSPZ5GPHvE48zMs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXojTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vq1dnteqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD/YnktQ=</latexit>

|ωk→

4



Our method is widely applicable

5

<latexit sha1_base64="6V1IORB1sIXmob/1JokzrwZ6scc=">AAACEHicbZA9SwNBEIb3/IzxK2ppsxhEQQh3QaJlUAvtIphESELY28wlS/b2jt05MRz5CTb+FRsLRWwt7fw3bj4Kjb6w8PDODLPz+rEUBl33y5mbX1hcWs6sZFfX1jc2c1vbNRMlmkOVRzLStz4zIIWCKgqUcBtrYKEvoe73z0f1+h1oIyJ1g4MYWiHrKhEIztBa7dxB8chrItxjejGkTTrBKyNUlwYCZIdiDyI9GLZzebfgjkX/gjeFPJmq0s59NjsRT0JQyCUzpuG5MbZSplFwCcNsMzEQM95nXWhYVCwE00rHBw3pvnU6NIi0fQrp2P05kbLQmEHo286QYc/M1kbmf7VGgsFpKxUqThAUnywKEkkxoqN0aEdo4CgHFhjXwv6V8h7TjKPNMGtD8GZP/gu1YsErFUrXx/ny2TSODNkle+SQeOSElMklqZAq4eSBPJEX8uo8Os/Om/M+aZ1zpjM75Jecj28j/py1</latexit>

2 + 1D Ising field theory<latexit sha1_base64="VCwJ3jhVEI0mLMb6Gy0ItIVQDec=">AAACEHicbZDJSgNBEIZ74hbjFvXopTGIghBmRKLHoB70FsEskITQ06lJmvT0DN01YhjyCF58FS8eFPHq0ZtvY2c5uP3Q8PFXFdX1+7EUBl3308nMzS8sLmWXcyura+sb+c2tmokSzaHKIxnphs8MSKGgigIlNGINLPQl1P3B+bhevwVtRKRucBhDO2Q9JQLBGVqrk9/3Dr0Wwh2mFyPaolO8MkL1aCBAdin2IdLDUSdfcIvuRPQveDMokJkqnfxHqxvxJASFXDJjmp4bYztlGgWXMMq1EgMx4wPWg6ZFxUIw7XRy0IjuWadLg0jbp5BO3O8TKQuNGYa+7QwZ9s3v2tj8r9ZMMDhtp0LFCYLi00VBIilGdJwO7QoNHOXQAuNa2L9S3meacbQZ5mwI3u+T/0LtqOiViqXr40L5bBZHluyQXXJAPHJCyuSSVEiVcHJPHskzeXEenCfn1Xmbtmac2cw2+SHn/QsiVJy0</latexit>

1 + 1D Ising field theory

<latexit sha1_base64="KxQAKN2aadoQykoYz6XaEIb8VfI=">AAACEXicbZA9SwNBEIb3/IzxK2ppsxiEgBDuRKJlUAvLCOYDkhD2NnPJkr3bY3dODEf+go1/xcZCEVs7O/+Nm49CE6d6eN8ZZub1YykMuu63s7S8srq2ntnIbm5t7+zm9vZrRiWaQ5UrqXTDZwakiKCKAiU0Yg0s9CXU/cHV2K/fgzZCRXc4jKEdsl4kAsEZWqmTK3gnXgvhAdPrEW3RKRrOJNM0ECC7FPug9HDUyeXdojspugjeDPJkVpVO7qvVVTwJIUIumTFNz42xnTKNgksYZVuJgZjxAetB02LEQjDtdPLRiB5bpUsDZY9QEdKJ+nsiZaExw9C3nSHDvpn3xuJ/XjPB4KKdiihOECI+XRQkkqKi43hoV2jgKIcWGNfC3kp5n2nG0YaYtSF48y8vQu206JWKpduzfPlyFkeGHJIjUiAeOSdlckMqpEo4eSTP5JW8OU/Oi/PufExbl5zZzAH5U87nDxP2nTo=</latexit>

1 + 1D scalar field theory

…
<latexit sha1_base64="9DvZylTfeiHKAL7ctyHT7UO6EbU=">AAACBXicbVA9SwNBEN3zM8avqKUWi0EQhHAnEi2DWlhYRDAfkISwt5kkS/b2zt05MRxpbPwrNhaK2Pof7Pw3bj4KTXww8Hhvhpl5fiSFQdf9dubmFxaXllMr6dW19Y3NzNZ22YSx5lDioQx11WcGpFBQQoESqpEGFvgSKn7vYuhX7kEbEapb7EfQCFhHibbgDK3UzOzVER4w8Y68S3odIwrVAU2luItFa9DMZN2cOwKdJd6EZMkExWbmq94KeRyAQi6ZMTXPjbCRMI2CSxik67GBiPEe60DNUsUCMI1k9MWAHlilRduhtqWQjtTfEwkLjOkHvu0MGHbNtDcU//NqMbbPGolQUYyg+HhRO5YUQzqMhLaEBo6ybwnjWthbKe8yzTja4NI2BG/65VlSPs55+Vz+5iRbOJ/EkSK7ZJ8cEo+ckgK5IkVSIpw8kmfySt6cJ+fFeXc+xq1zzmRmh/yB8/kD7tqYPg==</latexit>

1+1D Luttinger liquid

<latexit sha1_base64="5MNDoHYCKP8rBhHjF8A4QBT+B6k=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAxCRAi7ItFjUEEPHiJkk0A2hNnJJBky+2CmVwzLnrz4K148KOLVb/Dm3zh5HDSxoKGo6qa7y4sEV2BZ30ZmYXFpeSW7mltb39jcMrd3aiqMJWUODUUoGx5RTPCAOcBBsEYkGfE9were4HLk1++ZVDwMqjCMWMsnvYB3OSWgpba57wJ7gMQ+tq9w6hTsI+ziiXR7XU3bZt4qWmPgeWJPSR5NUWmbX24npLHPAqCCKNW0rQhaCZHAqWBpzo0ViwgdkB5rahoQn6lWMn4jxYda6eBuKHUFgMfq74mE+EoNfU93+gT6atYbif95zRi6562EB1EMLKCTRd1YYAjxKBPc4ZJREENNCJVc34ppn0hCQSeX0yHYsy/Pk9pJ0S4VS3en+fLFNI4s2kMHqIBsdIbK6AZVkIMoekTP6BW9GU/Gi/FufExaM8Z0Zhf9gfH5A56ol1U=</latexit>

1+1D U(1) LGT



<latexit sha1_base64="6V1IORB1sIXmob/1JokzrwZ6scc=">AAACEHicbZA9SwNBEIb3/IzxK2ppsxhEQQh3QaJlUAvtIphESELY28wlS/b2jt05MRz5CTb+FRsLRWwt7fw3bj4Kjb6w8PDODLPz+rEUBl33y5mbX1hcWs6sZFfX1jc2c1vbNRMlmkOVRzLStz4zIIWCKgqUcBtrYKEvoe73z0f1+h1oIyJ1g4MYWiHrKhEIztBa7dxB8chrItxjejGkTTrBKyNUlwYCZIdiDyI9GLZzebfgjkX/gjeFPJmq0s59NjsRT0JQyCUzpuG5MbZSplFwCcNsMzEQM95nXWhYVCwE00rHBw3pvnU6NIi0fQrp2P05kbLQmEHo286QYc/M1kbmf7VGgsFpKxUqThAUnywKEkkxoqN0aEdo4CgHFhjXwv6V8h7TjKPNMGtD8GZP/gu1YsErFUrXx/ny2TSODNkle+SQeOSElMklqZAq4eSBPJEX8uo8Os/Om/M+aZ1zpjM75Jecj28j/py1</latexit>

2 + 1D Ising field theory<latexit sha1_base64="VCwJ3jhVEI0mLMb6Gy0ItIVQDec=">AAACEHicbZDJSgNBEIZ74hbjFvXopTGIghBmRKLHoB70FsEskITQ06lJmvT0DN01YhjyCF58FS8eFPHq0ZtvY2c5uP3Q8PFXFdX1+7EUBl3308nMzS8sLmWXcyura+sb+c2tmokSzaHKIxnphs8MSKGgigIlNGINLPQl1P3B+bhevwVtRKRucBhDO2Q9JQLBGVqrk9/3Dr0Wwh2mFyPaolO8MkL1aCBAdin2IdLDUSdfcIvuRPQveDMokJkqnfxHqxvxJASFXDJjmp4bYztlGgWXMMq1EgMx4wPWg6ZFxUIw7XRy0IjuWadLg0jbp5BO3O8TKQuNGYa+7QwZ9s3v2tj8r9ZMMDhtp0LFCYLi00VBIilGdJwO7QoNHOXQAuNa2L9S3meacbQZ5mwI3u+T/0LtqOiViqXr40L5bBZHluyQXXJAPHJCyuSSVEiVcHJPHskzeXEenCfn1Xmbtmac2cw2+SHn/QsiVJy0</latexit>

1 + 1D Ising field theory

<latexit sha1_base64="KxQAKN2aadoQykoYz6XaEIb8VfI=">AAACEXicbZA9SwNBEIb3/IzxK2ppsxiEgBDuRKJlUAvLCOYDkhD2NnPJkr3bY3dODEf+go1/xcZCEVs7O/+Nm49CE6d6eN8ZZub1YykMuu63s7S8srq2ntnIbm5t7+zm9vZrRiWaQ5UrqXTDZwakiKCKAiU0Yg0s9CXU/cHV2K/fgzZCRXc4jKEdsl4kAsEZWqmTK3gnXgvhAdPrEW3RKRrOJNM0ECC7FPug9HDUyeXdojspugjeDPJkVpVO7qvVVTwJIUIumTFNz42xnTKNgksYZVuJgZjxAetB02LEQjDtdPLRiB5bpUsDZY9QEdKJ+nsiZaExw9C3nSHDvpn3xuJ/XjPB4KKdiihOECI+XRQkkqKi43hoV2jgKIcWGNfC3kp5n2nG0YaYtSF48y8vQu206JWKpduzfPlyFkeGHJIjUiAeOSdlckMqpEo4eSTP5JW8OU/Oi/PufExbl5zZzAH5U87nDxP2nTo=</latexit>

1 + 1D scalar field theory

…
<latexit sha1_base64="9DvZylTfeiHKAL7ctyHT7UO6EbU=">AAACBXicbVA9SwNBEN3zM8avqKUWi0EQhHAnEi2DWlhYRDAfkISwt5kkS/b2zt05MRxpbPwrNhaK2Pof7Pw3bj4KTXww8Hhvhpl5fiSFQdf9dubmFxaXllMr6dW19Y3NzNZ22YSx5lDioQx11WcGpFBQQoESqpEGFvgSKn7vYuhX7kEbEapb7EfQCFhHibbgDK3UzOzVER4w8Y68S3odIwrVAU2luItFa9DMZN2cOwKdJd6EZMkExWbmq94KeRyAQi6ZMTXPjbCRMI2CSxik67GBiPEe60DNUsUCMI1k9MWAHlilRduhtqWQjtTfEwkLjOkHvu0MGHbNtDcU//NqMbbPGolQUYyg+HhRO5YUQzqMhLaEBo6ybwnjWthbKe8yzTja4NI2BG/65VlSPs55+Vz+5iRbOJ/EkSK7ZJ8cEo+ckgK5IkVSIpw8kmfySt6cJ+fFeXc+xq1zzmRmh/yB8/kD7tqYPg==</latexit>

1+1D Luttinger liquid

<latexit sha1_base64="5MNDoHYCKP8rBhHjF8A4QBT+B6k=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAxCRAi7ItFjUEEPHiJkk0A2hNnJJBky+2CmVwzLnrz4K148KOLVb/Dm3zh5HDSxoKGo6qa7y4sEV2BZ30ZmYXFpeSW7mltb39jcMrd3aiqMJWUODUUoGx5RTPCAOcBBsEYkGfE9were4HLk1++ZVDwMqjCMWMsnvYB3OSWgpba57wJ7gMQ+tq9w6hTsI+ziiXR7XU3bZt4qWmPgeWJPSR5NUWmbX24npLHPAqCCKNW0rQhaCZHAqWBpzo0ViwgdkB5rahoQn6lWMn4jxYda6eBuKHUFgMfq74mE+EoNfU93+gT6atYbif95zRi6562EB1EMLKCTRd1YYAjxKBPc4ZJREENNCJVc34ppn0hCQSeX0yHYsy/Pk9pJ0S4VS3en+fLFNI4s2kMHqIBsdIbK6AZVkIMoekTP6BW9GU/Gi/FufExaM8Z0Zhf9gfH5A56ol1U=</latexit>

1+1D U(1) LGT

Our method is widely applicable

5

<latexit sha1_base64="5MNDoHYCKP8rBhHjF8A4QBT+B6k=">AAACBnicbVDLSgNBEJyNrxhfqx5FGAxCRAi7ItFjUEEPHiJkk0A2hNnJJBky+2CmVwzLnrz4K148KOLVb/Dm3zh5HDSxoKGo6qa7y4sEV2BZ30ZmYXFpeSW7mltb39jcMrd3aiqMJWUODUUoGx5RTPCAOcBBsEYkGfE9were4HLk1++ZVDwMqjCMWMsnvYB3OSWgpba57wJ7gMQ+tq9w6hTsI+ziiXR7XU3bZt4qWmPgeWJPSR5NUWmbX24npLHPAqCCKNW0rQhaCZHAqWBpzo0ViwgdkB5rahoQn6lWMn4jxYda6eBuKHUFgMfq74mE+EoNfU93+gT6atYbif95zRi6562EB1EMLKCTRd1YYAjxKBPc4ZJREENNCJVc34ppn0hCQSeX0yHYsy/Pk9pJ0S4VS3en+fLFNI4s2kMHqIBsdIbK6AZVkIMoekTP6BW9GU/Gi/FufExaM8Z0Zhf9gfH5A56ol1U=</latexit>

1+1D U(1) LGTFocus on 1+1D Ising field theory



Field theory limit:   but  is fixedgx → 1, gz → 0 gx − 1
|gz |8/15

Ising field theory

6

<latexit sha1_base64="0OR9WWOIciK4wgXClPd07eX/14E="></latexit>

Ĥ = →
∑(

ẐnẐn+1 + gxX̂n + gzẐn

)



Field theory limit:   but  is fixedgx → 1, gz → 0 gx − 1
|gz |8/15

Ising field theory
<latexit sha1_base64="0OR9WWOIciK4wgXClPd07eX/14E="></latexit>

Ĥ = →
∑(

ẐnẐn+1 + gxX̂n + gzẐn

)

<latexit sha1_base64="mkzSPF1f6fTEQKyzMg7dZIbP8WM=">AAAB/HicbVDLSgNBEJyNrxhfqzl6GQyCp7ArEj0GvXiMYB6QhDA76U2GzD6Y6RWXJf6KFw+KePVDvPk3TpI9aGJBQ1HVTXeXF0uh0XG+rcLa+sbmVnG7tLO7t39gHx61dJQoDk0eyUh1PKZBihCaKFBCJ1bAAk9C25vczPz2AygtovAe0xj6ARuFwhecoZEGdrmH8IiZrwCoDyow4nRgV5yqMwddJW5OKiRHY2B/9YYRTwIIkUumddd1YuxnTKHgEqalXqIhZnzCRtA1NGQB6H42P35KT40ypH6kTIVI5+rviYwFWqeBZzoDhmO97M3E/7xugv5VPxNhnCCEfLHITyTFiM6SoEOhgKNMDWFcCXMr5WOmGEeTV8mE4C6/vEpa51W3Vq3dXVTq13kcRXJMTsgZccklqZNb0iBNwklKnskrebOerBfr3fpYtBasfKZM/sD6/AFbyJU/</latexit>

free fermion

<latexit sha1_base64="z8mzyVCHoF4lu9XupZuqM8DSMfA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SIUvXisYNpCG8pmu2mXbjZhdyLU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lZXVvf2CxsFbd3dvf2SweHDZNkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJ36zUeujUjUA45SHsS0r0QkGEUr+f3u07XbLZXdijsDWSZeTsqQo94tfXV6CctirpBJakzbc1MMxlSjYJJPip3M8JSyIe3ztqWKxtwE49mxE3JqlR6JEm1LIZmpvyfGNDZmFIe2M6Y4MIveVPzPa2cYXQVjodIMuWLzRVEmCSZk+jnpCc0ZypEllGlhbyVsQDVlaPMp2hC8xZeXSeO84lUr1fuLcu0mj6MAx3ACZ+DBJdTgDurgAwMBz/AKb45yXpx352PeuuLkM0fwB87nD1XSjmQ=</latexit>

gz = 0
<latexit sha1_base64="qE1AkgmcHMqeGLzGsOqymXQ5ZS0=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoC2siUt0IRTcuK9gHtCFMppN06GQSZiZiGoq/4saFIm79D3f+jdM2C209cOFwzr3ce48XMyqVZX0bC4tLyyurhbXi+sbm1ra5s9uUUSIwaeCIRaLtIUkY5aShqGKkHQuCQo+Rlje4GfutByIkjfi9SmPihCjg1KcYKS255n7gDk/Lgft4Yh/DK9il3Fepa5asijUBnCd2TkogR901v7q9CCch4QozJGXHtmLlZEgoihkZFbuJJDHCAxSQjqYchUQ62eT6ETzSSg/6kdDFFZyovycyFEqZhp7uDJHqy1lvLP7ndRLlXzoZ5XGiCMfTRX7CoIrgOArYo4JgxVJNEBZU3wpxHwmElQ6sqEOwZ1+eJ82zil2tVO/OS7XrPI4COACHoAxscAFq4BbUQQNgMATP4BW8GU/Gi/FufExbF4x8Zg/8gfH5A021k90=</latexit>

gz/(gx → 1) = ↑
<latexit sha1_base64="56cVSXXFv86UWf2FuNs2/xm7lxk=">AAACDnicdZDLSsNAFIYnXmu9RV26GSwFN4bUalt3RTe6q2Av0IYymUzTockkzJyIJfQJ3Pgqblwo4ta1O9/G6YWiogcGDt9/LnN+Nw64Atv+NBYWl5ZXVjNr2fWNza1tc2e3oaJEUlanURDJlksUC7hgdeAQsFYsGQndgDXdwcVYb94yqXgkbmAYMyckvuA9Tglo1DXzHWB3kF4JYJJQ4MLHRHhYROKIa+ZLoieNumbOts5Kp8WKjQuWPQmsSblYtCtzkkOzqHXNj44X0SRkAmhAlGoX7BiclEjgVM/LdhLFYkIHxGdtnQoSMuWkk3NGOK+Jh3uR1E8AntDvHSkJlRqGrq4MCfTVb20M/9LaCfQqTspFnAATdLqolwQYIjz2BntcMgrBUCeESq7/immfjH3RDma1CfPb/08ax1ahZJWuT3LV85kdGbSPDtAhKqAyqqJLVEN1RNE9ekTP6MV4MJ6MV+NtWrpgzHr20I8w3r8AZ1Kc/w==</latexit>

Interacting and non-integrable

*Zamolodchikov 1989

<latexit sha1_base64="938hHCRrueEnSrpuIFimInzUcmU=">AAAB+3icbVDLSgNBEJz1GeNrjUcvg0EQD2FXJOYYFMFjBPOAJITZSScZMvtgplcSlv0VLx4U8eqPePNvnCR70MSChqKqm+4uL5JCo+N8W2vrG5tb27md/O7e/sGhfVRo6DBWHOo8lKFqeUyDFAHUUaCEVqSA+Z6Epje+nfnNJ1BahMEjTiPo+mwYiIHgDI3Uswt3vUoHYYIJxRGEappe9OyiU3LmoKvEzUiRZKj17K9OP+SxDwFyybRuu06E3YQpFFxCmu/EGiLGx2wIbUMD5oPuJvPbU3pmlD4dhMpUgHSu/p5ImK/11PdMp89wpJe9mfif145xUOkmIohihIAvFg1iSTGksyBoXyjgKKeGMK6EuZXyEVOMo4krb0Jwl19eJY3LklsulR+uitWbLI4cOSGn5Jy45JpUyT2pkTrhZEKeySt5s1LrxXq3Phata1Y2c0z+wPr8AbvqlEQ=</latexit>

E8 theory→
6



Building the long-range entanglement in

Initialize:
<latexit sha1_base64="6ZuNAYKpEZuM9MzbRcqRn6NXlf8="></latexit>

|k→ = |000...001→ + eik|000...010→ + e2ik|000...100→ + ...

<latexit sha1_base64="7mr8oKQVoJ9THSPZ5GPHvE48zMs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXojTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vq1dnteqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD/YnktQ=</latexit>

|ωk→

Entanglement between positions of excitations in

Entanglement between positions of the “1”s in

*Dur et. al 2000

<latexit sha1_base64="7mr8oKQVoJ9THSPZ5GPHvE48zMs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXojTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vq1dnteqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD/YnktQ=</latexit>

|ωk→

<latexit sha1_base64="6ZuNAYKpEZuM9MzbRcqRn6NXlf8="></latexit>

|k→ = |000...001→ + eik|000...010→ + e2ik|000...100→ + ...
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Building the long-range entanglement in
<latexit sha1_base64="7mr8oKQVoJ9THSPZ5GPHvE48zMs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXojTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vq1dnteqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD/YnktQ=</latexit>

|ωk→

      has the same structure as the W-state that is well studied in QIS*
<latexit sha1_base64="4rriGA0XXPLbGUY5toUuEBHY1Nk=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PI26isqBwF6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns4Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGhD8BZfXibN84pXrVTvLsq16zyOAhzDCZyBB5dQg1uoQwMYRPAMr/DmKOfFeXc+5q0rTj5zBH/gfP4AE9OQmw==</latexit>

|k→

*Dur et. al 2000

Initialize:
<latexit sha1_base64="6ZuNAYKpEZuM9MzbRcqRn6NXlf8="></latexit>

|k→ = |000...001→ + eik|000...010→ + e2ik|000...100→ + ...

Entanglement between positions of excitations in

Entanglement between positions of the “1”s in

<latexit sha1_base64="7mr8oKQVoJ9THSPZ5GPHvE48zMs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXojTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vq1dnteqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD/YnktQ=</latexit>

|ωk→

<latexit sha1_base64="6ZuNAYKpEZuM9MzbRcqRn6NXlf8="></latexit>

|k→ = |000...001→ + eik|000...010→ + e2ik|000...100→ + ...

Initialize:
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1D connectivity[1]

Depth = L − 1

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="b1eQ5b5xDlfVAUBGo2GLuA9aEp8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AKELjNc=</latexit>

H

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="A0q9tGLDCHb16tEZHRsIu2wk1SA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYGuhKWWznbZLN5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwkRwbTzv2ymsrW9sbhW3Szu7e/tl9+CwpeNUMWyyWMSqHVKNgktsGm4EthOFNAoFPoTjm5n/8IhK81jem0mC3YgOJR9wRo2Vem45sK4hHgkUlUOBPbfiVb05yCrxc1KBHI2e+xX0Y5ZGKA0TVOuO7yWmm1FlOBM4LQWpxoSyMR1ix1JJI9TdbH74lJxapU8GsbIlDZmrvycyGmk9iULbGVEz0sveTPzP66RmcNXNuExSg5ItFg1SQUxMZimQPlfIjJhYQpni9lbCRlRRZmxWJRuCv/zyKmmdV/1atXZ3Ualf53EU4RhO4Ax8uIQ63EIDmsAghWd4hTfnyXlx3p2PRWvByWeO4A+czx//BpKu</latexit>

|0i

<latexit sha1_base64="A0q9tGLDCHb16tEZHRsIu2wk1SA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYGuhKWWznbZLN5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwkRwbTzv2ymsrW9sbhW3Szu7e/tl9+CwpeNUMWyyWMSqHVKNgktsGm4EthOFNAoFPoTjm5n/8IhK81jem0mC3YgOJR9wRo2Vem45sK4hHgkUlUOBPbfiVb05yCrxc1KBHI2e+xX0Y5ZGKA0TVOuO7yWmm1FlOBM4LQWpxoSyMR1ix1JJI9TdbH74lJxapU8GsbIlDZmrvycyGmk9iULbGVEz0sveTPzP66RmcNXNuExSg5ItFg1SQUxMZimQPlfIjJhYQpni9lbCRlRRZmxWJRuCv/zyKmmdV/1atXZ3Ualf53EU4RhO4Ax8uIQ63EIDmsAghWd4hTfnyXlx3p2PRWvByWeO4A+czx//BpKu</latexit>

|0i

<latexit sha1_base64="A0q9tGLDCHb16tEZHRsIu2wk1SA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYGuhKWWznbZLN5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwkRwbTzv2ymsrW9sbhW3Szu7e/tl9+CwpeNUMWyyWMSqHVKNgktsGm4EthOFNAoFPoTjm5n/8IhK81jem0mC3YgOJR9wRo2Vem45sK4hHgkUlUOBPbfiVb05yCrxc1KBHI2e+xX0Y5ZGKA0TVOuO7yWmm1FlOBM4LQWpxoSyMR1ix1JJI9TdbH74lJxapU8GsbIlDZmrvycyGmk9iULbGVEz0sveTPzP66RmcNXNuExSg5ItFg1SQUxMZimQPlfIjJhYQpni9lbCRlRRZmxWJRuCv/zyKmmdV/1atXZ3Ualf53EU4RhO4Ax8uIQ63EIDmsAghWd4hTfnyXlx3p2PRWvByWeO4A+czx//BpKu</latexit>

|0i

<latexit sha1_base64="A0q9tGLDCHb16tEZHRsIu2wk1SA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYGuhKWWznbZLN5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwkRwbTzv2ymsrW9sbhW3Szu7e/tl9+CwpeNUMWyyWMSqHVKNgktsGm4EthOFNAoFPoTjm5n/8IhK81jem0mC3YgOJR9wRo2Vem45sK4hHgkUlUOBPbfiVb05yCrxc1KBHI2e+xX0Y5ZGKA0TVOuO7yWmm1FlOBM4LQWpxoSyMR1ix1JJI9TdbH74lJxapU8GsbIlDZmrvycyGmk9iULbGVEz0sveTPzP66RmcNXNuExSg5ItFg1SQUxMZimQPlfIjJhYQpni9lbCRlRRZmxWJRuCv/zyKmmdV/1atXZ3Ualf53EU4RhO4Ax8uIQ63EIDmsAghWd4hTfnyXlx3p2PRWvByWeO4A+czx//BpKu</latexit>

|0i

<latexit sha1_base64="A0q9tGLDCHb16tEZHRsIu2wk1SA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYGuhKWWznbZLN5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwkRwbTzv2ymsrW9sbhW3Szu7e/tl9+CwpeNUMWyyWMSqHVKNgktsGm4EthOFNAoFPoTjm5n/8IhK81jem0mC3YgOJR9wRo2Vem45sK4hHgkUlUOBPbfiVb05yCrxc1KBHI2e+xX0Y5ZGKA0TVOuO7yWmm1FlOBM4LQWpxoSyMR1ix1JJI9TdbH74lJxapU8GsbIlDZmrvycyGmk9iULbGVEz0sveTPzP66RmcNXNuExSg5ItFg1SQUxMZimQPlfIjJhYQpni9lbCRlRRZmxWJRuCv/zyKmmdV/1atXZ3Ualf53EU4RhO4Ax8uIQ63EIDmsAghWd4hTfnyXlx3p2PRWvByWeO4A+czx//BpKu</latexit>

|0i

<latexit sha1_base64="A0q9tGLDCHb16tEZHRsIu2wk1SA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYGuhKWWznbZLN5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwkRwbTzv2ymsrW9sbhW3Szu7e/tl9+CwpeNUMWyyWMSqHVKNgktsGm4EthOFNAoFPoTjm5n/8IhK81jem0mC3YgOJR9wRo2Vem45sK4hHgkUlUOBPbfiVb05yCrxc1KBHI2e+xX0Y5ZGKA0TVOuO7yWmm1FlOBM4LQWpxoSyMR1ix1JJI9TdbH74lJxapU8GsbIlDZmrvycyGmk9iULbGVEz0sveTPzP66RmcNXNuExSg5ItFg1SQUxMZimQPlfIjJhYQpni9lbCRlRRZmxWJRuCv/zyKmmdV/1atXZ3Ualf53EU4RhO4Ax8uIQ63EIDmsAghWd4hTfnyXlx3p2PRWvByWeO4A+czx//BpKu</latexit>

|0i <latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="b1eQ5b5xDlfVAUBGo2GLuA9aEp8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AKELjNc=</latexit>

H

<latexit sha1_base64="93RwCDtqwB8Efr7XzSdzc2MEaIQ=">AAACCHicbVDLSsNAFJ3UV62vqEsXBosgiCUpUt0IRTcuK9gHNjVMJpN26GQmzEyEErJ046+4caGIWz/BnX/jtM1CWw9cOJxzL/fe48eUSGXb30ZhYXFpeaW4Wlpb39jcMrd3WpInAuEm4pSLjg8lpoThpiKK4k4sMIx8itv+8Grstx+wkISzWzWKcS+CfUZCgqDSkmfuu7HggZeyCzu7T4MTJ3MHUKV3mZdW2bGTeWbZrtgTWPPEyUkZ5Gh45pcbcJREmClEoZRdx45VL4VCEURxVnITiWOIhrCPu5oyGGHZSyePZNahVgIr5EIXU9ZE/T2RwkjKUeTrzgiqgZz1xuJ/XjdR4XkvJSxOFGZouihMqKW4NU7FCojASNGRJhAJom+10AAKiJTOrqRDcGZfnietasWpVWo3p+X6ZR5HEeyBA3AEHHAG6uAaNEATIPAInsEreDOejBfj3fiYthaMfGYX/IHx+QNLK5mF</latexit>

d→1∏

n=0

Ẑ2n+1

<latexit sha1_base64="HQd6T1x+DWnCecq/3Xyf1pmmiH4=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/YA2lM1m067dZMPupFBK/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXpFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03jco04w2mpNLtgBouRcIbKFDydqo5jQPJW8Hwbua3RlwboZJHHKfcj2k/EZFgFK3U7I5ChaZXKrsVdw6ySryclCFHvVf66oaKZTFPkElqTMdzU/QnVKNgkk+L3czwlLIh7fOOpQmNufEn82un5NwqIYmUtpUgmau/JyY0NmYcB7Yzpjgwy95M/M/rZBjd+BORpBnyhC0WRZkkqMjsdRIKzRnKsSWUaWFvJWxANWVoAyraELzll1dJ87LiVSvVh6ty7TaPowCncAYX4ME11OAe6tAABk/wDK/w5ijnxXl3Phata04+cwJ/4Hz+AM8Bj00=</latexit>...

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1
<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2
<latexit sha1_base64="zAYiae0AiBpVJ1FsFEw+B7zCIFA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1K9K1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIE3jMI=</latexit>

3

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4
<latexit sha1_base64="B7mI6civTK5iDPdCLQnokqvvyww=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftUrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIQ/jMQ=</latexit>

5
<latexit sha1_base64="v7QdX3wCxKAv8RtX6oCzxuzfHUg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDhcOMxQ==</latexit>

6
<latexit sha1_base64="zzrNYPpBWIKHbYwMLxYOn/tndMQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNAY9ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRrVfLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO88VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5LtdssjjycwTlcggdVqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIdHjMY=</latexit>

7
<latexit sha1_base64="HdYaPsUbM4jt6p6aiglfRV7CsYw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY5ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRrVfLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzOs+imXcWJQsuWiYSKIicj8azLgCpkRU0soU9zeStiYKsqMzaZgQ/BWX14nrauyVylXGtel2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIjLjMc=</latexit>

8
<latexit sha1_base64="QxbklJp5hXu0N2VcsvvtRUjyHS0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL0FvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+k2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+zOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4pPjMg=</latexit>

9

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="mPRS8oqs1MtCkTrnRwAs1qMhR5o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqdPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDuUuM5w==</latexit>

X

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0
<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1
<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2
<latexit sha1_base64="zAYiae0AiBpVJ1FsFEw+B7zCIFA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1K9K1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIE3jMI=</latexit>

3

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4
<latexit sha1_base64="B7mI6civTK5iDPdCLQnokqvvyww=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNokeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftUrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIQ/jMQ=</latexit>

5
<latexit sha1_base64="v7QdX3wCxKAv8RtX6oCzxuzfHUg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDhcOMxQ==</latexit>

6
<latexit sha1_base64="zzrNYPpBWIKHbYwMLxYOn/tndMQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNAY9ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRrVfLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO88VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5LtdssjjycwTlcggdVqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIdHjMY=</latexit>

7
<latexit sha1_base64="HdYaPsUbM4jt6p6aiglfRV7CsYw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY5ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRrVfLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzOs+imXcWJQsuWiYSKIicj8azLgCpkRU0soU9zeStiYKsqMzaZgQ/BWX14nrauyVylXGtel2m0WRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AIjLjMc=</latexit>

8
<latexit sha1_base64="QxbklJp5hXu0N2VcsvvtRUjyHS0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRL0FvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+k2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+zOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A4pPjMg=</latexit>

9

<latexit sha1_base64="b1eQ5b5xDlfVAUBGo2GLuA9aEp8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELxwhkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT+7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AKELjNc=</latexit>

H

<latexit sha1_base64="wF9UNcg9VoS4m5MXBKV+QA8JZT4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALxTjOk=</latexit>

Z
<latexit sha1_base64="wF9UNcg9VoS4m5MXBKV+QA8JZT4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALxTjOk=</latexit>

Z
<latexit sha1_base64="wF9UNcg9VoS4m5MXBKV+QA8JZT4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALxTjOk=</latexit>

Z
<latexit sha1_base64="wF9UNcg9VoS4m5MXBKV+QA8JZT4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALxTjOk=</latexit>

Z

<latexit sha1_base64="L5uWqjD4yh23D/uz5Y+CvmyVpQU=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBKR6rHoxWOFfkEbyma7aZduNmF3Yg2xP8WLB0W8+ku8+W/ctjlo64OBx3szzMzzY8E1OM63tba+sbm1Xdgp7u7tHxzapaOWjhJFWZNGIlIdn2gmuGRN4CBYJ1aMhL5gbX98O/PbD0xpHskGpDHzQjKUPOCUgJH6dqkH7BGyxkhFE0wmJJ327bJTcebAq8TNSRnlqPftr94goknIJFBBtO66TgxeRhRwKti02Es0iwkdkyHrGipJyLSXzU+f4jOjDHAQKVMS8Fz9PZGRUOs09E1nSGCkl72Z+J/XTSC49jIu4wSYpItFQSIwRHiWAx5wxSiI1BBCFTe3YjoiilAwaRVNCO7yy6ukdVFxq5Xq/WW5dpPHUUAn6BSdIxddoRq6Q3XURBRN0DN6RW/Wk/VivVsfi9Y1K585Rn9gff4AzkeUXw==</latexit> T
h
ro
w

aw
ay

<latexit sha1_base64="A0q9tGLDCHb16tEZHRsIu2wk1SA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYGuhKWWznbZLN5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwkRwbTzv2ymsrW9sbhW3Szu7e/tl9+CwpeNUMWyyWMSqHVKNgktsGm4EthOFNAoFPoTjm5n/8IhK81jem0mC3YgOJR9wRo2Vem45sK4hHgkUlUOBPbfiVb05yCrxc1KBHI2e+xX0Y5ZGKA0TVOuO7yWmm1FlOBM4LQWpxoSyMR1ix1JJI9TdbH74lJxapU8GsbIlDZmrvycyGmk9iULbGVEz0sveTPzP66RmcNXNuExSg5ItFg1SQUxMZimQPlfIjJhYQpni9lbCRlRRZmxWJRuCv/zyKmmdV/1atXZ3Ualf53EU4RhO4Ax8uIQ63EIDmsAghWd4hTfnyXlx3p2PRWvByWeO4A+czx//BpKu</latexit>

|0i

<latexit sha1_base64="A0q9tGLDCHb16tEZHRsIu2wk1SA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXisYGuhKWWznbZLN5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwkRwbTzv2ymsrW9sbhW3Szu7e/tl9+CwpeNUMWyyWMSqHVKNgktsGm4EthOFNAoFPoTjm5n/8IhK81jem0mC3YgOJR9wRo2Vem45sK4hHgkUlUOBPbfiVb05yCrxc1KBHI2e+xX0Y5ZGKA0TVOuO7yWmm1FlOBM4LQWpxoSyMR1ix1JJI9TdbH74lJxapU8GsbIlDZmrvycyGmk9iULbGVEz0sveTPzP66RmcNXNuExSg5ItFg1SQUxMZimQPlfIjJhYQpni9lbCRlRRZmxWJRuCv/zyKmmdV/1atXZ3Ualf53EU4RhO4Ax8uIQ63EIDmsAghWd4hTfnyXlx3p2PRWvByWeO4A+czx//BpKu</latexit>

|0i

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="eX3lFhWkShIWuccA47a1/bVib7o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ac0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObud+94kqzaR4MNOEBjEeCRYxgo2VOn7mef5sUK25dTcHWiVeQWpQoDWofvlDSdKYCkM41rrvuYkJMqwMI5zOKn6qaYLJBI9o31KBY6qDLL92hs6sMkSRVLaEQbn6eyLDsdbTOLSdMTZjvezNxf+8fmqi6yBjIkkNFWSxKEo5MhLNX0dDpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR9xr1xv1lrXlTxFGGEziFc/DgCppwBy1oA4FHeIZXeHOk8+K8Ox+L1pJTzBzDHzifPxUAjtM=</latexit>

{11}

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit> =

<latexit sha1_base64="e6fF+YmYB9LpN9XfpUBZWNdjgkw=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4kJIVqR6LXjxWsB/SXUo2TdvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelAhuLMbf3srq2vrGZmGruL2zu7dfOjhsmjjVlDVoLGLdjohhgivWsNwK1k40IzISrBWNbqd+64lpw2P1YMcJCyUZKN7nlFgnPQYZxufYDybdUhlX8Axomfg5KUOOerf0FfRimkqmLBXEmI6PExtmRFtOBZsUg9SwhNARGbCOo4pIZsJsdvAEnTqlh/qxdqUsmqm/JzIijRnLyHVKYodm0ZuK/3md1Pavw4yrJLVM0fmifiqQjdH0e9TjmlErxo4Qqrm7FdEh0YRal1HRheAvvrxMmhcVv1qp3l+Wazd5HAU4hhM4Ax+uoAZ3UIcGUJDwDK/w5mnvxXv3PuatK14+cwR/4H3+AFvNj3w=</latexit>

{00, 01}

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit> =

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="JyWixxIbvIaiaoPzSXOKrl/XjnI=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2FpoQthsJ+3SzSbsboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzwpQzpR3n26qsrW9sblW3azu7e/sH9uFRTyWZpNClCU9kPyQKOBPQ1Uxz6KcSSBxyeAgnNzP/4RGkYom413kKfkxGgkWMEm2kwK57xtXYSxULHE8SMeIQ2A2n6cyBV4lbkgYq0QnsL2+Y0CwGoSknSg1cJ9V+QaRmlMO05mUKUkInZAQDQwWJQfnF/PgpPjXKEEeJNCU0nqu/JwoSK5XHoemMiR6rZW8m/ucNMh1d+QUTaaZB0MWiKONYJ3iWBB4yCVTz3BBCJTO3YjomklBt8qqZENzll1dJ77zptpqtu4tG+7qMo4qO0Qk6Qy66RG10izqoiyjK0TN6RW/Wk/VivVsfi9aKVc7U0R9Ynz+SEZS9</latexit>

|ω0→
<latexit sha1_base64="677O2S5ymmCWWQVOw8bCHAB5e0I=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KIVI9FLx4r2FpoQthsN+3SzSbsboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzwpQzpR3n26qsrW9sblW3azu7e/sH9uFRTyWZJLRLEp7IfogV5UzQrmaa034qKY5DTh/Cyc3Mf3ikUrFE3Os8pX6MR4JFjGBtpMCue8bVyEsVC1xPYjHiNLAbTtOZA60StyQNKNEJ7C9vmJAspkITjpUauE6q/QJLzQin05qXKZpiMsEjOjBU4Jgqv5gfP0WnRhmiKJGmhEZz9fdEgWOl8jg0nTHWY7XszcT/vEGmoyu/YCLNNBVksSjKONIJmiWBhkxSonluCCaSmVsRGWOJiTZ51UwI7vLLq6R33nRbzdbdRaN9XcZRhWM4gTNw4RLacAsd6AKBHJ7hFd6sJ+vFerc+Fq0Vq5ypwx9Ynz+TnJS+</latexit>

|ω1→
<latexit sha1_base64="6mHHK4OvpNk2QESHZwpBPXerasc=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5IUqR6LXjxWsB/QhLDZbtulm03Y3Qgh1L/ixYMiXv0h3vw3btsctPXBwOO9GWbmhQlnSjvOt1Xa2Nza3invVvb2Dw6P7OOTropTSWiHxDyW/RArypmgHc00p/1EUhyFnPbC6e3c7z1SqVgsHnSWUD/CY8FGjGBtpMCuesbVyEsUCxqexGLMaWDXnLqzAFonbkFqUKAd2F/eMCZpRIUmHCs1cJ1E+zmWmhFOZxUvVTTBZIrHdGCowBFVfr44fobOjTJEo1iaEhot1N8TOY6UyqLQdEZYT9SqNxf/8wapHl37ORNJqqkgy0WjlCMdo3kSaMgkJZpnhmAimbkVkQmWmGiTV8WE4K6+vE66jbrbrDfvL2utmyKOMpzCGVyAC1fQgjtoQwcIZPAMr/BmPVkv1rv1sWwtWcVMFf7A+vwBlSeUvw==</latexit>

|ω2→

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="mPRS8oqs1MtCkTrnRwAs1qMhR5o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqdPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDuUuM5w==</latexit>

X

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="s+PfbYxO1eS2uqeUqtPnGOBBIio=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwcPAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBEf6NrQ==</latexit>

RY

<latexit sha1_base64="mqy0RXK30FvfXpLsx14LtLwNGCI=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSQi1WPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0QM97pbJbcWcgy8TLSRly1Hulr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1ns0sn5NQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw2s+4TFKDks0XhakgJibTt0mfK2RGjC2hTHF7K2FDqigzNpyiDcFbfHmZNC8qXrVSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDypnjSM=</latexit>

a)
<latexit sha1_base64="EdTZAOQk8x8CioQ4t//xIEZAX20=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSQi1WPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6xHHC/YgOlAgFo2ilh+C8Vyq7FXcGsky8nJQhR71X+ur2Y5ZGXCGT1JiO5yboZ1SjYJJPit3U8ISyER3wjqWKRtz42ezSCTm1Sp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimG134mVJIiV2y+KEwlwZhM3yZ9oTlDObaEMi3srYQNqaYMbThFG4K3+PIyaV5UvGqlen9Zrt3kcRTgGE7gDDy4ghrcQR0awCCEZ3iFN2fkvDjvzse8dcXJZ47gD5zPHyvsjSQ=</latexit>

b)
<latexit sha1_base64="aKF2Utr9MWkaDZcislaSuFOxR0A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSLopSQi1WPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0wM57pbJbcWcgy8TLSRly1Hulr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1ns0sn5NQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw2s+4TFKDks0XhakgJibTt0mfK2RGjC2hTHF7K2FDqigzNpyiDcFbfHmZNC8qXrVSvb8s127yOApwDCdwBh5cQQ3uoA4NYBDCM7zCmzNyXpx352PeuuLkM0fwB87nDy1xjSU=</latexit>

c)

All-to-all connectivity[1]

Depth = 2 log(L)

1D connectivity + MCM-FF[2]

Depth = 13

Generalize existing W-state preparation circuits to

[1] Cruz et. al 2018 
[2] Piroli et. al 2024 

<latexit sha1_base64="6ZuNAYKpEZuM9MzbRcqRn6NXlf8="></latexit>

|k→ = |000...001→ + eik|000...010→ + e2ik|000...100→ + ...
<latexit sha1_base64="6ZuNAYKpEZuM9MzbRcqRn6NXlf8="></latexit>

|k→ = |000...001→ + eik|000...010→ + e2ik|000...100→ + ...
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Strategy for preparing 
1. Apply quantum circuits that build the long-range  entanglement O(L)

1. Apply quantum circuits that build the short-range  entanglement  O(ξ)2.

- Constant-depth with mid-circuit measurement and feedforward (MCM-FF)

- Reformulate as an energy minimization problem. Optimize parameterized  
  quantum circuits

<latexit sha1_base64="CbadVzphvBFuQ86nG4JDCn6mUDQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF0xbaUDbbSbt2swm7G6GU/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6m/mtJ1SaJ/LBjFMMYjqQPOKMGis1/F6p7FbcOcgq8XJShhz1Xumr209YFqM0TFCtO56bmmBCleFM4LTYzTSmlI3oADuWShqjDibzQ6fk3Cp9EiXKljRkrv6emNBY63Ec2s6YmqFe9mbif14nM9FNMOEyzQxKtlgUZYKYhMy+Jn2ukBkxtoQyxe2thA2poszYbIo2BG/55VXSvKx41Uq1cVWu3eZxFOAUzuACPLiGGtxDHXxggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHtL+M5A==</latexit>

U
<latexit sha1_base64="FC06GaTf0KYgTE/NlLBYB5Rd37E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqtPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDtkOM5Q==</latexit>

V

<latexit sha1_base64="2kDrx0AXktTQl1TMAHZUD9dqoA0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J2IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ilbg/5E2YiJFO3X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzkKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM/icDoTlDObGEMi3srYSNqKYMbUolG4K3/PIqaV1UvVq1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCGZ3iFNwedF+fd+Vi0Fpx85hj+wPn8ASFTkSs=</latexit>

if 0

<latexit sha1_base64="bbCpaPFk9NYXxMBoqehGvELV46w=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx7xwSPChswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR9dRvPqHSPJIPZhyjH9KB5H3OqLHS/V33sVssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/0Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2WvUq7cnpeqV1kceTiCYzgFDy6gCjdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBE4KNrg==</latexit>

RZ

<latexit sha1_base64="Aqaf4kZZ4oZw9yMa1yfljHA69HY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120i7dbOLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGivdP/bcXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEDFI2j</latexit>q0
<latexit sha1_base64="HAVxy/77DfEejtoQbW/WOeu2/bM=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120i7dbOLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LBjBP0IzqQPOSMGivdP/a8XqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezUCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2naEPwFl9eJs3ziletVO8uyrXrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AEEmI2k</latexit>q1

<latexit sha1_base64="qb/tfXDey1ZHG0Gq1YoCB5K5dGA=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBDZkdZmHC7Ow602tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2L1gOOE+xEdKBEKRtFK94+9Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNStmrlqt3F6XadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmSOfFeXc+Fq05J5s5hj9wPn8ABhyNpQ==</latexit>q2
<latexit sha1_base64="giHl7Q3hwDEUCDm38iDDxxRUtPw=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF48Y5ZHAhswODUyYnV1nZk3Ihk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HoZuo3n1BpHskHM47RD+lA8j5n1Fjp/rF73i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7JXKVfuLkrV6yyOPBzBMZyCB5dQhVuoQR0YDOAZXuHNEc6L8+58zFtzTjZzCH/gfP4AB6CNpg==</latexit>q3

<latexit sha1_base64="ZFfVSxFwYsdWo2a5d+8KPptxLNk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0wPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDtsY2V</latexit>c0

<latexit sha1_base64="7mr8oKQVoJ9THSPZ5GPHvE48zMs=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLK6tr6RnGztLW9s7tX3j9oqTiVFJs05rHsBEQhZwKbmmmOnUQiiQKO7WB0PfXbDygVi8WdHifoR2QgWMgo0Ua6f/ISxXojTxIx4NgrV5yqM4O9TNycVCBHo1f+8voxTSMUmnKiVNd1Eu1nRGpGOU5KXqowIXREBtg1VJAIlZ/Nrp7YJ0bp22EsTQltz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+hkTSapR0PmiMOW2ju1pBHafSaSajw0hVDJzq02HRBKqTVAlE4K7+PIyaZ1V3Vq1dnteqV/lcRThCI7hFFy4gDrcQAOaQEHCM7zCm/VovVjv1se8tWDlM4fwB9bnD/YnktQ=</latexit>

|ωk→
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<latexit sha1_base64="ZPGVfzG9+04AfFTStYIfGknWwho=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9wvltyKuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpcVr1qpNq5KtdssjjycwTmUwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AHCLjLc=</latexit>

(
<latexit sha1_base64="r8W2eYnoFQcqPN4bL6QPXfDdmDA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALHpjzo=</latexit>· · ·

<latexit sha1_base64="XA6cemiku6zsBNxgTmYgsMQkMp8=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIeskxgnlAdgmzk9lkyOzDmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dfiKFRtv+ttbWNza3tgs7xd29/YPD0tFxS8epYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/dD/z22OutIijR5wk3AvpIBKBYBSN5LlDill9SlxyS9xeqWxX7DnIKnFyUoYcjV7py+3HLA15hExSrbuOnaCXUYWCST4tuqnmCWUjOuBdQyMacu1l86On5NwofRLEylSEZK7+nshoqPUk9E1nSHGol72Z+J/XTTG48TIRJSnyiC0WBakkGJNZAqQvFGcoJ4ZQpoS5lbAhVZShyaloQnCWX14lrcuKU61UH67Ktbs8jgKcwhlcgAPXUIM6NKAJDJ7gGV7hzRpbL9a79bFoXbPymRP4A+vzB2G9kTU=</latexit>

Ĥ =

<latexit sha1_base64="ZPGVfzG9+04AfFTStYIfGknWwho=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9wvltyKuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpcVr1qpNq5KtdssjjycwTmUwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AHCLjLc=</latexit>

(
<latexit sha1_base64="CvSEQ7K7DnBRoGODHANCFLm4/q8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRS48V7Ae0IWy2m3bpZhN3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFco+N8W4WNza3tneJuaW//4PCofHzS1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBOM7+d+Z8KU5rF8xGnCvIgMJQ85JWgkrz8imDVmfjb2nZlfrjhVZwF7nbg5qUCOpl/+6g9imkZMIhVE657rJOhlRCGngs1K/VSzhNAxGbKeoZJETHvZ4uiZfWGUgR3GypREe6H+nshIpPU0CkxnRHCkV725+J/XSzG89TIukxSZpMtFYSpsjO15AvaAK0ZRTA0hVHFzq01HRBGKJqeSCcFdfXmdtK+qbq1ae7iu1O/yOIpwBudwCS7cQB0a0IQWUHiCZ3iFN2tivVjv1seytWDlM6fwB9bnD+KokjE=</latexit>

Ĥk0

<latexit sha1_base64="ez/E3BKmfQApAF6CMEfWrAfsLtU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRS48V7Ae0IWy2m3bpZhN3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFco+N8W4WNza3tneJuaW//4PCofHzS1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBOM7+d+Z8KU5rF8xGnCvIgMJQ85JWgkrz8imDVmfjb2+cwvV5yqs4C9TtycVCBH0y9/9QcxTSMmkQqidc91EvQyopBTwWalfqpZQuiYDFnPUEkipr1scfTMvjDKwA5jZUqivVB/T2Qk0noaBaYzIjjSq95c/M/rpRjeehmXSYpM0uWiMBU2xvY8AXvAFaMopoYQqri51aYjoghFk1PJhOCuvrxO2ldVt1atPVxX6nd5HEU4g3O4BBduoA4NaEILKDzBM7zCmzWxXqx362PZWrDymVP4A+vzBzlUkmo=</latexit>

Ĥki

Translational invariance implies the Hamiltonian is block-diagonal in momentum space 

Structure of the Hamiltonian
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<latexit sha1_base64="ZPGVfzG9+04AfFTStYIfGknWwho=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9wvltyKuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpcVr1qpNq5KtdssjjycwTmUwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AHCLjLc=</latexit>

(
<latexit sha1_base64="r8W2eYnoFQcqPN4bL6QPXfDdmDA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9Wik0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/ALHpjzo=</latexit>· · ·

<latexit sha1_base64="XA6cemiku6zsBNxgTmYgsMQkMp8=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIeskxgnlAdgmzk9lkyOzDmd5AWPIdXjwo4tWP8ebfOEn2oIkFDUVVN91dfiKFRtv+ttbWNza3tgs7xd29/YPD0tFxS8epYrzJYhmrjk81lyLiTRQoeSdRnIa+5G1/dD/z22OutIijR5wk3AvpIBKBYBSN5LlDill9SlxyS9xeqWxX7DnIKnFyUoYcjV7py+3HLA15hExSrbuOnaCXUYWCST4tuqnmCWUjOuBdQyMacu1l86On5NwofRLEylSEZK7+nshoqPUk9E1nSHGol72Z+J/XTTG48TIRJSnyiC0WBakkGJNZAqQvFGcoJ4ZQpoS5lbAhVZShyaloQnCWX14lrcuKU61UH67Ktbs8jgKcwhlcgAPXUIM6NKAJDJ7gGV7hzRpbL9a79bFoXbPymRP4A+vzB2G9kTU=</latexit>

Ĥ =

<latexit sha1_base64="ZPGVfzG9+04AfFTStYIfGknWwho=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9wvltyKuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpcVr1qpNq5KtdssjjycwTmUwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AHCLjLc=</latexit>

(
<latexit sha1_base64="CvSEQ7K7DnBRoGODHANCFLm4/q8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRS48V7Ae0IWy2m3bpZhN3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFco+N8W4WNza3tneJuaW//4PCofHzS1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBOM7+d+Z8KU5rF8xGnCvIgMJQ85JWgkrz8imDVmfjb2nZlfrjhVZwF7nbg5qUCOpl/+6g9imkZMIhVE657rJOhlRCGngs1K/VSzhNAxGbKeoZJETHvZ4uiZfWGUgR3GypREe6H+nshIpPU0CkxnRHCkV725+J/XSzG89TIukxSZpMtFYSpsjO15AvaAK0ZRTA0hVHFzq01HRBGKJqeSCcFdfXmdtK+qbq1ae7iu1O/yOIpwBudwCS7cQB0a0IQWUHiCZ3iFN2tivVjv1seytWDlM6fwB9bnD+KokjE=</latexit>

Ĥk0

<latexit sha1_base64="ez/E3BKmfQApAF6CMEfWrAfsLtU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRS48V7Ae0IWy2m3bpZhN3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFco+N8W4WNza3tneJuaW//4PCofHzS1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBOM7+d+Z8KU5rF8xGnCvIgMJQ85JWgkrz8imDVmfjb2+cwvV5yqs4C9TtycVCBH0y9/9QcxTSMmkQqidc91EvQyopBTwWalfqpZQuiYDFnPUEkipr1scfTMvjDKwA5jZUqivVB/T2Qk0noaBaYzIjjSq95c/M/rpRjeehmXSYpM0uWiMBU2xvY8AXvAFaMopoYQqri51aYjoghFk1PJhOCuvrxO2ldVt1atPVxX6nd5HEU4g3O4BBduoA4NaEILKDzBM7zCmzWxXqx362PZWrDymVP4A+vzBzlUkmo=</latexit>

Ĥki  are the lowest-energy  
states of the  blocks
|ψk⟩

k ≠ 0

The vacuum is the ground state of the  block.
k = 0

Translational invariance implies the Hamiltonian is block-diagonal in momentum space 

Structure of the Hamiltonian
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Minimizing energy within a momentum block

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=
<latexit sha1_base64="sSwCVVQx99NA40lYZat+EvxGOqo=">AAAB/3icbVBNS8NAEN34WetXVPDiJViEeimJSPVY9OKxgmkLTSib7aRduvlgd1IosQf/ihcPinj1b3jz35i0OWjrg4HHezPMzPNiwRWa5re2srq2vrFZ2ipv7+zu7esHhy0VJZKBzSIRyY5HFQgego0cBXRiCTTwBLS90W3ut8cgFY/CB5zE4AZ0EHKfM4qZ1NOPnSHF1J5WnTGw1MEhIJ2el3t6xayZMxjLxCpIhRRo9vQvpx+xJIAQmaBKdS0zRjelEjkTMC07iYKYshEdQDejIQ1Auens/qlxlil9w49kViEaM/X3REoDpSaBl3UGFIdq0cvF/7xugv61m/IwThBCNl/kJ8LAyMjDMPpcAkMxyQhlkme3GmxIJWWYRZaHYC2+vExaFzWrXqvfX1YaN0UcJXJCTkmVWOSKNMgdaRKbMPJInskredOetBftXfuYt65oxcwR+QPt8weZoZXX</latexit>

Û(~✓)
<latexit sha1_base64="sSwCVVQx99NA40lYZat+EvxGOqo=">AAAB/3icbVBNS8NAEN34WetXVPDiJViEeimJSPVY9OKxgmkLTSib7aRduvlgd1IosQf/ihcPinj1b3jz35i0OWjrg4HHezPMzPNiwRWa5re2srq2vrFZ2ipv7+zu7esHhy0VJZKBzSIRyY5HFQgego0cBXRiCTTwBLS90W3ut8cgFY/CB5zE4AZ0EHKfM4qZ1NOPnSHF1J5WnTGw1MEhIJ2el3t6xayZMxjLxCpIhRRo9vQvpx+xJIAQmaBKdS0zRjelEjkTMC07iYKYshEdQDejIQ1Auens/qlxlil9w49kViEaM/X3REoDpSaBl3UGFIdq0cvF/7xugv61m/IwThBCNl/kJ8LAyMjDMPpcAkMxyQhlkme3GmxIJWWYRZaHYC2+vExaFzWrXqvfX1YaN0UcJXJCTkmVWOSKNMgdaRKbMPJInskredOetBftXfuYt65oxcwR+QPt8weZoZXX</latexit>

Û(~✓)

1. Initialize


2. Minimize the energy using translationally invariant circuits

<latexit sha1_base64="6ZuNAYKpEZuM9MzbRcqRn6NXlf8="></latexit>

|k→ = |000...001→ + eik|000...010→ + e2ik|000...100→ + ...
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Minimizing energy within a momentum block

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=
<latexit sha1_base64="sSwCVVQx99NA40lYZat+EvxGOqo=">AAAB/3icbVBNS8NAEN34WetXVPDiJViEeimJSPVY9OKxgmkLTSib7aRduvlgd1IosQf/ihcPinj1b3jz35i0OWjrg4HHezPMzPNiwRWa5re2srq2vrFZ2ipv7+zu7esHhy0VJZKBzSIRyY5HFQgego0cBXRiCTTwBLS90W3ut8cgFY/CB5zE4AZ0EHKfM4qZ1NOPnSHF1J5WnTGw1MEhIJ2el3t6xayZMxjLxCpIhRRo9vQvpx+xJIAQmaBKdS0zRjelEjkTMC07iYKYshEdQDejIQ1Auens/qlxlil9w49kViEaM/X3REoDpSaBl3UGFIdq0cvF/7xugv61m/IwThBCNl/kJ8LAyMjDMPpcAkMxyQhlkme3GmxIJWWYRZaHYC2+vExaFzWrXqvfX1YaN0UcJXJCTkmVWOSKNMgdaRKbMPJInskredOetBftXfuYt65oxcwR+QPt8weZoZXX</latexit>

Û(~✓)
<latexit sha1_base64="sSwCVVQx99NA40lYZat+EvxGOqo=">AAAB/3icbVBNS8NAEN34WetXVPDiJViEeimJSPVY9OKxgmkLTSib7aRduvlgd1IosQf/ihcPinj1b3jz35i0OWjrg4HHezPMzPNiwRWa5re2srq2vrFZ2ipv7+zu7esHhy0VJZKBzSIRyY5HFQgego0cBXRiCTTwBLS90W3ut8cgFY/CB5zE4AZ0EHKfM4qZ1NOPnSHF1J5WnTGw1MEhIJ2el3t6xayZMxjLxCpIhRRo9vQvpx+xJIAQmaBKdS0zRjelEjkTMC07iYKYshEdQDejIQ1Auens/qlxlil9w49kViEaM/X3REoDpSaBl3UGFIdq0cvF/7xugv61m/IwThBCNl/kJ8LAyMjDMPpcAkMxyQhlkme3GmxIJWWYRZaHYC2+vExaFzWrXqvfX1YaN0UcJXJCTkmVWOSKNMgdaRKbMPJInskredOetBftXfuYt65oxcwR+QPt8weZoZXX</latexit>

Û(~✓)

1. Initialize


2. Minimize the energy using translationally invariant circuits

<latexit sha1_base64="MEQS4ozHKGy/wGjtCvFu8LhkKPM="></latexit>

|ωk→ = U(εϑω)|k→

<latexit sha1_base64="6ZuNAYKpEZuM9MzbRcqRn6NXlf8="></latexit>

|k→ = |000...001→ + eik|000...010→ + e2ik|000...100→ + ...
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Minimizing energy within a momentum block

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=
<latexit sha1_base64="sSwCVVQx99NA40lYZat+EvxGOqo=">AAAB/3icbVBNS8NAEN34WetXVPDiJViEeimJSPVY9OKxgmkLTSib7aRduvlgd1IosQf/ihcPinj1b3jz35i0OWjrg4HHezPMzPNiwRWa5re2srq2vrFZ2ipv7+zu7esHhy0VJZKBzSIRyY5HFQgego0cBXRiCTTwBLS90W3ut8cgFY/CB5zE4AZ0EHKfM4qZ1NOPnSHF1J5WnTGw1MEhIJ2el3t6xayZMxjLxCpIhRRo9vQvpx+xJIAQmaBKdS0zRjelEjkTMC07iYKYshEdQDejIQ1Auens/qlxlil9w49kViEaM/X3REoDpSaBl3UGFIdq0cvF/7xugv61m/IwThBCNl/kJ8LAyMjDMPpcAkMxyQhlkme3GmxIJWWYRZaHYC2+vExaFzWrXqvfX1YaN0UcJXJCTkmVWOSKNMgdaRKbMPJInskredOetBftXfuYt65oxcwR+QPt8weZoZXX</latexit>

Û(~✓)
<latexit sha1_base64="sSwCVVQx99NA40lYZat+EvxGOqo=">AAAB/3icbVBNS8NAEN34WetXVPDiJViEeimJSPVY9OKxgmkLTSib7aRduvlgd1IosQf/ihcPinj1b3jz35i0OWjrg4HHezPMzPNiwRWa5re2srq2vrFZ2ipv7+zu7esHhy0VJZKBzSIRyY5HFQgego0cBXRiCTTwBLS90W3ut8cgFY/CB5zE4AZ0EHKfM4qZ1NOPnSHF1J5WnTGw1MEhIJ2el3t6xayZMxjLxCpIhRRo9vQvpx+xJIAQmaBKdS0zRjelEjkTMC07iYKYshEdQDejIQ1Auens/qlxlil9w49kViEaM/X3REoDpSaBl3UGFIdq0cvF/7xugv61m/IwThBCNl/kJ8LAyMjDMPpcAkMxyQhlkme3GmxIJWWYRZaHYC2+vExaFzWrXqvfX1YaN0UcJXJCTkmVWOSKNMgdaRKbMPJInskredOetBftXfuYt65oxcwR+QPt8weZoZXX</latexit>

Û(~✓)

1. Initialize


2. Minimize the energy using translationally invariant circuits

<latexit sha1_base64="MEQS4ozHKGy/wGjtCvFu8LhkKPM="></latexit>

|ωk→ = U(εϑω)|k→

A similar strategy can be used to prepare wavepackets

<latexit sha1_base64="6ZuNAYKpEZuM9MzbRcqRn6NXlf8="></latexit>

|k→ = |000...001→ + eik|000...010→ + e2ik|000...100→ + ...
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Wavepacket preparation

6

1. Initialize 

<latexit sha1_base64="Q1arhz2B52yxtZACcvHRcOJThdA="></latexit>

|W (k0)→ =
∑

k

e→(k→k0)
2/ω2

p |k→ = c0|00...01→+ c1|00..10→+ . . .



Wavepacket preparation

12

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=
<latexit sha1_base64="sSwCVVQx99NA40lYZat+EvxGOqo=">AAAB/3icbVBNS8NAEN34WetXVPDiJViEeimJSPVY9OKxgmkLTSib7aRduvlgd1IosQf/ihcPinj1b3jz35i0OWjrg4HHezPMzPNiwRWa5re2srq2vrFZ2ipv7+zu7esHhy0VJZKBzSIRyY5HFQgego0cBXRiCTTwBLS90W3ut8cgFY/CB5zE4AZ0EHKfM4qZ1NOPnSHF1J5WnTGw1MEhIJ2el3t6xayZMxjLxCpIhRRo9vQvpx+xJIAQmaBKdS0zRjelEjkTMC07iYKYshEdQDejIQ1Auens/qlxlil9w49kViEaM/X3REoDpSaBl3UGFIdq0cvF/7xugv61m/IwThBCNl/kJ8LAyMjDMPpcAkMxyQhlkme3GmxIJWWYRZaHYC2+vExaFzWrXqvfX1YaN0UcJXJCTkmVWOSKNMgdaRKbMPJInskredOetBftXfuYt65oxcwR+QPt8weZoZXX</latexit>

Û(~✓)
<latexit sha1_base64="sSwCVVQx99NA40lYZat+EvxGOqo=">AAAB/3icbVBNS8NAEN34WetXVPDiJViEeimJSPVY9OKxgmkLTSib7aRduvlgd1IosQf/ihcPinj1b3jz35i0OWjrg4HHezPMzPNiwRWa5re2srq2vrFZ2ipv7+zu7esHhy0VJZKBzSIRyY5HFQgego0cBXRiCTTwBLS90W3ut8cgFY/CB5zE4AZ0EHKfM4qZ1NOPnSHF1J5WnTGw1MEhIJ2el3t6xayZMxjLxCpIhRRo9vQvpx+xJIAQmaBKdS0zRjelEjkTMC07iYKYshEdQDejIQ1Auens/qlxlil9w49kViEaM/X3REoDpSaBl3UGFIdq0cvF/7xugv61m/IwThBCNl/kJ8LAyMjDMPpcAkMxyQhlkme3GmxIJWWYRZaHYC2+vExaFzWrXqvfX1YaN0UcJXJCTkmVWOSKNMgdaRKbMPJInskredOetBftXfuYt65oxcwR+QPt8weZoZXX</latexit>

Û(~✓)

1. Initialize 


2. Minimize the energy using translationally invariant & real circuits

<latexit sha1_base64="Q1arhz2B52yxtZACcvHRcOJThdA="></latexit>

|W (k0)→ =
∑

k

e→(k→k0)
2/ω2

p |k→ = c0|00...01→+ c1|00..10→+ . . .

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=
<latexit sha1_base64="sSwCVVQx99NA40lYZat+EvxGOqo=">AAAB/3icbVBNS8NAEN34WetXVPDiJViEeimJSPVY9OKxgmkLTSib7aRduvlgd1IosQf/ihcPinj1b3jz35i0OWjrg4HHezPMzPNiwRWa5re2srq2vrFZ2ipv7+zu7esHhy0VJZKBzSIRyY5HFQgego0cBXRiCTTwBLS90W3ut8cgFY/CB5zE4AZ0EHKfM4qZ1NOPnSHF1J5WnTGw1MEhIJ2el3t6xayZMxjLxCpIhRRo9vQvpx+xJIAQmaBKdS0zRjelEjkTMC07iYKYshEdQDejIQ1Auens/qlxlil9w49kViEaM/X3REoDpSaBl3UGFIdq0cvF/7xugv61m/IwThBCNl/kJ8LAyMjDMPpcAkMxyQhlkme3GmxIJWWYRZaHYC2+vExaFzWrXqvfX1YaN0UcJXJCTkmVWOSKNMgdaRKbMPJInskredOetBftXfuYt65oxcwR+QPt8weZoZXX</latexit>

Û(~✓)
<latexit sha1_base64="sSwCVVQx99NA40lYZat+EvxGOqo=">AAAB/3icbVBNS8NAEN34WetXVPDiJViEeimJSPVY9OKxgmkLTSib7aRduvlgd1IosQf/ihcPinj1b3jz35i0OWjrg4HHezPMzPNiwRWa5re2srq2vrFZ2ipv7+zu7esHhy0VJZKBzSIRyY5HFQgego0cBXRiCTTwBLS90W3ut8cgFY/CB5zE4AZ0EHKfM4qZ1NOPnSHF1J5WnTGw1MEhIJ2el3t6xayZMxjLxCpIhRRo9vQvpx+xJIAQmaBKdS0zRjelEjkTMC07iYKYshEdQDejIQ1Auens/qlxlil9w49kViEaM/X3REoDpSaBl3UGFIdq0cvF/7xugv61m/IwThBCNl/kJ8LAyMjDMPpcAkMxyQhlkme3GmxIJWWYRZaHYC2+vExaFzWrXqvfX1YaN0UcJXJCTkmVWOSKNMgdaRKbMPJInskredOetBftXfuYt65oxcwR+QPt8weZoZXX</latexit>

Û(~✓)

<latexit sha1_base64="ZPGVfzG9+04AfFTStYIfGknWwho=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9wvltyKuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpcVr1qpNq5KtdssjjycwTmUwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AHCLjLc=</latexit>

(
<latexit sha1_base64="ZPGVfzG9+04AfFTStYIfGknWwho=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9wvltyKuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpcVr1qpNq5KtdssjjycwTmUwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AHCLjLc=</latexit>

(
<latexit sha1_base64="pXOf3PhP5nXM/cgh/5bKN39ybbU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgHsKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3OTjLk=</latexit>→



Wavepacket preparation
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<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=
<latexit sha1_base64="sSwCVVQx99NA40lYZat+EvxGOqo=">AAAB/3icbVBNS8NAEN34WetXVPDiJViEeimJSPVY9OKxgmkLTSib7aRduvlgd1IosQf/ihcPinj1b3jz35i0OWjrg4HHezPMzPNiwRWa5re2srq2vrFZ2ipv7+zu7esHhy0VJZKBzSIRyY5HFQgego0cBXRiCTTwBLS90W3ut8cgFY/CB5zE4AZ0EHKfM4qZ1NOPnSHF1J5WnTGw1MEhIJ2el3t6xayZMxjLxCpIhRRo9vQvpx+xJIAQmaBKdS0zRjelEjkTMC07iYKYshEdQDejIQ1Auens/qlxlil9w49kViEaM/X3REoDpSaBl3UGFIdq0cvF/7xugv61m/IwThBCNl/kJ8LAyMjDMPpcAkMxyQhlkme3GmxIJWWYRZaHYC2+vExaFzWrXqvfX1YaN0UcJXJCTkmVWOSKNMgdaRKbMPJInskredOetBftXfuYt65oxcwR+QPt8weZoZXX</latexit>

Û(~✓)
<latexit sha1_base64="sSwCVVQx99NA40lYZat+EvxGOqo=">AAAB/3icbVBNS8NAEN34WetXVPDiJViEeimJSPVY9OKxgmkLTSib7aRduvlgd1IosQf/ihcPinj1b3jz35i0OWjrg4HHezPMzPNiwRWa5re2srq2vrFZ2ipv7+zu7esHhy0VJZKBzSIRyY5HFQgego0cBXRiCTTwBLS90W3ut8cgFY/CB5zE4AZ0EHKfM4qZ1NOPnSHF1J5WnTGw1MEhIJ2el3t6xayZMxjLxCpIhRRo9vQvpx+xJIAQmaBKdS0zRjelEjkTMC07iYKYshEdQDejIQ1Auens/qlxlil9w49kViEaM/X3REoDpSaBl3UGFIdq0cvF/7xugv61m/IwThBCNl/kJ8LAyMjDMPpcAkMxyQhlkme3GmxIJWWYRZaHYC2+vExaFzWrXqvfX1YaN0UcJXJCTkmVWOSKNMgdaRKbMPJInskredOetBftXfuYt65oxcwR+QPt8weZoZXX</latexit>

Û(~✓)

1. Initialize 


2. Minimize the energy using translationally invariant & real circuits

<latexit sha1_base64="Q1arhz2B52yxtZACcvHRcOJThdA="></latexit>

|W (k0)→ =
∑

k

e→(k→k0)
2/ω2

p |k→ = c0|00...01→+ c1|00..10→+ . . .

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=
<latexit sha1_base64="sSwCVVQx99NA40lYZat+EvxGOqo=">AAAB/3icbVBNS8NAEN34WetXVPDiJViEeimJSPVY9OKxgmkLTSib7aRduvlgd1IosQf/ihcPinj1b3jz35i0OWjrg4HHezPMzPNiwRWa5re2srq2vrFZ2ipv7+zu7esHhy0VJZKBzSIRyY5HFQgego0cBXRiCTTwBLS90W3ut8cgFY/CB5zE4AZ0EHKfM4qZ1NOPnSHF1J5WnTGw1MEhIJ2el3t6xayZMxjLxCpIhRRo9vQvpx+xJIAQmaBKdS0zRjelEjkTMC07iYKYshEdQDejIQ1Auens/qlxlil9w49kViEaM/X3REoDpSaBl3UGFIdq0cvF/7xugv61m/IwThBCNl/kJ8LAyMjDMPpcAkMxyQhlkme3GmxIJWWYRZaHYC2+vExaFzWrXqvfX1YaN0UcJXJCTkmVWOSKNMgdaRKbMPJInskredOetBftXfuYt65oxcwR+QPt8weZoZXX</latexit>

Û(~✓)
<latexit sha1_base64="sSwCVVQx99NA40lYZat+EvxGOqo=">AAAB/3icbVBNS8NAEN34WetXVPDiJViEeimJSPVY9OKxgmkLTSib7aRduvlgd1IosQf/ihcPinj1b3jz35i0OWjrg4HHezPMzPNiwRWa5re2srq2vrFZ2ipv7+zu7esHhy0VJZKBzSIRyY5HFQgego0cBXRiCTTwBLS90W3ut8cgFY/CB5zE4AZ0EHKfM4qZ1NOPnSHF1J5WnTGw1MEhIJ2el3t6xayZMxjLxCpIhRRo9vQvpx+xJIAQmaBKdS0zRjelEjkTMC07iYKYshEdQDejIQ1Auens/qlxlil9w49kViEaM/X3REoDpSaBl3UGFIdq0cvF/7xugv61m/IwThBCNl/kJ8LAyMjDMPpcAkMxyQhlkme3GmxIJWWYRZaHYC2+vExaFzWrXqvfX1YaN0UcJXJCTkmVWOSKNMgdaRKbMPJInskredOetBftXfuYt65oxcwR+QPt8weZoZXX</latexit>

Û(~✓)

<latexit sha1_base64="ZPGVfzG9+04AfFTStYIfGknWwho=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9wvltyKuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpcVr1qpNq5KtdssjjycwTmUwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AHCLjLc=</latexit>

(
<latexit sha1_base64="ZPGVfzG9+04AfFTStYIfGknWwho=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9wvltyKuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpcVr1qpNq5KtdssjjycwTmUwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AHCLjLc=</latexit>

(
<latexit sha1_base64="pXOf3PhP5nXM/cgh/5bKN39ybbU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgHsKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3OTjLk=</latexit>→

<latexit sha1_base64="Vr+MYXEVmwX+9ymZFQ4rcMrCrr0="></latexit>

|ωWP→ = U(εϑω)|W (k0)→



Statevector simulations on  qubitsL = 28

Energy minimization using ADAPT-VQE* maximizes the overlap of               with 
<latexit sha1_base64="sLfNsO2s/+nKfxpyO7uPyI8IFZ4=">AAACBXicbVA9SwNBEN3z2/gVtdTiMAhW4U4kWgZtLBWMCrlwzG3mkiV7e8funBjPNDb+FRsLRWz9D3b+GzcxhV8PBh7vzTAzL8qkMOR5H87E5NT0zOzcfGlhcWl5pby6dm7SXHNs8FSm+jICg1IobJAgiZeZRkgiiRdR72joX1yhNiJVZ9TPsJVAR4lYcCArheXN2yAzIiwCwmsqQBmgm8Eg0KA6EsNyxat6I7h/iT8mFTbGSVh+D9opzxNUxCUY0/S9jFoFaBJc4qAU5AYz4D3oYNNSBQmaVjH6YuBuW6Xtxqm2pcgdqd8nCkiM6SeR7UyAuua3NxT/85o5xQetQqgsJ1T8a1GcS5dSdxiJ2xYaOcm+JcC1sLe6vAsaONngSjYE//fLf8n5btWvVWune5X64TiOObbBttgO89k+q7NjdsIajLM79sCe2LNz7zw6L87rV+uEM55ZZz/gvH0CXmeZyA==</latexit>

|ωansatz→
<latexit sha1_base64="vZPFWDNj3uVJnQfcnNvpkKNi4Vc=">AAACAXicbVBNS8NAEN3Ur1q/ql4EL8EieCqJSPVY9OKxgv2AJpTNdtou3WzC7kQssV78K148KOLVf+HNf+O2zUFbHww83pthZl4QC67Rcb6t3NLyyupafr2wsbm1vVPc3WvoKFEM6iwSkWoFVIPgEurIUUArVkDDQEAzGF5N/OYdKM0jeYujGPyQ9iXvcUbRSJ3iwYMXa95JPYR7TJu18dhTVPYFdIolp+xMYS8SNyMlkqHWKX553YglIUhkgmrddp0Y/ZQq5EzAuOAlGmLKhrQPbUMlDUH76fSDsX1slK7di5QpifZU/T2R0lDrURiYzpDiQM97E/E/r51g78JPuYwTBMlmi3qJsDGyJ3HYXa6AoRgZQpni5labDaiiDE1oBROCO//yImmclt1KuXJzVqpeZnHkySE5IifEJeekSq5JjdQJI4/kmbySN+vJerHerY9Za87KZvbJH1ifP7U8l7Y=</latexit>

|ωWP→

*Grimsely, Barnes, Economou, Mayhall (2019)
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<latexit sha1_base64="0OR9WWOIciK4wgXClPd07eX/14E="></latexit>

Ĥ = →
∑(

ẐnẐn+1 + gxX̂n + gzẐn

)



Wavepacket preparation on 100+ qubits

Circuits that minimize the energy and prepare wavepackets 


are determined on large lattices using a MPS circuit simulator 
14
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Wavepacket preparation on 100+ qubits

Circuits that minimize the energy and prepare wavepackets 


are determined on large lattices using a MPS circuit simulator 

Next talk, Nikita will use these circuits to prepare wavepackets and 
simulate scattering on 104 qubits of IBM’s quantum computers

14



Summary

• Momentum eigenstates have long-range entanglement that must be 
considered when preparing wavepackets on a quantum computer


• This entanglement is also present in the W state that can be prepared in 
constant depth using MCM-FF


• After building short-range correlations by optimizing variational quantum 
circuit to minimize the energy

15



Questions

16

Is the long-range entanglement of all gapped systems 
equivalent to the W state under local operations?

Will wavepacket preparation[1,2,3] ever be the bottlekneck?
<latexit sha1_base64="+l5bm8gypohZH/WlMZZAkOhsW8k=">AAAB8HicbVBNS8NAEN34WetX1aOXYBE8lUSkeix68VjBfkgbymYzbZfubsLuRCyhv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8ENet63s7K6tr6xWdgqbu/s7u2XDg6bJk41gwaLRazbITUguIIGchTQTjRQGQpohaObqd96BG14rO5xnEAg6UDxPmcUrfTQRXjCzI8mvVLZq3gzuMvEz0mZ5Kj3Sl/dKGapBIVMUGM6vpdgkFGNnAmYFLupgYSyER1Ax1JFJZggmx08cU+tErn9WNtS6M7U3xMZlcaMZWg7JcWhWfSm4n9eJ8X+VZBxlaQIis0X9VPhYuxOv3cjroGhGFtCmeb2VpcNqaYMbUZFG4K/+PIyaZ5X/GqlendRrl3ncRTIMTkhZ8Qnl6RGbkmdNAgjkjyTV/LmaOfFeXc+5q0rTj5zRP7A+fwB/h6QjQ==</latexit>

1d
<latexit sha1_base64="iaCPMpuJGvFMTmfCajaX88XcpoE=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqewWqR6LXjxWsB/SLiWbzbahSXZJZsWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5QSK4Adf9dgpr6xubW8Xt0s7u3v5B+fCobeJUU9aisYh1NyCGCa5YCzgI1k00IzIQrBOMb2Z+55Fpw2N1D5OE+ZIMFY84JWClhz6wJ8hq4XRQrrhVdw68SrycVFCO5qD81Q9jmkqmgApiTM9zE/AzooFTwaalfmpYQuiYDFnPUkUkM342P3iKz6wS4ijWthTgufp7IiPSmIkMbKckMDLL3kz8z+ulEF35GVdJCkzRxaIoFRhiPPseh1wzCmJiCaGa21sxHRFNKNiMSjYEb/nlVdKuVb16tX53UWlc53EU0Qk6RefIQ5eogW5RE7UQRRI9o1f05mjnxXl3PhatBSefOUZ/4Hz+AP+kkI4=</latexit>

2d

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x
<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y

<latexit sha1_base64="Pt2VBvY3gT2Tsw9FvvB6PwNcwFQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOzTjQk=</latexit>z

<latexit sha1_base64="I4rjadLAeNsYTIapK3L8KMOXDC0=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqeyqVI9FLx4r2A9pl5LNZtvQJLsks2JZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IBHcgOt+O4WV1bX1jeJmaWt7Z3evvH/QMnGqKWvSWMS6ExDDBFesCRwE6ySaERkI1g5GN1O//ci04bG6h3HCfEkGikecErDSQw/YE2Tn4aRfrrhVdwa8TLycVFCORr/81QtjmkqmgApiTNdzE/AzooFTwSalXmpYQuiIDFjXUkUkM342O3iCT6wS4ijWthTgmfp7IiPSmLEMbKckMDSL3lT8z+umEF35GVdJCkzR+aIoFRhiPP0eh1wzCmJsCaGa21sxHRJNKNiMSjYEb/HlZdI6q3q1au3uolK/zuMooiN0jE6Rhy5RHd2iBmoiiiR6Rq/ozdHOi/PufMxbC04+c4j+wPn8AQE5kI8=</latexit>

3d

Wavepacket size:
<latexit sha1_base64="sJaRZoGaMMJXTxDUZYn/Cz6Eqm0=">AAACIXicbVBNS8NAEN34bf2qevSyWAS9lEREPYpePEkF+wFNDZvtpF3cTcLuRCwhf8WLf8WLB0W8iX/Gbe1BWx8MPN6bYWZemEph0HU/nZnZufmFxaXl0srq2vpGeXOrYZJMc6jzRCa6FTIDUsRQR4ESWqkGpkIJzfDuYug370EbkcQ3OEiho1gvFpHgDK0UlE+vgtxHeMC8WSsK6huhqC8hQrpP/UgznntFbtWeYkFqfS16faQHt92gXHGr7gh0mnhjUiFj1ILyh99NeKYgRi6ZMW3PTbGTM42CSyhKfmYgZfyO9aBtacwUmE4++rCge1bp0ijRtmKkI/X3RM6UMQMV2k7FsG8mvaH4n9fOMDrt5CJOM4SY/yyKMkkxocO4aFdo4CgHljCuhb2V8j6zuaANtWRD8CZfniaNw6p3XD2+PqqcnY/jWCI7ZJfsE4+ckDNySWqkTjh5JM/klbw5T86L8+58/LTOOOOZbfIHztc3TeGjmQ==</latexit>

NWP →
(

1

ωp

)d

Max evolution time: <latexit sha1_base64="iTHHFGir3gIJgIm2/q8Ux9myPnc=">AAACD3icbVA9SwNBEN3zM8avqKXNYlCswp1ItAzaWEYwUUiOY26z0cW93WN3ThKO+wc2/hUbC0Vsbe38N24+Cr8eDDzem2FmXpxKYdH3P72Z2bn5hcXSUnl5ZXVtvbKx2bY6M4y3mJbaXMVguRSKt1Cg5Fep4ZDEkl/Gt6cj//KOGyu0usBhysMErpXoCwbopKiyh1HeRT7APIFBUdAupKnRAzrRmFYWQWERVap+zR+D/iXBlFTJFM2o8tHtaZYlXCGTYG0n8FMMczAomORFuZtZngK7hWvecVRBwm2Yj/8p6K5TerSvjSuFdKx+n8ghsXaYxK4zAbyxv72R+J/XybB/HOZCpRlyxSaL+pmkqOkoHNoThjOUQ0eAGeFupewGDDB0EZZdCMHvl/+S9kEtqNfq54fVxsk0jhLZJjtknwTkiDTIGWmSFmHknjySZ/LiPXhP3qv3Nmmd8aYzW+QHvPcvQvCeFQ==</latexit>

tmax → constant
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Thank you for listening!

Marc Illa

For more details see our paper on arxiv: 2505.03111
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