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<latexit sha1_base64="3FOAuPSS748deLTvdJ1UXYPH3d4=">AAACBnicbVDLSgMxFL3js9bXqEsRgkVwVWZEqhuhKEKXFewDOkPJpGkbmskMSUYoY1du/BU3LhRx6ze4829M21nU1gMXTs65l9x7gpgzpR3nx1paXlldW89t5De3tnd27b39uooSSWiNRDySzQArypmgNc00p81YUhwGnDaCwc3YbzxQqVgk7vUwpn6Ie4J1GcHaSG37qPLoxYp5Eosep+gK3c6+23bBKToToEXiZqQAGapt+9vrRCQJqdCEY6VarhNrP8VSM8LpKO8lisaYDHCPtgwVOKTKTydnjNCJUTqoG0lTQqOJOjuR4lCpYRiYzhDrvpr3xuJ/XivR3Us/ZSJONBVk+lE34UhHaJwJ6jBJieZDQzCRzOyKSB9LTLRJLm9CcOdPXiT1s6JbKpbuzgvl6yyOHBzCMZyCCxdQhgpUoQYEnuAF3uDderZerQ/rc9q6ZGUzB/AH1tcv+V2Y1A==</latexit>

H|ω→ = E|ω→
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Bottleneck:
<latexit sha1_base64="JugNMkxkbGLU4NwpHtAJS8/jQgo="></latexit>

|ω→ ↑ H; dim(H) = O
(
exp(n particles)

)

<latexit sha1_base64="3FOAuPSS748deLTvdJ1UXYPH3d4=">AAACBnicbVDLSgMxFL3js9bXqEsRgkVwVWZEqhuhKEKXFewDOkPJpGkbmskMSUYoY1du/BU3LhRx6ze4829M21nU1gMXTs65l9x7gpgzpR3nx1paXlldW89t5De3tnd27b39uooSSWiNRDySzQArypmgNc00p81YUhwGnDaCwc3YbzxQqVgk7vUwpn6Ie4J1GcHaSG37qPLoxYp5Eosep+gK3c6+23bBKToToEXiZqQAGapt+9vrRCQJqdCEY6VarhNrP8VSM8LpKO8lisaYDHCPtgwVOKTKTydnjNCJUTqoG0lTQqOJOjuR4lCpYRiYzhDrvpr3xuJ/XivR3Us/ZSJONBVk+lE34UhHaJwJ6jBJieZDQzCRzOyKSB9LTLRJLm9CcOdPXiT1s6JbKpbuzgvl6yyOHBzCMZyCCxdQhgpUoQYEnuAF3uDderZerQ/rc9q6ZGUzB/AH1tcv+V2Y1A==</latexit>

H|ω→ = E|ω→
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Bottleneck:
<latexit sha1_base64="JugNMkxkbGLU4NwpHtAJS8/jQgo="></latexit>

|ω→ ↑ H; dim(H) = O
(
exp(n particles)

)

Classically either: 

Exponential memory: Store  complex amplitudes in classical memory 

Or: 

Exponential time: Add up  amplitudes of separate paths 

O(2n)

O(2n)

<latexit sha1_base64="3FOAuPSS748deLTvdJ1UXYPH3d4=">AAACBnicbVDLSgMxFL3js9bXqEsRgkVwVWZEqhuhKEKXFewDOkPJpGkbmskMSUYoY1du/BU3LhRx6ze4829M21nU1gMXTs65l9x7gpgzpR3nx1paXlldW89t5De3tnd27b39uooSSWiNRDySzQArypmgNc00p81YUhwGnDaCwc3YbzxQqVgk7vUwpn6Ie4J1GcHaSG37qPLoxYp5Eosep+gK3c6+23bBKToToEXiZqQAGapt+9vrRCQJqdCEY6VarhNrP8VSM8LpKO8lisaYDHCPtgwVOKTKTydnjNCJUTqoG0lTQqOJOjuR4lCpYRiYzhDrvpr3xuJ/XivR3Us/ZSJONBVk+lE34UhHaJwJ6jBJieZDQzCRzOyKSB9LTLRJLm9CcOdPXiT1s6JbKpbuzgvl6yyOHBzCMZyCCxdQhgpUoQYEnuAF3uDderZerQ/rc9q6ZGUzB/AH1tcv+V2Y1A==</latexit>

H|ω→ = E|ω→
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<latexit sha1_base64="/Zn7JXPfx9QLR/mR6vUf4ryNJ7g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GvXiMaB6QrGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzDhGP6QDyfucUWOle3w86xZLbtmdgSwTLyMlyFDrFr86vYglIUrDBNW67bmx8VOqDGcCJ4VOojGmbEQH2LZU0hC1n85OnZATq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo36XGFzIixJZQpbm8lbEgVZcamU7AheIsvL5PGedmrlCt3F6XqdRZHHo7gGE7Bg0uowi3UoA4MBvAMr/DmCOfFeXc+5q05J5s5hD9wPn8A6qyNkw==</latexit>

e→
<latexit sha1_base64="/Zn7JXPfx9QLR/mR6vUf4ryNJ7g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GvXiMaB6QrGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzDhGP6QDyfucUWOle3w86xZLbtmdgSwTLyMlyFDrFr86vYglIUrDBNW67bmx8VOqDGcCJ4VOojGmbEQH2LZU0hC1n85OnZATq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo36XGFzIixJZQpbm8lbEgVZcamU7AheIsvL5PGedmrlCt3F6XqdRZHHo7gGE7Bg0uowi3UoA4MBvAMr/DmCOfFeXc+5q05J5s5hD9wPn8A6qyNkw==</latexit>

e→

<latexit sha1_base64="/Zn7JXPfx9QLR/mR6vUf4ryNJ7g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GvXiMaB6QrGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzDhGP6QDyfucUWOle3w86xZLbtmdgSwTLyMlyFDrFr86vYglIUrDBNW67bmx8VOqDGcCJ4VOojGmbEQH2LZU0hC1n85OnZATq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo36XGFzIixJZQpbm8lbEgVZcamU7AheIsvL5PGedmrlCt3F6XqdRZHHo7gGE7Bg0uowi3UoA4MBvAMr/DmCOfFeXc+5q05J5s5hD9wPn8A6qyNkw==</latexit>

e→

<latexit sha1_base64="/Zn7JXPfx9QLR/mR6vUf4ryNJ7g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GvXiMaB6QrGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzDhGP6QDyfucUWOle3w86xZLbtmdgSwTLyMlyFDrFr86vYglIUrDBNW67bmx8VOqDGcCJ4VOojGmbEQH2LZU0hC1n85OnZATq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo36XGFzIixJZQpbm8lbEgVZcamU7AheIsvL5PGedmrlCt3F6XqdRZHHo7gGE7Bg0uowi3UoA4MBvAMr/DmCOfFeXc+5q05J5s5hD9wPn8A6qyNkw==</latexit>

e→

Quantum Field TheoryQuantum chemistry

High energy 
nuclear physics Particle physics

Nuclear shell 
models

Electronic structure

<latexit sha1_base64="u9Uf+hC6P+O9BzUo7/cGknRhB+o=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEqseiF48VTFtoY9lsp+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJ7yT88bxbKrsVdwayTLyclCFHvVv66vRilkYoDRNU67bnJibIqDKcCZwUO6nGhLIRHWDbUkkj1EE2O3ZCTq3SI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/RhuAtvrxMGhcVr1qp3l+Wazd5HAU4hhM4Aw+uoAZ3UAcfGHB4hld4c6Tz4rw7H/PWFSefOYI/cD5/AG+cjnU=</latexit>

ω+
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Dynamics Statics
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Dynamics Statics
<latexit sha1_base64="H7hIRvS3Oc/3qMbxZwe7pAWrkmA=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBDMwbArEr0IQS85RjAPSGKYnXSSwdnZZaZXCGu+wYu/4sWDIl49efNvnDwENRY0FFXddHf5kRQGXffTmZtfWFxaTq2kV9fWNzYzW9tVE8aaQ4WHMtR1nxmQQkEFBUqoRxpY4Euo+TcXI792C9qIUF3hIIJWwHpKdAVnaKV2JnfXjIw4wFxTM9WTQM8oXCeHooTDieN+O+1M1s27Y9BZ4k1JlkxRbmc+mp2QxwEo5JIZ0/DcCFsJ0yi4hGG6GRuIGL9hPWhYqlgAppWMXxrSfat0aDfUthTSsfpzImGBMYPAt50Bw775643E/7xGjN3TViJUFCMoPlnUjSXFkI7yoR2hgaMcWMK4FvZWyvtMM442xbQNwfv78iypHuW9Qr5weZwtnk/jSJFdskcOiEdOSJGUSJlUCCf35JE8kxfnwXlyXp23SeucM53ZIb/gvH8B/9GdEg==</latexit>

|ω(t)→ = e→iHt|ω(0)→
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Dynamics Statics
<latexit sha1_base64="H7hIRvS3Oc/3qMbxZwe7pAWrkmA=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBDMwbArEr0IQS85RjAPSGKYnXSSwdnZZaZXCGu+wYu/4sWDIl49efNvnDwENRY0FFXddHf5kRQGXffTmZtfWFxaTq2kV9fWNzYzW9tVE8aaQ4WHMtR1nxmQQkEFBUqoRxpY4Euo+TcXI792C9qIUF3hIIJWwHpKdAVnaKV2JnfXjIw4wFxTM9WTQM8oXCeHooTDieN+O+1M1s27Y9BZ4k1JlkxRbmc+mp2QxwEo5JIZ0/DcCFsJ0yi4hGG6GRuIGL9hPWhYqlgAppWMXxrSfat0aDfUthTSsfpzImGBMYPAt50Bw775643E/7xGjN3TViJUFCMoPlnUjSXFkI7yoR2hgaMcWMK4FvZWyvtMM442xbQNwfv78iypHuW9Qr5weZwtnk/jSJFdskcOiEdOSJGUSJlUCCf35JE8kxfnwXlyXp23SeucM53ZIb/gvH8B/9GdEg==</latexit>

|ω(t)→ = e→iHt|ω(0)→

<latexit sha1_base64="H7hIRvS3Oc/3qMbxZwe7pAWrkmA=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBDMwbArEr0IQS85RjAPSGKYnXSSwdnZZaZXCGu+wYu/4sWDIl49efNvnDwENRY0FFXddHf5kRQGXffTmZtfWFxaTq2kV9fWNzYzW9tVE8aaQ4WHMtR1nxmQQkEFBUqoRxpY4Euo+TcXI792C9qIUF3hIIJWwHpKdAVnaKV2JnfXjIw4wFxTM9WTQM8oXCeHooTDieN+O+1M1s27Y9BZ4k1JlkxRbmc+mp2QxwEo5JIZ0/DcCFsJ0yi4hGG6GRuIGL9hPWhYqlgAppWMXxrSfat0aDfUthTSsfpzImGBMYPAt50Bw775643E/7xGjN3TViJUFCMoPlnUjSXFkI7yoR2hgaMcWMK4FvZWyvtMM442xbQNwfv78iypHuW9Qr5weZwtnk/jSJFdskcOiEdOSJGUSJlUCCf35JE8kxfnwXlyXp23SeucM53ZIb/gvH8B/9GdEg==</latexit>

|ω(t)→ = e→iHt|ω(0)→

<latexit sha1_base64="H7hIRvS3Oc/3qMbxZwe7pAWrkmA=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBDMwbArEr0IQS85RjAPSGKYnXSSwdnZZaZXCGu+wYu/4sWDIl49efNvnDwENRY0FFXddHf5kRQGXffTmZtfWFxaTq2kV9fWNzYzW9tVE8aaQ4WHMtR1nxmQQkEFBUqoRxpY4Euo+TcXI792C9qIUF3hIIJWwHpKdAVnaKV2JnfXjIw4wFxTM9WTQM8oXCeHooTDieN+O+1M1s27Y9BZ4k1JlkxRbmc+mp2QxwEo5JIZ0/DcCFsJ0yi4hGG6GRuIGL9hPWhYqlgAppWMXxrSfat0aDfUthTSsfpzImGBMYPAt50Bw775643E/7xGjN3TViJUFCMoPlnUjSXFkI7yoR2hgaMcWMK4FvZWyvtMM442xbQNwfv78iypHuW9Qr5weZwtnk/jSJFdskcOiEdOSJGUSJlUCCf35JE8kxfnwXlyXp23SeucM53ZIb/gvH8B/9GdEg==</latexit>

|ω(t)→ = e→iHt|ω(0)→
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Dynamics Statics
<latexit sha1_base64="H7hIRvS3Oc/3qMbxZwe7pAWrkmA=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBDMwbArEr0IQS85RjAPSGKYnXSSwdnZZaZXCGu+wYu/4sWDIl49efNvnDwENRY0FFXddHf5kRQGXffTmZtfWFxaTq2kV9fWNzYzW9tVE8aaQ4WHMtR1nxmQQkEFBUqoRxpY4Euo+TcXI792C9qIUF3hIIJWwHpKdAVnaKV2JnfXjIw4wFxTM9WTQM8oXCeHooTDieN+O+1M1s27Y9BZ4k1JlkxRbmc+mp2QxwEo5JIZ0/DcCFsJ0yi4hGG6GRuIGL9hPWhYqlgAppWMXxrSfat0aDfUthTSsfpzImGBMYPAt50Bw775643E/7xGjN3TViJUFCMoPlnUjSXFkI7yoR2hgaMcWMK4FvZWyvtMM442xbQNwfv78iypHuW9Qr5weZwtnk/jSJFdskcOiEdOSJGUSJlUCCf35JE8kxfnwXlyXp23SeucM53ZIb/gvH8B/9GdEg==</latexit>

|ω(t)→ = e→iHt|ω(0)→

<latexit sha1_base64="H7hIRvS3Oc/3qMbxZwe7pAWrkmA=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBDMwbArEr0IQS85RjAPSGKYnXSSwdnZZaZXCGu+wYu/4sWDIl49efNvnDwENRY0FFXddHf5kRQGXffTmZtfWFxaTq2kV9fWNzYzW9tVE8aaQ4WHMtR1nxmQQkEFBUqoRxpY4Euo+TcXI792C9qIUF3hIIJWwHpKdAVnaKV2JnfXjIw4wFxTM9WTQM8oXCeHooTDieN+O+1M1s27Y9BZ4k1JlkxRbmc+mp2QxwEo5JIZ0/DcCFsJ0yi4hGG6GRuIGL9hPWhYqlgAppWMXxrSfat0aDfUthTSsfpzImGBMYPAt50Bw775643E/7xGjN3TViJUFCMoPlnUjSXFkI7yoR2hgaMcWMK4FvZWyvtMM442xbQNwfv78iypHuW9Qr5weZwtnk/jSJFdskcOiEdOSJGUSJlUCCf35JE8kxfnwXlyXp23SeucM53ZIb/gvH8B/9GdEg==</latexit>

|ω(t)→ = e→iHt|ω(0)→

<latexit sha1_base64="H7hIRvS3Oc/3qMbxZwe7pAWrkmA=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBDMwbArEr0IQS85RjAPSGKYnXSSwdnZZaZXCGu+wYu/4sWDIl49efNvnDwENRY0FFXddHf5kRQGXffTmZtfWFxaTq2kV9fWNzYzW9tVE8aaQ4WHMtR1nxmQQkEFBUqoRxpY4Euo+TcXI792C9qIUF3hIIJWwHpKdAVnaKV2JnfXjIw4wFxTM9WTQM8oXCeHooTDieN+O+1M1s27Y9BZ4k1JlkxRbmc+mp2QxwEo5JIZ0/DcCFsJ0yi4hGG6GRuIGL9hPWhYqlgAppWMXxrSfat0aDfUthTSsfpzImGBMYPAt50Bw775643E/7xGjN3TViJUFCMoPlnUjSXFkI7yoR2hgaMcWMK4FvZWyvtMM442xbQNwfv78iypHuW9Qr5weZwtnk/jSJFdskcOiEdOSJGUSJlUCCf35JE8kxfnwXlyXp23SeucM53ZIb/gvH8B/9GdEg==</latexit>

|ω(t)→ = e→iHt|ω(0)→

<latexit sha1_base64="SYAA+2NvsWQO9et8TDCpZOpGtgc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIevEYwTwgWcLspJMMmZ1dZ2YDYc13ePGgiFc/xpt/4yTZgyYWNBRV3XR3BbHg2rjut7Oyura+sZnbym/v7O7tFw4O6zpKFMMai0SkmgHVKLjEmuFGYDNWSMNAYCMY3k79xgiV5pF8MOMY/ZD2Je9xRo2V/NpT0lZU9gWSa9IpFN2SOwNZJl5GipCh2il8tbsRS0KUhgmqdctzY+OnVBnOBE7y7URjTNmQ9rFlqaQhaj+dHT0hp1bpkl6kbElDZurviZSGWo/DwHaG1Az0ojcV//Naield+SmXcWJQsvmiXiKIicg0AdLlCpkRY0soU9zeStiAKsqMzSlvQ/AWX14m9fOSVy6V7y+KlZssjhwcwwmcgQeXUIE7qEINGDzCM7zCmzNyXpx352PeuuJkM0fwB87nDwVOkZ8=</latexit>

U |u→ =
<latexit sha1_base64="SYAA+2NvsWQO9et8TDCpZOpGtgc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIevEYwTwgWcLspJMMmZ1dZ2YDYc13ePGgiFc/xpt/4yTZgyYWNBRV3XR3BbHg2rjut7Oyura+sZnbym/v7O7tFw4O6zpKFMMai0SkmgHVKLjEmuFGYDNWSMNAYCMY3k79xgiV5pF8MOMY/ZD2Je9xRo2V/NpT0lZU9gWSa9IpFN2SOwNZJl5GipCh2il8tbsRS0KUhgmqdctzY+OnVBnOBE7y7URjTNmQ9rFlqaQhaj+dHT0hp1bpkl6kbElDZurviZSGWo/DwHaG1Az0ojcV//Naield+SmXcWJQsvmiXiKIicg0AdLlCpkRY0soU9zeStiAKsqMzSlvQ/AWX14m9fOSVy6V7y+KlZssjhwcwwmcgQeXUIE7qEINGDzCM7zCmzNyXpx352PeuuJkM0fwB87nDwVOkZ8=</latexit>

U |u→ =
<latexit sha1_base64="rTjApU24Fq3atoGOoSN9up5Zvzk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRJmJ5NkyOzsMtMrhE0+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305ubX1jcyu/XdjZ3ds/KB4eNUyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go7uZ33zi2ohIPeI45n5IB0r0BaNopeYkmZAb4nWLJbfszkFWiZeREmSodYtfnV7EkpArZJIa0/bcGP2UahRM8mmhkxgeUzaiA962VNGQGz+dnzslZ1bpkX6kbSkkc/X3REpDY8ZhYDtDikOz7M3E/7x2gv1rPxUqTpArtljUTyTBiMx+Jz2hOUM5toQyLeythA2ppgxtQgUbgrf88ippXJS9SrnycFmq3mZx5OEETuEcPLiCKtxDDerAYATP8ApvTuy8OO/Ox6I152Qzx/AHzucPSqSO5g==</latexit>

|u| = 1<latexit sha1_base64="xN9MNC+0QPH2FBLeX5a1BWH65CY=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5ct2Ae0oUymk3Z0MgkzE6GEfoEbF4q49ZPc+TdO2wgqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+go6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p13/7mrud++pVCwSN3oaUy/EY8ECRrA2UisZFkuOXa9V3FoVObazwJzUy/XyOXIzpQQZmsPi+2AUkSSkQhOOleq7Tqy9FEvNCKezwiBRNMbkDo9p31CBQ6q8dHHoDJ0YZYSCSJoSGi3U7xMpDpWahr7pDLGeqN/eXPzL6yc6qHkpE3GiqSDLRUHCkY7Q/Gs0YpISzaeGYCKZuRWRCZaYaJNNwYTw9Sn6n3TObLdiV1oXpcZlFkcejuAYTsGFKjTgGprQBgIUHuAJnq1b69F6sV6XrTkrmzmEH7DePgFK6Y1K</latexit>u <latexit sha1_base64="xN9MNC+0QPH2FBLeX5a1BWH65CY=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5ct2Ae0oUymk3Z0MgkzE6GEfoEbF4q49ZPc+TdO2wgqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+go6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p13/7mrud++pVCwSN3oaUy/EY8ECRrA2UisZFkuOXa9V3FoVObazwJzUy/XyOXIzpQQZmsPi+2AUkSSkQhOOleq7Tqy9FEvNCKezwiBRNMbkDo9p31CBQ6q8dHHoDJ0YZYSCSJoSGi3U7xMpDpWahr7pDLGeqN/eXPzL6yc6qHkpE3GiqSDLRUHCkY7Q/Gs0YpISzaeGYCKZuRWRCZaYaJNNwYTw9Sn6n3TObLdiV1oXpcZlFkcejuAYTsGFKjTgGprQBgIUHuAJnq1b69F6sV6XrTkrmzmEH7DePgFK6Y1K</latexit>u

1−1

i

−i

<latexit sha1_base64="3LvPVijLtxUQwslLgOsfhW3sffw=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GUfoIbF4q49Yvc+TdO2ggqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpX6nXsqFYvEnZ7G1AvxSLCAEayNdJsMnEGx5Nj1WsWtVZFjOwukpF6ul8+RmyklyNAcFN/7w4gkIRWacKxUz3Vi7c2w1IxwOi/0E0VjTCZ4RHuGChxS5c0Wp87RiVGGKIikKaHRQv0+McOhUtPQN50h1mP120vFv7xeooOaN2MiTjQVZLkoSDjSEUr/RkMmKdF8aggmkplbERljiYk26RRMCF+fov9J+8x2K3bl5qLUuMziyMMRHMMpuFCFBlxDE1pAYAQP8ATPFrcerRfrddmas7KZQ/gB6+0TbseN7Q==</latexit>u0

<latexit sha1_base64="mJnC7+ZTOXuT8ukiMqvKQrgFC1Q=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GUfoIbF4q49Yvc+TdO2ggqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpX6nXsqFYvEnZ7G1AvxSLCAEayNdJsM3EGx5Nj1WsWtVZFjOwukpF6ul8+RmyklyNAcFN/7w4gkIRWacKxUz3Vi7c2w1IxwOi/0E0VjTCZ4RHuGChxS5c0Wp87RiVGGKIikKaHRQv0+McOhUtPQN50h1mP120vFv7xeooOaN2MiTjQVZLkoSDjSEUr/RkMmKdF8aggmkplbERljiYk26RRMCF+fov9J+8x2K3bl5qLUuMziyMMRHMMpuFCFBlxDE1pAYAQP8ATPFrcerRfrddmas7KZQ/gB6+0TcEuN7g==</latexit>u1

<latexit sha1_base64="eNGxkyIKdrfNMgt/ycyDfBj3kQ0=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaTa167oxmVF+4A2lMl00g6dTMLMRCihn+DGhSJu/SJ3/o3TNoKKHrhwOOde7r3HjzlT2nE+rJXVtfWNzdxWfntnd2+/cHDYVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/uZr7nXsqFYvEnZ7G1AvxSLCAEayNdJsMSoNC0bHrtYpbqyLHdhaYk3q5Xj5HbqYUIUNzUHjvDyOShFRowrFSPdeJtZdiqRnhdJbvJ4rGmEzwiPYMFTikyksXp87QqVGGKIikKaHRQv0+keJQqWnom84Q67H67c3Fv7xeooOalzIRJ5oKslwUJBzpCM3/RkMmKdF8aggmkplbERljiYk26eRNCF+fov9Ju2S7Fbtyc1FsXGZx5OAYTuAMXKhCA66hCS0gMIIHeIJni1uP1ov1umxdsbKZI/gB6+0Tcc+N7w==</latexit>u2<latexit sha1_base64="X3H7IO6tydLbmZ1+asU1z2H+ngU=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GEfoIbF4q49Yvc+TdO2wgqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cjX3O/dUKhaJOz2NqRfikWABI1gb6TYZnA+KJceu1ypurYoc21lgTurlevkcuZlSggzNQfG9P4xIElKhCcdK9Vwn1l6KpWaE01mhnygaYzLBI9ozVOCQKi9dnDpDJ0YZoiCSpoRGC/X7RIpDpaahbzpDrMfqtzcX//J6iQ5qXspEnGgqyHJRkHCkIzT/Gw2ZpETzqSGYSGZuRWSMJSbapFMwIXx9iv4n7TPbrdiVm4tS4zKLIw9HcAyn4EIVGnANTWgBgRE8wBM8W9x6tF6s12VrzspmDuEHrLdPc1ON8A==</latexit>u3

<latexit sha1_base64="4u+CBz9lxdaBziy18vQFdk5zlcc=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0i0n7eiF48VbS20oWy2m3bpZhN2N0Ip/QlePCji1V/kzX/jpo2gog8GHu/NMDPPjzlT2nE+rNzK6tr6Rn6zsLW9s7tX3D/oqCiRhLZJxCPZ9bGinAna1kxz2o0lxaHP6Z0/uUz9u3sqFYvErZ7G1AvxSLCAEayNdJMMyoNiybEb9apbryHHdhZISaPSqJwjN1NKkKE1KL73hxFJQio04VipnuvE2pthqRnhdF7oJ4rGmEzwiPYMFTikypstTp2jE6MMURBJU0Kjhfp9YoZDpaahbzpDrMfqt5eKf3m9RAd1b8ZEnGgqyHJRkHCkI5T+jYZMUqL51BBMJDO3IjLGEhNt0imYEL4+Rf+TzpntVu3qdbnUvMjiyMMRHMMpuFCDJlxBC9pAYAQP8ATPFrcerRfrddmas7KZQ/gB6+0TdNeN8Q==</latexit>u4
<latexit sha1_base64="SbeP/wxWQyWUCdGduZw7H2OEA14=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GUfoIbF4q49Yvc+TdO2ggqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpX6nXsqFYvEnZ7G1AvxSLCAEayNdJsMyoNiybHrtYpbqyLHdhZISb1cL58jN1NKkKE5KL73hxFJQio04VipnuvE2pthqRnhdF7oJ4rGmEzwiPYMFTikypstTp2jE6MMURBJU0Kjhfp9YoZDpaahbzpDrMfqt5eKf3m9RAc1b8ZEnGgqyHJRkHCkI5T+jYZMUqL51BBMJDO3IjLGEhNt0imYEL4+Rf+T9pntVuzKzUWpcZnFkYcjOIZTcKEKDbiGJrSAwAge4AmeLW49Wi/W67I1Z2Uzh/AD1tsndluN8g==</latexit>u5

<latexit sha1_base64="2LwEeXk3WdRw9tzFtaQi8rowPpE=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRq03ZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57vJgzqSzrwyisrK6tbxQ3S1vbO7t75f2DjowSQWibRDwSPQ9LyllI24opTnuxoDjwOO1606vM795TIVkU3qlZTN0Aj0PmM4KVlm6ToTMsVyyzUXfseg1ZprVARhrVRvUc2blSgRytYfl9MIpIEtBQEY6l7NtWrNwUC8UIp/PSIJE0xmSKx7SvaYgDKt10ceocnWhlhPxI6AoVWqjfJ1IcSDkLPN0ZYDWRv71M/MvrJ8qvuykL40TRkCwX+QlHKkLZ32jEBCWKzzTBRDB9KyITLDBROp2SDuHrU/Q/6ZyZtmM6NxeV5mUeRxGO4BhOwYYaNOEaWtAGAmN4gCd4NrjxaLwYr8vWgpHPHMIPGG+fd9+N8w==</latexit>u6

<latexit sha1_base64="ca3jCDcl8z8e4gdQpUPRA287TTc=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GUfoIbF4q49Yvc+TdO2ggqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpX6nXsqFYvEnZ7G1AvxSLCAEayNdJsMqoNiybHrtYpbqyLHdhZISb1cL58jN1NKkKE5KL73hxFJQio04VipnuvE2pthqRnhdF7oJ4rGmEzwiPYMFTikypstTp2jE6MMURBJU0Kjhfp9YoZDpaahbzpDrMfqt5eKf3m9RAc1b8ZEnGgqyHJRkHCkI5T+jYZMUqL51BBMJDO3IjLGEhNt0imYEL4+Rf+T9pntVuzKzUWpcZnFkYcjOIZTcKEKDbiGJrSAwAge4AmeLW49Wi/W67I1Z2Uzh/AD1tsneWON9A==</latexit>u7
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<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="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→
<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→
<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→

<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→

<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="VjCfIhy9PL0APGqDc+EpVkci0X8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SjGacYxHQgecQZNVZ68Htur1xxq+4cZJV4OalAjkav/NXtJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/mpU3JmlT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmleVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDfGAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPYXY2H</latexit>

U0

<latexit sha1_base64="F9+axHrKtyLtJFJNj+VDWS3kQDs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SjGacYxHQgecQZNVZ68Hter1xxq+4cZJV4OalAjkav/NXtJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/mpU3JmlT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmleVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDfGAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPZ4Y2I</latexit>

U1

<latexit sha1_base64="ns/qSsH7jAv7Htwv4ChQrbVDluU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemAqujet+OYWV1bX1jeJmaWt7Z3evvH/Q1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfmtR1SaJ/LBjFMMYjqQPOKMGivd+73zXrniVt05yF/i5aQCORq98me3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmJVfokSpQtachc/TkxobHW4zi0nTE1Q73szcT/vE5moqtgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLf0nzrOrVqrW7i0r9Oo+jCEdwDKfgwSXU4RYa4AODATzBC7w6wnl23pz3RWvByWcO4Recj2/c6Y2K</latexit>

U3

<latexit sha1_base64="Q4CkkIb3IwKbxxmOGNDnAylcGQ4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF09S0bSFNpTNdtIu3WzC7kYopT/BiwdFvPqLvPlv3LY5aPXBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsHTZ1kiqHPEpGodkg1Ci7RN9wIbKcKaRwKbIWj65nfekSleSIfzDjFIKYDySPOqLHSvd+77ZUrbtWdg/wlXk4qkKPRK392+wnLYpSGCap1x3NTE0yoMpwJnJa6mcaUshEdYMdSSWPUwWR+6pScWKVPokTZkobM1Z8TExprPY5D2xlTM9TL3kz8z+tkJroMJlymmUHJFouiTBCTkNnfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2//Jc0z6perVq7O6/Ur/I4inAEx3AKHlxAHW6gAT4wGMATvMCrI5xn5815X7QWnHzmEH7B+fgGBeSNpQ==</latexit>

UN
<latexit sha1_base64="bzVMMcZ+GD8ao00xe1FmKpCtJy4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF0xbaUDbbSbt0swm7G6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfmtJ1SaJ/LRjFMMYjqQPOKMGis9+L1qr1R2K+4cZJV4OSlDjkav9NXtJyyLURomqNYdz01NMKHKcCZwWuxmGlPKRnSAHUsljVEHk/mpU3JulT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6RRuCt/zyKmlWK16tUru/LNdv8jgKcApncAEeXEEd7qABPjAYwDO8wpsjnBfn3flYtK45+cwJ/IHz+QPbZY2J</latexit>

U2
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<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="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→
<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→
<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→

<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→

<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="VjCfIhy9PL0APGqDc+EpVkci0X8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SjGacYxHQgecQZNVZ68Htur1xxq+4cZJV4OalAjkav/NXtJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/mpU3JmlT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmleVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDfGAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPYXY2H</latexit>

U0

<latexit sha1_base64="F9+axHrKtyLtJFJNj+VDWS3kQDs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SjGacYxHQgecQZNVZ68Hter1xxq+4cZJV4OalAjkav/NXtJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/mpU3JmlT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmleVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDfGAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPZ4Y2I</latexit>

U1 <latexit sha1_base64="bzVMMcZ+GD8ao00xe1FmKpCtJy4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF0xbaUDbbSbt0swm7G6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfmtJ1SaJ/LRjFMMYjqQPOKMGis9+L1qr1R2K+4cZJV4OSlDjkav9NXtJyyLURomqNYdz01NMKHKcCZwWuxmGlPKRnSAHUsljVEHk/mpU3JulT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6RRuCt/zyKmlWK16tUru/LNdv8jgKcApncAEeXEEd7qABPjAYwDO8wpsjnBfn3flYtK45+cwJ/IHz+QPbZY2J</latexit>U2

<latexit sha1_base64="ns/qSsH7jAv7Htwv4ChQrbVDluU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemAqujet+OYWV1bX1jeJmaWt7Z3evvH/Q1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfmtR1SaJ/LBjFMMYjqQPOKMGivd+73zXrniVt05yF/i5aQCORq98me3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmJVfokSpQtachc/TkxobHW4zi0nTE1Q73szcT/vE5moqtgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLf0nzrOrVqrW7i0r9Oo+jCEdwDKfgwSXU4RYa4AODATzBC7w6wnl23pz3RWvByWcO4Recj2/c6Y2K</latexit>

U3

<latexit sha1_base64="Q4CkkIb3IwKbxxmOGNDnAylcGQ4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF09S0bSFNpTNdtIu3WzC7kYopT/BiwdFvPqLvPlv3LY5aPXBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsHTZ1kiqHPEpGodkg1Ci7RN9wIbKcKaRwKbIWj65nfekSleSIfzDjFIKYDySPOqLHSvd+77ZUrbtWdg/wlXk4qkKPRK392+wnLYpSGCap1x3NTE0yoMpwJnJa6mcaUshEdYMdSSWPUwWR+6pScWKVPokTZkobM1Z8TExprPY5D2xlTM9TL3kz8z+tkJroMJlymmUHJFouiTBCTkNnfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2//Jc0z6perVq7O6/Ur/I4inAEx3AKHlxAHW6gAT4wGMATvMCrI5xn5815X7QWnHzmEH7B+fgGBeSNpQ==</latexit>

UN

1) Number of qubits
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<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="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→
<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→
<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→

<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→

<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="VjCfIhy9PL0APGqDc+EpVkci0X8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SjGacYxHQgecQZNVZ68Htur1xxq+4cZJV4OalAjkav/NXtJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/mpU3JmlT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmleVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDfGAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPYXY2H</latexit>

U0

<latexit sha1_base64="F9+axHrKtyLtJFJNj+VDWS3kQDs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SjGacYxHQgecQZNVZ68Hter1xxq+4cZJV4OalAjkav/NXtJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/mpU3JmlT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmleVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDfGAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPZ4Y2I</latexit>

U1

<latexit sha1_base64="ns/qSsH7jAv7Htwv4ChQrbVDluU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemAqujet+OYWV1bX1jeJmaWt7Z3evvH/Q1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfmtR1SaJ/LBjFMMYjqQPOKMGivd+73zXrniVt05yF/i5aQCORq98me3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmJVfokSpQtachc/TkxobHW4zi0nTE1Q73szcT/vE5moqtgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLf0nzrOrVqrW7i0r9Oo+jCEdwDKfgwSXU4RYa4AODATzBC7w6wnl23pz3RWvByWcO4Recj2/c6Y2K</latexit>

U3

<latexit sha1_base64="Q4CkkIb3IwKbxxmOGNDnAylcGQ4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF09S0bSFNpTNdtIu3WzC7kYopT/BiwdFvPqLvPlv3LY5aPXBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsHTZ1kiqHPEpGodkg1Ci7RN9wIbKcKaRwKbIWj65nfekSleSIfzDjFIKYDySPOqLHSvd+77ZUrbtWdg/wlXk4qkKPRK392+wnLYpSGCap1x3NTE0yoMpwJnJa6mcaUshEdYMdSSWPUwWR+6pScWKVPokTZkobM1Z8TExprPY5D2xlTM9TL3kz8z+tkJroMJlymmUHJFouiTBCTkNnfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2//Jc0z6perVq7O6/Ur/I4inAEx3AKHlxAHW6gAT4wGMATvMCrI5xn5815X7QWnHzmEH7B+fgGBeSNpQ==</latexit>

UN

1) Number of qubits
2) Clifford Gates

<latexit sha1_base64="bzVMMcZ+GD8ao00xe1FmKpCtJy4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF0xbaUDbbSbt0swm7G6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfmtJ1SaJ/LRjFMMYjqQPOKMGis9+L1qr1R2K+4cZJV4OSlDjkav9NXtJyyLURomqNYdz01NMKHKcCZwWuxmGlPKRnSAHUsljVEHk/mpU3JulT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6RRuCt/zyKmlWK16tUru/LNdv8jgKcApncAEeXEEd7qABPjAYwDO8wpsjnBfn3flYtK45+cwJ/IHz+QPbZY2J</latexit>

U2
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<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="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→
<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→
<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→

<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→

<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="VjCfIhy9PL0APGqDc+EpVkci0X8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SjGacYxHQgecQZNVZ68Htur1xxq+4cZJV4OalAjkav/NXtJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/mpU3JmlT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmleVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDfGAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPYXY2H</latexit>

U0

<latexit sha1_base64="F9+axHrKtyLtJFJNj+VDWS3kQDs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SjGacYxHQgecQZNVZ68Hter1xxq+4cZJV4OalAjkav/NXtJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/mpU3JmlT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmleVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDfGAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPZ4Y2I</latexit>

U1

<latexit sha1_base64="ns/qSsH7jAv7Htwv4ChQrbVDluU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemAqujet+OYWV1bX1jeJmaWt7Z3evvH/Q1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfmtR1SaJ/LBjFMMYjqQPOKMGivd+73zXrniVt05yF/i5aQCORq98me3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmJVfokSpQtachc/TkxobHW4zi0nTE1Q73szcT/vE5moqtgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLf0nzrOrVqrW7i0r9Oo+jCEdwDKfgwSXU4RYa4AODATzBC7w6wnl23pz3RWvByWcO4Recj2/c6Y2K</latexit>

U3

<latexit sha1_base64="Q4CkkIb3IwKbxxmOGNDnAylcGQ4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF09S0bSFNpTNdtIu3WzC7kYopT/BiwdFvPqLvPlv3LY5aPXBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsHTZ1kiqHPEpGodkg1Ci7RN9wIbKcKaRwKbIWj65nfekSleSIfzDjFIKYDySPOqLHSvd+77ZUrbtWdg/wlXk4qkKPRK392+wnLYpSGCap1x3NTE0yoMpwJnJa6mcaUshEdYMdSSWPUwWR+6pScWKVPokTZkobM1Z8TExprPY5D2xlTM9TL3kz8z+tkJroMJlymmUHJFouiTBCTkNnfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2//Jc0z6perVq7O6/Ur/I4inAEx3AKHlxAHW6gAT4wGMATvMCrI5xn5815X7QWnHzmEH7B+fgGBeSNpQ==</latexit>

UN

1) Number of qubits
2) Clifford Gates
3) Non-Clifford gates

<latexit sha1_base64="bzVMMcZ+GD8ao00xe1FmKpCtJy4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF0xbaUDbbSbt0swm7G6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfmtJ1SaJ/LRjFMMYjqQPOKMGis9+L1qr1R2K+4cZJV4OSlDjkav9NXtJyyLURomqNYdz01NMKHKcCZwWuxmGlPKRnSAHUsljVEHk/mpU3JulT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6RRuCt/zyKmlWK16tUru/LNdv8jgKcApncAEeXEEd7qABPjAYwDO8wpsjnBfn3flYtK45+cwJ/IHz+QPbZY2J</latexit>

U2
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<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="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→
<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→
<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→

<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→

<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="VjCfIhy9PL0APGqDc+EpVkci0X8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SjGacYxHQgecQZNVZ68Htur1xxq+4cZJV4OalAjkav/NXtJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/mpU3JmlT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmleVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDfGAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPYXY2H</latexit>

U0

<latexit sha1_base64="F9+axHrKtyLtJFJNj+VDWS3kQDs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SjGacYxHQgecQZNVZ68Hter1xxq+4cZJV4OalAjkav/NXtJyyLURomqNYdz01NMKHKcCZwWupmGlPKRnSAHUsljVEHk/mpU3JmlT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmleVL1atXZ/Wanf5HEU4QRO4Rw8uII63EEDfGAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPZ4Y2I</latexit>

U1

<latexit sha1_base64="ns/qSsH7jAv7Htwv4ChQrbVDluU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemAqujet+OYWV1bX1jeJmaWt7Z3evvH/Q1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfmtR1SaJ/LBjFMMYjqQPOKMGivd+73zXrniVt05yF/i5aQCORq98me3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmJVfokSpQtachc/TkxobHW4zi0nTE1Q73szcT/vE5moqtgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLf0nzrOrVqrW7i0r9Oo+jCEdwDKfgwSXU4RYa4AODATzBC7w6wnl23pz3RWvByWcO4Recj2/c6Y2K</latexit>

U3

<latexit sha1_base64="Q4CkkIb3IwKbxxmOGNDnAylcGQ4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF09S0bSFNpTNdtIu3WzC7kYopT/BiwdFvPqLvPlv3LY5aPXBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsHTZ1kiqHPEpGodkg1Ci7RN9wIbKcKaRwKbIWj65nfekSleSIfzDjFIKYDySPOqLHSvd+77ZUrbtWdg/wlXk4qkKPRK392+wnLYpSGCap1x3NTE0yoMpwJnJa6mcaUshEdYMdSSWPUwWR+6pScWKVPokTZkobM1Z8TExprPY5D2xlTM9TL3kz8z+tkJroMJlymmUHJFouiTBCTkNnfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2//Jc0z6perVq7O6/Ur/I4inAEx3AKHlxAHW6gAT4wGMATvMCrI5xn5815X7QWnHzmEH7B+fgGBeSNpQ==</latexit>

UN

1) Number of qubits
2) Clifford Gates
3) Non-Clifford gates

<latexit sha1_base64="bzVMMcZ+GD8ao00xe1FmKpCtJy4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHoxWNF0xbaUDbbSbt0swm7G6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6nfmtJ1SaJ/LRjFMMYjqQPOKMGis9+L1qr1R2K+4cZJV4OSlDjkav9NXtJyyLURomqNYdz01NMKHKcCZwWuxmGlPKRnSAHUsljVEHk/mpU3JulT6JEmVLGjJXf09MaKz1OA5tZ0zNUC97M/E/r5OZ6DqYcJlmBiVbLIoyQUxCZn+TPlfIjBhbQpni9lbChlRRZmw6RRuCt/zyKmlWK16tUru/LNdv8jgKcApncAEeXEEd7qABPjAYwDO8wpsjnBfn3flYtK45+cwJ/IHz+QPbZY2J</latexit>

U2

vs.
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<latexit sha1_base64="77fMoxig4eD5oy7GWMG34Eq+rm4=">AAACKnicdVDLSgMxFM3UV62vUZdugkVwVWZEqjurgnThooW+oFNKJk3b0MyD5I5YhvkeN/6Kmy6U4tYPMdN2oa0eCDmccy/JOW4ouALLmhqZtfWNza3sdm5nd2//wDw8aqggkpTVaSAC2XKJYoL7rA4cBGuFkhHPFazpju5Tv/nEpOKBX4NxyDoeGfi8zykBLXXNW8cjMKRExI9JN3aAPYP04upDLUkcCLCDb3B6l//3umbeKlgz4FViL0geLVDpmhOnF9DIYz5QQZRq21YInZhI4FSwJOdEioWEjsiAtTX1icdUJ55FTfCZVnq4H0h9fMAz9edGTDylxp6rJ9NgatlLxb+8dgT9607M/TAC5tP5Q/1IYB007Q33uGQUxFgTQiXXf8V0SCShoNvN6RLs5cirpHFRsIuFYvUyX7pb1JFFJ+gUnSMbXaESKqMKqiOKXtAbekcfxqsxMabG53w0Yyx2jtEvGF/f78WniA==</latexit>

LQFT → ? → HQFT → ? →

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="x37Q48ns0u33eKHza187SjbcWdM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QLiWbZtvQJLtNsmJZ+he8eFDEq3/Im//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfJv57UeqNIvkg5nG1Bd4KFnICDaZ9BT2J/1yxa26c6BV4uWkAjka/fJXbxCRRFBpCMdadz03Nn6KlWGE01mpl2gaYzLGQ9q1VGJBtZ/Ob52hM6sMUBgpW9Kgufp7IsVC66kIbKfAZqSXvUz8z+smJrz2UybjxFBJFovChCMToexxNGCKEsOnlmCimL0VkRFWmBgbT8mG4C2/vEpaF1WvVq3dX1bqN3kcRTiBUzgHD66gDnfQgCYQGMEzvMKbI5wX5935WLQWnHzmGP7A+fwBMRWOWw==</latexit>

xfq

<latexit sha1_base64="2GI/NM7ZVARtFZF4IYacvu+GYYg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqpP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwB5T+NBA==</latexit>u
<latexit sha1_base64="cyaOPY3/3bH7xJoN+XmfkY9IGwM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvNpF272YTdjVBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmGnuLu3f3BYOjpu6SRTDJssEYnqBFSj4BKbhhuBnVQhjQOB7WB0N/PbT6g0T+SDGafox3QgecQZNVZqhP1S2a24c5BV4uWkDDnq/dJXL0xYFqM0TFCtu56bGn9CleFM4LTYyzSmlI3oALuWShqj9ifzQ6fk3CohiRJlSxoyV39PTGis9TgObGdMzVAvezPxP6+bmejGn3CZZgYlWyyKMkFMQmZfk5ArZEaMLaFMcXsrYUOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDy3uM8w==</latexit>

d

<latexit sha1_base64="23FG06zRbxE5aJVkVZGFDnsI5DY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0sWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8IOZMG9f9dkpr6xubW+Xtys7u3v5B9fCoo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvc387hNVmkXywcxi6gs8lixkBJtM8txHd1ituXU3B1olXkFqUKA1rH4NRhFJBJWGcKx133Nj46dYGUY4nVcGiaYxJlM8pn1LJRZU+2l+6xydWWWEwkjZkgbl6u+JFAutZyKwnQKbiV72MvE/r5+Y8NpPmYwTQyVZLAoTjkyEssfRiClKDJ9Zgoli9lZEJlhhYmw8FRuCt/zyKulc1L1GvXF/WWveFHGU4QRO4Rw8uIIm3EEL2kBgAs/wCm+OcF6cd+dj0Vpyiplj+APn8wcOSI2c</latexit>

100
<latexit sha1_base64="d65afMM9xaeZ+eSJ3jwFByy9M1w=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1WPRi8cK9gPaWDbbSbt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqzU8tzH7Nyb9Eplt+LOQJaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOBk2I31ZhQNqID7FgqaYTaz2bnTsipVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14bWfcZmkBiWbLwpTQUxMpr+TPlfIjBhbQpni9lbChlRRZmxCRRuCt/jyMmleVLxqpXp/Wa7d5HEU4BhO4Aw8uIIa3EEdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx8++47g</latexit>

10→1
<latexit sha1_base64="oiCe2Y2rKkrNfidsguYWJuHW0fs=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbJHoMevEYwTwgWcPsZJIMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFR00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvp35rSeujYjUA05i7od0qMRAMIpWannuY3pRmfaKJbfszkFWiZeREmSo94pf3X7EkpArZJIa0/HcGP2UahRM8mmhmxgeUzamQ96xVNGQGz+dnzslZ1bpk0GkbSkkc/X3REpDYyZhYDtDiiOz7M3E/7xOgoNrPxUqTpArtlg0SCTBiMx+J32hOUM5sYQyLeythI2opgxtQgUbgrf88ippVspetVy9vyzVbrI48nACp3AOHlxBDe6gDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHQICO4Q==</latexit>

10→2
<latexit sha1_base64="mn/7xPzDFo5QhseYT7LOeVOVrOI=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbCrEj0GvXiMYB6QrGF20kmGzM4uM7NCWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffEKleSQfzDhGP6QDyfucUWOlpuc+pmcXk26x5JbdGcgy8TJSggy1bvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns3Ak5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/aT7mME4OSzRf1E0FMRKa/kx5XyIwYW0KZ4vZWwoZUUWZsQgUbgrf48jJpnJe9Srlyf1mq3mRx5OEIjuEUPLiCKtxBDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPQgWO4g==</latexit>

10→3

<latexit sha1_base64="9Rx1jvfQZnTNZJ9tIya7iY2ezoc=">AAACBXicbVA9SwNBEN3zM8avqKUWi0GwCnci0TJoYxOIYD4gOcLeZpIs2b07dufEcKSx8a/YWChi63+w89+4+Sg08cHA470ZZuYFsRQGXffbWVpeWV1bz2xkN7e2d3Zze/s1EyWaQ5VHMtKNgBmQIoQqCpTQiDUwFUioB4PrsV+/B21EFN7hMAZfsV4ouoIztFI7d1Smrb6JGYfUU2rUbCE8oFZpGWojv53LuwV3ArpIvBnJkxkq7dxXqxPxREGIXDJjmp4bo58yjYJLGGVbiQG7a8B60LQ0ZAqMn06+GNETq3RoN9K2QqQT9fdEypQxQxXYTsWwb+a9sfif10ywe+mnIowThJBPF3UTSTGi40hoR2jgKIeWMK6FvZXyPtOMow0ua0Pw5l9eJLWzglcsFG/P86WrWRwZckiOySnxyAUpkRtSIVXCySN5Jq/kzXlyXpx352PauuTMZg7IHzifP8OcmMY=</latexit>

M [MeV]
139.6

<latexit sha1_base64="zVyr3KDNl4qLYY16H46o9wm+YJ4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QXUs2zbahSTYkWaGU/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJppQpsk5anuxNhQziRtWmY57ShNsYg5bcej25nffqLasFQ+2LGikcADyRJGsHVSO1TsMVSiV674VX8OtEqCnFQgR6NX/gr7KckElZZwbEw38JWNJlhbRjidlsLMUIXJCA9o11GJBTXRZH7uFJ05pY+SVLuSFs3V3xMTLIwZi9h1CmyHZtmbif953cwm19GESZVZKsliUZJxZFM0+x31mabE8rEjmGjmbkVkiDUm1iVUciEEyy+vktZFNahVa/eXlfpNHkcRTuAUziGAK6jDHTSgCQRG8Ayv8OYp78V79z4WrQUvnzmGP/A+fwBXGo+X</latexit>

ω±

493.7

<latexit sha1_base64="0GbYWiLB7bAqeJuka9P5oruADn4=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0WvQheKrhtoV1LNs22oUl2SbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVBHqk5jHqhNiTTmT1DfMcNpJFMUi5LQdjm9mfvuJKs1i+WAmCQ0EHkoWMYKNlfy7x14i+uWKW3XnQKvEy0kFcjT75a/eICapoNIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupxILqIJsfO0VnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ua6CrImExSQyVZLIpSjkyMZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdK6qHq1au3+stK4zuMowgmcwjl4UIcG3EITfCDA4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gClqo6Z</latexit>

K±

775.3

<latexit sha1_base64="Aqd3Dg9dA2CjuOC5c8f5pQEeVRA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWME84BkDbOT2WTMPJaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlLy344SGAg8kixnB1knNrh6qB79XKvsVfwa0TIKclCFHvVf66vYVSQWVlnBsTCfwExtmWFtGOJ0Uu6mhCSYjPKAdRyUW1ITZ7NoJOnVKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1ARVdCMHiy8ukeV4JqpXq3UW5dp3HUYBjOIEzCOASanALdWgAgUd4hld485T34r17H/PWFS+fOYI/8D5/AEgDjvQ=</latexit>

ω0

938.3
939.6

<latexit sha1_base64="xNbTxtfgDoC/DyF4+jr7rv/Rki4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqJP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwB3auM/w==</latexit>p <latexit sha1_base64="ruc0yoJEn1Z5ruVAc/AQXfccAEU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqyH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A2qOM/Q==</latexit>n
<latexit sha1_base64="clJwyfWlzncc4uiNWU/SrlLofLY=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy5cVLAPaceSyWTa0CQzJBmhDP0KNy4UcevnuPNvTNtZaOuBwOGcc8m9J0g408Z1v53Cyura+kZxs7S1vbO7V94/aOk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjK6nfvuJKs1ieW/GCfUFHkgWMYKNlR56tzYa4ke3X664VXcGtEy8nFQgR6Nf/uqFMUkFlYZwrHXXcxPjZ1gZRjidlHqppgkmIzygXUslFlT72WzhCTqxSoiiWNknDZqpvycyLLQei8AmBTZDvehNxf+8bmqiSz9jMkkNlWT+UZRyZGI0vR6FTFFi+NgSTBSzuyIyxAoTYzsq2RK8xZOXSeus6tWqtbvzSv0qr6MIR3AMp+DBBdThBhrQBAICnuEV3hzlvDjvzsc8WnDymUP4A+fzBzX4kAo=</latexit>

!0

1,115.7
2,695.2

<latexit sha1_base64="N37AL4N83pJcFlX2ccH/ZjXE5zk=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI9BL96MYB6YrGF20kmGzMwuM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dYcyZNp737eRWVtfWN/Kbha3tnd294v5BQ0eJolinEY9UKyQaOZNYN8xwbMUKiQg5NsPR9dRvPqHSLJL3ZhxjIMhAsj6jxFjpoXMrcEC69NHrFkte2ZvBXSZ+RkqQodYtfnV6EU0ESkM50brte7EJUqIMoxwnhU6iMSZ0RAbYtlQSgTpIZxdP3BOr9Nx+pGxJ487U3xMpEVqPRWg7BTFDvehNxf+8dmL6l0HKZJwYlHS+qJ9w10Tu9H23xxRSw8eWEKqYvdWlQ6IINTakgg3BX3x5mTTOyn6lXLk7L1WvsjjycATHcAo+XEAVbqAGdaAg4Rle4c3Rzovz7nzMW3NONnMIf+B8/gD/OpB+</latexit>

!0
c

<latexit sha1_base64="77fMoxig4eD5oy7GWMG34Eq+rm4=">AAACKnicdVDLSgMxFM3UV62vUZdugkVwVWZEqjurgnThooW+oFNKJk3b0MyD5I5YhvkeN/6Kmy6U4tYPMdN2oa0eCDmccy/JOW4ouALLmhqZtfWNza3sdm5nd2//wDw8aqggkpTVaSAC2XKJYoL7rA4cBGuFkhHPFazpju5Tv/nEpOKBX4NxyDoeGfi8zykBLXXNW8cjMKRExI9JN3aAPYP04upDLUkcCLCDb3B6l//3umbeKlgz4FViL0geLVDpmhOnF9DIYz5QQZRq21YInZhI4FSwJOdEioWEjsiAtTX1icdUJ55FTfCZVnq4H0h9fMAz9edGTDylxp6rJ9NgatlLxb+8dgT9607M/TAC5tP5Q/1IYB007Q33uGQUxFgTQiXXf8V0SCShoNvN6RLs5cirpHFRsIuFYvUyX7pb1JFFJ+gUnSMbXaESKqMKqiOKXtAbekcfxqsxMabG53w0Yyx2jtEvGF/f78WniA==</latexit>

LQFT → ? → HQFT → ? →

<latexit sha1_base64="77fMoxig4eD5oy7GWMG34Eq+rm4=">AAACKnicdVDLSgMxFM3UV62vUZdugkVwVWZEqjurgnThooW+oFNKJk3b0MyD5I5YhvkeN/6Kmy6U4tYPMdN2oa0eCDmccy/JOW4ouALLmhqZtfWNza3sdm5nd2//wDw8aqggkpTVaSAC2XKJYoL7rA4cBGuFkhHPFazpju5Tv/nEpOKBX4NxyDoeGfi8zykBLXXNW8cjMKRExI9JN3aAPYP04upDLUkcCLCDb3B6l//3umbeKlgz4FViL0geLVDpmhOnF9DIYz5QQZRq21YInZhI4FSwJOdEioWEjsiAtTX1icdUJ55FTfCZVnq4H0h9fMAz9edGTDylxp6rJ9NgatlLxb+8dgT9607M/TAC5tP5Q/1IYB007Q33uGQUxFgTQiXXf8V0SCShoNvN6RLs5cirpHFRsIuFYvUyX7pb1JFFJ+gUnSMbXaESKqMKqiOKXtAbekcfxqsxMabG53w0Yyx2jtEvGF/f78WniA==</latexit>

LQFT → ? → HQFT → ? →
<latexit sha1_base64="77fMoxig4eD5oy7GWMG34Eq+rm4=">AAACKnicdVDLSgMxFM3UV62vUZdugkVwVWZEqjurgnThooW+oFNKJk3b0MyD5I5YhvkeN/6Kmy6U4tYPMdN2oa0eCDmccy/JOW4ouALLmhqZtfWNza3sdm5nd2//wDw8aqggkpTVaSAC2XKJYoL7rA4cBGuFkhHPFazpju5Tv/nEpOKBX4NxyDoeGfi8zykBLXXNW8cjMKRExI9JN3aAPYP04upDLUkcCLCDb3B6l//3umbeKlgz4FViL0geLVDpmhOnF9DIYz5QQZRq21YInZhI4FSwJOdEioWEjsiAtTX1icdUJ55FTfCZVnq4H0h9fMAz9edGTDylxp6rJ9NgatlLxb+8dgT9607M/TAC5tP5Q/1IYB007Q33uGQUxFgTQiXXf8V0SCShoNvN6RLs5cirpHFRsIuFYvUyX7pb1JFFJ+gUnSMbXaESKqMKqiOKXtAbekcfxqsxMabG53w0Yyx2jtEvGF/f78WniA==</latexit>

LQFT → ? → HQFT → ? →
<latexit sha1_base64="77fMoxig4eD5oy7GWMG34Eq+rm4=">AAACKnicdVDLSgMxFM3UV62vUZdugkVwVWZEqjurgnThooW+oFNKJk3b0MyD5I5YhvkeN/6Kmy6U4tYPMdN2oa0eCDmccy/JOW4ouALLmhqZtfWNza3sdm5nd2//wDw8aqggkpTVaSAC2XKJYoL7rA4cBGuFkhHPFazpju5Tv/nEpOKBX4NxyDoeGfi8zykBLXXNW8cjMKRExI9JN3aAPYP04upDLUkcCLCDb3B6l//3umbeKlgz4FViL0geLVDpmhOnF9DIYz5QQZRq21YInZhI4FSwJOdEioWEjsiAtTX1icdUJ55FTfCZVnq4H0h9fMAz9edGTDylxp6rJ9NgatlLxb+8dgT9607M/TAC5tP5Q/1IYB007Q33uGQUxFgTQiXXf8V0SCShoNvN6RLs5cirpHFRsIuFYvUyX7pb1JFFJ+gUnSMbXaESKqMKqiOKXtAbekcfxqsxMabG53w0Yyx2jtEvGF/f78WniA==</latexit>

L
Q
F
T
→

?
→

H
Q
F
T
→

?
→

<latexit sha1_base64="77fMoxig4eD5oy7GWMG34Eq+rm4=">AAACKnicdVDLSgMxFM3UV62vUZdugkVwVWZEqjurgnThooW+oFNKJk3b0MyD5I5YhvkeN/6Kmy6U4tYPMdN2oa0eCDmccy/JOW4ouALLmhqZtfWNza3sdm5nd2//wDw8aqggkpTVaSAC2XKJYoL7rA4cBGuFkhHPFazpju5Tv/nEpOKBX4NxyDoeGfi8zykBLXXNW8cjMKRExI9JN3aAPYP04upDLUkcCLCDb3B6l//3umbeKlgz4FViL0geLVDpmhOnF9DIYz5QQZRq21YInZhI4FSwJOdEioWEjsiAtTX1icdUJ55FTfCZVnq4H0h9fMAz9edGTDylxp6rJ9NgatlLxb+8dgT9607M/TAC5tP5Q/1IYB007Q33uGQUxFgTQiXXf8V0SCShoNvN6RLs5cirpHFRsIuFYvUyX7pb1JFFJ+gUnSMbXaESKqMKqiOKXtAbekcfxqsxMabG53w0Yyx2jtEvGF/f78WniA==</latexit>

LQFT → ? → HQFT → ? →
<latexit sha1_base64="77fMoxig4eD5oy7GWMG34Eq+rm4=">AAACKnicdVDLSgMxFM3UV62vUZdugkVwVWZEqjurgnThooW+oFNKJk3b0MyD5I5YhvkeN/6Kmy6U4tYPMdN2oa0eCDmccy/JOW4ouALLmhqZtfWNza3sdm5nd2//wDw8aqggkpTVaSAC2XKJYoL7rA4cBGuFkhHPFazpju5Tv/nEpOKBX4NxyDoeGfi8zykBLXXNW8cjMKRExI9JN3aAPYP04upDLUkcCLCDb3B6l//3umbeKlgz4FViL0geLVDpmhOnF9DIYz5QQZRq21YInZhI4FSwJOdEioWEjsiAtTX1icdUJ55FTfCZVnq4H0h9fMAz9edGTDylxp6rJ9NgatlLxb+8dgT9607M/TAC5tP5Q/1IYB007Q33uGQUxFgTQiXXf8V0SCShoNvN6RLs5cirpHFRsIuFYvUyX7pb1JFFJ+gUnSMbXaESKqMKqiOKXtAbekcfxqsxMabG53w0Yyx2jtEvGF/f78WniA==</latexit>

LQFT → ? → HQFT → ? →

<latexit sha1_base64="/ZQ4uhoe3Iq6UJWOmtxEGU1Fltc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlhzI97xVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi4pXrVTvL0u1myyOPJzAKZTBgyuowR3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AjD2NVQ==</latexit>

(a)
<latexit sha1_base64="yaE0A6BiX3P/IX8my1C+yNhqcO4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlh3Jw3iuW3Io7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaFxWvWqneX5ZqN1kceTiBUyiDB1dQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AjcKNVg==</latexit>

(b)
<latexit sha1_base64="fuaK+lzswX/n1m5gphIpxwzqzr8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlhzI77xVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi4pXrVTvL0u1myyOPJzAKZTBgyuowR3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8Aj0eNVw==</latexit>

(c)

Superconducting

Neutral/Cold Atom

Ion Trap

<latexit sha1_base64="/ZQ4uhoe3Iq6UJWOmtxEGU1Fltc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlhzI97xVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi4pXrVTvL0u1myyOPJzAKZTBgyuowR3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AjD2NVQ==</latexit>

(a)

<latexit sha1_base64="yaE0A6BiX3P/IX8my1C+yNhqcO4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlh3Jw3iuW3Io7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaFxWvWqneX5ZqN1kceTiBUyiDB1dQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AjcKNVg==</latexit>

(b)

<latexit sha1_base64="fuaK+lzswX/n1m5gphIpxwzqzr8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlhzI77xVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi4pXrVTvL0u1myyOPJzAKZTBgyuowR3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8Aj0eNVw==</latexit>

(c)

<latexit sha1_base64="77fMoxig4eD5oy7GWMG34Eq+rm4=">AAACKnicdVDLSgMxFM3UV62vUZdugkVwVWZEqjurgnThooW+oFNKJk3b0MyD5I5YhvkeN/6Kmy6U4tYPMdN2oa0eCDmccy/JOW4ouALLmhqZtfWNza3sdm5nd2//wDw8aqggkpTVaSAC2XKJYoL7rA4cBGuFkhHPFazpju5Tv/nEpOKBX4NxyDoeGfi8zykBLXXNW8cjMKRExI9JN3aAPYP04upDLUkcCLCDb3B6l//3umbeKlgz4FViL0geLVDpmhOnF9DIYz5QQZRq21YInZhI4FSwJOdEioWEjsiAtTX1icdUJ55FTfCZVnq4H0h9fMAz9edGTDylxp6rJ9NgatlLxb+8dgT9607M/TAC5tP5Q/1IYB007Q33uGQUxFgTQiXXf8V0SCShoNvN6RLs5cirpHFRsIuFYvUyX7pb1JFFJ+gUnSMbXaESKqMKqiOKXtAbekcfxqsxMabG53w0Yyx2jtEvGF/f78WniA==</latexit>

L
Q
F
T
→

?
→

H
Q
F
T
→

?
→

Part I

Part II

Hadronic Mass Spectra

Hadronic Distribution Functions
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Part II Quantum Simulation

Part I Renormalized Quantum Field Theory 
Hamiltonians

Prelude Motivation

Part III Results
Part IV Conclusion
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<latexit sha1_base64="DFweWc0x673hxFgtltz0h50Ni1E=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjQsXFewDpkPJpJk2NJMMyR2hDP0MNy4UcevXuPNvzLSz0NYDgcM595JzT5gIbsB1v53S2vrG5lZ5u7Kzu7d/UD086hiVasraVAmleyExTHDJ2sBBsF6iGYlDwbrh5Db3u09MG67kI0wTFsRkJHnEKQEr+f2YwJgSkd3PBtWaW3fnwKvEK0gNFWgNql/9oaJpzCRQQYzxPTeBICMaOBVsVumnhiWETsiI+ZZKEjMTZPPIM3xmlSGOlLZPAp6rvzcyEhszjUM7mUc0y14u/uf5KUTXQcZlkgKTdPFRlAoMCuf34yHXjIKYWkKo5jYrpmOiCQXbUsWW4C2fvEo6F3WvUW88XNaaN0UdZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzsditOQUO8foD5zPH4SXkW0=</latexit>

L
<latexit sha1_base64="BWdpsxIChnsVO5qXnLPfFwacckI="></latexit>{

xµ→xµ+ωxµ

Noether’stheorem

<latexit sha1_base64="2rwJMpdWWHaB/DtbD4xpp9+U2OY=">AAACGHicbVC7TsMwFHXKq5RXgJHFokJiKgmgwoJUwcJYpL6kJq0cx2mtOk5kO4gqymew8CssDCDE2o2/wW0zQMuRLB2dc6587/FiRqWyrG+jsLK6tr5R3Cxtbe/s7pn7By0ZJQKTJo5YJDoekoRRTpqKKkY6sSAo9Bhpe6O7qd9+JELSiDfUOCZuiAacBhQjpaW+edbopU6YODzJoKMiWO85iMVDBG+gQ7mCfu/iCeqMNZezvlm2KtYMcJnYOSmDHPW+OXH8CCch4QozJGXXtmLlpkgoihnJSk4iSYzwCA1IV1OOQiLddHZYBk+04sMgEvrpZWbq74kUhVKOQ08nQ6SGctGbiv953UQF125KeZwowvH8oyBhUDcwbQn6VBCs2FgThAXVu0I8RAJhpbss6RLsxZOXSeu8Ylcr1YfLcu02r6MIjsAxOAU2uAI1cA/qoAkweAav4B18GC/Gm/FpfM2jBSOfOQR/YEx+AEfFn08=</latexit>

Tµω → Pε =

∫
d3xT 0ε

<latexit sha1_base64="2rwJMpdWWHaB/DtbD4xpp9+U2OY=">AAACGHicbVC7TsMwFHXKq5RXgJHFokJiKgmgwoJUwcJYpL6kJq0cx2mtOk5kO4gqymew8CssDCDE2o2/wW0zQMuRLB2dc6587/FiRqWyrG+jsLK6tr5R3Cxtbe/s7pn7By0ZJQKTJo5YJDoekoRRTpqKKkY6sSAo9Bhpe6O7qd9+JELSiDfUOCZuiAacBhQjpaW+edbopU6YODzJoKMiWO85iMVDBG+gQ7mCfu/iCeqMNZezvlm2KtYMcJnYOSmDHPW+OXH8CCch4QozJGXXtmLlpkgoihnJSk4iSYzwCA1IV1OOQiLddHZYBk+04sMgEvrpZWbq74kUhVKOQ08nQ6SGctGbiv953UQF125KeZwowvH8oyBhUDcwbQn6VBCs2FgThAXVu0I8RAJhpbss6RLsxZOXSeu8Ylcr1YfLcu02r6MIjsAxOAU2uAI1cA/qoAkweAav4B18GC/Gm/FpfM2jBSOfOQR/YEx+AEfFn08=</latexit>

Tµω → Pε =

∫
d3xT 0ε

<latexit sha1_base64="2rwJMpdWWHaB/DtbD4xpp9+U2OY=">AAACGHicbVC7TsMwFHXKq5RXgJHFokJiKgmgwoJUwcJYpL6kJq0cx2mtOk5kO4gqymew8CssDCDE2o2/wW0zQMuRLB2dc6587/FiRqWyrG+jsLK6tr5R3Cxtbe/s7pn7By0ZJQKTJo5YJDoekoRRTpqKKkY6sSAo9Bhpe6O7qd9+JELSiDfUOCZuiAacBhQjpaW+edbopU6YODzJoKMiWO85iMVDBG+gQ7mCfu/iCeqMNZezvlm2KtYMcJnYOSmDHPW+OXH8CCch4QozJGXXtmLlpkgoihnJSk4iSYzwCA1IV1OOQiLddHZYBk+04sMgEvrpZWbq74kUhVKOQ08nQ6SGctGbiv953UQF125KeZwowvH8oyBhUDcwbQn6VBCs2FgThAXVu0I8RAJhpbss6RLsxZOXSeu8Ylcr1YfLcu02r6MIjsAxOAU2uAI1cA/qoAkweAav4B18GC/Gm/FpfM2jBSOfOQR/YEx+AEfFn08=</latexit>

Tµω → Pε =

∫
d3xT 0ε

<latexit sha1_base64="BWdpsxIChnsVO5qXnLPfFwacckI="></latexit>{
xµ → xµ + ωxµ

Noether’s theorem
<latexit sha1_base64="BWdpsxIChnsVO5qXnLPfFwacckI="></latexit>{
xµ → xµ + ωxµ

Noether’s theorem

<latexit sha1_base64="BWdpsxIChnsVO5qXnLPfFwacckI="></latexit>{
xµ → xµ + ωxµ

Noether’s theorem

Lorentz Invariant 
Quantity?

YES NO

<latexit sha1_base64="Ax9A68WjFTRmbnqUed6BPlfPn7k=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIrkpGpLoRim5cVugL2mnJZNI2NPMgyQh1KP6KGxeKuPU/3Pk3pu0stPVA4HDOvdyT48WCK43xt5VbWV1b38hvFra2d3b37P2DhooSSVmdRiKSLY8oJnjI6pprwVqxZCTwBGt6o9up33xgUvEorOlxzNyADELe55RoI/Xsow4PNfIbqNZNMZ6ga1Tt4p5dxCU8A1omTkaKkKHas786fkSTgIWaCqJU28GxdlMiNaeCTQqdRLGY0BEZsLahIQmYctNZ+gk6NYqP+pE0z2SZqb83UhIoNQ48MxkQPVSL3lT8z2snun/lpjyME81COj/UTwTSEZpWgXwuGdVibAihkpusiA6JJFSbwgqmBGfxy8ukcV5yyqXy/UWxcpPVkYdjOIEzcOASKnAHVagDhUd4hld4s56sF+vd+piP5qxs5xD+wPr8AcqOk4Q=</latexit>∫
dV T 00 = P 0(Lagrangian) (Hamiltonian)

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

H
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25Forms of Relativistic Dynamics. Dirac

(a) Instant Form

x0

x3

x0 = 0

“space” “time”

x0

x3

x−
x+

x+ = 0

(b) Front Form
<latexit sha1_base64="MG4T8Ox3lI7iuGXgqgH0jKOkCJ8="></latexit>

xµ = (x+, x→, x1, x2︸ ︷︷ ︸
ωx→

)
“Lightfront”
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26Forms of Relativistic Dynamics. Dirac

(a) Instant Form
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x0 = 0

“space” “time”
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x−
x+

x+ = 0

(b) Front Form
<latexit sha1_base64="MG4T8Ox3lI7iuGXgqgH0jKOkCJ8="></latexit>

xµ = (x+, x→, x1, x2︸ ︷︷ ︸
ωx→

)
“Lightfront”
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Instant Form Front Form

Energy-Momentum Four Vector
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Instant Form Front Form

<latexit sha1_base64="Xx2kiyIXd1r2S9CIcSdznpZ4aNs=">AAAB73icbVBNSwMxEJ2tX7V+rXr0EiyCp7IrUr0IRS8eK9gPaNeSTbNtaJJdk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL0w408bzvp3Cyura+kZxs7S1vbO75+4fNHWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKRzdTv/VElWaxvDfjhAYCDySLGMHGSu36Q1ek6Ar13LJX8WZAy8TPSRly1HvuV7cfk1RQaQjHWnd8LzFBhpVhhNNJqZtqmmAywgPasVRiQXWQze6doBOr9FEUK1vSoJn6eyLDQuuxCG2nwGaoF72p+J/XSU10GWRMJqmhkswXRSlHJkbT51GfKUoMH1uCiWL2VkSGWGFibEQlG4K/+PIyaZ5V/Gqlenderl3ncRThCI7hFHy4gBrcQh0aQIDDM7zCm/PovDjvzse8teDkM4fwB87nD+dxjz4=</latexit>

Pµ =
<latexit sha1_base64="M+ET7M4tGpVPlfj2UBcxHpjhlKE=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahgpSkSnUjFN24jGAf0KZlMp20QyeTMDMRSujGjb/ixoUibv0Hd/6NkzYLbT0wl8M593LnHi9iVCrL+jZyS8srq2v59cLG5tb2jrm715BhLDCp45CFouUhSRjlpK6oYqQVCYICj5GmN7pJ/eYDEZKG/F6NI+IGaMCpTzFSWuqZh063E8TwCpacrnUKna6dlkpazk56ZtEqW1PARWJnpAgyOD3zq9MPcRwQrjBDUrZtK1JugoSimJFJoRNLEiE8QgPS1pSjgEg3mV4xgcda6UM/FPpxBafq74kEBVKOA093BkgN5byXiv957Vj5l25CeRQrwvFskR8zqEKYRgL7VBCs2FgThAXVf4V4iATCSgdX0CHY8ycvkkalbFfL1bvzYu06iyMPDsARKAEbXIAauAUOqAMMHsEzeAVvxpPxYrwbH7PWnJHN7IM/MD5/AMJQlOo=</latexit>

Pµ = (P 0, P 1, P 2, P 3)
<latexit sha1_base64="8mCwliHIRmylrfeIUtsEu0P8hbQ=">AAACEnicbVDJSgNBEO2JW4zbqEcvjUFIMIYZkehFCPHicQSzQCYJPZ1K0qRnobsnEIZ8gxd/xYsHRbx68ubf2FkOGn1Q8Hiviqp6XsSZVJb1ZaRWVtfWN9Kbma3tnd09c/+gJsNYUKjSkIei4REJnAVQVUxxaEQCiO9xqHvDm6lfH4GQLAzu1TiClk/6AesxSpSWOmbeabt+jK+xW2H9HHbapwWnfVbA7gho4kzabgQimnr5jpm1itYM+C+xFySLFnA65qfbDWnsQ6AoJ1I2bStSrYQIxSiHScaNJUSEDkkfmpoGxAfZSmYvTfCJVrq4FwpdgcIz9edEQnwpx76nO32iBnLZm4r/ec1Y9a5aCQuiWEFA54t6MccqxNN8cJcJoIqPNSFUMH0rpgMiCFU6xYwOwV5++S+pnRftUrF0d5EtVxZxpNEROkY5ZKNLVEa3yEFVRNEDekIv6NV4NJ6NN+N93poyFjOH6BeMj295dJuF</latexit>

Pµ =
(
P+, P→, ωP↑

)<latexit sha1_base64="8mCwliHIRmylrfeIUtsEu0P8hbQ=">AAACEnicbVDJSgNBEO2JW4zbqEcvjUFIMIYZkehFCPHicQSzQCYJPZ1K0qRnobsnEIZ8gxd/xYsHRbx68ubf2FkOGn1Q8Hiviqp6XsSZVJb1ZaRWVtfWN9Kbma3tnd09c/+gJsNYUKjSkIei4REJnAVQVUxxaEQCiO9xqHvDm6lfH4GQLAzu1TiClk/6AesxSpSWOmbeabt+jK+xW2H9HHbapwWnfVbA7gho4kzabgQimnr5jpm1itYM+C+xFySLFnA65qfbDWnsQ6AoJ1I2bStSrYQIxSiHScaNJUSEDkkfmpoGxAfZSmYvTfCJVrq4FwpdgcIz9edEQnwpx76nO32iBnLZm4r/ec1Y9a5aCQuiWEFA54t6MccqxNN8cJcJoIqPNSFUMH0rpgMiCFU6xYwOwV5++S+pnRftUrF0d5EtVxZxpNEROkY5ZKNLVEa3yEFVRNEDekIv6NV4NJ6NN+N93poyFjOH6BeMj295dJuF</latexit>
Pµ =

(
P+, P→, ωP↑

)

<latexit sha1_base64="1N8E/ebF1n3tGbmgI8UjV0G/CNE=">AAACG3icbVDLSgMxFM34rPVVdekmWARBKDNFqhuh6MaNUME+oNOWTHrbhmYyY5IplLH/4cZfceNCEVeCC//GtJ1FbT0QOJxzLjf3eCFnStv2j7W0vLK6tp7aSG9ube/sZvb2KyqIJIUyDXggax5RwJmAsmaaQy2UQHyPQ9XrX4/96gCkYoG418MQGj7pCtZhlGgjtTL5UtN+dEPFXElElwO+xK56kDq+beZP3QHQuDRq5kezkVYma+fsCfAicRKSRQlKrcyX2w5o5IPQlBOl6o4d6kZMpGaUwyjtRgpCQvukC3VDBfFBNeLJbSN8bJQ27gTSPKHxRJ2diImv1ND3TNInuqfmvbH4n1ePdOeiETMRRhoEnS7qRBzrAI+Lwm0mgWo+NIRQycxfMe0RSag2daZNCc78yYukks85hVzh7ixbvErqSKFDdIROkIPOURHdoBIqI4qe0At6Q+/Ws/VqfVif0+iSlcwcoD+wvn8BMcShjw==</latexit>

P 0|ω→ =
√
M2 + εP 2|ω→

<latexit sha1_base64="3Bdquyl78QKIIrCF0GpwO79hB38=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHqwpIUqW6Eohs3QgT7gDYtk+mkHTqZhJlJoYQu3Pgrblwo4taPcOffOGmz0NYDF86ccy9z7/EiRqWyrG9jZXVtfWMzt5Xf3tnd2zcPDhsyjAUmdRyyULQ8JAmjnNQVVYy0IkFQ4DHS9EY3qd8cEyFpyB/UJCJugAac+hQjpaWeWSg5Xeu0W4FnsNQZE5w40/R1Be+6lZ5ZtMrWDHCZ2BkpggxOz/zq9EMcB4QrzJCUbduKlJsgoShmZJrvxJJECI/QgLQ15Sgg0k1mR0zhiVb60A+FLq7gTP09kaBAykng6c4AqaFc9FLxP68dK//STSiPYkU4nn/kxwyqEKaJwD4VBCs20QRhQfWuEA+RQFjp3PI6BHvx5GXSqJTtarl6f16sXWdx5EABHIMSsMEFqIFb4IA6wOARPINX8GY8GS/Gu/Exb10xspkj8AfG5w/W9pUN</latexit>

(P 0)2 → (ωP )2 = M2

Energy-Momentum Four Vector
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Instant Form Front Form

<latexit sha1_base64="Xx2kiyIXd1r2S9CIcSdznpZ4aNs=">AAAB73icbVBNSwMxEJ2tX7V+rXr0EiyCp7IrUr0IRS8eK9gPaNeSTbNtaJJdk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL0w408bzvp3Cyura+kZxs7S1vbO75+4fNHWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKRzdTv/VElWaxvDfjhAYCDySLGMHGSu36Q1ek6Ar13LJX8WZAy8TPSRly1HvuV7cfk1RQaQjHWnd8LzFBhpVhhNNJqZtqmmAywgPasVRiQXWQze6doBOr9FEUK1vSoJn6eyLDQuuxCG2nwGaoF72p+J/XSU10GWRMJqmhkswXRSlHJkbT51GfKUoMH1uCiWL2VkSGWGFibEQlG4K/+PIyaZ5V/Gqlenderl3ncRThCI7hFHy4gBrcQh0aQIDDM7zCm/PovDjvzse8teDkM4fwB87nD+dxjz4=</latexit>

Pµ =
<latexit sha1_base64="8mCwliHIRmylrfeIUtsEu0P8hbQ=">AAACEnicbVDJSgNBEO2JW4zbqEcvjUFIMIYZkehFCPHicQSzQCYJPZ1K0qRnobsnEIZ8gxd/xYsHRbx68ubf2FkOGn1Q8Hiviqp6XsSZVJb1ZaRWVtfWN9Kbma3tnd09c/+gJsNYUKjSkIei4REJnAVQVUxxaEQCiO9xqHvDm6lfH4GQLAzu1TiClk/6AesxSpSWOmbeabt+jK+xW2H9HHbapwWnfVbA7gho4kzabgQimnr5jpm1itYM+C+xFySLFnA65qfbDWnsQ6AoJ1I2bStSrYQIxSiHScaNJUSEDkkfmpoGxAfZSmYvTfCJVrq4FwpdgcIz9edEQnwpx76nO32iBnLZm4r/ec1Y9a5aCQuiWEFA54t6MccqxNN8cJcJoIqPNSFUMH0rpgMiCFU6xYwOwV5++S+pnRftUrF0d5EtVxZxpNEROkY5ZKNLVEa3yEFVRNEDekIv6NV4NJ6NN+N93poyFjOH6BeMj295dJuF</latexit>

Pµ =
(
P+, P→, ωP↑

)
<latexit sha1_base64="Xx2kiyIXd1r2S9CIcSdznpZ4aNs=">AAAB73icbVBNSwMxEJ2tX7V+rXr0EiyCp7IrUr0IRS8eK9gPaNeSTbNtaJJdk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL0w408bzvp3Cyura+kZxs7S1vbO75+4fNHWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKRzdTv/VElWaxvDfjhAYCDySLGMHGSu36Q1ek6Ar13LJX8WZAy8TPSRly1HvuV7cfk1RQaQjHWnd8LzFBhpVhhNNJqZtqmmAywgPasVRiQXWQze6doBOr9FEUK1vSoJn6eyLDQuuxCG2nwGaoF72p+J/XSU10GWRMJqmhkswXRSlHJkbT51GfKUoMH1uCiWL2VkSGWGFibEQlG4K/+PIyaZ5V/Gqlenderl3ncRThCI7hFHy4gBrcQh0aQIDDM7zCm/PovDjvzse8teDkM4fwB87nD+dxjz4=</latexit>

Pµ =
<latexit sha1_base64="M+ET7M4tGpVPlfj2UBcxHpjhlKE=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahgpSkSnUjFN24jGAf0KZlMp20QyeTMDMRSujGjb/ixoUibv0Hd/6NkzYLbT0wl8M593LnHi9iVCrL+jZyS8srq2v59cLG5tb2jrm715BhLDCp45CFouUhSRjlpK6oYqQVCYICj5GmN7pJ/eYDEZKG/F6NI+IGaMCpTzFSWuqZh063E8TwCpacrnUKna6dlkpazk56ZtEqW1PARWJnpAgyOD3zq9MPcRwQrjBDUrZtK1JugoSimJFJoRNLEiE8QgPS1pSjgEg3mV4xgcda6UM/FPpxBafq74kEBVKOA093BkgN5byXiv957Vj5l25CeRQrwvFskR8zqEKYRgL7VBCs2FgThAXVf4V4iATCSgdX0CHY8ycvkkalbFfL1bvzYu06iyMPDsARKAEbXIAauAUOqAMMHsEzeAVvxpPxYrwbH7PWnJHN7IM/MD5/AMJQlOo=</latexit>

Pµ = (P 0, P 1, P 2, P 3)
<latexit sha1_base64="8mCwliHIRmylrfeIUtsEu0P8hbQ=">AAACEnicbVDJSgNBEO2JW4zbqEcvjUFIMIYZkehFCPHicQSzQCYJPZ1K0qRnobsnEIZ8gxd/xYsHRbx68ubf2FkOGn1Q8Hiviqp6XsSZVJb1ZaRWVtfWN9Kbma3tnd09c/+gJsNYUKjSkIei4REJnAVQVUxxaEQCiO9xqHvDm6lfH4GQLAzu1TiClk/6AesxSpSWOmbeabt+jK+xW2H9HHbapwWnfVbA7gho4kzabgQimnr5jpm1itYM+C+xFySLFnA65qfbDWnsQ6AoJ1I2bStSrYQIxSiHScaNJUSEDkkfmpoGxAfZSmYvTfCJVrq4FwpdgcIz9edEQnwpx76nO32iBnLZm4r/ec1Y9a5aCQuiWEFA54t6MccqxNN8cJcJoIqPNSFUMH0rpgMiCFU6xYwOwV5++S+pnRftUrF0d5EtVxZxpNEROkY5ZKNLVEa3yEFVRNEDekIv6NV4NJ6NN+N93poyFjOH6BeMj295dJuF</latexit>

Pµ =
(
P+, P→, ωP↑

)<latexit sha1_base64="8mCwliHIRmylrfeIUtsEu0P8hbQ=">AAACEnicbVDJSgNBEO2JW4zbqEcvjUFIMIYZkehFCPHicQSzQCYJPZ1K0qRnobsnEIZ8gxd/xYsHRbx68ubf2FkOGn1Q8Hiviqp6XsSZVJb1ZaRWVtfWN9Kbma3tnd09c/+gJsNYUKjSkIei4REJnAVQVUxxaEQCiO9xqHvDm6lfH4GQLAzu1TiClk/6AesxSpSWOmbeabt+jK+xW2H9HHbapwWnfVbA7gho4kzabgQimnr5jpm1itYM+C+xFySLFnA65qfbDWnsQ6AoJ1I2bStSrYQIxSiHScaNJUSEDkkfmpoGxAfZSmYvTfCJVrq4FwpdgcIz9edEQnwpx76nO32iBnLZm4r/ec1Y9a5aCQuiWEFA54t6MccqxNN8cJcJoIqPNSFUMH0rpgMiCFU6xYwOwV5++S+pnRftUrF0d5EtVxZxpNEROkY5ZKNLVEa3yEFVRNEDekIv6NV4NJ6NN+N93poyFjOH6BeMj295dJuF</latexit>
Pµ =

(
P+, P→, ωP↑

)

<latexit sha1_base64="1N8E/ebF1n3tGbmgI8UjV0G/CNE=">AAACG3icbVDLSgMxFM34rPVVdekmWARBKDNFqhuh6MaNUME+oNOWTHrbhmYyY5IplLH/4cZfceNCEVeCC//GtJ1FbT0QOJxzLjf3eCFnStv2j7W0vLK6tp7aSG9ube/sZvb2KyqIJIUyDXggax5RwJmAsmaaQy2UQHyPQ9XrX4/96gCkYoG418MQGj7pCtZhlGgjtTL5UtN+dEPFXElElwO+xK56kDq+beZP3QHQuDRq5kezkVYma+fsCfAicRKSRQlKrcyX2w5o5IPQlBOl6o4d6kZMpGaUwyjtRgpCQvukC3VDBfFBNeLJbSN8bJQ27gTSPKHxRJ2diImv1ND3TNInuqfmvbH4n1ePdOeiETMRRhoEnS7qRBzrAI+Lwm0mgWo+NIRQycxfMe0RSag2daZNCc78yYukks85hVzh7ixbvErqSKFDdIROkIPOURHdoBIqI4qe0At6Q+/Ws/VqfVif0+iSlcwcoD+wvn8BMcShjw==</latexit>

P 0|ω→ =
√
M2 + εP 2|ω→

<latexit sha1_base64="ZbHxOZAD8+sQL+lbpofpfXIkpJo=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0GwMewGiTZC0MZGiGAekE3C7OQmGTI7u8zMCmFNbeOv2FgoYusX2Pk3Th5FTDxw4XDOvdx7jx9xprTj/FippeWV1bX0emZjc2t7x97dq6gwlhTKNOShrPlEAWcCypppDrVIAgl8DlW/fz3yqw8gFQvFvR5E0AhIV7AOo0QbqWUflpqnj16kmCeJ6HLAl/i2mZ9VWnbWyTlj4EXiTkkWTVFq2d9eO6RxAEJTTpSqu06kGwmRmlEOw4wXK4gI7ZMu1A0VJADVSMavDPGxUdq4E0pTQuOxOjuRkECpQeCbzoDonpr3RuJ/Xj3WnYtGwkQUaxB0sqgTc6xDPMoFt5kEqvnAEEIlM7di2iOSUG3Sy5gQ3PmXF0kln3MLucLdWbZ4NY0jjQ7QETpBLjpHRXSDSqiMKHpCL+gNvVvP1qv1YX1OWlPWdGYf/YH19Qt5epon</latexit>

P→|ω→ = M2|ω→

Energy-Momentum Four Vector

<latexit sha1_base64="JT8ARgA8caDC68kUWtDADqBytXU=">AAACCnicbVDJSgNBEO2JW4xb1KOX1iBEJGEmSPQiBL14EUYwCySZ0NOpSZr0LHT3BMKQsxd/xYsHRbz6Bd78GzvLQaMPCh7vVVFVz404k8o0v4zU0vLK6lp6PbOxubW9k93dq8kwFhSqNOShaLhEAmcBVBVTHBqRAOK7HOru4Hri14cgJAuDezWKoO2TXsA8RonSUid7aDsFbDunuIDzrSHQxB47rQhEdOKU8CW+dUqdbM4smlPgv8Sakxyaw+5kP1vdkMY+BIpyImXTMiPVTohQjHIYZ1qxhIjQAelBU9OA+CDbyfSVMT7WShd7odAVKDxVf04kxJdy5Lu60yeqLxe9ifif14yVd9FOWBDFCgI6W+TFHKsQT3LBXSaAKj7ShFDB9K2Y9okgVOn0MjoEa/Hlv6RWKlrlYvnuLFe5mseRRgfoCOWRhc5RBd0gG1URRQ/oCb2gV+PReDbejPdZa8qYz+yjXzA+vgHHgpfP</latexit>

P→P+ → (ωP↑)2 = M2
<latexit sha1_base64="3Bdquyl78QKIIrCF0GpwO79hB38=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHqwpIUqW6Eohs3QgT7gDYtk+mkHTqZhJlJoYQu3Pgrblwo4taPcOffOGmz0NYDF86ccy9z7/EiRqWyrG9jZXVtfWMzt5Xf3tnd2zcPDhsyjAUmdRyyULQ8JAmjnNQVVYy0IkFQ4DHS9EY3qd8cEyFpyB/UJCJugAac+hQjpaWeWSg5Xeu0W4FnsNQZE5w40/R1Be+6lZ5ZtMrWDHCZ2BkpggxOz/zq9EMcB4QrzJCUbduKlJsgoShmZJrvxJJECI/QgLQ15Sgg0k1mR0zhiVb60A+FLq7gTP09kaBAykng6c4AqaFc9FLxP68dK//STSiPYkU4nn/kxwyqEKaJwD4VBCs20QRhQfWuEA+RQFjp3PI6BHvx5GXSqJTtarl6f16sXWdx5EABHIMSsMEFqIFb4IA6wOARPINX8GY8GS/Gu/Exb10xspkj8AfG5w/W9pUN</latexit>

(P 0)2 → (ωP )2 = M2
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Instant Form Front Form

<latexit sha1_base64="Xx2kiyIXd1r2S9CIcSdznpZ4aNs=">AAAB73icbVBNSwMxEJ2tX7V+rXr0EiyCp7IrUr0IRS8eK9gPaNeSTbNtaJJdk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL0w408bzvp3Cyura+kZxs7S1vbO75+4fNHWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKRzdTv/VElWaxvDfjhAYCDySLGMHGSu36Q1ek6Ar13LJX8WZAy8TPSRly1HvuV7cfk1RQaQjHWnd8LzFBhpVhhNNJqZtqmmAywgPasVRiQXWQze6doBOr9FEUK1vSoJn6eyLDQuuxCG2nwGaoF72p+J/XSU10GWRMJqmhkswXRSlHJkbT51GfKUoMH1uCiWL2VkSGWGFibEQlG4K/+PIyaZ5V/Gqlenderl3ncRThCI7hFHy4gBrcQh0aQIDDM7zCm/PovDjvzse8teDkM4fwB87nD+dxjz4=</latexit>

Pµ =
<latexit sha1_base64="8mCwliHIRmylrfeIUtsEu0P8hbQ=">AAACEnicbVDJSgNBEO2JW4zbqEcvjUFIMIYZkehFCPHicQSzQCYJPZ1K0qRnobsnEIZ8gxd/xYsHRbx68ubf2FkOGn1Q8Hiviqp6XsSZVJb1ZaRWVtfWN9Kbma3tnd09c/+gJsNYUKjSkIei4REJnAVQVUxxaEQCiO9xqHvDm6lfH4GQLAzu1TiClk/6AesxSpSWOmbeabt+jK+xW2H9HHbapwWnfVbA7gho4kzabgQimnr5jpm1itYM+C+xFySLFnA65qfbDWnsQ6AoJ1I2bStSrYQIxSiHScaNJUSEDkkfmpoGxAfZSmYvTfCJVrq4FwpdgcIz9edEQnwpx76nO32iBnLZm4r/ec1Y9a5aCQuiWEFA54t6MccqxNN8cJcJoIqPNSFUMH0rpgMiCFU6xYwOwV5++S+pnRftUrF0d5EtVxZxpNEROkY5ZKNLVEa3yEFVRNEDekIv6NV4NJ6NN+N93poyFjOH6BeMj295dJuF</latexit>

Pµ =
(
P+, P→, ωP↑

)
<latexit sha1_base64="Xx2kiyIXd1r2S9CIcSdznpZ4aNs=">AAAB73icbVBNSwMxEJ2tX7V+rXr0EiyCp7IrUr0IRS8eK9gPaNeSTbNtaJJdk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL0w408bzvp3Cyura+kZxs7S1vbO75+4fNHWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKRzdTv/VElWaxvDfjhAYCDySLGMHGSu36Q1ek6Ar13LJX8WZAy8TPSRly1HvuV7cfk1RQaQjHWnd8LzFBhpVhhNNJqZtqmmAywgPasVRiQXWQze6doBOr9FEUK1vSoJn6eyLDQuuxCG2nwGaoF72p+J/XSU10GWRMJqmhkswXRSlHJkbT51GfKUoMH1uCiWL2VkSGWGFibEQlG4K/+PIyaZ5V/Gqlenderl3ncRThCI7hFHy4gBrcQh0aQIDDM7zCm/PovDjvzse8teDkM4fwB87nD+dxjz4=</latexit>

Pµ =
<latexit sha1_base64="M+ET7M4tGpVPlfj2UBcxHpjhlKE=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahgpSkSnUjFN24jGAf0KZlMp20QyeTMDMRSujGjb/ixoUibv0Hd/6NkzYLbT0wl8M593LnHi9iVCrL+jZyS8srq2v59cLG5tb2jrm715BhLDCp45CFouUhSRjlpK6oYqQVCYICj5GmN7pJ/eYDEZKG/F6NI+IGaMCpTzFSWuqZh063E8TwCpacrnUKna6dlkpazk56ZtEqW1PARWJnpAgyOD3zq9MPcRwQrjBDUrZtK1JugoSimJFJoRNLEiE8QgPS1pSjgEg3mV4xgcda6UM/FPpxBafq74kEBVKOA093BkgN5byXiv957Vj5l25CeRQrwvFskR8zqEKYRgL7VBCs2FgThAXVf4V4iATCSgdX0CHY8ycvkkalbFfL1bvzYu06iyMPDsARKAEbXIAauAUOqAMMHsEzeAVvxpPxYrwbH7PWnJHN7IM/MD5/AMJQlOo=</latexit>

Pµ = (P 0, P 1, P 2, P 3)
<latexit sha1_base64="8mCwliHIRmylrfeIUtsEu0P8hbQ=">AAACEnicbVDJSgNBEO2JW4zbqEcvjUFIMIYZkehFCPHicQSzQCYJPZ1K0qRnobsnEIZ8gxd/xYsHRbx68ubf2FkOGn1Q8Hiviqp6XsSZVJb1ZaRWVtfWN9Kbma3tnd09c/+gJsNYUKjSkIei4REJnAVQVUxxaEQCiO9xqHvDm6lfH4GQLAzu1TiClk/6AesxSpSWOmbeabt+jK+xW2H9HHbapwWnfVbA7gho4kzabgQimnr5jpm1itYM+C+xFySLFnA65qfbDWnsQ6AoJ1I2bStSrYQIxSiHScaNJUSEDkkfmpoGxAfZSmYvTfCJVrq4FwpdgcIz9edEQnwpx76nO32iBnLZm4r/ec1Y9a5aCQuiWEFA54t6MccqxNN8cJcJoIqPNSFUMH0rpgMiCFU6xYwOwV5++S+pnRftUrF0d5EtVxZxpNEROkY5ZKNLVEa3yEFVRNEDekIv6NV4NJ6NN+N93poyFjOH6BeMj295dJuF</latexit>

Pµ =
(
P+, P→, ωP↑

)<latexit sha1_base64="8mCwliHIRmylrfeIUtsEu0P8hbQ=">AAACEnicbVDJSgNBEO2JW4zbqEcvjUFIMIYZkehFCPHicQSzQCYJPZ1K0qRnobsnEIZ8gxd/xYsHRbx68ubf2FkOGn1Q8Hiviqp6XsSZVJb1ZaRWVtfWN9Kbma3tnd09c/+gJsNYUKjSkIei4REJnAVQVUxxaEQCiO9xqHvDm6lfH4GQLAzu1TiClk/6AesxSpSWOmbeabt+jK+xW2H9HHbapwWnfVbA7gho4kzabgQimnr5jpm1itYM+C+xFySLFnA65qfbDWnsQ6AoJ1I2bStSrYQIxSiHScaNJUSEDkkfmpoGxAfZSmYvTfCJVrq4FwpdgcIz9edEQnwpx76nO32iBnLZm4r/ec1Y9a5aCQuiWEFA54t6MccqxNN8cJcJoIqPNSFUMH0rpgMiCFU6xYwOwV5++S+pnRftUrF0d5EtVxZxpNEROkY5ZKNLVEa3yEFVRNEDekIv6NV4NJ6NN+N93poyFjOH6BeMj295dJuF</latexit>
Pµ =

(
P+, P→, ωP↑

)

<latexit sha1_base64="1N8E/ebF1n3tGbmgI8UjV0G/CNE=">AAACG3icbVDLSgMxFM34rPVVdekmWARBKDNFqhuh6MaNUME+oNOWTHrbhmYyY5IplLH/4cZfceNCEVeCC//GtJ1FbT0QOJxzLjf3eCFnStv2j7W0vLK6tp7aSG9ube/sZvb2KyqIJIUyDXggax5RwJmAsmaaQy2UQHyPQ9XrX4/96gCkYoG418MQGj7pCtZhlGgjtTL5UtN+dEPFXElElwO+xK56kDq+beZP3QHQuDRq5kezkVYma+fsCfAicRKSRQlKrcyX2w5o5IPQlBOl6o4d6kZMpGaUwyjtRgpCQvukC3VDBfFBNeLJbSN8bJQ27gTSPKHxRJ2diImv1ND3TNInuqfmvbH4n1ePdOeiETMRRhoEnS7qRBzrAI+Lwm0mgWo+NIRQycxfMe0RSag2daZNCc78yYukks85hVzh7ixbvErqSKFDdIROkIPOURHdoBIqI4qe0At6Q+/Ws/VqfVif0+iSlcwcoD+wvn8BMcShjw==</latexit>

P 0|ω→ =
√
M2 + εP 2|ω→

<latexit sha1_base64="ZbHxOZAD8+sQL+lbpofpfXIkpJo=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0GwMewGiTZC0MZGiGAekE3C7OQmGTI7u8zMCmFNbeOv2FgoYusX2Pk3Th5FTDxw4XDOvdx7jx9xprTj/FippeWV1bX0emZjc2t7x97dq6gwlhTKNOShrPlEAWcCypppDrVIAgl8DlW/fz3yqw8gFQvFvR5E0AhIV7AOo0QbqWUflpqnj16kmCeJ6HLAl/i2mZ9VWnbWyTlj4EXiTkkWTVFq2d9eO6RxAEJTTpSqu06kGwmRmlEOw4wXK4gI7ZMu1A0VJADVSMavDPGxUdq4E0pTQuOxOjuRkECpQeCbzoDonpr3RuJ/Xj3WnYtGwkQUaxB0sqgTc6xDPMoFt5kEqvnAEEIlM7di2iOSUG3Sy5gQ3PmXF0kln3MLucLdWbZ4NY0jjQ7QETpBLjpHRXSDSqiMKHpCL+gNvVvP1qv1YX1OWlPWdGYf/YH19Qt5epon</latexit>

P→|ω→ = M2|ω→

Energy-Momentum Four Vector

<latexit sha1_base64="JT8ARgA8caDC68kUWtDADqBytXU=">AAACCnicbVDJSgNBEO2JW4xb1KOX1iBEJGEmSPQiBL14EUYwCySZ0NOpSZr0LHT3BMKQsxd/xYsHRbz6Bd78GzvLQaMPCh7vVVFVz404k8o0v4zU0vLK6lp6PbOxubW9k93dq8kwFhSqNOShaLhEAmcBVBVTHBqRAOK7HOru4Hri14cgJAuDezWKoO2TXsA8RonSUid7aDsFbDunuIDzrSHQxB47rQhEdOKU8CW+dUqdbM4smlPgv8Sakxyaw+5kP1vdkMY+BIpyImXTMiPVTohQjHIYZ1qxhIjQAelBU9OA+CDbyfSVMT7WShd7odAVKDxVf04kxJdy5Lu60yeqLxe9ifif14yVd9FOWBDFCgI6W+TFHKsQT3LBXSaAKj7ShFDB9K2Y9okgVOn0MjoEa/Hlv6RWKlrlYvnuLFe5mseRRgfoCOWRhc5RBd0gG1URRQ/oCb2gV+PReDbejPdZa8qYz+yjXzA+vgHHgpfP</latexit>

P→P+ → (ωP↑)2 = M2
<latexit sha1_base64="3Bdquyl78QKIIrCF0GpwO79hB38=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHqwpIUqW6Eohs3QgT7gDYtk+mkHTqZhJlJoYQu3Pgrblwo4taPcOffOGmz0NYDF86ccy9z7/EiRqWyrG9jZXVtfWMzt5Xf3tnd2zcPDhsyjAUmdRyyULQ8JAmjnNQVVYy0IkFQ4DHS9EY3qd8cEyFpyB/UJCJugAac+hQjpaWeWSg5Xeu0W4FnsNQZE5w40/R1Be+6lZ5ZtMrWDHCZ2BkpggxOz/zq9EMcB4QrzJCUbduKlJsgoShmZJrvxJJECI/QgLQ15Sgg0k1mR0zhiVb60A+FLq7gTP09kaBAykng6c4AqaFc9FLxP68dK//STSiPYkU4nn/kxwyqEKaJwD4VBCs20QRhQfWuEA+RQFjp3PI6BHvx5GXSqJTtarl6f16sXWdx5EABHIMSsMEFqIFb4IA6wOARPINX8GY8GS/Gu/Exb10xspkj8AfG5w/W9pUN</latexit>

(P 0)2 → (ωP )2 = M2

<latexit sha1_base64="zvop8+U6Aan82UfjknabMVb3f7w=">AAACCHicbVC7SgNBFL3rM8ZX1NLCwSBYhd0g0UYI2qQRIpgHZNcwO5lNhszOLjOzQlhT2vgrNhaK2PoJdv6Nk0cREw9cOJxzL/fe48ecKW3bP9bS8srq2npmI7u5tb2zm9vbr6sokYTWSMQj2fSxopwJWtNMc9qMJcWhz2nD71+P/MYDlYpF4k4PYuqFuCtYwAjWRmrnjiqPbqyYK7Hocoou0c19cVZp5/J2wR4DLRJnSvIwRbWd+3Y7EUlCKjThWKmWY8faS7HUjHA6zLqJojEmfdylLUMFDqny0vEjQ3RilA4KImlKaDRWZydSHCo1CH3TGWLdU/PeSPzPayU6uPBSJuJEU0Emi4KEIx2hUSqowyQlmg8MwUQycysiPSwx0Sa7rAnBmX95kdSLBadUKN2e5ctX0zgycAjHcAoOnEMZKlCFGhB4ghd4g3fr2Xq1PqzPSeuSNZ05gD+wvn4BPeeZgA==</latexit>

H|ω→ = M
2|ω→
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Instant Form Front Form

<latexit sha1_base64="Xx2kiyIXd1r2S9CIcSdznpZ4aNs=">AAAB73icbVBNSwMxEJ2tX7V+rXr0EiyCp7IrUr0IRS8eK9gPaNeSTbNtaJJdk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL0w408bzvp3Cyura+kZxs7S1vbO75+4fNHWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKRzdTv/VElWaxvDfjhAYCDySLGMHGSu36Q1ek6Ar13LJX8WZAy8TPSRly1HvuV7cfk1RQaQjHWnd8LzFBhpVhhNNJqZtqmmAywgPasVRiQXWQze6doBOr9FEUK1vSoJn6eyLDQuuxCG2nwGaoF72p+J/XSU10GWRMJqmhkswXRSlHJkbT51GfKUoMH1uCiWL2VkSGWGFibEQlG4K/+PIyaZ5V/Gqlenderl3ncRThCI7hFHy4gBrcQh0aQIDDM7zCm/PovDjvzse8teDkM4fwB87nD+dxjz4=</latexit>

Pµ =
<latexit sha1_base64="8mCwliHIRmylrfeIUtsEu0P8hbQ=">AAACEnicbVDJSgNBEO2JW4zbqEcvjUFIMIYZkehFCPHicQSzQCYJPZ1K0qRnobsnEIZ8gxd/xYsHRbx68ubf2FkOGn1Q8Hiviqp6XsSZVJb1ZaRWVtfWN9Kbma3tnd09c/+gJsNYUKjSkIei4REJnAVQVUxxaEQCiO9xqHvDm6lfH4GQLAzu1TiClk/6AesxSpSWOmbeabt+jK+xW2H9HHbapwWnfVbA7gho4kzabgQimnr5jpm1itYM+C+xFySLFnA65qfbDWnsQ6AoJ1I2bStSrYQIxSiHScaNJUSEDkkfmpoGxAfZSmYvTfCJVrq4FwpdgcIz9edEQnwpx76nO32iBnLZm4r/ec1Y9a5aCQuiWEFA54t6MccqxNN8cJcJoIqPNSFUMH0rpgMiCFU6xYwOwV5++S+pnRftUrF0d5EtVxZxpNEROkY5ZKNLVEa3yEFVRNEDekIv6NV4NJ6NN+N93poyFjOH6BeMj295dJuF</latexit>

Pµ =
(
P+, P→, ωP↑

)
<latexit sha1_base64="Xx2kiyIXd1r2S9CIcSdznpZ4aNs=">AAAB73icbVBNSwMxEJ2tX7V+rXr0EiyCp7IrUr0IRS8eK9gPaNeSTbNtaJJdk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL0w408bzvp3Cyura+kZxs7S1vbO75+4fNHWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKRzdTv/VElWaxvDfjhAYCDySLGMHGSu36Q1ek6Ar13LJX8WZAy8TPSRly1HvuV7cfk1RQaQjHWnd8LzFBhpVhhNNJqZtqmmAywgPasVRiQXWQze6doBOr9FEUK1vSoJn6eyLDQuuxCG2nwGaoF72p+J/XSU10GWRMJqmhkswXRSlHJkbT51GfKUoMH1uCiWL2VkSGWGFibEQlG4K/+PIyaZ5V/Gqlenderl3ncRThCI7hFHy4gBrcQh0aQIDDM7zCm/PovDjvzse8teDkM4fwB87nD+dxjz4=</latexit>

Pµ =
<latexit sha1_base64="M+ET7M4tGpVPlfj2UBcxHpjhlKE=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahgpSkSnUjFN24jGAf0KZlMp20QyeTMDMRSujGjb/ixoUibv0Hd/6NkzYLbT0wl8M593LnHi9iVCrL+jZyS8srq2v59cLG5tb2jrm715BhLDCp45CFouUhSRjlpK6oYqQVCYICj5GmN7pJ/eYDEZKG/F6NI+IGaMCpTzFSWuqZh063E8TwCpacrnUKna6dlkpazk56ZtEqW1PARWJnpAgyOD3zq9MPcRwQrjBDUrZtK1JugoSimJFJoRNLEiE8QgPS1pSjgEg3mV4xgcda6UM/FPpxBafq74kEBVKOA093BkgN5byXiv957Vj5l25CeRQrwvFskR8zqEKYRgL7VBCs2FgThAXVf4V4iATCSgdX0CHY8ycvkkalbFfL1bvzYu06iyMPDsARKAEbXIAauAUOqAMMHsEzeAVvxpPxYrwbH7PWnJHN7IM/MD5/AMJQlOo=</latexit>

Pµ = (P 0, P 1, P 2, P 3)
<latexit sha1_base64="8mCwliHIRmylrfeIUtsEu0P8hbQ=">AAACEnicbVDJSgNBEO2JW4zbqEcvjUFIMIYZkehFCPHicQSzQCYJPZ1K0qRnobsnEIZ8gxd/xYsHRbx68ubf2FkOGn1Q8Hiviqp6XsSZVJb1ZaRWVtfWN9Kbma3tnd09c/+gJsNYUKjSkIei4REJnAVQVUxxaEQCiO9xqHvDm6lfH4GQLAzu1TiClk/6AesxSpSWOmbeabt+jK+xW2H9HHbapwWnfVbA7gho4kzabgQimnr5jpm1itYM+C+xFySLFnA65qfbDWnsQ6AoJ1I2bStSrYQIxSiHScaNJUSEDkkfmpoGxAfZSmYvTfCJVrq4FwpdgcIz9edEQnwpx76nO32iBnLZm4r/ec1Y9a5aCQuiWEFA54t6MccqxNN8cJcJoIqPNSFUMH0rpgMiCFU6xYwOwV5++S+pnRftUrF0d5EtVxZxpNEROkY5ZKNLVEa3yEFVRNEDekIv6NV4NJ6NN+N93poyFjOH6BeMj295dJuF</latexit>

Pµ =
(
P+, P→, ωP↑

)<latexit sha1_base64="8mCwliHIRmylrfeIUtsEu0P8hbQ=">AAACEnicbVDJSgNBEO2JW4zbqEcvjUFIMIYZkehFCPHicQSzQCYJPZ1K0qRnobsnEIZ8gxd/xYsHRbx68ubf2FkOGn1Q8Hiviqp6XsSZVJb1ZaRWVtfWN9Kbma3tnd09c/+gJsNYUKjSkIei4REJnAVQVUxxaEQCiO9xqHvDm6lfH4GQLAzu1TiClk/6AesxSpSWOmbeabt+jK+xW2H9HHbapwWnfVbA7gho4kzabgQimnr5jpm1itYM+C+xFySLFnA65qfbDWnsQ6AoJ1I2bStSrYQIxSiHScaNJUSEDkkfmpoGxAfZSmYvTfCJVrq4FwpdgcIz9edEQnwpx76nO32iBnLZm4r/ec1Y9a5aCQuiWEFA54t6MccqxNN8cJcJoIqPNSFUMH0rpgMiCFU6xYwOwV5++S+pnRftUrF0d5EtVxZxpNEROkY5ZKNLVEa3yEFVRNEDekIv6NV4NJ6NN+N93poyFjOH6BeMj295dJuF</latexit>
Pµ =

(
P+, P→, ωP↑

)

<latexit sha1_base64="1N8E/ebF1n3tGbmgI8UjV0G/CNE=">AAACG3icbVDLSgMxFM34rPVVdekmWARBKDNFqhuh6MaNUME+oNOWTHrbhmYyY5IplLH/4cZfceNCEVeCC//GtJ1FbT0QOJxzLjf3eCFnStv2j7W0vLK6tp7aSG9ube/sZvb2KyqIJIUyDXggax5RwJmAsmaaQy2UQHyPQ9XrX4/96gCkYoG418MQGj7pCtZhlGgjtTL5UtN+dEPFXElElwO+xK56kDq+beZP3QHQuDRq5kezkVYma+fsCfAicRKSRQlKrcyX2w5o5IPQlBOl6o4d6kZMpGaUwyjtRgpCQvukC3VDBfFBNeLJbSN8bJQ27gTSPKHxRJ2diImv1ND3TNInuqfmvbH4n1ePdOeiETMRRhoEnS7qRBzrAI+Lwm0mgWo+NIRQycxfMe0RSag2daZNCc78yYukks85hVzh7ixbvErqSKFDdIROkIPOURHdoBIqI4qe0At6Q+/Ws/VqfVif0+iSlcwcoD+wvn8BMcShjw==</latexit>

P 0|ω→ =
√
M2 + εP 2|ω→

<latexit sha1_base64="ZbHxOZAD8+sQL+lbpofpfXIkpJo=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0GwMewGiTZC0MZGiGAekE3C7OQmGTI7u8zMCmFNbeOv2FgoYusX2Pk3Th5FTDxw4XDOvdx7jx9xprTj/FippeWV1bX0emZjc2t7x97dq6gwlhTKNOShrPlEAWcCypppDrVIAgl8DlW/fz3yqw8gFQvFvR5E0AhIV7AOo0QbqWUflpqnj16kmCeJ6HLAl/i2mZ9VWnbWyTlj4EXiTkkWTVFq2d9eO6RxAEJTTpSqu06kGwmRmlEOw4wXK4gI7ZMu1A0VJADVSMavDPGxUdq4E0pTQuOxOjuRkECpQeCbzoDonpr3RuJ/Xj3WnYtGwkQUaxB0sqgTc6xDPMoFt5kEqvnAEEIlM7di2iOSUG3Sy5gQ3PmXF0kln3MLucLdWbZ4NY0jjQ7QETpBLjpHRXSDSqiMKHpCL+gNvVvP1qv1YX1OWlPWdGYf/YH19Qt5epon</latexit>

P→|ω→ = M2|ω→

Energy-Momentum Four Vector

<latexit sha1_base64="JT8ARgA8caDC68kUWtDADqBytXU=">AAACCnicbVDJSgNBEO2JW4xb1KOX1iBEJGEmSPQiBL14EUYwCySZ0NOpSZr0LHT3BMKQsxd/xYsHRbz6Bd78GzvLQaMPCh7vVVFVz404k8o0v4zU0vLK6lp6PbOxubW9k93dq8kwFhSqNOShaLhEAmcBVBVTHBqRAOK7HOru4Hri14cgJAuDezWKoO2TXsA8RonSUid7aDsFbDunuIDzrSHQxB47rQhEdOKU8CW+dUqdbM4smlPgv8Sakxyaw+5kP1vdkMY+BIpyImXTMiPVTohQjHIYZ1qxhIjQAelBU9OA+CDbyfSVMT7WShd7odAVKDxVf04kxJdy5Lu60yeqLxe9ifif14yVd9FOWBDFCgI6W+TFHKsQT3LBXSaAKj7ShFDB9K2Y9okgVOn0MjoEa/Hlv6RWKlrlYvnuLFe5mseRRgfoCOWRhc5RBd0gG1URRQ/oCb2gV+PReDbejPdZa8qYz+yjXzA+vgHHgpfP</latexit>

P→P+ → (ωP↑)2 = M2
<latexit sha1_base64="3Bdquyl78QKIIrCF0GpwO79hB38=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHqwpIUqW6Eohs3QgT7gDYtk+mkHTqZhJlJoYQu3Pgrblwo4taPcOffOGmz0NYDF86ccy9z7/EiRqWyrG9jZXVtfWMzt5Xf3tnd2zcPDhsyjAUmdRyyULQ8JAmjnNQVVYy0IkFQ4DHS9EY3qd8cEyFpyB/UJCJugAac+hQjpaWeWSg5Xeu0W4FnsNQZE5w40/R1Be+6lZ5ZtMrWDHCZ2BkpggxOz/zq9EMcB4QrzJCUbduKlJsgoShmZJrvxJJECI/QgLQ15Sgg0k1mR0zhiVb60A+FLq7gTP09kaBAykng6c4AqaFc9FLxP68dK//STSiPYkU4nn/kxwyqEKaJwD4VBCs20QRhQfWuEA+RQFjp3PI6BHvx5GXSqJTtarl6f16sXWdx5EABHIMSsMEFqIFb4IA6wOARPINX8GY8GS/Gu/Exb10xspkj8AfG5w/W9pUN</latexit>

(P 0)2 → (ωP )2 = M2

<latexit sha1_base64="zvop8+U6Aan82UfjknabMVb3f7w=">AAACCHicbVC7SgNBFL3rM8ZX1NLCwSBYhd0g0UYI2qQRIpgHZNcwO5lNhszOLjOzQlhT2vgrNhaK2PoJdv6Nk0cREw9cOJxzL/fe48ecKW3bP9bS8srq2npmI7u5tb2zm9vbr6sokYTWSMQj2fSxopwJWtNMc9qMJcWhz2nD71+P/MYDlYpF4k4PYuqFuCtYwAjWRmrnjiqPbqyYK7Hocoou0c19cVZp5/J2wR4DLRJnSvIwRbWd+3Y7EUlCKjThWKmWY8faS7HUjHA6zLqJojEmfdylLUMFDqny0vEjQ3RilA4KImlKaDRWZydSHCo1CH3TGWLdU/PeSPzPayU6uPBSJuJEU0Emi4KEIx2hUSqowyQlmg8MwUQycysiPSwx0Sa7rAnBmX95kdSLBadUKN2e5ctX0zgycAjHcAoOnEMZKlCFGhB4ghd4g3fr2Xq1PqzPSeuSNZ05gD+wvn4BPeeZgA==</latexit>

H|ω→ = M
2|ω→

u

u

dEigenvectors             wavefunctions of bound states

Eigenvalues                      of bound states

<latexit sha1_base64="KKfasBhfdY6yjXPbwp4Pm9TWxyw=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqseiF48V7Ae0oWy2m3TpZjfsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgoQzDa77bZXW1jc2t8rblZ3dvf0D+/Coo2WqCG0TyaXqBVhTzgRtAwNOe4miOA447QaTm5nffaBKMynuIUuoH+NIsJARDEYa2tUBlyLiNATFojFgpeTj0K65dXcOZ5V4BamhAq2h/TUYSZLGVADhWOu+5ybg51gBI5xOK4NU0wSTCY5o31CBY6r9fH781Dk1ysgJpTIlwJmrvydyHGudxYHpjDGM9bI3E//z+imEV37ORJICFWSxKEy5A9KZJeGMmKIEeGYIJoqZWx0yxgoTMHlVTAje8surpHNe9xr1xt1FrXldxFFGx+gEnSEPXaImukUt1EYEZegZvaI368l6sd6tj0VrySpmqugPrM8frP2VdA==</latexit>→↑
<latexit sha1_base64="XRlFAvg3WCDyooKCmCkU91Gz+Zw=">AAACAHicbVA9SwNBEN3zM8avUwsLm8UgWIW7INEyaGMjRDAfkJxhb7OXLNnbPXbnlBDS+FdsLBSx9WfY+W/cJFdo4oOBx3szzMwLE8ENeN63s7S8srq2ntvIb25t7+y6e/t1o1JNWY0qoXQzJIYJLlkNOAjWTDQjcShYIxxcTfzGA9OGK3kHw4QFMelJHnFKwEod97AtlOwJFoHmvT4QrdUjvrkvddyCV/SmwIvEz0gBZah23K92V9E0ZhKoIMa0fC+BYEQ0cCrYON9ODUsIHZAea1kqScxMMJo+MMYnVuniSGlbEvBU/T0xIrExwzi0nTGBvpn3JuJ/XiuF6CIYcZmkwCSdLYpSgUHhSRq4yzWjIIaWEKq5vRXTPtGEgs0sb0Pw519eJPVS0S8Xy7dnhcplFkcOHaFjdIp8dI4q6BpVUQ1RNEbP6BW9OU/Oi/PufMxal5xs5gD9gfP5A+KPlpk=</latexit>

→↑ M2
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<latexit sha1_base64="ZejERLbTVYZ2zkGHH4rci2M6kH0=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieCqJSPUilHrxWMHaQhPKZrtJl242YXcjlFDwr3jxoIhXf4c3/43bNgdtHVgYZt7jzU6Qcqa043xbpZXVtfWN8mZla3tnd8/eP3hQSSYJbZOEJ7IbYEU5E7Stmea0m0qK44DTTjC6mfqdRyoVS8S9HqfUj3EkWMgI1kbq20dejPWQYJ43J+gaeU0WRV7et6tOzZkBLRO3IFUo0OrbX94gIVlMhSYcK9VznVT7OZaaEU4nFS9TNMVkhCPaM1TgmCo/n8WfoFOjDFCYSPOERjP190aOY6XGcWAmp2HVojcV//N6mQ6v/JyJNNNUkPmhMONIJ2jaBRowSYnmY0MwkcxkRWSIJSbaNFYxJbiLX14mD+c1t16r311UG82ijjIcwwmcgQuX0IBbaEEbCOTwDK/wZj1ZL9a79TEfLVnFziH8gfX5A2IolSE=</latexit>

B =

{

<latexit sha1_base64="Q2/YZHtjb62VxLIni6PUXUZmaTo=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFcSJkRqS6LblxWsA9oh5JJM21sJjMkd4Qy9B/cuFDErf/jzr8xbWehrQcCh3PuIfeeIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKVmufdfoymVyq7FXcGsky8nJQhR71X+rI5lkZcIZPUmI7nJuhnVKNgkk+K3dTwhLIRHfCOpYpG3PjZbNsJObVKn4Sxtk8hmam/ExmNjBlHgZ2MKA7NojcV//M6KYbXfiZUkiJXbP5RmEqCMZmeTvpCc4ZybAllWthdCRtSTRnagoq2BG/x5GXSvKh41Ur1/rJcu8nrKMAxnMAZeHAFNbiDOjSAwSM8wyu8ObHz4rw7H/PRFSfPHMEfOJ8/XYGPAw==</latexit>, . . .<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>, <latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

<latexit sha1_base64="2xXHFb2Xaz5yRvf4ohe/X4J6dco=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2A9oQtlsN+nSzWbZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq9NMEdohKU9VP8SaciZoxzDDaV8qipOQ0144uZv7vSeqNEvFo5lKGiQ4FixiBBsr9fwWi2N/NqzW3Lq7AFonXkFqUKA9rH75o5RkCRWGcKz1wHOlCXKsDCOczip+pqnEZIJjOrBU4ITqIF+cO0MXVhmhKFW2hEEL9fdEjhOtp0loOxNsxnrVm4v/eYPMRLdBzoTMDBVkuSjKODIpmv+ORkxRYvjUEkwUs7ciMsYKE2MTqtgQvNWX10n3qu416o2H61qzVcRRhjM4h0vw4AaacA9t6ACBCTzDK7w50nlx3p2PZWvJKWZO4Q+czx8o2Y95</latexit>}

<latexit sha1_base64="JO2fAeUug53RdfAUjXJax9Rhvus=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT1FXETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8ADByQlg==</latexit>

|f→
<latexit sha1_base64="8Ytrl9/iRgWhfcXgG+VJVNl+NoE=">AAAB+XicbVBNT8JAFNziF+JX1aOXjcTEE2mNQY9ELx4xESShDXldtrBhu9vsbklI5Z948aAxXv0n3vw3LtCDgnOazLyXN2+ilDNtPO/bKa2tb2xulbcrO7t7+wfu4VFby0wR2iKSS9WJQFPOBG0ZZjjtpIpCEnH6GI1uZ/7jmCrNpHgwk5SGCQwEixkBY6We6z7FOIhA4ThQIAac9tyqV/PmwKvEL0gVFWj23K+gL0mWUGEIB627vpeaMAdlGOF0WgkyTVMgIxjQrqUCEqrDfJ58is+s0sextPelMHiu/t7IIdF6kkR2MgEz1MveTPzP62Ymvg5zJtLMUEEWh+KMYyPxrAbcZ4oSwyeWAFHMZsVkCAqIsWVVbAn+8surpH1R8+u1+v1ltXFT1FFGJ+gUnSMfXaEGukNN1EIEjdEzekVvTu68OO/Ox2K05BQ7x+gPnM8f/kiTRA==</latexit>

|ff̄→
<latexit sha1_base64="crFLijiOGFuON53Ed0zgd8sj+7o=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2J0KJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKXuU0iDnmZqKKFfrrhVdw66SrycVEiORr/81RvEPI1AIZfMmK7nJuhnTKPgEqalXmogYXzMhtC1VLEIjJ/NT57SM6sMaBhrWwrpXP09kbHImEkU2M6I4cgsezPxP6+bYnjtZ0IlKYLii0VhKinGdPY/HQgNHOXEEsa1sLdSPmKacbQplWwI3vLLq6R1UfVq1dr9ZaV+k8dRJCfklJwTj1yROrkjDdIknMTkmbySNwedF+fd+Vi0Fpx85pj8gfP5AyCPkSw=</latexit>

|fb→
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<latexit sha1_base64="ZejERLbTVYZ2zkGHH4rci2M6kH0=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieCqJSPUilHrxWMHaQhPKZrtJl242YXcjlFDwr3jxoIhXf4c3/43bNgdtHVgYZt7jzU6Qcqa043xbpZXVtfWN8mZla3tnd8/eP3hQSSYJbZOEJ7IbYEU5E7Stmea0m0qK44DTTjC6mfqdRyoVS8S9HqfUj3EkWMgI1kbq20dejPWQYJ43J+gaeU0WRV7et6tOzZkBLRO3IFUo0OrbX94gIVlMhSYcK9VznVT7OZaaEU4nFS9TNMVkhCPaM1TgmCo/n8WfoFOjDFCYSPOERjP190aOY6XGcWAmp2HVojcV//N6mQ6v/JyJNNNUkPmhMONIJ2jaBRowSYnmY0MwkcxkRWSIJSbaNFYxJbiLX14mD+c1t16r311UG82ijjIcwwmcgQuX0IBbaEEbCOTwDK/wZj1ZL9a79TEfLVnFziH8gfX5A2IolSE=</latexit>

B =

{

<latexit sha1_base64="Q2/YZHtjb62VxLIni6PUXUZmaTo=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFcSJkRqS6LblxWsA9oh5JJM21sJjMkd4Qy9B/cuFDErf/jzr8xbWehrQcCh3PuIfeeIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKVmufdfoymVyq7FXcGsky8nJQhR71X+rI5lkZcIZPUmI7nJuhnVKNgkk+K3dTwhLIRHfCOpYpG3PjZbNsJObVKn4Sxtk8hmam/ExmNjBlHgZ2MKA7NojcV//M6KYbXfiZUkiJXbP5RmEqCMZmeTvpCc4ZybAllWthdCRtSTRnagoq2BG/x5GXSvKh41Ur1/rJcu8nrKMAxnMAZeHAFNbiDOjSAwSM8wyu8ObHz4rw7H/PRFSfPHMEfOJ8/XYGPAw==</latexit>, . . .<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>, <latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

<latexit sha1_base64="2xXHFb2Xaz5yRvf4ohe/X4J6dco=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2A9oQtlsN+nSzWbZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq9NMEdohKU9VP8SaciZoxzDDaV8qipOQ0144uZv7vSeqNEvFo5lKGiQ4FixiBBsr9fwWi2N/NqzW3Lq7AFonXkFqUKA9rH75o5RkCRWGcKz1wHOlCXKsDCOczip+pqnEZIJjOrBU4ITqIF+cO0MXVhmhKFW2hEEL9fdEjhOtp0loOxNsxnrVm4v/eYPMRLdBzoTMDBVkuSjKODIpmv+ORkxRYvjUEkwUs7ciMsYKE2MTqtgQvNWX10n3qu416o2H61qzVcRRhjM4h0vw4AaacA9t6ACBCTzDK7w50nlx3p2PZWvJKWZO4Q+czx8o2Y95</latexit>}

<latexit sha1_base64="JO2fAeUug53RdfAUjXJax9Rhvus=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT1FXETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8ADByQlg==</latexit>

|f→
<latexit sha1_base64="8Ytrl9/iRgWhfcXgG+VJVNl+NoE=">AAAB+XicbVBNT8JAFNziF+JX1aOXjcTEE2mNQY9ELx4xESShDXldtrBhu9vsbklI5Z948aAxXv0n3vw3LtCDgnOazLyXN2+ilDNtPO/bKa2tb2xulbcrO7t7+wfu4VFby0wR2iKSS9WJQFPOBG0ZZjjtpIpCEnH6GI1uZ/7jmCrNpHgwk5SGCQwEixkBY6We6z7FOIhA4ThQIAac9tyqV/PmwKvEL0gVFWj23K+gL0mWUGEIB627vpeaMAdlGOF0WgkyTVMgIxjQrqUCEqrDfJ58is+s0sextPelMHiu/t7IIdF6kkR2MgEz1MveTPzP62Ymvg5zJtLMUEEWh+KMYyPxrAbcZ4oSwyeWAFHMZsVkCAqIsWVVbAn+8surpH1R8+u1+v1ltXFT1FFGJ+gUnSMfXaEGukNN1EIEjdEzekVvTu68OO/Ox2K05BQ7x+gPnM8f/kiTRA==</latexit>

|ff̄→
<latexit sha1_base64="crFLijiOGFuON53Ed0zgd8sj+7o=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2J0KJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKXuU0iDnmZqKKFfrrhVdw66SrycVEiORr/81RvEPI1AIZfMmK7nJuhnTKPgEqalXmogYXzMhtC1VLEIjJ/NT57SM6sMaBhrWwrpXP09kbHImEkU2M6I4cgsezPxP6+bYnjtZ0IlKYLii0VhKinGdPY/HQgNHOXEEsa1sLdSPmKacbQplWwI3vLLq6R1UfVq1dr9ZaV+k8dRJCfklJwTj1yROrkjDdIknMTkmbySNwedF+fd+Vi0Fpx85pj8gfP5AyCPkSw=</latexit>

|fb→

<latexit sha1_base64="j2mqWsLibxsZaqW8BcelpW/58QU=">AAACIHicbVDLSgMxFM34rPVVdekmWATBUmZEWjeC1I1LBatCpw6Z9E4bmsmEJCOUoZ/ixl9x40IR3enXmI6z0OqBhJNzz+XmnlBypo3rfjgzs3PzC4ulpfLyyuraemVj80onqaLQpglP1E1INHAmoG2Y4XAjFZA45HAdDk8n9es7UJol4tKMJHRj0hcsYpQYKwWVpggYPsZ+i/X9TAbsdr+G/TugmRzbhy9ByRoeBKyGo8lFA5Zbx0Gl6tbdHPgv8QpSRQXOg8q730toGoMwlBOtO54rTTcjyjDKYVz2Uw2S0CHpQ8dSQWLQ3SxfcIx3rdLDUaLsEQbn6s+OjMRaj+LQOmNiBnq6NhH/q3VSEx11MyZkakDQ70FRyrFJ8CQt3GMKqOEjSwhVzP4V0wFRhBqbadmG4E2v/JdcHdS9Rr1xcVg9aRVxlNA22kF7yENNdILO0DlqI4ru0SN6Ri/Og/PkvDpv39YZp+jZQr/gfH4BO+Sh0A==</latexit>

ni =
{
p+i , ωp

→
i , hi, fi, ci

}

<latexit sha1_base64="9Sgj0775mRs8wpr+fKPcTPQ2xpU=">AAAB/XicbVC7TsMwFL0pr1Je4bGxWFRITFWCUEFiqWBhLBJ9SE1UOa7TWnWcyHaQSqj4FRYGEGLlP9j4G9w2A7ScxUfn3Kt7fIKEM6Ud59sqLC2vrK4V10sbm1vbO/buXlPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwfB64rfuqVQsFnd6lFA/wn3BQkawNlLXPngML5EXYInMG3gSiz6nXbvsVJwp0CJxc1KGHPWu/eX1YpJGVGjCsVId10m0n2GpGeF0XPJSRRNMhrhPO4YKHFHlZ9P0Y3RslB4KYxMhFhpN1d8bGY6UGkWBmYywHqh5byL+53VSHV74GRNJqqkgs0NhypGO0aQK1GOSEs1HhmAimcmKyABLTLQprGRKcOe/vEiapxW3WqnenpVrV3kdRTiEIzgBF86hBjdQhwYQeIBneIU368l6sd6tj9lowcp39uEPrM8fHr6UZA==</latexit>

|f ; f̄ ; b→
<latexit sha1_base64="R11yHX9Y0rF+o/S12rJuCQXerDc="></latexit>

= |nm1
1 nm2

2 . . . nmM
N ; n̄m̄1

1 n̄m̄2
2 . . . n̄m̄N̄

N̄
; ñm̃1

1 ñm̃2
2 . . . ñ

m̃Ñ

Ñ
→

<latexit sha1_base64="hBAqjfdoX/F3cg0zCh8zfjn3S6o=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBg5Rdkeqx6MVjBfsB27Vk02wbmmSXJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2Ho5up336kSrNY3ptxQgOBB5JFjGBjpQfRY6jLJPLdM+QFvXLFrbozoGXi5aQCORq98le3H5NUUGkIx1r7npuYIMPKMMLppNRNNU0wGeEB9S2VWFAdZLOrJ+jEKn0UxcqWNGim/p7IsNB6LELbKbAZ6kVvKv7n+amJroKMySQ1VJL5oijlyMRoGgHqM0WJ4WNLMFHM3orIECtMjA2qZEPwFl9eJq3zqler1u4uKvXrPI4iHMExnIIHl1CHW2hAEwgoeIZXeHOenBfn3fmYtxacfOYQ/sD5/AFVyZEe</latexit>

mi → [0, 1]
<latexit sha1_base64="otU4Wmq1doVQDEUyYUkr97TODJo=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgQkoiUl0W3bisYB+QhDCZTtqhM5MwMxFCqL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5QyqrTjfFuVtfWNza3qdm1nd2//wD486qkkk5h0ccISOYiQIowK0tVUMzJIJUE8YqQfTW5nfv+RSEUT8aDzlAQcjQSNKUbaSKFd9yMkIQ8p9KmAnnMO3SC0G07TmQOuErckDVCiE9pf/jDBGSdCY4aU8lwn1UGBpKaYkWnNzxRJEZ6gEfEMFYgTFRTz46fw1ChDGCfSlNBwrv6eKBBXKueR6eRIj9WyNxP/87xMx9dBQUWaaSLwYlGcMagTOEsCDqkkWLPcEIQlNbdCPEYSYW3yqpkQ3OWXV0nvoum2mq37y0b7poyjCo7BCTgDLrgCbXAHOqALMMjBM3gFb9aT9WK9Wx+L1opVztTBH1ifPzL8kzI=</latexit>

m̄i → [0, 1]
<latexit sha1_base64="5jyXm7gON/S7Rq8fxw6tgINUPrI=">AAACEHicbVDLSgMxFM34rPVVdekmWEQXpcwUqS6LbtxZwT6gHUomva3BJDMkd4RS+glu/BU3LhRx69Kdf2P6WGj1QMjhnHtvck+USGHR97+8hcWl5ZXVzFp2fWNzazu3s1u3cWo41HgsY9OMmAUpNNRQoIRmYoCpSEIjursY+417MFbE+gYHCYSK9bXoCc7QSZ3cURuF7AJVHUHbQtOWX6BBgZYKtN2N0brrSkGfhZ1c3i/6E9C/JJiRPJmh2sl9ugE8VaCRS2ZtK/ATDIfMoOASRtl2aiFh/I71oeWoZgpsOJwsNKKHTunSXmzc0Ugn6s+OIVPWDlTkKhXDWzvvjcX/vFaKvbNwKHSSImg+faiXSooxHadDu8IARzlwhHEj3F8pv2WGcXQZZl0IwfzKf0m9VAzKxfL1Sb5yPosjQ/bJATkmATklFXJJqqRGOHkgT+SFvHqP3rP35r1PSxe8Wc8e+QXv4xtZDZpI</latexit>

m̃i → [0, 1, 2, . . . ,!]

Fermi-Dirac Statistics

Bose Statistics



The anatomy of the front form Hamiltonian
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<latexit sha1_base64="8CJk93J04pLxUxjOyE9+3JVr1Vc="></latexit>

H =
∑

l

∫

1...m

cl(n1, . . . , nm)Ol(n1, . . . , nm)<latexit sha1_base64="JP0WKqTWYx9Ld8KtOktPSCwkz1c=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiShL3dFNy4r2ge0oUymk3boZBJmJkIJ/QQ3LhRx6xe582+cPgQVPXDhcM693HtPkHCmtON8WLm19Y3Nrfx2YWd3b/+geHjUVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wuZr7nXsqFYvFnZ4m1I/wSLCQEayNdEsGfFAsOXa9XvVqFeTYrndRdj1DvFq54jrItZ0FSrBCc1B87w9jkkZUaMKxUj3XSbSfYakZ4XRW6KeKJphM8Ij2DBU4osrPFqfO0JlRhiiMpSmh0UL9PpHhSKlpFJjOCOux+u3Nxb+8XqrDup8xkaSaCrJcFKYc6RjN/0ZDJinRfGoIJpKZWxEZY4mJNukUTAhfn6L/Sduz3apdvSmXGperOPJwAqdwDi7UoAHX0IQWEBjBAzzBs8WtR+vFel225qzVzDH8gPX2CbR8jhs=</latexit>cl
<latexit sha1_base64="+A+N1g0RY9Oyv9w9Eue99m0u6V4=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiMhNvQS/ejGgWSIbQ0+lJmvQsdPcIYcgnePGgiFe/yJt/Y2cRVPRBweO9Kqrq+QlnUlnWh5FbWV1b38hvFra2d3b3ivsHLRmngtAmiXksOj6WlLOINhVTnHYSQXHoc9r2x5czv31PhWRxdKcmCfVCPIxYwAhWWrq97vN+sWSZVfvMLVeRZVbsc8eqaeLarlNxkW1ac5RgiUa/+N4bxCQNaaQIx1J2bStRXoaFYoTTaaGXSppgMsZD2tU0wiGVXjY/dYpOtDJAQSx0RQrN1e8TGQ6lnIS+7gyxGsnf3kz8y+umKqh5GYuSVNGILBYFKUcqRrO/0YAJShSfaIKJYPpWREZYYKJ0OgUdwten6H/SKpu2Yzo3lVL9YhlHHo7gGE7BBhfqcAUNaAKBITzAEzwb3Hg0XozXRWvOWM4cwg8Yb5+h+I4Q</latexit>

Ol

<latexit sha1_base64="S1XiptV3gXAtXTB9dKep2WTNZFk=">AAACC3icbVC7TsMwFHXKq4RXgZHFaoXEVCUIFcYKFsYi0YfURJXj3LRWHSeyHaQq6s7Cr7AwgBArP8DG3+C2GaDlyJaOzrnX1/cEKWdKO863VVpb39jcKm/bO7t7+weVw6OOSjJJoU0TnsheQBRwJqCtmebQSyWQOODQDcY3M7/7AFKxRNzrSQp+TIaCRYwSbaRBpeoFMGQip+YNNbU9D8+P7YEIC3FQqTl1Zw68StyC1FCB1qDy5YUJzWIQmnKiVN91Uu3nRGpGOZghmYKU0DEZQt9QQWJQfj7fZYpPjRLiKJHmCo3n6u+OnMRKTeLAVMZEj9SyNxP/8/qZjq78nIk00yDoYlCUcawTPAsGh0wC1XxiCKGSmb9iOiKSUG3is00I7vLKq6RzXncb9cbdRa15XcRRRieois6Qiy5RE92iFmojih7RM3pFb9aT9WK9Wx+L0pJV9ByjP7A+fwAxcpqI</latexit>




<latexit sha1_base64="S1XiptV3gXAtXTB9dKep2WTNZFk=">AAACC3icbVC7TsMwFHXKq4RXgZHFaoXEVCUIFcYKFsYi0YfURJXj3LRWHSeyHaQq6s7Cr7AwgBArP8DG3+C2GaDlyJaOzrnX1/cEKWdKO863VVpb39jcKm/bO7t7+weVw6OOSjJJoU0TnsheQBRwJqCtmebQSyWQOODQDcY3M7/7AFKxRNzrSQp+TIaCRYwSbaRBpeoFMGQip+YNNbU9D8+P7YEIC3FQqTl1Zw68StyC1FCB1qDy5YUJzWIQmnKiVN91Uu3nRGpGOZghmYKU0DEZQt9QQWJQfj7fZYpPjRLiKJHmCo3n6u+OnMRKTeLAVMZEj9SyNxP/8/qZjq78nIk00yDoYlCUcawTPAsGh0wC1XxiCKGSmb9iOiKSUG3is00I7vLKq6RzXncb9cbdRa15XcRRRieois6Qiy5RE92iFmojih7RM3pFb9aT9WK9Wx+L0pJV9ByjP7A+fwAxcpqI</latexit> 


, , …
<latexit sha1_base64="VeBOawv8q4c/O1hyN8jmzwQvzF8=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL96MYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPGi1oKKq66e6KEs6M9f0vr7Cyura+UdwsbW3v7O6V9w9aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8PfPbj1QbpuS9nSQ0FHgoWcwItk56uO1nfIp6TPbLFb/qz4H+kiAnFcjR6Jc/ewNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2P3iKTpwyQLHSrqRFc/XnRIaFMRMRuU6B7cgsezPxP6+b2vgyzJhMUkslWSyKU46sQrPv0YBpSiyfOIKJZu5WREZYY2JdRiUXQrD88l/SOqsGtWrt7rxSv8rjKMIRHMMpBHABdbiBBjSBgIAneIFXT3vP3pv3vmgtePnMIfyC9/ENjjWQRA==</latexit>

Ol →
<latexit sha1_base64="+A+N1g0RY9Oyv9w9Eue99m0u6V4=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiMhNvQS/ejGgWSIbQ0+lJmvQsdPcIYcgnePGgiFe/yJt/Y2cRVPRBweO9Kqrq+QlnUlnWh5FbWV1b38hvFra2d3b3ivsHLRmngtAmiXksOj6WlLOINhVTnHYSQXHoc9r2x5czv31PhWRxdKcmCfVCPIxYwAhWWrq97vN+sWSZVfvMLVeRZVbsc8eqaeLarlNxkW1ac5RgiUa/+N4bxCQNaaQIx1J2bStRXoaFYoTTaaGXSppgMsZD2tU0wiGVXjY/dYpOtDJAQSx0RQrN1e8TGQ6lnIS+7gyxGsnf3kz8y+umKqh5GYuSVNGILBYFKUcqRrO/0YAJShSfaIKJYPpWREZYYKJ0OgUdwten6H/SKpu2Yzo3lVL9YhlHHo7gGE7BBhfqcAUNaAKBITzAEzwb3Hg0XozXRWvOWM4cwg8Yb5+h+I4Q</latexit>

Ol

Quantum Chromodynamics and Other Field Theories on the Light Cone. Brodsky et. al
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Coupling

<latexit sha1_base64="8CJk93J04pLxUxjOyE9+3JVr1Vc="></latexit>

H =
∑

l

∫

1...m

cl(n1, . . . , nm)Ol(n1, . . . , nm)<latexit sha1_base64="JP0WKqTWYx9Ld8KtOktPSCwkz1c=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiShL3dFNy4r2ge0oUymk3boZBJmJkIJ/QQ3LhRx6xe582+cPgQVPXDhcM693HtPkHCmtON8WLm19Y3Nrfx2YWd3b/+geHjUVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wuZr7nXsqFYvFnZ4m1I/wSLCQEayNdEsGfFAsOXa9XvVqFeTYrndRdj1DvFq54jrItZ0FSrBCc1B87w9jkkZUaMKxUj3XSbSfYakZ4XRW6KeKJphM8Ij2DBU4osrPFqfO0JlRhiiMpSmh0UL9PpHhSKlpFJjOCOux+u3Nxb+8XqrDup8xkaSaCrJcFKYc6RjN/0ZDJinRfGoIJpKZWxEZY4mJNukUTAhfn6L/Sduz3apdvSmXGperOPJwAqdwDi7UoAHX0IQWEBjBAzzBs8WtR+vFel225qzVzDH8gPX2CbR8jhs=</latexit>cl
<latexit sha1_base64="+A+N1g0RY9Oyv9w9Eue99m0u6V4=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiMhNvQS/ejGgWSIbQ0+lJmvQsdPcIYcgnePGgiFe/yJt/Y2cRVPRBweO9Kqrq+QlnUlnWh5FbWV1b38hvFra2d3b3ivsHLRmngtAmiXksOj6WlLOINhVTnHYSQXHoc9r2x5czv31PhWRxdKcmCfVCPIxYwAhWWrq97vN+sWSZVfvMLVeRZVbsc8eqaeLarlNxkW1ac5RgiUa/+N4bxCQNaaQIx1J2bStRXoaFYoTTaaGXSppgMsZD2tU0wiGVXjY/dYpOtDJAQSx0RQrN1e8TGQ6lnIS+7gyxGsnf3kz8y+umKqh5GYuSVNGILBYFKUcqRrO/0YAJShSfaIKJYPpWREZYYKJ0OgUdwten6H/SKpu2Yzo3lVL9YhlHHo7gGE7BBhfqcAUNaAKBITzAEzwb3Hg0XozXRWvOWM4cwg8Yb5+h+I4Q</latexit>

Ol

<latexit sha1_base64="S1XiptV3gXAtXTB9dKep2WTNZFk=">AAACC3icbVC7TsMwFHXKq4RXgZHFaoXEVCUIFcYKFsYi0YfURJXj3LRWHSeyHaQq6s7Cr7AwgBArP8DG3+C2GaDlyJaOzrnX1/cEKWdKO863VVpb39jcKm/bO7t7+weVw6OOSjJJoU0TnsheQBRwJqCtmebQSyWQOODQDcY3M7/7AFKxRNzrSQp+TIaCRYwSbaRBpeoFMGQip+YNNbU9D8+P7YEIC3FQqTl1Zw68StyC1FCB1qDy5YUJzWIQmnKiVN91Uu3nRGpGOZghmYKU0DEZQt9QQWJQfj7fZYpPjRLiKJHmCo3n6u+OnMRKTeLAVMZEj9SyNxP/8/qZjq78nIk00yDoYlCUcawTPAsGh0wC1XxiCKGSmb9iOiKSUG3is00I7vLKq6RzXncb9cbdRa15XcRRRieois6Qiy5RE92iFmojih7RM3pFb9aT9WK9Wx+L0pJV9ByjP7A+fwAxcpqI</latexit>




<latexit sha1_base64="S1XiptV3gXAtXTB9dKep2WTNZFk=">AAACC3icbVC7TsMwFHXKq4RXgZHFaoXEVCUIFcYKFsYi0YfURJXj3LRWHSeyHaQq6s7Cr7AwgBArP8DG3+C2GaDlyJaOzrnX1/cEKWdKO863VVpb39jcKm/bO7t7+weVw6OOSjJJoU0TnsheQBRwJqCtmebQSyWQOODQDcY3M7/7AFKxRNzrSQp+TIaCRYwSbaRBpeoFMGQip+YNNbU9D8+P7YEIC3FQqTl1Zw68StyC1FCB1qDy5YUJzWIQmnKiVN91Uu3nRGpGOZghmYKU0DEZQt9QQWJQfj7fZYpPjRLiKJHmCo3n6u+OnMRKTeLAVMZEj9SyNxP/8/qZjq78nIk00yDoYlCUcawTPAsGh0wC1XxiCKGSmb9iOiKSUG3is00I7vLKq6RzXncb9cbdRa15XcRRRieois6Qiy5RE92iFmojih7RM3pFb9aT9WK9Wx+L0pJV9ByjP7A+fwAxcpqI</latexit> 


, , …
<latexit sha1_base64="VeBOawv8q4c/O1hyN8jmzwQvzF8=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL96MYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPGi1oKKq66e6KEs6M9f0vr7Cyura+UdwsbW3v7O6V9w9aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8PfPbj1QbpuS9nSQ0FHgoWcwItk56uO1nfIp6TPbLFb/qz4H+kiAnFcjR6Jc/ewNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2P3iKTpwyQLHSrqRFc/XnRIaFMRMRuU6B7cgsezPxP6+b2vgyzJhMUkslWSyKU46sQrPv0YBpSiyfOIKJZu5WREZYY2JdRiUXQrD88l/SOqsGtWrt7rxSv8rjKMIRHMMpBHABdbiBBjSBgIAneIFXT3vP3pv3vmgtePnMIfyC9/ENjjWQRA==</latexit>

Ol →
<latexit sha1_base64="+A+N1g0RY9Oyv9w9Eue99m0u6V4=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZiMhNvQS/ejGgWSIbQ0+lJmvQsdPcIYcgnePGgiFe/yJt/Y2cRVPRBweO9Kqrq+QlnUlnWh5FbWV1b38hvFra2d3b3ivsHLRmngtAmiXksOj6WlLOINhVTnHYSQXHoc9r2x5czv31PhWRxdKcmCfVCPIxYwAhWWrq97vN+sWSZVfvMLVeRZVbsc8eqaeLarlNxkW1ac5RgiUa/+N4bxCQNaaQIx1J2bStRXoaFYoTTaaGXSppgMsZD2tU0wiGVXjY/dYpOtDJAQSx0RQrN1e8TGQ6lnIS+7gyxGsnf3kz8y+umKqh5GYuSVNGILBYFKUcqRrO/0YAJShSfaIKJYPpWREZYYKJ0OgUdwten6H/SKpu2Yzo3lVL9YhlHHo7gGE7BBhfqcAUNaAKBITzAEzwb3Hg0XozXRWvOWM4cwg8Yb5+h+I4Q</latexit>

Ol

Quantum Chromodynamics and Other Field Theories on the Light Cone. Brodsky et. al

<latexit sha1_base64="tdy5cBUx22e49sInllEMc7AaEZY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPn/GPLg==</latexit>ω

e.g.:

1 2

3

InOut

<latexit sha1_base64="S1XiptV3gXAtXTB9dKep2WTNZFk=">AAACC3icbVC7TsMwFHXKq4RXgZHFaoXEVCUIFcYKFsYi0YfURJXj3LRWHSeyHaQq6s7Cr7AwgBArP8DG3+C2GaDlyJaOzrnX1/cEKWdKO863VVpb39jcKm/bO7t7+weVw6OOSjJJoU0TnsheQBRwJqCtmebQSyWQOODQDcY3M7/7AFKxRNzrSQp+TIaCRYwSbaRBpeoFMGQip+YNNbU9D8+P7YEIC3FQqTl1Zw68StyC1FCB1qDy5YUJzWIQmnKiVN91Uu3nRGpGOZghmYKU0DEZQt9QQWJQfj7fZYpPjRLiKJHmCo3n6u+OnMRKTeLAVMZEj9SyNxP/8/qZjq78nIk00yDoYlCUcawTPAsGh0wC1XxiCKGSmb9iOiKSUG3is00I7vLKq6RzXncb9cbdRa15XcRRRieois6Qiy5RE92iFmojih7RM3pFb9aT9WK9Wx+L0pJV9ByjP7A+fwAxcpqI</latexit>     

Coefficient (“ ”)cl

<latexit sha1_base64="S1XiptV3gXAtXTB9dKep2WTNZFk=">AAACC3icbVC7TsMwFHXKq4RXgZHFaoXEVCUIFcYKFsYi0YfURJXj3LRWHSeyHaQq6s7Cr7AwgBArP8DG3+C2GaDlyJaOzrnX1/cEKWdKO863VVpb39jcKm/bO7t7+weVw6OOSjJJoU0TnsheQBRwJqCtmebQSyWQOODQDcY3M7/7AFKxRNzrSQp+TIaCRYwSbaRBpeoFMGQip+YNNbU9D8+P7YEIC3FQqTl1Zw68StyC1FCB1qDy5YUJzWIQmnKiVN91Uu3nRGpGOZghmYKU0DEZQt9QQWJQfj7fZYpPjRLiKJHmCo3n6u+OnMRKTeLAVMZEj9SyNxP/8/qZjq78nIk00yDoYlCUcawTPAsGh0wC1XxiCKGSmb9iOiKSUG3is00I7vLKq6RzXncb9cbdRa15XcRRRieois6Qiy5RE92iFmojih7RM3pFb9aT9WK9Wx+L0pJV9ByjP7A+fwAxcpqI</latexit>



Ladder Operators (“ ”)Ol

Integrate over all constituent 
momentum

<latexit sha1_base64="mkTBldGymBewPn48aiAsTwAAscg=">AAACAnicbVDLSgMxFM34rPU16krcBIsgCGWmSHVZdOOygn1Apy2ZzG0bmpkJSaZQhuLGX3HjQhG3foU7/8a0nYW2Hrhwcs695N7jC86Udpxva2V1bX1jM7eV397Z3du3Dw7rKk4khRqNeSybPlHAWQQ1zTSHppBAQp9Dwx/eTv3GCKRicfSgxwLaIelHrMco0Ubq2seB6LLOBQ46JW8ENBUT8/QESNG1C07RmQEvEzcjBZSh2rW/vCCmSQiRppwo1XIdodspkZpRDpO8lygQhA5JH1qGRiQE1U5nJ0zwmVEC3IulqUjjmfp7IiWhUuPQN50h0QO16E3F/7xWonvX7ZRFItEQ0flHvYRjHeNpHjhgEqjmY0MIlczsiumASEK1SS1vQnAXT14m9VLRLRfL95eFyk0WRw6doFN0jlx0hSroDlVRDVH0iJ7RK3qznqwX6936mLeuWNnMEfoD6/MH5TiXJA==</latexit>

dp+i d
2ωp→i



<latexit sha1_base64="8CJk93J04pLxUxjOyE9+3JVr1Vc="></latexit>

H =
∑

l

∫

1...m

cl(n1, . . . , nm)Ol(n1, . . . , nm)
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<latexit sha1_base64="ZejERLbTVYZ2zkGHH4rci2M6kH0=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieCqJSPUilHrxWMHaQhPKZrtJl242YXcjlFDwr3jxoIhXf4c3/43bNgdtHVgYZt7jzU6Qcqa043xbpZXVtfWN8mZla3tnd8/eP3hQSSYJbZOEJ7IbYEU5E7Stmea0m0qK44DTTjC6mfqdRyoVS8S9HqfUj3EkWMgI1kbq20dejPWQYJ43J+gaeU0WRV7et6tOzZkBLRO3IFUo0OrbX94gIVlMhSYcK9VznVT7OZaaEU4nFS9TNMVkhCPaM1TgmCo/n8WfoFOjDFCYSPOERjP190aOY6XGcWAmp2HVojcV//N6mQ6v/JyJNNNUkPmhMONIJ2jaBRowSYnmY0MwkcxkRWSIJSbaNFYxJbiLX14mD+c1t16r311UG82ijjIcwwmcgQuX0IBbaEEbCOTwDK/wZj1ZL9a79TEfLVnFziH8gfX5A2IolSE=</latexit>

B =

{

<latexit sha1_base64="Q2/YZHtjb62VxLIni6PUXUZmaTo=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFcSJkRqS6LblxWsA9oh5JJM21sJjMkd4Qy9B/cuFDErf/jzr8xbWehrQcCh3PuIfeeIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKVmufdfoymVyq7FXcGsky8nJQhR71X+rI5lkZcIZPUmI7nJuhnVKNgkk+K3dTwhLIRHfCOpYpG3PjZbNsJObVKn4Sxtk8hmam/ExmNjBlHgZ2MKA7NojcV//M6KYbXfiZUkiJXbP5RmEqCMZmeTvpCc4ZybAllWthdCRtSTRnagoq2BG/x5GXSvKh41Ur1/rJcu8nrKMAxnMAZeHAFNbiDOjSAwSM8wyu8ObHz4rw7H/PRFSfPHMEfOJ8/XYGPAw==</latexit>, . . .<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>, <latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

<latexit sha1_base64="2xXHFb2Xaz5yRvf4ohe/X4J6dco=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2A9oQtlsN+nSzWbZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq9NMEdohKU9VP8SaciZoxzDDaV8qipOQ0144uZv7vSeqNEvFo5lKGiQ4FixiBBsr9fwWi2N/NqzW3Lq7AFonXkFqUKA9rH75o5RkCRWGcKz1wHOlCXKsDCOczip+pqnEZIJjOrBU4ITqIF+cO0MXVhmhKFW2hEEL9fdEjhOtp0loOxNsxnrVm4v/eYPMRLdBzoTMDBVkuSjKODIpmv+ORkxRYvjUEkwUs7ciMsYKE2MTqtgQvNWX10n3qu416o2H61qzVcRRhjM4h0vw4AaacA9t6ACBCTzDK7w50nlx3p2PZWvJKWZO4Q+czx8o2Y95</latexit>}

<latexit sha1_base64="JO2fAeUug53RdfAUjXJax9Rhvus=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT1FXETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8ADByQlg==</latexit>

|f→
<latexit sha1_base64="8Ytrl9/iRgWhfcXgG+VJVNl+NoE=">AAAB+XicbVBNT8JAFNziF+JX1aOXjcTEE2mNQY9ELx4xESShDXldtrBhu9vsbklI5Z948aAxXv0n3vw3LtCDgnOazLyXN2+ilDNtPO/bKa2tb2xulbcrO7t7+wfu4VFby0wR2iKSS9WJQFPOBG0ZZjjtpIpCEnH6GI1uZ/7jmCrNpHgwk5SGCQwEixkBY6We6z7FOIhA4ThQIAac9tyqV/PmwKvEL0gVFWj23K+gL0mWUGEIB627vpeaMAdlGOF0WgkyTVMgIxjQrqUCEqrDfJ58is+s0sextPelMHiu/t7IIdF6kkR2MgEz1MveTPzP62Ymvg5zJtLMUEEWh+KMYyPxrAbcZ4oSwyeWAFHMZsVkCAqIsWVVbAn+8surpH1R8+u1+v1ltXFT1FFGJ+gUnSMfXaEGukNN1EIEjdEzekVvTu68OO/Ox2K05BQ7x+gPnM8f/kiTRA==</latexit>

|ff̄→
<latexit sha1_base64="crFLijiOGFuON53Ed0zgd8sj+7o=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2J0KJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKXuU0iDnmZqKKFfrrhVdw66SrycVEiORr/81RvEPI1AIZfMmK7nJuhnTKPgEqalXmogYXzMhtC1VLEIjJ/NT57SM6sMaBhrWwrpXP09kbHImEkU2M6I4cgsezPxP6+bYnjtZ0IlKYLii0VhKinGdPY/HQgNHOXEEsa1sLdSPmKacbQplWwI3vLLq6R1UfVq1dr9ZaV+k8dRJCfklJwTj1yROrkjDdIknMTkmbySNwedF+fd+Vi0Fpx85pj8gfP5AyCPkSw=</latexit>

|fb→



<latexit sha1_base64="8CJk93J04pLxUxjOyE9+3JVr1Vc="></latexit>

H =
∑

l

∫

1...m

cl(n1, . . . , nm)Ol(n1, . . . , nm)

Front Form Hamiltonian Matrix
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<latexit sha1_base64="ZejERLbTVYZ2zkGHH4rci2M6kH0=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieCqJSPUilHrxWMHaQhPKZrtJl242YXcjlFDwr3jxoIhXf4c3/43bNgdtHVgYZt7jzU6Qcqa043xbpZXVtfWN8mZla3tnd8/eP3hQSSYJbZOEJ7IbYEU5E7Stmea0m0qK44DTTjC6mfqdRyoVS8S9HqfUj3EkWMgI1kbq20dejPWQYJ43J+gaeU0WRV7et6tOzZkBLRO3IFUo0OrbX94gIVlMhSYcK9VznVT7OZaaEU4nFS9TNMVkhCPaM1TgmCo/n8WfoFOjDFCYSPOERjP190aOY6XGcWAmp2HVojcV//N6mQ6v/JyJNNNUkPmhMONIJ2jaBRowSYnmY0MwkcxkRWSIJSbaNFYxJbiLX14mD+c1t16r311UG82ijjIcwwmcgQuX0IBbaEEbCOTwDK/wZj1ZL9a79TEfLVnFziH8gfX5A2IolSE=</latexit>

B =

{

<latexit sha1_base64="Q2/YZHtjb62VxLIni6PUXUZmaTo=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFcSJkRqS6LblxWsA9oh5JJM21sJjMkd4Qy9B/cuFDErf/jzr8xbWehrQcCh3PuIfeeIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKVmufdfoymVyq7FXcGsky8nJQhR71X+rI5lkZcIZPUmI7nJuhnVKNgkk+K3dTwhLIRHfCOpYpG3PjZbNsJObVKn4Sxtk8hmam/ExmNjBlHgZ2MKA7NojcV//M6KYbXfiZUkiJXbP5RmEqCMZmeTvpCc4ZybAllWthdCRtSTRnagoq2BG/x5GXSvKh41Ur1/rJcu8nrKMAxnMAZeHAFNbiDOjSAwSM8wyu8ObHz4rw7H/PRFSfPHMEfOJ8/XYGPAw==</latexit>, . . .<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>, <latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

<latexit sha1_base64="2xXHFb2Xaz5yRvf4ohe/X4J6dco=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2A9oQtlsN+nSzWbZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq9NMEdohKU9VP8SaciZoxzDDaV8qipOQ0144uZv7vSeqNEvFo5lKGiQ4FixiBBsr9fwWi2N/NqzW3Lq7AFonXkFqUKA9rH75o5RkCRWGcKz1wHOlCXKsDCOczip+pqnEZIJjOrBU4ITqIF+cO0MXVhmhKFW2hEEL9fdEjhOtp0loOxNsxnrVm4v/eYPMRLdBzoTMDBVkuSjKODIpmv+ORkxRYvjUEkwUs7ciMsYKE2MTqtgQvNWX10n3qu416o2H61qzVcRRhjM4h0vw4AaacA9t6ACBCTzDK7w50nlx3p2PZWvJKWZO4Q+czx8o2Y95</latexit>}

<latexit sha1_base64="JO2fAeUug53RdfAUjXJax9Rhvus=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT1FXETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8ADByQlg==</latexit>

|f→
<latexit sha1_base64="8Ytrl9/iRgWhfcXgG+VJVNl+NoE=">AAAB+XicbVBNT8JAFNziF+JX1aOXjcTEE2mNQY9ELx4xESShDXldtrBhu9vsbklI5Z948aAxXv0n3vw3LtCDgnOazLyXN2+ilDNtPO/bKa2tb2xulbcrO7t7+wfu4VFby0wR2iKSS9WJQFPOBG0ZZjjtpIpCEnH6GI1uZ/7jmCrNpHgwk5SGCQwEixkBY6We6z7FOIhA4ThQIAac9tyqV/PmwKvEL0gVFWj23K+gL0mWUGEIB627vpeaMAdlGOF0WgkyTVMgIxjQrqUCEqrDfJ58is+s0sextPelMHiu/t7IIdF6kkR2MgEz1MveTPzP62Ymvg5zJtLMUEEWh+KMYyPxrAbcZ4oSwyeWAFHMZsVkCAqIsWVVbAn+8surpH1R8+u1+v1ltXFT1FFGJ+gUnSMfXaEGukNN1EIEjdEzekVvTu68OO/Ox2K05BQ7x+gPnM8f/kiTRA==</latexit>

|ff̄→
<latexit sha1_base64="crFLijiOGFuON53Ed0zgd8sj+7o=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2J0KJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKXuU0iDnmZqKKFfrrhVdw66SrycVEiORr/81RvEPI1AIZfMmK7nJuhnTKPgEqalXmogYXzMhtC1VLEIjJ/NT57SM6sMaBhrWwrpXP09kbHImEkU2M6I4cgsezPxP6+bYnjtZ0IlKYLii0VhKinGdPY/HQgNHOXEEsa1sLdSPmKacbQplWwI3vLLq6R1UfVq1dr9ZaV+k8dRJCfklJwTj1yROrkjDdIknMTkmbySNwedF+fd+Vi0Fpx85pj8gfP5AyCPkSw=</latexit>

|fb→



<latexit sha1_base64="8CJk93J04pLxUxjOyE9+3JVr1Vc="></latexit>

H =
∑

l

∫

1...m

cl(n1, . . . , nm)Ol(n1, . . . , nm)

Front Form Hamiltonian Matrix
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<latexit sha1_base64="ZejERLbTVYZ2zkGHH4rci2M6kH0=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieCqJSPUilHrxWMHaQhPKZrtJl242YXcjlFDwr3jxoIhXf4c3/43bNgdtHVgYZt7jzU6Qcqa043xbpZXVtfWN8mZla3tnd8/eP3hQSSYJbZOEJ7IbYEU5E7Stmea0m0qK44DTTjC6mfqdRyoVS8S9HqfUj3EkWMgI1kbq20dejPWQYJ43J+gaeU0WRV7et6tOzZkBLRO3IFUo0OrbX94gIVlMhSYcK9VznVT7OZaaEU4nFS9TNMVkhCPaM1TgmCo/n8WfoFOjDFCYSPOERjP190aOY6XGcWAmp2HVojcV//N6mQ6v/JyJNNNUkPmhMONIJ2jaBRowSYnmY0MwkcxkRWSIJSbaNFYxJbiLX14mD+c1t16r311UG82ijjIcwwmcgQuX0IBbaEEbCOTwDK/wZj1ZL9a79TEfLVnFziH8gfX5A2IolSE=</latexit>

B =

{

<latexit sha1_base64="Q2/YZHtjb62VxLIni6PUXUZmaTo=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFcSJkRqS6LblxWsA9oh5JJM21sJjMkd4Qy9B/cuFDErf/jzr8xbWehrQcCh3PuIfeeIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKVmufdfoymVyq7FXcGsky8nJQhR71X+rI5lkZcIZPUmI7nJuhnVKNgkk+K3dTwhLIRHfCOpYpG3PjZbNsJObVKn4Sxtk8hmam/ExmNjBlHgZ2MKA7NojcV//M6KYbXfiZUkiJXbP5RmEqCMZmeTvpCc4ZybAllWthdCRtSTRnagoq2BG/x5GXSvKh41Ur1/rJcu8nrKMAxnMAZeHAFNbiDOjSAwSM8wyu8ObHz4rw7H/PRFSfPHMEfOJ8/XYGPAw==</latexit>, . . .<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>, <latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

<latexit sha1_base64="2xXHFb2Xaz5yRvf4ohe/X4J6dco=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2A9oQtlsN+nSzWbZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq9NMEdohKU9VP8SaciZoxzDDaV8qipOQ0144uZv7vSeqNEvFo5lKGiQ4FixiBBsr9fwWi2N/NqzW3Lq7AFonXkFqUKA9rH75o5RkCRWGcKz1wHOlCXKsDCOczip+pqnEZIJjOrBU4ITqIF+cO0MXVhmhKFW2hEEL9fdEjhOtp0loOxNsxnrVm4v/eYPMRLdBzoTMDBVkuSjKODIpmv+ORkxRYvjUEkwUs7ciMsYKE2MTqtgQvNWX10n3qu416o2H61qzVcRRhjM4h0vw4AaacA9t6ACBCTzDK7w50nlx3p2PZWvJKWZO4Q+czx8o2Y95</latexit>}

<latexit sha1_base64="JO2fAeUug53RdfAUjXJax9Rhvus=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT1FXETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8ADByQlg==</latexit>

|f→
<latexit sha1_base64="8Ytrl9/iRgWhfcXgG+VJVNl+NoE=">AAAB+XicbVBNT8JAFNziF+JX1aOXjcTEE2mNQY9ELx4xESShDXldtrBhu9vsbklI5Z948aAxXv0n3vw3LtCDgnOazLyXN2+ilDNtPO/bKa2tb2xulbcrO7t7+wfu4VFby0wR2iKSS9WJQFPOBG0ZZjjtpIpCEnH6GI1uZ/7jmCrNpHgwk5SGCQwEixkBY6We6z7FOIhA4ThQIAac9tyqV/PmwKvEL0gVFWj23K+gL0mWUGEIB627vpeaMAdlGOF0WgkyTVMgIxjQrqUCEqrDfJ58is+s0sextPelMHiu/t7IIdF6kkR2MgEz1MveTPzP62Ymvg5zJtLMUEEWh+KMYyPxrAbcZ4oSwyeWAFHMZsVkCAqIsWVVbAn+8surpH1R8+u1+v1ltXFT1FFGJ+gUnSMfXaEGukNN1EIEjdEzekVvTu68OO/Ox2K05BQ7x+gPnM8f/kiTRA==</latexit>

|ff̄→
<latexit sha1_base64="crFLijiOGFuON53Ed0zgd8sj+7o=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2J0KJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKXuU0iDnmZqKKFfrrhVdw66SrycVEiORr/81RvEPI1AIZfMmK7nJuhnTKPgEqalXmogYXzMhtC1VLEIjJ/NT57SM6sMaBhrWwrpXP09kbHImEkU2M6I4cgsezPxP6+bYnjtZ0IlKYLii0VhKinGdPY/HQgNHOXEEsa1sLdSPmKacbQplWwI3vLLq6R1UfVq1dr9ZaV+k8dRJCfklJwTj1yROrkjDdIknMTkmbySNwedF+fd+Vi0Fpx85pj8gfP5AyCPkSw=</latexit>

|fb→



<latexit sha1_base64="8CJk93J04pLxUxjOyE9+3JVr1Vc="></latexit>

H =
∑

l

∫

1...m

cl(n1, . . . , nm)Ol(n1, . . . , nm)

Front Form Hamiltonian Matrix
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<latexit sha1_base64="ZejERLbTVYZ2zkGHH4rci2M6kH0=">AAAB/nicbVBNS8NAFHypX7V+RcWTl8UieCqJSPUilHrxWMHaQhPKZrtJl242YXcjlFDwr3jxoIhXf4c3/43bNgdtHVgYZt7jzU6Qcqa043xbpZXVtfWN8mZla3tnd8/eP3hQSSYJbZOEJ7IbYEU5E7Stmea0m0qK44DTTjC6mfqdRyoVS8S9HqfUj3EkWMgI1kbq20dejPWQYJ43J+gaeU0WRV7et6tOzZkBLRO3IFUo0OrbX94gIVlMhSYcK9VznVT7OZaaEU4nFS9TNMVkhCPaM1TgmCo/n8WfoFOjDFCYSPOERjP190aOY6XGcWAmp2HVojcV//N6mQ6v/JyJNNNUkPmhMONIJ2jaBRowSYnmY0MwkcxkRWSIJSbaNFYxJbiLX14mD+c1t16r311UG82ijjIcwwmcgQuX0IBbaEEbCOTwDK/wZj1ZL9a79TEfLVnFziH8gfX5A2IolSE=</latexit>

B =

{

<latexit sha1_base64="Q2/YZHtjb62VxLIni6PUXUZmaTo=">AAAB7XicbVDLSgMxFL3js9ZX1aWbYBFcSJkRqS6LblxWsA9oh5JJM21sJjMkd4Qy9B/cuFDErf/jzr8xbWehrQcCh3PuIfeeIJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKVmufdfoymVyq7FXcGsky8nJQhR71X+rI5lkZcIZPUmI7nJuhnVKNgkk+K3dTwhLIRHfCOpYpG3PjZbNsJObVKn4Sxtk8hmam/ExmNjBlHgZ2MKA7NojcV//M6KYbXfiZUkiJXbP5RmEqCMZmeTvpCc4ZybAllWthdCRtSTRnagoq2BG/x5GXSvKh41Ur1/rJcu8nrKMAxnMAZeHAFNbiDOjSAwSM8wyu8ObHz4rw7H/PRFSfPHMEfOJ8/XYGPAw==</latexit>, . . .<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>, <latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

<latexit sha1_base64="2xXHFb2Xaz5yRvf4ohe/X4J6dco=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2A9oQtlsN+nSzWbZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq9NMEdohKU9VP8SaciZoxzDDaV8qipOQ0144uZv7vSeqNEvFo5lKGiQ4FixiBBsr9fwWi2N/NqzW3Lq7AFonXkFqUKA9rH75o5RkCRWGcKz1wHOlCXKsDCOczip+pqnEZIJjOrBU4ITqIF+cO0MXVhmhKFW2hEEL9fdEjhOtp0loOxNsxnrVm4v/eYPMRLdBzoTMDBVkuSjKODIpmv+ORkxRYvjUEkwUs7ciMsYKE2MTqtgQvNWX10n3qu416o2H61qzVcRRhjM4h0vw4AaacA9t6ACBCTzDK7w50nlx3p2PZWvJKWZO4Q+czx8o2Y95</latexit>}

<latexit sha1_base64="JO2fAeUug53RdfAUjXJax9Rhvus=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT1FXETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8ADByQlg==</latexit>

|f→
<latexit sha1_base64="8Ytrl9/iRgWhfcXgG+VJVNl+NoE=">AAAB+XicbVBNT8JAFNziF+JX1aOXjcTEE2mNQY9ELx4xESShDXldtrBhu9vsbklI5Z948aAxXv0n3vw3LtCDgnOazLyXN2+ilDNtPO/bKa2tb2xulbcrO7t7+wfu4VFby0wR2iKSS9WJQFPOBG0ZZjjtpIpCEnH6GI1uZ/7jmCrNpHgwk5SGCQwEixkBY6We6z7FOIhA4ThQIAac9tyqV/PmwKvEL0gVFWj23K+gL0mWUGEIB627vpeaMAdlGOF0WgkyTVMgIxjQrqUCEqrDfJ58is+s0sextPelMHiu/t7IIdF6kkR2MgEz1MveTPzP62Ymvg5zJtLMUEEWh+KMYyPxrAbcZ4oSwyeWAFHMZsVkCAqIsWVVbAn+8surpH1R8+u1+v1ltXFT1FFGJ+gUnSMfXaEGukNN1EIEjdEzekVvTu68OO/Ox2K05BQ7x+gPnM8f/kiTRA==</latexit>

|ff̄→
<latexit sha1_base64="crFLijiOGFuON53Ed0zgd8sj+7o=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2J0KJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2I2gjYvWAkwT8iA2VCAVnaKXuU0iDnmZqKKFfrrhVdw66SrycVEiORr/81RvEPI1AIZfMmK7nJuhnTKPgEqalXmogYXzMhtC1VLEIjJ/NT57SM6sMaBhrWwrpXP09kbHImEkU2M6I4cgsezPxP6+bYnjtZ0IlKYLii0VhKinGdPY/HQgNHOXEEsa1sLdSPmKacbQplWwI3vLLq6R1UfVq1dr9ZaV+k8dRJCfklJwTj1yROrkjDdIknMTkmbySNwedF+fd+Vi0Fpx85pj8gfP5AyCPkSw=</latexit>

|fb→

<latexit sha1_base64="5QeQoa832I/2FY2OPtxgKL/Ymq4=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VQkJKIVBcuim5cVrAPaEKYTCfttJNJmLkRSujWjb/ixoUibv0Dd/6N08dCWw9cOJxzL/feEySCa7Dtbyu3tLyyupZfL2xsbm3vFHf3GjpOFWV1GotYtQKimeCS1YGDYK1EMRIFgjWDwc3Ybz4wpXks72GYMC8iXclDTgkYyS9i58TFPT/j/RG+wi6XIQxd7IaxIkJgftr3iyW7bE+AF4kzIyU0Q80vfrmdmKYRk0AF0brt2Al4GVHAqWCjgptqlhA6IF3WNlSSiGkvm3wywkdG6WCz3ZQEPFF/T2Qk0noYBaYzItDT895Y/M9rpxBeehmXSQpM0umiMBUYYjyOBXe4YhTE0BBCFTe3YtojilAw4RVMCM78y4ukcVZ2KuXK3Xmpej2LI48O0CE6Rg66QFV0i2qojih6RM/oFb1ZT9aL9W59TFtz1mxmH/2B9fkDSf2Y1w==</latexit>

1) hij < → ↑i, j
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<latexit sha1_base64="3zjQToZGjyNbZ2D47BvBku+rXr8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6KXHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5G7ud56o0kyKBzONqR/hkWAhI9hYqd0o64G6HBRLbsVdAK0TLyMlyNAcFL/6Q0mSiApDONa657mx8VOsDCOczgr9RNMYkwke0Z6lAkdU++ni2hm6sMoQhVLZEgYt1N8TKY60nkaB7YywGetVby7+5/USE974KRNxYqggy0VhwpGRaP46GjJFieFTSzBRzN6KyBgrTIwNqGBD8FZfXiftq4pXq9Tuq6X6bRZHHs7gHMrgwTXUoQFNaAGBR3iGV3hzpPPivDsfy9ack82cwh84nz/EJY6e</latexit>

H(sr)

Fact: Far off-diagonal        
<latexit sha1_base64="wBhfm9a2ssKmbnB+0yaweyjyevA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2Fpol5JNs23abLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaXbITFMcMmallvB2olmJA4FewzHtzP/8Ylpw5V8sJOEBTEZSB5xSqyTWsNexkfTXrniVb058Crxc1KBHI1e+avbVzSNmbRUEGM6vpfYICPacirYtNRNDUsIHZMB6zgqScxMkM2vneIzp/RxpLQrafFc/T2RkdiYSRy6zpjYoVn2ZuJ/Xie10XWQcZmklkm6WBSlAluFZ6/jPteMWjFxhFDN3a2YDokm1LqASi4Ef/nlVdK6qPq1au3+slK/yeMowgmcwjn4cAV1uIMGNIHCCJ7hFd6QQi/oHX0sWgsonzmGP0CfP9goj1M=</latexit>

hij
cause divergences



<latexit sha1_base64="P+Kaqzc6/HtrzN+aYLzzbS93q0E=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8xV2R6DHoxWME84BkCbOT2WTIPNaZWSEs+QkvHhTx6u9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1kntrmECBeemVyr7FX8GtEyCnJQhR71X+ur2FUkFlZZwbEwn8BMbZlhbRjidFLupoQkmIzygHUclFtSE2ezeCTp1Sh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8Tmrj6zBjMkktlWS+KE45sgpNn0d9pimxfOwIJpq5WxEZYo2JdREVXQjB4svLpHlRCaqV6v1luXaTx1GAYziBMwjgCmpwB3VoAAEOz/AKb96j9+K9ex/z1hUvnzmCP/A+fwAu5I9t</latexit>

→ 1/s

<latexit sha1_base64="hIp8E6btWRfcHV1a148pIrU5k3g=">AAACF3icbVBNS8NAEN34WetX1KOXYBFakJKIVI9FLz1WMG2hrWGzmbZLN5uwuxFK6L/w4l/x4kERr3rz37hpc9DWBwtv3pthdp4fMyqVbX8bK6tr6xubha3i9s7u3r55cNiSUSIIuCRikej4WAKjHFxFFYNOLACHPoO2P77J/PYDCEkjfqcmMfRDPOR0QAlWWvLMai/hAQhfYAKpe98L8HAIoiwrjbL0RMXVbOqlujjLyqlnluyqPYO1TJyclFCOpmd+9YKIJCFwRRiWsuvYseqnWChKGEyLvURCjMkYD6GrKcchyH46u2tqnWolsAaR0I8ra6b+nkhxKOUk9HVniNVILnqZ+J/XTdTgqp9SHicKOJkvGiTMUpGVhWQFVABRbKIJJoLqv1pkhHVGSkdZ1CE4iycvk9Z51alVa7cXpfp1HkcBHaMTVEYOukR11EBN5CKCHtEzekVvxpPxYrwbH/PWFSOfOUJ/YHz+AKjMnvc=</latexit>

U
†(s)H(sr)U(s)︸ ︷︷ ︸

H(s,sr)

<latexit sha1_base64="hIp8E6btWRfcHV1a148pIrU5k3g=">AAACF3icbVBNS8NAEN34WetX1KOXYBFakJKIVI9FLz1WMG2hrWGzmbZLN5uwuxFK6L/w4l/x4kERr3rz37hpc9DWBwtv3pthdp4fMyqVbX8bK6tr6xubha3i9s7u3r55cNiSUSIIuCRikej4WAKjHFxFFYNOLACHPoO2P77J/PYDCEkjfqcmMfRDPOR0QAlWWvLMai/hAQhfYAKpe98L8HAIoiwrjbL0RMXVbOqlujjLyqlnluyqPYO1TJyclFCOpmd+9YKIJCFwRRiWsuvYseqnWChKGEyLvURCjMkYD6GrKcchyH46u2tqnWolsAaR0I8ra6b+nkhxKOUk9HVniNVILnqZ+J/XTdTgqp9SHicKOJkvGiTMUpGVhWQFVABRbKIJJoLqv1pkhHVGSkdZ1CE4iycvk9Z51alVa7cXpfp1HkcBHaMTVEYOukR11EBN5CKCHtEzekVvxpPxYrwbH/PWFSOfOUJ/YHz+AKjMnvc=</latexit>

U
†(s)H(sr)U(s)︸ ︷︷ ︸

H(s,sr)
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<latexit sha1_base64="6Ok8uUhbaTg7o+wqPkW7ulflrsY=">AAAB+3icbVBNT8JAEJ36ifhV8eilkZjghbTGoEeiF4+YWCCBhmyXLWzY7ja7W4U0/BUvHjTGq3/Em//GBXpQ8CWTvLw3k5l5YcKo0q77ba2tb2xubRd2irt7+weH9lGpqUQqMfGxYEK2Q6QIo5z4mmpG2okkKA4ZaYWj25nfeiRSUcEf9CQhQYwGnEYUI22knl3qjiUdDDWSUjxlfkWdT3t22a26czirxMtJGXI0evZXty9wGhOuMUNKdTw30UGGpKaYkWmxmyqSIDxCA9IxlKOYqCCb3z51zozSdyIhTXHtzNXfExmKlZrEoemMkR6qZW8m/ud1Uh1dBxnlSaoJx4tFUcocLZxZEE6fSoI1mxiCsKTmVgcPkURYm7iKJgRv+eVV0ryoerVq7f6yXL/J4yjACZxCBTy4gjrcQQN8wDCGZ3iFN2tqvVjv1seidc3KZ47hD6zPH0JLlJg=</latexit>

U(s)→→→↑

<latexit sha1_base64="3zjQToZGjyNbZ2D47BvBku+rXr8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6KXHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5G7ud56o0kyKBzONqR/hkWAhI9hYqd0o64G6HBRLbsVdAK0TLyMlyNAcFL/6Q0mSiApDONa657mx8VOsDCOczgr9RNMYkwke0Z6lAkdU++ni2hm6sMoQhVLZEgYt1N8TKY60nkaB7YywGetVby7+5/USE974KRNxYqggy0VhwpGRaP46GjJFieFTSzBRzN6KyBgrTIwNqGBD8FZfXiftq4pXq9Tuq6X6bRZHHs7gHMrgwTXUoQFNaAGBR3iGV3hzpPPivDsfy9ack82cwh84nz/EJY6e</latexit>

H(sr)

<latexit sha1_base64="NgCcDstXZxxEKCErTcnlrR/BTK0=">AAACH3icbVDLSgMxFM3UV62vqks3wSK0mzIjUt0IpW66rGAf0BlKJk3b0GRmSO6IZeifuPFX3LhQRNz1b8y0XWjrgcDhnHu5OcePBNdg2zMrs7G5tb2T3c3t7R8cHuWPT1o6jBVlTRqKUHV8opngAWsCB8E6kWJE+oK1/fFd6rcfmdI8DB5gEjFPkmHAB5wSMFIvX3GBPYGSiY4YBRXLabFewrd4TXZrfFisF3UpJaVevmCX7TnwOnGWpICWaPTy324/pLFkAVBBtO46dgReQhRwKtg058aaRYSOyZB1DQ2IZNpL5vmm+MIofTwIlXkB4Ln6eyMhUuuJ9M2kJDDSq14q/ud1YxjceAkPohhYQBeHBrHAEOK0LNznysQXE0MIVdz8FdMRUYSCqTRnSnBWI6+T1mXZqZQr91eFam1ZRxadoXNURA66RlVURw3URBQ9o1f0jj6sF+vN+rS+FqMZa7lziv7Amv0AGLCi9w==</latexit>

spectrum(H) = spectrum
(
H(s)

)

Fact: Far off-diagonal        
<latexit sha1_base64="wBhfm9a2ssKmbnB+0yaweyjyevA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2Fpol5JNs23abLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaXbITFMcMmallvB2olmJA4FewzHtzP/8Ylpw5V8sJOEBTEZSB5xSqyTWsNexkfTXrniVb058Crxc1KBHI1e+avbVzSNmbRUEGM6vpfYICPacirYtNRNDUsIHZMB6zgqScxMkM2vneIzp/RxpLQrafFc/T2RkdiYSRy6zpjYoVn2ZuJ/Xie10XWQcZmklkm6WBSlAluFZ6/jPteMWjFxhFDN3a2YDokm1LqASi4Ef/nlVdK6qPq1au3+slK/yeMowgmcwjn4cAV1uIMGNIHCCJ7hFd6QQi/oHX0sWgsonzmGP0CfP9goj1M=</latexit>

hij
cause divergences

<latexit sha1_base64="BWdpsxIChnsVO5qXnLPfFwacckI="></latexit>

{
x
µ
→

x
µ
+
ωx

µ

N
oeth

er’s
th
eorem

<latexit sha1_base64="xf+NQPqROri+cQJ+MTjBCaOlDhI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpGZVXw7LFbfmLoDWiZeTCuRoDctfg1FEEkGlIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUokF1X66uHWOLqwyQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDWT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNW8eq3+cF1p3OVxFOEMzqEKHtxAA5rQgjYQmMAzvMKbI5wX5935WLYWnHzmFP7A+fwBOoaNuQ==</latexit>

H(s)



<latexit sha1_base64="P+Kaqzc6/HtrzN+aYLzzbS93q0E=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8xV2R6DHoxWME84BkCbOT2WTIPNaZWSEs+QkvHhTx6u9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1kntrmECBeemVyr7FX8GtEyCnJQhR71X+ur2FUkFlZZwbEwn8BMbZlhbRjidFLupoQkmIzygHUclFtSE2ezeCTp1Sh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8Tmrj6zBjMkktlWS+KE45sgpNn0d9pimxfOwIJpq5WxEZYo2JdREVXQjB4svLpHlRCaqV6v1luXaTx1GAYziBMwjgCmpwB3VoAAEOz/AKb96j9+K9ex/z1hUvnzmCP/A+fwAu5I9t</latexit>

→ 1/s

<latexit sha1_base64="hIp8E6btWRfcHV1a148pIrU5k3g=">AAACF3icbVBNS8NAEN34WetX1KOXYBFakJKIVI9FLz1WMG2hrWGzmbZLN5uwuxFK6L/w4l/x4kERr3rz37hpc9DWBwtv3pthdp4fMyqVbX8bK6tr6xubha3i9s7u3r55cNiSUSIIuCRikej4WAKjHFxFFYNOLACHPoO2P77J/PYDCEkjfqcmMfRDPOR0QAlWWvLMai/hAQhfYAKpe98L8HAIoiwrjbL0RMXVbOqlujjLyqlnluyqPYO1TJyclFCOpmd+9YKIJCFwRRiWsuvYseqnWChKGEyLvURCjMkYD6GrKcchyH46u2tqnWolsAaR0I8ra6b+nkhxKOUk9HVniNVILnqZ+J/XTdTgqp9SHicKOJkvGiTMUpGVhWQFVABRbKIJJoLqv1pkhHVGSkdZ1CE4iycvk9Z51alVa7cXpfp1HkcBHaMTVEYOukR11EBN5CKCHtEzekVvxpPxYrwbH/PWFSOfOUJ/YHz+AKjMnvc=</latexit>

U
†(s)H(sr)U(s)︸ ︷︷ ︸

H(s,sr)

<latexit sha1_base64="hIp8E6btWRfcHV1a148pIrU5k3g=">AAACF3icbVBNS8NAEN34WetX1KOXYBFakJKIVI9FLz1WMG2hrWGzmbZLN5uwuxFK6L/w4l/x4kERr3rz37hpc9DWBwtv3pthdp4fMyqVbX8bK6tr6xubha3i9s7u3r55cNiSUSIIuCRikej4WAKjHFxFFYNOLACHPoO2P77J/PYDCEkjfqcmMfRDPOR0QAlWWvLMai/hAQhfYAKpe98L8HAIoiwrjbL0RMXVbOqlujjLyqlnluyqPYO1TJyclFCOpmd+9YKIJCFwRRiWsuvYseqnWChKGEyLvURCjMkYD6GrKcchyH46u2tqnWolsAaR0I8ra6b+nkhxKOUk9HVniNVILnqZ+J/XTdTgqp9SHicKOJkvGiTMUpGVhWQFVABRbKIJJoLqv1pkhHVGSkdZ1CE4iycvk9Z51alVa7cXpfp1HkcBHaMTVEYOukR11EBN5CKCHtEzekVvxpPxYrwbH/PWFSOfOUJ/YHz+AKjMnvc=</latexit>

U
†(s)H(sr)U(s)︸ ︷︷ ︸

H(s,sr)
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<latexit sha1_base64="6Ok8uUhbaTg7o+wqPkW7ulflrsY=">AAAB+3icbVBNT8JAEJ36ifhV8eilkZjghbTGoEeiF4+YWCCBhmyXLWzY7ja7W4U0/BUvHjTGq3/Em//GBXpQ8CWTvLw3k5l5YcKo0q77ba2tb2xubRd2irt7+weH9lGpqUQqMfGxYEK2Q6QIo5z4mmpG2okkKA4ZaYWj25nfeiRSUcEf9CQhQYwGnEYUI22knl3qjiUdDDWSUjxlfkWdT3t22a26czirxMtJGXI0evZXty9wGhOuMUNKdTw30UGGpKaYkWmxmyqSIDxCA9IxlKOYqCCb3z51zozSdyIhTXHtzNXfExmKlZrEoemMkR6qZW8m/ud1Uh1dBxnlSaoJx4tFUcocLZxZEE6fSoI1mxiCsKTmVgcPkURYm7iKJgRv+eVV0ryoerVq7f6yXL/J4yjACZxCBTy4gjrcQQN8wDCGZ3iFN2tqvVjv1seidc3KZ47hD6zPH0JLlJg=</latexit>

U(s)→→→↑

<latexit sha1_base64="3zjQToZGjyNbZ2D47BvBku+rXr8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6KXHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5G7ud56o0kyKBzONqR/hkWAhI9hYqd0o64G6HBRLbsVdAK0TLyMlyNAcFL/6Q0mSiApDONa657mx8VOsDCOczgr9RNMYkwke0Z6lAkdU++ni2hm6sMoQhVLZEgYt1N8TKY60nkaB7YywGetVby7+5/USE974KRNxYqggy0VhwpGRaP46GjJFieFTSzBRzN6KyBgrTIwNqGBD8FZfXiftq4pXq9Tuq6X6bRZHHs7gHMrgwTXUoQFNaAGBR3iGV3hzpPPivDsfy9ack82cwh84nz/EJY6e</latexit>

H(sr)

<latexit sha1_base64="NgCcDstXZxxEKCErTcnlrR/BTK0=">AAACH3icbVDLSgMxFM3UV62vqks3wSK0mzIjUt0IpW66rGAf0BlKJk3b0GRmSO6IZeifuPFX3LhQRNz1b8y0XWjrgcDhnHu5OcePBNdg2zMrs7G5tb2T3c3t7R8cHuWPT1o6jBVlTRqKUHV8opngAWsCB8E6kWJE+oK1/fFd6rcfmdI8DB5gEjFPkmHAB5wSMFIvX3GBPYGSiY4YBRXLabFewrd4TXZrfFisF3UpJaVevmCX7TnwOnGWpICWaPTy324/pLFkAVBBtO46dgReQhRwKtg058aaRYSOyZB1DQ2IZNpL5vmm+MIofTwIlXkB4Ln6eyMhUuuJ9M2kJDDSq14q/ud1YxjceAkPohhYQBeHBrHAEOK0LNznysQXE0MIVdz8FdMRUYSCqTRnSnBWI6+T1mXZqZQr91eFam1ZRxadoXNURA66RlVURw3URBQ9o1f0jj6sF+vN+rS+FqMZa7lziv7Amv0AGLCi9w==</latexit>

spectrum(H) = spectrum
(
H(s)

)

<latexit sha1_base64="STMDf+ryyUaasrb2WeZCEn/26qI=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoIiURqS6LblxWsA9oQphMJ+3YySTMTIQQ8g9u/BU3LhRx68adf+M07UJbDwwczrmXO+f4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9cTvPhAhacTvVBoTN0RDTgOKkdKSZ544jIZeJj0BHRVBK4cjL6P3eU2eQi0eF6pDeaBSz6xadasAXCT2jFTBDC3P/HIGEU5CwhVmSMq+bcXKzZBQFDOSV5xEkhjhMRqSvqYchUS6WZEph0daGcAgEvpxBQv190aGQinT0NeTIVIjOe9NxP+8fqKCSzejPE4U4Xh6KEgY1DknBcEBFQQrlmqCsKD6rxCPkEBY6RorugR7PvIi6ZzV7Ua9cXtebV7N6iiDA3AIasAGF6AJbkALtAEGj+AZvII348l4Md6Nj+loyZjt7IM/MD5/AH2anU0=</latexit>

lim
sr→0

hij(s, sr) → ↑
<latexit sha1_base64="STMDf+ryyUaasrb2WeZCEn/26qI=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoIiURqS6LblxWsA9oQphMJ+3YySTMTIQQ8g9u/BU3LhRx68adf+M07UJbDwwczrmXO+f4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9cTvPhAhacTvVBoTN0RDTgOKkdKSZ544jIZeJj0BHRVBK4cjL6P3eU2eQi0eF6pDeaBSz6xadasAXCT2jFTBDC3P/HIGEU5CwhVmSMq+bcXKzZBQFDOSV5xEkhjhMRqSvqYchUS6WZEph0daGcAgEvpxBQv190aGQinT0NeTIVIjOe9NxP+8fqKCSzejPE4U4Xh6KEgY1DknBcEBFQQrlmqCsKD6rxCPkEBY6RorugR7PvIi6ZzV7Ua9cXtebV7N6iiDA3AIasAGF6AJbkALtAEGj+AZvII348l4Md6Nj+loyZjt7IM/MD5/AH2anU0=</latexit>

lim
sr→0

hij(s, sr) → ↑

Fact: Far off-diagonal        
<latexit sha1_base64="wBhfm9a2ssKmbnB+0yaweyjyevA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2Fpol5JNs23abLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaXbITFMcMmallvB2olmJA4FewzHtzP/8Ylpw5V8sJOEBTEZSB5xSqyTWsNexkfTXrniVb058Crxc1KBHI1e+avbVzSNmbRUEGM6vpfYICPacirYtNRNDUsIHZMB6zgqScxMkM2vneIzp/RxpLQrafFc/T2RkdiYSRy6zpjYoVn2ZuJ/Xie10XWQcZmklkm6WBSlAluFZ6/jPteMWjFxhFDN3a2YDokm1LqASi4Ef/nlVdK6qPq1au3+slK/yeMowgmcwjn4cAV1uIMGNIHCCJ7hFd6QQi/oHX0sWgsonzmGP0CfP9goj1M=</latexit>

hij
cause divergences

<latexit sha1_base64="BWdpsxIChnsVO5qXnLPfFwacckI="></latexit>

{
x
µ
→

x
µ
+
ωx

µ

N
oeth

er’s
th
eorem

<latexit sha1_base64="xf+NQPqROri+cQJ+MTjBCaOlDhI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpGZVXw7LFbfmLoDWiZeTCuRoDctfg1FEEkGlIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUokF1X66uHWOLqwyQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDWT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNW8eq3+cF1p3OVxFOEMzqEKHtxAA5rQgjYQmMAzvMKbI5wX5935WLYWnHzmFP7A+fwBOoaNuQ==</latexit>

H(s)



<latexit sha1_base64="P+Kaqzc6/HtrzN+aYLzzbS93q0E=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8xV2R6DHoxWME84BkCbOT2WTIPNaZWSEs+QkvHhTx6u9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1kntrmECBeemVyr7FX8GtEyCnJQhR71X+ur2FUkFlZZwbEwn8BMbZlhbRjidFLupoQkmIzygHUclFtSE2ezeCTp1Sh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8Tmrj6zBjMkktlWS+KE45sgpNn0d9pimxfOwIJpq5WxEZYo2JdREVXQjB4svLpHlRCaqV6v1luXaTx1GAYziBMwjgCmpwB3VoAAEOz/AKb96j9+K9ex/z1hUvnzmCP/A+fwAu5I9t</latexit>

→ 1/s

<latexit sha1_base64="hIp8E6btWRfcHV1a148pIrU5k3g=">AAACF3icbVBNS8NAEN34WetX1KOXYBFakJKIVI9FLz1WMG2hrWGzmbZLN5uwuxFK6L/w4l/x4kERr3rz37hpc9DWBwtv3pthdp4fMyqVbX8bK6tr6xubha3i9s7u3r55cNiSUSIIuCRikej4WAKjHFxFFYNOLACHPoO2P77J/PYDCEkjfqcmMfRDPOR0QAlWWvLMai/hAQhfYAKpe98L8HAIoiwrjbL0RMXVbOqlujjLyqlnluyqPYO1TJyclFCOpmd+9YKIJCFwRRiWsuvYseqnWChKGEyLvURCjMkYD6GrKcchyH46u2tqnWolsAaR0I8ra6b+nkhxKOUk9HVniNVILnqZ+J/XTdTgqp9SHicKOJkvGiTMUpGVhWQFVABRbKIJJoLqv1pkhHVGSkdZ1CE4iycvk9Z51alVa7cXpfp1HkcBHaMTVEYOukR11EBN5CKCHtEzekVvxpPxYrwbH/PWFSOfOUJ/YHz+AKjMnvc=</latexit>

U
†(s)H(sr)U(s)︸ ︷︷ ︸

H(s,sr)

<latexit sha1_base64="hIp8E6btWRfcHV1a148pIrU5k3g=">AAACF3icbVBNS8NAEN34WetX1KOXYBFakJKIVI9FLz1WMG2hrWGzmbZLN5uwuxFK6L/w4l/x4kERr3rz37hpc9DWBwtv3pthdp4fMyqVbX8bK6tr6xubha3i9s7u3r55cNiSUSIIuCRikej4WAKjHFxFFYNOLACHPoO2P77J/PYDCEkjfqcmMfRDPOR0QAlWWvLMai/hAQhfYAKpe98L8HAIoiwrjbL0RMXVbOqlujjLyqlnluyqPYO1TJyclFCOpmd+9YKIJCFwRRiWsuvYseqnWChKGEyLvURCjMkYD6GrKcchyH46u2tqnWolsAaR0I8ra6b+nkhxKOUk9HVniNVILnqZ+J/XTdTgqp9SHicKOJkvGiTMUpGVhWQFVABRbKIJJoLqv1pkhHVGSkdZ1CE4iycvk9Z51alVa7cXpfp1HkcBHaMTVEYOukR11EBN5CKCHtEzekVvxpPxYrwbH/PWFSOfOUJ/YHz+AKjMnvc=</latexit>

U
†(s)H(sr)U(s)︸ ︷︷ ︸

H(s,sr)
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<latexit sha1_base64="6Ok8uUhbaTg7o+wqPkW7ulflrsY=">AAAB+3icbVBNT8JAEJ36ifhV8eilkZjghbTGoEeiF4+YWCCBhmyXLWzY7ja7W4U0/BUvHjTGq3/Em//GBXpQ8CWTvLw3k5l5YcKo0q77ba2tb2xubRd2irt7+weH9lGpqUQqMfGxYEK2Q6QIo5z4mmpG2okkKA4ZaYWj25nfeiRSUcEf9CQhQYwGnEYUI22knl3qjiUdDDWSUjxlfkWdT3t22a26czirxMtJGXI0evZXty9wGhOuMUNKdTw30UGGpKaYkWmxmyqSIDxCA9IxlKOYqCCb3z51zozSdyIhTXHtzNXfExmKlZrEoemMkR6qZW8m/ud1Uh1dBxnlSaoJx4tFUcocLZxZEE6fSoI1mxiCsKTmVgcPkURYm7iKJgRv+eVV0ryoerVq7f6yXL/J4yjACZxCBTy4gjrcQQN8wDCGZ3iFN2tqvVjv1seidc3KZ47hD6zPH0JLlJg=</latexit>

U(s)→→→↑

<latexit sha1_base64="3zjQToZGjyNbZ2D47BvBku+rXr8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6KXHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5G7ud56o0kyKBzONqR/hkWAhI9hYqd0o64G6HBRLbsVdAK0TLyMlyNAcFL/6Q0mSiApDONa657mx8VOsDCOczgr9RNMYkwke0Z6lAkdU++ni2hm6sMoQhVLZEgYt1N8TKY60nkaB7YywGetVby7+5/USE974KRNxYqggy0VhwpGRaP46GjJFieFTSzBRzN6KyBgrTIwNqGBD8FZfXiftq4pXq9Tuq6X6bRZHHs7gHMrgwTXUoQFNaAGBR3iGV3hzpPPivDsfy9ack82cwh84nz/EJY6e</latexit>

H(sr)

<latexit sha1_base64="NgCcDstXZxxEKCErTcnlrR/BTK0=">AAACH3icbVDLSgMxFM3UV62vqks3wSK0mzIjUt0IpW66rGAf0BlKJk3b0GRmSO6IZeifuPFX3LhQRNz1b8y0XWjrgcDhnHu5OcePBNdg2zMrs7G5tb2T3c3t7R8cHuWPT1o6jBVlTRqKUHV8opngAWsCB8E6kWJE+oK1/fFd6rcfmdI8DB5gEjFPkmHAB5wSMFIvX3GBPYGSiY4YBRXLabFewrd4TXZrfFisF3UpJaVevmCX7TnwOnGWpICWaPTy324/pLFkAVBBtO46dgReQhRwKtg058aaRYSOyZB1DQ2IZNpL5vmm+MIofTwIlXkB4Ln6eyMhUuuJ9M2kJDDSq14q/ud1YxjceAkPohhYQBeHBrHAEOK0LNznysQXE0MIVdz8FdMRUYSCqTRnSnBWI6+T1mXZqZQr91eFam1ZRxadoXNURA66RlVURw3URBQ9o1f0jj6sF+vN+rS+FqMZa7lziv7Amv0AGLCi9w==</latexit>

spectrum(H) = spectrum
(
H(s)

)

<latexit sha1_base64="STMDf+ryyUaasrb2WeZCEn/26qI=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoIiURqS6LblxWsA9oQphMJ+3YySTMTIQQ8g9u/BU3LhRx68adf+M07UJbDwwczrmXO+f4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9cTvPhAhacTvVBoTN0RDTgOKkdKSZ544jIZeJj0BHRVBK4cjL6P3eU2eQi0eF6pDeaBSz6xadasAXCT2jFTBDC3P/HIGEU5CwhVmSMq+bcXKzZBQFDOSV5xEkhjhMRqSvqYchUS6WZEph0daGcAgEvpxBQv190aGQinT0NeTIVIjOe9NxP+8fqKCSzejPE4U4Xh6KEgY1DknBcEBFQQrlmqCsKD6rxCPkEBY6RorugR7PvIi6ZzV7Ua9cXtebV7N6iiDA3AIasAGF6AJbkALtAEGj+AZvII348l4Md6Nj+loyZjt7IM/MD5/AH2anU0=</latexit>

lim
sr→0

hij(s, sr) → ↑
<latexit sha1_base64="STMDf+ryyUaasrb2WeZCEn/26qI=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoIiURqS6LblxWsA9oQphMJ+3YySTMTIQQ8g9u/BU3LhRx68adf+M07UJbDwwczrmXO+f4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9cTvPhAhacTvVBoTN0RDTgOKkdKSZ544jIZeJj0BHRVBK4cjL6P3eU2eQi0eF6pDeaBSz6xadasAXCT2jFTBDC3P/HIGEU5CwhVmSMq+bcXKzZBQFDOSV5xEkhjhMRqSvqYchUS6WZEph0daGcAgEvpxBQv190aGQinT0NeTIVIjOe9NxP+8fqKCSzejPE4U4Xh6KEgY1DknBcEBFQQrlmqCsKD6rxCPkEBY6RorugR7PvIi6ZzV7Ua9cXtebV7N6iiDA3AIasAGF6AJbkALtAEGj+AZvII348l4Md6Nj+loyZjt7IM/MD5/AH2anU0=</latexit>

lim
sr→0

hij(s, sr) → ↑

<latexit sha1_base64="6Ok8uUhbaTg7o+wqPkW7ulflrsY=">AAAB+3icbVBNT8JAEJ36ifhV8eilkZjghbTGoEeiF4+YWCCBhmyXLWzY7ja7W4U0/BUvHjTGq3/Em//GBXpQ8CWTvLw3k5l5YcKo0q77ba2tb2xubRd2irt7+weH9lGpqUQqMfGxYEK2Q6QIo5z4mmpG2okkKA4ZaYWj25nfeiRSUcEf9CQhQYwGnEYUI22knl3qjiUdDDWSUjxlfkWdT3t22a26czirxMtJGXI0evZXty9wGhOuMUNKdTw30UGGpKaYkWmxmyqSIDxCA9IxlKOYqCCb3z51zozSdyIhTXHtzNXfExmKlZrEoemMkR6qZW8m/ud1Uh1dBxnlSaoJx4tFUcocLZxZEE6fSoI1mxiCsKTmVgcPkURYm7iKJgRv+eVV0ryoerVq7f6yXL/J4yjACZxCBTy4gjrcQQN8wDCGZ3iFN2tqvVjv1seidc3KZ47hD6zPH0JLlJg=</latexit>

U(s)→→→↑

<latexit sha1_base64="P+Kaqzc6/HtrzN+aYLzzbS93q0E=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8xV2R6DHoxWME84BkCbOT2WTIPNaZWSEs+QkvHhTx6u9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1kntrmECBeemVyr7FX8GtEyCnJQhR71X+ur2FUkFlZZwbEwn8BMbZlhbRjidFLupoQkmIzygHUclFtSE2ezeCTp1Sh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8Tmrj6zBjMkktlWS+KE45sgpNn0d9pimxfOwIJpq5WxEZYo2JdREVXQjB4svLpHlRCaqV6v1luXaTx1GAYziBMwjgCmpwB3VoAAEOz/AKb96j9+K9ex/z1hUvnzmCP/A+fwAu5I9t</latexit>

→ 1/s

<latexit sha1_base64="hIp8E6btWRfcHV1a148pIrU5k3g=">AAACF3icbVBNS8NAEN34WetX1KOXYBFakJKIVI9FLz1WMG2hrWGzmbZLN5uwuxFK6L/w4l/x4kERr3rz37hpc9DWBwtv3pthdp4fMyqVbX8bK6tr6xubha3i9s7u3r55cNiSUSIIuCRikej4WAKjHFxFFYNOLACHPoO2P77J/PYDCEkjfqcmMfRDPOR0QAlWWvLMai/hAQhfYAKpe98L8HAIoiwrjbL0RMXVbOqlujjLyqlnluyqPYO1TJyclFCOpmd+9YKIJCFwRRiWsuvYseqnWChKGEyLvURCjMkYD6GrKcchyH46u2tqnWolsAaR0I8ra6b+nkhxKOUk9HVniNVILnqZ+J/XTdTgqp9SHicKOJkvGiTMUpGVhWQFVABRbKIJJoLqv1pkhHVGSkdZ1CE4iycvk9Z51alVa7cXpfp1HkcBHaMTVEYOukR11EBN5CKCHtEzekVvxpPxYrwbH/PWFSOfOUJ/YHz+AKjMnvc=</latexit>

U
†(s)H(sr)U(s)︸ ︷︷ ︸

H(s,sr)

<latexit sha1_base64="3zjQToZGjyNbZ2D47BvBku+rXr8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6KXHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3sbm1vZPfLeztHxweFY9P2lomitAWkVyqboA15UzQlmGG026sKI4CTjvB5G7ud56o0kyKBzONqR/hkWAhI9hYqd0o64G6HBRLbsVdAK0TLyMlyNAcFL/6Q0mSiApDONa657mx8VOsDCOczgr9RNMYkwke0Z6lAkdU++ni2hm6sMoQhVLZEgYt1N8TKY60nkaB7YywGetVby7+5/USE974KRNxYqggy0VhwpGRaP46GjJFieFTSzBRzN6KyBgrTIwNqGBD8FZfXiftq4pXq9Tuq6X6bRZHHs7gHMrgwTXUoQFNaAGBR3iGV3hzpPPivDsfy9ack82cwh84nz/EJY6e</latexit>

H(sr)
<latexit sha1_base64="DuIF2v9nMIEuJkFp+1qO216rhHM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKe6KRI9BLx4jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDRgsaiqpuuruihDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzPz2I9WGKXlvJwkNBR5KFjOCrZMeeoYJFJyZvu6XK37VnwP9JUFOKpCj0S9/9gaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfvEUnThlgGKlXUmL5urPiQwLYyYicp0C25FZ9mbif143tfFVmDGZpJZKslgUpxxZhWbvowHTlFg+cQQTzdytiIywxsS6kEouhGD55b+kdV4NatXa3UWlfp3HUYQjOIZTCOAS6nALDWgCAQlP8AKvnvGevTfvfdFa8PKZQ/gF7+MbuyyQUg==</latexit>

→ 1/sr

<latexit sha1_base64="QaSMWlExPp5+puiTUD4xK3DK6CI=">AAACMXicdVBdSwJBFJ3t0+zL6rGXIQkUQnYjrJdA7MVHg/wAV2R2HHVwZneZuRvJ4l/qpX8SvfhQRK/9iUZdorQODBzOOZc793ih4Bpse2KtrK6tb2ymttLbO7t7+5mDw7oOIkVZjQYiUE2PaCa4z2rAQbBmqBiRnmANb3gz9Rv3TGke+HcwCllbkr7Pe5wSMFInU3GBPYCSsQ4ZBRXJsVvm/VwlpzsqP6V5fI3/zZzh71gnk7UL9gx4mTgJyaIE1U7m2e0GNJLMByqI1i3HDqEdEwWcCjZOu5FmIaFD0mctQ30imW7Hs4vH+NQoXdwLlHk+4Jn6cyImUuuR9ExSEhjoRW8q/uW1IuhdtWPuhxEwn84X9SKBIcDT+nCXK9OBGBlCqOLmr5gOiCIUTMlpU4KzePIyqZ8XnGKheHuRLZWTOlLoGJ2gHHLQJSqhCqqiGqLoEb2gV/RmPVkT6936mEdXrGTmCP2C9fkFcMGprA==</latexit>

spectrum
(
H(sr)

)
= spectrum

(
H(s, sr)

)

<latexit sha1_base64="STMDf+ryyUaasrb2WeZCEn/26qI=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoIiURqS6LblxWsA9oQphMJ+3YySTMTIQQ8g9u/BU3LhRx68adf+M07UJbDwwczrmXO+f4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9cTvPhAhacTvVBoTN0RDTgOKkdKSZ544jIZeJj0BHRVBK4cjL6P3eU2eQi0eF6pDeaBSz6xadasAXCT2jFTBDC3P/HIGEU5CwhVmSMq+bcXKzZBQFDOSV5xEkhjhMRqSvqYchUS6WZEph0daGcAgEvpxBQv190aGQinT0NeTIVIjOe9NxP+8fqKCSzejPE4U4Xh6KEgY1DknBcEBFQQrlmqCsKD6rxCPkEBY6RorugR7PvIi6ZzV7Ua9cXtebV7N6iiDA3AIasAGF6AJbkALtAEGj+AZvII348l4Md6Nj+loyZjt7IM/MD5/AH2anU0=</latexit>

lim
sr→0

hij(s, sr) → ↑

Fact: Far off-diagonal        
<latexit sha1_base64="wBhfm9a2ssKmbnB+0yaweyjyevA=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2Fpol5JNs23abLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaXbITFMcMmallvB2olmJA4FewzHtzP/8Ylpw5V8sJOEBTEZSB5xSqyTWsNexkfTXrniVb058Crxc1KBHI1e+avbVzSNmbRUEGM6vpfYICPacirYtNRNDUsIHZMB6zgqScxMkM2vneIzp/RxpLQrafFc/T2RkdiYSRy6zpjYoVn2ZuJ/Xie10XWQcZmklkm6WBSlAluFZ6/jPteMWjFxhFDN3a2YDokm1LqASi4Ef/nlVdK6qPq1au3+slK/yeMowgmcwjn4cAV1uIMGNIHCCJ7hFd6QQi/oHX0sWgsonzmGP0CfP9goj1M=</latexit>

hij
cause divergences

<latexit sha1_base64="BWdpsxIChnsVO5qXnLPfFwacckI="></latexit>

{
x
µ
→

x
µ
+
ωx

µ

N
oeth

er’s
th
eorem

<latexit sha1_base64="xf+NQPqROri+cQJ+MTjBCaOlDhI=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9NJjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G0/vM7z5RpVkkH80spr7AY8lCRrDJpGZVXw7LFbfmLoDWiZeTCuRoDctfg1FEEkGlIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUokF1X66uHWOLqwyQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDWT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNW8eq3+cF1p3OVxFOEMzqEKHtxAA5rQgjYQmMAzvMKbI5wX5935WLYWnHzmFP7A+fwBOoaNuQ==</latexit>

H(s)
<latexit sha1_base64="pK10295ia5UyW9YxQdMjH0FNJfY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdkeqx6KXHCvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H47uZ336iSrNIPphJTH2Bh5KFjGBjpcd6WV8g3Vfn/WLJrbhzoFXiZaQEGRr94ldvEJFEUGkIx1p3PTc2foqVYYTTaaGXaBpjMsZD2rVUYkG1n84PnqIzqwxQGClb0qC5+nsixULriQhsp8BmpJe9mfif101MeOOnTMaJoZIsFoUJRyZCs+/RgClKDJ9Ygoli9lZERlhhYmxGBRuCt/zyKmldVrxqpXp/VardZnHk4QROoQweXEMN6tCAJhAQ8Ayv8OYo58V5dz4WrTknmzmGP3A+fwBZ7Y97</latexit>

H(s, sr)
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<latexit sha1_base64="9SxQ2EZmUtVjjL86/C7XTjD1LGY=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIswRSkzItWNUHTTZQX7gHYomTTThmYeJBmhDP0AN/6KGxeKuPUD3Pk3ZtpZaOuBwOGcc8m9x404k8qyvo3cyura+kZ+s7C1vbO7V9w/aMkwFoQ2SchD0XGxpJwFtKmY4rQTCYp9l9O2O75N/fYDFZKFwb2aRNTx8TBgHiNYaalfLPV8rEYE86Q+NWUZXaO6Kc+Q7IsyOkUdMyU6ZVWsGdAysTNSggyNfvGrNwhJ7NNAEY6l7NpWpJwEC8UIp9NCL5Y0wmSMh7SraYB9Kp1kdswUnWhlgLxQ6BcoNFN/TyTYl3LiuzqZri4XvVT8z+vGyrtyEhZEsaIBmX/kxRypEKXNoAETlCg+0QQTwfSuiIywwETp/gq6BHvx5GXSOq/Y1Ur17qJUu8nqyMMRHIMJNlxCDerQgCYQeIRneIU348l4Md6Nj3k0Z2Qzh/AHxucPiZmYvw==</latexit>

H(s) = H(s, sr) +X(sr)
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<latexit sha1_base64="9SxQ2EZmUtVjjL86/C7XTjD1LGY=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIswRSkzItWNUHTTZQX7gHYomTTThmYeJBmhDP0AN/6KGxeKuPUD3Pk3ZtpZaOuBwOGcc8m9x404k8qyvo3cyura+kZ+s7C1vbO7V9w/aMkwFoQ2SchD0XGxpJwFtKmY4rQTCYp9l9O2O75N/fYDFZKFwb2aRNTx8TBgHiNYaalfLPV8rEYE86Q+NWUZXaO6Kc+Q7IsyOkUdMyU6ZVWsGdAysTNSggyNfvGrNwhJ7NNAEY6l7NpWpJwEC8UIp9NCL5Y0wmSMh7SraYB9Kp1kdswUnWhlgLxQ6BcoNFN/TyTYl3LiuzqZri4XvVT8z+vGyrtyEhZEsaIBmX/kxRypEKXNoAETlCg+0QQTwfSuiIywwETp/gq6BHvx5GXSOq/Y1Ur17qJUu8nqyMMRHIMJNlxCDerQgCYQeIRneIU348l4Md6Nj3k0Z2Qzh/AHxucPiZmYvw==</latexit>

H(s) = H(s, sr) +X(sr)

<latexit sha1_base64="6KdfxAXZuhsFZ/HCeiFvOp0UQ/0=">AAACHHicbZDLSgMxFIYz9VbrrerSTbAILUiZUaluhKKbLis4baEzlkx62oZmMkOSEUrpg7jxVdy4UMSNC8G3Mb0I2vpD4Mt/ziE5fxBzprRtf1mppeWV1bX0emZjc2t7J7u7V1NRIim4NOKRbAREAWcCXM00h0YsgYQBh3rQvx7X6/cgFYvErR7E4IekK1iHUaKN1cqeVrCnI1zJq5Ys/OAxntwusXvntUm3CzKvCtMW11Arm7OL9kR4EZwZ5NBM1Vb2w2tHNAlBaMqJUk3HjrU/JFIzymGU8RIFMaF90oWmQUFCUP5wstwIHxmnjTuRNEdoPHF/TwxJqNQgDExnSHRPzdfG5n+1ZqI7F/6QiTjRIOj0oU7CsclgnBRuMwlU84EBQiUzf8W0RySh2uSZMSE48ysvQu2k6JSKpZuzXPlqFkcaHaBDlEcOOkdlVEFV5CKKHtATekGv1qP1bL1Z79PWlDWb2Ud/ZH1+A9KEniM=</latexit>

H → H(sr) → H(s, sr) = U
†(s)H(sr)U(s)

<latexit sha1_base64="STMDf+ryyUaasrb2WeZCEn/26qI=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoIiURqS6LblxWsA9oQphMJ+3YySTMTIQQ8g9u/BU3LhRx68adf+M07UJbDwwczrmXO+f4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9cTvPhAhacTvVBoTN0RDTgOKkdKSZ544jIZeJj0BHRVBK4cjL6P3eU2eQi0eF6pDeaBSz6xadasAXCT2jFTBDC3P/HIGEU5CwhVmSMq+bcXKzZBQFDOSV5xEkhjhMRqSvqYchUS6WZEph0daGcAgEvpxBQv190aGQinT0NeTIVIjOe9NxP+8fqKCSzejPE4U4Xh6KEgY1DknBcEBFQQrlmqCsKD6rxCPkEBY6RorugR7PvIi6ZzV7Ua9cXtebV7N6iiDA3AIasAGF6AJbkALtAEGj+AZvII348l4Md6Nj+loyZjt7IM/MD5/AH2anU0=</latexit>

lim
sr→0

hij(s, sr) → ↑
<latexit sha1_base64="tKffO5NbYDQozc2rsHW5WMTCKDM=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAiSNgVieIp6MVjBPOAZA2zk04yZvbBzKwalvyHFw+KePVfvPk3TpI9aGJBQ1HVTXeXFwmutG1/WwuLS8srq5m17PrG5tZ2bme3psJYMqyyUISy4VGFggdY1VwLbEQSqe8JrHuDq7Fff0CpeBjc6mGErk97Ae9yRrWR7lr4ZHYoUuDH90cX7VzeLtoTkHnipCQPKSrt3FerE7LYx0AzQZVqOnak3YRKzZnAUbYVK4woG9AeNg0NqI/KTSZXj8ihUTqkG0pTgSYT9fdEQn2lhr5nOn2q+2rWG4v/ec1Yd8/dhAdRrDFg00XdWBAdknEEpMMlMi2GhlAmubmVsD6VlGkTVNaE4My+PE9qJ0WnVCzdnObLl2kcGdiHAyiAA2dQhmuoQBUYSHiGV3izHq0X6936mLYuWOnMHvyB9fkDQmGRtw==</latexit>

→(i, j) :

Unitarily Transformed Hamiltonian
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<latexit sha1_base64="9SxQ2EZmUtVjjL86/C7XTjD1LGY=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIswRSkzItWNUHTTZQX7gHYomTTThmYeJBmhDP0AN/6KGxeKuPUD3Pk3ZtpZaOuBwOGcc8m9x404k8qyvo3cyura+kZ+s7C1vbO7V9w/aMkwFoQ2SchD0XGxpJwFtKmY4rQTCYp9l9O2O75N/fYDFZKFwb2aRNTx8TBgHiNYaalfLPV8rEYE86Q+NWUZXaO6Kc+Q7IsyOkUdMyU6ZVWsGdAysTNSggyNfvGrNwhJ7NNAEY6l7NpWpJwEC8UIp9NCL5Y0wmSMh7SraYB9Kp1kdswUnWhlgLxQ6BcoNFN/TyTYl3LiuzqZri4XvVT8z+vGyrtyEhZEsaIBmX/kxRypEKXNoAETlCg+0QQTwfSuiIywwETp/gq6BHvx5GXSOq/Y1Ur17qJUu8nqyMMRHIMJNlxCDerQgCYQeIRneIU348l4Md6Nj3k0Z2Qzh/AHxucPiZmYvw==</latexit>

H(s) = H(s, sr) +X(sr)

<latexit sha1_base64="6KdfxAXZuhsFZ/HCeiFvOp0UQ/0=">AAACHHicbZDLSgMxFIYz9VbrrerSTbAILUiZUaluhKKbLis4baEzlkx62oZmMkOSEUrpg7jxVdy4UMSNC8G3Mb0I2vpD4Mt/ziE5fxBzprRtf1mppeWV1bX0emZjc2t7J7u7V1NRIim4NOKRbAREAWcCXM00h0YsgYQBh3rQvx7X6/cgFYvErR7E4IekK1iHUaKN1cqeVrCnI1zJq5Ys/OAxntwusXvntUm3CzKvCtMW11Arm7OL9kR4EZwZ5NBM1Vb2w2tHNAlBaMqJUk3HjrU/JFIzymGU8RIFMaF90oWmQUFCUP5wstwIHxmnjTuRNEdoPHF/TwxJqNQgDExnSHRPzdfG5n+1ZqI7F/6QiTjRIOj0oU7CsclgnBRuMwlU84EBQiUzf8W0RySh2uSZMSE48ysvQu2k6JSKpZuzXPlqFkcaHaBDlEcOOkdlVEFV5CKKHtATekGv1qP1bL1Z79PWlDWb2Ud/ZH1+A9KEniM=</latexit>

H → H(sr) → H(s, sr) = U
†(s)H(sr)U(s)

<latexit sha1_base64="STMDf+ryyUaasrb2WeZCEn/26qI=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoIiURqS6LblxWsA9oQphMJ+3YySTMTIQQ8g9u/BU3LhRx68adf+M07UJbDwwczrmXO+f4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9cTvPhAhacTvVBoTN0RDTgOKkdKSZ544jIZeJj0BHRVBK4cjL6P3eU2eQi0eF6pDeaBSz6xadasAXCT2jFTBDC3P/HIGEU5CwhVmSMq+bcXKzZBQFDOSV5xEkhjhMRqSvqYchUS6WZEph0daGcAgEvpxBQv190aGQinT0NeTIVIjOe9NxP+8fqKCSzejPE4U4Xh6KEgY1DknBcEBFQQrlmqCsKD6rxCPkEBY6RorugR7PvIi6ZzV7Ua9cXtebV7N6iiDA3AIasAGF6AJbkALtAEGj+AZvII348l4Md6Nj+loyZjt7IM/MD5/AH2anU0=</latexit>

lim
sr→0

hij(s, sr) → ↑
<latexit sha1_base64="tKffO5NbYDQozc2rsHW5WMTCKDM=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAiSNgVieIp6MVjBPOAZA2zk04yZvbBzKwalvyHFw+KePVfvPk3TpI9aGJBQ1HVTXeXFwmutG1/WwuLS8srq5m17PrG5tZ2bme3psJYMqyyUISy4VGFggdY1VwLbEQSqe8JrHuDq7Fff0CpeBjc6mGErk97Ae9yRrWR7lr4ZHYoUuDH90cX7VzeLtoTkHnipCQPKSrt3FerE7LYx0AzQZVqOnak3YRKzZnAUbYVK4woG9AeNg0NqI/KTSZXj8ihUTqkG0pTgSYT9fdEQn2lhr5nOn2q+2rWG4v/ec1Yd8/dhAdRrDFg00XdWBAdknEEpMMlMi2GhlAmubmVsD6VlGkTVNaE4My+PE9qJ0WnVCzdnObLl2kcGdiHAyiAA2dQhmuoQBUYSHiGV3izHq0X6936mLYuWOnMHvyB9fkDQmGRtw==</latexit>

→(i, j) :

Unitarily Transformed Hamiltonian

<latexit sha1_base64="FUVGmcTCWHfcDm1FyfwBCiOAIAA="></latexit>

X(sr) =
{
xij(sr) : lim

sr→0

(
xij(sr) + hij(s, sr)

)
< →

}

<latexit sha1_base64="WbkguAcqjkYhNUNb0Sgx0D2A/TY=">AAACBnicbVDLSgMxFM3UV62vUZciBItQN2VGpLoRim5cVrAPaIchk2ba2CQzJBmxDF258VfcuFDErd/gzr8xnc5Cqwfu5XDOvST3BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6HLqt++IVDQSN3ocE4+jgaAhxUgbybf3OxXlyyN4Dnsq4X5Kbyf3Wc9k3y47VScD/EvcnJRBjoZvf/b6EU44ERozpFTXdWLtpUhqihmZlHqJIjHCIzQgXUMF4kR5aXbGBB4apQ/DSJoSGmbqz40UcaXGPDCTHOmhmvem4n9eN9HhmZdSESeaCDx7KEwY1BGcZgL7VBKs2dgQhCU1f4V4iCTC2iRXMiG48yf/Ja3jqlur1q5PyvWLPI4i2AMHoAJccArq4Ao0QBNg8ACewAt4tR6tZ+vNep+NFqx8Zxf8gvXxDSoYmFQ=</latexit>

X(sr) =
∑

ij

xij(sr)

<latexit sha1_base64="W69YakCXe9j0lM3lEESTH/V5HIo=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99mKlMefI9MsVv+rPgVZJkJMK5Gj0y1+9gSKpoNISjo3pBn5iwwxrywin01IvNTTBZIyHtOuoxIKaMJsfPEVnThkgt9uVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4cZk0lqqSSLRXHKkVVo9j0aME2J5RNHMNHM3YrICGtMrMuo5EIIll9eJa2LalCr1u4vK/WbPI4inMApnEMAV1CHO2hAEwgIeIZXePO09+K9ex+L1oKXzxzDH3ifP54XkE4=</latexit>

→s

Counterterms
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<latexit sha1_base64="9SxQ2EZmUtVjjL86/C7XTjD1LGY=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIswRSkzItWNUHTTZQX7gHYomTTThmYeJBmhDP0AN/6KGxeKuPUD3Pk3ZtpZaOuBwOGcc8m9x404k8qyvo3cyura+kZ+s7C1vbO7V9w/aMkwFoQ2SchD0XGxpJwFtKmY4rQTCYp9l9O2O75N/fYDFZKFwb2aRNTx8TBgHiNYaalfLPV8rEYE86Q+NWUZXaO6Kc+Q7IsyOkUdMyU6ZVWsGdAysTNSggyNfvGrNwhJ7NNAEY6l7NpWpJwEC8UIp9NCL5Y0wmSMh7SraYB9Kp1kdswUnWhlgLxQ6BcoNFN/TyTYl3LiuzqZri4XvVT8z+vGyrtyEhZEsaIBmX/kxRypEKXNoAETlCg+0QQTwfSuiIywwETp/gq6BHvx5GXSOq/Y1Ur17qJUu8nqyMMRHIMJNlxCDerQgCYQeIRneIU348l4Md6Nj3k0Z2Qzh/AHxucPiZmYvw==</latexit>

H(s) = H(s, sr) +X(sr)
<latexit sha1_base64="nanZ5V2XRgGsZgSpSXgshWBa/jw=">AAACHHicbVA9SwNBEN3z2/gVtbRZDEJswp1KtLCQ2KSMYBIhd4S9zV5c3N07dufEcNwPsfGv2FgoYmMh+G/cS1L49WDg8d4MM/PCRHADrvvpzMzOzS8sLi2XVlbX1jfKm1sdE6easjaNRayvQmKY4Iq1gYNgV4lmRIaCdcOb88Lv3jJteKwuYZSwQJKh4hGnBKzULx/6wO5Ay8wkjIJOZe43+LDqSwLXlIismVfNfiHtY3yKfa4iGPXLFbfmjoH/Em9KKmiKVr/87g9imkqmgApiTM9zEwgyooFTwfKSnxqWEHpDhqxnqSKSmSAbP5fjPasMcBRrWwrwWP0+kRFpzEiGtrM42vz2CvE/r5dCdBJkXCUpMEUni6JUYIhxkRQecG0jESNLCNXc3orpNdGEgs2zZEPwfr/8l3QOal69Vr84qpw1pnEsoR20i6rIQ8foDDVRC7URRffoET2jF+fBeXJenbdJ64wzndlGP+B8fAGirqGo</latexit>

spectrum
(
H(s)

)
< →

<latexit sha1_base64="6KdfxAXZuhsFZ/HCeiFvOp0UQ/0=">AAACHHicbZDLSgMxFIYz9VbrrerSTbAILUiZUaluhKKbLis4baEzlkx62oZmMkOSEUrpg7jxVdy4UMSNC8G3Mb0I2vpD4Mt/ziE5fxBzprRtf1mppeWV1bX0emZjc2t7J7u7V1NRIim4NOKRbAREAWcCXM00h0YsgYQBh3rQvx7X6/cgFYvErR7E4IekK1iHUaKN1cqeVrCnI1zJq5Ys/OAxntwusXvntUm3CzKvCtMW11Arm7OL9kR4EZwZ5NBM1Vb2w2tHNAlBaMqJUk3HjrU/JFIzymGU8RIFMaF90oWmQUFCUP5wstwIHxmnjTuRNEdoPHF/TwxJqNQgDExnSHRPzdfG5n+1ZqI7F/6QiTjRIOj0oU7CsclgnBRuMwlU84EBQiUzf8W0RySh2uSZMSE48ysvQu2k6JSKpZuzXPlqFkcaHaBDlEcOOkdlVEFV5CKKHtATekGv1qP1bL1Z79PWlDWb2Ud/ZH1+A9KEniM=</latexit>

H → H(sr) → H(s, sr) = U
†(s)H(sr)U(s)

<latexit sha1_base64="STMDf+ryyUaasrb2WeZCEn/26qI=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoIiURqS6LblxWsA9oQphMJ+3YySTMTIQQ8g9u/BU3LhRx68adf+M07UJbDwwczrmXO+f4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9cTvPhAhacTvVBoTN0RDTgOKkdKSZ544jIZeJj0BHRVBK4cjL6P3eU2eQi0eF6pDeaBSz6xadasAXCT2jFTBDC3P/HIGEU5CwhVmSMq+bcXKzZBQFDOSV5xEkhjhMRqSvqYchUS6WZEph0daGcAgEvpxBQv190aGQinT0NeTIVIjOe9NxP+8fqKCSzejPE4U4Xh6KEgY1DknBcEBFQQrlmqCsKD6rxCPkEBY6RorugR7PvIi6ZzV7Ua9cXtebV7N6iiDA3AIasAGF6AJbkALtAEGj+AZvII348l4Md6Nj+loyZjt7IM/MD5/AH2anU0=</latexit>

lim
sr→0

hij(s, sr) → ↑
<latexit sha1_base64="tKffO5NbYDQozc2rsHW5WMTCKDM=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAiSNgVieIp6MVjBPOAZA2zk04yZvbBzKwalvyHFw+KePVfvPk3TpI9aGJBQ1HVTXeXFwmutG1/WwuLS8srq5m17PrG5tZ2bme3psJYMqyyUISy4VGFggdY1VwLbEQSqe8JrHuDq7Fff0CpeBjc6mGErk97Ae9yRrWR7lr4ZHYoUuDH90cX7VzeLtoTkHnipCQPKSrt3FerE7LYx0AzQZVqOnak3YRKzZnAUbYVK4woG9AeNg0NqI/KTSZXj8ihUTqkG0pTgSYT9fdEQn2lhr5nOn2q+2rWG4v/ec1Yd8/dhAdRrDFg00XdWBAdknEEpMMlMi2GhlAmubmVsD6VlGkTVNaE4My+PE9qJ0WnVCzdnObLl2kcGdiHAyiAA2dQhmuoQBUYSHiGV3izHq0X6936mLYuWOnMHvyB9fkDQmGRtw==</latexit>

→(i, j) :

Unitarily Transformed Hamiltonian

<latexit sha1_base64="FUVGmcTCWHfcDm1FyfwBCiOAIAA="></latexit>

X(sr) =
{
xij(sr) : lim

sr→0

(
xij(sr) + hij(s, sr)

)
< →

}

<latexit sha1_base64="WbkguAcqjkYhNUNb0Sgx0D2A/TY=">AAACBnicbVDLSgMxFM3UV62vUZciBItQN2VGpLoRim5cVrAPaIchk2ba2CQzJBmxDF258VfcuFDErd/gzr8xnc5Cqwfu5XDOvST3BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6HLqt++IVDQSN3ocE4+jgaAhxUgbybf3OxXlyyN4Dnsq4X5Kbyf3Wc9k3y47VScD/EvcnJRBjoZvf/b6EU44ERozpFTXdWLtpUhqihmZlHqJIjHCIzQgXUMF4kR5aXbGBB4apQ/DSJoSGmbqz40UcaXGPDCTHOmhmvem4n9eN9HhmZdSESeaCDx7KEwY1BGcZgL7VBKs2dgQhCU1f4V4iCTC2iRXMiG48yf/Ja3jqlur1q5PyvWLPI4i2AMHoAJccArq4Ao0QBNg8ACewAt4tR6tZ+vNep+NFqx8Zxf8gvXxDSoYmFQ=</latexit>

X(sr) =
∑

ij

xij(sr)

<latexit sha1_base64="W69YakCXe9j0lM3lEESTH/V5HIo=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99mKlMefI9MsVv+rPgVZJkJMK5Gj0y1+9gSKpoNISjo3pBn5iwwxrywin01IvNTTBZIyHtOuoxIKaMJsfPEVnThkgt9uVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4cZk0lqqSSLRXHKkVVo9j0aME2J5RNHMNHM3YrICGtMrMuo5EIIll9eJa2LalCr1u4vK/WbPI4inMApnEMAV1CHO2hAEwgIeIZXePO09+K9ex+L1oKXzxzDH3ifP54XkE4=</latexit>

→s

Counterterms
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<latexit sha1_base64="9SxQ2EZmUtVjjL86/C7XTjD1LGY=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIswRSkzItWNUHTTZQX7gHYomTTThmYeJBmhDP0AN/6KGxeKuPUD3Pk3ZtpZaOuBwOGcc8m9x404k8qyvo3cyura+kZ+s7C1vbO7V9w/aMkwFoQ2SchD0XGxpJwFtKmY4rQTCYp9l9O2O75N/fYDFZKFwb2aRNTx8TBgHiNYaalfLPV8rEYE86Q+NWUZXaO6Kc+Q7IsyOkUdMyU6ZVWsGdAysTNSggyNfvGrNwhJ7NNAEY6l7NpWpJwEC8UIp9NCL5Y0wmSMh7SraYB9Kp1kdswUnWhlgLxQ6BcoNFN/TyTYl3LiuzqZri4XvVT8z+vGyrtyEhZEsaIBmX/kxRypEKXNoAETlCg+0QQTwfSuiIywwETp/gq6BHvx5GXSOq/Y1Ur17qJUu8nqyMMRHIMJNlxCDerQgCYQeIRneIU348l4Md6Nj3k0Z2Qzh/AHxucPiZmYvw==</latexit>

H(s) = H(s, sr) +X(sr)
<latexit sha1_base64="nanZ5V2XRgGsZgSpSXgshWBa/jw=">AAACHHicbVA9SwNBEN3z2/gVtbRZDEJswp1KtLCQ2KSMYBIhd4S9zV5c3N07dufEcNwPsfGv2FgoYmMh+G/cS1L49WDg8d4MM/PCRHADrvvpzMzOzS8sLi2XVlbX1jfKm1sdE6easjaNRayvQmKY4Iq1gYNgV4lmRIaCdcOb88Lv3jJteKwuYZSwQJKh4hGnBKzULx/6wO5Ay8wkjIJOZe43+LDqSwLXlIismVfNfiHtY3yKfa4iGPXLFbfmjoH/Em9KKmiKVr/87g9imkqmgApiTM9zEwgyooFTwfKSnxqWEHpDhqxnqSKSmSAbP5fjPasMcBRrWwrwWP0+kRFpzEiGtrM42vz2CvE/r5dCdBJkXCUpMEUni6JUYIhxkRQecG0jESNLCNXc3orpNdGEgs2zZEPwfr/8l3QOal69Vr84qpw1pnEsoR20i6rIQ8foDDVRC7URRffoET2jF+fBeXJenbdJ64wzndlGP+B8fAGirqGo</latexit>

spectrum
(
H(s)

)
< →

<latexit sha1_base64="STMDf+ryyUaasrb2WeZCEn/26qI=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoIiURqS6LblxWsA9oQphMJ+3YySTMTIQQ8g9u/BU3LhRx68adf+M07UJbDwwczrmXO+f4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9cTvPhAhacTvVBoTN0RDTgOKkdKSZ544jIZeJj0BHRVBK4cjL6P3eU2eQi0eF6pDeaBSz6xadasAXCT2jFTBDC3P/HIGEU5CwhVmSMq+bcXKzZBQFDOSV5xEkhjhMRqSvqYchUS6WZEph0daGcAgEvpxBQv190aGQinT0NeTIVIjOe9NxP+8fqKCSzejPE4U4Xh6KEgY1DknBcEBFQQrlmqCsKD6rxCPkEBY6RorugR7PvIi6ZzV7Ua9cXtebV7N6iiDA3AIasAGF6AJbkALtAEGj+AZvII348l4Md6Nj+loyZjt7IM/MD5/AH2anU0=</latexit>

lim
sr→0

hij(s, sr) → ↑
<latexit sha1_base64="tKffO5NbYDQozc2rsHW5WMTCKDM=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAiSNgVieIp6MVjBPOAZA2zk04yZvbBzKwalvyHFw+KePVfvPk3TpI9aGJBQ1HVTXeXFwmutG1/WwuLS8srq5m17PrG5tZ2bme3psJYMqyyUISy4VGFggdY1VwLbEQSqe8JrHuDq7Fff0CpeBjc6mGErk97Ae9yRrWR7lr4ZHYoUuDH90cX7VzeLtoTkHnipCQPKSrt3FerE7LYx0AzQZVqOnak3YRKzZnAUbYVK4woG9AeNg0NqI/KTSZXj8ihUTqkG0pTgSYT9fdEQn2lhr5nOn2q+2rWG4v/ec1Yd8/dhAdRrDFg00XdWBAdknEEpMMlMi2GhlAmubmVsD6VlGkTVNaE4My+PE9qJ0WnVCzdnObLl2kcGdiHAyiAA2dQhmuoQBUYSHiGV3izHq0X6936mLYuWOnMHvyB9fkDQmGRtw==</latexit>

→(i, j) :

Unitarily Transformed Hamiltonian

<latexit sha1_base64="FUVGmcTCWHfcDm1FyfwBCiOAIAA="></latexit>

X(sr) =
{
xij(sr) : lim

sr→0

(
xij(sr) + hij(s, sr)

)
< →

}

<latexit sha1_base64="WbkguAcqjkYhNUNb0Sgx0D2A/TY=">AAACBnicbVDLSgMxFM3UV62vUZciBItQN2VGpLoRim5cVrAPaIchk2ba2CQzJBmxDF258VfcuFDErd/gzr8xnc5Cqwfu5XDOvST3BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6HLqt++IVDQSN3ocE4+jgaAhxUgbybf3OxXlyyN4Dnsq4X5Kbyf3Wc9k3y47VScD/EvcnJRBjoZvf/b6EU44ERozpFTXdWLtpUhqihmZlHqJIjHCIzQgXUMF4kR5aXbGBB4apQ/DSJoSGmbqz40UcaXGPDCTHOmhmvem4n9eN9HhmZdSESeaCDx7KEwY1BGcZgL7VBKs2dgQhCU1f4V4iCTC2iRXMiG48yf/Ja3jqlur1q5PyvWLPI4i2AMHoAJccArq4Ao0QBNg8ACewAt4tR6tZ+vNep+NFqx8Zxf8gvXxDSoYmFQ=</latexit>

X(sr) =
∑

ij

xij(sr)

<latexit sha1_base64="W69YakCXe9j0lM3lEESTH/V5HIo=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc99mKlMefI9MsVv+rPgVZJkJMK5Gj0y1+9gSKpoNISjo3pBn5iwwxrywin01IvNTTBZIyHtOuoxIKaMJsfPEVnThkgt9uVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4cZk0lqqSSLRXHKkVVo9j0aME2J5RNHMNHM3YrICGtMrMuo5EIIll9eJa2LalCr1u4vK/WbPI4inMApnEMAV1CHO2hAEwgIeIZXePO09+K9ex+L1oKXzxzDH3ifP54XkE4=</latexit>

→s

Counterterms

<latexit sha1_base64="6KdfxAXZuhsFZ/HCeiFvOp0UQ/0=">AAACHHicbZDLSgMxFIYz9VbrrerSTbAILUiZUaluhKKbLis4baEzlkx62oZmMkOSEUrpg7jxVdy4UMSNC8G3Mb0I2vpD4Mt/ziE5fxBzprRtf1mppeWV1bX0emZjc2t7J7u7V1NRIim4NOKRbAREAWcCXM00h0YsgYQBh3rQvx7X6/cgFYvErR7E4IekK1iHUaKN1cqeVrCnI1zJq5Ys/OAxntwusXvntUm3CzKvCtMW11Arm7OL9kR4EZwZ5NBM1Vb2w2tHNAlBaMqJUk3HjrU/JFIzymGU8RIFMaF90oWmQUFCUP5wstwIHxmnjTuRNEdoPHF/TwxJqNQgDExnSHRPzdfG5n+1ZqI7F/6QiTjRIOj0oU7CsclgnBRuMwlU84EBQiUzf8W0RySh2uSZMSE48ysvQu2k6JSKpZuzXPlqFkcaHaBDlEcOOkdlVEFV5CKKHtATekGv1qP1bL1Z79PWlDWb2Ud/ZH1+A9KEniM=</latexit>

H → H(sr) → H(s, sr) = U
†(s)H(sr)U(s)
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Perturbative formulae for relativistic interactions of effective particles. Głazek

<latexit sha1_base64="zOf8zlUrQYBYq85fjSRO6I6uNUU=">AAACKXicbVDLSsNAFJ34rPVVdelmsAgVSklEqhuh1IVdVrAPSEKYTCbt0MmDmYlQQn7Hjb/iRkFRt/6Ik7aKth4YOJxzLnPvcWNGhdT1d21peWV1bb2wUdzc2t7ZLe3td0WUcEw6OGIR77tIEEZD0pFUMtKPOUGBy0jPHV3lfu+OcEGj8FaOY2IHaBBSn2IkleSUGpbPEU69VkVUoXD4SZZ6IoOX0GrSgWkFSA4xYul19u1X4U80j9hOqazX9AngIjFmpAxmaDulZ8uLcBKQUGKGhDANPZZ2irikmJGsaCWCxAiP0ICYioYoIMJOJ5dm8FgpHvQjrl4o4UT9PZGiQIhx4KpkvrqY93LxP89MpH9hpzSME0lCPP3ITxiUEcxrgx7lBEs2VgRhTtWuEA+Rqk6qcouqBGP+5EXSPa0Z9Vr95qzcaM7qKIBDcAQqwADnoAFaoA06AIN78AhewKv2oD1pb9rHNLqkzWYOwB9on18qcaS3</latexit>

dH(s, sr)

ds
=

[
G(s, sr), H(s, sr)

]



Similarity Renormalization Group Equation

54Renormalization of Hamiltonians. Głazek and Wilson
Perturbative formulae for relativistic interactions of effective particles. Głazek

<latexit sha1_base64="zOf8zlUrQYBYq85fjSRO6I6uNUU=">AAACKXicbVDLSsNAFJ34rPVVdelmsAgVSklEqhuh1IVdVrAPSEKYTCbt0MmDmYlQQn7Hjb/iRkFRt/6Ik7aKth4YOJxzLnPvcWNGhdT1d21peWV1bb2wUdzc2t7ZLe3td0WUcEw6OGIR77tIEEZD0pFUMtKPOUGBy0jPHV3lfu+OcEGj8FaOY2IHaBBSn2IkleSUGpbPEU69VkVUoXD4SZZ6IoOX0GrSgWkFSA4xYul19u1X4U80j9hOqazX9AngIjFmpAxmaDulZ8uLcBKQUGKGhDANPZZ2irikmJGsaCWCxAiP0ICYioYoIMJOJ5dm8FgpHvQjrl4o4UT9PZGiQIhx4KpkvrqY93LxP89MpH9hpzSME0lCPP3ITxiUEcxrgx7lBEs2VgRhTtWuEA+Rqk6qcouqBGP+5EXSPa0Z9Vr95qzcaM7qKIBDcAQqwADnoAFaoA06AIN78AhewKv2oD1pb9rHNLqkzWYOwB9on18qcaS3</latexit>

dH(s, sr)

ds
=

[
G(s, sr), H(s, sr)

]

Głazek-Wegner Flow Equation

<latexit sha1_base64="p+v0wODxnKCLuBz7bmXNjEccF+c="></latexit>

G(s, sr) =
[
diag

(
H(s, sr)

)
, H(s, sr)

]

<latexit sha1_base64="DuIF2v9nMIEuJkFp+1qO216rhHM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKe6KRI9BLx4jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDRgsaiqpuuruihDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzPz2I9WGKXlvJwkNBR5KFjOCrZMeeoYJFJyZvu6XK37VnwP9JUFOKpCj0S9/9gaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfvEUnThlgGKlXUmL5urPiQwLYyYicp0C25FZ9mbif143tfFVmDGZpJZKslgUpxxZhWbvowHTlFg+cQQTzdytiIywxsS6kEouhGD55b+kdV4NatXa3UWlfp3HUYQjOIZTCOAS6nALDWgCAQlP8AKvnvGevTfvfdFa8PKZQ/gF7+MbuyyQUg==</latexit>

→ 1/sr

<latexit sha1_base64="Tunwz9pMaRvIU8itBVBh19+Gz9s=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquSBVPRS89VrAf0C4lm2bb0GyyJlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxnczv/1ElWZSPJhJTP0IDwULGcHGSp16WffV+Q3qF0tuxZ0DrRIvIyXI0OgXv3oDSZKICkM41rrrubHxU6wMI5xOC71E0xiTMR7SrqUCR1T76fzeKTqzygCFUtkSBs3V3xMpjrSeRIHtjLAZ6WVvJv7ndRMTXvspE3FiqCCLRWHCkZFo9jwaMEWJ4RNLMFHM3orICCtMjI2oYEPwll9eJa2LiletVO8vS7XbLI48nMAplMGDK6hBHRrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwCabo8M</latexit>

H(sr) :
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55Renormalization of Hamiltonians. Głazek and Wilson
Perturbative formulae for relativistic interactions of effective particles. Głazek

<latexit sha1_base64="zOf8zlUrQYBYq85fjSRO6I6uNUU=">AAACKXicbVDLSsNAFJ34rPVVdelmsAgVSklEqhuh1IVdVrAPSEKYTCbt0MmDmYlQQn7Hjb/iRkFRt/6Ik7aKth4YOJxzLnPvcWNGhdT1d21peWV1bb2wUdzc2t7ZLe3td0WUcEw6OGIR77tIEEZD0pFUMtKPOUGBy0jPHV3lfu+OcEGj8FaOY2IHaBBSn2IkleSUGpbPEU69VkVUoXD4SZZ6IoOX0GrSgWkFSA4xYul19u1X4U80j9hOqazX9AngIjFmpAxmaDulZ8uLcBKQUGKGhDANPZZ2irikmJGsaCWCxAiP0ICYioYoIMJOJ5dm8FgpHvQjrl4o4UT9PZGiQIhx4KpkvrqY93LxP89MpH9hpzSME0lCPP3ITxiUEcxrgx7lBEs2VgRhTtWuEA+Rqk6qcouqBGP+5EXSPa0Z9Vr95qzcaM7qKIBDcAQqwADnoAFaoA06AIN78AhewKv2oD1pb9rHNLqkzWYOwB9on18qcaS3</latexit>

dH(s, sr)

ds
=

[
G(s, sr), H(s, sr)

]

Głazek-Wegner Flow Equation

<latexit sha1_base64="p+v0wODxnKCLuBz7bmXNjEccF+c="></latexit>

G(s, sr) =
[
diag

(
H(s, sr)

)
, H(s, sr)

]

<latexit sha1_base64="DuIF2v9nMIEuJkFp+1qO216rhHM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKe6KRI9BLx4jmAcmS5idzCZD5rHMzAphyV948aCIV//Gm3/jJNmDRgsaiqpuuruihDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzPz2I9WGKXlvJwkNBR5KFjOCrZMeeoYJFJyZvu6XK37VnwP9JUFOKpCj0S9/9gaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfvEUnThlgGKlXUmL5urPiQwLYyYicp0C25FZ9mbif143tfFVmDGZpJZKslgUpxxZhWbvowHTlFg+cQQTzdytiIywxsS6kEouhGD55b+kdV4NatXa3UWlfp3HUYQjOIZTCOAS6nALDWgCAQlP8AKvnvGevTfvfdFa8PKZQ/gF7+MbuyyQUg==</latexit>

→ 1/sr

<latexit sha1_base64="Tunwz9pMaRvIU8itBVBh19+Gz9s=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquSBVPRS89VrAf0C4lm2bb0GyyJlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxnczv/1ElWZSPJhJTP0IDwULGcHGSp16WffV+Q3qF0tuxZ0DrRIvIyXI0OgXv3oDSZKICkM41rrrubHxU6wMI5xOC71E0xiTMR7SrqUCR1T76fzeKTqzygCFUtkSBs3V3xMpjrSeRIHtjLAZ6WVvJv7ndRMTXvspE3FiqCCLRWHCkZFo9jwaMEWJ4RNLMFHM3orICCtMjI2oYEPwll9eJa2LiletVO8vS7XbLI48nMAplMGDK6hBHRrQBAIcnuEV3pxH58V5dz4WrTknmzmGP3A+fwCabo8M</latexit>

H(sr) :

<latexit sha1_base64="V/78RNXl4Kt4kKXztuNr6YhiMJQ=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0WoUEoiUt0IpS7ssoJ9QBLCZDpph04ezEyEEvoXbvwVNy4Ucas7/8ZJG0FbDwwczrmXO+d4MaNCGsaXVlhZXVvfKG6WtrZ3dvf0/YOuiBKOSQdHLOJ9DwnCaEg6kkpG+jEnKPAY6Xnj68zv3RMuaBTeyUlMnAANQ+pTjKSSXL1mB0iOMGLpzbQiqlC4/BReQbtJh1bLNaqw9aNmkuPqZaNmzACXiZmTMsjRdvVPexDhJCChxAwJYZlGLJ0UcUkxI9OSnQgSIzxGQ2IpGqKACCed5ZrCE6UMoB9x9UIJZ+rvjRQFQkwCT01mKcSil4n/eVYi/UsnpWGcSBLi+SE/YVBGMCsJDignWLKJIghzqv4K8QhxhKWqsqRKMBcjL5PuWc2s1+q35+VGM6+jCI7AMagAE1yABmiBNugADB7AE3gBr9qj9qy9ae/z0YKW7xyCP9A+vgGsEp0b</latexit>

G(s, sr) =
[
H0, H(s, sr)

]

<latexit sha1_base64="tdy5cBUx22e49sInllEMc7AaEZY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPn/GPLg==</latexit>ω

1 2

3

Renormalization Group Procedure for 
Effective Particles (RGPEP) Equation
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<latexit sha1_base64="4D6bXr7rJ+Ta0n4v3CRSsqWuTdI=">AAACMXicbVDLSsNAFJ34rPUVdelmsAgVSklEqhuh1E2XFewD0hAmk0k6dPJgZiKU0F9y45+Imy4UcetPOEmLaOuBYc6cey537nETRoU0jJm2tr6xubVd2inv7u0fHOpHxz0RpxyTLo5ZzAcuEoTRiHQllYwMEk5Q6DLSd8d3eb3/SLigcfQgJwmxQxRE1KcYSSU5envoc4Qzr10VNSgcfjHNPDGFt3DYokFgFZfVdowa/HHkkr30DmxHrxh1owBcJeaCVMACHUd/GXoxTkMSScyQEJZpJNLOEJcUMzItD1NBEoTHKCCWohEKibCzYuMpPFeKB/2YqxNJWKi/OzIUCjEJXeUMkRyJ5Vou/lezUunf2BmNklSSCM8H+SmDMoZ5fNCjnGDJJoogzKn6K8QjpCKUKuSyCsFcXnmV9C7rZqPeuL+qNFuLOErgFJyBKjDBNWiCNuiALsDgCbyCN/CuPWsz7UP7nFvXtEXPCfgD7esbHNKmfw==</latexit>

dH(s, sr)

ds
=

[[
H0, H(s, sr)

]
, H(s, sr)

]

Propose
<latexit sha1_base64="yxC7VfdpkXwIfkOJV2riUN/BiSw="></latexit>

H(s, sr) = H
(0)(s, sr) + gH

(1)(s, sr) + g
2
H

(2)(s, sr) +O(g3)
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<latexit sha1_base64="4D6bXr7rJ+Ta0n4v3CRSsqWuTdI=">AAACMXicbVDLSsNAFJ34rPUVdelmsAgVSklEqhuh1E2XFewD0hAmk0k6dPJgZiKU0F9y45+Imy4UcetPOEmLaOuBYc6cey537nETRoU0jJm2tr6xubVd2inv7u0fHOpHxz0RpxyTLo5ZzAcuEoTRiHQllYwMEk5Q6DLSd8d3eb3/SLigcfQgJwmxQxRE1KcYSSU5envoc4Qzr10VNSgcfjHNPDGFt3DYokFgFZfVdowa/HHkkr30DmxHrxh1owBcJeaCVMACHUd/GXoxTkMSScyQEJZpJNLOEJcUMzItD1NBEoTHKCCWohEKibCzYuMpPFeKB/2YqxNJWKi/OzIUCjEJXeUMkRyJ5Vou/lezUunf2BmNklSSCM8H+SmDMoZ5fNCjnGDJJoogzKn6K8QjpCKUKuSyCsFcXnmV9C7rZqPeuL+qNFuLOErgFJyBKjDBNWiCNuiALsDgCbyCN/CuPWsz7UP7nFvXtEXPCfgD7esbHNKmfw==</latexit>

dH(s, sr)

ds
=

[[
H0, H(s, sr)

]
, H(s, sr)

]

Propose
<latexit sha1_base64="yxC7VfdpkXwIfkOJV2riUN/BiSw="></latexit>

H(s, sr) = H
(0)(s, sr) + gH

(1)(s, sr) + g
2
H

(2)(s, sr) +O(g3)

<latexit sha1_base64="q+ZI0HIPTdb/IGM2B2aAM/BGFn4=">AAACGXicbVDLSgMxFM34rPU16tJNsAgtSMmIVBGEopvurGAf0BeZTKYNzTxIMkIZ5jfc+CtuXCjiUlf+jZl2Ftp6IHA4515uzrFDzqRC6NtYWl5ZXVvPbeQ3t7Z3ds29/aYMIkFogwQ8EG0bS8qZTxuKKU7boaDYszlt2eOb1G89UCFZ4N+rSUh7Hh76zGUEKy0NTNT1sBoRzOPbpDjso9Il7LoCk9ip9eMiKiVFeQLlQJSS2JEJvEIDs4DKaAq4SKyMFECG+sD87DoBiTzqK8KxlB0LhaoXY6EY4TTJdyNJQ0zGeEg7mvrYo7IXT5Ml8FgrDnQDoZ+v4FT9vRFjT8qJZ+vJNIec91LxP68TKfeiFzM/jBT1yeyQG3GoApjWBB0mKFF8ogkmgum/QjLCuhily8zrEqz5yIukeVq2KuXK3Vmhep3VkQOH4AgUgQXOQRXUQB00AAGP4Bm8gjfjyXgx3o2P2eiSke0cgD8wvn4Aq5ee1g==</latexit>

O(g0) :
dH

(0)(s, sr)

ds
= 0

<latexit sha1_base64="xusMTTSJ2oSFI3OGdJD7xKlWmAA="></latexit>

O(g2) :
dH

(2)(s, sr)

ds
=

[[
H

(0)(s, sr), H
(2)(s, sr)

]
, H

(0)(s, sr)

]
+

[[
H

(0)(s, sr), H
(1)(s, sr)

]
, H

(1)(s, sr)

]

<latexit sha1_base64="Geo+DPNDKstMbJ24v8WO/yimK6U="></latexit>

O(g0) :
dH

(1)(s, sr)

ds
=

[[
H

(0)(s, sr), H
(1)(s, sr)

]
, H

(0)(s, sr)

]
<latexit sha1_base64="THzZoxtxadv08RTGQZyymyhwyuo=">AAAB+nicbVDLSgMxFL3js9bXVJdugkWomzIjUsVV0Y07K9gHtGPJpGkbmskMSUYpYz/FjQtF3Pol7vwbM+0stPVA4HDOvdyT40ecKe0439bS8srq2npuI7+5tb2zaxf2GiqMJaF1EvJQtnysKGeC1jXTnLYiSXHgc9r0R1ep33ygUrFQ3OlxRL0ADwTrM4K1kbp2oRNgPSSYJzeT0uDePb7o2kWn7EyBFombkSJkqHXtr04vJHFAhSYcK9V2nUh7CZaaEU4n+U6saITJCA9o21CBA6q8ZBp9go6M0kP9UJonNJqqvzcSHCg1DnwzmQZV814q/ue1Y90/9xImolhTQWaH+jFHOkRpD6jHJCWajw3BRDKTFZEhlpho01belODOf3mRNE7KbqVcuT0tVi+zOnJwAIdQAhfOoArXUIM6EHiEZ3iFN+vJerHerY/Z6JKV7ezDH1ifP0W+k14=</latexit>

O(g1) :

Perturbative RGPEP Equations:

<latexit sha1_base64="HQd6T1x+DWnCecq/3Xyf1pmmiH4=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/YA2lM1m067dZMPupFBK/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXpFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03jco04w2mpNLtgBouRcIbKFDydqo5jQPJW8Hwbua3RlwboZJHHKfcj2k/EZFgFK3U7I5ChaZXKrsVdw6ySryclCFHvVf66oaKZTFPkElqTMdzU/QnVKNgkk+L3czwlLIh7fOOpQmNufEn82un5NwqIYmUtpUgmau/JyY0NmYcB7Yzpjgwy95M/M/rZBjd+BORpBnyhC0WRZkkqMjsdRIKzRnKsSWUaWFvJWxANWVoAyraELzll1dJ87LiVSvVh6ty7TaPowCncAYX4ME11OAe6tAABk/wDK/w5ijnxXl3Phata04+cwJ/4Hz+AM8Bj00=</latexit>...
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<latexit sha1_base64="GTlQLobJ2J/UYRm4NZRqkAy/Y8M="></latexit>

LY = ω̄
(
iεµϑµ →m

)
ω +

1

2
(ϑµϖ)

2 → 1

2
µ2ϖ2 → gω̄ωϖ

<latexit sha1_base64="vqybkQQGTjoXx+RfxU2NDJpF2GU=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHqpiRFqsuiG3dWsA9oY5lMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1z/JgzpR3n21pb39jc2i7sFHf39g8O7aPjlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98W3mtydUKhaJRz2NqRfioWABI1gbqW/bvRDrEcE8vZ+Vh0/Vi75dcirOHGiVuDkpQY5G3/7qDSKShFRowrFSXdeJtZdiqRnhdFbsJYrGmIzxkHYNFTikykvnyWfo3CgDFETSPKHRXP29keJQqWnom8ksp1r2MvE/r5vo4NpLmYgTTQVZHAoSjnSEshrQgElKNJ8agolkJisiIywx0aasoinBXf7yKmlVK26tUnu4LNVv8joKcApnUAYXrqAOd9CAJhCYwDO8wpuVWi/Wu/WxGF2z8p0T+APr8wfEZ5Mb</latexit>

O(g2)

https://doi.org/10.1103/63qr-r25y. Serafin, Gustin, Love

<latexit sha1_base64="F4Yh5mbT67tiIyVieVY8greA2x8=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48tmLbQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N24+DioIPBh7vzTAzL0wF18Z1P5zCyura+kZxs7S1vbO7V94/aOkkUwx9lohEdUKqUXCJvuFGYCdVSONQYDscX8/89j0qzRN5ayYpBjEdSh5xRo2VmrJfrnhVdw7yN6nAEo1++b03SFgWozRMUK27npuaIKfKcCZwWuplGlPKxnSIXUsljVEH+fzQKTmxyoBEibIlDZmrXydyGms9iUPbGVMz0j+9mfib181MdBnkXKaZQckWi6JMEJOQ2ddkwBUyIyaWUKa4vZWwEVWUGZtN6X8htM6qXq1aa55X6lfLOIpwBMdwCh5cQB1uoAE+MEB4gCd4du6cR+fFeV20FpzlzCF8g/P2Cd8IjQA=</latexit>

n

<latexit sha1_base64="F4Yh5mbT67tiIyVieVY8greA2x8=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48tmLbQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N24+DioIPBh7vzTAzL0wF18Z1P5zCyura+kZxs7S1vbO7V94/aOkkUwx9lohEdUKqUXCJvuFGYCdVSONQYDscX8/89j0qzRN5ayYpBjEdSh5xRo2VmrJfrnhVdw7yN6nAEo1++b03SFgWozRMUK27npuaIKfKcCZwWuplGlPKxnSIXUsljVEH+fzQKTmxyoBEibIlDZmrXydyGms9iUPbGVMz0j+9mfib181MdBnkXKaZQckWi6JMEJOQ2ddkwBUyIyaWUKa4vZWwEVWUGZtN6X8htM6qXq1aa55X6lfLOIpwBMdwCh5cQB1uoAE+MEB4gCd4du6cR+fFeV20FpzlzCF8g/P2Cd8IjQA=</latexit>

n

<latexit sha1_base64="bxyDkBdJePm9LAxvdJ+2XgH0RK0=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48tmLbQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N24+DioIPBh7vzTAzL0wF18Z1P5zCyura+kZxs7S1vbO7V94/aOkkUwx9lohEdUKqUXCJvuFGYCdVSONQYDscX8/89j0qzRN5ayYpBjEdSh5xRo2Vmmm/XPGq7hzkb1KBJRr98ntvkLAsRmmYoFp3PTc1QU6V4UzgtNTLNKaUjekQu5ZKGqMO8vmhU3JilQGJEmVLGjJXv07kNNZ6Eoe2M6ZmpH96M/E3r5uZ6DLIuUwzg5ItFkWZICYhs6/JgCtkRkwsoUxxeythI6ooMzab0v9CaJ1VvVq11jyv1K+WcRThCI7hFDy4gDrcQAN8YIDwAE/w7Nw5j86L87poLTjLmUP4BuftE+IQjQI=</latexit>

p

<latexit sha1_base64="bxyDkBdJePm9LAxvdJ+2XgH0RK0=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48tmLbQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N24+DioIPBh7vzTAzL0wF18Z1P5zCyura+kZxs7S1vbO7V94/aOkkUwx9lohEdUKqUXCJvuFGYCdVSONQYDscX8/89j0qzRN5ayYpBjEdSh5xRo2Vmmm/XPGq7hzkb1KBJRr98ntvkLAsRmmYoFp3PTc1QU6V4UzgtNTLNKaUjekQu5ZKGqMO8vmhU3JilQGJEmVLGjJXv07kNNZ6Eoe2M6ZmpH96M/E3r5uZ6DLIuUwzg5ItFkWZICYhs6/JgCtkRkwsoUxxeythI6ooMzab0v9CaJ1VvVq11jyv1K+WcRThCI7hFDy4gDrcQAN8YIDwAE/w7Nw5j86L87poLTjLmUP4BuftE+IQjQI=</latexit>

p

<latexit sha1_base64="JnhoBAKP/Ga5pR8b5lNvgbTIu5A=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYNpCG8tmO2mXbjZhdyOU0N/gxYMiXv1B3vw3bj8OKgo+GHi8N8PMvDAVXBvX/XAKS8srq2vF9dLG5tb2Tnl3r6mTTDH0WSIS1Q6pRsEl+oYbge1UIY1Dga1wdDX1W/eoNE/krRmnGMR0IHnEGTVW8rspvzvplSte1Z2B/E0qsECjV37v9hOWxSgNE1TrjuemJsipMpwJnJS6mcaUshEdYMdSSWPUQT47dkKOrNInUaJsSUNm6teJnMZaj+PQdsbUDPVPbyr+5nUyE10EOZdpZlCy+aIoE8QkZPo56XOFzIixJZQpbm8lbEgVZcbmU/pfCM3Tqler1m7OKvXLRRxFOIBDOAYPzqEO19AAHxhweIAneHak8+i8OK/z1oKzmNmHb3DePgF0AY54</latexit>

ω+
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<latexit sha1_base64="GTlQLobJ2J/UYRm4NZRqkAy/Y8M="></latexit>

LY = ω̄
(
iεµϑµ →m

)
ω +

1

2
(ϑµϖ)

2 → 1

2
µ2ϖ2 → gω̄ωϖ

<latexit sha1_base64="vqybkQQGTjoXx+RfxU2NDJpF2GU=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHqpiRFqsuiG3dWsA9oY5lMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1z/JgzpR3n21pb39jc2i7sFHf39g8O7aPjlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98W3mtydUKhaJRz2NqRfioWABI1gbqW/bvRDrEcE8vZ+Vh0/Vi75dcirOHGiVuDkpQY5G3/7qDSKShFRowrFSXdeJtZdiqRnhdFbsJYrGmIzxkHYNFTikykvnyWfo3CgDFETSPKHRXP29keJQqWnom8ksp1r2MvE/r5vo4NpLmYgTTQVZHAoSjnSEshrQgElKNJ8agolkJisiIywx0aasoinBXf7yKmlVK26tUnu4LNVv8joKcApnUAYXrqAOd9CAJhCYwDO8wpuVWi/Wu/WxGF2z8p0T+APr8wfEZ5Mb</latexit>

O(g2)

https://doi.org/10.1103/63qr-r25y. Serafin, Gustin, Love

<latexit sha1_base64="pRDIfr+UbqHTu9Gb+iOhnUfJ8Aw=">AAAB+nicbVDLSsNAFL3xWeur1aWbwSLUTUlEqsuimy4r2Ac0oUymk3boZBJmJkqJ/RQ3LhRx65e482+ctFlo64GBwzn3cs8cP+ZMadv+ttbWNza3tgs7xd29/YPDUvmoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/cpv53QcqFYvEvZ7G1AvxSLCAEayNNCiV3RDrMcE8bc6q6txlRqvYNXsOtEqcnFQgR2tQ+nKHEUlCKjThWKm+Y8faS7HUjHA6K7qJojEmEzyifUMFDqny0nn0GTozyhAFkTRPaDRXf2+kOFRqGvpmMguqlr1M/M/rJzq49lIm4kRTQRaHgoQjHaGsBzRkkhLNp4ZgIpnJisgYS0y0aatoSnCWv7xKOhc1p16r311WGjd5HQU4gVOoggNX0IAmtKANBB7hGV7hzXqyXqx362MxumblO8fwB9bnD+3wk80=</latexit>

H(s) →
<latexit sha1_base64="u/1oqpBaKfmUubGbGrS/5g1E1Qo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT2WevFYwX5AdynZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZ373SeqNJPiwUwTGsR4JFjECDZW6vhNNvKzQbniVt0F0DrxclKBHK1B+csfSpLGVBjCsdZ9z01MkGFlGOF0VvJTTRNMJnhE+5YKHFMdZItrZ+jCKkMUSWVLGLRQf09kONZ6Goe2M8ZmrFe9ufif109NdBNkTCSpoYIsF0UpR0ai+etoyBQlhk8twUQxeysiY6wwMTagkg3BW315nXSuql6tWru/rjSaeRxFOINzuAQP6tCAO2hBGwg8wjO8wpsjnRfn3flYthacfOYU/sD5/AFifI8G</latexit>{

<latexit sha1_base64="h1NFK4f08KDnihZGX6eKuiLgoVw=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA/oDCWTpm1oJjMkd4Qy9DfcuFDErT/jzr8xbWehrQcCh3Pu4d6cMJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1LDpVC8hQIl7yaa0yiUvBNO7uZ+54lrI2L1iNOEBxEdKTEUjKKVfH8QoyF+Q4z8Wb9ccavuAmSdeDmpQI5mv/xl4yyNuEImqTE9z00wyKhGwSSflfzU8ISyCR3xnqWKRtwE2eLmGbmwyoAMY22fQrJQfycyGhkzjUI7GVEcm1VvLv7n9VIc3gaZUEmKXLHlomEqCcZkXgAZCM0ZyqkllGlhbyVsTDVlaGsq2RK81S+vk/ZV1atVaw/XlXojr6MIZ3AOl+DBDdThHprQAgYJPMMrvDmp8+K8Ox/L0YKTZ07hD5zPH7CSkXo=</latexit>

. . .
}

<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>, <latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>, <latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>, <latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

<latexit sha1_base64="F4Yh5mbT67tiIyVieVY8greA2x8=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48tmLbQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N24+DioIPBh7vzTAzL0wF18Z1P5zCyura+kZxs7S1vbO7V94/aOkkUwx9lohEdUKqUXCJvuFGYCdVSONQYDscX8/89j0qzRN5ayYpBjEdSh5xRo2VmrJfrnhVdw7yN6nAEo1++b03SFgWozRMUK27npuaIKfKcCZwWuplGlPKxnSIXUsljVEH+fzQKTmxyoBEibIlDZmrXydyGms9iUPbGVMz0j+9mfib181MdBnkXKaZQckWi6JMEJOQ2ddkwBUyIyaWUKa4vZWwEVWUGZtN6X8htM6qXq1aa55X6lfLOIpwBMdwCh5cQB1uoAE+MEB4gCd4du6cR+fFeV20FpzlzCF8g/P2Cd8IjQA=</latexit>

n

<latexit sha1_base64="F4Yh5mbT67tiIyVieVY8greA2x8=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48tmLbQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N24+DioIPBh7vzTAzL0wF18Z1P5zCyura+kZxs7S1vbO7V94/aOkkUwx9lohEdUKqUXCJvuFGYCdVSONQYDscX8/89j0qzRN5ayYpBjEdSh5xRo2VmrJfrnhVdw7yN6nAEo1++b03SFgWozRMUK27npuaIKfKcCZwWuplGlPKxnSIXUsljVEH+fzQKTmxyoBEibIlDZmrXydyGms9iUPbGVMz0j+9mfib181MdBnkXKaZQckWi6JMEJOQ2ddkwBUyIyaWUKa4vZWwEVWUGZtN6X8htM6qXq1aa55X6lfLOIpwBMdwCh5cQB1uoAE+MEB4gCd4du6cR+fFeV20FpzlzCF8g/P2Cd8IjQA=</latexit>

n

<latexit sha1_base64="bxyDkBdJePm9LAxvdJ+2XgH0RK0=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48tmLbQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N24+DioIPBh7vzTAzL0wF18Z1P5zCyura+kZxs7S1vbO7V94/aOkkUwx9lohEdUKqUXCJvuFGYCdVSONQYDscX8/89j0qzRN5ayYpBjEdSh5xRo2Vmmm/XPGq7hzkb1KBJRr98ntvkLAsRmmYoFp3PTc1QU6V4UzgtNTLNKaUjekQu5ZKGqMO8vmhU3JilQGJEmVLGjJXv07kNNZ6Eoe2M6ZmpH96M/E3r5uZ6DLIuUwzg5ItFkWZICYhs6/JgCtkRkwsoUxxeythI6ooMzab0v9CaJ1VvVq11jyv1K+WcRThCI7hFDy4gDrcQAN8YIDwAE/w7Nw5j86L87poLTjLmUP4BuftE+IQjQI=</latexit>

p

<latexit sha1_base64="bxyDkBdJePm9LAxvdJ+2XgH0RK0=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48tmLbQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N24+DioIPBh7vzTAzL0wF18Z1P5zCyura+kZxs7S1vbO7V94/aOkkUwx9lohEdUKqUXCJvuFGYCdVSONQYDscX8/89j0qzRN5ayYpBjEdSh5xRo2Vmmm/XPGq7hzkb1KBJRr98ntvkLAsRmmYoFp3PTc1QU6V4UzgtNTLNKaUjekQu5ZKGqMO8vmhU3JilQGJEmVLGjJXv07kNNZ6Eoe2M6ZmpH96M/E3r5uZ6DLIuUwzg5ItFkWZICYhs6/JgCtkRkwsoUxxeythI6ooMzab0v9CaJ1VvVq11jyv1K+WcRThCI7hFDy4gDrcQAN8YIDwAE/w7Nw5j86L87poLTjLmUP4BuftE+IQjQI=</latexit>

p

<latexit sha1_base64="JnhoBAKP/Ga5pR8b5lNvgbTIu5A=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYNpCG8tmO2mXbjZhdyOU0N/gxYMiXv1B3vw3bj8OKgo+GHi8N8PMvDAVXBvX/XAKS8srq2vF9dLG5tb2Tnl3r6mTTDH0WSIS1Q6pRsEl+oYbge1UIY1Dga1wdDX1W/eoNE/krRmnGMR0IHnEGTVW8rspvzvplSte1Z2B/E0qsECjV37v9hOWxSgNE1TrjuemJsipMpwJnJS6mcaUshEdYMdSSWPUQT47dkKOrNInUaJsSUNm6teJnMZaj+PQdsbUDPVPbyr+5nUyE10EOZdpZlCy+aIoE8QkZPo56XOFzIixJZQpbm8lbEgVZcbmU/pfCM3Tqler1m7OKvXLRRxFOIBDOAYPzqEO19AAHxhweIAneHak8+i8OK/z1oKzmNmHb3DePgF0AY54</latexit>

ω+



m2
f

Non-Relativistic 
<latexit sha1_base64="3Hlsuwn8LGjQ+kk1H99MJsvGWps=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g0WPQixchgnlAEsPsZDYZMju7zvQKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3+bEUBl3321lZXVvf2Mxt5bd3dvf2CweHDRMlmvE6i2SkWz41XArF6yhQ8lasOQ19yZv+6HrqN5+4NiJS9ziOeTekAyUCwShaqXX7UO6lQTDpFYpuyZ2BLBMvI0XIUOsVvjr9iCUhV8gkNabtuTF2U6pRMMkn+U5ieEzZiA5421JFQ2666ezeCTm1Sp8EkbalkMzU3xMpDY0Zh77tDCkOzaI3Ff/z2gkGl91UqDhBrth8UZBIghGZPk/6QnOGcmwJZVrYWwkbUk0Z2ojyNgRv8eVl0iiXvEqpcnderF5lceTgGE7gDDy4gCrcQA3qwEDCM7zCm/PovDjvzse8dcXJZo7gD5zPH8wEj9U=</latexit>
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The continuum limit of the renormalized spectrum

60https://doi.org/10.1103/9y1c-52sx, Gustin et. al



QFTs at Different Energy Scales

61Adapted from Metrology in Muon Count Methods, Orduña

<latexit sha1_base64="F4Yh5mbT67tiIyVieVY8greA2x8=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48tmLbQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N24+DioIPBh7vzTAzL0wF18Z1P5zCyura+kZxs7S1vbO7V94/aOkkUwx9lohEdUKqUXCJvuFGYCdVSONQYDscX8/89j0qzRN5ayYpBjEdSh5xRo2VmrJfrnhVdw7yN6nAEo1++b03SFgWozRMUK27npuaIKfKcCZwWuplGlPKxnSIXUsljVEH+fzQKTmxyoBEibIlDZmrXydyGms9iUPbGVMz0j+9mfib181MdBnkXKaZQckWi6JMEJOQ2ddkwBUyIyaWUKa4vZWwEVWUGZtN6X8htM6qXq1aa55X6lfLOIpwBMdwCh5cQB1uoAE+MEB4gCd4du6cR+fFeV20FpzlzCF8g/P2Cd8IjQA=</latexit>

n

<latexit sha1_base64="F4Yh5mbT67tiIyVieVY8greA2x8=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48tmLbQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N24+DioIPBh7vzTAzL0wF18Z1P5zCyura+kZxs7S1vbO7V94/aOkkUwx9lohEdUKqUXCJvuFGYCdVSONQYDscX8/89j0qzRN5ayYpBjEdSh5xRo2VmrJfrnhVdw7yN6nAEo1++b03SFgWozRMUK27npuaIKfKcCZwWuplGlPKxnSIXUsljVEH+fzQKTmxyoBEibIlDZmrXydyGms9iUPbGVMz0j+9mfib181MdBnkXKaZQckWi6JMEJOQ2ddkwBUyIyaWUKa4vZWwEVWUGZtN6X8htM6qXq1aa55X6lfLOIpwBMdwCh5cQB1uoAE+MEB4gCd4du6cR+fFeV20FpzlzCF8g/P2Cd8IjQA=</latexit>

n

<latexit sha1_base64="bxyDkBdJePm9LAxvdJ+2XgH0RK0=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48tmLbQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N24+DioIPBh7vzTAzL0wF18Z1P5zCyura+kZxs7S1vbO7V94/aOkkUwx9lohEdUKqUXCJvuFGYCdVSONQYDscX8/89j0qzRN5ayYpBjEdSh5xRo2Vmmm/XPGq7hzkb1KBJRr98ntvkLAsRmmYoFp3PTc1QU6V4UzgtNTLNKaUjekQu5ZKGqMO8vmhU3JilQGJEmVLGjJXv07kNNZ6Eoe2M6ZmpH96M/E3r5uZ6DLIuUwzg5ItFkWZICYhs6/JgCtkRkwsoUxxeythI6ooMzab0v9CaJ1VvVq11jyv1K+WcRThCI7hFDy4gDrcQAN8YIDwAE/w7Nw5j86L87poLTjLmUP4BuftE+IQjQI=</latexit>

p

<latexit sha1_base64="bxyDkBdJePm9LAxvdJ+2XgH0RK0=">AAAB6HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48tmLbQhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N24+DioIPBh7vzTAzL0wF18Z1P5zCyura+kZxs7S1vbO7V94/aOkkUwx9lohEdUKqUXCJvuFGYCdVSONQYDscX8/89j0qzRN5ayYpBjEdSh5xRo2Vmmm/XPGq7hzkb1KBJRr98ntvkLAsRmmYoFp3PTc1QU6V4UzgtNTLNKaUjekQu5ZKGqMO8vmhU3JilQGJEmVLGjJXv07kNNZ6Eoe2M6ZmpH96M/E3r5uZ6DLIuUwzg5ItFkWZICYhs6/JgCtkRkwsoUxxeythI6ooMzab0v9CaJ1VvVq11jyv1K+WcRThCI7hFDy4gDrcQAN8YIDwAE/w7Nw5j86L87poLTjLmUP4BuftE+IQjQI=</latexit>

p

<latexit sha1_base64="JnhoBAKP/Ga5pR8b5lNvgbTIu5A=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYNpCG8tmO2mXbjZhdyOU0N/gxYMiXv1B3vw3bj8OKgo+GHi8N8PMvDAVXBvX/XAKS8srq2vF9dLG5tb2Tnl3r6mTTDH0WSIS1Q6pRsEl+oYbge1UIY1Dga1wdDX1W/eoNE/krRmnGMR0IHnEGTVW8rspvzvplSte1Z2B/E0qsECjV37v9hOWxSgNE1TrjuemJsipMpwJnJS6mcaUshEdYMdSSWPUQT47dkKOrNInUaJsSUNm6teJnMZaj+PQdsbUDPVPbyr+5nUyE10EOZdpZlCy+aIoE8QkZPo56XOFzIixJZQpbm8lbEgVZcbmU/pfCM3Tqler1m7OKvXLRRxFOIBDOAYPzqEO19AAHxhweIAneHak8+i8OK/z1oKzmNmHb3DePgF0AY54</latexit>

ω+

Energy
<latexit sha1_base64="oYAGEw+EFFmJ9WeLLxNUl1YXkIM=">AAAB/3icbVDLSgNBEJz1GeMrKnjxMhgET2FXQvQY9OJFiGAekA1hdtJJhszsLjO9Ylhz8Fe8eFDEq7/hzb9x8jhoYkFDUdVNd1cQS2HQdb+dpeWV1bX1zEZ2c2t7Zze3t18zUaI5VHkkI90ImAEpQqiiQAmNWANTgYR6MLga+/V70EZE4R0OY2gp1gtFV3CGVmrnDn0jFPWKrk99hAfUKr2B2qidy7sFdwK6SLwZyZMZKu3cl9+JeKIgRC6ZMU3PjbGVMo2CSxhl/cRAzPiA9aBpacgUmFY6uX9ET6zSod1I2wqRTtTfEylTxgxVYDsVw76Z98bif14zwe5FKxVhnCCEfLqom0iKER2HQTtCA0c5tIRxLeytlPeZZhxtZFkbgjf/8iKpnRW8UqF0W8yXL2dxZMgROSanxCPnpEyuSYVUCSeP5Jm8kjfnyXlx3p2PaeuSM5s5IH/gfP4A4sSVaA==</latexit>

→ 140 MeV
<latexit sha1_base64="SLjOyfXwFpC8CHumQxQHztQ17C0=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoPgKcyIRI9BD3qMYBbIhNDTqSRNumeG7hoxDsFf8eJBEa/+hzf/xs5y0MQHBY/3qqiqF8RSGHTdbyeztLyyupZdz21sbm3v5Hf3aiZKNIcqj2SkGwEzIEUIVRQooRFrYCqQUA8GV2O/fg/aiCi8w2EMLcV6oegKztBK7fyBb4Sink99hAfUKr2G2qidL7hFdwK6SLwZKZAZKu38l9+JeKIgRC6ZMU3PjbGVMo2CSxjl/MRAzPiA9aBpacgUmFY6uX5Ej63Sod1I2wqRTtTfEylTxgxVYDsVw76Z98bif14zwe5FKxVhnCCEfLqom0iKER1HQTtCA0c5tIRxLeytlPeZZhxtYDkbgjf/8iKpnRa9UrF0e1YoX87iyJJDckROiEfOSZnckAqpEk4eyTN5JW/Ok/PivDsf09aMM5vZJ3/gfP4A7g+U6g==</latexit>

→ 1 GeV
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62

<latexit sha1_base64="taoqgcmps0zvcGmk3WIgCV5uCBI="></latexit>

LQCD = ω̄c

(
iεµDµ →mq

)
ωc →

1

4
Gµω

a Ga
µω

<latexit sha1_base64="pRDIfr+UbqHTu9Gb+iOhnUfJ8Aw=">AAAB+nicbVDLSsNAFL3xWeur1aWbwSLUTUlEqsuimy4r2Ac0oUymk3boZBJmJkqJ/RQ3LhRx65e482+ctFlo64GBwzn3cs8cP+ZMadv+ttbWNza3tgs7xd29/YPDUvmoo6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p11/cpv53QcqFYvEvZ7G1AvxSLCAEayNNCiV3RDrMcE8bc6q6txlRqvYNXsOtEqcnFQgR2tQ+nKHEUlCKjThWKm+Y8faS7HUjHA6K7qJojEmEzyifUMFDqny0nn0GTozyhAFkTRPaDRXf2+kOFRqGvpmMguqlr1M/M/rJzq49lIm4kRTQRaHgoQjHaGsBzRkkhLNp4ZgIpnJisgYS0y0aatoSnCWv7xKOhc1p16r311WGjd5HQU4gVOoggNX0IAmtKANBB7hGV7hzXqyXqx362MxumblO8fwB9bnD+3wk80=</latexit>

H(s) →
<latexit sha1_base64="u/1oqpBaKfmUubGbGrS/5g1E1Qo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT2WevFYwX5AdynZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZ373SeqNJPiwUwTGsR4JFjECDZW6vhNNvKzQbniVt0F0DrxclKBHK1B+csfSpLGVBjCsdZ9z01MkGFlGOF0VvJTTRNMJnhE+5YKHFMdZItrZ+jCKkMUSWVLGLRQf09kONZ6Goe2M8ZmrFe9ufif109NdBNkTCSpoYIsF0UpR0ai+etoyBQlhk8twUQxeysiY6wwMTagkg3BW315nXSuql6tWru/rjSaeRxFOINzuAQP6tCAO2hBGwg8wjO8wpsjnRfn3flYthacfOYU/sD5/AFifI8G</latexit>{

<latexit sha1_base64="h1NFK4f08KDnihZGX6eKuiLgoVw=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA/oDCWTpm1oJjMkd4Qy9DfcuFDErT/jzr8xbWehrQcCh3Pu4d6cMJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1LDpVC8hQIl7yaa0yiUvBNO7uZ+54lrI2L1iNOEBxEdKTEUjKKVfH8QoyF+Q4z8Wb9ccavuAmSdeDmpQI5mv/xl4yyNuEImqTE9z00wyKhGwSSflfzU8ISyCR3xnqWKRtwE2eLmGbmwyoAMY22fQrJQfycyGhkzjUI7GVEcm1VvLv7n9VIc3gaZUEmKXLHlomEqCcZkXgAZCM0ZyqkllGlhbyVsTDVlaGsq2RK81S+vk/ZV1atVaw/XlXojr6MIZ3AOl+DBDdThHprQAgYJPMMrvDmp8+K8Ox/L0YKTZ07hD5zPH7CSkXo=</latexit>

. . .
}

<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>, <latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>, <latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>, <latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,
<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>, <latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>, <latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

Renormalized QCD Hamiltonian
<latexit sha1_base64="vqybkQQGTjoXx+RfxU2NDJpF2GU=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHqpiRFqsuiG3dWsA9oY5lMJ+3QySTMTAol9E/cuFDErX/izr9x0mahrQcGDufcyz1z/JgzpR3n21pb39jc2i7sFHf39g8O7aPjlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb98W3mtydUKhaJRz2NqRfioWABI1gbqW/bvRDrEcE8vZ+Vh0/Vi75dcirOHGiVuDkpQY5G3/7qDSKShFRowrFSXdeJtZdiqRnhdFbsJYrGmIzxkHYNFTikykvnyWfo3CgDFETSPKHRXP29keJQqWnom8ksp1r2MvE/r5vo4NpLmYgTTQVZHAoSjnSEshrQgElKNJ8agolkJisiIywx0aasoinBXf7yKmlVK26tUnu4LNVv8joKcApnUAYXrqAOd9CAJhCYwDO8wpuVWi/Wu/WxGF2z8p0T+APr8wfEZ5Mb</latexit>

O(g2)

Preliminary Results. Serafin, Gustin, Love
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An end-to-end framework for quantum simulation of QFTs

<latexit sha1_base64="ZVms+i9DNkXm2zjw9R9fIpMnUnc="></latexit>

L
IF→FF
→→→→→↑
Noether

H
Regulate
→→→→→↑ H(sr)

U(s)
→→→↑ H(s, sr)

X(sr)
→→→→↑ H(s)Part I:

<latexit sha1_base64="ZVms+i9DNkXm2zjw9R9fIpMnUnc="></latexit>

L
IF→FF
→→→→→↑
Noether

H
Regulate
→→→→→↑ H(sr)

U(s)
→→→↑ H(s, sr)

X(sr)
→→→→↑ H(s)

<latexit sha1_base64="ZVms+i9DNkXm2zjw9R9fIpMnUnc="></latexit>

L
IF→FF
→→→→→↑
Noether

H
Regulate
→→→→→↑ H(sr)

U(s)
→→→↑ H(s, sr)

X(sr)
→→→→↑ H(s)

<latexit sha1_base64="ZVms+i9DNkXm2zjw9R9fIpMnUnc="></latexit>

L
IF→FF
→→→→→↑
Noether

H
Regulate
→→→→→↑ H(sr)

U(s)
→→→↑ H(s, sr)

X(sr)
→→→→↑ H(s)

<latexit sha1_base64="ZVms+i9DNkXm2zjw9R9fIpMnUnc="></latexit>

L
IF→FF
→→→→→↑
Noether

H
Regulate
→→→→→↑ H(sr)

U(s)
→→→↑ H(s, sr)

X(sr)
→→→→↑ H(s)
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Part II Quantum Simulation

Part I Renormalized Quantum Field Theory 
Hamiltonians

Prelude Motivation

Part III Results
Part IV Conclusion
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<latexit sha1_base64="SYAA+2NvsWQO9et8TDCpZOpGtgc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIevEYwTwgWcLspJMMmZ1dZ2YDYc13ePGgiFc/xpt/4yTZgyYWNBRV3XR3BbHg2rjut7Oyura+sZnbym/v7O7tFw4O6zpKFMMai0SkmgHVKLjEmuFGYDNWSMNAYCMY3k79xgiV5pF8MOMY/ZD2Je9xRo2V/NpT0lZU9gWSa9IpFN2SOwNZJl5GipCh2il8tbsRS0KUhgmqdctzY+OnVBnOBE7y7URjTNmQ9rFlqaQhaj+dHT0hp1bpkl6kbElDZurviZSGWo/DwHaG1Az0ojcV//Naield+SmXcWJQsvmiXiKIicg0AdLlCpkRY0soU9zeStiAKsqMzSlvQ/AWX14m9fOSVy6V7y+KlZssjhwcwwmcgQeXUIE7qEINGDzCM7zCmzNyXpx352PeuuJkM0fwB87nDwVOkZ8=</latexit>

U |u→ =
<latexit sha1_base64="SYAA+2NvsWQO9et8TDCpZOpGtgc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIevEYwTwgWcLspJMMmZ1dZ2YDYc13ePGgiFc/xpt/4yTZgyYWNBRV3XR3BbHg2rjut7Oyura+sZnbym/v7O7tFw4O6zpKFMMai0SkmgHVKLjEmuFGYDNWSMNAYCMY3k79xgiV5pF8MOMY/ZD2Je9xRo2V/NpT0lZU9gWSa9IpFN2SOwNZJl5GipCh2il8tbsRS0KUhgmqdctzY+OnVBnOBE7y7URjTNmQ9rFlqaQhaj+dHT0hp1bpkl6kbElDZurviZSGWo/DwHaG1Az0ojcV//Naield+SmXcWJQsvmiXiKIicg0AdLlCpkRY0soU9zeStiAKsqMzSlvQ/AWX14m9fOSVy6V7y+KlZssjhwcwwmcgQeXUIE7qEINGDzCM7zCmzNyXpx352PeuuJkM0fwB87nDwVOkZ8=</latexit>

U |u→ =
<latexit sha1_base64="rTjApU24Fq3atoGOoSN9up5Zvzk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRJmJ5NkyOzsMtMrhE0+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305ubX1jcyu/XdjZ3ds/KB4eNUyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go7uZ33zi2ohIPeI45n5IB0r0BaNopeYkmZAb4nWLJbfszkFWiZeREmSodYtfnV7EkpArZJIa0/bcGP2UahRM8mmhkxgeUzaiA962VNGQGz+dnzslZ1bpkX6kbSkkc/X3REpDY8ZhYDtDikOz7M3E/7x2gv1rPxUqTpArtljUTyTBiMx+Jz2hOUM5toQyLeythA2ppgxtQgUbgrf88ippXJS9SrnycFmq3mZx5OEETuEcPLiCKtxDDerAYATP8ApvTuy8OO/Ox6I152Qzx/AHzucPSqSO5g==</latexit>

|u| = 1<latexit sha1_base64="xN9MNC+0QPH2FBLeX5a1BWH65CY=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5ct2Ae0oUymk3Z0MgkzE6GEfoEbF4q49ZPc+TdO2wgqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+go6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p13/7mrud++pVCwSN3oaUy/EY8ECRrA2UisZFkuOXa9V3FoVObazwJzUy/XyOXIzpQQZmsPi+2AUkSSkQhOOleq7Tqy9FEvNCKezwiBRNMbkDo9p31CBQ6q8dHHoDJ0YZYSCSJoSGi3U7xMpDpWahr7pDLGeqN/eXPzL6yc6qHkpE3GiqSDLRUHCkY7Q/Gs0YpISzaeGYCKZuRWRCZaYaJNNwYTw9Sn6n3TObLdiV1oXpcZlFkcejuAYTsGFKjTgGprQBgIUHuAJnq1b69F6sV6XrTkrmzmEH7DePgFK6Y1K</latexit>u <latexit sha1_base64="xN9MNC+0QPH2FBLeX5a1BWH65CY=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5ct2Ae0oUymk3Z0MgkzE6GEfoEbF4q49ZPc+TdO2wgqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+go6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p13/7mrud++pVCwSN3oaUy/EY8ECRrA2UisZFkuOXa9V3FoVObazwJzUy/XyOXIzpQQZmsPi+2AUkSSkQhOOleq7Tqy9FEvNCKezwiBRNMbkDo9p31CBQ6q8dHHoDJ0YZYSCSJoSGi3U7xMpDpWahr7pDLGeqN/eXPzL6yc6qHkpE3GiqSDLRUHCkY7Q/Gs0YpISzaeGYCKZuRWRCZaYaJNNwYTw9Sn6n3TObLdiV1oXpcZlFkcejuAYTsGFKjTgGprQBgIUHuAJnq1b69F6sV6XrTkrmzmEH7DePgFK6Y1K</latexit>u

1−1

i

−i

<latexit sha1_base64="3LvPVijLtxUQwslLgOsfhW3sffw=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GUfoIbF4q49Yvc+TdO2ggqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpX6nXsqFYvEnZ7G1AvxSLCAEayNdJsMnEGx5Nj1WsWtVZFjOwukpF6ul8+RmyklyNAcFN/7w4gkIRWacKxUz3Vi7c2w1IxwOi/0E0VjTCZ4RHuGChxS5c0Wp87RiVGGKIikKaHRQv0+McOhUtPQN50h1mP120vFv7xeooOaN2MiTjQVZLkoSDjSEUr/RkMmKdF8aggmkplbERljiYk26RRMCF+fov9J+8x2K3bl5qLUuMziyMMRHMMpuFCFBlxDE1pAYAQP8ATPFrcerRfrddmas7KZQ/gB6+0TbseN7Q==</latexit>u0

<latexit sha1_base64="mJnC7+ZTOXuT8ukiMqvKQrgFC1Q=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GUfoIbF4q49Yvc+TdO2ggqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpX6nXsqFYvEnZ7G1AvxSLCAEayNdJsM3EGx5Nj1WsWtVZFjOwukpF6ul8+RmyklyNAcFN/7w4gkIRWacKxUz3Vi7c2w1IxwOi/0E0VjTCZ4RHuGChxS5c0Wp87RiVGGKIikKaHRQv0+McOhUtPQN50h1mP120vFv7xeooOaN2MiTjQVZLkoSDjSEUr/RkMmKdF8aggmkplbERljiYk26RRMCF+fov9J+8x2K3bl5qLUuMziyMMRHMMpuFCFBlxDE1pAYAQP8ATPFrcerRfrddmas7KZQ/gB6+0TcEuN7g==</latexit>u1

<latexit sha1_base64="eNGxkyIKdrfNMgt/ycyDfBj3kQ0=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaTa167oxmVF+4A2lMl00g6dTMLMRCihn+DGhSJu/SJ3/o3TNoKKHrhwOOde7r3HjzlT2nE+rJXVtfWNzdxWfntnd2+/cHDYVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/uZr7nXsqFYvEnZ7G1AvxSLCAEayNdJsMSoNC0bHrtYpbqyLHdhaYk3q5Xj5HbqYUIUNzUHjvDyOShFRowrFSPdeJtZdiqRnhdJbvJ4rGmEzwiPYMFTikyksXp87QqVGGKIikKaHRQv0+keJQqWnom84Q67H67c3Fv7xeooOalzIRJ5oKslwUJBzpCM3/RkMmKdF8aggmkplbERljiYk26eRNCF+fov9Ju2S7Fbtyc1FsXGZx5OAYTuAMXKhCA66hCS0gMIIHeIJni1uP1ov1umxdsbKZI/gB6+0Tcc+N7w==</latexit>u2<latexit sha1_base64="X3H7IO6tydLbmZ1+asU1z2H+ngU=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GEfoIbF4q49Yvc+TdO2wgqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cjX3O/dUKhaJOz2NqRfikWABI1gb6TYZnA+KJceu1ypurYoc21lgTurlevkcuZlSggzNQfG9P4xIElKhCcdK9Vwn1l6KpWaE01mhnygaYzLBI9ozVOCQKi9dnDpDJ0YZoiCSpoRGC/X7RIpDpaahbzpDrMfqtzcX//J6iQ5qXspEnGgqyHJRkHCkIzT/Gw2ZpETzqSGYSGZuRWSMJSbapFMwIXx9iv4n7TPbrdiVm4tS4zKLIw9HcAyn4EIVGnANTWgBgRE8wBM8W9x6tF6s12VrzspmDuEHrLdPc1ON8A==</latexit>u3

<latexit sha1_base64="4u+CBz9lxdaBziy18vQFdk5zlcc=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0i0n7eiF48VbS20oWy2m3bpZhN2N0Ip/QlePCji1V/kzX/jpo2gog8GHu/NMDPPjzlT2nE+rNzK6tr6Rn6zsLW9s7tX3D/oqCiRhLZJxCPZ9bGinAna1kxz2o0lxaHP6Z0/uUz9u3sqFYvErZ7G1AvxSLCAEayNdJMMyoNiybEb9apbryHHdhZISaPSqJwjN1NKkKE1KL73hxFJQio04VipnuvE2pthqRnhdF7oJ4rGmEzwiPYMFTikypstTp2jE6MMURBJU0Kjhfp9YoZDpaahbzpDrMfqt5eKf3m9RAd1b8ZEnGgqyHJRkHCkI5T+jYZMUqL51BBMJDO3IjLGEhNt0imYEL4+Rf+TzpntVu3qdbnUvMjiyMMRHMMpuFCDJlxBC9pAYAQP8ATPFrcerRfrddmas7KZQ/gB6+0TdNeN8Q==</latexit>u4
<latexit sha1_base64="SbeP/wxWQyWUCdGduZw7H2OEA14=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GUfoIbF4q49Yvc+TdO2ggqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpX6nXsqFYvEnZ7G1AvxSLCAEayNdJsMyoNiybHrtYpbqyLHdhZISb1cL58jN1NKkKE5KL73hxFJQio04VipnuvE2pthqRnhdF7oJ4rGmEzwiPYMFTikypstTp2jE6MMURBJU0Kjhfp9YoZDpaahbzpDrMfqt5eKf3m9RAc1b8ZEnGgqyHJRkHCkI5T+jYZMUqL51BBMJDO3IjLGEhNt0imYEL4+Rf+T9pntVuzKzUWpcZnFkYcjOIZTcKEKDbiGJrSAwAge4AmeLW49Wi/W67I1Z2Uzh/AD1tsndluN8g==</latexit>u5

<latexit sha1_base64="2LwEeXk3WdRw9tzFtaQi8rowPpE=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRq03ZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57vJgzqSzrwyisrK6tbxQ3S1vbO7t75f2DjowSQWibRDwSPQ9LyllI24opTnuxoDjwOO1606vM795TIVkU3qlZTN0Aj0PmM4KVlm6ToTMsVyyzUXfseg1ZprVARhrVRvUc2blSgRytYfl9MIpIEtBQEY6l7NtWrNwUC8UIp/PSIJE0xmSKx7SvaYgDKt10ceocnWhlhPxI6AoVWqjfJ1IcSDkLPN0ZYDWRv71M/MvrJ8qvuykL40TRkCwX+QlHKkLZ32jEBCWKzzTBRDB9KyITLDBROp2SDuHrU/Q/6ZyZtmM6NxeV5mUeRxGO4BhOwYYaNOEaWtAGAmN4gCd4NrjxaLwYr8vWgpHPHMIPGG+fd9+N8w==</latexit>u6

<latexit sha1_base64="ca3jCDcl8z8e4gdQpUPRA287TTc=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GUfoIbF4q49Yvc+TdO2ggqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpX6nXsqFYvEnZ7G1AvxSLCAEayNdJsMqoNiybHrtYpbqyLHdhZISb1cL58jN1NKkKE5KL73hxFJQio04VipnuvE2pthqRnhdF7oJ4rGmEzwiPYMFTikypstTp2jE6MMURBJU0Kjhfp9YoZDpaahbzpDrMfqt5eKf3m9RAc1b8ZEnGgqyHJRkHCkI5T+jYZMUqL51BBMJDO3IjLGEhNt0imYEL4+Rf+T9pntVuzKzUWpcZnFkYcjOIZTcKEKDbiGJrSAwAge4AmeLW49Wi/W67I1Z2Uzh/AD1tsneWON9A==</latexit>u7
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<latexit sha1_base64="SYAA+2NvsWQO9et8TDCpZOpGtgc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIevEYwTwgWcLspJMMmZ1dZ2YDYc13ePGgiFc/xpt/4yTZgyYWNBRV3XR3BbHg2rjut7Oyura+sZnbym/v7O7tFw4O6zpKFMMai0SkmgHVKLjEmuFGYDNWSMNAYCMY3k79xgiV5pF8MOMY/ZD2Je9xRo2V/NpT0lZU9gWSa9IpFN2SOwNZJl5GipCh2il8tbsRS0KUhgmqdctzY+OnVBnOBE7y7URjTNmQ9rFlqaQhaj+dHT0hp1bpkl6kbElDZurviZSGWo/DwHaG1Az0ojcV//Naield+SmXcWJQsvmiXiKIicg0AdLlCpkRY0soU9zeStiAKsqMzSlvQ/AWX14m9fOSVy6V7y+KlZssjhwcwwmcgQeXUIE7qEINGDzCM7zCmzNyXpx352PeuuJkM0fwB87nDwVOkZ8=</latexit>

U |u→ =
<latexit sha1_base64="SYAA+2NvsWQO9et8TDCpZOpGtgc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIevEYwTwgWcLspJMMmZ1dZ2YDYc13ePGgiFc/xpt/4yTZgyYWNBRV3XR3BbHg2rjut7Oyura+sZnbym/v7O7tFw4O6zpKFMMai0SkmgHVKLjEmuFGYDNWSMNAYCMY3k79xgiV5pF8MOMY/ZD2Je9xRo2V/NpT0lZU9gWSa9IpFN2SOwNZJl5GipCh2il8tbsRS0KUhgmqdctzY+OnVBnOBE7y7URjTNmQ9rFlqaQhaj+dHT0hp1bpkl6kbElDZurviZSGWo/DwHaG1Az0ojcV//Naield+SmXcWJQsvmiXiKIicg0AdLlCpkRY0soU9zeStiAKsqMzSlvQ/AWX14m9fOSVy6V7y+KlZssjhwcwwmcgQeXUIE7qEINGDzCM7zCmzNyXpx352PeuuJkM0fwB87nDwVOkZ8=</latexit>

U |u→ =
<latexit sha1_base64="rTjApU24Fq3atoGOoSN9up5Zvzk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRJmJ5NkyOzsMtMrhE0+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305ubX1jcyu/XdjZ3ds/KB4eNUyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go7uZ33zi2ohIPeI45n5IB0r0BaNopeYkmZAb4nWLJbfszkFWiZeREmSodYtfnV7EkpArZJIa0/bcGP2UahRM8mmhkxgeUzaiA962VNGQGz+dnzslZ1bpkX6kbSkkc/X3REpDY8ZhYDtDikOz7M3E/7x2gv1rPxUqTpArtljUTyTBiMx+Jz2hOUM5toQyLeythA2ppgxtQgUbgrf88ippXJS9SrnycFmq3mZx5OEETuEcPLiCKtxDDerAYATP8ApvTuy8OO/Ox6I152Qzx/AHzucPSqSO5g==</latexit>

|u| = 1<latexit sha1_base64="xN9MNC+0QPH2FBLeX5a1BWH65CY=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5ct2Ae0oUymk3Z0MgkzE6GEfoEbF4q49ZPc+TdO2wgqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+go6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p13/7mrud++pVCwSN3oaUy/EY8ECRrA2UisZFkuOXa9V3FoVObazwJzUy/XyOXIzpQQZmsPi+2AUkSSkQhOOleq7Tqy9FEvNCKezwiBRNMbkDo9p31CBQ6q8dHHoDJ0YZYSCSJoSGi3U7xMpDpWahr7pDLGeqN/eXPzL6yc6qHkpE3GiqSDLRUHCkY7Q/Gs0YpISzaeGYCKZuRWRCZaYaJNNwYTw9Sn6n3TObLdiV1oXpcZlFkcejuAYTsGFKjTgGprQBgIUHuAJnq1b69F6sV6XrTkrmzmEH7DePgFK6Y1K</latexit>u <latexit sha1_base64="xN9MNC+0QPH2FBLeX5a1BWH65CY=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5ct2Ae0oUymk3Z0MgkzE6GEfoEbF4q49ZPc+TdO2wgqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+go6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p13/7mrud++pVCwSN3oaUy/EY8ECRrA2UisZFkuOXa9V3FoVObazwJzUy/XyOXIzpQQZmsPi+2AUkSSkQhOOleq7Tqy9FEvNCKezwiBRNMbkDo9p31CBQ6q8dHHoDJ0YZYSCSJoSGi3U7xMpDpWahr7pDLGeqN/eXPzL6yc6qHkpE3GiqSDLRUHCkY7Q/Gs0YpISzaeGYCKZuRWRCZaYaJNNwYTw9Sn6n3TObLdiV1oXpcZlFkcejuAYTsGFKjTgGprQBgIUHuAJnq1b69F6sV6XrTkrmzmEH7DePgFK6Y1K</latexit>u

1−1

i

−i

<latexit sha1_base64="3LvPVijLtxUQwslLgOsfhW3sffw=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GUfoIbF4q49Yvc+TdO2ggqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpX6nXsqFYvEnZ7G1AvxSLCAEayNdJsMnEGx5Nj1WsWtVZFjOwukpF6ul8+RmyklyNAcFN/7w4gkIRWacKxUz3Vi7c2w1IxwOi/0E0VjTCZ4RHuGChxS5c0Wp87RiVGGKIikKaHRQv0+McOhUtPQN50h1mP120vFv7xeooOaN2MiTjQVZLkoSDjSEUr/RkMmKdF8aggmkplbERljiYk26RRMCF+fov9J+8x2K3bl5qLUuMziyMMRHMMpuFCFBlxDE1pAYAQP8ATPFrcerRfrddmas7KZQ/gB6+0TbseN7Q==</latexit>u0

<latexit sha1_base64="mJnC7+ZTOXuT8ukiMqvKQrgFC1Q=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GUfoIbF4q49Yvc+TdO2ggqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpX6nXsqFYvEnZ7G1AvxSLCAEayNdJsM3EGx5Nj1WsWtVZFjOwukpF6ul8+RmyklyNAcFN/7w4gkIRWacKxUz3Vi7c2w1IxwOi/0E0VjTCZ4RHuGChxS5c0Wp87RiVGGKIikKaHRQv0+McOhUtPQN50h1mP120vFv7xeooOaN2MiTjQVZLkoSDjSEUr/RkMmKdF8aggmkplbERljiYk26RRMCF+fov9J+8x2K3bl5qLUuMziyMMRHMMpuFCFBlxDE1pAYAQP8ATPFrcerRfrddmas7KZQ/gB6+0TcEuN7g==</latexit>u1

<latexit sha1_base64="eNGxkyIKdrfNMgt/ycyDfBj3kQ0=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaTa167oxmVF+4A2lMl00g6dTMLMRCihn+DGhSJu/SJ3/o3TNoKKHrhwOOde7r3HjzlT2nE+rJXVtfWNzdxWfntnd2+/cHDYVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/uZr7nXsqFYvEnZ7G1AvxSLCAEayNdJsMSoNC0bHrtYpbqyLHdhaYk3q5Xj5HbqYUIUNzUHjvDyOShFRowrFSPdeJtZdiqRnhdJbvJ4rGmEzwiPYMFTikyksXp87QqVGGKIikKaHRQv0+keJQqWnom84Q67H67c3Fv7xeooOalzIRJ5oKslwUJBzpCM3/RkMmKdF8aggmkplbERljiYk26eRNCF+fov9Ju2S7Fbtyc1FsXGZx5OAYTuAMXKhCA66hCS0gMIIHeIJni1uP1ov1umxdsbKZI/gB6+0Tcc+N7w==</latexit>u2<latexit sha1_base64="X3H7IO6tydLbmZ1+asU1z2H+ngU=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GEfoIbF4q49Yvc+TdO2wgqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cjX3O/dUKhaJOz2NqRfikWABI1gb6TYZnA+KJceu1ypurYoc21lgTurlevkcuZlSggzNQfG9P4xIElKhCcdK9Vwn1l6KpWaE01mhnygaYzLBI9ozVOCQKi9dnDpDJ0YZoiCSpoRGC/X7RIpDpaahbzpDrMfqtzcX//J6iQ5qXspEnGgqyHJRkHCkIzT/Gw2ZpETzqSGYSGZuRWSMJSbapFMwIXx9iv4n7TPbrdiVm4tS4zKLIw9HcAyn4EIVGnANTWgBgRE8wBM8W9x6tF6s12VrzspmDuEHrLdPc1ON8A==</latexit>u3

<latexit sha1_base64="4u+CBz9lxdaBziy18vQFdk5zlcc=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0i0n7eiF48VbS20oWy2m3bpZhN2N0Ip/QlePCji1V/kzX/jpo2gog8GHu/NMDPPjzlT2nE+rNzK6tr6Rn6zsLW9s7tX3D/oqCiRhLZJxCPZ9bGinAna1kxz2o0lxaHP6Z0/uUz9u3sqFYvErZ7G1AvxSLCAEayNdJMMyoNiybEb9apbryHHdhZISaPSqJwjN1NKkKE1KL73hxFJQio04VipnuvE2pthqRnhdF7oJ4rGmEzwiPYMFTikypstTp2jE6MMURBJU0Kjhfp9YoZDpaahbzpDrMfqt5eKf3m9RAd1b8ZEnGgqyHJRkHCkI5T+jYZMUqL51BBMJDO3IjLGEhNt0imYEL4+Rf+TzpntVu3qdbnUvMjiyMMRHMMpuFCDJlxBC9pAYAQP8ATPFrcerRfrddmas7KZQ/gB6+0TdNeN8Q==</latexit>u4
<latexit sha1_base64="SbeP/wxWQyWUCdGduZw7H2OEA14=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GUfoIbF4q49Yvc+TdO2ggqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpX6nXsqFYvEnZ7G1AvxSLCAEayNdJsMyoNiybHrtYpbqyLHdhZISb1cL58jN1NKkKE5KL73hxFJQio04VipnuvE2pthqRnhdF7oJ4rGmEzwiPYMFTikypstTp2jE6MMURBJU0Kjhfp9YoZDpaahbzpDrMfqt5eKf3m9RAc1b8ZEnGgqyHJRkHCkI5T+jYZMUqL51BBMJDO3IjLGEhNt0imYEL4+Rf+T9pntVuzKzUWpcZnFkYcjOIZTcKEKDbiGJrSAwAge4AmeLW49Wi/W67I1Z2Uzh/AD1tsndluN8g==</latexit>u5

<latexit sha1_base64="2LwEeXk3WdRw9tzFtaQi8rowPpE=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRq03ZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57vJgzqSzrwyisrK6tbxQ3S1vbO7t75f2DjowSQWibRDwSPQ9LyllI24opTnuxoDjwOO1606vM795TIVkU3qlZTN0Aj0PmM4KVlm6ToTMsVyyzUXfseg1ZprVARhrVRvUc2blSgRytYfl9MIpIEtBQEY6l7NtWrNwUC8UIp/PSIJE0xmSKx7SvaYgDKt10ceocnWhlhPxI6AoVWqjfJ1IcSDkLPN0ZYDWRv71M/MvrJ8qvuykL40TRkCwX+QlHKkLZ32jEBCWKzzTBRDB9KyITLDBROp2SDuHrU/Q/6ZyZtmM6NxeV5mUeRxGO4BhOwYYaNOEaWtAGAmN4gCd4NrjxaLwYr8vWgpHPHMIPGG+fd9+N8w==</latexit>u6

<latexit sha1_base64="ca3jCDcl8z8e4gdQpUPRA287TTc=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GUfoIbF4q49Yvc+TdO2ggqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpX6nXsqFYvEnZ7G1AvxSLCAEayNdJsMqoNiybHrtYpbqyLHdhZISb1cL58jN1NKkKE5KL73hxFJQio04VipnuvE2pthqRnhdF7oJ4rGmEzwiPYMFTikypstTp2jE6MMURBJU0Kjhfp9YoZDpaahbzpDrMfqt5eKf3m9RAc1b8ZEnGgqyHJRkHCkI5T+jYZMUqL51BBMJDO3IjLGEhNt0imYEL4+Rf+T9pntVuzKzUWpcZnFkYcjOIZTcKEKDbiGJrSAwAge4AmeLW49Wi/W67I1Z2Uzh/AD1tsneWON9A==</latexit>u7

<latexit sha1_base64="yWkDfmLRjRerqP1mYLRnznrmaXM=">AAACH3icbVDLSgMxFM34rPU16tJNsAiuyoxIFUEounFZwWkLnVoy6W0bmsmEJCOUsX/ixl9x40IRcde/MX0stPVA4HDOudzcE0nOtPG8kbO0vLK6tp7byG9ube/sunv7VZ2kikJAE56oekQ0cCYgMMxwqEsFJI441KL+zdivPYLSLBH3ZiChGZOuYB1GibFSyy2FsscuQxw8hdxOtUmoiOhywFcYHjIWSobHieGc3XILXtGbAC8Sf0YKaIZKy/0O2wlNYxCGcqJ1w/ekaWZEGUY5DPNhqkES2iddaFgqSAy6mU3uG+Jjq7RxJ1H2CYMn6u+JjMRaD+LIJmNienreG4v/eY3UdC6aGRMyNSDodFEn5dgkeFwWbjMF1PCBJYQqZv+KaY8oQo2tNG9L8OdPXiTV06JfKpbuzgrl61kdOXSIjtAJ8tE5KqNbVEEBougZvaJ39OG8OG/Op/M1jS45s5kD9AfO6AdCq6Mp</latexit>

ω : U |ε→ = eiωε|ε→
<latexit sha1_base64="IL4Vz3rZY0ZBQGk+jBVp/T9kNlY=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0lqiT0WvXisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3Jm3FKvpg4PHeDDPz/JgzbWz7wyqsrW9sbhW3Szu7e/sH5cOjjo4SRWibRDxSPR9rypmkbcMMp71YUSx8Trv+5Dr3u/dUaRbJOzONqSfwWLKAEWxyaRCHbFiuOFV7DmR/k5pbb1zY6MuqwBKtYfl9MIpIIqg0hGOt+44dGy/FyjDC6aw0SDSNMZngMe1nVGJBtZfOb52hs0wZoSBSWUmD5urqRIqF1lPhZ50Cm1D/9nLxL6+fmKDhpUzGiaGSLBYFCUcmQvnjaMQUJYZPM4KJYtmtiIRYYWKyeEqrIfxPOrWq41bd23qlebWMowgncArn4MAlNOEGWtAGAiE8wBM8W8J6tF6s10VrwVrOHMMPWG+fORyOYg==</latexit>

ω <latexit sha1_base64="zgg1oFf15NTcDdINh2Fqy9FeYxc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ40JKIVI9FLx4r2A9IQ9lsN+3SzSbsToRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3k391hPXRiTqEUcpD2LaVyISjKKV/I5QxL/wzokXdEtlt+LOQJaJl5My5Kh3S1+dXsKymCtkkhrje26KwZhqFEzySbGTGZ5SNqR97luqaMxNMJ6dPCGnVumRKNG2FJKZ+ntiTGNjRnFoO2OKA7PoTcX/PD/D6CYYC5VmyBWbL4oySTAh0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJqXFa9aqT5clWu3eRwFOIYTOAMPrqEG91CHBjBI4Ble4c1B58V5dz7mrStOPnMEf+B8/gAadI/Z</latexit>→ [↑1, 1]
<latexit sha1_base64="IL4Vz3rZY0ZBQGk+jBVp/T9kNlY=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0lqiT0WvXisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3Jm3FKvpg4PHeDDPz/JgzbWz7wyqsrW9sbhW3Szu7e/sH5cOjjo4SRWibRDxSPR9rypmkbcMMp71YUSx8Trv+5Dr3u/dUaRbJOzONqSfwWLKAEWxyaRCHbFiuOFV7DmR/k5pbb1zY6MuqwBKtYfl9MIpIIqg0hGOt+44dGy/FyjDC6aw0SDSNMZngMe1nVGJBtZfOb52hs0wZoSBSWUmD5urqRIqF1lPhZ50Cm1D/9nLxL6+fmKDhpUzGiaGSLBYFCUcmQvnjaMQUJYZPM4KJYtmtiIRYYWKyeEqrIfxPOrWq41bd23qlebWMowgncArn4MAlNOEGWtAGAiE8wBM8W8J6tF6s10VrwVrOHMMPWG+fORyOYg==</latexit>

ω
<latexit sha1_base64="SYAA+2NvsWQO9et8TDCpZOpGtgc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIevEYwTwgWcLspJMMmZ1dZ2YDYc13ePGgiFc/xpt/4yTZgyYWNBRV3XR3BbHg2rjut7Oyura+sZnbym/v7O7tFw4O6zpKFMMai0SkmgHVKLjEmuFGYDNWSMNAYCMY3k79xgiV5pF8MOMY/ZD2Je9xRo2V/NpT0lZU9gWSa9IpFN2SOwNZJl5GipCh2il8tbsRS0KUhgmqdctzY+OnVBnOBE7y7URjTNmQ9rFlqaQhaj+dHT0hp1bpkl6kbElDZurviZSGWo/DwHaG1Az0ojcV//Naield+SmXcWJQsvmiXiKIicg0AdLlCpkRY0soU9zeStiAKsqMzSlvQ/AWX14m9fOSVy6V7y+KlZssjhwcwwmcgQeXUIE7qEINGDzCM7zCmzNyXpx352PeuuJkM0fwB87nDwVOkZ8=</latexit>

U |u→ =
<latexit sha1_base64="SYAA+2NvsWQO9et8TDCpZOpGtgc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIevEYwTwgWcLspJMMmZ1dZ2YDYc13ePGgiFc/xpt/4yTZgyYWNBRV3XR3BbHg2rjut7Oyura+sZnbym/v7O7tFw4O6zpKFMMai0SkmgHVKLjEmuFGYDNWSMNAYCMY3k79xgiV5pF8MOMY/ZD2Je9xRo2V/NpT0lZU9gWSa9IpFN2SOwNZJl5GipCh2il8tbsRS0KUhgmqdctzY+OnVBnOBE7y7URjTNmQ9rFlqaQhaj+dHT0hp1bpkl6kbElDZurviZSGWo/DwHaG1Az0ojcV//Naield+SmXcWJQsvmiXiKIicg0AdLlCpkRY0soU9zeStiAKsqMzSlvQ/AWX14m9fOSVy6V7y+KlZssjhwcwwmcgQeXUIE7qEINGDzCM7zCmzNyXpx352PeuuJkM0fwB87nDwVOkZ8=</latexit>

U |u→ =
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<latexit sha1_base64="SYAA+2NvsWQO9et8TDCpZOpGtgc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIevEYwTwgWcLspJMMmZ1dZ2YDYc13ePGgiFc/xpt/4yTZgyYWNBRV3XR3BbHg2rjut7Oyura+sZnbym/v7O7tFw4O6zpKFMMai0SkmgHVKLjEmuFGYDNWSMNAYCMY3k79xgiV5pF8MOMY/ZD2Je9xRo2V/NpT0lZU9gWSa9IpFN2SOwNZJl5GipCh2il8tbsRS0KUhgmqdctzY+OnVBnOBE7y7URjTNmQ9rFlqaQhaj+dHT0hp1bpkl6kbElDZurviZSGWo/DwHaG1Az0ojcV//Naield+SmXcWJQsvmiXiKIicg0AdLlCpkRY0soU9zeStiAKsqMzSlvQ/AWX14m9fOSVy6V7y+KlZssjhwcwwmcgQeXUIE7qEINGDzCM7zCmzNyXpx352PeuuJkM0fwB87nDwVOkZ8=</latexit>

U |u→ =
<latexit sha1_base64="SYAA+2NvsWQO9et8TDCpZOpGtgc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIevEYwTwgWcLspJMMmZ1dZ2YDYc13ePGgiFc/xpt/4yTZgyYWNBRV3XR3BbHg2rjut7Oyura+sZnbym/v7O7tFw4O6zpKFMMai0SkmgHVKLjEmuFGYDNWSMNAYCMY3k79xgiV5pF8MOMY/ZD2Je9xRo2V/NpT0lZU9gWSa9IpFN2SOwNZJl5GipCh2il8tbsRS0KUhgmqdctzY+OnVBnOBE7y7URjTNmQ9rFlqaQhaj+dHT0hp1bpkl6kbElDZurviZSGWo/DwHaG1Az0ojcV//Naield+SmXcWJQsvmiXiKIicg0AdLlCpkRY0soU9zeStiAKsqMzSlvQ/AWX14m9fOSVy6V7y+KlZssjhwcwwmcgQeXUIE7qEINGDzCM7zCmzNyXpx352PeuuJkM0fwB87nDwVOkZ8=</latexit>

U |u→ =
<latexit sha1_base64="rTjApU24Fq3atoGOoSN9up5Zvzk=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRJmJ5NkyOzsMtMrhE0+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4ilMOi6305ubX1jcyu/XdjZ3ds/KB4eNUyUaMbrLJKRbgXUcCkUr6NAyVux5jQMJG8Go7uZ33zi2ohIPeI45n5IB0r0BaNopeYkmZAb4nWLJbfszkFWiZeREmSodYtfnV7EkpArZJIa0/bcGP2UahRM8mmhkxgeUzaiA962VNGQGz+dnzslZ1bpkX6kbSkkc/X3REpDY8ZhYDtDikOz7M3E/7x2gv1rPxUqTpArtljUTyTBiMx+Jz2hOUM5toQyLeythA2ppgxtQgUbgrf88ippXJS9SrnycFmq3mZx5OEETuEcPLiCKtxDDerAYATP8ApvTuy8OO/Ox6I152Qzx/AHzucPSqSO5g==</latexit>

|u| = 1<latexit sha1_base64="xN9MNC+0QPH2FBLeX5a1BWH65CY=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5ct2Ae0oUymk3Z0MgkzE6GEfoEbF4q49ZPc+TdO2wgqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+go6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p13/7mrud++pVCwSN3oaUy/EY8ECRrA2UisZFkuOXa9V3FoVObazwJzUy/XyOXIzpQQZmsPi+2AUkSSkQhOOleq7Tqy9FEvNCKezwiBRNMbkDo9p31CBQ6q8dHHoDJ0YZYSCSJoSGi3U7xMpDpWahr7pDLGeqN/eXPzL6yc6qHkpE3GiqSDLRUHCkY7Q/Gs0YpISzaeGYCKZuRWRCZaYaJNNwYTw9Sn6n3TObLdiV1oXpcZlFkcejuAYTsGFKjTgGprQBgIUHuAJnq1b69F6sV6XrTkrmzmEH7DePgFK6Y1K</latexit>u <latexit sha1_base64="xN9MNC+0QPH2FBLeX5a1BWH65CY=">AAAB6HicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5ct2Ae0oUymk3Z0MgkzE6GEfoEbF4q49ZPc+TdO2wgqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+go6JEEtomEY9kz8eKciZoWzPNaS+WFIc+p13/7mrud++pVCwSN3oaUy/EY8ECRrA2UisZFkuOXa9V3FoVObazwJzUy/XyOXIzpQQZmsPi+2AUkSSkQhOOleq7Tqy9FEvNCKezwiBRNMbkDo9p31CBQ6q8dHHoDJ0YZYSCSJoSGi3U7xMpDpWahr7pDLGeqN/eXPzL6yc6qHkpE3GiqSDLRUHCkY7Q/Gs0YpISzaeGYCKZuRWRCZaYaJNNwYTw9Sn6n3TObLdiV1oXpcZlFkcejuAYTsGFKjTgGprQBgIUHuAJnq1b69F6sV6XrTkrmzmEH7DePgFK6Y1K</latexit>u

1−1

i

−i

<latexit sha1_base64="3LvPVijLtxUQwslLgOsfhW3sffw=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GUfoIbF4q49Yvc+TdO2ggqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpX6nXsqFYvEnZ7G1AvxSLCAEayNdJsMnEGx5Nj1WsWtVZFjOwukpF6ul8+RmyklyNAcFN/7w4gkIRWacKxUz3Vi7c2w1IxwOi/0E0VjTCZ4RHuGChxS5c0Wp87RiVGGKIikKaHRQv0+McOhUtPQN50h1mP120vFv7xeooOaN2MiTjQVZLkoSDjSEUr/RkMmKdF8aggmkplbERljiYk26RRMCF+fov9J+8x2K3bl5qLUuMziyMMRHMMpuFCFBlxDE1pAYAQP8ATPFrcerRfrddmas7KZQ/gB6+0TbseN7Q==</latexit>u0

<latexit sha1_base64="mJnC7+ZTOXuT8ukiMqvKQrgFC1Q=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GUfoIbF4q49Yvc+TdO2ggqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpX6nXsqFYvEnZ7G1AvxSLCAEayNdJsM3EGx5Nj1WsWtVZFjOwukpF6ul8+RmyklyNAcFN/7w4gkIRWacKxUz3Vi7c2w1IxwOi/0E0VjTCZ4RHuGChxS5c0Wp87RiVGGKIikKaHRQv0+McOhUtPQN50h1mP120vFv7xeooOaN2MiTjQVZLkoSDjSEUr/RkMmKdF8aggmkplbERljiYk26RRMCF+fov9J+8x2K3bl5qLUuMziyMMRHMMpuFCFBlxDE1pAYAQP8ATPFrcerRfrddmas7KZQ/gB6+0TcEuN7g==</latexit>u1

<latexit sha1_base64="eNGxkyIKdrfNMgt/ycyDfBj3kQ0=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaTa167oxmVF+4A2lMl00g6dTMLMRCihn+DGhSJu/SJ3/o3TNoKKHrhwOOde7r3HjzlT2nE+rJXVtfWNzdxWfntnd2+/cHDYVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/uZr7nXsqFYvEnZ7G1AvxSLCAEayNdJsMSoNC0bHrtYpbqyLHdhaYk3q5Xj5HbqYUIUNzUHjvDyOShFRowrFSPdeJtZdiqRnhdJbvJ4rGmEzwiPYMFTikyksXp87QqVGGKIikKaHRQv0+keJQqWnom84Q67H67c3Fv7xeooOalzIRJ5oKslwUJBzpCM3/RkMmKdF8aggmkplbERljiYk26eRNCF+fov9Ju2S7Fbtyc1FsXGZx5OAYTuAMXKhCA66hCS0gMIIHeIJni1uP1ov1umxdsbKZI/gB6+0Tcc+N7w==</latexit>u2<latexit sha1_base64="X3H7IO6tydLbmZ1+asU1z2H+ngU=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GEfoIbF4q49Yvc+TdO2wgqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cjX3O/dUKhaJOz2NqRfikWABI1gb6TYZnA+KJceu1ypurYoc21lgTurlevkcuZlSggzNQfG9P4xIElKhCcdK9Vwn1l6KpWaE01mhnygaYzLBI9ozVOCQKi9dnDpDJ0YZoiCSpoRGC/X7RIpDpaahbzpDrMfqtzcX//J6iQ5qXspEnGgqyHJRkHCkIzT/Gw2ZpETzqSGYSGZuRWSMJSbapFMwIXx9iv4n7TPbrdiVm4tS4zKLIw9HcAyn4EIVGnANTWgBgRE8wBM8W9x6tF6s12VrzspmDuEHrLdPc1ON8A==</latexit>u3

<latexit sha1_base64="4u+CBz9lxdaBziy18vQFdk5zlcc=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0i0n7eiF48VbS20oWy2m3bpZhN2N0Ip/QlePCji1V/kzX/jpo2gog8GHu/NMDPPjzlT2nE+rNzK6tr6Rn6zsLW9s7tX3D/oqCiRhLZJxCPZ9bGinAna1kxz2o0lxaHP6Z0/uUz9u3sqFYvErZ7G1AvxSLCAEayNdJMMyoNiybEb9apbryHHdhZISaPSqJwjN1NKkKE1KL73hxFJQio04VipnuvE2pthqRnhdF7oJ4rGmEzwiPYMFTikypstTp2jE6MMURBJU0Kjhfp9YoZDpaahbzpDrMfqt5eKf3m9RAd1b8ZEnGgqyHJRkHCkI5T+jYZMUqL51BBMJDO3IjLGEhNt0imYEL4+Rf+TzpntVu3qdbnUvMjiyMMRHMMpuFCDJlxBC9pAYAQP8ATPFrcerRfrddmas7KZQ/gB6+0TdNeN8Q==</latexit>u4
<latexit sha1_base64="SbeP/wxWQyWUCdGduZw7H2OEA14=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GUfoIbF4q49Yvc+TdO2ggqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpX6nXsqFYvEnZ7G1AvxSLCAEayNdJsMyoNiybHrtYpbqyLHdhZISb1cL58jN1NKkKE5KL73hxFJQio04VipnuvE2pthqRnhdF7oJ4rGmEzwiPYMFTikypstTp2jE6MMURBJU0Kjhfp9YoZDpaahbzpDrMfqt5eKf3m9RAc1b8ZEnGgqyHJRkHCkI5T+jYZMUqL51BBMJDO3IjLGEhNt0imYEL4+Rf+T9pntVuzKzUWpcZnFkYcjOIZTcKEKDbiGJrSAwAge4AmeLW49Wi/W67I1Z2Uzh/AD1tsndluN8g==</latexit>u5

<latexit sha1_base64="2LwEeXk3WdRw9tzFtaQi8rowPpE=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRq03ZXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSOo6IELh3Pu5d57vJgzqSzrwyisrK6tbxQ3S1vbO7t75f2DjowSQWibRDwSPQ9LyllI24opTnuxoDjwOO1606vM795TIVkU3qlZTN0Aj0PmM4KVlm6ToTMsVyyzUXfseg1ZprVARhrVRvUc2blSgRytYfl9MIpIEtBQEY6l7NtWrNwUC8UIp/PSIJE0xmSKx7SvaYgDKt10ceocnWhlhPxI6AoVWqjfJ1IcSDkLPN0ZYDWRv71M/MvrJ8qvuykL40TRkCwX+QlHKkLZ32jEBCWKzzTBRDB9KyITLDBROp2SDuHrU/Q/6ZyZtmM6NxeV5mUeRxGO4BhOwYYaNOEaWtAGAmN4gCd4NrjxaLwYr8vWgpHPHMIPGG+fd9+N8w==</latexit>u6

<latexit sha1_base64="ca3jCDcl8z8e4gdQpUPRA287TTc=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRqX7uiG5cV7QPaUCbTSTt0MgkzE6GUfoIbF4q49Yvc+TdO2ggqeuDC4Zx7ufceP+ZMacf5sHIrq2vrG/nNwtb2zu5ecf+graJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpX6nXsqFYvEnZ7G1AvxSLCAEayNdJsMqoNiybHrtYpbqyLHdhZISb1cL58jN1NKkKE5KL73hxFJQio04VipnuvE2pthqRnhdF7oJ4rGmEzwiPYMFTikypstTp2jE6MMURBJU0Kjhfp9YoZDpaahbzpDrMfqt5eKf3m9RAc1b8ZEnGgqyHJRkHCkI5T+jYZMUqL51BBMJDO3IjLGEhNt0imYEL4+Rf+T9pntVuzKzUWpcZnFkYcjOIZTcKEKDbiGJrSAwAge4AmeLW49Wi/W67I1Z2Uzh/AD1tsneWON9A==</latexit>u7

<latexit sha1_base64="pUQKM2h2VqmEQ+ZK5n+rb8ttHD4=">AAACIHicbVBNTwIxEO3iF+IX6tFLIzHxItk1BjwSvXjERISEJaRbZqGh2920sxqC/hQv/hUvHjRGb/pr7CIHBV/S9PW9mUznBYkUBl3308ktLC4tr+RXC2vrG5tbxe2daxOnmkODxzLWrYAZkEJBAwVKaCUaWBRIaAbD88xv3oA2IlZXOEqgE7G+EqHgDK3ULVaVjzH1hQpxZK/IzgRD7/xkIOgR9VHIHtDsdUd9LfoDZFrHt9TtFktu2Z2AzhNvSkpkinq3+OH3Yp5GoJBLZkzbcxPsjJlGwSXcF/zUQML4kPWhbaliEZjOeLLgPT2wSo+GsbZHIZ2ovzvGLDJmFAW2MmI4MLNeJv7ntVMMTztjoZIUQfGfQWEqqc0kS4v2hAaOcmQJ41rYv1I+YJpxtJkWbAje7Mrz5Pq47FXKlcuTUu1sGkee7JF9ckg8UiU1ckHqpEE4eSBP5IW8Oo/Os/PmvP+U5pxpzy75A+frGzFHowA=</latexit>

n → ↑ =↓ |ω↔ ω̃| → 0
<latexit sha1_base64="wu9ey235igygVuHSu/f4XbQgS00=">AAAB8nicdVDJSgNBEO1xjXGLevTSGARPw0yWMbkFvXiMYBaYGUJPTydp0rPQXSOEIZ/hxYMiXv0ab/6NnUVQ0QcFj/eqqKoXpIIrsKwPY219Y3Nru7BT3N3bPzgsHR13VZJJyjo0EYnsB0QxwWPWAQ6C9VPJSBQI1gsm13O/d8+k4kl8B9OU+REZxXzIKQEtuR5wETLspWM+KJUt027WnYqNLbPaqDvVhibNWrNesbBtWguU0QrtQendCxOaRSwGKohSrm2l4OdEAqeCzYpeplhK6ISMmKtpTCKm/Hxx8gyfayXEw0TqigEv1O8TOYmUmkaB7owIjNVvby7+5bkZDBt+zuM0AxbT5aJhJjAkeP4/DrlkFMRUE0Il17diOiaSUNApFXUIX5/i/0m3YtqO6dzWyq2rVRwFdIrO0AWy0SVqoRvURh1EUYIe0BN6NsB4NF6M12XrmrGaOUE/YLx9AohQkXQ=</latexit>

ω̃
<latexit sha1_base64="IL4Vz3rZY0ZBQGk+jBVp/T9kNlY=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0lqiT0WvXisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3Jm3FKvpg4PHeDDPz/JgzbWz7wyqsrW9sbhW3Szu7e/sH5cOjjo4SRWibRDxSPR9rypmkbcMMp71YUSx8Trv+5Dr3u/dUaRbJOzONqSfwWLKAEWxyaRCHbFiuOFV7DmR/k5pbb1zY6MuqwBKtYfl9MIpIIqg0hGOt+44dGy/FyjDC6aw0SDSNMZngMe1nVGJBtZfOb52hs0wZoSBSWUmD5urqRIqF1lPhZ50Cm1D/9nLxL6+fmKDhpUzGiaGSLBYFCUcmQvnjaMQUJYZPM4KJYtmtiIRYYWKyeEqrIfxPOrWq41bd23qlebWMowgncArn4MAlNOEGWtAGAiE8wBM8W8J6tF6s10VrwVrOHMMPWG+fORyOYg==</latexit>

ω<latexit sha1_base64="exi6xlkynF6Zp882ccJrC2LnGHA=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjJ2OlN3RTcuW7APaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3pg9BRQ9cOJxzL/feE6acKY3Qh5VbW9/Y3MpvF3Z29/YPiodHLZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2H4+u5376nUrFE3OpJSoMYDwWLGMHaSA3RL5aQjcqe77oQ2ZWqf+lXDUGuV6540LHRAiWwQr1ffO8NEpLFVGjCsVJdB6U6mGKpGeF0VuhliqaYjPGQdg0VOKYqmC4OncEzowxglEhTQsOF+n1iimOlJnFoOmOsR+q3Nxf/8rqZjqrBlIk001SQ5aIo41AncP41HDBJieYTQzCRzNwKyQhLTLTJpmBC+PoU/k9aF7bj2V7DLdWuVnHkwQk4BefAAT6ogRtQB01AAAUP4Ak8W3fWo/VivS5bc9Zq5hj8gPX2CV+2jVk=</latexit>n

<latexit sha1_base64="UQobNmPagiG2jhFtZ/brQvtEHr4=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArEj0GvXiMYB6QXcPsZDYZMjuzzMwKYQ34K148KOLV7/Dm3zh5HDSxoKGo6qa7K0o508bzvp2l5ZXVtfXCRnFza3tn193bb2iZKULrRHKpWhHWlDNB64YZTlupojiJOG1Gg+ux33ygSjMp7swwpWGCe4LFjGBjpY57+OgFCosep/d5IA1LqEZi1HFLXtmbAC0Sf0ZKMEOt434FXUmyhApDONa67XupCXOsDCOcjopBpmmKyQD3aNtSge2eMJ+cP0InVumiWCpbwqCJ+nsix4nWwySynQk2fT3vjcX/vHZm4sswZyLNDBVkuijOODISjbNAXaYoMXxoCSaK2VsR6WOFibGJFW0I/vzLi6RxVvYr5crteal6NYujAEdwDKfgwwVU4QZqUAcCOTzDK7w5T86L8+58TFuXnNnMAfyB8/kDf26V2g==</latexit>

|0→→n

<latexit sha1_base64="loOdPRHTbpZelxBfpme6csXixiE=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LblxWsA9oQplMJu3QySTMTIQa+yVuXCji1k9x5984bbPQ1gMDh3PO5d45QcqZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUUkmCW2ThCeyF2BFORO0rZnmtJdKiuOA024wvpn53QcqFUvEvZ6k1I/xULCIEayNNLCrTx436RB7EoshpwO75tSdOdAqcQtSgwKtgf3lhQnJYio04Vipvuuk2s+x1IxwOq14maIpJmM8pH1DBY6p8vP54VN0apQQRYk0T2g0V39P5DhWahIHJhljPVLL3kz8z+tnOrrycybSTFNBFouijCOdoFkLKGSSEs0nhmAimbkVkRGWmGjTVcWU4C5/eZV0zutuo964u6g1r4s6ynAMJ3AGLlxCE26hBW0gkMEzvMKb9Wi9WO/WxyJasoqZI/gD6/MHCU6TWg==</latexit>

|ω→
<latexit sha1_base64="ocr26yJKQfw9loD7z4VW7MpP73w=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FETy24LaFdi3ZNNuGJtklmVXL0v/hxYMiXv0v3vw3ph8HbX0w8Hhvhpl5YSK4Adf9dnIrq2vrG/nNwtb2zu5ecf+gYeJUU+bTWMS6FRLDBFfMBw6CtRLNiAwFa4bD64nffGDa8FjdwShhgSR9xSNOCVjpvgPsCbTM6rWbcdfvFktu2Z0CLxNvTkpojlq3+NXpxTSVTAEVxJi25yYQZEQDp4KNC53UsITQIemztqWKSGaCbHr1GJ9YpYejWNtSgKfq74mMSGNGMrSdksDALHoT8T+vnUJ0GWRcJSkwRWeLolRgiPEkAtzjmlEQI0sI1dzeiumAaELBBlWwIXiLLy+TxlnZq5Qr9fNS9WoeRx4doWN0ijx0garoFtWQjyjS6Bm9ojfn0Xlx3p2PWWvOmc8coj9wPn8Aq5qSow==</latexit>

QPEU

<latexit sha1_base64="lvzBhzHsKHQnH54dC1gP99joyho=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqseiF48V7Ac0oWw223bp7ibsTgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkobm1vbO+Xdyt7+weGRe3zSNkmmKWvRRCS6GxHDBFesBRwE66aaERkJ1onG93O/M2Ha8EQ9wTRloSRDxQecErBS33UDwyUOgIuY4SAd8b5b9WreAnid+AWpogLNvvsVxAnNJFNABTGm53sphDnRwKlgs0qQGZYSOiZD1rNUEclMmC8un+ELq8R4kGhbCvBC/T2RE2nMVEa2UxIYmVVvLv7n9TIY3IY5V2kGTNHlokEmMCR4HgOOuWYUxNQSQjW3t2I6IppQsGFVbAj+6svrpH1V8+u1+uN1tXFXxFFGZ+gcXSIf3aAGekBN1EIUTdAzekVvTu68OO/Ox7K15BQzp+gPnM8fAvWTRg==</latexit>

→ ω̃
<latexit sha1_base64="wu9ey235igygVuHSu/f4XbQgS00=">AAAB8nicdVDJSgNBEO1xjXGLevTSGARPw0yWMbkFvXiMYBaYGUJPTydp0rPQXSOEIZ/hxYMiXv0ab/6NnUVQ0QcFj/eqqKoXpIIrsKwPY219Y3Nru7BT3N3bPzgsHR13VZJJyjo0EYnsB0QxwWPWAQ6C9VPJSBQI1gsm13O/d8+k4kl8B9OU+REZxXzIKQEtuR5wETLspWM+KJUt027WnYqNLbPaqDvVhibNWrNesbBtWguU0QrtQendCxOaRSwGKohSrm2l4OdEAqeCzYpeplhK6ISMmKtpTCKm/Hxx8gyfayXEw0TqigEv1O8TOYmUmkaB7owIjNVvby7+5bkZDBt+zuM0AxbT5aJhJjAkeP4/DrlkFMRUE0Il17diOiaSUNApFXUIX5/i/0m3YtqO6dzWyq2rVRwFdIrO0AWy0SVqoRvURh1EUYIe0BN6NsB4NF6M12XrmrGaOUE/YLx9AohQkXQ=</latexit>

ω̃
<latexit sha1_base64="exi6xlkynF6Zp882ccJrC2LnGHA=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjJ2OlN3RTcuW7APaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3pg9BRQ9cOJxzL/feE6acKY3Qh5VbW9/Y3MpvF3Z29/YPiodHLZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2H4+u5376nUrFE3OpJSoMYDwWLGMHaSA3RL5aQjcqe77oQ2ZWqf+lXDUGuV6540LHRAiWwQr1ffO8NEpLFVGjCsVJdB6U6mGKpGeF0VuhliqaYjPGQdg0VOKYqmC4OncEzowxglEhTQsOF+n1iimOlJnFoOmOsR+q3Nxf/8rqZjqrBlIk001SQ5aIo41AncP41HDBJieYTQzCRzNwKyQhLTLTJpmBC+PoU/k9aF7bj2V7DLdWuVnHkwQk4BefAAT6ogRtQB01AAAUP4Ak8W3fWo/VivS5bc9Zq5hj8gPX2CV+2jVk=</latexit>n

<latexit sha1_base64="2GI/NM7ZVARtFZF4IYacvu+GYYg=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqpP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwB5T+NBA==</latexit>u

Quantum Phase Estimation:

<latexit sha1_base64="yWkDfmLRjRerqP1mYLRnznrmaXM=">AAACH3icbVDLSgMxFM34rPU16tJNsAiuyoxIFUEounFZwWkLnVoy6W0bmsmEJCOUsX/ixl9x40IRcde/MX0stPVA4HDOudzcE0nOtPG8kbO0vLK6tp7byG9ube/sunv7VZ2kikJAE56oekQ0cCYgMMxwqEsFJI441KL+zdivPYLSLBH3ZiChGZOuYB1GibFSyy2FsscuQxw8hdxOtUmoiOhywFcYHjIWSobHieGc3XILXtGbAC8Sf0YKaIZKy/0O2wlNYxCGcqJ1w/ekaWZEGUY5DPNhqkES2iddaFgqSAy6mU3uG+Jjq7RxJ1H2CYMn6u+JjMRaD+LIJmNienreG4v/eY3UdC6aGRMyNSDodFEn5dgkeFwWbjMF1PCBJYQqZv+KaY8oQo2tNG9L8OdPXiTV06JfKpbuzgrl61kdOXSIjtAJ8tE5KqNbVEEBougZvaJ39OG8OG/Op/M1jS45s5kD9AfO6AdCq6Mp</latexit>

ω : U |ε→ = eiωε|ε→
<latexit sha1_base64="IL4Vz3rZY0ZBQGk+jBVp/T9kNlY=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0lqiT0WvXisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3Jm3FKvpg4PHeDDPz/JgzbWz7wyqsrW9sbhW3Szu7e/sH5cOjjo4SRWibRDxSPR9rypmkbcMMp71YUSx8Trv+5Dr3u/dUaRbJOzONqSfwWLKAEWxyaRCHbFiuOFV7DmR/k5pbb1zY6MuqwBKtYfl9MIpIIqg0hGOt+44dGy/FyjDC6aw0SDSNMZngMe1nVGJBtZfOb52hs0wZoSBSWUmD5urqRIqF1lPhZ50Cm1D/9nLxL6+fmKDhpUzGiaGSLBYFCUcmQvnjaMQUJYZPM4KJYtmtiIRYYWKyeEqrIfxPOrWq41bd23qlebWMowgncArn4MAlNOEGWtAGAiE8wBM8W8J6tF6s10VrwVrOHMMPWG+fORyOYg==</latexit>

ω <latexit sha1_base64="zgg1oFf15NTcDdINh2Fqy9FeYxc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ40JKIVI9FLx4r2A9IQ9lsN+3SzSbsToRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3k391hPXRiTqEUcpD2LaVyISjKKV/I5QxL/wzokXdEtlt+LOQJaJl5My5Kh3S1+dXsKymCtkkhrje26KwZhqFEzySbGTGZ5SNqR97luqaMxNMJ6dPCGnVumRKNG2FJKZ+ntiTGNjRnFoO2OKA7PoTcX/PD/D6CYYC5VmyBWbL4oySTAh0/9JT2jOUI4soUwLeythA6opQ5tS0YbgLb68TJqXFa9aqT5clWu3eRwFOIYTOAMPrqEG91CHBjBI4Ble4c1B58V5dz7mrStOPnMEf+B8/gAadI/Z</latexit>→ [↑1, 1]
<latexit sha1_base64="IL4Vz3rZY0ZBQGk+jBVp/T9kNlY=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0lqiT0WvXisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3Jm3FKvpg4PHeDDPz/JgzbWz7wyqsrW9sbhW3Szu7e/sH5cOjjo4SRWibRDxSPR9rypmkbcMMp71YUSx8Trv+5Dr3u/dUaRbJOzONqSfwWLKAEWxyaRCHbFiuOFV7DmR/k5pbb1zY6MuqwBKtYfl9MIpIIqg0hGOt+44dGy/FyjDC6aw0SDSNMZngMe1nVGJBtZfOb52hs0wZoSBSWUmD5urqRIqF1lPhZ50Cm1D/9nLxL6+fmKDhpUzGiaGSLBYFCUcmQvnjaMQUJYZPM4KJYtmtiIRYYWKyeEqrIfxPOrWq41bd23qlebWMowgncArn4MAlNOEGWtAGAiE8wBM8W8J6tF6s10VrwVrOHMMPWG+fORyOYg==</latexit>

ω
<latexit sha1_base64="SYAA+2NvsWQO9et8TDCpZOpGtgc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIevEYwTwgWcLspJMMmZ1dZ2YDYc13ePGgiFc/xpt/4yTZgyYWNBRV3XR3BbHg2rjut7Oyura+sZnbym/v7O7tFw4O6zpKFMMai0SkmgHVKLjEmuFGYDNWSMNAYCMY3k79xgiV5pF8MOMY/ZD2Je9xRo2V/NpT0lZU9gWSa9IpFN2SOwNZJl5GipCh2il8tbsRS0KUhgmqdctzY+OnVBnOBE7y7URjTNmQ9rFlqaQhaj+dHT0hp1bpkl6kbElDZurviZSGWo/DwHaG1Az0ojcV//Naield+SmXcWJQsvmiXiKIicg0AdLlCpkRY0soU9zeStiAKsqMzSlvQ/AWX14m9fOSVy6V7y+KlZssjhwcwwmcgQeXUIE7qEINGDzCM7zCmzNyXpx352PeuuJkM0fwB87nDwVOkZ8=</latexit>

U |u→ =
<latexit sha1_base64="SYAA+2NvsWQO9et8TDCpZOpGtgc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIevEYwTwgWcLspJMMmZ1dZ2YDYc13ePGgiFc/xpt/4yTZgyYWNBRV3XR3BbHg2rjut7Oyura+sZnbym/v7O7tFw4O6zpKFMMai0SkmgHVKLjEmuFGYDNWSMNAYCMY3k79xgiV5pF8MOMY/ZD2Je9xRo2V/NpT0lZU9gWSa9IpFN2SOwNZJl5GipCh2il8tbsRS0KUhgmqdctzY+OnVBnOBE7y7URjTNmQ9rFlqaQhaj+dHT0hp1bpkl6kbElDZurviZSGWo/DwHaG1Az0ojcV//Naield+SmXcWJQsvmiXiKIicg0AdLlCpkRY0soU9zeStiAKsqMzSlvQ/AWX14m9fOSVy6V7y+KlZssjhwcwwmcgQeXUIE7qEINGDzCM7zCmzNyXpx352PeuuJkM0fwB87nDwVOkZ8=</latexit>

U |u→ =
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Goal
<latexit sha1_base64="tkNKsp6XG9tYdUTJh5uBuIV5XZg=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclRmRKq6KblxWsA9oh5LJZNrQTGZM7gil9CfcuFDErb/jzr8xbWehrQcCh3POJfeeIJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6CGS6F4AwVK3k41p3EgeSsY3k791hPXRiTqAUcp92PaVyISjKKV2l1poyG97pXKbsWdgSwTLydlyFHvlb66YcKymCtkkhrT8dwU/THVKJjkk2I3MzylbEj7vGOpojE3/ni274ScWiUkUaLtU0hm6u+JMY2NGcWBTcYUB2bRm4r/eZ0Moyt/LFSaIVds/lGUSYIJmR5PQqE5QzmyhDIt7K6EDaimDG1FRVuCt3jyMmmeV7xqpXp/Ua7d5HUU4BhO4Aw8uIQa3EEdGsBAwjO8wpvz6Lw4787HPLri5DNH8AfO5w+/7I/M</latexit>

ω :Estimate
<latexit sha1_base64="iq1RA8S9yVdv2J6IGuscOIb39/c=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi1Y1QdNNlBfuAJpSbybQdOpmEmYlQYv/Bjb/ixoUibt2482+ctllo64GBwznncueeIOFMacf5tpaWV1bX1gsbxc2t7Z1de2+/qeJUEtogMY9lOwBFORO0oZnmtJ1IClHAaSsY3kz81j2VisXiTo8S6kfQF6zHCGgjde3T2oPHTTwET4Loc4qvcC7gOadrl5yyMwVeJG5OSihHvWt/eWFM0ogKTTgo1XGdRPsZSM0Ip+OilyqaABlCn3YMFRBR5WfTm8b42Cgh7sXSPKHxVP09kUGk1CgKTDICPVDz3kT8z+ukunfpZ0wkqaaCzBb1Uo51jCcF4ZBJSjQfGQJEMvNXTAYggWhTY9GU4M6fvEiaZ2W3Uq7cnpeq13kdBXSIjtAJctEFqqIaqqMGIugRPaNX9GY9WS/Wu/Uxiy5Z+cwB+gPr8we7VZ4Y</latexit>

H|ω→ = ω|ω→
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Goal
<latexit sha1_base64="tkNKsp6XG9tYdUTJh5uBuIV5XZg=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclRmRKq6KblxWsA9oh5LJZNrQTGZM7gil9CfcuFDErb/jzr8xbWehrQcCh3POJfeeIJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6CGS6F4AwVK3k41p3EgeSsY3k791hPXRiTqAUcp92PaVyISjKKV2l1poyG97pXKbsWdgSwTLydlyFHvlb66YcKymCtkkhrT8dwU/THVKJjkk2I3MzylbEj7vGOpojE3/ni274ScWiUkUaLtU0hm6u+JMY2NGcWBTcYUB2bRm4r/eZ0Moyt/LFSaIVds/lGUSYIJmR5PQqE5QzmyhDIt7K6EDaimDG1FRVuCt3jyMmmeV7xqpXp/Ua7d5HUU4BhO4Aw8uIQa3EEdGsBAwjO8wpvz6Lw4787HPLri5DNH8AfO5w+/7I/M</latexit>

ω :Estimate
<latexit sha1_base64="iq1RA8S9yVdv2J6IGuscOIb39/c=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi1Y1QdNNlBfuAJpSbybQdOpmEmYlQYv/Bjb/ixoUibt2482+ctllo64GBwznncueeIOFMacf5tpaWV1bX1gsbxc2t7Z1de2+/qeJUEtogMY9lOwBFORO0oZnmtJ1IClHAaSsY3kz81j2VisXiTo8S6kfQF6zHCGgjde3T2oPHTTwET4Loc4qvcC7gOadrl5yyMwVeJG5OSihHvWt/eWFM0ogKTTgo1XGdRPsZSM0Ip+OilyqaABlCn3YMFRBR5WfTm8b42Cgh7sXSPKHxVP09kUGk1CgKTDICPVDz3kT8z+ukunfpZ0wkqaaCzBb1Uo51jCcF4ZBJSjQfGQJEMvNXTAYggWhTY9GU4M6fvEiaZ2W3Uq7cnpeq13kdBXSIjtAJctEFqqIaqqMGIugRPaNX9GY9WS/Wu/Uxiy5Z+cwB+gPr8we7VZ4Y</latexit>

H|ω→ = ω|ω→

Problem
<latexit sha1_base64="qnzmCbzyBfKFuwnEKK2S9J9VD5E=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqheh6KXHCvYD2lg2m0m6dLOJu5tCCf0dXjwo4tUf481/47bNQVsfDDzem2FmnpdwprRtf1uFtfWNza3idmlnd2//oHx41FZxKim0aMxj2fWIAs4EtDTTHLqJBBJ5HDre6G7md8YgFYvFg54k4EYkFCxglGgjuY3Hvk/CECS+wY1BuWJX7TnwKnFyUkE5moPyV9+PaRqB0JQTpXqOnWg3I1IzymFa6qcKEkJHJISeoYJEoNxsfvQUnxnFx0EsTQmN5+rviYxESk0iz3RGRA/VsjcT//N6qQ6u3YyJJNUg6GJRkHKsYzxLAPtMAtV8YgihkplbMR0SSag2OZVMCM7yy6ukfVF1atXa/WWlfpvHUUQn6BSdIwddoTpqoCZqIYqe0DN6RW/W2Hqx3q2PRWvBymeO0R9Ynz9lX5E4</latexit>

H
† = H

<latexit sha1_base64="5oQ5uNHg2T7FvqmhKIaOJrlk8ME=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugTewimA/IxbC3mVyW7O2du3tCOFLY+FdsLBSx9UfY+W/cS67QxAcDj/dmmJnnRZwpbdvfVm5ldW19I79Z2Nre2d0r7h+0VBhLCk0a8lB2PKKAMwFNzTSHTiSBBB6Htje+Sv32A0jFQnGrJxH0AuILNmSUaCP1i6X6nTsgvg8S17Er4B67AdEjz0uup/1i2a7YM+Bl4mSkjDI0+sUvdxDSOAChKSdKdR070r2ESM0oh2nBjRVEhI6JD11DBQlA9ZLZE1N8bJQBHobSlNB4pv6eSEig1CTwTGd6oVr0UvE/rxvr4UUvYSKKNQg6XzSMOdYhThPBAyaBaj4xhFDJzK2YjogkVJvcCiYEZ/HlZdI6rTjVSvXmrFy7zOLIoxI6QifIQeeohuqogZqIokf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH6++l4M=</latexit>

H
†
H →= I

<latexit sha1_base64="6+g7oX6YphNtwPgMRxw6IzcCMJ8=">AAACCnicbVA9SwNBEN2LXzF+RS1tVoNgFe5EomXQJmUE8wHJcextJsmS3b1zd08IR2ob/4qNhSK2/gI7/42b5ApNfDDweG+GmXlhzJk2rvvt5FZW19Y38puFre2d3b3i/kFTR4mi0KARj1Q7JBo4k9AwzHBoxwqICDm0wtHN1G89gNIskndmHIMvyECyPqPEWCkoHneZsHtA4xruSrjHjUDibi8y2jLPlhsUS27ZnQEvEy8jJZShHhS/7DxNBEhDOdG647mx8VOiDKMcJoVuoiEmdEQG0LFUEgHaT2evTPCpVXq4Hylb0uCZ+nsiJULrsQhtpyBmqBe9qfif10lM/8pPmYwTA5LOF/UTjk2Ep7ngHlNADR9bQqhi9lZMh0QRamx6BRuCt/jyMmmel71KuXJ7UapeZ3Hk0RE6QWfIQ5eoimqojhqIokf0jF7Rm/PkvDjvzse8NedkM4foD5zPH6lbmPg=</latexit>

=→ H ↑= Un . . . U1U0

but
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<latexit sha1_base64="tkNKsp6XG9tYdUTJh5uBuIV5XZg=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclRmRKq6KblxWsA9oh5LJZNrQTGZM7gil9CfcuFDErb/jzr8xbWehrQcCh3POJfeeIJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6CGS6F4AwVK3k41p3EgeSsY3k791hPXRiTqAUcp92PaVyISjKKV2l1poyG97pXKbsWdgSwTLydlyFHvlb66YcKymCtkkhrT8dwU/THVKJjkk2I3MzylbEj7vGOpojE3/ni274ScWiUkUaLtU0hm6u+JMY2NGcWBTcYUB2bRm4r/eZ0Moyt/LFSaIVds/lGUSYIJmR5PQqE5QzmyhDIt7K6EDaimDG1FRVuCt3jyMmmeV7xqpXp/Ua7d5HUU4BhO4Aw8uIQa3EEdGsBAwjO8wpvz6Lw4787HPLri5DNH8AfO5w+/7I/M</latexit>

ω :Estimate
<latexit sha1_base64="iq1RA8S9yVdv2J6IGuscOIb39/c=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi1Y1QdNNlBfuAJpSbybQdOpmEmYlQYv/Bjb/ixoUibt2482+ctllo64GBwznncueeIOFMacf5tpaWV1bX1gsbxc2t7Z1de2+/qeJUEtogMY9lOwBFORO0oZnmtJ1IClHAaSsY3kz81j2VisXiTo8S6kfQF6zHCGgjde3T2oPHTTwET4Loc4qvcC7gOadrl5yyMwVeJG5OSihHvWt/eWFM0ogKTTgo1XGdRPsZSM0Ip+OilyqaABlCn3YMFRBR5WfTm8b42Cgh7sXSPKHxVP09kUGk1CgKTDICPVDz3kT8z+ukunfpZ0wkqaaCzBb1Uo51jCcF4ZBJSjQfGQJEMvNXTAYggWhTY9GU4M6fvEiaZ2W3Uq7cnpeq13kdBXSIjtAJctEFqqIaqqMGIugRPaNX9GY9WS/Wu/Uxiy5Z+cwB+gPr8we7VZ4Y</latexit>

H|ω→ = ω|ω→

Problem
<latexit sha1_base64="qnzmCbzyBfKFuwnEKK2S9J9VD5E=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqheh6KXHCvYD2lg2m0m6dLOJu5tCCf0dXjwo4tUf481/47bNQVsfDDzem2FmnpdwprRtf1uFtfWNza3idmlnd2//oHx41FZxKim0aMxj2fWIAs4EtDTTHLqJBBJ5HDre6G7md8YgFYvFg54k4EYkFCxglGgjuY3Hvk/CECS+wY1BuWJX7TnwKnFyUkE5moPyV9+PaRqB0JQTpXqOnWg3I1IzymFa6qcKEkJHJISeoYJEoNxsfvQUnxnFx0EsTQmN5+rviYxESk0iz3RGRA/VsjcT//N6qQ6u3YyJJNUg6GJRkHKsYzxLAPtMAtV8YgihkplbMR0SSag2OZVMCM7yy6ukfVF1atXa/WWlfpvHUUQn6BSdIwddoTpqoCZqIYqe0DN6RW/W2Hqx3q2PRWvBymeO0R9Ynz9lX5E4</latexit>

H
† = H

<latexit sha1_base64="5oQ5uNHg2T7FvqmhKIaOJrlk8ME=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugTewimA/IxbC3mVyW7O2du3tCOFLY+FdsLBSx9UfY+W/cS67QxAcDj/dmmJnnRZwpbdvfVm5ldW19I79Z2Nre2d0r7h+0VBhLCk0a8lB2PKKAMwFNzTSHTiSBBB6Htje+Sv32A0jFQnGrJxH0AuILNmSUaCP1i6X6nTsgvg8S17Er4B67AdEjz0uup/1i2a7YM+Bl4mSkjDI0+sUvdxDSOAChKSdKdR070r2ESM0oh2nBjRVEhI6JD11DBQlA9ZLZE1N8bJQBHobSlNB4pv6eSEig1CTwTGd6oVr0UvE/rxvr4UUvYSKKNQg6XzSMOdYhThPBAyaBaj4xhFDJzK2YjogkVJvcCiYEZ/HlZdI6rTjVSvXmrFy7zOLIoxI6QifIQeeohuqogZqIokf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH6++l4M=</latexit>

H
†
H →= I

<latexit sha1_base64="6+g7oX6YphNtwPgMRxw6IzcCMJ8=">AAACCnicbVA9SwNBEN2LXzF+RS1tVoNgFe5EomXQJmUE8wHJcextJsmS3b1zd08IR2ob/4qNhSK2/gI7/42b5ApNfDDweG+GmXlhzJk2rvvt5FZW19Y38puFre2d3b3i/kFTR4mi0KARj1Q7JBo4k9AwzHBoxwqICDm0wtHN1G89gNIskndmHIMvyECyPqPEWCkoHneZsHtA4xruSrjHjUDibi8y2jLPlhsUS27ZnQEvEy8jJZShHhS/7DxNBEhDOdG647mx8VOiDKMcJoVuoiEmdEQG0LFUEgHaT2evTPCpVXq4Hylb0uCZ+nsiJULrsQhtpyBmqBe9qfif10lM/8pPmYwTA5LOF/UTjk2Ep7ngHlNADR9bQqhi9lZMh0QRamx6BRuCt/jyMmmel71KuXJ7UapeZ3Hk0RE6QWfIQ5eoimqojhqIokf0jF7Rm/PkvDjvzse8NedkM4foD5zPH6lbmPg=</latexit>

=→ H ↑= Un . . . U1U0

but

Solution <latexit sha1_base64="eBglL/EmQDghEsAl90YyalgtLlo=">AAAB8HicbVBNTwIxFHyLX4hfqEcvjcTEE9k1BjwSvXDExAUMbEi3dKGh7W7argnZ8Cu8eNAYr/4cb/4bC+xBwUmaTGbeS99MmHCmjet+O4WNza3tneJuaW//4PCofHzS1nGqCPVJzGPVDbGmnEnqG2Y47SaKYhFy2gknd3O/80SVZrF8MNOEBgKPJIsYwcZKj03UNzHyB81BueJW3QXQOvFyUoEcrUH5qz+MSSqoNIRjrXuem5ggw8owwums1E81TTCZ4BHtWSqxoDrIFgfP0IVVhiiKlX3SoIX6eyPDQuupCO2kwGasV725+J/XS010E2RMJqmhkiw/ilKObMh5ejRkihLDp5Zgopi9FZExVpgY21HJluCtRl4n7auqV6vW7q8rjdu8jiKcwTlcggd1aEATWuADAQHP8ApvjnJenHfnYzlacPKdU/gD5/MHlcuPog==</latexit>
H → UH

<latexit sha1_base64="Z4znrApdAhY3eVvYc5hiGyNNwzE=">AAACIXicbVDPSwJBGJ3tp9kvq2OXIQn0IrsR5iUQu3g0aFVQkdlxVgdndpeZbyNZ/Fe69K906VCEt+ifadQ9lPZg4PHe9/HNe14kuAbb/rI2Nre2d3Yze9n9g8Oj49zJaVOHsaLMpaEIVdsjmgkeMBc4CNaOFCPSE6zlje/mfuuRKc3D4AEmEetJMgy4zykBI/VzlS6wJ1Ay0RGjoGI5Lbj9ehHfYr9b48PCul0vzo1iP5e3S/YCeJ04KcmjFI1+btYdhDSWLAAqiNYdx46glxAFnAo2zXZjzSJCx2TIOoYGRDLdSxYJp/jSKAPsh8q8APBC/b2REKn1RHpmUhIY6VVvLv7ndWLwK72EB1EMLKDLQ34sMIR4XhcecGWCi4khhCpu/orpiChCwZSaNSU4q5HXSfOq5JRL5fvrfLWW1pFB5+gCFZCDblAV1VEDuYiiZ/SK3tGH9WK9WZ/WbDm6YaU7Z+gPrO8ffxKjsg==</latexit>

spectrum(UH) = f

(
spectrum(H)

)
<latexit sha1_base64="PhJ8L9Vzv/hKhhSintlIpvMJL+M=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRKR6kYounFZwbSFNoTJdNIOnUzCzI1QQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuYe5c8JUcA2O820tLa+srq2XNsqbW9s7u/beflMnmaLMo4lIVDskmgkumQccBGunipE4FKwVDm8mfuuBKc0TeQ+jlPkx6UsecUrASIF96OEr7AWy20tAG+KacQK74lSdKfAicQtSQQUagf1l8jSLmQQqiNYd10nBz4kCTgUbl7uZZimhQ9JnHUMliZn28+n1Y3xilB6OEmVGAp6qvxM5ibUexaHZjAkM9Lw3Ef/zOhlEl37OZZoBk3T2UJQJDAmeVIF7XDEKYmQIoYqbWzEdEEUomMLKpgR3/suLpHlWdWvV2t15pX5d1FFCR+gYnSIXXaA6ukUN5CGKHtEzekVv1pP1Yr1bH7PVJavIHKA/sD5/ANngk5E=</latexit>

U = Un . . . U1U0

<latexit sha1_base64="eBglL/EmQDghEsAl90YyalgtLlo=">AAAB8HicbVBNTwIxFHyLX4hfqEcvjcTEE9k1BjwSvXDExAUMbEi3dKGh7W7argnZ8Cu8eNAYr/4cb/4bC+xBwUmaTGbeS99MmHCmjet+O4WNza3tneJuaW//4PCofHzS1nGqCPVJzGPVDbGmnEnqG2Y47SaKYhFy2gknd3O/80SVZrF8MNOEBgKPJIsYwcZKj03UNzHyB81BueJW3QXQOvFyUoEcrUH5qz+MSSqoNIRjrXuem5ggw8owwums1E81TTCZ4BHtWSqxoDrIFgfP0IVVhiiKlX3SoIX6eyPDQuupCO2kwGasV725+J/XS010E2RMJqmhkiw/ilKObMh5ejRkihLDp5Zgopi9FZExVpgY21HJluCtRl4n7auqV6vW7q8rjdu8jiKcwTlcggd1aEATWuADAQHP8ApvjnJenHfnYzlacPKdU/gD5/MHlcuPog==</latexit>

H → UH

<latexit sha1_base64="/ZQ4uhoe3Iq6UJWOmtxEGU1Fltc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlhzI97xVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi4pXrVTvL0u1myyOPJzAKZTBgyuowR3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AjD2NVQ==</latexit>

(a)
<latexit sha1_base64="yaE0A6BiX3P/IX8my1C+yNhqcO4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlh3Jw3iuW3Io7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaFxWvWqneX5ZqN1kceTiBUyiDB1dQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AjcKNVg==</latexit>

(b)

Encode                           such that
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<latexit sha1_base64="tkNKsp6XG9tYdUTJh5uBuIV5XZg=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclRmRKq6KblxWsA9oh5LJZNrQTGZM7gil9CfcuFDErb/jzr8xbWehrQcCh3POJfeeIJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6CGS6F4AwVK3k41p3EgeSsY3k791hPXRiTqAUcp92PaVyISjKKV2l1poyG97pXKbsWdgSwTLydlyFHvlb66YcKymCtkkhrT8dwU/THVKJjkk2I3MzylbEj7vGOpojE3/ni274ScWiUkUaLtU0hm6u+JMY2NGcWBTcYUB2bRm4r/eZ0Moyt/LFSaIVds/lGUSYIJmR5PQqE5QzmyhDIt7K6EDaimDG1FRVuCt3jyMmmeV7xqpXp/Ua7d5HUU4BhO4Aw8uIQa3EEdGsBAwjO8wpvz6Lw4787HPLri5DNH8AfO5w+/7I/M</latexit>

ω :Estimate
<latexit sha1_base64="iq1RA8S9yVdv2J6IGuscOIb39/c=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi1Y1QdNNlBfuAJpSbybQdOpmEmYlQYv/Bjb/ixoUibt2482+ctllo64GBwznncueeIOFMacf5tpaWV1bX1gsbxc2t7Z1de2+/qeJUEtogMY9lOwBFORO0oZnmtJ1IClHAaSsY3kz81j2VisXiTo8S6kfQF6zHCGgjde3T2oPHTTwET4Loc4qvcC7gOadrl5yyMwVeJG5OSihHvWt/eWFM0ogKTTgo1XGdRPsZSM0Ip+OilyqaABlCn3YMFRBR5WfTm8b42Cgh7sXSPKHxVP09kUGk1CgKTDICPVDz3kT8z+ukunfpZ0wkqaaCzBb1Uo51jCcF4ZBJSjQfGQJEMvNXTAYggWhTY9GU4M6fvEiaZ2W3Uq7cnpeq13kdBXSIjtAJctEFqqIaqqMGIugRPaNX9GY9WS/Wu/Uxiy5Z+cwB+gPr8we7VZ4Y</latexit>

H|ω→ = ω|ω→

Problem
<latexit sha1_base64="qnzmCbzyBfKFuwnEKK2S9J9VD5E=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqheh6KXHCvYD2lg2m0m6dLOJu5tCCf0dXjwo4tUf481/47bNQVsfDDzem2FmnpdwprRtf1uFtfWNza3idmlnd2//oHx41FZxKim0aMxj2fWIAs4EtDTTHLqJBBJ5HDre6G7md8YgFYvFg54k4EYkFCxglGgjuY3Hvk/CECS+wY1BuWJX7TnwKnFyUkE5moPyV9+PaRqB0JQTpXqOnWg3I1IzymFa6qcKEkJHJISeoYJEoNxsfvQUnxnFx0EsTQmN5+rviYxESk0iz3RGRA/VsjcT//N6qQ6u3YyJJNUg6GJRkHKsYzxLAPtMAtV8YgihkplbMR0SSag2OZVMCM7yy6ukfVF1atXa/WWlfpvHUUQn6BSdIwddoTpqoCZqIYqe0DN6RW/W2Hqx3q2PRWvBymeO0R9Ynz9lX5E4</latexit>

H
† = H

<latexit sha1_base64="5oQ5uNHg2T7FvqmhKIaOJrlk8ME=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugTewimA/IxbC3mVyW7O2du3tCOFLY+FdsLBSx9UfY+W/cS67QxAcDj/dmmJnnRZwpbdvfVm5ldW19I79Z2Nre2d0r7h+0VBhLCk0a8lB2PKKAMwFNzTSHTiSBBB6Htje+Sv32A0jFQnGrJxH0AuILNmSUaCP1i6X6nTsgvg8S17Er4B67AdEjz0uup/1i2a7YM+Bl4mSkjDI0+sUvdxDSOAChKSdKdR070r2ESM0oh2nBjRVEhI6JD11DBQlA9ZLZE1N8bJQBHobSlNB4pv6eSEig1CTwTGd6oVr0UvE/rxvr4UUvYSKKNQg6XzSMOdYhThPBAyaBaj4xhFDJzK2YjogkVJvcCiYEZ/HlZdI6rTjVSvXmrFy7zOLIoxI6QifIQeeohuqogZqIokf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH6++l4M=</latexit>

H
†
H →= I

<latexit sha1_base64="6+g7oX6YphNtwPgMRxw6IzcCMJ8=">AAACCnicbVA9SwNBEN2LXzF+RS1tVoNgFe5EomXQJmUE8wHJcextJsmS3b1zd08IR2ob/4qNhSK2/gI7/42b5ApNfDDweG+GmXlhzJk2rvvt5FZW19Y38puFre2d3b3i/kFTR4mi0KARj1Q7JBo4k9AwzHBoxwqICDm0wtHN1G89gNIskndmHIMvyECyPqPEWCkoHneZsHtA4xruSrjHjUDibi8y2jLPlhsUS27ZnQEvEy8jJZShHhS/7DxNBEhDOdG647mx8VOiDKMcJoVuoiEmdEQG0LFUEgHaT2evTPCpVXq4Hylb0uCZ+nsiJULrsQhtpyBmqBe9qfif10lM/8pPmYwTA5LOF/UTjk2Ep7ngHlNADR9bQqhi9lZMh0QRamx6BRuCt/jyMmmel71KuXJ7UapeZ3Hk0RE6QWfIQ5eoimqojhqIokf0jF7Rm/PkvDjvzse8NedkM4foD5zPH6lbmPg=</latexit>

=→ H ↑= Un . . . U1U0

but

Solution <latexit sha1_base64="eBglL/EmQDghEsAl90YyalgtLlo=">AAAB8HicbVBNTwIxFHyLX4hfqEcvjcTEE9k1BjwSvXDExAUMbEi3dKGh7W7argnZ8Cu8eNAYr/4cb/4bC+xBwUmaTGbeS99MmHCmjet+O4WNza3tneJuaW//4PCofHzS1nGqCPVJzGPVDbGmnEnqG2Y47SaKYhFy2gknd3O/80SVZrF8MNOEBgKPJIsYwcZKj03UNzHyB81BueJW3QXQOvFyUoEcrUH5qz+MSSqoNIRjrXuem5ggw8owwums1E81TTCZ4BHtWSqxoDrIFgfP0IVVhiiKlX3SoIX6eyPDQuupCO2kwGasV725+J/XS010E2RMJqmhkiw/ilKObMh5ejRkihLDp5Zgopi9FZExVpgY21HJluCtRl4n7auqV6vW7q8rjdu8jiKcwTlcggd1aEATWuADAQHP8ApvjnJenHfnYzlacPKdU/gD5/MHlcuPog==</latexit>
H → UH

<latexit sha1_base64="Z4znrApdAhY3eVvYc5hiGyNNwzE=">AAACIXicbVDPSwJBGJ3tp9kvq2OXIQn0IrsR5iUQu3g0aFVQkdlxVgdndpeZbyNZ/Fe69K906VCEt+ifadQ9lPZg4PHe9/HNe14kuAbb/rI2Nre2d3Yze9n9g8Oj49zJaVOHsaLMpaEIVdsjmgkeMBc4CNaOFCPSE6zlje/mfuuRKc3D4AEmEetJMgy4zykBI/VzlS6wJ1Ay0RGjoGI5Lbj9ehHfYr9b48PCul0vzo1iP5e3S/YCeJ04KcmjFI1+btYdhDSWLAAqiNYdx46glxAFnAo2zXZjzSJCx2TIOoYGRDLdSxYJp/jSKAPsh8q8APBC/b2REKn1RHpmUhIY6VVvLv7ndWLwK72EB1EMLKDLQ34sMIR4XhcecGWCi4khhCpu/orpiChCwZSaNSU4q5HXSfOq5JRL5fvrfLWW1pFB5+gCFZCDblAV1VEDuYiiZ/SK3tGH9WK9WZ/WbDm6YaU7Z+gPrO8ffxKjsg==</latexit>

spectrum(UH) = f

(
spectrum(H)

)
<latexit sha1_base64="PhJ8L9Vzv/hKhhSintlIpvMJL+M=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRKR6kYounFZwbSFNoTJdNIOnUzCzI1QQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuYe5c8JUcA2O820tLa+srq2XNsqbW9s7u/beflMnmaLMo4lIVDskmgkumQccBGunipE4FKwVDm8mfuuBKc0TeQ+jlPkx6UsecUrASIF96OEr7AWy20tAG+KacQK74lSdKfAicQtSQQUagf1l8jSLmQQqiNYd10nBz4kCTgUbl7uZZimhQ9JnHUMliZn28+n1Y3xilB6OEmVGAp6qvxM5ibUexaHZjAkM9Lw3Ef/zOhlEl37OZZoBk3T2UJQJDAmeVIF7XDEKYmQIoYqbWzEdEEUomMLKpgR3/suLpHlWdWvV2t15pX5d1FFCR+gYnSIXXaA6ukUN5CGKHtEzekVv1pP1Yr1bH7PVJavIHKA/sD5/ANngk5E=</latexit>

U = Un . . . U1U0

<latexit sha1_base64="eBglL/EmQDghEsAl90YyalgtLlo=">AAAB8HicbVBNTwIxFHyLX4hfqEcvjcTEE9k1BjwSvXDExAUMbEi3dKGh7W7argnZ8Cu8eNAYr/4cb/4bC+xBwUmaTGbeS99MmHCmjet+O4WNza3tneJuaW//4PCofHzS1nGqCPVJzGPVDbGmnEnqG2Y47SaKYhFy2gknd3O/80SVZrF8MNOEBgKPJIsYwcZKj03UNzHyB81BueJW3QXQOvFyUoEcrUH5qz+MSSqoNIRjrXuem5ggw8owwums1E81TTCZ4BHtWSqxoDrIFgfP0IVVhiiKlX3SoIX6eyPDQuupCO2kwGasV725+J/XS010E2RMJqmhkiw/ilKObMh5ejRkihLDp5Zgopi9FZExVpgY21HJluCtRl4n7auqV6vW7q8rjdu8jiKcwTlcggd1aEATWuADAQHP8ApvjnJenHfnYzlacPKdU/gD5/MHlcuPog==</latexit>

H → UH

<latexit sha1_base64="/ZQ4uhoe3Iq6UJWOmtxEGU1Fltc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlhzI97xVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi4pXrVTvL0u1myyOPJzAKZTBgyuowR3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AjD2NVQ==</latexit>

(a)
<latexit sha1_base64="yaE0A6BiX3P/IX8my1C+yNhqcO4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlh3Jw3iuW3Io7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaFxWvWqneX5ZqN1kceTiBUyiDB1dQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AjcKNVg==</latexit>

(b)

Encode                           such that

Example: Time evolution operator
<latexit sha1_base64="vrlV08V9OUakgnXy75NZ9IM/1IA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBC8GHZFohch6CXHCG4SyIvZSW8yZPbBzKwSlvyHFw+KePVfvPk3TpI9aGJBQ1HVTXeXFwuutG1/Wyura+sbm7mt/PbO7t5+4eCwrqJEMnRZJCLZ9KhCwUN0NdcCm7FEGngCG97obuo3HlEqHoUPehxjJ6CDkPucUW2krturkhuC3fScV/WkVyjaJXsGskycjBQhQ61X+Gr3I5YEGGomqFItx451J6VScyZwkm8nCmPKRnSALUNDGqDqpLOrJ+TUKH3iR9JUqMlM/T2R0kCpceCZzoDqoVr0puJ/XivR/nUn5WGcaAzZfJGfCKIjMo2A9LlEpsXYEMokN7cSNqSSMm2CypsQnMWXl0n9ouSUS+X7y2LlNosjB8dwAmfgwBVUoAo1cIGBhGd4hTfryXqx3q2PeeuKlc0cwR9Ynz8KTZGX</latexit>

UH = e→iHt

<latexit sha1_base64="QT4wCgmoSwdyf7B9a0UkfkXumxo=">AAACHHicbVBNSwMxFMz6WevXqkcvwSJ4seyqVC9C0UuPFdy20K0lm762odnskmSFsvaHePGvePGgiBcPgv/GtN2Dtg4Ehpl5vLwJYs6Udpxva2FxaXllNbeWX9/Y3Nq2d3ZrKkokBY9GPJKNgCjgTICnmebQiCWQMOBQDwbXY79+D1KxSNzqYQytkPQE6zJKtJHa9qnXrjz43Ax0iC+J6HHAlxju0mOWqViPZgJtu+AUnQnwPHEzUkAZqm370+9ENAlBaMqJUk3XiXUrJVIzymGU9xMFMaED0oOmoYKEoFrp5LgRPjRKB3cjaZ7QeKL+nkhJqNQwDEwyJLqvZr2x+J/XTHT3opUyEScaBJ0u6iYc6wiPm8IdJoFqPjSEUMnMXzHtE0moNn3mTQnu7MnzpHZSdEvF0s1ZoXyV1ZFD++gAHSEXnaMyqqAq8hBFj+gZvaI368l6sd6tj2l0wcpm9tAfWF8/58eh6w==</latexit>

UH |ω→ = e→iωt|ω→

<latexit sha1_base64="UQobNmPagiG2jhFtZ/brQvtEHr4=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArEj0GvXiMYB6QXcPsZDYZMjuzzMwKYQ34K148KOLV7/Dm3zh5HDSxoKGo6qa7K0o508bzvp2l5ZXVtfXCRnFza3tn193bb2iZKULrRHKpWhHWlDNB64YZTlupojiJOG1Gg+ux33ygSjMp7swwpWGCe4LFjGBjpY57+OgFCosep/d5IA1LqEZi1HFLXtmbAC0Sf0ZKMEOt434FXUmyhApDONa67XupCXOsDCOcjopBpmmKyQD3aNtSge2eMJ+cP0InVumiWCpbwqCJ+nsix4nWwySynQk2fT3vjcX/vHZm4sswZyLNDBVkuijOODISjbNAXaYoMXxoCSaK2VsR6WOFibGJFW0I/vzLi6RxVvYr5crteal6NYujAEdwDKfgwwVU4QZqUAcCOTzDK7w5T86L8+58TFuXnNnMAfyB8/kDf26V2g==</latexit>

|0→→n

<latexit sha1_base64="loOdPRHTbpZelxBfpme6csXixiE=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LblxWsA9oQplMJu3QySTMTIQa+yVuXCji1k9x5984bbPQ1gMDh3PO5d45QcqZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUUkmCW2ThCeyF2BFORO0rZnmtJdKiuOA024wvpn53QcqFUvEvZ6k1I/xULCIEayNNLCrTx436RB7EoshpwO75tSdOdAqcQtSgwKtgf3lhQnJYio04Vipvuuk2s+x1IxwOq14maIpJmM8pH1DBY6p8vP54VN0apQQRYk0T2g0V39P5DhWahIHJhljPVLL3kz8z+tnOrrycybSTFNBFouijCOdoFkLKGSSEs0nhmAimbkVkRGWmGjTVcWU4C5/eZV0zutuo964u6g1r4s6ynAMJ3AGLlxCE26hBW0gkMEzvMKb9Wi9WO/WxyJasoqZI/gD6/MHCU6TWg==</latexit>

|ω→
<latexit sha1_base64="ocr26yJKQfw9loD7z4VW7MpP73w=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FETy24LaFdi3ZNNuGJtklmVXL0v/hxYMiXv0v3vw3ph8HbX0w8Hhvhpl5YSK4Adf9dnIrq2vrG/nNwtb2zu5ecf+gYeJUU+bTWMS6FRLDBFfMBw6CtRLNiAwFa4bD64nffGDa8FjdwShhgSR9xSNOCVjpvgPsCbTM6rWbcdfvFktu2Z0CLxNvTkpojlq3+NXpxTSVTAEVxJi25yYQZEQDp4KNC53UsITQIemztqWKSGaCbHr1GJ9YpYejWNtSgKfq74mMSGNGMrSdksDALHoT8T+vnUJ0GWRcJSkwRWeLolRgiPEkAtzjmlEQI0sI1dzeiumAaELBBlWwIXiLLy+TxlnZq5Qr9fNS9WoeRx4doWN0ijx0garoFtWQjyjS6Bm9ojfn0Xlx3p2PWWvOmc8coj9wPn8Aq5qSow==</latexit>

QPEU

<latexit sha1_base64="lvzBhzHsKHQnH54dC1gP99joyho=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqseiF48V7Ac0oWw223bp7ibsTgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkobm1vbO+Xdyt7+weGRe3zSNkmmKWvRRCS6GxHDBFesBRwE66aaERkJ1onG93O/M2Ha8EQ9wTRloSRDxQecErBS33UDwyUOgIuY4SAd8b5b9WreAnid+AWpogLNvvsVxAnNJFNABTGm53sphDnRwKlgs0qQGZYSOiZD1rNUEclMmC8un+ELq8R4kGhbCvBC/T2RE2nMVEa2UxIYmVVvLv7n9TIY3IY5V2kGTNHlokEmMCR4HgOOuWYUxNQSQjW3t2I6IppQsGFVbAj+6svrpH1V8+u1+uN1tXFXxFFGZ+gcXSIf3aAGekBN1EIUTdAzekVvTu68OO/Ox7K15BQzp+gPnM8fAvWTRg==</latexit>

→ ω̃
<latexit sha1_base64="exi6xlkynF6Zp882ccJrC2LnGHA=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjJ2OlN3RTcuW7APaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3pg9BRQ9cOJxzL/feE6acKY3Qh5VbW9/Y3MpvF3Z29/YPiodHLZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2H4+u5376nUrFE3OpJSoMYDwWLGMHaSA3RL5aQjcqe77oQ2ZWqf+lXDUGuV6540LHRAiWwQr1ffO8NEpLFVGjCsVJdB6U6mGKpGeF0VuhliqaYjPGQdg0VOKYqmC4OncEzowxglEhTQsOF+n1iimOlJnFoOmOsR+q3Nxf/8rqZjqrBlIk001SQ5aIo41AncP41HDBJieYTQzCRzNwKyQhLTLTJpmBC+PoU/k9aF7bj2V7DLdWuVnHkwQk4BefAAT6ogRtQB01AAAUP4Ak8W3fWo/VivS5bc9Zq5hj8gPX2CV+2jVk=</latexit>n

<latexit sha1_base64="vrlV08V9OUakgnXy75NZ9IM/1IA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBC8GHZFohch6CXHCG4SyIvZSW8yZPbBzKwSlvyHFw+KePVfvPk3TpI9aGJBQ1HVTXeXFwuutG1/Wyura+sbm7mt/PbO7t5+4eCwrqJEMnRZJCLZ9KhCwUN0NdcCm7FEGngCG97obuo3HlEqHoUPehxjJ6CDkPucUW2krturkhuC3fScV/WkVyjaJXsGskycjBQhQ61X+Gr3I5YEGGomqFItx451J6VScyZwkm8nCmPKRnSALUNDGqDqpLOrJ+TUKH3iR9JUqMlM/T2R0kCpceCZzoDqoVr0puJ/XivR/nUn5WGcaAzZfJGfCKIjMo2A9LlEpsXYEMokN7cSNqSSMm2CypsQnMWXl0n9ouSUS+X7y2LlNosjB8dwAmfgwBVUoAo1cIGBhGd4hTfryXqx3q2PeeuKlc0cwR9Ynz8KTZGX</latexit>

UH = e→iHt

<latexit sha1_base64="XUTGXpSCboqvGzJ+8mgri++rEpo=">AAAB/nicdVDLSsNAFJ34rPUVFVduBovgKiT2mV3RjcsK9gFNKJPJpB06eTAzEUoI+CtuXCji1u9w5984aSuo6IGBwzn3cO8cL2FUSNP80FZW19Y3Nktb5e2d3b19/eCwJ+KUY9LFMYv5wEOCMBqRrqSSkUHCCQo9Rvre9Krw+3eECxpHt3KWEDdE44gGFCOppJF+7AQc4cxhKuIjKPPMSWg+0iumYbXqjXoNKtK07GpBbLtVNW1oGeYcFbBEZ6S/O36M05BEEjMkxNAyE+lmiEuKGcnLTipIgvAUjclQ0QiFRLjZ/PwcninFh0HM1YsknKvfExkKhZiFnpoMkZyI314h/uUNUxm03IxGSSpJhBeLgpRBGcOiC+hTTrBkM0UQ5lTdCvEEqT6kaqysSvj6Kfyf9C4Mq2E0bmqV9uWyjhI4AafgHFigCdrgGnRAF2CQgQfwBJ61e+1Re9FeF6Mr2jJzBH5Ae/sEL0aWUg==</latexit>

ωt

ε



Hamiltonian Simulation

72

Goal
<latexit sha1_base64="tkNKsp6XG9tYdUTJh5uBuIV5XZg=">AAAB73icbVDLSgMxFL3js9ZX1aWbYBFclRmRKq6KblxWsA9oh5LJZNrQTGZM7gil9CfcuFDErb/jzr8xbWehrQcCh3POJfeeIJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6CGS6F4AwVK3k41p3EgeSsY3k791hPXRiTqAUcp92PaVyISjKKV2l1poyG97pXKbsWdgSwTLydlyFHvlb66YcKymCtkkhrT8dwU/THVKJjkk2I3MzylbEj7vGOpojE3/ni274ScWiUkUaLtU0hm6u+JMY2NGcWBTcYUB2bRm4r/eZ0Moyt/LFSaIVds/lGUSYIJmR5PQqE5QzmyhDIt7K6EDaimDG1FRVuCt3jyMmmeV7xqpXp/Ua7d5HUU4BhO4Aw8uIQa3EEdGsBAwjO8wpvz6Lw4787HPLri5DNH8AfO5w+/7I/M</latexit>

ω :Estimate
<latexit sha1_base64="iq1RA8S9yVdv2J6IGuscOIb39/c=">AAACE3icbVDLSsNAFJ34rPUVdelmsAjioiQi1Y1QdNNlBfuAJpSbybQdOpmEmYlQYv/Bjb/ixoUibt2482+ctllo64GBwznncueeIOFMacf5tpaWV1bX1gsbxc2t7Z1de2+/qeJUEtogMY9lOwBFORO0oZnmtJ1IClHAaSsY3kz81j2VisXiTo8S6kfQF6zHCGgjde3T2oPHTTwET4Loc4qvcC7gOadrl5yyMwVeJG5OSihHvWt/eWFM0ogKTTgo1XGdRPsZSM0Ip+OilyqaABlCn3YMFRBR5WfTm8b42Cgh7sXSPKHxVP09kUGk1CgKTDICPVDz3kT8z+ukunfpZ0wkqaaCzBb1Uo51jCcF4ZBJSjQfGQJEMvNXTAYggWhTY9GU4M6fvEiaZ2W3Uq7cnpeq13kdBXSIjtAJctEFqqIaqqMGIugRPaNX9GY9WS/Wu/Uxiy5Z+cwB+gPr8we7VZ4Y</latexit>

H|ω→ = ω|ω→

Problem
<latexit sha1_base64="qnzmCbzyBfKFuwnEKK2S9J9VD5E=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqheh6KXHCvYD2lg2m0m6dLOJu5tCCf0dXjwo4tUf481/47bNQVsfDDzem2FmnpdwprRtf1uFtfWNza3idmlnd2//oHx41FZxKim0aMxj2fWIAs4EtDTTHLqJBBJ5HDre6G7md8YgFYvFg54k4EYkFCxglGgjuY3Hvk/CECS+wY1BuWJX7TnwKnFyUkE5moPyV9+PaRqB0JQTpXqOnWg3I1IzymFa6qcKEkJHJISeoYJEoNxsfvQUnxnFx0EsTQmN5+rviYxESk0iz3RGRA/VsjcT//N6qQ6u3YyJJNUg6GJRkHKsYzxLAPtMAtV8YgihkplbMR0SSag2OZVMCM7yy6ukfVF1atXa/WWlfpvHUUQn6BSdIwddoTpqoCZqIYqe0DN6RW/W2Hqx3q2PRWvBymeO0R9Ynz9lX5E4</latexit>

H
† = H

<latexit sha1_base64="5oQ5uNHg2T7FvqmhKIaOJrlk8ME=">AAACBHicbVA9SwNBEN2LXzF+RS3TLAbBKtyJRMugTewimA/IxbC3mVyW7O2du3tCOFLY+FdsLBSx9UfY+W/cS67QxAcDj/dmmJnnRZwpbdvfVm5ldW19I79Z2Nre2d0r7h+0VBhLCk0a8lB2PKKAMwFNzTSHTiSBBB6Htje+Sv32A0jFQnGrJxH0AuILNmSUaCP1i6X6nTsgvg8S17Er4B67AdEjz0uup/1i2a7YM+Bl4mSkjDI0+sUvdxDSOAChKSdKdR070r2ESM0oh2nBjRVEhI6JD11DBQlA9ZLZE1N8bJQBHobSlNB4pv6eSEig1CTwTGd6oVr0UvE/rxvr4UUvYSKKNQg6XzSMOdYhThPBAyaBaj4xhFDJzK2YjogkVJvcCiYEZ/HlZdI6rTjVSvXmrFy7zOLIoxI6QifIQeeohuqogZqIokf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH6++l4M=</latexit>

H
†
H →= I

<latexit sha1_base64="6+g7oX6YphNtwPgMRxw6IzcCMJ8=">AAACCnicbVA9SwNBEN2LXzF+RS1tVoNgFe5EomXQJmUE8wHJcextJsmS3b1zd08IR2ob/4qNhSK2/gI7/42b5ApNfDDweG+GmXlhzJk2rvvt5FZW19Y38puFre2d3b3i/kFTR4mi0KARj1Q7JBo4k9AwzHBoxwqICDm0wtHN1G89gNIskndmHIMvyECyPqPEWCkoHneZsHtA4xruSrjHjUDibi8y2jLPlhsUS27ZnQEvEy8jJZShHhS/7DxNBEhDOdG647mx8VOiDKMcJoVuoiEmdEQG0LFUEgHaT2evTPCpVXq4Hylb0uCZ+nsiJULrsQhtpyBmqBe9qfif10lM/8pPmYwTA5LOF/UTjk2Ep7ngHlNADR9bQqhi9lZMh0QRamx6BRuCt/jyMmmel71KuXJ7UapeZ3Hk0RE6QWfIQ5eoimqojhqIokf0jF7Rm/PkvDjvzse8NedkM4foD5zPH6lbmPg=</latexit>

=→ H ↑= Un . . . U1U0

but

Solution <latexit sha1_base64="eBglL/EmQDghEsAl90YyalgtLlo=">AAAB8HicbVBNTwIxFHyLX4hfqEcvjcTEE9k1BjwSvXDExAUMbEi3dKGh7W7argnZ8Cu8eNAYr/4cb/4bC+xBwUmaTGbeS99MmHCmjet+O4WNza3tneJuaW//4PCofHzS1nGqCPVJzGPVDbGmnEnqG2Y47SaKYhFy2gknd3O/80SVZrF8MNOEBgKPJIsYwcZKj03UNzHyB81BueJW3QXQOvFyUoEcrUH5qz+MSSqoNIRjrXuem5ggw8owwums1E81TTCZ4BHtWSqxoDrIFgfP0IVVhiiKlX3SoIX6eyPDQuupCO2kwGasV725+J/XS010E2RMJqmhkiw/ilKObMh5ejRkihLDp5Zgopi9FZExVpgY21HJluCtRl4n7auqV6vW7q8rjdu8jiKcwTlcggd1aEATWuADAQHP8ApvjnJenHfnYzlacPKdU/gD5/MHlcuPog==</latexit>
H → UH

<latexit sha1_base64="Z4znrApdAhY3eVvYc5hiGyNNwzE=">AAACIXicbVDPSwJBGJ3tp9kvq2OXIQn0IrsR5iUQu3g0aFVQkdlxVgdndpeZbyNZ/Fe69K906VCEt+ifadQ9lPZg4PHe9/HNe14kuAbb/rI2Nre2d3Yze9n9g8Oj49zJaVOHsaLMpaEIVdsjmgkeMBc4CNaOFCPSE6zlje/mfuuRKc3D4AEmEetJMgy4zykBI/VzlS6wJ1Ay0RGjoGI5Lbj9ehHfYr9b48PCul0vzo1iP5e3S/YCeJ04KcmjFI1+btYdhDSWLAAqiNYdx46glxAFnAo2zXZjzSJCx2TIOoYGRDLdSxYJp/jSKAPsh8q8APBC/b2REKn1RHpmUhIY6VVvLv7ndWLwK72EB1EMLKDLQ34sMIR4XhcecGWCi4khhCpu/orpiChCwZSaNSU4q5HXSfOq5JRL5fvrfLWW1pFB5+gCFZCDblAV1VEDuYiiZ/SK3tGH9WK9WZ/WbDm6YaU7Z+gPrO8ffxKjsg==</latexit>

spectrum(UH) = f

(
spectrum(H)

)
<latexit sha1_base64="PhJ8L9Vzv/hKhhSintlIpvMJL+M=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRKR6kYounFZwbSFNoTJdNIOnUzCzI1QQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuYe5c8JUcA2O820tLa+srq2XNsqbW9s7u/beflMnmaLMo4lIVDskmgkumQccBGunipE4FKwVDm8mfuuBKc0TeQ+jlPkx6UsecUrASIF96OEr7AWy20tAG+KacQK74lSdKfAicQtSQQUagf1l8jSLmQQqiNYd10nBz4kCTgUbl7uZZimhQ9JnHUMliZn28+n1Y3xilB6OEmVGAp6qvxM5ibUexaHZjAkM9Lw3Ef/zOhlEl37OZZoBk3T2UJQJDAmeVIF7XDEKYmQIoYqbWzEdEEUomMLKpgR3/suLpHlWdWvV2t15pX5d1FFCR+gYnSIXXaA6ukUN5CGKHtEzekVv1pP1Yr1bH7PVJavIHKA/sD5/ANngk5E=</latexit>

U = Un . . . U1U0

<latexit sha1_base64="eBglL/EmQDghEsAl90YyalgtLlo=">AAAB8HicbVBNTwIxFHyLX4hfqEcvjcTEE9k1BjwSvXDExAUMbEi3dKGh7W7argnZ8Cu8eNAYr/4cb/4bC+xBwUmaTGbeS99MmHCmjet+O4WNza3tneJuaW//4PCofHzS1nGqCPVJzGPVDbGmnEnqG2Y47SaKYhFy2gknd3O/80SVZrF8MNOEBgKPJIsYwcZKj03UNzHyB81BueJW3QXQOvFyUoEcrUH5qz+MSSqoNIRjrXuem5ggw8owwums1E81TTCZ4BHtWSqxoDrIFgfP0IVVhiiKlX3SoIX6eyPDQuupCO2kwGasV725+J/XS010E2RMJqmhkiw/ilKObMh5ejRkihLDp5Zgopi9FZExVpgY21HJluCtRl4n7auqV6vW7q8rjdu8jiKcwTlcggd1aEATWuADAQHP8ApvjnJenHfnYzlacPKdU/gD5/MHlcuPog==</latexit>

H → UH

<latexit sha1_base64="/ZQ4uhoe3Iq6UJWOmtxEGU1Fltc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlhzI97xVLbsWdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi4pXrVTvL0u1myyOPJzAKZTBgyuowR3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AjD2NVQ==</latexit>

(a)
<latexit sha1_base64="yaE0A6BiX3P/IX8my1C+yNhqcO4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlh3Jw3iuW3Io7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrz2J1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqaFxWvWqneX5ZqN1kceTiBUyiDB1dQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AjcKNVg==</latexit>

(b)

Encode                           such that

Example: Block Encoding (circa 2013)
<latexit sha1_base64="hiaX6h8WJtsvYllt/Fz8V0HVhxs="></latexit>

H → UH =

(
H/ω ε

ε ε

)

<latexit sha1_base64="0af+cEU2zWJeNYygnO0St5GuaH8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseilx4rGltoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsgHM04xiOlA8ogzaqx07/cavXLFrbpzkFXi5aQCOZq98le3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmZVfokSpQtachc/T0xobHW4zi0nTE1Q73szcT/vE5moutgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLq+TxourVqrW7y0r9Jo+jCCdwCufgwRXUoQFN8IHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w/8vY2f</latexit>

UH
<latexit sha1_base64="z2C8wndvBao48JDkFUcsaIZQnkQ=">AAACFHicbVBNS8NAEN34WetX1KOXYBEEoSQi1WPRS48V7Ac0IWy2k3bpZhN2N0JJ+iO8+Fe8eFDEqwdv/hu3bQ7a+mDg8d4MM/OChFGpbPvbWFldW9/YLG2Vt3d29/bNg8O2jFNBoEViFotugCUwyqGlqGLQTQTgKGDQCUa3U7/zAELSmN+rcQJehAechpRgpSXfPHdDgUnWyN1EUldgPmDgy0mW5wtSnk98s2JX7RmsZeIUpIIKNH3zy+3HJI2AK8KwlD3HTpSXYaEoYTApu6mEBJMRHkBPU44jkF42e2pinWqlb4Wx0MWVNVN/T2Q4knIcBbozwmooF72p+J/XS1V47WWUJ6kCTuaLwpRZKramCVl9KoAoNtYEE0H1rRYZYp2S0jmWdQjO4svLpH1RdWrV2t1lpX5TxFFCx+gEnSEHXaE6aqAmaiGCHtEzekVvxpPxYrwbH/PWFaOYOUJ/YHz+AH29oGI=</latexit>

H|ω→s
||H|ω→s||

<latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a

<latexit sha1_base64="ajZxp7qI1cgQdwgMZ54tm4q93ns=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadmNySbegl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaaslhsWSZdqVWt8vYMmsX1Xo1I5ZTKV862DatBUpoheaw+D4YRTQJIFSUEyn7thUrNyVCMcphXhgkEmJCp2QMfU1DEoB008Whc3ymlRH2I6ErVHihfp9ISSDlLPB0Z0DURP72MvEvr58ov+6mLIwTBSFdLvITjlWEs6/xiAmgis80IVQwfSumEyIIVTqbgg7h61P8P+mUTdsxnVal1LhaxZFHJ+gUnSMb1VAD3aAmaiOKAD2gJ/Rs3BmPxovxumzNGauZY/QDxtsnVeGNUg==</latexit>s
<latexit sha1_base64="ajZxp7qI1cgQdwgMZ54tm4q93ns=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadmNySbegl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaaslhsWSZdqVWt8vYMmsX1Xo1I5ZTKV862DatBUpoheaw+D4YRTQJIFSUEyn7thUrNyVCMcphXhgkEmJCp2QMfU1DEoB008Whc3ymlRH2I6ErVHihfp9ISSDlLPB0Z0DURP72MvEvr58ov+6mLIwTBSFdLvITjlWEs6/xiAmgis80IVQwfSumEyIIVTqbgg7h61P8P+mUTdsxnVal1LhaxZFHJ+gUnSMb1VAD3aAmaiOKAD2gJ/Rs3BmPxovxumzNGauZY/QDxtsnVeGNUg==</latexit>s
<latexit sha1_base64="ajZxp7qI1cgQdwgMZ54tm4q93ns=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadmNySbegl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaaslhsWSZdqVWt8vYMmsX1Xo1I5ZTKV862DatBUpoheaw+D4YRTQJIFSUEyn7thUrNyVCMcphXhgkEmJCp2QMfU1DEoB008Whc3ymlRH2I6ErVHihfp9ISSDlLPB0Z0DURP72MvEvr58ov+6mLIwTBSFdLvITjlWEs6/xiAmgis80IVQwfSumEyIIVTqbgg7h61P8P+mUTdsxnVal1LhaxZFHJ+gUnSMb1VAD3aAmaiOKAD2gJ/Rs3BmPxovxumzNGauZY/QDxtsnVeGNUg==</latexit>s

<latexit sha1_base64="UQobNmPagiG2jhFtZ/brQvtEHr4=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArEj0GvXiMYB6QXcPsZDYZMjuzzMwKYQ34K148KOLV7/Dm3zh5HDSxoKGo6qa7K0o508bzvp2l5ZXVtfXCRnFza3tn193bb2iZKULrRHKpWhHWlDNB64YZTlupojiJOG1Gg+ux33ygSjMp7swwpWGCe4LFjGBjpY57+OgFCosep/d5IA1LqEZi1HFLXtmbAC0Sf0ZKMEOt434FXUmyhApDONa67XupCXOsDCOcjopBpmmKyQD3aNtSge2eMJ+cP0InVumiWCpbwqCJ+nsix4nWwySynQk2fT3vjcX/vHZm4sswZyLNDBVkuijOODISjbNAXaYoMXxoCSaK2VsR6WOFibGJFW0I/vzLi6RxVvYr5crteal6NYujAEdwDKfgwwVU4QZqUAcCOTzDK7w5T86L8+58TFuXnNnMAfyB8/kDf26V2g==</latexit>

|0→→n

<latexit sha1_base64="loOdPRHTbpZelxBfpme6csXixiE=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LblxWsA9oQplMJu3QySTMTIQa+yVuXCji1k9x5984bbPQ1gMDh3PO5d45QcqZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUUkmCW2ThCeyF2BFORO0rZnmtJdKiuOA024wvpn53QcqFUvEvZ6k1I/xULCIEayNNLCrTx436RB7EoshpwO75tSdOdAqcQtSgwKtgf3lhQnJYio04Vipvuuk2s+x1IxwOq14maIpJmM8pH1DBY6p8vP54VN0apQQRYk0T2g0V39P5DhWahIHJhljPVLL3kz8z+tnOrrycybSTFNBFouijCOdoFkLKGSSEs0nhmAimbkVkRGWmGjTVcWU4C5/eZV0zutuo964u6g1r4s6ynAMJ3AGLlxCE26hBW0gkMEzvMKb9Wi9WO/WxyJasoqZI/gD6/MHCU6TWg==</latexit>

|ω→
<latexit sha1_base64="ocr26yJKQfw9loD7z4VW7MpP73w=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FETy24LaFdi3ZNNuGJtklmVXL0v/hxYMiXv0v3vw3ph8HbX0w8Hhvhpl5YSK4Adf9dnIrq2vrG/nNwtb2zu5ecf+gYeJUU+bTWMS6FRLDBFfMBw6CtRLNiAwFa4bD64nffGDa8FjdwShhgSR9xSNOCVjpvgPsCbTM6rWbcdfvFktu2Z0CLxNvTkpojlq3+NXpxTSVTAEVxJi25yYQZEQDp4KNC53UsITQIemztqWKSGaCbHr1GJ9YpYejWNtSgKfq74mMSGNGMrSdksDALHoT8T+vnUJ0GWRcJSkwRWeLolRgiPEkAtzjmlEQI0sI1dzeiumAaELBBlWwIXiLLy+TxlnZq5Qr9fNS9WoeRx4doWN0ijx0garoFtWQjyjS6Bm9ojfn0Xlx3p2PWWvOmc8coj9wPn8Aq5qSow==</latexit>

QPEU

<latexit sha1_base64="exi6xlkynF6Zp882ccJrC2LnGHA=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjJ2OlN3RTcuW7APaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3pg9BRQ9cOJxzL/feE6acKY3Qh5VbW9/Y3MpvF3Z29/YPiodHLZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2H4+u5376nUrFE3OpJSoMYDwWLGMHaSA3RL5aQjcqe77oQ2ZWqf+lXDUGuV6540LHRAiWwQr1ffO8NEpLFVGjCsVJdB6U6mGKpGeF0VuhliqaYjPGQdg0VOKYqmC4OncEzowxglEhTQsOF+n1iimOlJnFoOmOsR+q3Nxf/8rqZjqrBlIk001SQ5aIo41AncP41HDBJieYTQzCRzNwKyQhLTLTJpmBC+PoU/k9aF7bj2V7DLdWuVnHkwQk4BefAAT6ogRtQB01AAAUP4Ak8W3fWo/VivS5bc9Zq5hj8gPX2CV+2jVk=</latexit>n

<latexit sha1_base64="vrlV08V9OUakgnXy75NZ9IM/1IA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBC8GHZFohch6CXHCG4SyIvZSW8yZPbBzKwSlvyHFw+KePVfvPk3TpI9aGJBQ1HVTXeXFwuutG1/Wyura+sbm7mt/PbO7t5+4eCwrqJEMnRZJCLZ9KhCwUN0NdcCm7FEGngCG97obuo3HlEqHoUPehxjJ6CDkPucUW2krturkhuC3fScV/WkVyjaJXsGskycjBQhQ61X+Gr3I5YEGGomqFItx451J6VScyZwkm8nCmPKRnSALUNDGqDqpLOrJ+TUKH3iR9JUqMlM/T2R0kCpceCZzoDqoVr0puJ/XivR/nUn5WGcaAzZfJGfCKIjMo2A9LlEpsXYEMokN7cSNqSSMm2CypsQnMWXl0n9ouSUS+X7y2LlNosjB8dwAmfgwBVUoAo1cIGBhGd4hTfryXqx3q2PeeuKlc0cwR9Ynz8KTZGX</latexit>

UH = e→iHt

<latexit sha1_base64="8AfLapy0dsICrjlbQ0i/LA+0I4Y=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBHqpsyIVJdFNy4r2Ae2Q8lkMm1oJjMkd4RS+hduXCji1r9x59+YPhBtPRA4nHMuufcEqRQGXffLWVldW9/YzG3lt3d29/YLB4cNk2Sa8TpLZKJbATVcCsXrKFDyVqo5jQPJm8HgZuI3H7k2IlH3OEy5H9OeEpFgFK30EJU60oZDetYtFN2yOwX5Id4iKcIctW7hsxMmLIu5QiapMW3PTdEfUY2CST7OdzLDU8oGtMfblioac+OPphuPyalVQhIl2j6FZKr+nhjR2JhhHNhkTLFvFr2J+J/XzjC68kdCpRlyxWYfRZkkmJDJ+SQUmjOUQ0so08LuSlifasrQlpS3JSydvEwa52WvUq7cXRSr1/M6cnAMJ1ACDy6hCrdQgzowUPAEL/DqGOfZeXPeZ9EVZz5zBH/gfHwDzZmQXg==</latexit>

f(ω)
<latexit sha1_base64="UdCUGWeaW7iPSPgAMuXDFbN7rok=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4ruG2hXUo2zbahSXZJskJZ+hu8eFDEqz/Im//GtN2DVh8MPN6bYWZelApurOd9odLa+sbmVnm7srO7t39QPTxqmyTTlAU0EYnuRsQwwRULLLeCdVPNiIwE60ST27nfeWTa8EQ92GnKQklGisecEuukoK8Ml4Nqzat7C+C/xC9IDQq0BtXP/jChmWTKUkGM6fleasOcaMupYLNKPzMsJXRCRqznqCKSmTBfHDvDZ04Z4jjRrpTFC/XnRE6kMVMZuU5J7NisenPxP6+X2fg6zLlKM8sUXS6KM4Ftguef4yHXjFoxdYRQzd2tmI6JJtS6fCouBH/15b+kfVH3G/XG/WWteVPEUYYTOIVz8OEKmnAHLQiAAocneIFXpNAzekPvy9YSKmaO4RfQxzfwiY7K</latexit>⊋
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<latexit sha1_base64="WlWkDTgmvXuCAEW+sgDI+vPn9gs=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkmR6kYouqm7CqYttDFMptN26OTBzEQpsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6Z48ecSWVZ38bK6tr6xmZhq7i9s7u3b5YOWjJKBKEOiXgkOj6WlLOQOoopTjuxoDjwOW374+vMbz9QIVkU3qlJTN0AD0M2YAQrLXlmyfEa91V02QuwGvl+ejP1zLJVsWZAy8TOSRlyND3zq9ePSBLQUBGOpezaVqzcFAvFCKfTYi+RNMZkjIe0q2mIAyrddBZ9ik600keDSOgXKjRTf2+kOJByEvh6MksoF71M/M/rJmpw4aYsjBNFQzI/NEg4UhHKekB9JihRfKIJJoLprIiMsMBE6baKugR78cvLpFWt2LVK7fasXL/K6yjAERzDKdhwDnVoQBMcIPAIz/AKb8aT8WK8Gx/z0RUj3zmEPzA+fwAtO5NU</latexit>

U2
H

= I
<latexit sha1_base64="0pNk0gdlsC7Ml6VPqrCkUok24ps=">AAAB8XicbVDLSgNBEJyNrxhfUY9eFoPgKeyKRG8GvXiMYB6YLGF20kmGzMwuM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dYSy4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYaJEM6izSES6FVIDgiuoI0cBrVgDlaGAZji6mfrNR9CGR+oexzEEkg4U73NG0UoPHYQn1DK9mnSLJa/szeAuEz8jJZKh1i1+dXoRSyQoZIIa0/a9GIOUauRMwKTQSQzElI3oANqWKirBBOns4ol7YpWe24+0LYXuTP09kVJpzFiGtlNSHJpFbyr+57UT7F8GKVdxgqDYfFE/ES5G7vR9t8c1MBRjSyjT3N7qsiHVlKENqWBD8BdfXiaNs7JfKVfuzkvV6yyOPDkix+SU+OSCVMktqZE6YUSRZ/JK3hzjvDjvzse8NedkM4fkD5zPH/bzkSA=</latexit>

?

Hamiltonian Simulation by Qubitization, Low and Chuang
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<latexit sha1_base64="WlWkDTgmvXuCAEW+sgDI+vPn9gs=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkmR6kYouqm7CqYttDFMptN26OTBzEQpsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6Z48ecSWVZ38bK6tr6xmZhq7i9s7u3b5YOWjJKBKEOiXgkOj6WlLOQOoopTjuxoDjwOW374+vMbz9QIVkU3qlJTN0AD0M2YAQrLXlmyfEa91V02QuwGvl+ejP1zLJVsWZAy8TOSRlyND3zq9ePSBLQUBGOpezaVqzcFAvFCKfTYi+RNMZkjIe0q2mIAyrddBZ9ik600keDSOgXKjRTf2+kOJByEvh6MksoF71M/M/rJmpw4aYsjBNFQzI/NEg4UhHKekB9JihRfKIJJoLprIiMsMBE6baKugR78cvLpFWt2LVK7fasXL/K6yjAERzDKdhwDnVoQBMcIPAIz/AKb8aT8WK8Gx/z0RUj3zmEPzA+fwAtO5NU</latexit>

U2
H

= I
<latexit sha1_base64="0pNk0gdlsC7Ml6VPqrCkUok24ps=">AAAB8XicbVDLSgNBEJyNrxhfUY9eFoPgKeyKRG8GvXiMYB6YLGF20kmGzMwuM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dYSy4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYaJEM6izSES6FVIDgiuoI0cBrVgDlaGAZji6mfrNR9CGR+oexzEEkg4U73NG0UoPHYQn1DK9mnSLJa/szeAuEz8jJZKh1i1+dXoRSyQoZIIa0/a9GIOUauRMwKTQSQzElI3oANqWKirBBOns4ol7YpWe24+0LYXuTP09kVJpzFiGtlNSHJpFbyr+57UT7F8GKVdxgqDYfFE/ES5G7vR9t8c1MBRjSyjT3N7qsiHVlKENqWBD8BdfXiaNs7JfKVfuzkvV6yyOPDkix+SU+OSCVMktqZE6YUSRZ/JK3hzjvDjvzse8NedkM4fkD5zPH/bzkSA=</latexit>

?

<latexit sha1_base64="ZepkXEb3nbGBTzPBrWgi0Qo+PxM=">AAACK3icbVDLSgMxFM3UV62vqks3wSK0mzIjUt0IpW66rGAf0Cklk2ba0GRmSO6IZej/uPFXXOjCB279DzNtF9p6IHA4515uzvEiwTXY9oeVWVvf2NzKbud2dvf2D/KHRy0dxoqyJg1FqDoe0UzwgDWBg2CdSDEiPcHa3vgm9dv3TGkeBncwiVhPkmHAfU4JGKmfr7nAHkDJREeMgorltOhKAiNKRNKe9uslfI19t8aHxdXBeik1Sv18wS7bM+BV4ixIAS3Q6Odf3EFIY8kCoIJo3XXsCHoJUcCpYNOcG2sWETomQ9Y1NCCS6V4yyzrFZ0YZYD9U5gWAZ+rvjYRIrSfSM5NpDr3speJ/XjcG/6qX8CCKgQV0fsiPBYYQp8XhAVcmuJgYQqji5q+YjogiFEy9OVOCsxx5lbTOy06lXLm9KFRrizqy6ASdoiJy0CWqojpqoCai6BE9ozf0bj1Zr9an9TUfzViLnWP0B9b3D0vgqEY=</latexit>

spectrum(WH) = f

(
spectrum(H)

)

<latexit sha1_base64="jVwdW12J87mCfbyk+ZtHqwSF4kI="></latexit>

WH = UH

(
2|0→a↑0|a ↓ I︸ ︷︷ ︸

Ra

)<latexit sha1_base64="VO0kXtmP6Q7I7zmYqhsuZFZf8Jg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURqR5LvXisYGyhDWWz3bRLN5uwOxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uHRo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3c781hPXRiTqAccpD2I6UCISjKKV/G5DDC565Ypbdecgq8TLSQVyNHvlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjm2AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqebyserVq7f6qUm/kcRThBE7hHDy4hjrcQRN8YCDgGV7hzVHOi/PufCxaC04+cwx/4Hz+ADP/jk4=</latexit>)The Walk Operator

<latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a <latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a
<latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a

<latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a

Hamiltonian Simulation by Qubitization, Low and Chuang

Yes



Qubitization

75

<latexit sha1_base64="WlWkDTgmvXuCAEW+sgDI+vPn9gs=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkmR6kYouqm7CqYttDFMptN26OTBzEQpsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6Z48ecSWVZ38bK6tr6xmZhq7i9s7u3b5YOWjJKBKEOiXgkOj6WlLOQOoopTjuxoDjwOW374+vMbz9QIVkU3qlJTN0AD0M2YAQrLXlmyfEa91V02QuwGvl+ejP1zLJVsWZAy8TOSRlyND3zq9ePSBLQUBGOpezaVqzcFAvFCKfTYi+RNMZkjIe0q2mIAyrddBZ9ik600keDSOgXKjRTf2+kOJByEvh6MksoF71M/M/rJmpw4aYsjBNFQzI/NEg4UhHKekB9JihRfKIJJoLprIiMsMBE6baKugR78cvLpFWt2LVK7fasXL/K6yjAERzDKdhwDnVoQBMcIPAIz/AKb8aT8WK8Gx/z0RUj3zmEPzA+fwAtO5NU</latexit>

U2
H

= I
<latexit sha1_base64="0pNk0gdlsC7Ml6VPqrCkUok24ps=">AAAB8XicbVDLSgNBEJyNrxhfUY9eFoPgKeyKRG8GvXiMYB6YLGF20kmGzMwuM71iWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dYSy4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYaJEM6izSES6FVIDgiuoI0cBrVgDlaGAZji6mfrNR9CGR+oexzEEkg4U73NG0UoPHYQn1DK9mnSLJa/szeAuEz8jJZKh1i1+dXoRSyQoZIIa0/a9GIOUauRMwKTQSQzElI3oANqWKirBBOns4ol7YpWe24+0LYXuTP09kVJpzFiGtlNSHJpFbyr+57UT7F8GKVdxgqDYfFE/ES5G7vR9t8c1MBRjSyjT3N7qsiHVlKENqWBD8BdfXiaNs7JfKVfuzkvV6yyOPDkix+SU+OSCVMktqZE6YUSRZ/JK3hzjvDjvzse8NedkM4fkD5zPH/bzkSA=</latexit>

?

<latexit sha1_base64="ZepkXEb3nbGBTzPBrWgi0Qo+PxM=">AAACK3icbVDLSgMxFM3UV62vqks3wSK0mzIjUt0IpW66rGAf0Cklk2ba0GRmSO6IZej/uPFXXOjCB279DzNtF9p6IHA4515uzvEiwTXY9oeVWVvf2NzKbud2dvf2D/KHRy0dxoqyJg1FqDoe0UzwgDWBg2CdSDEiPcHa3vgm9dv3TGkeBncwiVhPkmHAfU4JGKmfr7nAHkDJREeMgorltOhKAiNKRNKe9uslfI19t8aHxdXBeik1Sv18wS7bM+BV4ixIAS3Q6Odf3EFIY8kCoIJo3XXsCHoJUcCpYNOcG2sWETomQ9Y1NCCS6V4yyzrFZ0YZYD9U5gWAZ+rvjYRIrSfSM5NpDr3speJ/XjcG/6qX8CCKgQV0fsiPBYYQp8XhAVcmuJgYQqji5q+YjogiFEy9OVOCsxx5lbTOy06lXLm9KFRrizqy6ASdoiJy0CWqojpqoCai6BE9ozf0bj1Zr9an9TUfzViLnWP0B9b3D0vgqEY=</latexit>

spectrum(WH) = f

(
spectrum(H)

)

<latexit sha1_base64="jVwdW12J87mCfbyk+ZtHqwSF4kI="></latexit>

WH = UH

(
2|0→a↑0|a ↓ I︸ ︷︷ ︸

Ra

)<latexit sha1_base64="VO0kXtmP6Q7I7zmYqhsuZFZf8Jg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURqR5LvXisYGyhDWWz3bRLN5uwOxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uHRo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3c781hPXRiTqAccpD2I6UCISjKKV/G5DDC565Ypbdecgq8TLSQVyNHvlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjm2AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqebyserVq7f6qUm/kcRThBE7hHDy4hjrcQRN8YCDgGV7hzVHOi/PufCxaC04+cwx/4Hz+ADP/jk4=</latexit>)The Walk Operator

<latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a <latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a
<latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a

<latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a

Hamiltonian Simulation by Qubitization, Low and Chuang

Yes No

With minimal overhead can force
<latexit sha1_base64="WlWkDTgmvXuCAEW+sgDI+vPn9gs=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KkmR6kYouqm7CqYttDFMptN26OTBzEQpsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6Z48ecSWVZ38bK6tr6xmZhq7i9s7u3b5YOWjJKBKEOiXgkOj6WlLOQOoopTjuxoDjwOW374+vMbz9QIVkU3qlJTN0AD0M2YAQrLXlmyfEa91V02QuwGvl+ejP1zLJVsWZAy8TOSRlyND3zq9ePSBLQUBGOpezaVqzcFAvFCKfTYi+RNMZkjIe0q2mIAyrddBZ9ik600keDSOgXKjRTf2+kOJByEvh6MksoF71M/M/rJmpw4aYsjBNFQzI/NEg4UhHKekB9JihRfKIJJoLprIiMsMBE6baKugR78cvLpFWt2LVK7fasXL/K6yjAERzDKdhwDnVoQBMcIPAIz/AKb8aT8WK8Gx/z0RUj3zmEPzA+fwAtO5NU</latexit>

U2
H

= I

<latexit sha1_base64="UQobNmPagiG2jhFtZ/brQvtEHr4=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQyCp7ArEj0GvXiMYB6QXcPsZDYZMjuzzMwKYQ34K148KOLV7/Dm3zh5HDSxoKGo6qa7K0o508bzvp2l5ZXVtfXCRnFza3tn193bb2iZKULrRHKpWhHWlDNB64YZTlupojiJOG1Gg+ux33ygSjMp7swwpWGCe4LFjGBjpY57+OgFCosep/d5IA1LqEZi1HFLXtmbAC0Sf0ZKMEOt434FXUmyhApDONa67XupCXOsDCOcjopBpmmKyQD3aNtSge2eMJ+cP0InVumiWCpbwqCJ+nsix4nWwySynQk2fT3vjcX/vHZm4sswZyLNDBVkuijOODISjbNAXaYoMXxoCSaK2VsR6WOFibGJFW0I/vzLi6RxVvYr5crteal6NYujAEdwDKfgwwVU4QZqUAcCOTzDK7w5T86L8+58TFuXnNnMAfyB8/kDf26V2g==</latexit>

|0→→n

<latexit sha1_base64="loOdPRHTbpZelxBfpme6csXixiE=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LblxWsA9oQplMJu3QySTMTIQa+yVuXCji1k9x5984bbPQ1gMDh3PO5d45QcqZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUUkmCW2ThCeyF2BFORO0rZnmtJdKiuOA024wvpn53QcqFUvEvZ6k1I/xULCIEayNNLCrTx436RB7EoshpwO75tSdOdAqcQtSgwKtgf3lhQnJYio04Vipvuuk2s+x1IxwOq14maIpJmM8pH1DBY6p8vP54VN0apQQRYk0T2g0V39P5DhWahIHJhljPVLL3kz8z+tnOrrycybSTFNBFouijCOdoFkLKGSSEs0nhmAimbkVkRGWmGjTVcWU4C5/eZV0zutuo964u6g1r4s6ynAMJ3AGLlxCE26hBW0gkMEzvMKb9Wi9WO/WxyJasoqZI/gD6/MHCU6TWg==</latexit>

|ω→

<latexit sha1_base64="lvzBhzHsKHQnH54dC1gP99joyho=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqseiF48V7Ac0oWw223bp7ibsTgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkobm1vbO+Xdyt7+weGRe3zSNkmmKWvRRCS6GxHDBFesBRwE66aaERkJ1onG93O/M2Ha8EQ9wTRloSRDxQecErBS33UDwyUOgIuY4SAd8b5b9WreAnid+AWpogLNvvsVxAnNJFNABTGm53sphDnRwKlgs0qQGZYSOiZD1rNUEclMmC8un+ELq8R4kGhbCvBC/T2RE2nMVEa2UxIYmVVvLv7n9TIY3IY5V2kGTNHlokEmMCR4HgOOuWYUxNQSQjW3t2I6IppQsGFVbAj+6svrpH1V8+u1+uN1tXFXxFFGZ+gcXSIf3aAGekBN1EIUTdAzekVvTu68OO/Ox7K15BQzp+gPnM8fAvWTRg==</latexit>

→ ω̃
<latexit sha1_base64="exi6xlkynF6Zp882ccJrC2LnGHA=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjJ2OlN3RTcuW7APaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3pg9BRQ9cOJxzL/feE6acKY3Qh5VbW9/Y3MpvF3Z29/YPiodHLZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2H4+u5376nUrFE3OpJSoMYDwWLGMHaSA3RL5aQjcqe77oQ2ZWqf+lXDUGuV6540LHRAiWwQr1ffO8NEpLFVGjCsVJdB6U6mGKpGeF0VuhliqaYjPGQdg0VOKYqmC4OncEzowxglEhTQsOF+n1iimOlJnFoOmOsR+q3Nxf/8rqZjqrBlIk001SQ5aIo41AncP41HDBJieYTQzCRzNwKyQhLTLTJpmBC+PoU/k9aF7bj2V7DLdWuVnHkwQk4BefAAT6ogRtQB01AAAUP4Ak8W3fWo/VivS5bc9Zq5hj8gPX2CV+2jVk=</latexit>n

<latexit sha1_base64="3mHNSKIWRUpHKeNkuBGmBVOVcjw=">AAACBXicbVDLSsNAFJ3UV62vqEtdBIvgqiQi1WVRhC5bsA9oQphMJ+3QyYOZG7GEbNz4K25cKOLWf3Dn3zhps9DWAxcO59zLvfd4MWcSTPNbK62srq1vlDcrW9s7u3v6/kFXRokgtEMiHom+hyXlLKQdYMBpPxYUBx6nPW9yk/u9eyoki8I7mMbUCfAoZD4jGJTk6sc20AcQQdpu3WZuagcYxgTztJe5zczVq2bNnMFYJlZBqqhAy9W/7GFEkoCGQDiWcmCZMTgpFsAIp1nFTiSNMZngER0oGuKASiedfZEZp0oZGn4kVIVgzNTfEykOpJwGnurMr5SLXi7+5w0S8K+clIVxAjQk80V+wg2IjDwSY8gEJcCnimAimLrVIGMsMAEVXEWFYC2+vEy65zWrXqu3L6qN6yKOMjpCJ+gMWegSNVATtVAHEfSIntEretOetBftXfuYt5a0YuYQ/YH2+QNuppkv</latexit>

QPEWH

<latexit sha1_base64="4Cnjr0sn/sTuKp0pK4xujYdd7mI=">AAACBXicdVDLSsNAFJ3UV62vqEtdDBahbkJi37uiG5cV7AOaUCaTSTt08mBmIpSQjRt/xY0LRdz6D+78G6cPQUUPDBzOuYc797gxo0Ka5oeWW1ldW9/Ibxa2tnd29/T9g66IEo5JB0cs4n0XCcJoSDqSSkb6MScocBnpuZPLmd+7JVzQKLyR05g4ARqF1KcYSSUN9WPb5winNuIYR6JkMxX10FmW2jHNhnrRNKxGtVatQEXqVrM8I81mo2w2oWWYcxTBEu2h/m57EU4CEkrMkBADy4ylkyIuKWYkK9iJIDHCEzQiA0VDFBDhpPMrMniqFA/6EVcvlHCufk+kKBBiGrhqMkByLH57M/Evb5BIv+GkNIwTSUK8WOQnDMoIziqBHuUESzZVBGFO1V8hHiNVi1TFFVQJX5fC/0n33LBqRu26UmxdLOvIgyNwAkrAAnXQAlegDToAgzvwAJ7As3avPWov2utiNKctM4fgB7S3T1z6mSw=</latexit>

arccos(ω)

ε



Block Encoding Hamiltonians
<latexit sha1_base64="aQdLLa4e6IO/VMnjzf0Hy08eTvw=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAV3FgSkepGKLrpQrCCvUATw2Q6aYfOJGFmIpSQF3Djq7hxoYhb9+58G6dtFtr6w8DHf87hzPn9mFGpLOvbKCwsLi2vFFdLa+sbm1vm9k5LRonApIkjFomOjyRhNCRNRRUjnVgQxH1G2v7walxvPxAhaRTeqVFMXI76IQ0oRkpbnnlQhxfQkQn3UqbJyu7Ta3hsZ9BBLB4gj8Ebj3lm2apYE8F5sHMog1wNz/xyehFOOAkVZkjKrm3Fyk2RUBQzkpWcRJIY4SHqk67GEHEi3XRyTQYPtdODQST0CxWcuL8nUsSlHHFfd3KkBnK2Njb/q3UTFZy7KQ3jRJEQTxcFCYMqguNoYI8KghUbaUBYUP1XiAdIIKx0gCUdgj178jy0Tip2tVK9PS3XLvM4imAP7IMjYIMzUAN10ABNgMEjeAav4M14Ml6Md+Nj2low8pld8EfG5w8DvZmr</latexit>

H =
L→1∑

l=0

ωlOl

76



Block Encoding Hamiltonians
<latexit sha1_base64="aQdLLa4e6IO/VMnjzf0Hy08eTvw=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAV3FgSkepGKLrpQrCCvUATw2Q6aYfOJGFmIpSQF3Djq7hxoYhb9+58G6dtFtr6w8DHf87hzPn9mFGpLOvbKCwsLi2vFFdLa+sbm1vm9k5LRonApIkjFomOjyRhNCRNRRUjnVgQxH1G2v7walxvPxAhaRTeqVFMXI76IQ0oRkpbnnlQhxfQkQn3UqbJyu7Ta3hsZ9BBLB4gj8Ebj3lm2apYE8F5sHMog1wNz/xyehFOOAkVZkjKrm3Fyk2RUBQzkpWcRJIY4SHqk67GEHEi3XRyTQYPtdODQST0CxWcuL8nUsSlHHFfd3KkBnK2Njb/q3UTFZy7KQ3jRJEQTxcFCYMqguNoYI8KghUbaUBYUP1XiAdIIKx0gCUdgj178jy0Tip2tVK9PS3XLvM4imAP7IMjYIMzUAN10ABNgMEjeAav4M14Ml6Md+Nj2low8pld8EfG5w8DvZmr</latexit>

H =
L→1∑

l=0

ωlOlIf
<latexit sha1_base64="zNXqtPy76FSsULfJchDD0dl0Xh0=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSkepGKLrRlRXsBZoYJpNJO3QyCTMToYRu3Pgqblwo4tZ3cOfbOGmz0NYfBj7+cw5zzu8njEplWd9GaWFxaXmlvFpZW9/Y3DK3d9oyTgUmLRyzWHR9JAmjnLQUVYx0E0FQ5DPS8YeXeb3zQISkMb9To4S4EepzGlKMlLY8c//GY/dOgPp9IqBmeA6dCKmB72fXY8+sWjVrIjgPdgFVUKjpmV9OEOM0IlxhhqTs2Vai3AwJRTEj44qTSpIgPER90tPIUUSkm02uGMND7QQwjIV+XMGJ+3siQ5GUo8jXnfmGcraWm//VeqkKz9yM8iRVhOPpR2HKoIphHgkMqCBYsZEGhAXVu0I8QAJhpYOr6BDs2ZPnoX1cs+u1+u1JtXFRxFEGe+AAHAEbnIIGuAJN0AIYPIJn8ArejCfjxXg3PqatJaOY2QV/ZHz+AEJUl84=</latexit>

O
†
lOl = I

Hamiltonian Simulation Using Linear Combinations of Unitary Operations. Childs & Wiebe 77

LCU:

<latexit sha1_base64="ES7i+VkBROlTgLEa6UhQgNoXnIk=">AAACEXicbVDNSsNAGNz4W+tf1KOXxSL0YklEqheh6KUHDxVMW2hi2Gw37dLdJOxuhBLyCl58FS8eFPHqzZtv47bNQVsHPhhmvo/dmSBhVCrL+jaWlldW19ZLG+XNre2dXXNvvy3jVGDi4JjFohsgSRiNiKOoYqSbCIJ4wEgnGF1P/M4DEZLG0Z0aJ8TjaBDRkGKktOSb1Sa8hK5MuZ8xzaz8PruBJ3buIpYMkc+go8dVMfTNilWzpoCLxC5IBRRo+eaX249xykmkMENS9mwrUV6GhKKYkbzsppIkCI/QgPQ0jRAn0sumiXJ4rJU+DGOhJ1Jwqv6+yBCXcswDvcmRGsp5byL+5/VSFV54GY2SVJEIzx4KUwZ1wkk9sE8FwYqNNUFYUP1XiIdIIKx0iWVdgj0feZG0T2t2vVa/Pas0roo6SuAQHIEqsME5aIAmaAEHYPAInsEreDOejBfj3fiYrS4Zxc0B+APj8wfpz5s4</latexit>

H =
L→1∑

l=0

ωlUl →
<latexit sha1_base64="1qyfYf4Qel5VHZ4FeoGBjTvrmlk="></latexit>


L→1∑
l=0

ωl
ω Ul ω

ω ω




<latexit sha1_base64="bDTTJNVKZqJ/uly5K9FzWOQiJ5s=">AAAB8XicbVA9TwJBEJ3zE/ELtbTZSEysyJ0xaEm0ocTEAyJcyN4ywIa9vXN3j4QQ/oWNhcbY+m/s/DcucIWCL5nk5b2ZzMwLE8G1cd1vZ219Y3NrO7eT393bPzgsHB3XdZwqhj6LRayaIdUouETfcCOwmSikUSiwEQ7vZn5jhErzWD6YcYJBRPuS9zijxkqPbXxK+Yj4nWqnUHRL7hxklXgZKUKGWqfw1e7GLI1QGiao1i3PTUwwocpwJnCab6caE8qGtI8tSyWNUAeT+cVTcm6VLunFypY0ZK7+npjQSOtxFNrOiJqBXvZm4n9eKzW9m2DCZZIalGyxqJcKYmIye590uUJmxNgSyhS3txI2oIoyY0PK2xC85ZdXSf2y5JVL5furYuU2iyMHp3AGF+DBNVSgCjXwgYGEZ3iFN0c7L86787FoXXOymRP4A+fzBxOvkIs=</latexit>→ UH

<latexit sha1_base64="zNXqtPy76FSsULfJchDD0dl0Xh0=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSkepGKLrRlRXsBZoYJpNJO3QyCTMToYRu3Pgqblwo4tZ3cOfbOGmz0NYfBj7+cw5zzu8njEplWd9GaWFxaXmlvFpZW9/Y3DK3d9oyTgUmLRyzWHR9JAmjnLQUVYx0E0FQ5DPS8YeXeb3zQISkMb9To4S4EepzGlKMlLY8c//GY/dOgPp9IqBmeA6dCKmB72fXY8+sWjVrIjgPdgFVUKjpmV9OEOM0IlxhhqTs2Vai3AwJRTEj44qTSpIgPER90tPIUUSkm02uGMND7QQwjIV+XMGJ+3siQ5GUo8jXnfmGcraWm//VeqkKz9yM8iRVhOPpR2HKoIphHgkMqCBYsZEGhAXVu0I8QAJhpYOr6BDs2ZPnoX1cs+u1+u1JtXFRxFEGe+AAHAEbnIIGuAJN0AIYPIJn8ArejCfjxXg3PqatJaOY2QV/ZHz+AEJUl84=</latexit>

O
†
lOl = I



Block Encoding Hamiltonians
<latexit sha1_base64="aQdLLa4e6IO/VMnjzf0Hy08eTvw=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAV3FgSkepGKLrpQrCCvUATw2Q6aYfOJGFmIpSQF3Djq7hxoYhb9+58G6dtFtr6w8DHf87hzPn9mFGpLOvbKCwsLi2vFFdLa+sbm1vm9k5LRonApIkjFomOjyRhNCRNRRUjnVgQxH1G2v7walxvPxAhaRTeqVFMXI76IQ0oRkpbnnlQhxfQkQn3UqbJyu7Ta3hsZ9BBLB4gj8Ebj3lm2apYE8F5sHMog1wNz/xyehFOOAkVZkjKrm3Fyk2RUBQzkpWcRJIY4SHqk67GEHEi3XRyTQYPtdODQST0CxWcuL8nUsSlHHFfd3KkBnK2Njb/q3UTFZy7KQ3jRJEQTxcFCYMqguNoYI8KghUbaUBYUP1XiAdIIKx0gCUdgj178jy0Tip2tVK9PS3XLvM4imAP7IMjYIMzUAN10ABNgMEjeAav4M14Ml6Md+Nj2low8pld8EfG5w8DvZmr</latexit>

H =
L→1∑

l=0

ωlOl

If
<latexit sha1_base64="zNXqtPy76FSsULfJchDD0dl0Xh0=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSkepGKLrRlRXsBZoYJpNJO3QyCTMToYRu3Pgqblwo4tZ3cOfbOGmz0NYfBj7+cw5zzu8njEplWd9GaWFxaXmlvFpZW9/Y3DK3d9oyTgUmLRyzWHR9JAmjnLQUVYx0E0FQ5DPS8YeXeb3zQISkMb9To4S4EepzGlKMlLY8c//GY/dOgPp9IqBmeA6dCKmB72fXY8+sWjVrIjgPdgFVUKjpmV9OEOM0IlxhhqTs2Vai3AwJRTEj44qTSpIgPER90tPIUUSkm02uGMND7QQwjIV+XMGJ+3siQ5GUo8jXnfmGcraWm//VeqkKz9yM8iRVhOPpR2HKoIphHgkMqCBYsZEGhAXVu0I8QAJhpYOr6BDs2ZPnoX1cs+u1+u1JtXFRxFEGe+AAHAEbnIIGuAJN0AIYPIJn8ArejCfjxXg3PqatJaOY2QV/ZHz+AEJUl84=</latexit>

O
†
lOl = I

Map to Pauli basis

If
<latexit sha1_base64="zNXqtPy76FSsULfJchDD0dl0Xh0=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSkepGKLrRlRXsBZoYJpNJO3QyCTMToYRu3Pgqblwo4tZ3cOfbOGmz0NYfBj7+cw5zzu8njEplWd9GaWFxaXmlvFpZW9/Y3DK3d9oyTgUmLRyzWHR9JAmjnLQUVYx0E0FQ5DPS8YeXeb3zQISkMb9To4S4EepzGlKMlLY8c//GY/dOgPp9IqBmeA6dCKmB72fXY8+sWjVrIjgPdgFVUKjpmV9OEOM0IlxhhqTs2Vai3AwJRTEj44qTSpIgPER90tPIUUSkm02uGMND7QQwjIV+XMGJ+3siQ5GUo8jXnfmGcraWm//VeqkKz9yM8iRVhOPpR2HKoIphHgkMqCBYsZEGhAXVu0I8QAJhpYOr6BDs2ZPnoX1cs+u1+u1JtXFRxFEGe+AAHAEbnIIGuAJN0AIYPIJn8ArejCfjxXg3PqatJaOY2QV/ZHz+AEJUl84=</latexit>

O
†
lOl = I

Hamiltonian Simulation Using Linear Combinations of Unitary Operations. Childs & Wiebe 78

<latexit sha1_base64="Jd90kkLUQeYTaQlkMoxu6iq8m2Q=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4kDIjUl0W3bizgn1AZxwyaaYNk0mGJCOUYT7Ajb/ixoUibv0Ad/6NaTsLbT0QOJxzLzfnBAmjStv2t1VaWl5ZXSuvVzY2t7Z3qrt7HSVSiUkbCyZkL0CKMMpJW1PNSC+RBMUBI90gupr43QciFRX8To8T4sVoyGlIMdJG8qu1G59BVwvoqjT2I9i6z1yhaUwU5LmfsRMY5WbKrttTwEXiFKQGCrT86pc7EDiNCdeYIaX6jp1oL0NSU8xIXnFTRRKEIzQkfUM5Mue8bBomh0dGGcBQSPO4hlP190aGYqXGcWAmY6RHat6biP95/VSHF15GeZJqwvHsUJgyaMJPmoEDKgnWbGwIwpKav0I8QhJhbfqrmBKc+ciLpHNadxr1xu1ZrXlZ1FEGB+AQHAMHnIMmuAYt0AYYPIJn8ArerCfrxXq3PmajJavY2Qd/YH3+ANpOmuM=</latexit>

Ol →
∑

k

P
→n
l,k

LCU:

<latexit sha1_base64="ES7i+VkBROlTgLEa6UhQgNoXnIk=">AAACEXicbVDNSsNAGNz4W+tf1KOXxSL0YklEqheh6KUHDxVMW2hi2Gw37dLdJOxuhBLyCl58FS8eFPHqzZtv47bNQVsHPhhmvo/dmSBhVCrL+jaWlldW19ZLG+XNre2dXXNvvy3jVGDi4JjFohsgSRiNiKOoYqSbCIJ4wEgnGF1P/M4DEZLG0Z0aJ8TjaBDRkGKktOSb1Sa8hK5MuZ8xzaz8PruBJ3buIpYMkc+go8dVMfTNilWzpoCLxC5IBRRo+eaX249xykmkMENS9mwrUV6GhKKYkbzsppIkCI/QgPQ0jRAn0sumiXJ4rJU+DGOhJ1Jwqv6+yBCXcswDvcmRGsp5byL+5/VSFV54GY2SVJEIzx4KUwZ1wkk9sE8FwYqNNUFYUP1XiIdIIKx0iWVdgj0feZG0T2t2vVa/Pas0roo6SuAQHIEqsME5aIAmaAEHYPAInsEreDOejBfj3fiYrS4Zxc0B+APj8wfpz5s4</latexit>

H =
L→1∑

l=0

ωlUl →
<latexit sha1_base64="1qyfYf4Qel5VHZ4FeoGBjTvrmlk="></latexit>


L→1∑
l=0

ωl
ω Ul ω

ω ω




<latexit sha1_base64="bDTTJNVKZqJ/uly5K9FzWOQiJ5s=">AAAB8XicbVA9TwJBEJ3zE/ELtbTZSEysyJ0xaEm0ocTEAyJcyN4ywIa9vXN3j4QQ/oWNhcbY+m/s/DcucIWCL5nk5b2ZzMwLE8G1cd1vZ219Y3NrO7eT393bPzgsHB3XdZwqhj6LRayaIdUouETfcCOwmSikUSiwEQ7vZn5jhErzWD6YcYJBRPuS9zijxkqPbXxK+Yj4nWqnUHRL7hxklXgZKUKGWqfw1e7GLI1QGiao1i3PTUwwocpwJnCab6caE8qGtI8tSyWNUAeT+cVTcm6VLunFypY0ZK7+npjQSOtxFNrOiJqBXvZm4n9eKzW9m2DCZZIalGyxqJcKYmIye590uUJmxNgSyhS3txI2oIoyY0PK2xC85ZdXSf2y5JVL5furYuU2iyMHp3AGF+DBNVSgCjXwgYGEZ3iFN0c7L86787FoXXOymRP4A+fzBxOvkIs=</latexit>→ UH

<latexit sha1_base64="zNXqtPy76FSsULfJchDD0dl0Xh0=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSkepGKLrRlRXsBZoYJpNJO3QyCTMToYRu3Pgqblwo4tZ3cOfbOGmz0NYfBj7+cw5zzu8njEplWd9GaWFxaXmlvFpZW9/Y3DK3d9oyTgUmLRyzWHR9JAmjnLQUVYx0E0FQ5DPS8YeXeb3zQISkMb9To4S4EepzGlKMlLY8c//GY/dOgPp9IqBmeA6dCKmB72fXY8+sWjVrIjgPdgFVUKjpmV9OEOM0IlxhhqTs2Vai3AwJRTEj44qTSpIgPER90tPIUUSkm02uGMND7QQwjIV+XMGJ+3siQ5GUo8jXnfmGcraWm//VeqkKz9yM8iRVhOPpR2HKoIphHgkMqCBYsZEGhAXVu0I8QAJhpYOr6BDs2ZPnoX1cs+u1+u1JtXFRxFEGe+AAHAEbnIIGuAJN0AIYPIJn8ArejCfjxXg3PqatJaOY2QV/ZHz+AEJUl84=</latexit>

O
†
lOl = I

<latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .

Reducing molecular electronic Hamiltonian simulation cost 
for Linear Combination of Unitaries approaches. Loaiza, 
Khan, Wiebe, Izmaylov

Encoding Electronic Spectra in Quantum Circuits with Linear 
T Complexity. Babbush, Gidney, Berry, Wiebe, et al.

Resource-optimized fault-tolerant simulation of the Fermi-
Hubbard model and high-temperature superconductor 
models. Kan and Symons



Block Encoding Hamiltonians
<latexit sha1_base64="aQdLLa4e6IO/VMnjzf0Hy08eTvw=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAV3FgSkepGKLrpQrCCvUATw2Q6aYfOJGFmIpSQF3Djq7hxoYhb9+58G6dtFtr6w8DHf87hzPn9mFGpLOvbKCwsLi2vFFdLa+sbm1vm9k5LRonApIkjFomOjyRhNCRNRRUjnVgQxH1G2v7walxvPxAhaRTeqVFMXI76IQ0oRkpbnnlQhxfQkQn3UqbJyu7Ta3hsZ9BBLB4gj8Ebj3lm2apYE8F5sHMog1wNz/xyehFOOAkVZkjKrm3Fyk2RUBQzkpWcRJIY4SHqk67GEHEi3XRyTQYPtdODQST0CxWcuL8nUsSlHHFfd3KkBnK2Njb/q3UTFZy7KQ3jRJEQTxcFCYMqguNoYI8KghUbaUBYUP1XiAdIIKx0gCUdgj178jy0Tip2tVK9PS3XLvM4imAP7IMjYIMzUAN10ABNgMEjeAav4M14Ml6Md+Nj2low8pld8EfG5w8DvZmr</latexit>

H =
L→1∑

l=0

ωlOl

If
<latexit sha1_base64="zNXqtPy76FSsULfJchDD0dl0Xh0=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSkepGKLrRlRXsBZoYJpNJO3QyCTMToYRu3Pgqblwo4tZ3cOfbOGmz0NYfBj7+cw5zzu8njEplWd9GaWFxaXmlvFpZW9/Y3DK3d9oyTgUmLRyzWHR9JAmjnLQUVYx0E0FQ5DPS8YeXeb3zQISkMb9To4S4EepzGlKMlLY8c//GY/dOgPp9IqBmeA6dCKmB72fXY8+sWjVrIjgPdgFVUKjpmV9OEOM0IlxhhqTs2Vai3AwJRTEj44qTSpIgPER90tPIUUSkm02uGMND7QQwjIV+XMGJ+3siQ5GUo8jXnfmGcraWm//VeqkKz9yM8iRVhOPpR2HKoIphHgkMqCBYsZEGhAXVu0I8QAJhpYOr6BDs2ZPnoX1cs+u1+u1JtXFRxFEGe+AAHAEbnIIGuAJN0AIYPIJn8ArejCfjxXg3PqatJaOY2QV/ZHz+AEJUl84=</latexit>

O
†
lOl = I

Map to Pauli basis

<latexit sha1_base64="e8NhNcQskm2+wxVzRZCDsbniaWA="></latexit>

H =
L→1∑

l=0

ωlOl → H̃ =
L→1∑

l=0

ω̃lUOl

If
<latexit sha1_base64="zNXqtPy76FSsULfJchDD0dl0Xh0=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSkepGKLrRlRXsBZoYJpNJO3QyCTMToYRu3Pgqblwo4tZ3cOfbOGmz0NYfBj7+cw5zzu8njEplWd9GaWFxaXmlvFpZW9/Y3DK3d9oyTgUmLRyzWHR9JAmjnLQUVYx0E0FQ5DPS8YeXeb3zQISkMb9To4S4EepzGlKMlLY8c//GY/dOgPp9IqBmeA6dCKmB72fXY8+sWjVrIjgPdgFVUKjpmV9OEOM0IlxhhqTs2Vai3AwJRTEj44qTSpIgPER90tPIUUSkm02uGMND7QQwjIV+XMGJ+3siQ5GUo8jXnfmGcraWm//VeqkKz9yM8iRVhOPpR2HKoIphHgkMqCBYsZEGhAXVu0I8QAJhpYOr6BDs2ZPnoX1cs+u1+u1JtXFRxFEGe+AAHAEbnIIGuAJN0AIYPIJn8ArejCfjxXg3PqatJaOY2QV/ZHz+AEJUl84=</latexit>

O
†
lOl = I

Hamiltonian Simulation Using Linear Combinations of Unitary Operations. Childs & Wiebe

LCU          block-encodes H
<latexit sha1_base64="HM/VdeZQrwL2dXsAlH2J3K8O4H0=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseilx4rmLbQhLLZTNulmw92J0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZekEqh0ba/rdLG5tb2Tnm3srd/cHhUPT7p6CRTHFyeyET1AqZBihhcFCihlypgUSChG0zu5373CZQWSfyI0xT8iI1iMRScoZE8d5B7KGQItDUbVGt23V6ArhOnIDVSoD2ofnlhwrMIYuSSad137BT9nCkUXMKs4mUaUsYnbAR9Q2MWgfbzxc0zemGUkA4TZSpGulB/T+Qs0noaBaYzYjjWq95c/M/rZzi89XMRpxlCzJeLhpmkmNB5ADQUCjjKqSGMK2FupXzMFONoYqqYEJzVl9dJ56ruNOqNh+ta866Io0zOyDm5JA65IU3SIm3iEk5S8kxeyZuVWS/Wu/WxbC1Zxcwp+QPr8we5OpF/</latexit>

U
H̃
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<latexit sha1_base64="Jd90kkLUQeYTaQlkMoxu6iq8m2Q=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4kDIjUl0W3bizgn1AZxwyaaYNk0mGJCOUYT7Ajb/ixoUibv0Ad/6NaTsLbT0QOJxzLzfnBAmjStv2t1VaWl5ZXSuvVzY2t7Z3qrt7HSVSiUkbCyZkL0CKMMpJW1PNSC+RBMUBI90gupr43QciFRX8To8T4sVoyGlIMdJG8qu1G59BVwvoqjT2I9i6z1yhaUwU5LmfsRMY5WbKrttTwEXiFKQGCrT86pc7EDiNCdeYIaX6jp1oL0NSU8xIXnFTRRKEIzQkfUM5Mue8bBomh0dGGcBQSPO4hlP190aGYqXGcWAmY6RHat6biP95/VSHF15GeZJqwvHsUJgyaMJPmoEDKgnWbGwIwpKav0I8QhJhbfqrmBKc+ciLpHNadxr1xu1ZrXlZ1FEGB+AQHAMHnIMmuAYt0AYYPIJn8ArerCfrxXq3PmajJavY2Qd/YH3+ANpOmuM=</latexit>

Ol →
∑

k

P
→n
l,k

<latexit sha1_base64="461dRihE5QQ0KT93CkTCZHowccs="></latexit>

UOl =

(
Ol/ωl ε

ε ε

)

LCU:

<latexit sha1_base64="ES7i+VkBROlTgLEa6UhQgNoXnIk=">AAACEXicbVDNSsNAGNz4W+tf1KOXxSL0YklEqheh6KUHDxVMW2hi2Gw37dLdJOxuhBLyCl58FS8eFPHqzZtv47bNQVsHPhhmvo/dmSBhVCrL+jaWlldW19ZLG+XNre2dXXNvvy3jVGDi4JjFohsgSRiNiKOoYqSbCIJ4wEgnGF1P/M4DEZLG0Z0aJ8TjaBDRkGKktOSb1Sa8hK5MuZ8xzaz8PruBJ3buIpYMkc+go8dVMfTNilWzpoCLxC5IBRRo+eaX249xykmkMENS9mwrUV6GhKKYkbzsppIkCI/QgPQ0jRAn0sumiXJ4rJU+DGOhJ1Jwqv6+yBCXcswDvcmRGsp5byL+5/VSFV54GY2SVJEIzx4KUwZ1wkk9sE8FwYqNNUFYUP1XiIdIIKx0iWVdgj0feZG0T2t2vVa/Pas0roo6SuAQHIEqsME5aIAmaAEHYPAInsEreDOejBfj3fiYrS4Zxc0B+APj8wfpz5s4</latexit>

H =
L→1∑

l=0

ωlUl →
<latexit sha1_base64="1qyfYf4Qel5VHZ4FeoGBjTvrmlk="></latexit>


L→1∑
l=0

ωl
ω Ul ω

ω ω




<latexit sha1_base64="bDTTJNVKZqJ/uly5K9FzWOQiJ5s=">AAAB8XicbVA9TwJBEJ3zE/ELtbTZSEysyJ0xaEm0ocTEAyJcyN4ywIa9vXN3j4QQ/oWNhcbY+m/s/DcucIWCL5nk5b2ZzMwLE8G1cd1vZ219Y3NrO7eT393bPzgsHB3XdZwqhj6LRayaIdUouETfcCOwmSikUSiwEQ7vZn5jhErzWD6YcYJBRPuS9zijxkqPbXxK+Yj4nWqnUHRL7hxklXgZKUKGWqfw1e7GLI1QGiao1i3PTUwwocpwJnCab6caE8qGtI8tSyWNUAeT+cVTcm6VLunFypY0ZK7+npjQSOtxFNrOiJqBXvZm4n9eKzW9m2DCZZIalGyxqJcKYmIye590uUJmxNgSyhS3txI2oIoyY0PK2xC85ZdXSf2y5JVL5furYuU2iyMHp3AGF+DBNVSgCjXwgYGEZ3iFN0c7L86787FoXXOymRP4A+fzBxOvkIs=</latexit>→ UH

<latexit sha1_base64="zNXqtPy76FSsULfJchDD0dl0Xh0=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSkepGKLrRlRXsBZoYJpNJO3QyCTMToYRu3Pgqblwo4tZ3cOfbOGmz0NYfBj7+cw5zzu8njEplWd9GaWFxaXmlvFpZW9/Y3DK3d9oyTgUmLRyzWHR9JAmjnLQUVYx0E0FQ5DPS8YeXeb3zQISkMb9To4S4EepzGlKMlLY8c//GY/dOgPp9IqBmeA6dCKmB72fXY8+sWjVrIjgPdgFVUKjpmV9OEOM0IlxhhqTs2Vai3AwJRTEj44qTSpIgPER90tPIUUSkm02uGMND7QQwjIV+XMGJ+3siQ5GUo8jXnfmGcraWm//VeqkKz9yM8iRVhOPpR2HKoIphHgkMqCBYsZEGhAXVu0I8QAJhpYOr6BDs2ZPnoX1cs+u1+u1JtXFRxFEGe+AAHAEbnIIGuAJN0AIYPIJn8ArejCfjxXg3PqatJaOY2QV/ZHz+AEJUl84=</latexit>

O
†
lOl = I

<latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .

Reducing molecular electronic Hamiltonian simulation cost 
for Linear Combination of Unitaries approaches. Loaiza, 
Khan, Wiebe, Izmaylov

Encoding Electronic Spectra in Quantum Circuits with Linear 
T Complexity. Babbush, Gidney, Berry, Wiebe, et al.

Resource-optimized fault-tolerant simulation of the Fermi-
Hubbard model and high-temperature superconductor 
models. Kan and Symons

Stay in second-quantized basis

Quantum singular value transform and beyond: exponential improvements for quantum matrix arithmetic. Gilyén et al.
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<latexit sha1_base64="461dRihE5QQ0KT93CkTCZHowccs="></latexit>

UOl =

(
Ol/ωl ε

ε ε

)
LOBE efficiently constructs                                                 for         written in second quantization

<latexit sha1_base64="461dRihE5QQ0KT93CkTCZHowccs="></latexit>

UOl =

(
Ol/ωl ε

ε ε

)

<latexit sha1_base64="YJwhqufnTOVoZNwofvSqJ8FEEc8=">AAAB/nicbVBNS8NAEN34WetXVDx5CRbBU0lEqseiF48V7Ae0oWy2k3TpZhN2J2KJBf+KFw+KePV3ePPfuP04aOuDgcd7M8zMC1LBNbrut7W0vLK6tl7YKG5ube/s2nv7DZ1kikGdJSJRrYBqEFxCHTkKaKUKaBwIaAaD67HfvAeleSLvcJiCH9NI8pAzikbq2oePHYQHVHEeChqNOorKSEDXLrlldwJnkXgzUiIz1Lr2V6eXsCwGiUxQrduem6KfU4WcCRgVO5mGlLIBjaBtqKQxaD+fnD9yTozSc8JEmZLoTNTfEzmNtR7GgemMKfb1vDcW//PaGYaXfs5lmiFINl0UZsLBxBln4fS4AoZiaAhliptbHdanijI0iRVNCN78y4ukcVb2KuXK7XmpejWLo0COyDE5JR65IFVyQ2qkThjJyTN5JW/Wk/VivVsf09YlazZzQP7A+vwBYveWaw==</latexit>

|flag→
<latexit sha1_base64="p08xbNKS58aQ7A6Iejx3roxx3HA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF29WMG2hDWGz3bRLN5tldyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiR4KFjMCDZW6vhhfh/yaVituXV3DrRKvILUoEArrH71BynJEioM4VjrnudKE+RYGUY4nVb6maYSkzEe0p6lAidUB/n83Ck6s8oAxamyJQyaq78ncpxoPUki25lgM9LL3kz8z+tlJr4OciZkZqggi0VxxpFJ0ex3NGCKEsMnlmCimL0VkRFWmBibUMWG4C2/vEraF3WvUW88XNaaN0UcZTiBUzgHD66gCXfQAh8IjOEZXuHNkc6L8+58LFpLTjFzDH/gfP4ATaCPkQ==</latexit>

UOl

<latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a

<latexit sha1_base64="ajZxp7qI1cgQdwgMZ54tm4q93ns=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadmNySbegl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaaslhsWSZdqVWt8vYMmsX1Xo1I5ZTKV862DatBUpoheaw+D4YRTQJIFSUEyn7thUrNyVCMcphXhgkEmJCp2QMfU1DEoB008Whc3ymlRH2I6ErVHihfp9ISSDlLPB0Z0DURP72MvEvr58ov+6mLIwTBSFdLvITjlWEs6/xiAmgis80IVQwfSumEyIIVTqbgg7h61P8P+mUTdsxnVal1LhaxZFHJ+gUnSMb1VAD3aAmaiOKAD2gJ/Rs3BmPxovxumzNGauZY/QDxtsnVeGNUg==</latexit>s

<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→
<latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a

<latexit sha1_base64="XoUTyAbVbvNMK+cPLeLnqSEzzgA=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCq5KIVJdFN+6sYC/QhHAynbRDJ5MwMxFK7NaNr+LGhSJufQN3vo3TNgtt/WHg4z/ncOb8YcqZ0o7zbS0tr6yurZc2yptb2zu79t5+SyWZJLRJEp7ITgiKciZoUzPNaSeVFOKQ03Y4vJrU2/dUKpaIOz1KqR9DX7CIEdDGCmzsRRJIfhPwce4BTwdg6MFLFfMkiD6ngV1xqs5UeBHcAiqoUCOwv7xeQrKYCk04KNV1nVT7OUjNCKfjspcpmgIZQp92DQqIqfLz6SVjfGycHo4SaZ7QeOr+nsghVmoUh6YzBj1Q87WJ+V+tm+nows+ZSDNNBZktijKOdYInseAek5RoPjIARDLzV0wGYKLRJryyCcGdP3kRWqdVt1at3Z5V6pdFHCV0iI7QCXLROaqja9RATUTQI3pGr+jNerJerHfrY9a6ZBUzB+iPrM8f5ZqbHg==</latexit>

Ol

ωl
|ε→

<latexit sha1_base64="ajZxp7qI1cgQdwgMZ54tm4q93ns=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadmNySbegl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaaslhsWSZdqVWt8vYMmsX1Xo1I5ZTKV862DatBUpoheaw+D4YRTQJIFSUEyn7thUrNyVCMcphXhgkEmJCp2QMfU1DEoB008Whc3ymlRH2I6ErVHihfp9ISSDlLPB0Z0DURP72MvEvr58ov+6mLIwTBSFdLvITjlWEs6/xiAmgis80IVQwfSumEyIIVTqbgg7h61P8P+mUTdsxnVal1LhaxZFHJ+gUnSMb1VAD3aAmaiOKAD2gJ/Rs3BmPxovxumzNGauZY/QDxtsnVeGNUg==</latexit>s
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Comparative Performance of LOBE
<latexit sha1_base64="zjC3CrR1Eu3tJiwW411/5HqPGdI=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWQRCGGZHqRih1484K9gLtMGTSTBuauZBkhDIU3Pgqblwo4taXcOfbmLaz0NYfAh//OSfJ+f2EM6ls+9soLC2vrK4V10sbm1vbO+buXlPGqSC0QWIei7aPJeUsog3FFKftRFAc+py2/OH1pN56oEKyOLpXo4S6Ie5HLGAEK2155sEtukK+Z/ue0+3FSmquoVM0sIjlmWXbsqdCi+DkUIZcdc/80leQNKSRIhxL2XHsRLkZFooRTselbippgskQ92lHY4RDKt1susMYHWunh4JY6BMpNHV/T2Q4lHIU+rozxGog52sT879aJ1XBpZuxKEkVjcjsoSDlSMVoEgjqMUGJ4iMNmAim/4rIAAtMlI6tpENw5ldehOaZ5VSsyt15uVrL4yjCIRzBCThwAVW4gTo0gMAjPMMrvBlPxovxbnzMWgtGPrMPf2R8/gD9+5U0</latexit>

O = b0b1 . . . bB + h.c.

LOBEPaulis
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Comparative Performance of LOBE
<latexit sha1_base64="QU4QD6Ex+1HAPZ7cwT5obli/pLY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SIUvXizgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfy0YwT9CM6kDzkjBorte7JNaE9t1cquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOJVK9WHi3LtJo+jAMdwAmfgwSXU4A7q0AAGI3iGV3hzEufFeXc+5q0rTj5zBH/gfP4At22Ohw==</latexit>
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Comparative Performance of LOBE
theory

<latexit sha1_base64="tA5tRjd/XArvNGQ6VkAFCy3ZXVA=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewagh6JXjxi4gIJrKRbulDptpu2a0I2/AcvHjTGq//Hm//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g7HNzO//USVZlLcm0lCgxgPBYsYwcZKrV4yYg+1frniVt050CrxclKBHM1++as3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kM2vnaIzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10VWQMZGkhgqyWBSlHBmJZq+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/nlVdK6qHr1av2uVmlc53EU4QRO4Rw8uIQG3EITfCDwCM/wCm+OdF6cd+dj0Vpw8plj+APn8wdB347w</latexit>

ω4 <latexit sha1_base64="PfbSE8ct9PLHXHSRB2HdwNL2+0c=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRC9C0Is3I5gHJkuYnfQmQ2Znl5lZISz5Cy8eFPHq33jzb5w8DhotaCiquunuChLBtXHdLye3tLyyupZfL2xsbm3vFHf3GjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85iMqzWN5b0YJ+hHtSx5yRo2VHjq3EfYpuSSn3WLJLbtTkL/Em5MSzFHrFj87vZilEUrDBNW67bmJ8TOqDGcCx4VOqjGhbEj72LZU0gi1n00vHpMjq/RIGCtb0pCp+nMio5HWoyiwnRE1A73oTcT/vHZqwgs/4zJJDUo2WxSmgpiYTN4nPa6QGTGyhDLF7a2EDaiizNiQCjYEb/Hlv6RxUvYq5crdWal6NY8jDwdwCMfgwTlU4QZqUAcGEp7gBV4d7Tw7b877rDXnzGf24Recj28Lc4/e</latexit>! = 3
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Comparative Performance of LOBE
<latexit sha1_base64="PfbSE8ct9PLHXHSRB2HdwNL2+0c=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRC9C0Is3I5gHJkuYnfQmQ2Znl5lZISz5Cy8eFPHq33jzb5w8DhotaCiquunuChLBtXHdLye3tLyyupZfL2xsbm3vFHf3GjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85iMqzWN5b0YJ+hHtSx5yRo2VHjq3EfYpuSSn3WLJLbtTkL/Em5MSzFHrFj87vZilEUrDBNW67bmJ8TOqDGcCx4VOqjGhbEj72LZU0gi1n00vHpMjq/RIGCtb0pCp+nMio5HWoyiwnRE1A73oTcT/vHZqwgs/4zJJDUo2WxSmgpiYTN4nPa6QGTGyhDLF7a2EDaiizNiQCjYEb/Hlv6RxUvYq5crdWal6NY8jDwdwCMfgwTlU4QZqUAcGEp7gBV4d7Tw7b877rDXnzGf24Recj28Lc4/e</latexit>
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prohibitively increase the cost of 

quantum simulation?
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Quantum Resource Estimates: Yukawa Theory
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Quantum Resource Estimates: Renormalized QCD
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<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>↭ Time Evolution,  lattice (position space)103 <latexit sha1_base64="2HreM8PABnbAWZLHEbDJMFkmRZg=">AAAB8HicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPRi8cK9kPaUDbbSbt0dxN2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqmTjVDJosFrHuhNSA4AqayFFAJ9FAZSigHY5vZ377CbThsXrASQKBpEPFI84oWumxh5pTNRTQL1e8qjeHu0r8nFRIjka//NUbxCyVoJAJakzX9xIMMqqRMwHTUi81kFA2pkPoWqqoBBNk84On7plVBm4Ua1sK3bn6eyKj0piJDG2npDgyy95M/M/rphhdBxlXSYqg2GJRlAoXY3f2vTvgGhiKiSWUaW5vddmIasrQZlSyIfjLL6+S1kXVr1Vr95eV+k0eR5GckFNyTnxyRerkjjRIkzAiyTN5JW+Odl6cd+dj0Vpw8plj8gfO5w8EQZCR</latexit>→Eigenstate estimation,  lattice (momentum space)103

<latexit sha1_base64="CvZQA74Q8H2hgaVbT3RJ5tHuQBo=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHZFosegF08SIS9IQpid9CZDZnaXmV4xLAEv/ooXD4p49Se8+TdOHgdNLGgoqrrp7vJjKQy67reztLyyurae2chubm3v7Ob29msmSjSHKo9kpBs+MyBFCFUUKKERa2DKl1D3B9djv34P2ogorOAwhrZivVAEgjO0Uid32EJ4QK3S20T5oGkU0ArtMQQz6uTybsGdgC4Sb0byZIZyJ/fV6kY8URAil8yYpufG2E6ZRsEljLKtxEDM+ID1oGlpyBSYdjr5YURPrNKlQaRthUgn6u+JlCljhsq3nYph38x7Y/E/r5lgcNlORRgnCCGfLgoSSTGi40BoV2jgKIeWMK6FvZXyPtOMo40ta0Pw5l9eJLWzglcsFO/O86WrWRwZckSOySnxyAUpkRtSJlXCySN5Jq/kzXlyXpx352PauuTMZg7IHzifP/A8l7g=</latexit>

Number of T gates
<latexit sha1_base64="CvZQA74Q8H2hgaVbT3RJ5tHuQBo=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHZFosegF08SIS9IQpid9CZDZnaXmV4xLAEv/ooXD4p49Se8+TdOHgdNLGgoqrrp7vJjKQy67reztLyyurae2chubm3v7Ob29msmSjSHKo9kpBs+MyBFCFUUKKERa2DKl1D3B9djv34P2ogorOAwhrZivVAEgjO0Uid32EJ4QK3S20T5oGkU0ArtMQQz6uTybsGdgC4Sb0byZIZyJ/fV6kY8URAil8yYpufG2E6ZRsEljLKtxEDM+ID1oGlpyBSYdjr5YURPrNKlQaRthUgn6u+JlCljhsq3nYph38x7Y/E/r5lgcNlORRgnCCGfLgoSSTGi40BoV2jgKIeWMK6FvZXyPtOMo40ta0Pw5l9eJLWzglcsFO/O86WrWRwZckSOySnxyAUpkRtSJlXCySN5Jq/kzXlyXpx352PauuTMZg7IHzifP/A8l7g=</latexit>

Number of T gates
<latexit sha1_base64="GCtQKS+mttFLIJJIGsgLoJfH0Bw=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9gViR6DXjxJBPOAJITZSW8yZGZ3nekVwxK8+CtePCji1a/w5t84eRw0saChqOqmu8uPpTDout/OwuLS8spqZi27vrG5tZ3b2a2aKNEcKjySka77zIAUIVRQoIR6rIEpX0LN71+O/No9aCOi8BYHMbQU64YiEJyhldq5/SbCA2qVXifKB02jgN4lvkAzbOfybsEdg84Tb0ryZIpyO/fV7EQ8URAil8yYhufG2EqZRsElDLPNxEDMeJ91oWFpyBSYVjp+YUiPrNKhQaRthUjH6u+JlCljBsq3nYphz8x6I/E/r5FgcN5KRRgnCCGfLAoSSTGiozxoR2jgKAeWMK6FvZXyHtOMo00ta0PwZl+eJ9WTglcsFG9O86WLaRwZckAOyTHxyBkpkStSJhXCySN5Jq/kzXlyXpx352PSuuBMZ/bIHzifP9wxl74=</latexit>

Number of qubits
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<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>↭ Time Evolution,  lattice (position space)103 <latexit sha1_base64="2HreM8PABnbAWZLHEbDJMFkmRZg=">AAAB8HicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPRi8cK9kPaUDbbSbt0dxN2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqmTjVDJosFrHuhNSA4AqayFFAJ9FAZSigHY5vZ377CbThsXrASQKBpEPFI84oWumxh5pTNRTQL1e8qjeHu0r8nFRIjka//NUbxCyVoJAJakzX9xIMMqqRMwHTUi81kFA2pkPoWqqoBBNk84On7plVBm4Ua1sK3bn6eyKj0piJDG2npDgyy95M/M/rphhdBxlXSYqg2GJRlAoXY3f2vTvgGhiKiSWUaW5vddmIasrQZlSyIfjLL6+S1kXVr1Vr95eV+k0eR5GckFNyTnxyRerkjjRIkzAiyTN5JW+Odl6cd+dj0Vpw8plj8gfO5w8EQZCR</latexit>→Eigenstate estimation,  lattice (momentum space)103

<latexit sha1_base64="CvZQA74Q8H2hgaVbT3RJ5tHuQBo=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHZFosegF08SIS9IQpid9CZDZnaXmV4xLAEv/ooXD4p49Se8+TdOHgdNLGgoqrrp7vJjKQy67reztLyyurae2chubm3v7Ob29msmSjSHKo9kpBs+MyBFCFUUKKERa2DKl1D3B9djv34P2ogorOAwhrZivVAEgjO0Uid32EJ4QK3S20T5oGkU0ArtMQQz6uTybsGdgC4Sb0byZIZyJ/fV6kY8URAil8yYpufG2E6ZRsEljLKtxEDM+ID1oGlpyBSYdjr5YURPrNKlQaRthUgn6u+JlCljhsq3nYph38x7Y/E/r5lgcNlORRgnCCGfLgoSSTGi40BoV2jgKIeWMK6FvZXyPtOMo40ta0Pw5l9eJLWzglcsFO/O86WrWRwZckSOySnxyAUpkRtSJlXCySN5Jq/kzXlyXpx352PauuTMZg7IHzifP/A8l7g=</latexit>

Number of T gates
<latexit sha1_base64="CvZQA74Q8H2hgaVbT3RJ5tHuQBo=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHZFosegF08SIS9IQpid9CZDZnaXmV4xLAEv/ooXD4p49Se8+TdOHgdNLGgoqrrp7vJjKQy67reztLyyurae2chubm3v7Ob29msmSjSHKo9kpBs+MyBFCFUUKKERa2DKl1D3B9djv34P2ogorOAwhrZivVAEgjO0Uid32EJ4QK3S20T5oGkU0ArtMQQz6uTybsGdgC4Sb0byZIZyJ/fV6kY8URAil8yYpufG2E6ZRsEljLKtxEDM+ID1oGlpyBSYdjr5YURPrNKlQaRthUgn6u+JlCljhsq3nYph38x7Y/E/r5lgcNlORRgnCCGfLgoSSTGi40BoV2jgKIeWMK6FvZXyPtOMo40ta0Pw5l9eJLWzglcsFO/O86WrWRwZckSOySnxyAUpkRtSJlXCySN5Jq/kzXlyXpx352PauuTMZg7IHzifP/A8l7g=</latexit>

Number of T gates
<latexit sha1_base64="GCtQKS+mttFLIJJIGsgLoJfH0Bw=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9gViR6DXjxJBPOAJITZSW8yZGZ3nekVwxK8+CtePCji1a/w5t84eRw0saChqOqmu8uPpTDout/OwuLS8spqZi27vrG5tZ3b2a2aKNEcKjySka77zIAUIVRQoIR6rIEpX0LN71+O/No9aCOi8BYHMbQU64YiEJyhldq5/SbCA2qVXifKB02jgN4lvkAzbOfybsEdg84Tb0ryZIpyO/fV7EQ8URAil8yYhufG2EqZRsElDLPNxEDMeJ91oWFpyBSYVjp+YUiPrNKhQaRthUjH6u+JlCljBsq3nYphz8x6I/E/r5FgcN5KRRgnCCGfLAoSSTGiozxoR2jgKAeWMK6FvZXyHtOMo00ta0PwZl+eJ9WTglcsFG9O86WLaRwZckAOyTHxyBkpkStSJhXCySN5Jq/kzXlyXpx352PSuuBMZ/bIHzifP9wxl74=</latexit>

Number of qubits

<latexit sha1_base64="ZCpY2FP3+G3tOFqpWZ8WbowxSgA=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAYhgoTdINFj1IsgSATzgCSE2ckkGTIzu8z0imHJzYu/4sWDIl79BW/+jZPHQRMLGoqqbrq7/FBwA6777SQWFpeWV5KrqbX1jc2t9PZOxQSRpqxMAxHomk8ME1yxMnAQrBZqRqQvWNXvX4786j3ThgfqDgYha0rSVbzDKQErtdL7DWAPoGV8TdQxviESZ/Nu3jvC57rGK8NWOuPm3DHwPPGmJIOmKLXSX412QCPJFFBBjKl7bgjNmGjgVLBhqhEZFhLaJ11Wt1QRyUwzHv8xxIdWaeNOoG0pwGP190RMpDED6dtOSaBnZr2R+J9Xj6Bz1oy5CiNgik4WdSKBIcCjUHCba0ZBDCwhVHN7K6Y9ogkFG13KhuDNvjxPKvmcV8gVbk8yxYtpHEm0hw5QFnnoFBXRFSqhMqLoET2jV/TmPDkvzrvzMWlNONOZXfQHzucPAueXfA==</latexit>

Kan, Nam (2021) ArXiV
<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>↭

<latexit sha1_base64="KLB0OFaTvzBwAY9QDUntKfL5f2Y=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIdVNmxFaXRTfurGAf0I4lk2ba0MyDJCPUYfBX3LhQxK3/4c6/MdN2oa0HAodz7uWeHDfiTCrL+jZyS8srq2v59cLG5tb2jrm715RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3SV+a0HKiQLgzs1jqjj40HAPEaw0lLPPOj6WA0J5slNWrKt+6RSSU96ZtEqWxOgRWLPSBFmqPfMr24/JLFPA0U4lrJjW5FyEiwUI5ymhW4saYTJCA9oR9MA+1Q6ySR9io610kdeKPQLFJqovzcS7Es59l09mWWV814m/ud1YuVdOAkLoljRgEwPeTFHKkRZFajPBCWKjzXBRDCdFZEhFpgoXVhBl2DPf3mRNE/LdrVcvT0r1i5ndeThEI6gBDacQw2uoQ4NIPAIz/AKb8aT8WK8Gx/T0Zwx29mHPzA+fwA0/JRt</latexit>

O(1055)
<latexit sha1_base64="Z7j1uHKNDp8un2j0uuUPg9yFYlI=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBahbkoiUrssunFnBfuANpbJdNIOnTyYmQgh1F9x40IRt36IO//GSZuFth4YOJxzL/fMcSPOpLKsb6Owtr6xuVXcLu3s7u0fmIdHHRnGgtA2CXkoei6WlLOAthVTnPYiQbHvctp1p9eZ332kQrIwuFdJRB0fjwPmMYKVloZmeeBjNSGYp7ezqm09pI3Z2dCsWDVrDrRK7JxUIEdraH4NRiGJfRoowrGUfduKlJNioRjhdFYaxJJGmEzxmPY1DbBPpZPOw8/QqVZGyAuFfoFCc/X3Rop9KRPf1ZNZVLnsZeJ/Xj9WXsNJWRDFigZkcciLOVIhyppAIyYoUTzRBBPBdFZEJlhgonRfJV2CvfzlVdI5r9n1Wv3uotK8yusowjGcQBVsuIQm3EAL2kAggWd4hTfjyXgx3o2PxWjByHfK8AfG5w+9hpQx</latexit>

O(108)
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<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>↭ Time Evolution,  lattice (position space)103 <latexit sha1_base64="2HreM8PABnbAWZLHEbDJMFkmRZg=">AAAB8HicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPRi8cK9kPaUDbbSbt0dxN2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqmTjVDJosFrHuhNSA4AqayFFAJ9FAZSigHY5vZ377CbThsXrASQKBpEPFI84oWumxh5pTNRTQL1e8qjeHu0r8nFRIjka//NUbxCyVoJAJakzX9xIMMqqRMwHTUi81kFA2pkPoWqqoBBNk84On7plVBm4Ua1sK3bn6eyKj0piJDG2npDgyy95M/M/rphhdBxlXSYqg2GJRlAoXY3f2vTvgGhiKiSWUaW5vddmIasrQZlSyIfjLL6+S1kXVr1Vr95eV+k0eR5GckFNyTnxyRerkjjRIkzAiyTN5JW+Odl6cd+dj0Vpw8plj8gfO5w8EQZCR</latexit>→Eigenstate estimation,  lattice (momentum space)103

<latexit sha1_base64="CvZQA74Q8H2hgaVbT3RJ5tHuQBo=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHZFosegF08SIS9IQpid9CZDZnaXmV4xLAEv/ooXD4p49Se8+TdOHgdNLGgoqrrp7vJjKQy67reztLyyurae2chubm3v7Ob29msmSjSHKo9kpBs+MyBFCFUUKKERa2DKl1D3B9djv34P2ogorOAwhrZivVAEgjO0Uid32EJ4QK3S20T5oGkU0ArtMQQz6uTybsGdgC4Sb0byZIZyJ/fV6kY8URAil8yYpufG2E6ZRsEljLKtxEDM+ID1oGlpyBSYdjr5YURPrNKlQaRthUgn6u+JlCljhsq3nYph38x7Y/E/r5lgcNlORRgnCCGfLgoSSTGi40BoV2jgKIeWMK6FvZXyPtOMo40ta0Pw5l9eJLWzglcsFO/O86WrWRwZckSOySnxyAUpkRtSJlXCySN5Jq/kzXlyXpx352PauuTMZg7IHzifP/A8l7g=</latexit>

Number of T gates
<latexit sha1_base64="CvZQA74Q8H2hgaVbT3RJ5tHuQBo=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHZFosegF08SIS9IQpid9CZDZnaXmV4xLAEv/ooXD4p49Se8+TdOHgdNLGgoqrrp7vJjKQy67reztLyyurae2chubm3v7Ob29msmSjSHKo9kpBs+MyBFCFUUKKERa2DKl1D3B9djv34P2ogorOAwhrZivVAEgjO0Uid32EJ4QK3S20T5oGkU0ArtMQQz6uTybsGdgC4Sb0byZIZyJ/fV6kY8URAil8yYpufG2E6ZRsEljLKtxEDM+ID1oGlpyBSYdjr5YURPrNKlQaRthUgn6u+JlCljhsq3nYph38x7Y/E/r5lgcNlORRgnCCGfLgoSSTGi40BoV2jgKIeWMK6FvZXyPtOMo40ta0Pw5l9eJLWzglcsFO/O86WrWRwZckSOySnxyAUpkRtSJlXCySN5Jq/kzXlyXpx352PauuTMZg7IHzifP/A8l7g=</latexit>

Number of T gates
<latexit sha1_base64="GCtQKS+mttFLIJJIGsgLoJfH0Bw=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9gViR6DXjxJBPOAJITZSW8yZGZ3nekVwxK8+CtePCji1a/w5t84eRw0saChqOqmu8uPpTDout/OwuLS8spqZi27vrG5tZ3b2a2aKNEcKjySka77zIAUIVRQoIR6rIEpX0LN71+O/No9aCOi8BYHMbQU64YiEJyhldq5/SbCA2qVXifKB02jgN4lvkAzbOfybsEdg84Tb0ryZIpyO/fV7EQ8URAil8yYhufG2EqZRsElDLPNxEDMeJ91oWFpyBSYVjp+YUiPrNKhQaRthUjH6u+JlCljBsq3nYphz8x6I/E/r5FgcN5KRRgnCCGfLAoSSTGiozxoR2jgKAeWMK6FvZXyHtOMo00ta0PwZl+eJ9WTglcsFG9O86WLaRwZckAOyTHxyBkpkStSJhXCySN5Jq/kzXlyXpx352PSuuBMZ/bIHzifP9wxl74=</latexit>

Number of qubits

<latexit sha1_base64="/5B1zIANJ5ao/8LmVJ/BWAAKSBE=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBEkDAT3I5xOXiSiEYDSQg9nUrSpGehu0YchvyCF3/FiwdFvHrz5t/YiXPQ6IOCx3tVVNVzQyk02vanlZmanpmdy87nFhaXllfyq2vXOogUhxoPZKDqLtMghQ81FCihHipgnivhxh2cjPybW1BaBP4VxiG0PNbzRVdwhkZq54tNhDtUXnLKboOoI3boJap4AIoWy3Z5b5seVS/p6Xl12M4X7JI9Bv1LnJQUSIpqO//R7AQ88sBHLpnWDccOsZUwhYJLGOaakYaQ8QHrQcNQn3mgW8n4oyHdMkqHdgNlykc6Vn9OJMzTOvZc0+kx7OtJbyT+5zUi7B62EuGHEYLPvxd1I0kxoKN4aEco4ChjQxhXwtxKeZ8pxtGEmDMhOJMv/yXX5ZKzX9q/2C1UjtM4smSDbJIiccgBqZAzUiU1wsk9eSTP5MV6sJ6sV+vtuzVjpTPr5Bes9y+OtZuK</latexit>

Davoudi, Stryker (2025) APS DNP
<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>↭

<latexit sha1_base64="DkS8mbGInBlTzB53uAzBnyzr69k=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIdVNmVKruim7cWcE+oB1LJk3b0MyDJCPUYfBX3LhQxK3/4c6/MdPOQlsPBA7n3Ms9OW7ImVSW9W3kFhaXllfyq4W19Y3NLXN7pyGDSBBaJwEPRMvFknLm07piitNWKCj2XE6b7ugq9ZsPVEgW+HdqHFLHwwOf9RnBSktdc6/jYTUkmMc3Scm27uOTi+SoaxatsjUBmid2RoqQodY1vzq9gEQe9RXhWMq2bYXKibFQjHCaFDqRpCEmIzygbU197FHpxJP0CTrUSg/1A6Gfr9BE/b0RY0/KsefqyTSrnPVS8T+vHan+uRMzP4wU9cn0UD/iSAUorQL1mKBE8bEmmAimsyIyxAITpQsr6BLs2S/Pk8Zx2a6UK7enxeplVkce9uEASmDDGVThGmpQBwKP8Ayv8GY8GS/Gu/ExHc0Z2c4u/IHx+QM4BpRv</latexit>

O(1039)

<latexit sha1_base64="ZCpY2FP3+G3tOFqpWZ8WbowxSgA=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAYhgoTdINFj1IsgSATzgCSE2ckkGTIzu8z0imHJzYu/4sWDIl79BW/+jZPHQRMLGoqqbrq7/FBwA6777SQWFpeWV5KrqbX1jc2t9PZOxQSRpqxMAxHomk8ME1yxMnAQrBZqRqQvWNXvX4786j3ThgfqDgYha0rSVbzDKQErtdL7DWAPoGV8TdQxviESZ/Nu3jvC57rGK8NWOuPm3DHwPPGmJIOmKLXSX412QCPJFFBBjKl7bgjNmGjgVLBhqhEZFhLaJ11Wt1QRyUwzHv8xxIdWaeNOoG0pwGP190RMpDED6dtOSaBnZr2R+J9Xj6Bz1oy5CiNgik4WdSKBIcCjUHCba0ZBDCwhVHN7K6Y9ogkFG13KhuDNvjxPKvmcV8gVbk8yxYtpHEm0hw5QFnnoFBXRFSqhMqLoET2jV/TmPDkvzrvzMWlNONOZXfQHzucPAueXfA==</latexit>

Kan, Nam (2021) ArXiV
<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>↭

<latexit sha1_base64="KLB0OFaTvzBwAY9QDUntKfL5f2Y=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIdVNmxFaXRTfurGAf0I4lk2ba0MyDJCPUYfBX3LhQxK3/4c6/MdN2oa0HAodz7uWeHDfiTCrL+jZyS8srq2v59cLG5tb2jrm715RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3SV+a0HKiQLgzs1jqjj40HAPEaw0lLPPOj6WA0J5slNWrKt+6RSSU96ZtEqWxOgRWLPSBFmqPfMr24/JLFPA0U4lrJjW5FyEiwUI5ymhW4saYTJCA9oR9MA+1Q6ySR9io610kdeKPQLFJqovzcS7Es59l09mWWV814m/ud1YuVdOAkLoljRgEwPeTFHKkRZFajPBCWKjzXBRDCdFZEhFpgoXVhBl2DPf3mRNE/LdrVcvT0r1i5ndeThEI6gBDacQw2uoQ4NIPAIz/AKb8aT8WK8Gx/T0Zwx29mHPzA+fwA0/JRt</latexit>

O(1055)
<latexit sha1_base64="Z7j1uHKNDp8un2j0uuUPg9yFYlI=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBahbkoiUrssunFnBfuANpbJdNIOnTyYmQgh1F9x40IRt36IO//GSZuFth4YOJxzL/fMcSPOpLKsb6Owtr6xuVXcLu3s7u0fmIdHHRnGgtA2CXkoei6WlLOAthVTnPYiQbHvctp1p9eZ332kQrIwuFdJRB0fjwPmMYKVloZmeeBjNSGYp7ezqm09pI3Z2dCsWDVrDrRK7JxUIEdraH4NRiGJfRoowrGUfduKlJNioRjhdFYaxJJGmEzxmPY1DbBPpZPOw8/QqVZGyAuFfoFCc/X3Rop9KRPf1ZNZVLnsZeJ/Xj9WXsNJWRDFigZkcciLOVIhyppAIyYoUTzRBBPBdFZEJlhgonRfJV2CvfzlVdI5r9n1Wv3uotK8yusowjGcQBVsuIQm3EAL2kAggWd4hTfjyXgx3o2PxWjByHfK8AfG5w+9hpQx</latexit>

O(108)
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<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>↭ Time Evolution,  lattice (position space)103 <latexit sha1_base64="2HreM8PABnbAWZLHEbDJMFkmRZg=">AAAB8HicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPRi8cK9kPaUDbbSbt0dxN2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqmTjVDJosFrHuhNSA4AqayFFAJ9FAZSigHY5vZ377CbThsXrASQKBpEPFI84oWumxh5pTNRTQL1e8qjeHu0r8nFRIjka//NUbxCyVoJAJakzX9xIMMqqRMwHTUi81kFA2pkPoWqqoBBNk84On7plVBm4Ua1sK3bn6eyKj0piJDG2npDgyy95M/M/rphhdBxlXSYqg2GJRlAoXY3f2vTvgGhiKiSWUaW5vddmIasrQZlSyIfjLL6+S1kXVr1Vr95eV+k0eR5GckFNyTnxyRerkjjRIkzAiyTN5JW+Odl6cd+dj0Vpw8plj8gfO5w8EQZCR</latexit>→Eigenstate estimation,  lattice (momentum space)103

<latexit sha1_base64="CvZQA74Q8H2hgaVbT3RJ5tHuQBo=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHZFosegF08SIS9IQpid9CZDZnaXmV4xLAEv/ooXD4p49Se8+TdOHgdNLGgoqrrp7vJjKQy67reztLyyurae2chubm3v7Ob29msmSjSHKo9kpBs+MyBFCFUUKKERa2DKl1D3B9djv34P2ogorOAwhrZivVAEgjO0Uid32EJ4QK3S20T5oGkU0ArtMQQz6uTybsGdgC4Sb0byZIZyJ/fV6kY8URAil8yYpufG2E6ZRsEljLKtxEDM+ID1oGlpyBSYdjr5YURPrNKlQaRthUgn6u+JlCljhsq3nYph38x7Y/E/r5lgcNlORRgnCCGfLgoSSTGi40BoV2jgKIeWMK6FvZXyPtOMo40ta0Pw5l9eJLWzglcsFO/O86WrWRwZckSOySnxyAUpkRtSJlXCySN5Jq/kzXlyXpx352PauuTMZg7IHzifP/A8l7g=</latexit>

Number of T gates
<latexit sha1_base64="CvZQA74Q8H2hgaVbT3RJ5tHuQBo=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHZFosegF08SIS9IQpid9CZDZnaXmV4xLAEv/ooXD4p49Se8+TdOHgdNLGgoqrrp7vJjKQy67reztLyyurae2chubm3v7Ob29msmSjSHKo9kpBs+MyBFCFUUKKERa2DKl1D3B9djv34P2ogorOAwhrZivVAEgjO0Uid32EJ4QK3S20T5oGkU0ArtMQQz6uTybsGdgC4Sb0byZIZyJ/fV6kY8URAil8yYpufG2E6ZRsEljLKtxEDM+ID1oGlpyBSYdjr5YURPrNKlQaRthUgn6u+JlCljhsq3nYph38x7Y/E/r5lgcNlORRgnCCGfLgoSSTGi40BoV2jgKIeWMK6FvZXyPtOMo40ta0Pw5l9eJLWzglcsFO/O86WrWRwZckSOySnxyAUpkRtSJlXCySN5Jq/kzXlyXpx352PauuTMZg7IHzifP/A8l7g=</latexit>

Number of T gates
<latexit sha1_base64="GCtQKS+mttFLIJJIGsgLoJfH0Bw=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9gViR6DXjxJBPOAJITZSW8yZGZ3nekVwxK8+CtePCji1a/w5t84eRw0saChqOqmu8uPpTDout/OwuLS8spqZi27vrG5tZ3b2a2aKNEcKjySka77zIAUIVRQoIR6rIEpX0LN71+O/No9aCOi8BYHMbQU64YiEJyhldq5/SbCA2qVXifKB02jgN4lvkAzbOfybsEdg84Tb0ryZIpyO/fV7EQ8URAil8yYhufG2EqZRsElDLPNxEDMeJ91oWFpyBSYVjp+YUiPrNKhQaRthUjH6u+JlCljBsq3nYphz8x6I/E/r5FgcN5KRRgnCCGfLAoSSTGiozxoR2jgKAeWMK6FvZXyHtOMo00ta0PwZl+eJ9WTglcsFG9O86WLaRwZckAOyTHxyBkpkStSJhXCySN5Jq/kzXlyXpx352PSuuBMZ/bIHzifP9wxl74=</latexit>

Number of qubits

<latexit sha1_base64="/5B1zIANJ5ao/8LmVJ/BWAAKSBE=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBEkDAT3I5xOXiSiEYDSQg9nUrSpGehu0YchvyCF3/FiwdFvHrz5t/YiXPQ6IOCx3tVVNVzQyk02vanlZmanpmdy87nFhaXllfyq2vXOogUhxoPZKDqLtMghQ81FCihHipgnivhxh2cjPybW1BaBP4VxiG0PNbzRVdwhkZq54tNhDtUXnLKboOoI3boJap4AIoWy3Z5b5seVS/p6Xl12M4X7JI9Bv1LnJQUSIpqO//R7AQ88sBHLpnWDccOsZUwhYJLGOaakYaQ8QHrQcNQn3mgW8n4oyHdMkqHdgNlykc6Vn9OJMzTOvZc0+kx7OtJbyT+5zUi7B62EuGHEYLPvxd1I0kxoKN4aEco4ChjQxhXwtxKeZ8pxtGEmDMhOJMv/yXX5ZKzX9q/2C1UjtM4smSDbJIiccgBqZAzUiU1wsk9eSTP5MV6sJ6sV+vtuzVjpTPr5Bes9y+OtZuK</latexit>

Davoudi, Stryker (2025) APS DNP
<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>↭

<latexit sha1_base64="DkS8mbGInBlTzB53uAzBnyzr69k=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIdVNmVKruim7cWcE+oB1LJk3b0MyDJCPUYfBX3LhQxK3/4c6/MdPOQlsPBA7n3Ms9OW7ImVSW9W3kFhaXllfyq4W19Y3NLXN7pyGDSBBaJwEPRMvFknLm07piitNWKCj2XE6b7ugq9ZsPVEgW+HdqHFLHwwOf9RnBSktdc6/jYTUkmMc3Scm27uOTi+SoaxatsjUBmid2RoqQodY1vzq9gEQe9RXhWMq2bYXKibFQjHCaFDqRpCEmIzygbU197FHpxJP0CTrUSg/1A6Gfr9BE/b0RY0/KsefqyTSrnPVS8T+vHan+uRMzP4wU9cn0UD/iSAUorQL1mKBE8bEmmAimsyIyxAITpQsr6BLs2S/Pk8Zx2a6UK7enxeplVkce9uEASmDDGVThGmpQBwKP8Ayv8GY8GS/Gu/ExHc0Z2c4u/IHx+QM4BpRv</latexit>

O(1039)

<latexit sha1_base64="9Nxg2kvZIY8KJ6KDCJlDK9WvBLY="></latexit>

Rhodes, Kreshchuk, Pathak (2024) Phys. Rev. D
<latexit sha1_base64="9Nxg2kvZIY8KJ6KDCJlDK9WvBLY="></latexit>

Rhodes, Kreshchuk, Pathak (2024) Phys. Rev. D
<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>↭

<latexit sha1_base64="UNRLxEQQ7u2c3MKp+t83olet4Ww=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIdVNmitQui27cWcE+oB1LJk3b0MyDJCPUYfBX3LhQxK3/4c6/MdPOQlsPBA7n3Ms9OW7ImVSW9W3kVlbX1jfym4Wt7Z3dPXP/oCWDSBDaJAEPRMfFknLm06ZiitNOKCj2XE7b7uQq9dsPVEgW+HdqGlLHwyOfDRnBSkt986jnYTUmmMc3Scm27uNKLTnrm0WrbM2AlomdkSJkaPTNr94gIJFHfUU4lrJrW6FyYiwUI5wmhV4kaYjJBI9oV1Mfe1Q68Sx9gk61MkDDQOjnKzRTf2/E2JNy6rl6Ms0qF71U/M/rRmpYc2Lmh5GiPpkfGkYcqQClVaABE5QoPtUEE8F0VkTGWGCidGEFXYK9+OVl0qqU7Wq5enterF9mdeThGE6gBDZcQB2uoQFNIPAIz/AKb8aT8WK8Gx/z0ZyR7RzCHxifPzT5lG0=</latexit>

O(1028)
<latexit sha1_base64="BXSrqAomkFAMPR4nyy+9YRg8kBY=">AAACDnicbVA9TwJBEN3DL8SvU0ubjYQEG3JnDFoSbezERD4SQLK3LLBhb+/cnTOSy/0CG/+KjYXG2Frb+W/cAwoFXzLJy3szmZnnhYJrcJxvK7O0vLK6ll3PbWxube/Yu3t1HUSKshoNRKCaHtFMcMlqwEGwZqgY8T3BGt7oIvUb90xpHsgbGIes45OB5H1OCRipaxfaPoEhJSK+Soqucxu7TnKE28AeQPkxvos8Djrp2nmn5EyAF4k7I3k0Q7Vrf7V7AY18JoEKonXLdULoxEQBp4IluXakWUjoiAxYy1BJfKY78eSdBBeM0sP9QJmSgCfq74mY+FqPfc90psfreS8V//NaEfTPOjGXYQRM0umifiQwBDjNBve4YhTE2BBCFTe3YjokilAwCeZMCO78y4ukflxyy6Xy9Um+cj6LI4sO0CEqIhedogq6RFVUQxQ9omf0it6sJ+vFerc+pq0Zazazj/7A+vwBnNub3g==</latexit>

O(1010) qubits

<latexit sha1_base64="ZCpY2FP3+G3tOFqpWZ8WbowxSgA=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAYhgoTdINFj1IsgSATzgCSE2ckkGTIzu8z0imHJzYu/4sWDIl79BW/+jZPHQRMLGoqqbrq7/FBwA6777SQWFpeWV5KrqbX1jc2t9PZOxQSRpqxMAxHomk8ME1yxMnAQrBZqRqQvWNXvX4786j3ThgfqDgYha0rSVbzDKQErtdL7DWAPoGV8TdQxviESZ/Nu3jvC57rGK8NWOuPm3DHwPPGmJIOmKLXSX412QCPJFFBBjKl7bgjNmGjgVLBhqhEZFhLaJ11Wt1QRyUwzHv8xxIdWaeNOoG0pwGP190RMpDED6dtOSaBnZr2R+J9Xj6Bz1oy5CiNgik4WdSKBIcCjUHCba0ZBDCwhVHN7K6Y9ogkFG13KhuDNvjxPKvmcV8gVbk8yxYtpHEm0hw5QFnnoFBXRFSqhMqLoET2jV/TmPDkvzrvzMWlNONOZXfQHzucPAueXfA==</latexit>

Kan, Nam (2021) ArXiV
<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>↭

<latexit sha1_base64="KLB0OFaTvzBwAY9QDUntKfL5f2Y=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIdVNmxFaXRTfurGAf0I4lk2ba0MyDJCPUYfBX3LhQxK3/4c6/MdN2oa0HAodz7uWeHDfiTCrL+jZyS8srq2v59cLG5tb2jrm715RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3SV+a0HKiQLgzs1jqjj40HAPEaw0lLPPOj6WA0J5slNWrKt+6RSSU96ZtEqWxOgRWLPSBFmqPfMr24/JLFPA0U4lrJjW5FyEiwUI5ymhW4saYTJCA9oR9MA+1Q6ySR9io610kdeKPQLFJqovzcS7Es59l09mWWV814m/ud1YuVdOAkLoljRgEwPeTFHKkRZFajPBCWKjzXBRDCdFZEhFpgoXVhBl2DPf3mRNE/LdrVcvT0r1i5ndeThEI6gBDacQw2uoQ4NIPAIz/AKb8aT8WK8Gx/T0Zwx29mHPzA+fwA0/JRt</latexit>

O(1055)
<latexit sha1_base64="Z7j1uHKNDp8un2j0uuUPg9yFYlI=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBahbkoiUrssunFnBfuANpbJdNIOnTyYmQgh1F9x40IRt36IO//GSZuFth4YOJxzL/fMcSPOpLKsb6Owtr6xuVXcLu3s7u0fmIdHHRnGgtA2CXkoei6WlLOAthVTnPYiQbHvctp1p9eZ332kQrIwuFdJRB0fjwPmMYKVloZmeeBjNSGYp7ezqm09pI3Z2dCsWDVrDrRK7JxUIEdraH4NRiGJfRoowrGUfduKlJNioRjhdFYaxJJGmEzxmPY1DbBPpZPOw8/QqVZGyAuFfoFCc/X3Rop9KRPf1ZNZVLnsZeJ/Xj9WXsNJWRDFigZkcciLOVIhyppAIyYoUTzRBBPBdFZEJlhgonRfJV2CvfzlVdI5r9n1Wv3uotK8yusowjGcQBVsuIQm3EAL2kAggWd4hTfjyXgx3o2PxWjByHfK8AfG5w+9hpQx</latexit>

O(108)
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<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>↭ Time Evolution,  lattice (position space)103 <latexit sha1_base64="2HreM8PABnbAWZLHEbDJMFkmRZg=">AAAB8HicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPRi8cK9kPaUDbbSbt0dxN2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqmTjVDJosFrHuhNSA4AqayFFAJ9FAZSigHY5vZ377CbThsXrASQKBpEPFI84oWumxh5pTNRTQL1e8qjeHu0r8nFRIjka//NUbxCyVoJAJakzX9xIMMqqRMwHTUi81kFA2pkPoWqqoBBNk84On7plVBm4Ua1sK3bn6eyKj0piJDG2npDgyy95M/M/rphhdBxlXSYqg2GJRlAoXY3f2vTvgGhiKiSWUaW5vddmIasrQZlSyIfjLL6+S1kXVr1Vr95eV+k0eR5GckFNyTnxyRerkjjRIkzAiyTN5JW+Odl6cd+dj0Vpw8plj8gfO5w8EQZCR</latexit>→Eigenstate estimation,  lattice (momentum space)103

<latexit sha1_base64="CvZQA74Q8H2hgaVbT3RJ5tHuQBo=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHZFosegF08SIS9IQpid9CZDZnaXmV4xLAEv/ooXD4p49Se8+TdOHgdNLGgoqrrp7vJjKQy67reztLyyurae2chubm3v7Ob29msmSjSHKo9kpBs+MyBFCFUUKKERa2DKl1D3B9djv34P2ogorOAwhrZivVAEgjO0Uid32EJ4QK3S20T5oGkU0ArtMQQz6uTybsGdgC4Sb0byZIZyJ/fV6kY8URAil8yYpufG2E6ZRsEljLKtxEDM+ID1oGlpyBSYdjr5YURPrNKlQaRthUgn6u+JlCljhsq3nYph38x7Y/E/r5lgcNlORRgnCCGfLgoSSTGi40BoV2jgKIeWMK6FvZXyPtOMo40ta0Pw5l9eJLWzglcsFO/O86WrWRwZckSOySnxyAUpkRtSJlXCySN5Jq/kzXlyXpx352PauuTMZg7IHzifP/A8l7g=</latexit>

Number of T gates
<latexit sha1_base64="CvZQA74Q8H2hgaVbT3RJ5tHuQBo=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0HwFHZFosegF08SIS9IQpid9CZDZnaXmV4xLAEv/ooXD4p49Se8+TdOHgdNLGgoqrrp7vJjKQy67reztLyyurae2chubm3v7Ob29msmSjSHKo9kpBs+MyBFCFUUKKERa2DKl1D3B9djv34P2ogorOAwhrZivVAEgjO0Uid32EJ4QK3S20T5oGkU0ArtMQQz6uTybsGdgC4Sb0byZIZyJ/fV6kY8URAil8yYpufG2E6ZRsEljLKtxEDM+ID1oGlpyBSYdjr5YURPrNKlQaRthUgn6u+JlCljhsq3nYph38x7Y/E/r5lgcNlORRgnCCGfLgoSSTGi40BoV2jgKIeWMK6FvZXyPtOMo40ta0Pw5l9eJLWzglcsFO/O86WrWRwZckSOySnxyAUpkRtSJlXCySN5Jq/kzXlyXpx352PauuTMZg7IHzifP/A8l7g=</latexit>

Number of T gates
<latexit sha1_base64="GCtQKS+mttFLIJJIGsgLoJfH0Bw=">AAACAnicbVDLSgNBEJz1GeMr6km8DAbBU9gViR6DXjxJBPOAJITZSW8yZGZ3nekVwxK8+CtePCji1a/w5t84eRw0saChqOqmu8uPpTDout/OwuLS8spqZi27vrG5tZ3b2a2aKNEcKjySka77zIAUIVRQoIR6rIEpX0LN71+O/No9aCOi8BYHMbQU64YiEJyhldq5/SbCA2qVXifKB02jgN4lvkAzbOfybsEdg84Tb0ryZIpyO/fV7EQ8URAil8yYhufG2EqZRsElDLPNxEDMeJ91oWFpyBSYVjp+YUiPrNKhQaRthUjH6u+JlCljBsq3nYphz8x6I/E/r5FgcN5KRRgnCCGfLAoSSTGiozxoR2jgKAeWMK6FvZXyHtOMo00ta0PwZl+eJ9WTglcsFG9O86WLaRwZckAOyTHxyBkpkStSJhXCySN5Jq/kzXlyXpx352PSuuBMZ/bIHzifP9wxl74=</latexit>

Number of qubits

<latexit sha1_base64="/5B1zIANJ5ao/8LmVJ/BWAAKSBE=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBEkDAT3I5xOXiSiEYDSQg9nUrSpGehu0YchvyCF3/FiwdFvHrz5t/YiXPQ6IOCx3tVVNVzQyk02vanlZmanpmdy87nFhaXllfyq2vXOogUhxoPZKDqLtMghQ81FCihHipgnivhxh2cjPybW1BaBP4VxiG0PNbzRVdwhkZq54tNhDtUXnLKboOoI3boJap4AIoWy3Z5b5seVS/p6Xl12M4X7JI9Bv1LnJQUSIpqO//R7AQ88sBHLpnWDccOsZUwhYJLGOaakYaQ8QHrQcNQn3mgW8n4oyHdMkqHdgNlykc6Vn9OJMzTOvZc0+kx7OtJbyT+5zUi7B62EuGHEYLPvxd1I0kxoKN4aEco4ChjQxhXwtxKeZ8pxtGEmDMhOJMv/yXX5ZKzX9q/2C1UjtM4smSDbJIiccgBqZAzUiU1wsk9eSTP5MV6sJ6sV+vtuzVjpTPr5Bes9y+OtZuK</latexit>

Davoudi, Stryker (2025) APS DNP
<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>↭

<latexit sha1_base64="DkS8mbGInBlTzB53uAzBnyzr69k=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIdVNmVKruim7cWcE+oB1LJk3b0MyDJCPUYfBX3LhQxK3/4c6/MdPOQlsPBA7n3Ms9OW7ImVSW9W3kFhaXllfyq4W19Y3NLXN7pyGDSBBaJwEPRMvFknLm07piitNWKCj2XE6b7ugq9ZsPVEgW+HdqHFLHwwOf9RnBSktdc6/jYTUkmMc3Scm27uOTi+SoaxatsjUBmid2RoqQodY1vzq9gEQe9RXhWMq2bYXKibFQjHCaFDqRpCEmIzygbU197FHpxJP0CTrUSg/1A6Gfr9BE/b0RY0/KsefqyTSrnPVS8T+vHan+uRMzP4wU9cn0UD/iSAUorQL1mKBE8bEmmAimsyIyxAITpQsr6BLs2S/Pk8Zx2a6UK7enxeplVkce9uEASmDDGVThGmpQBwKP8Ayv8GY8GS/Gu/ExHc0Z2c4u/IHx+QM4BpRv</latexit>

O(1039)

<latexit sha1_base64="9Nxg2kvZIY8KJ6KDCJlDK9WvBLY="></latexit>

Rhodes, Kreshchuk, Pathak (2024) Phys. Rev. D
<latexit sha1_base64="9Nxg2kvZIY8KJ6KDCJlDK9WvBLY="></latexit>

Rhodes, Kreshchuk, Pathak (2024) Phys. Rev. D
<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>↭

<latexit sha1_base64="UNRLxEQQ7u2c3MKp+t83olet4Ww=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIdVNmitQui27cWcE+oB1LJk3b0MyDJCPUYfBX3LhQxK3/4c6/MdPOQlsPBA7n3Ms9OW7ImVSW9W3kVlbX1jfym4Wt7Z3dPXP/oCWDSBDaJAEPRMfFknLm06ZiitNOKCj2XE7b7uQq9dsPVEgW+HdqGlLHwyOfDRnBSkt986jnYTUmmMc3Scm27uNKLTnrm0WrbM2AlomdkSJkaPTNr94gIJFHfUU4lrJrW6FyYiwUI5wmhV4kaYjJBI9oV1Mfe1Q68Sx9gk61MkDDQOjnKzRTf2/E2JNy6rl6Ms0qF71U/M/rRmpYc2Lmh5GiPpkfGkYcqQClVaABE5QoPtUEE8F0VkTGWGCidGEFXYK9+OVl0qqU7Wq5enterF9mdeThGE6gBDZcQB2uoQFNIPAIz/AKb8aT8WK8Gx/z0ZyR7RzCHxifPzT5lG0=</latexit>

O(1028)
<latexit sha1_base64="BXSrqAomkFAMPR4nyy+9YRg8kBY=">AAACDnicbVA9TwJBEN3DL8SvU0ubjYQEG3JnDFoSbezERD4SQLK3LLBhb+/cnTOSy/0CG/+KjYXG2Frb+W/cAwoFXzLJy3szmZnnhYJrcJxvK7O0vLK6ll3PbWxube/Yu3t1HUSKshoNRKCaHtFMcMlqwEGwZqgY8T3BGt7oIvUb90xpHsgbGIes45OB5H1OCRipaxfaPoEhJSK+Soqucxu7TnKE28AeQPkxvos8Djrp2nmn5EyAF4k7I3k0Q7Vrf7V7AY18JoEKonXLdULoxEQBp4IluXakWUjoiAxYy1BJfKY78eSdBBeM0sP9QJmSgCfq74mY+FqPfc90psfreS8V//NaEfTPOjGXYQRM0umifiQwBDjNBve4YhTE2BBCFTe3YjokilAwCeZMCO78y4ukflxyy6Xy9Um+cj6LI4sO0CEqIhedogq6RFVUQxQ9omf0it6sJ+vFerc+pq0Zazazj/7A+vwBnNub3g==</latexit>

O(1010) qubits

<latexit sha1_base64="0Mgds6r3KFthqFU/j39AS+3hdmE=">AAACI3icbVBNSwMxEM36bf1a9eglWAQFKbsiVTyJHvRYwdpCW0o2nbWhSXZJZsWy9L948a948aAULx78L6a1B78GQl7evJnJvCiVwmIQvHtT0zOzc/MLi4Wl5ZXVNX9948YmmeFQ5YlMTD1iFqTQUEWBEuqpAaYiCbWodz7K1+7AWJHoa+yn0FLsVotYcIaOavsnTYR7NCof31GcX2QWhR5QwBJlku66blIooZnp79MUrHUPp+B7g7ZfDErBOOhfEE5AkUyi0vaHzU7CMwUauWTWNsIgxVbOjGsnYVBoZhZSxnvsFhoOaqbAtvLxjgO645gOjRPjjkY6Zr9X5ExZ21eRUyqGXfs7NyL/yzUyjI9budBphqD516A4kxQTOjKMdoQBjrLvAONGuL9S3mWGcXS2FpwJ4e+V/4Kbg1JYLpWvDounZxM7FsgW2Sa7JCRH5JRckgqpEk4eyBN5Ia/eo/fsDb23L+mUN6nZJD/C+/gEmcyldw==</latexit>

Gustin et. al (preliminary, pessimistic)
<latexit sha1_base64="2HreM8PABnbAWZLHEbDJMFkmRZg=">AAAB8HicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPRi8cK9kPaUDbbSbt0dxN2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqmTjVDJosFrHuhNSA4AqayFFAJ9FAZSigHY5vZ377CbThsXrASQKBpEPFI84oWumxh5pTNRTQL1e8qjeHu0r8nFRIjka//NUbxCyVoJAJakzX9xIMMqqRMwHTUi81kFA2pkPoWqqoBBNk84On7plVBm4Ua1sK3bn6eyKj0piJDG2npDgyy95M/M/rphhdBxlXSYqg2GJRlAoXY3f2vTvgGhiKiSWUaW5vddmIasrQZlSyIfjLL6+S1kXVr1Vr95eV+k0eR5GckFNyTnxyRerkjjRIkzAiyTN5JW+Odl6cd+dj0Vpw8plj8gfO5w8EQZCR</latexit>

→
<latexit sha1_base64="AwY6neM4UrIPo7EnpdMJdR/MHC4=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSklOqy6MadFewD2lgm02k7dDIJMxOhhuCvuHGhiFv/w51/46TNQlsPDBzOuZd75ngho1LZ9reRW1ldW9/Ibxa2tnd298z9g5YMIoFJEwcsEB0PScIoJ01FFSOdUBDke4y0vclV6rcfiJA04HdqGhLXRyNOhxQjpaW+edTzkRpjxOKbpOTY93Glmpz1zaJdtmewlomTkSJkaPTNr94gwJFPuMIMSdl17FC5MRKKYkaSQi+SJER4gkakqylHPpFuPEufWKdaGVjDQOjHlTVTf2/EyJdy6nt6Ms0qF71U/M/rRmp44caUh5EiHM8PDSNmqcBKq7AGVBCs2FQThAXVWS08RgJhpQsr6BKcxS8vk1al7NTKtdtqsX6Z1ZGHYziBEjhwDnW4hgY0AcMjPMMrvBlPxovxbnzMR3NGtnMIf2B8/gAu4ZRp</latexit>

O(1024)
<latexit sha1_base64="u3IhHY4MNm7jeZzX/GDOzrh3fAA=">AAACDXicbVA9TwJBEN3zE/Hr1NJmI5pgQ+6MoiXRxk5M5CMBJHvLAhv29s7dOSO53B+w8a/YWGiMrb2d/8Y9oFDwJZO8vDeTmXleKLgGx/m25uYXFpeWMyvZ1bX1jU17a7uqg0hRVqGBCFTdI5oJLlkFOAhWDxUjvidYzRtcpH7tninNA3kDw5C1fNKTvMspASO17f2mT6BPiYivkrzr3MYnySFuAnsA5cf4LvI46KRt55yCMwKeJe6E5NAE5bb91ewENPKZBCqI1g3XCaEVEwWcCpZkm5FmIaED0mMNQyXxmW7Fo28SfGCUDu4GypQEPFJ/T8TE13roe6YzvV1Pe6n4n9eIoHvWirkMI2CSjhd1I4EhwGk0uMMVoyCGhhCquLkV0z5RhIIJMGtCcKdfniXVo4JbLBSvj3Ol80kcGbSL9lAeuegUldAlKqMKougRPaNX9GY9WS/Wu/Uxbp2zJjM76A+szx8rjpuo</latexit>

O(105) qubits

<latexit sha1_base64="ZCpY2FP3+G3tOFqpWZ8WbowxSgA=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAYhgoTdINFj1IsgSATzgCSE2ckkGTIzu8z0imHJzYu/4sWDIl79BW/+jZPHQRMLGoqqbrq7/FBwA6777SQWFpeWV5KrqbX1jc2t9PZOxQSRpqxMAxHomk8ME1yxMnAQrBZqRqQvWNXvX4786j3ThgfqDgYha0rSVbzDKQErtdL7DWAPoGV8TdQxviESZ/Nu3jvC57rGK8NWOuPm3DHwPPGmJIOmKLXSX412QCPJFFBBjKl7bgjNmGjgVLBhqhEZFhLaJ11Wt1QRyUwzHv8xxIdWaeNOoG0pwGP190RMpDED6dtOSaBnZr2R+J9Xj6Bz1oy5CiNgik4WdSKBIcCjUHCba0ZBDCwhVHN7K6Y9ogkFG13KhuDNvjxPKvmcV8gVbk8yxYtpHEm0hw5QFnnoFBXRFSqhMqLoET2jV/TmPDkvzrvzMWlNONOZXfQHzucPAueXfA==</latexit>

Kan, Nam (2021) ArXiV
<latexit sha1_base64="4poYweML20ZcL/mvtHFeuvvoNE8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU7unHlCrslytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzc+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMficDrpAZMbGEMsXtrYSNqKLM2IRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPH4mej7g=</latexit>↭

<latexit sha1_base64="KLB0OFaTvzBwAY9QDUntKfL5f2Y=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIdVNmxFaXRTfurGAf0I4lk2ba0MyDJCPUYfBX3LhQxK3/4c6/MdN2oa0HAodz7uWeHDfiTCrL+jZyS8srq2v59cLG5tb2jrm715RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3SV+a0HKiQLgzs1jqjj40HAPEaw0lLPPOj6WA0J5slNWrKt+6RSSU96ZtEqWxOgRWLPSBFmqPfMr24/JLFPA0U4lrJjW5FyEiwUI5ymhW4saYTJCA9oR9MA+1Q6ySR9io610kdeKPQLFJqovzcS7Es59l09mWWV814m/ud1YuVdOAkLoljRgEwPeTFHKkRZFajPBCWKjzXBRDCdFZEhFpgoXVhBl2DPf3mRNE/LdrVcvT0r1i5ndeThEI6gBDacQw2uoQ4NIPAIz/AKb8aT8WK8Gx/T0Zwx29mHPzA+fwA0/JRt</latexit>

O(1055)
<latexit sha1_base64="Z7j1uHKNDp8un2j0uuUPg9yFYlI=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBahbkoiUrssunFnBfuANpbJdNIOnTyYmQgh1F9x40IRt36IO//GSZuFth4YOJxzL/fMcSPOpLKsb6Owtr6xuVXcLu3s7u0fmIdHHRnGgtA2CXkoei6WlLOAthVTnPYiQbHvctp1p9eZ332kQrIwuFdJRB0fjwPmMYKVloZmeeBjNSGYp7ezqm09pI3Z2dCsWDVrDrRK7JxUIEdraH4NRiGJfRoowrGUfduKlJNioRjhdFYaxJJGmEzxmPY1DbBPpZPOw8/QqVZGyAuFfoFCc/X3Rop9KRPf1ZNZVLnsZeJ/Xj9WXsNJWRDFigZkcciLOVIhyppAIyYoUTzRBBPBdFZEJlhgonRfJV2CvfzlVdI5r9n1Wv3uotK8yusowjGcQBVsuIQm3EAL2kAggWd4hTfjyXgx3o2PxWjByHfK8AfG5w+9hpQx</latexit>

O(108)
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Part II Quantum Simulation

Part I Renormalized Quantum Field Theory 
Hamiltonians

Prelude Motivation

Part III Results
Part IV Conclusion
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An end-to-end framework for quantum simulation of QFTs

<latexit sha1_base64="6NU4FyKuJ5LU1S/Htdq9ksyhzRk="></latexit>

LOBE→→→→↑ UH(s)
qubitization→→→→→→→↑ WH(s)

<latexit sha1_base64="f/FwAK/02jKqYAj9ncDewf6bfmA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilhx7G/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2J7jeI=</latexit>→Part II:

<latexit sha1_base64="ZVms+i9DNkXm2zjw9R9fIpMnUnc="></latexit>

L
IF→FF
→→→→→↑
Noether

H
Regulate
→→→→→↑ H(sr)

U(s)
→→→↑ H(s, sr)

X(sr)
→→→→↑ H(s)Part I:

<latexit sha1_base64="ZVms+i9DNkXm2zjw9R9fIpMnUnc="></latexit>

L
IF→FF
→→→→→↑
Noether

H
Regulate
→→→→→↑ H(sr)

U(s)
→→→↑ H(s, sr)

X(sr)
→→→→↑ H(s)

<latexit sha1_base64="ZVms+i9DNkXm2zjw9R9fIpMnUnc="></latexit>

L
IF→FF
→→→→→↑
Noether

H
Regulate
→→→→→↑ H(sr)

U(s)
→→→↑ H(s, sr)

X(sr)
→→→→↑ H(s)

<latexit sha1_base64="ZVms+i9DNkXm2zjw9R9fIpMnUnc="></latexit>

L
IF→FF
→→→→→↑
Noether

H
Regulate
→→→→→↑ H(sr)

U(s)
→→→↑ H(s, sr)

X(sr)
→→→→↑ H(s)

<latexit sha1_base64="ZVms+i9DNkXm2zjw9R9fIpMnUnc="></latexit>

L
IF→FF
→→→→→↑
Noether

H
Regulate
→→→→→↑ H(sr)

U(s)
→→→↑ H(s, sr)

X(sr)
→→→→↑ H(s)

<latexit sha1_base64="6NU4FyKuJ5LU1S/Htdq9ksyhzRk="></latexit>

LOBE→→→→↑ UH(s)
qubitization→→→→→→→↑ WH(s)



96

Acknowledgements

Relevant Upcoming Papers:
• Ladder Operator Block Encoding, Simon et al.
• Block-Encoding the Renormalized Yukawa Hamiltonian, Gustin et al.
• Renormalized Yukawa Theory, Sera!n et al.

10

Relevant Talks:
• Sparse Block-Encodings for Linear Combinations of Ladder Operators: Will Simon, 8:24 a.m. Friday Session 

MAR-W16, Convention Center

• Renormalized Hamiltonians for Quantum Field Theories: Kamil Sera!n, 1:30 p.m. Thursday Session APR-W03, Marriott

• Quantum Simulation of Quantum Field Theory on the Light-front: Peter Love, 10:36 a.m. Thursday Session MAR-Q09, 
Convention Center

• Extracting GPDs from experimental data, moments of QCD models and lattice calculations using ML: Gary Goldstein, 
9:42 a.m. Tuesday Session APR-G14, Marriott 

Gary Goldstein Peter Love Kamil Sera!n Will Simon Alexis Ralli

Other Tufts QIQC Talks:
• Calculating the Dissociation Curve of Molecular Nitrogen on a Superconducting Quantum Computer: Alexis Ralli, 8:24 a.m. 

Tuesday Session MAR-F68, Hilton
• Sequence randomization for single qubit gate synthesis: Oliver Maupin, 2:18 p.m. Thursday Session MAR-S34, 

Convention Center
• Generating Cli!ord+T circuit ensembles for Solovay-Kitaev and Randomized Compilation (SKaRC): Terra Colvin 8:12 a.m. 

Thursday Session MAR-Q34, Convention Center
• Demonstration of a CAFQA-bootstrapped Variational Quantum Eigensolver on a trapped-ion quantum computer: Qingfeng 

Wang, 3:48 p.m. Tuesday Session MAR-J16, Convention Center

Relevant Upcoming Papers:
• Ladder Operator Block Encoding, Simon et al.
• Block-Encoding the Renormalized Yukawa Hamiltonian, Gustin et al.
• Renormalized Yukawa Theory, Sera!n et al.

10

Relevant Talks:
• Sparse Block-Encodings for Linear Combinations of Ladder Operators: Will Simon, 8:24 a.m. Friday Session 

MAR-W16, Convention Center

• Renormalized Hamiltonians for Quantum Field Theories: Kamil Sera!n, 1:30 p.m. Thursday Session APR-W03, Marriott

• Quantum Simulation of Quantum Field Theory on the Light-front: Peter Love, 10:36 a.m. Thursday Session MAR-Q09, 
Convention Center

• Extracting GPDs from experimental data, moments of QCD models and lattice calculations using ML: Gary Goldstein, 
9:42 a.m. Tuesday Session APR-G14, Marriott 

Gary Goldstein Peter Love Kamil Sera!n Will Simon Alexis Ralli

Other Tufts QIQC Talks:
• Calculating the Dissociation Curve of Molecular Nitrogen on a Superconducting Quantum Computer: Alexis Ralli, 8:24 a.m. 

Tuesday Session MAR-F68, Hilton
• Sequence randomization for single qubit gate synthesis: Oliver Maupin, 2:18 p.m. Thursday Session MAR-S34, 

Convention Center
• Generating Cli!ord+T circuit ensembles for Solovay-Kitaev and Randomized Compilation (SKaRC): Terra Colvin 8:12 a.m. 

Thursday Session MAR-Q34, Convention Center
• Demonstration of a CAFQA-bootstrapped Variational Quantum Eigensolver on a trapped-ion quantum computer: Qingfeng 

Wang, 3:48 p.m. Tuesday Session MAR-J16, Convention Center

Relevant Upcoming Papers:
• Ladder Operator Block Encoding, Simon et al.
• Block-Encoding the Renormalized Yukawa Hamiltonian, Gustin et al.
• Renormalized Yukawa Theory, Sera!n et al.

10

Relevant Talks:
• Sparse Block-Encodings for Linear Combinations of Ladder Operators: Will Simon, 8:24 a.m. Friday Session 

MAR-W16, Convention Center

• Renormalized Hamiltonians for Quantum Field Theories: Kamil Sera!n, 1:30 p.m. Thursday Session APR-W03, Marriott

• Quantum Simulation of Quantum Field Theory on the Light-front: Peter Love, 10:36 a.m. Thursday Session MAR-Q09, 
Convention Center

• Extracting GPDs from experimental data, moments of QCD models and lattice calculations using ML: Gary Goldstein, 
9:42 a.m. Tuesday Session APR-G14, Marriott 

Gary Goldstein Peter Love Kamil Sera!n Will Simon Alexis Ralli

Other Tufts QIQC Talks:
• Calculating the Dissociation Curve of Molecular Nitrogen on a Superconducting Quantum Computer: Alexis Ralli, 8:24 a.m. 

Tuesday Session MAR-F68, Hilton
• Sequence randomization for single qubit gate synthesis: Oliver Maupin, 2:18 p.m. Thursday Session MAR-S34, 

Convention Center
• Generating Cli!ord+T circuit ensembles for Solovay-Kitaev and Randomized Compilation (SKaRC): Terra Colvin 8:12 a.m. 

Thursday Session MAR-Q34, Convention Center
• Demonstration of a CAFQA-bootstrapped Variational Quantum Eigensolver on a trapped-ion quantum computer: Qingfeng 

Wang, 3:48 p.m. Tuesday Session MAR-J16, Convention Center

May 30th, 2024 34

T

T S
!!

Dr. William A. Simon Dr. Kamil Serafin Dr. Alexis Ralli Prof. Gary R. Goldstein Prof. Peter J. Love



97

Epilogue Backup Slides



Quantum Computing
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3 Parts:

Initialization
<latexit sha1_base64="vnWn/NLImX2+LY230f/1oIaLJvM="></latexit>

|0→→n = |0→ ↑ · · ·↑ |0→︸ ︷︷ ︸
n

<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="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→
<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→
<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→

<latexit sha1_base64="jJ2rrGCBos15Qtaewt3Wo4Vn3WQ=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUSkeix68VjBfkgbymY7aZfubsLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2dZwqig0a81i1Q6KRM4kNwwzHdqKQiJBjKxzdTP3WIyrNYnlvxgkGggwkixglxkoPT15XETng2CuVvYo3g7tM/JyUIUe9V/rq9mOaCpSGcqJ1x/cSE2REGUY5TordVGNC6IgMsGOpJAJ1kM0OnrinVum7UaxsSePO1N8TGRFaj0VoOwUxQ73oTcX/vE5qoqsgYzJJDUo6XxSl3DWxO/3e7TOF1PCxJYQqZm916ZAoQo3NqGhD8BdfXibN84pfrVTvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hzlPPivDsf89YVJ585gj9wPn8AuLuQYA==</latexit>

|0→

Unitary evolution
<latexit sha1_base64="PhJ8L9Vzv/hKhhSintlIpvMJL+M=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRKR6kYounFZwbSFNoTJdNIOnUzCzI1QQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuYe5c8JUcA2O820tLa+srq2XNsqbW9s7u/beflMnmaLMo4lIVDskmgkumQccBGunipE4FKwVDm8mfuuBKc0TeQ+jlPkx6UsecUrASIF96OEr7AWy20tAG+KacQK74lSdKfAicQtSQQUagf1l8jSLmQQqiNYd10nBz4kCTgUbl7uZZimhQ9JnHUMliZn28+n1Y3xilB6OEmVGAp6qvxM5ibUexaHZjAkM9Lw3Ef/zOhlEl37OZZoBk3T2UJQJDAmeVIF7XDEKYmQIoYqbWzEdEEUomMLKpgR3/suLpHlWdWvV2t15pX5d1FFCR+gYnSIXXaA6ukUN5CGKHtEzekVv1pP1Yr1bH7PVJavIHKA/sD5/ANngk5E=</latexit>

U = Un . . . U1U0
<latexit sha1_base64="SC6N8m3goJYw1OmIfEcs1Iu2kok=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhV2RaBm0sYxgHpAsYXZykwyZnV1m7ophyQfY+Cs2ForY+gF2/o2TZAtNPDBwOOdc7twTxFIYdN1vJ7eyura+kd8sbG3v7O4V9w8aJko0hzqPZKRbATMghYI6CpTQijWwMJDQDEbXU795D9qISN3hOAY/ZAMl+oIztFK3WKp3Be0IRTsID6jDNFFimmeSDhgCNYATm3LL7gx0mXgZKZEMtW7xq9OLeBKCQi6ZMW3PjdFPmUbBJUwKncRAzPiIDaBtqWIhGD+dHTOhJ1bp0X6k7VNIZ+rviZSFxozDwCZDhkOz6E3F/7x2gv1LPxUqThAUny/qJ5JiRKfN0J7QwFGOLWFcC/tXyodMM462j4ItwVs8eZk0zspepVy5PS9Vr7I68uSIHJNT4pELUiU3pEbqhJNH8kxeyZvz5Lw4787HPJpzsplD8gfO5w8G5Jui</latexit>

Ui → universal gate set

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

U

Measurement

<latexit sha1_base64="aBGXAX81vBLCLTrrdFrr3ZGjQ5U=">AAACF3icbZDLSsNAFIYnXmu9RV26GSxC3ZSkSHUjlLpxWcFeoKllMp2kQyeTMDMRStq3cOOruHGhiFvd+TZO0iy09cDAz/efw5nzuxGjUlnWt7Gyura+sVnYKm7v7O7tmweHbRnGApMWDlkoui6ShFFOWooqRrqRIChwGem44+vU7zwQIWnI79QkIv0A+Zx6FCOl0cCsNMtONKJn8Ao6DepPHYa4zwhM4dSJJHVEBjLzvjowS1bFygouCzsXJZBXc2B+OcMQxwHhCjMkZc+2ItVPkFAUMzIrOrEkEcJj5JOelhwFRPaT7K4ZPNVkCL1Q6McVzOjviQQFUk4CV3cGSI3kopfC/7xerLzLfkJ5FCvC8XyRFzOoQpiGBIdUEKzYRAuEBdV/hXiEBMJKR1nUIdiLJy+LdrVi1yq12/NSvZHHUQDH4ASUgQ0uQB3cgCZoAQwewTN4BW/Gk/FivBsf89YVI585An/K+PwB0l2fJg==</latexit>

P (ω) =
∣∣∣→ω|ε↑

∣∣∣
2

<latexit sha1_base64="cDlXC8lOzbaZg2NJFTqCpCIqzbw=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCUIFRakChbGIpG2UhMqx3Vaq44d2Q5SlfYLWPgVFgYQYmVm429w2wzQciRL555zr67vCRNGlXacb6uwsrq2vlHcLG1t7+zu2fsHTSVSiYmHBROyHSJFGOXE01Qz0k4kQXHISCscXk/91gORigp+p0cJCWLU5zSiGGkjde3K2E8U9SXifUbgJfTGTl7cZ77QNCYK8knXLjtVZwa4TNyclEGORtf+8nsCpzHhGjOkVMd1Eh1kSGqKGZmU/FSRBOEh6pOOoRyZPUE2O2cCK0bpwUhI87iGM/X3RIZipUZxaDpjpAdq0ZuK/3mdVEcXQUZ5kmrC8XxRlDKoBZxmA3tUEqzZyBCEJTV/hXiAJMLaJFgyIbiLJy+T5mnVrVVrt2fl+lUeRxEcgWNwAlxwDurgBjSABzB4BM/gFbxZT9aL9W59zFsLVj5zCP7A+vwBRbCcRQ==</latexit>

|ω→ = U |0→→n
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<latexit sha1_base64="XP8KrDQ4PldT9vdMwzLPEUg8ODg=">AAAB8XicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+8AmlMl00g6dTMLMjRBC/8KNC0Xc+jfu/BunbRbaemDgcM69zD0nSATX6DjfVmltfWNzq7xd2dnd2z+oHh51dJwqyto0FrHqBUQzwSVrI0fBeoliJAoE6waT25nffWJK81g+YJYwPyIjyUNOCRrp0cPY9rgMMRtUa07dmcNeJW5BalCgNah+ecOYphGTSAXRuu86Cfo5UcipYNOKl2qWEDohI9Y3VJKIaT+fXzy1z4wytMNYmSfRnqu/N3ISaZ1FgZmMCI71sjcT//P6KYbXfs5lkiKTdPFRmArb5JzFt4dcMYoiM4RQxc2tNh0TRSiakiqmBHc58irpXNTdRr1xf1lr3hR1lOEETuEcXLiCJtxBC9pAQcIzvMKbpa0X6936WIyWrGLnGP7A+vwBeFOQzg==</latexit>→ ↑

The 4 Step Plan of Renormalization

100

1. Write down canonical theory

2. Regulate theory by imposing cutoffs

3. Fix counterterms

4. Observables converge as cutoff diverges

Steps
<latexit sha1_base64="GjUI1iDOLixxUMOvDlokG9JQFuA=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsi0TJoY2ERwTwgWcLs7N1kyOzsMjMrhJCPsLFQxNbvsfNvnCRbaOKBgcM55zL3niAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTDFsskQkqhNQjYJLbBpuBHZShTQOBLaD0e3Mbz+h0jyRj2acoh/TgeQRZ9RYqd27t9GQ9ssVt+rOQVaJl5MK5Gj0y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zXnZIzq4QkSpR90pC5+ntiQmOtx3FgkzE1Q73szcT/vG5momt/wmWaGZRs8VGUCWISMrudhFwhM2JsCWWK210JG1JFmbENlWwJ3vLJq6R1UfVq1drDZaV+k9dRhBM4hXPw4ArqcAcNaAKDETzDK7w5qfPivDsfi2jByWeO4Q+czx8PN49o</latexit>

!
<latexit sha1_base64="i4vNzrBysOQxbNNrTWiGLrVnkBo=">AAACBHicbVC7TsMwFHXKq5RXgLFLRIXEVCUIFcYKFgaGItGH1FSV4960Vh0nsm8QVdSBhV9hYQAhVj6Cjb/BfQzQciRLR+fca/ucIBFco+t+W7mV1bX1jfxmYWt7Z3fP3j9o6DhVDOosFrFqBVSD4BLqyFFAK1FAo0BAMxheTfzmPSjNY3mHowQ6Ee1LHnJG0Uhdu+hj7PgID6iiLOSSI4y7/o25oEe7dsktu1M4y8SbkxKZo9a1v/xezNIIJDJBtW57boKdjCrkTMC44KcaEsqGtA9tQyWNQHeyaYixc2yUnhPGyhyJzlT9vZHRSOtRFJjJiOJAL3oT8T+vnWJ40cm4TFIEyWYPhalwTPBJI06PK2AoRoZQprj5q8MGVFGGpreCKcFbjLxMGqdlr1Ku3J6VqpfzOvKkSI7ICfHIOamSa1IjdcLII3kmr+TNerJerHfrYzaas+Y7h+QPrM8fYvWYlg==</latexit>

→ finite!

=
<latexit sha1_base64="i4vNzrBysOQxbNNrTWiGLrVnkBo=">AAACBHicbVC7TsMwFHXKq5RXgLFLRIXEVCUIFcYKFgaGItGH1FSV4960Vh0nsm8QVdSBhV9hYQAhVj6Cjb/BfQzQciRLR+fca/ucIBFco+t+W7mV1bX1jfxmYWt7Z3fP3j9o6DhVDOosFrFqBVSD4BLqyFFAK1FAo0BAMxheTfzmPSjNY3mHowQ6Ee1LHnJG0Uhdu+hj7PgID6iiLOSSI4y7/o25oEe7dsktu1M4y8SbkxKZo9a1v/xezNIIJDJBtW57boKdjCrkTMC44KcaEsqGtA9tQyWNQHeyaYixc2yUnhPGyhyJzlT9vZHRSOtRFJjJiOJAL3oT8T+vnWJ40cm4TFIEyWYPhalwTPBJI06PK2AoRoZQprj5q8MGVFGGpreCKcFbjLxMGqdlr1Ku3J6VqpfzOvKkSI7ICfHIOamSa1IjdcLII3kmr+TNerJerHfrYzaas+Y7h+QPrM8fYvWYlg==</latexit>

→ finite!

<latexit sha1_base64="7CDz+hFii/hnzm/SPcG6JVj1JjA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5VypX5Vqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3UXjLo=</latexit>

+
<latexit sha1_base64="GjUI1iDOLixxUMOvDlokG9JQFuA=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsi0TJoY2ERwTwgWcLs7N1kyOzsMjMrhJCPsLFQxNbvsfNvnCRbaOKBgcM55zL3niAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTDFsskQkqhNQjYJLbBpuBHZShTQOBLaD0e3Mbz+h0jyRj2acoh/TgeQRZ9RYqd27t9GQ9ssVt+rOQVaJl5MK5Gj0y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zXnZIzq4QkSpR90pC5+ntiQmOtx3FgkzE1Q73szcT/vG5momt/wmWaGZRs8VGUCWISMrudhFwhM2JsCWWK210JG1JFmbENlWwJ3vLJq6R1UfVq1drDZaV+k9dRhBM4hXPw4ArqcAcNaAKDETzDK7w5qfPivDsfi2jByWeO4Q+czx8PN49o</latexit>

!
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<latexit sha1_base64="Z1qdalzg4Ow3VZzd6gL6e7BJkYc=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXGhJRKoboeimC8EK9gJNDJPppB06k4SZiVBCXsKNr+LGhSJuBXe+jdM2C239YeDjP+cw5/x+zKhUlvVtFBYWl5ZXiqultfWNzS1ze6clo0Rg0sQRi0THR5IwGpKmooqRTiwI4j4jbX94Na63H4iQNArv1CgmLkf9kAYUI6UtzzyqwwvoyIR7KdNkZffpNTyGduYgFg+Qx+CNxxzK9S5EembZqlgTwXmwcyiDXA3P/HJ6EU44CRVmSMqubcXKTZFQFDOSlZxEkhjhIeqTrsYQcSLddHJVBg+004NBJPQLFZy4vydSxKUccV93cqQGcrY2Nv+rdRMVnLspDeNEkRBPPwoSBlUExxHBHhUEKzbSgLCgeleIB0ggrHSQJR2CPXvyPLROKna1Ur09Ldcu8ziKYA/sg0NggzNQA3XQAE2AwSN4Bq/gzXgyXox342PaWjDymV3wR8bnD5mjnUo=</latexit>

H =
L→1∑

l=0

ωlOl =→

<latexit sha1_base64="TfAuCEnPTHV8JqGW+I8xwK3dc5s=">AAACF3icbVC7TsMwFHV4lvIqMLJYVEgsjRKECmNVlo5Fog+pCZXj3rZWHSfYDlIV+hcs/AoLAwixwsbf4D6G0nIkW0fn3CP7niDmTGnH+bFWVtfWNzYzW9ntnd29/dzBYV1FiaRQoxGPZDMgCjgTUNNMc2jGEkgYcGgEg+ux33gAqVgkbvUwBj8kPcG6jBJtpHbO9sqs9zi5cK2A4S4tsIoezakeh3vsQawYHwfyju1MgJeJOyN5NEO1nfv2OhFNQhCacqJUy3Vi7adEakY5jLJeoiAmdEB60DJUkBCUn072GuFTo3RwN5LmCI0n6nwiJaFSwzAwkyHRfbXojcX/vFaiu1d+ykScaBB0+lA34VhHeFwS7jAJVPOhIYRKZv6KaZ9IQrWpMmtKcBdXXib1c9st2sWbi3ypPKsjg47RCTpDLrpEJVRBVVRDFD2hF/SG3q1n69X6sD6noyvWLHOE/sD6+gXkc58t</latexit>∣∣∣
∣∣∣U → e→iHt

∣∣∣
∣∣∣ ↑ ω

<latexit sha1_base64="PhJ8L9Vzv/hKhhSintlIpvMJL+M=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRKR6kYounFZwbSFNoTJdNIOnUzCzI1QQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuYe5c8JUcA2O820tLa+srq2XNsqbW9s7u/beflMnmaLMo4lIVDskmgkumQccBGunipE4FKwVDm8mfuuBKc0TeQ+jlPkx6UsecUrASIF96OEr7AWy20tAG+KacQK74lSdKfAicQtSQQUagf1l8jSLmQQqiNYd10nBz4kCTgUbl7uZZimhQ9JnHUMliZn28+n1Y3xilB6OEmVGAp6qvxM5ibUexaHZjAkM9Lw3Ef/zOhlEl37OZZoBk3T2UJQJDAmeVIF7XDEKYmQIoYqbWzEdEEUomMLKpgR3/suLpHlWdWvV2t15pX5d1FFCR+gYnSIXXaA6ukUN5CGKHtEzekVv1pP1Yr1bH7PVJavIHKA/sD5/ANngk5E=</latexit>

U = Un . . . U1U0Find                                           such that
<latexit sha1_base64="0KrPjy6GNL26AH82oSTQk4pXlVk="></latexit>

e→it
∑L→1

l=0 ωlOl →=
L→1∏

l=0

e→itωlOl

<latexit sha1_base64="dtF2+ZrDBUY+fBP+fnDwhb7qTsI=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0Woi9ZEpLoRSt24EKxgH9DEMJlO0qGTBzMTsYR+hht/xY0LRdx25984bbPQ1gMDh3PO5c49bsyokIbxreWWlldW1/LrhY3Nre0dfXevJaKEY9LEEYt4x0WCMBqSpqSSkU7MCQpcRtru4Gritx8JFzQK7+UwJnaA/JB6FCOpJEc/schTbNWp75fKVEJLJIGTsktj9JDelM2RhVjcRw67ddg0dOzoRaNiTAEXiZmRIsjQcPSx1YtwEpBQYoaE6JpGLO0UcUkxI6OClQgSIzxAPukqGqKACDudHjaCR0rpQS/i6oUSTtXfEykKhBgGrkoGSPbFvDcR//O6ifQu7JSGcSJJiGeLvIRBGcFJS7BHOcGSDRVBmFP1V4j7iCMsVZcFVYI5f/IiaZ1WzGqlendWrNWzOvLgAByCEjDBOaiBa9AATYDBM3gF7+BDe9HetE/taxbNadnMPvgDbfwDl0yfgg==</latexit>

exp

(
→ it

L→1∑

l=0

ωlOl

)

If 
<latexit sha1_base64="yvPFzYqJb2GBrsd35k1kEsykz7s=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIVJdFNy4r2Ac0oUwmk3boZBJmboQair/ixoUibv0Pd/6N0zYLbT0wcOace7n3niAVXIPjfFulldW19Y3yZmVre2d3z94/aOskU5S1aCIS1Q2IZoJL1gIOgnVTxUgcCNYJRjdTv/PAlOaJvIdxyvyYDCSPOCVgpL59BNiDBHshE0Cw+QiB3b5ddWrODHiZuAWpogLNvv3lhQnNYiaBCqJ1z3VS8HOigFPBJhUv0ywldEQGrGeoJDHTfj7bfoJPjRLiKFHmScAz9XdHTmKtx3FgKmMCQ73oTcX/vF4G0ZWfc5lmwCSdD4oygc290yhwyBWjIMaGEKq42RXTIVGEggmsYkJwF09eJu3zmluv1e8uqo3rIo4yOkYn6Ay56BI10C1qohai6BE9o1f0Zj1ZL9a79TEvLVlFzyH6A+vzB6HslBA=</latexit>

t → ωt ↑ 1

<latexit sha1_base64="aTtfuplpc6tmxKJ8OQVOflk+rBQ="></latexit>

exp

(
→ iωt

L→1∑

l=0

εlOl

)
↑

L→1∏

l=0

e
→iωtεlOl

<latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</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="aTtfuplpc6tmxKJ8OQVOflk+rBQ="></latexit>

exp

(
→ iωt

L→1∑

l=0

εlOl

)
↑

L→1∏

l=0

e
→iωtεlOl

<latexit sha1_base64="KXiddcWMy/5pxFWGZelLuBRcf2Q=">AAACBHicbVA9SwNBEN3zM8avqKXNYhBsDHci0TJoY6eCiYEkHnObSbJk74PdOSEcKWz8KzYWitj6I+z8N24+CjU+GHi8N8PMvCBR0pDrfjlz8wuLS8u5lfzq2vrGZmFru2biVAusiljFuh6AQSUjrJIkhfVEI4SBwtugfz7yb+9RGxlHNzRIsBVCN5IdKYCs5Bd28S47lM02KgJOvAkq6YHv8kvfHfqFoltyx+CzxJuSIpviyi98NtuxSEOMSCgwpuG5CbUy0CSFwmG+mRpMQPShiw1LIwjRtLLxE0O+b5U278TaVkR8rP6cyCA0ZhAGtjME6pm/3kj8z2uk1DltZTJKUsJITBZ1UsUp5qNEeFtqFKQGloDQ0t7KRQ80CLK55W0I3t+XZ0ntqOSVS+Xr42LlbBpHju2yPXbAPHbCKuyCXbEqE+yBPbEX9uo8Os/Om/M+aZ1zpjM77Becj28acpce</latexit>

e→iωtε0O0

<latexit sha1_base64="7ge6m3YwU1jafAl/GKceJj7LiL0=">AAACBHicbVA9SwNBEN3zM8avqKXNYhBsDHci0TJoY6eCiYEkHnObSbJk74PdOSEcKWz8KzYWitj6I+z8N24+CjU+GHi8N8PMvCBR0pDrfjlz8wuLS8u5lfzq2vrGZmFru2biVAusiljFuh6AQSUjrJIkhfVEI4SBwtugfz7yb+9RGxlHNzRIsBVCN5IdKYCs5Bd28S47lM02KgJOvAkq6YHv8UvfG/qFoltyx+CzxJuSIpviyi98NtuxSEOMSCgwpuG5CbUy0CSFwmG+mRpMQPShiw1LIwjRtLLxE0O+b5U278TaVkR8rP6cyCA0ZhAGtjME6pm/3kj8z2uk1DltZTJKUsJITBZ1UsUp5qNEeFtqFKQGloDQ0t7KRQ80CLK55W0I3t+XZ0ntqOSVS+Xr42LlbBpHju2yPXbAPHbCKuyCXbEqE+yBPbEX9uo8Os/Om/M+aZ1zpjM77Becj28dgJcg</latexit>

e→iωtε1O1
<latexit sha1_base64="RAIPq+z978ZJS8Ewj4mm8HcM4wA=">AAACDHicbVC7SgNBFJ2N7/iKWtoMBsEmYVckWoo2FoIKxgSSGO5ObpIhsw9m7gphyQfY+Cs2ForY+gF2/o2TR6GJB4Y5nHMuM/f4sZKGXPfbyczNLywuLa9kV9fWNzZzW9t3Jkq0wLKIVKSrPhhUMsQySVJYjTVC4Cus+L3zoV95QG1kFN5SP8ZGAJ1QtqUAslIzl8f7tCDrLVQEnHgdVNyFZnpZ8Ab8anwPbMotuiPwWeJNSJ5NcN3MfdVbkUgCDEkoMKbmuTE1UtAkhcJBtp4YjEH0oIM1S0MI0DTS0TIDvm+VFm9H2p6Q+Ej9PZFCYEw/8G0yAOqaaW8o/ufVEmqfNFIZxglhKMYPtRPFKeLDZnhLahSk+paA0NL+lYsuaBBk+8vaErzplWfJ3WHRKxVLN0f507NJHctsl+2xA+axY3bKLtg1KzPBHtkze2VvzpPz4rw7H+NoxpnM7LA/cD5/APzXmlI=</latexit>

e→iωtεL→1OL→1

On the Product of semi-groups of operators, Trotter
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<latexit sha1_base64="ruc0yoJEn1Z5ruVAc/AQXfccAEU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqyH6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A2qOM/Q==</latexit>n

<latexit sha1_base64="edhwJRjnIvfWC4l97XbFD/QBglQ=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe6KRC9C0IvHCOYByRpmZzvJkNnZZaZXCUv+w4sHRbz6L978GyePg0YLGoqqbrq7gkQKg6775eSWlldW1/LrhY3Nre2d4u5ew8Sp5lDnsYx1K2AGpFBQR4ESWokGFgUSmsHweuI3H0AbEas7HCXgR6yvRE9whla674QgkVGklxRPVLdYcsvuFPQv8eakROaodYufnTDmaQQKuWTGtD03QT9jGgWXMC50UgMJ40PWh7alikVg/Gx69ZgeWSWkvVjbUkin6s+JjEXGjKLAdkYMB2bRm4j/ee0Uexd+JlSSIig+W9RLJcWYTiKgodDAUY4sYVwLeyvlA6YZRxtUwYbgLb78lzROy16lXLk9K1Wv5nHkyQE5JMfEI+ekSm5IjdQJJ5o8kRfy6jw6z86b8z5rzTnzmX3yC87HNxJskZk=</latexit>

ωt = t/n
<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

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

0

Trotterization <latexit sha1_base64="81VwyNWNV0On67GLfjQ7vqu00Xc=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S9OIxgnlAdgmzs7PJkNkHM71CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dfiqFRtv+tkpr6xubW+Xtys7u3v5B9fCoo5NMMd5miUxUz6eaSxHzNgqUvJcqTiNf8q4/vpv53SeutEjiR5yk3IvoMBahYBSN5CK5IW7AJVKCg2rNrttzkFXiFKQGBVqD6pcbJCyLeIxMUq37jp2il1OFgkk+rbiZ5illYzrkfUNjGnHt5fObp+TMKAEJE2UqRjJXf0/kNNJ6EvmmM6I40sveTPzP62cYXnu5iNMMecwWi8JMEkzILAASCMUZyokhlClhbiVsRBVlaGKqmBCc5ZdXSeei7jTqjYfLWvO2iKMMJ3AK5+DAFTThHlrQBgYpPMMrvFmZ9WK9Wx+L1pJVzBzDH1ifP9BrkOk=</latexit>t > ωt

<latexit sha1_base64="bYbZY80f3AMKXaXukM3qRcxYUwc=">AAACCnicbVC7TgJBFJ31ifhCLW1GiQkW4q4xaGNCsKHERB4JLGR2GGDC7Oxm5q4J2VDb+Cs2Fhpj6xfY+TcOsIWCJ5nk3HPuzZ17vFBwDbb9bS0tr6yurac20ptb2zu7mb39mg4iRVmVBiJQDY9oJrhkVeAgWCNUjPieYHVveDvx6w9MaR7IexiFzPVJX/IepwSM1MkcsXZ8xsswxje4VeL9XFKfy/GkPG2bnqydt6fAi8RJSBYlqHQyX61uQCOfSaCCaN107BDcmCjgVLBxuhVpFhI6JH3WNFQSn2k3np4yxidG6eJeoMyTgKfq74mY+FqPfM90+gQGet6biP95zQh6127MZRgBk3S2qBcJDAGe5IK7XDEKYmQIoYqbv2I6IIpQMOmlTQjO/MmLpHaRdwr5wt1ltlhK4kihQ3SMcshBV6iIyqiCqoiiR/SMXtGb9WS9WO/Wx6x1yUpmDtAfWJ8/8MCZLQ==</latexit>

e→iHt =
(
e→iHt/n

)n
<latexit sha1_base64="bYbZY80f3AMKXaXukM3qRcxYUwc=">AAACCnicbVC7TgJBFJ31ifhCLW1GiQkW4q4xaGNCsKHERB4JLGR2GGDC7Oxm5q4J2VDb+Cs2Fhpj6xfY+TcOsIWCJ5nk3HPuzZ17vFBwDbb9bS0tr6yurac20ptb2zu7mb39mg4iRVmVBiJQDY9oJrhkVeAgWCNUjPieYHVveDvx6w9MaR7IexiFzPVJX/IepwSM1MkcsXZ8xsswxje4VeL9XFKfy/GkPG2bnqydt6fAi8RJSBYlqHQyX61uQCOfSaCCaN107BDcmCjgVLBxuhVpFhI6JH3WNFQSn2k3np4yxidG6eJeoMyTgKfq74mY+FqPfM90+gQGet6biP95zQh6127MZRgBk3S2qBcJDAGe5IK7XDEKYmQIoYqbv2I6IIpQMOmlTQjO/MmLpHaRdwr5wt1ltlhK4kihQ3SMcshBV6iIyqiCqoiiR/SMXtGb9WS9WO/Wx6x1yUpmDtAfWJ8/8MCZLQ==</latexit>

e→iHt =
(
e→iHt/n

)n

<latexit sha1_base64="lLwC5NFbpXDKJUd7r9OV+W08ZgI="></latexit>

e→iHt = lim
n↑↓

(
L→1∏

l=0

e→iωlOlt/n

)n

<latexit sha1_base64="5Ri2VmiiTLIrseqV7sGIAyUEJEc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QLiWbZtvQbBKSrFiW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3H6k2TIoHO1E0TPBQsJgRbJ3U7mGltHzqlyt+1Z8DrZIgJxXI0eiXv3oDSdKECks4NqYb+MqGGdaWEU6npV5qqMJkjIe066jACTVhNj93is6cMkCx1K6ERXP190SGE2MmSeQ6E2xHZtmbif953dTG12HGhEotFWSxKE45shLNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDWrV2v1lpX6Tx1GEEziFcwjgCupwBw1oAoExPMMrvHnKe/HevY9Fa8HLZ47hD7zPH5b0j8E=</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="lLwC5NFbpXDKJUd7r9OV+W08ZgI="></latexit>

e→iHt = lim
n↑↓

(
L→1∏

l=0

e→iωlOlt/n

)n
<latexit sha1_base64="mWAoNUOs0rid6Ac8+tyHSVwWiMk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG2siUl0W3bizgn1AG8PNdNoOnUzCzESoofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99wQxZ0o7zreVW1hcWl7JrxbW1jc2t+ztnbqKEklojUQ8ks0AFOVM0JpmmtNmLCmEAaeNYHA19hsPVCoWiTs9jKkXQk+wLiOgjeTbe/Q+PWZt4HEffPfGd/WJGPl20Sk5E+B54makiDJUffur3YlIElKhCQelWq4Tay8FqRnhdFRoJ4rGQAbQoy1DBYRUeenk+hE+NEoHdyNpSmg8UX9PpBAqNQwD0xmC7qtZbyz+57US3b3wUibiRFNBpou6Ccc6wuMocIdJSjQfGgJEMnMrJn2QQLQJrGBCcGdfnif105JbLpVvz4qVyyyOPNpHB+gIuegcVdA1qqIaIugRPaNX9GY9WS/Wu/Uxbc1Z2cwu+gPr8weaFpSx</latexit>

e→iω1O1t/n <latexit sha1_base64="pdJLtZ7ichNC1J1ruhuzZGzmtE8=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIVI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20OWh1YGGbesO9NmEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ7w8TNINqza27C5C/xCtIDQq0BtVPm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZEzqwxJlGj7FJKF+jOR09iYaRzayZji2Kx6c/E/r5dhdB3kQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk/+S9oXda9Rb9xf1po3RR1lOIFTOAcPrqAJd9ACHxgIeIIXeHWU8+y8Oe/L0ZJTZI7hF5yPb/T6js0=</latexit>. . .
<latexit sha1_base64="uE16ny533WmSIFvcDe+KKzDFdtg=">AAACBXicbVDLSsNAFJ3UV62vqEtdBIvgpjURqS6LblwIVrAPaGO4mU7boZNJmJkIJWTjxl9x40IRt/6DO//GaZuFth643MM59zJzjx8xKpVtfxu5hcWl5ZX8amFtfWNzy9zeacgwFpjUcchC0fJBEkY5qSuqGGlFgkDgM9L0h5djv/lAhKQhv1OjiLgB9DntUQxKS565T+6TEu0AiwbgJdclJ72ZNnXMU88s2mV7AmueOBkpogw1z/zqdEMcB4QrzEDKtmNHyk1AKIoZSQudWJII8BD6pK0ph4BIN5lckVqHWulavVDo4sqaqL83EgikHAW+ngxADeSsNxb/89qx6p27CeVRrAjH04d6MbNUaI0jsbpUEKzYSBPAguq/WngAArDSwRV0CM7syfOkcVJ2KuXK7WmxepHFkUd76AAdIQedoSq6QjVURxg9omf0it6MJ+PFeDc+pqM5I9vZRX9gfP4AZvGX4w==</latexit>

e→iωL→1OL→1t/n
<latexit sha1_base64="dO03MMLLVc5wgY0TNyZJR5VvaFM=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF8GJNRKrHohdvVrAf0Maw2U7bpZtN2N0IJfbgX/HiQRGv/g1v/hu3bQ7a+mDg8d4MM/OCmDOlHefbyi0sLi2v5FcLa+sbm1v29k5dRYmkUKMRj2QzIAo4E1DTTHNoxhJIGHBoBIOrsd94AKlYJO70MAYvJD3BuowSbSTf3oP79JjhNuFxn/gOvvEdfSJGvl10Ss4EeJ64GSmiDFXf/mp3IpqEIDTlRKmW68TaS4nUjHIYFdqJgpjQAelBy1BBQlBeOrl/hA+N0sHdSJoSGk/U3xMpCZUahoHpDInuq1lvLP7ntRLdvfBSJuJEg6DTRd2EYx3hcRi4wyRQzYeGECqZuRXTPpGEahNZwYTgzr48T+qnJbdcKt+eFSuXWRx5tI8O0BFy0TmqoGtURTVE0SN6Rq/ozXqyXqx362PamrOymV30B9bnD0vflQM=</latexit>

e→iω0O0t/n

On the Product of semi-groups of operators, Trotter
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<latexit sha1_base64="o+1JvxomPoTkz9rBQ21QJnebNao=">AAACAXicbZBPS8MwGMbT+W/Of1UvgpfgEDyNVmR6EYZedpxgt8FaSpqlW1iSliQVRpkXv4oXD4p49Vt489uYbT3o5gOBH8/7vrx5nyhlVGnH+bZKK6tr6xvlzcrW9s7unr1/0FZJJjHxcMIS2Y2QIowK4mmqGemmkiAeMdKJRrfTeueBSEUTca/HKQk4GggaU4y0sUL7qAmvoa8yHjLoI5YOETTkhSy0q07NmQkug1tAFRRqhfaX309wxonQmCGleq6T6iBHUlPMyKTiZ4qkCI/QgPQMCsSJCvLZBRN4apw+jBNpntBw5v6eyBFXaswj08mRHqrF2tT8r9bLdHwV5FSkmSYCzxfFGYM6gdM4YJ9KgjUbG0BYUvNXiIdIIqxNaBUTgrt48jK0z2tuvVa/u6g2boo4yuAYnIAz4IJL0ABN0AIewOARPINX8GY9WS/Wu/Uxby1Zxcwh+CPr8wdcZJWU</latexit>

H =
∑

l

ωlUl

Hamiltonian Simulation Using Linear Combinations of Unitary Operations. Childs & Wiebe

<latexit sha1_base64="0af+cEU2zWJeNYygnO0St5GuaH8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseilx4rGltoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hodua3nlBpnsgHM04xiOlA8ogzaqx07/cavXLFrbpzkFXi5aQCOZq98le3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmZVfokSpQtachc/T0xobHW4zi0nTE1Q73szcT/vE5moutgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLq+TxourVqrW7y0r9Jo+jCCdwCufgwRXUoQFN8IHBAJ7hFd4c4bw4787HorXg5DPH8AfO5w/8vY2f</latexit>

UH
<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="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a

<latexit sha1_base64="ajZxp7qI1cgQdwgMZ54tm4q93ns=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadmNySbegl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaaslhsWSZdqVWt8vYMmsX1Xo1I5ZTKV862DatBUpoheaw+D4YRTQJIFSUEyn7thUrNyVCMcphXhgkEmJCp2QMfU1DEoB008Whc3ymlRH2I6ErVHihfp9ISSDlLPB0Z0DURP72MvEvr58ov+6mLIwTBSFdLvITjlWEs6/xiAmgis80IVQwfSumEyIIVTqbgg7h61P8P+mUTdsxnVal1LhaxZFHJ+gUnSMb1VAD3aAmaiOKAD2gJ/Rs3BmPxovxumzNGauZY/QDxtsnVeGNUg==</latexit>s

<latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a

<latexit sha1_base64="ajZxp7qI1cgQdwgMZ54tm4q93ns=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadmNySbegl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaaslhsWSZdqVWt8vYMmsX1Xo1I5ZTKV862DatBUpoheaw+D4YRTQJIFSUEyn7thUrNyVCMcphXhgkEmJCp2QMfU1DEoB008Whc3ymlRH2I6ErVHihfp9ISSDlLPB0Z0DURP72MvEvr58ov+6mLIwTBSFdLvITjlWEs6/xiAmgis80IVQwfSumEyIIVTqbgg7h61P8P+mUTdsxnVal1LhaxZFHJ+gUnSMb1VAD3aAmaiOKAD2gJ/Rs3BmPxovxumzNGauZY/QDxtsnVeGNUg==</latexit>s

•SELECT ( ) unitary indexes over ’s    S Ul
<latexit sha1_base64="DmIfV1dVKIq9CiTwt9bhHwH8vxI="></latexit>

S =
L→1∑

l=0

|l→a↑l|a ↓ (Ul)s<latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a <latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a <latexit sha1_base64="ajZxp7qI1cgQdwgMZ54tm4q93ns=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgadmNySbegl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBIU2jXgkeh6RwFkIbcUUh14sgAQeh643vc787j0IyaLwVs1icAMyDpnPKFFaaslhsWSZdqVWt8vYMmsX1Xo1I5ZTKV862DatBUpoheaw+D4YRTQJIFSUEyn7thUrNyVCMcphXhgkEmJCp2QMfU1DEoB008Whc3ymlRH2I6ErVHihfp9ISSDlLPB0Z0DURP72MvEvr58ov+6mLIwTBSFdLvITjlWEs6/xiAmgis80IVQwfSumEyIIVTqbgg7h61P8P+mUTdsxnVal1LhaxZFHJ+gUnSMb1VAD3aAmaiOKAD2gJ/Rs3BmPxovxumzNGauZY/QDxtsnVeGNUg==</latexit>s

•PREPARE ( ) unitary stores 
coefficients ( ) in an ancilla register

P
αl

<latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a<latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a
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<latexit sha1_base64="AgICyM7sZvP+IIMR1Raf0JweSAQ=">AAACKHicbZBbS8MwGIZTj3Oeql56ExyCIIxWZHojDr3xzgnuAFstaZp22dIDSSqMsp/jjX/FGxFFdusvMd060c0PEh7e75B8rxMzKqRhjLSFxaXlldXCWnF9Y3NrW9/ZbYgo4ZjUccQi3nKQIIyGpC6pZKQVc4ICh5Gm07/O8s1HwgWNwns5iIkVID+kHsVIKsnWL2/hBXRs6ti9jhtJoTiAx9n90HGR7xMOp3rvR1H1U7b1klE2xgHnwcyhBPKo2fqbmoeTgIQSMyRE2zRiaaWIS4oZGRY7iSAxwn3kk7bCEAVEWOl40SE8VIoLvYirE0o4Vn93pCgQYhA4qjJAsitmc5n4X66dSO/cSmkYJ5KEePKQlzAoI5i5Bl3KCZZsoABhTtVfIe4ijrBU3haVCebsyvPQOCmblXLl7rRUvcrtKIB9cACOgAnOQBXcgBqoAwyewAt4Bx/as/aqfWqjSemClvfsgT+hfX0DI8OlgQ==</latexit>

O = bibj . . . bm + b
†
m . . . b

†
jb

†
i
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<latexit sha1_base64="ZxMRsYg6wn0wfBqcO12+EUD+TuE="></latexit>

O = (a†i )
Ri(ai)

Si . . . (a†m)Rm(am)Sm + h.c.
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<latexit sha1_base64="/9OFtiABHrtL/a6qgSq70Fmf8uA=">AAAB+3icbVDNSsNAGNzUv1r/Yj16WSyCp5IUqV6Eopd6q2DaQhvDZrtpl242YXcjlpBX8eJBEa++iDffxk2bg7YOLAwz38c3O37MqFSW9W2U1tY3NrfK25Wd3b39A/Ow2pVRIjBxcMQi0feRJIxy4iiqGOnHgqDQZ6TnT29yv/dIhKQRv1ezmLghGnMaUIyUljyz6njthwa8gsMQqYnvp7eZZ9asujUHXCV2QWqgQMczv4ajCCch4QozJOXAtmLlpkgoihnJKsNEkhjhKRqTgaYchUS66Tx7Bk+1MoJBJPTjCs7V3xspCqWchb6ezBPKZS8X//MGiQou3ZTyOFGE48WhIGFQRTAvAo6oIFixmSYIC6qzQjxBAmGl66roEuzlL6+SbqNuN+vNu/Na67qoowyOwQk4Aza4AC3QBh3gAAyewDN4BW9GZrwY78bHYrRkFDtH4A+Mzx+GB5N+</latexit>

U2
H

= I

<latexit sha1_base64="z0eFxqNCa6sPKkv5Ei81w0CNNWA="></latexit>

UH |→↑a,s =
√
1↓ |ω̄|2|0↑a|ω↑s ↓ ω̄|→↑a,s

<latexit sha1_base64="6kILwWo/yIEoMyL5qsVQvMrj2SM="></latexit>

UH |0→a|ω→s = ω̄|0→a|ω→s +
√

1↑ |ω̄|2|↓→a,s

<latexit sha1_base64="/Is5yh67Fs1ddoqSWdCDBm81Ayw="></latexit>

UH =

(
ω̄

√
1→ |ω̄|2√

1→ |ω̄|2 →ω̄

)

<latexit sha1_base64="6ImwMVrMthKXtLsbLZxicZVsixI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseilx4rmLbQhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vc/97hNVmsXy0cwSGgg8lixiBJtc8octNKzW3Lq7AFonXkFqUKA9rH4NRjFJBZWGcKx133MTE2RYGUY4nVcGqaYJJlM8pn1LJRZUB9ni1jm6sMoIRbGyJQ1aqL8nMiy0nonQdgpsJnrVy8X/vH5qotsgYzJJDZVkuShKOTIxyh9HI6YoMXxmCSaK2VsRmWCFibHxVGwI3urL66RzVfca9cbDda15V8RRhjM4h0vw4Aaa0II2+EBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wdTMI3J</latexit>

UH has eigenvalues  ±1 Spectral information is lost!

<latexit sha1_base64="jVwdW12J87mCfbyk+ZtHqwSF4kI="></latexit>

WH = UH

(
2|0→a↑0|a ↓ I︸ ︷︷ ︸

Ra

)<latexit sha1_base64="VO0kXtmP6Q7I7zmYqhsuZFZf8Jg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURqR5LvXisYGyhDWWz3bRLN5uwOxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uHRo0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3c781hPXRiTqAccpD2I6UCISjKKV/G5DDC565Ypbdecgq8TLSQVyNHvlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjm2AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqebyserVq7f6qUm/kcRThBE7hHDy4hjrcQRN8YCDgGV7hzVHOi/PufCxaC04+cwx/4Hz+ADP/jk4=</latexit>)
<latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a <latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a

<latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a

<latexit sha1_base64="Hok/s6dRInys74RrPTL/4aDjyq8=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69LBbBU0jEpnorevHYgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LYRVPTBwOO9GWbmBQlnSjvOh1VYWV1b3yhulra2d3b3yvsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0Ek+u537mnUrFY3OppQv0IjwQLGcHaSE08KFccu3ru1WpV5NjOAoZ4btW59JCbKxXI0RiU3/vDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8WhM3RilCEKY2lKaLRQv09kOFJqGgWmM8J6rH57c/Evr5fq8MLPmEhSTQVZLgpTjnSM5l+jIZOUaD41BBPJzK2IjLHERJtsSiaEr0/R/6R9Zrue7TXPK/WrPI4iHMExnIILNajDDTSgBQQoPMATPFt31qP1Yr0uWwtWPnMIP2C9fQIfd40t</latexit>a

<latexit sha1_base64="z0eFxqNCa6sPKkv5Ei81w0CNNWA="></latexit>

UH |→↑a,s =
√
1↓ |ω̄|2|0↑a|ω↑s ↓ ω̄|→↑a,s

<latexit sha1_base64="6kILwWo/yIEoMyL5qsVQvMrj2SM="></latexit>

UH |0→a|ω→s = ω̄|0→a|ω→s +
√

1↑ |ω̄|2|↓→a,s
<latexit sha1_base64="z0eFxqNCa6sPKkv5Ei81w0CNNWA="></latexit>

UH |→↑a,s =
√
1↓ |ω̄|2|0↑a|ω↑s ↓ ω̄|→↑a,s− −

<latexit sha1_base64="jVwdW12J87mCfbyk+ZtHqwSF4kI="></latexit>

WH = UH

(
2|0→a↑0|a ↓ I︸ ︷︷ ︸

Ra

)

<latexit sha1_base64="jVwdW12J87mCfbyk+ZtHqwSF4kI="></latexit>

WH = UH

(
2|0→a↑0|a ↓ I︸ ︷︷ ︸

Ra

)

<latexit sha1_base64="/Is5yh67Fs1ddoqSWdCDBm81Ayw="></latexit>

UH =

(
ω̄

√
1→ |ω̄|2√

1→ |ω̄|2 →ω̄

)
<latexit sha1_base64="jVwdW12J87mCfbyk+ZtHqwSF4kI="></latexit>

WH = UH

(
2|0→a↑0|a ↓ I︸ ︷︷ ︸

Ra

)−
has eigenvalues exp ± i arccos(λ̄)

Why do we use the walk operator?
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Lemma 10 (Existence of Qubitization). For all signal unitaries  that implement the Hermitian 
signal operator , there exists a quantum circuit , using one more qubit, that 
queries controlled-  and controlled-  once to implement the same signal operator. Moreover,  
satisfies the conditions Eq. (17)

S
⟨0 |P†SP |0⟩ = H S′￼

S S† S′￼

<latexit sha1_base64="AQ1el1BsxTcvaX4o293hBOaH7jM=">AAACIHicbVDLTgIxFO3gC/GFunTTSExckRljwI0J0Q1LfAyQMOPkTinQ0Hmk7ZiQCZ/ixl9x40JjdKdfYwdYIHiSJifnnJvee/yYM6lM89vIrayurW/kNwtb2zu7e8X9g6aMEkGoTSIeibYPknIWUlsxxWk7FhQCn9OWP7zO/NYjFZJF4b0axdQNoB+yHiOgtOQVq7ZXx5e48eB0od+nAt81sKMi3JrK2AlADQjw9HbswVzKK5bMsjkBXibWjJTQDA2v+OV0I5IENFSEg5Qdy4yVm4JQjHA6LjiJpDGQIfRpR9MQAirddHLgGJ9opYt7kdAvVHiizk+kEEg5CnydzPaVi14m/ud1EtW7cFMWxomiIZl+1Es41g1kbeEuE5QoPtIEiGB6V0wGIIAo3WlBl2AtnrxMmmdlq1Ku3JyXalezOvLoCB2jU2ShKqqhOmogGxH0hF7QG3o3no1X48P4nEZzxmzmEP2B8fMLBwmhHQ==</latexit>

UH = P †SP → WH = PRaP
†S

<latexit sha1_base64="tEcyNCHsol2DA0owXSTcTkgEfyQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRS48V7Ac0oWy2k3bpZhN3N0KJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZekHCmtON8W4W19Y3NreJ2aWd3b/+gfHjUVnEqKbZozGPZDYhCzgS2NNMcu4lEEgUcO8H4duZ3HlEqFot7PUnQj8hQsJBRoo3kNZ4cTxIx5Nh/6JcrTtWZw14lbk4qkKPZL395g5imEQpNOVGq5zqJ9jMiNaMcpyUvVZgQOiZD7BkqSITKz+Y3T+0zowzsMJamhLbn6u+JjERKTaLAdEZEj9SyNxP/83qpDq/9jIkk1SjoYlGYclvH9iwAe8AkUs0nhhAqmbnVpiMiCdUmppIJwV1+eZW0L6purVq7u6zUb/I4inACp3AOLlxBHRrQhBZQSOAZXuHNSq0X6936WLQWrHzmGP7A+vwB2pSRlg==</latexit>

H|0→q

<latexit sha1_base64="qxiLeAfJIY5UX2A1W8/KvlqSbFo=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2g9p15LNzrahSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpeNUUWjSmMeqExANnEloGmY4dBIFRAQc2sHoeuq3n0BpFst7M07AF2QgWcQoMVZ6uHvshWQwANUvV9yqOwNeJl5OKihHo1/+6oUxTQVIQznRuuu5ifEzogyjHCalXqohIXREBtC1VBIB2s9mB0/wiVVCHMXKljR4pv6eyIjQeiwC2ymIGepFbyr+53VTE136GZNJakDS+aIo5djEePo9DpkCavjYEkIVs7diOiSKUGMzKtkQvMWXl0nrrOrVqrXb80r9Ko+jiI7QMTpFHrpAdXSDGqiJKBLoGb2iN0c5L8678zFvLTj5zCH6A+fzB6krkFY=</latexit>

S†

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

X

<latexit sha1_base64="670YZWroUmZQF2ZmO+3F/7nd908=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IR6qUkRaoXoehFbxVMW2hi2Ww27dLNJuxuhBKKF/+KFw+KePVXePPfuGl70NYHA4/3ZpiZ5yeMSmVZ30ZhaXllda24XtrY3NreMXf3WjJOBSYOjlksOj6ShFFOHEUVI51EEBT5jLT94VXutx+IkDTmd2qUEC9CfU5DipHSUs88qLiKsoBA5+S+Bi+gGyE18P3sZtwzy1bVmgAuEntGymCGZs/8coMYpxHhCjMkZde2EuVlSCiKGRmX3FSSBOEh6pOuphxFRHrZ5IUxPNZKAMNY6OIKTtTfExmKpBxFvu7ML5TzXi7+53VTFZ57GeVJqgjH00VhyqCKYZ4HDKggWLGRJggLqm+FeIAEwkqnVtIh2PMvL5JWrWrXq/Xb03LjchZHERyCI1ABNjgDDXANmsABGDyCZ/AK3own48V4Nz6mrQVjNrMP/sD4/AEW+JX8</latexit>

(Ũ)2 = I

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

X
<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="pfW75XLizbhMqHfRfJS156jxXkI=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGCaSttLJvNJl26uwm7G6GU/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvzDjTxnW/nZXVtfWNzdJWeXtnd2+/cnDY0mmuCPVJylPVCbGmnEnqG2Y47WSKYhFy2g6HN1O//USVZqm8N6OMBgInksWMYGOlB/+xF+Ekoapfqbo1dwa0TLyCVKFAs1/56kUpyQWVhnCsdddzMxOMsTKMcDop93JNM0yGOKFdSyUWVAfj2cETdGqVCMWpsiUNmqm/J8ZYaD0Soe0U2Az0ojcV//O6uYmvgjGTWW6oJPNFcc6RSdH0exQxRYnhI0swUczeisgAK0yMzahsQ/AWX14mrfOaV6/V7y6qjesijhIcwwmcgQeX0IBbaIIPBAQ8wyu8Ocp5cd6dj3nrilPMHMEfOJ8/rEOQWA==</latexit>

U †

<latexit sha1_base64="670YZWroUmZQF2ZmO+3F/7nd908=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2IR6qUkRaoXoehFbxVMW2hi2Ww27dLNJuxuhBKKF/+KFw+KePVXePPfuGl70NYHA4/3ZpiZ5yeMSmVZ30ZhaXllda24XtrY3NreMXf3WjJOBSYOjlksOj6ShFFOHEUVI51EEBT5jLT94VXutx+IkDTmd2qUEC9CfU5DipHSUs88qLiKsoBA5+S+Bi+gGyE18P3sZtwzy1bVmgAuEntGymCGZs/8coMYpxHhCjMkZde2EuVlSCiKGRmX3FSSBOEh6pOuphxFRHrZ5IUxPNZKAMNY6OIKTtTfExmKpBxFvu7ML5TzXi7+53VTFZ57GeVJqgjH00VhyqCKYZ4HDKggWLGRJggLqm+FeIAEwkqnVtIh2PMvL5JWrWrXq/Xb03LjchZHERyCI1ABNjgDDXANmsABGDyCZ/AK3own48V4Nz6mrQVjNrMP/sD4/AEW+JX8</latexit>

(Ũ)2 = I



The Factorization Theorem
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• We can separate the hard and soft part of 
the interaction 

• Hard: Perturbatively calculable  

• Soft: Not calculable in pQCD. Must resort 
to experimental data or models

Hard part:

Soft part:

e−

e−

q
q

p X

To understand the soft part of DIS, and 
thus the total cross-section, we must 
understand nature of bound states of QCD



Conserved currents and Noether’s Theorem
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Noether’s current:                                       is conserved
<latexit sha1_base64="f5fZcBdpXeBYmQVdmzCMqMllSPs="></latexit>

Jµ =
ωL

ω(ωµεn)

ϑεn

ϑϖ

<latexit sha1_base64="uOO+XJo82uoI7XR0mEPOul+On78=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZkeqy6MZlBfuAzlgyaaYTmsmEJCOUobjxV9y4UMStX+HOvzHTzkJbDwQO59zLzTmBYFRpx/m2SkvLK6tr5fXKxubW9o69u9dWSSoxaeGEJbIbIEUY5aSlqWakKyRBccBIJxhd537ngUhFE36nx4L4MRpyGlKMtJH69oEnIgo9nUByn51SDzERoUku9u2qU3OmgIvELUgVFGj27S9vkOA0JlxjhpTquY7QfoakppiRScVLFREIj9CQ9AzlKCbKz6YRJvDYKAMYJtI8ruFU/b2RoVipcRyYyRjpSM17ufif10t1eOlnlItUE45nh8KUQZM47wMOqCRYs7EhCEtq/gpxhCTC2rRWMSW485EXSfus5tZr9dvzauOqqKMMDsEROAEuuAANcAOaoAUweATP4BW8WU/Wi/VufcxGS1axsw/+wPr8Ado3lxw=</latexit>

ω → e→iωω
<latexit sha1_base64="DW2r7XICFFoQQGKI2TN+1Y1HRNc=">AAACB3icbVDLSgMxFM3UV62vUZeCBItQQcqMSHVZdOPCRQX7gM5QMmmmDc1kQpIRytCdG3/FjQtF3PoL7vwbM+0stPVA4OSce5N7TyAYVdpxvq3C0vLK6lpxvbSxubW9Y+/utVScSEyaOGax7ARIEUY5aWqqGekISVAUMNIORteZ334gUtGY3+uxIH6EBpyGFCNtpJ596EVIDzFi6e2k4okhPfUEkpoill1OenbZqTpTwEXi5qQMcjR69pfXj3ESEa4xQ0p1XUdoP82exIxMSl6iiEB4hAakayhHEVF+Ot1jAo+N0odhLM3hGk7V3x0pipQaR4GpzKZW814m/ud1Ex1e+inlItGE49lHYcKgjmEWCuxTSbBmY0MQltTMCvEQSYS1ia5kQnDnV14krbOqW6vW7s7L9as8jiI4AEegAlxwAergBjRAE2DwCJ7BK3iznqwX6936mJUWrLxnH/yB9fkD7X+ZXA==</latexit>

L(ω, εω) invariant under

<latexit sha1_base64="tTShXVZ/1+zRPW8wg8nUlHtDIFQ=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjUt0IRTfiqoJ9QGccMmmmDU0yQ5IRytiFv+LGhSJu/Q13/o2ZdhbaeiDhcM69NzcnTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or3K//UCkorG406OE+Bz1BY0oRtpIgb3vJUhqiti9x1N4E+T3BXQCu+JUnQngPHELUgEFGoH95fVinHIiNGZIqa7rJNrP8tmYkXHZSxVJEB6iPukaKhAnys8m+4/hkVF6MIqlOULDifq7I0NcqREPTSVHeqBmvVz8z+umOjr3MyqSVBOBpw9FKYM6hnkYsEclwZqNDEFYUrMrxAMkEdYmsrIJwZ398jxpnVTdWrV2e1qpXxZxlMABOATHwAVnoA6uQQM0AQaP4Bm8gjfryXqx3q2PaemCVfTsgT+wPn8AkmuVKw==</latexit>

ωµJµ = 0

<latexit sha1_base64="S565nRhNiROgWId7VjjithhqKrY=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzKjUt0IRTfiqgX7gHYcMpm0Dc08SDJqGfspblwo4tYvceffmLaz0NYDgcM593JPjhdzJpVlfRu5peWV1bX8emFjc2t7xyzuNmWUCEIbJOKRaHtYUs5C2lBMcdqOBcWBx2nLG15N/NY9FZJF4a0axdQJcD9kPUaw0pJrFuvoAnVZqJB/d/KIblzLNUtW2ZoCLRI7IyXIUHPNr64fkSSgoSIcS9mxrVg5KRaKEU7HhW4iaYzJEPdpR9MQB1Q66TT6GB1qxUe9SOinQ0zV3xspDqQcBZ6eDLAayHlvIv7ndRLVO3dSFsaJoiGZHeolHKkITXpAPhOUKD7SBBPBdFZEBlhgonRbBV2CPf/lRdI8LtuVcqV+WqpeZnXkYR8O4AhsOIMqXEMNGkDgAZ7hFd6MJ+PFeDc+ZqM5I9vZgz8wPn8Ar0uSWw==</latexit>

Q =

∫
d3xJ0

<latexit sha1_base64="0t+VMYewaXC0dz7dquWDzTEonjE="></latexit>

ωtQ =

∫
d3xωtJ0 =

∫
d3xε→ · εJ = 0

Vanishes at boundary
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1 2

3

1

2

3

4
p

<latexit sha1_base64="K7o2NeeSXfHNHMY8UsB2PhnDQjQ=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVIVVSUGGsYGEsEn1IbRI5rttadRLLdpCqqDMLv8LCAEKsfAEbf4PbZoCWI13do3PulX1PwBmVyra/jdzK6tr6Rn6zsLW9s7tn7h80ZZwITBo4ZrFoB0gSRiPSUFQx0uaCoDBgpBWMbqZ+64EISePoXo05cUM0iGifYqS05JvHxEst6YsS9x3PghbkfiXr55515lUmvlm0y/YMcJk4GSmCDHXf/Or2YpyEJFKYISk7js2VmyKhKGZkUugmknCER2hAOppGKCTSTWenTOCpVnqwHwtdkYIz9fdGikIpx2GgJ0OkhnLRm4r/eZ1E9a/clEY8USTC84f6CYMqhtNcYI8KghUba4KwoPqvEA+RQFjp9Ao6BGfx5GXSrJSdarl6d1GsXWdx5MEROAEl4IBLUAO3oA4aAINH8AxewZvxZLwY78bHfDRnZDuH4A+Mzx9ncpeL</latexit>

e→sr(p
→
1 →p→

2 →p→
3 )2

<latexit sha1_base64="CiWWilUcyfHiCT5IyPpFbJ1QSEU=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VokZSkluqy6MZlBfuANgmT6aQdOnkwMxFK6De48VfcuFDErSt3/o3TNgttvTCcwzn3cuceL2ZUSNP81nJr6xubW/ntws7u3v6BfnjUFlHCMWnhiEW86yFBGA1JS1LJSDfmBAUeIx1vfDPzOw+ECxqF93ISEztAw5D6FCOpJFcvEyc1hMtLsWs5BjyHsVtVaCi8yLDmGGWnOnX1olkx5wVXiZWRIsiq6epf/UGEk4CEEjMkRM8yY2mniEuKGZkW+okgMcJjNCQ9RUMUEGGn85Om8EwpA+hHXL1Qwrn6eyJFgRCTwFOdAZIjsezNxP+8XiL9KzulYZxIEuLFIj9hUEZwlg8cUE6wZBNFEOZU/RXiEeIIS5ViQYVgLZ+8StrVilWv1O9qxcZ1FkcenIBTUAIWuAQNcAuaoAUweATP4BW8aU/ai/aufSxac1o2cwz+lPb5A9/zmdQ=</latexit>

e→sr(p
→
1 +p→

2 →p→
3 →p→

4 )2



<latexit sha1_base64="JuWf/sO9P2qDNR1h+q0WivG3fyE=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5Bqw8GHu/NMDMvTAQ31vO+UGltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWTa8Fg92FnCAknGikecEptLA8PlsFrz6t4C+C/xC1KDAq1h9XMwimkqmbJUEGP6vpfYICPacirYvDJIDUsInZIx6zuqiGQmyBa3zvGZU0Y4irUrZfFC/TmREWnMTIauUxI7MateLv7n9VMbXQcZV0lqmaLLRVEqsI1x/jgecc2oFTNHCNXc3YrphGhCrYun4kLwV1/+SzoXdb9Rb9xf1po3RRxlOIFTOAcfrqAJd9CCNlCYwBO8wCuS6Bm9ofdlawkVM8fwC+jjGyNBjlI=</latexit>→

Why is a band-diagonal  preferred?H(s)
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H(s)

n

k Hii

HnkHkn
E(0)

n − E(0)
k

<latexit sha1_base64="+WVRssG/ngdTtww3V9zsrlAczJM=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHqpiRFqhuhKILLCvYBTQyT6aQdOpnEmYlQQhZu/BU3LhRx60e482+ctllo64ELh3Pu5d57/JhRqSzr21haXlldWy9sFDe3tnd2zb39towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80eXE7zwQIWnEb9U4Jm6IBpwGFCOlJc8sXXn8Lq3UjjN4Dh2ZhF46gg4n95Bnnlm2qtYUcJHYOSmDHE3P/HL6EU5CwhVmSMqebcXKTZFQFDOSFZ1EkhjhERqQnqYchUS66fSJDB5ppQ+DSOjiCk7V3xMpCqUch77uDJEaynlvIv7n9RIVnLkp5XGiCMezRUHCoIrgJBHYp4JgxcaaICyovhXiIRIIK51bUYdgz7+8SNq1ql2v1m9Oyo2LPI4CKIFDUAE2OAUNcA2aoAUweATP4BW8GU/Gi/FufMxal4x85gD8gfH5A8OYlu0=</latexit>

E(2)
n =

∑

k →=n

<latexit sha1_base64="k+QYf4f+uYlJRCkKUsKD4MpManU="></latexit>

H
(1)
nk (s)H

(1)
kn (s) → |ūωµ

u εµ|2

For canonical , no guarantee 
this sum converges:

H

e.g. take
<latexit sha1_base64="zFNPC0p2ixfoRTcW7wW6RzMJ1XY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOaByRJmJ5NkzOzsMtMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0c3Ubz5xbUSk7nEccz+kAyX6glG00sOwm4rHCbkiXrdYcsvuDGSZeBkpQYZat/jV6UUsCblCJqkxbc+N0U+pRsEknxQ6ieExZSM64G1LFQ258dPZxRNyYpUe6UfalkIyU39PpDQ0ZhwGtjOkODSL3lT8z2sn2L/0U6HiBLli80X9RBKMyPR90hOaM5RjSyjTwt5K2JBqytCGVLAheIsvL5PGWdmrlCt356XqdRZHHo7gGE7Bgwuowi3UoA4MFDzDK7w5xnlx3p2PeWvOyWYO4Q+czx9/BJAp</latexit>

hij = 1

<latexit sha1_base64="ajasyA42ugbjAcuF+saDn4w5Io4=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiJS3RSKblxWsA9oYphMJ+3QmUmYmQgh5A/c+CtuXCji1q07/8bpY6GtBy4czrmXe+8JE0aVdpxva2l5ZXVtvbRR3tza3tm19/bbKk4lJi0cs1h2Q6QIo4K0NNWMdBNJEA8Z6YSj67HfeSBS0Vjc6SwhPkcDQSOKkTZSYJ94KuVBLupuce9REekMepFEOHeLXBSwDqdiYFecqjMBXCTujFTADM3A/vL6MU45ERozpFTPdRLt50hqihkpyl6qSILwCA1Iz1CBOFF+PvmngMdG6cMolqaEhhP190SOuFIZD00nR3qo5r2x+J/XS3V06edUJKkmAk8XRSmDOobjcGCfSoI1ywxBWFJzK8RDZOLQJsKyCcGdf3mRtM+qbq1auz2vNK5mcZTAITgCp8AFF6ABbkATtAAGj+AZvII368l6sd6tj2nrkjWbOQB/YH3+AP2BnKQ=</latexit> →∑

n=1

1

n
= →
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Wegner:
<latexit sha1_base64="rDA6PLfv8+92CVy+3/cU3pxJC7I=">AAACJXicbZBdSwJBFIZn7cvsy+qymyEJFEJ2I6yLArGLvDTID3AXmR1HHZz9YOZsJIt/ppv+SjddJBF01V9pVg1KOzDw8L7ncOa8bii4AtP8NFIrq2vrG+nNzNb2zu5edv+goYJIUlangQhkyyWKCe6zOnAQrBVKRjxXsKY7vEn85gOTigf+PYxC5nik7/MepwS01Mle2R6BASUivh3nVQFfY7vC+20b2CNIL+5y0h8nSr6q3QQKp/gHnU42ZxbNaeFlsOaQQ/OqdbITuxvQyGM+UEGUaltmCE5MJHAq2DhjR4qFhA5Jn7U1+sRjyomnV47xiVa6uBdI/XzAU/X3REw8pUaeqzuTm9Sil4j/ee0IepdOzP0wAubT2aJeJDAEOIkMd7lkFMRIA6GS679iOiCSUNDBZnQI1uLJy9A4K1qlYunuPFeuzONIoyN0jPLIQheojKqohuqIoif0gt7QxHg2Xo1342PWmjLmM4foTxlf36Ono3Y=</latexit>

G(s) =
[
diag

(
H(s)

)
, H(s)

]

<latexit sha1_base64="DYVfDl2M0VfZD4xk7B/4BMSKUFA=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoICURqW6EUhd2WcE+IAlhMp20QyeTMDMRSugPuPFX3LhQxK17d/6Nk7YLrR4YOHPOvdx7T5AwKpVlfRmFpeWV1bXiemljc2t7x9zd68g4FZi0ccxi0QuQJIxy0lZUMdJLBEFRwEg3GF3nfveeCEljfqfGCfEiNOA0pBgpLfnmkRshNcSIZTeTijyBV9Bt0IHT9K1T2NRC/vN8s2xVrSngX2LPSRnM0fLNT7cf4zQiXGGGpHRsK1FehoSimJFJyU0lSRAeoQFxNOUoItLLptdM4LFW+jCMhX5cwan6syNDkZTjKNCV+e5y0cvF/zwnVeGll1GepIpwPBsUpgyqGObRwD4VBCs21gRhQfWuEA+RQFjpAEs6BHvx5L+kc1a1a9Xa7Xm53pjHUQQH4BBUgA0uQB00QQu0AQYP4Am8gFfj0Xg23oz3WWnBmPfsg18wPr4B90KZlw==</latexit>

G(s) =
[
H0, H(s)

]
Głazek-Wilson:

Generators: 

Mielke:
<latexit sha1_base64="/ny2WHMn8x6gT8APCN2ES0SThTI=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQNyURqW6Eogu7ESrYBzShTCaTdugkE2YmQgldufFX3LhQxK3f4M6/cdJmoa0HBs6ccy/33uPFjEplWd9GYWl5ZXWtuF7a2Nza3jF399qSJwKTFuaMi66HJGE0Ii1FFSPdWBAUeox0vNF15nceiJCUR/dqHBM3RIOIBhQjpaW+eeiESA0xYunNpCJP4CW8hQ73uYIN/e2bZatqTQEXiZ2TMsjR7Jtfjs9xEpJIYYak7NlWrNwUCUUxI5OSk0gSIzxCA9LTNEIhkW46PWMCj7Xiw4AL/SIFp+rvjhSFUo5DT1dmS8t5LxP/83qJCi7clEZxokiEZ4OChEHFYZYJ9KkgWLGxJggLqneFeIgEwkonV9Ih2PMnL5L2adWuVWt3Z+X6VR5HERyAI1ABNjgHddAATdACGDyCZ/AK3own48V4Nz5mpQUj79kHf2B8/gB/Jpc5</latexit>

G(s) = M →H(s)

<latexit sha1_base64="7QjlC6vUJFHd8tHEsUG7wFp5TYc="></latexit>

dH(s)

ds
=

[
→ U

†(s)
dU(s)

ds
,H(s)

]<latexit sha1_base64="7QjlC6vUJFHd8tHEsUG7wFp5TYc="></latexit>
dH(s)

ds
=

[
→ U

†(s)
dU(s)

ds
,H(s)

]
<latexit sha1_base64="dqh0MRKBovQH9xTaayknz+i0Ef8="></latexit>

U(s) = Ts exp

(∫ s

0
ds→G(s→)

)

<latexit sha1_base64="2xXHFb2Xaz5yRvf4ohe/X4J6dco=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqsdSLx4r2A9oQtlsN+nSzWbZ3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq9NMEdohKU9VP8SaciZoxzDDaV8qipOQ0144uZv7vSeqNEvFo5lKGiQ4FixiBBsr9fwWi2N/NqzW3Lq7AFonXkFqUKA9rH75o5RkCRWGcKz1wHOlCXKsDCOczip+pqnEZIJjOrBU4ITqIF+cO0MXVhmhKFW2hEEL9fdEjhOtp0loOxNsxnrVm4v/eYPMRLdBzoTMDBVkuSjKODIpmv+ORkxRYvjUEkwUs7ciMsYKE2MTqtgQvNWX10n3qu416o2H61qzVcRRhjM4h0vw4AaacA9t6ACBCTzDK7w50nlx3p2PZWvJKWZO4Q+czx8o2Y95</latexit>

}

<latexit sha1_base64="Ck94tmPwV8w+a4quJtJEfUz5znk=">AAAB9XicbVDLSsNAFL2pr1pfVZduBotQNyURqS6LLnRZwT6gjWUynbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw8MHM65l3vmeBFnStv2t1VYWV1b3yhulra2d3b3yvsHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k+vM7zxSqVgo7vU0om6AR4L5jGBtpId+gPWYYJ7cpFV1OihX7Jo9A1omTk4qkKM5KH/1hyGJAyo04VipnmNH2k2w1Ixwmpb6saIRJhM8oj1DBQ6ocpNZ6hSdGGWI/FCaJzSaqb83EhwoNQ08M5mlVIteJv7n9WLtX7oJE1GsqSDzQ37MkQ5RVgEaMkmJ5lNDMJHMZEVkjCUm2hRVMiU4i19eJu2zmlOv1e/OK42rvI4iHMExVMGBC2jALTShBQQkPMMrvFlP1ov1bn3MRwtWvnMIf2B9/gAjPJJK</latexit>

G(s) “generator”
<latexit sha1_base64="Snbnenk+RrfstMxyJqcMTJrdCK4=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0WooiURqW6EogtdVrAPaGOYTCfttJMHMxOhhPyEG3/FjQtF3Aru/BsnbRa19cCFwzn3cu89TsiokIbxo+UWFpeWV/KrhbX1jc0tfXunIYKIY1LHAQt4y0GCMOqTuqSSkVbICfIcRprO8Dr1m4+ECxr493IUEstDPZ+6FCOpJFs/7nhI9jFi8U1ix3SQlMQhvIQnU/LDkR0PaGrYetEoG2PAeWJmpAgy1Gz9u9MNcOQRX2KGhGibRiitGHFJMSNJoRMJEiI8RD3SVtRHHhFWPP4qgQdK6UI34Kp8Ccfq9ESMPCFGnqM602PFrJeK/3ntSLoXVkz9MJLEx5NFbsSgDGAaEexSTrBkI0UQ5lTdCnEfcYSlCrKgQjBnX54njdOyWSlX7s6K1assjjzYA/ugBExwDqrgFtRAHWDwBF7AG3jXnrVX7UP7nLTmtGxmF/yB9vULfYueZg==</latexit>

Gij(s) = →G→
ji(s)

<latexit sha1_base64="/+I2DMjfuJjJs/u2OfbqIzYKwZA=">AAACCXicbVC7SgNBFL0bXzG+Vi1tBoMQEcKuSLQRgham3IB5QBLC7GQ2GTL7YGZWCEtaG3/FxkIRW//Azr9xNtlCEw8MczjnXu69x404k8qyvo3cyura+kZ+s7C1vbO7Z+4fNGUYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHd+mfuuBCsnC4F5NItrz8TBgHiNYaalvoq6P1YhgntxNS/IUXSOnpn8HnaF6Sup9s2iVrRnQMrEzUoQMTt/86g5CEvs0UIRjKTu2FalegoVihNNpoRtLGmEyxkPa0TTAPpW9ZHbJFJ1oZYC8UOgXKDRTf3ck2Jdy4ru6Mt1bLnqp+J/XiZV31UtYEMWKBmQ+yIs5UiFKY0EDJihRfKIJJoLpXREZYYGJ0uEVdAj24snLpHletivlSv2iWL3J4sjDERxDCWy4hCrUwIEGEHiEZ3iFN+PJeDHejY95ac7Ieg7hD4zPHyzql3E=</latexit>

G(s) = PH(s)P +QH(s)QBlock-diagonal:
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a

a†

s

a(s)

a†(s)

H

α

β

α(s)
β(s)

a

a†

H

α

β

α(s)

β(s) H(s)

<latexit sha1_base64="lyq9vntFZtCPND1A1AKf2lwMtvY=">AAACB3icbZDJSgNBEIZ74hbjFvUoSGMQBCHMiEQvQtBLjhHMApkYajo1kyY9C909Qgi5efFVvHhQxKuv4M23sbMcNPGHho+/qqiu30sEV9q2v63M0vLK6lp2PbexubW9k9/dq6s4lQxrLBaxbHqgUPAIa5prgc1EIoSewIbXvxnXGw8oFY+jOz1IsB1CEHGfM9DG6uQPK/SKuiCSHlCgp9T1UBu6d7sQBCg7+YJdtCeii+DMoEBmqnbyX243ZmmIkWYClGo5dqLbQ5CaM4GjnJsqTID1IcCWwQhCVO3h5I4RPTZOl/qxNC/SdOL+nhhCqNQg9ExnCLqn5mtj879aK9X+ZXvIoyTVGLHpIj8VVMd0HArtcolMi4EBYJKbv1LWAwlMm+hyJgRn/uRFqJ8VnVKxdHteKF/P4siSA3JETohDLkiZVEiV1Agjj+SZvJI368l6sd6tj2lrxprN7JM/sj5/AA9gl5I=</latexit>

H = ωa+ εa
†

<latexit sha1_base64="QaFp5PcLBC9A7Ay4iYT9jXtJjRw=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoCmVGpLoRim66rGAf0KnlTnrbhmYeJBmhlP6DG3/FjQtF3Lpx59+YPhbaeiDh3HPuJbnHjwVX2nG+rdTS8srqWno9s7G5tb1j7+5VVZRIhhUWiUjWfVAoeIgVzbXAeiwRAl9gze/fjP3aA0rFo/BOD2JsBtANeYcz0EZq2SclekU9EHEPcuqYTq5T6vmop/W914ZuF6UpWnbWyTsT0EXizkiWzFBu2V9eO2JJgKFmApRquE6sm0OQmjOBo4yXKIyB9aGLDUNDCFA1h5OdRvTIKG3aiaQ5oaYT9ffEEAKlBoFvOgPQPTXvjcX/vEaiO5fNIQ/jRGPIpg91EkF1RMcB0TaXyLQYGAJMcvNXynoggWkTY8aE4M6vvEiqZ3m3kC/cnmeL17M40uSAHJIccckFKZISKZMKYeSRPJNX8mY9WS/Wu/UxbU1Zs5l98gfW5w/sjJsa</latexit>

H = ω(s)a(s) + ε(s)a†(s)

<latexit sha1_base64="9WbGUiotbb20Dz6J4zHCJVRSLB0="></latexit>{
a(s) = U(s)aU†(s)

a†(s) = U(s)a†U †(s)

<latexit sha1_base64="CPn0C0084fPPpsRzG5r5t18QFX0=">AAACD3icbZDLSgMxFIYz9VbrrerSTbAoFaHMiFQ3QtFNlxXsBTq1nElP29DMhSQjlNI3cOOruHGhiFu37nwbM20X2vpD4Mt/ziE5vxcJrrRtf1uppeWV1bX0emZjc2t7J7u7V1NhLBlWWShC2fBAoeABVjXXAhuRRPA9gXVvcJPU6w8oFQ+DOz2MsOVDL+BdzkAbq509LufVCb2iLoioDwkDPaWuhzq5wL3bgV4PZTubswv2RHQRnBnkyEyVdvbL7YQs9jHQTIBSTceOdGsEUnMmcJxxY4URsAH0sGkwAB9VazTZZ0yPjNOh3VCaE2g6cX9PjMBXauh7ptMH3VfztcT8r9aMdfeyNeJBFGsM2PShbiyoDmkSDu1wiUyLoQFgkpu/UtYHCUybCDMmBGd+5UWonRWcYqF4e54rXc/iSJMDckjyxCEXpETKpEKqhJFH8kxeyZv1ZL1Y79bHtDVlzWb2yR9Znz/NvJoO</latexit>

H(s) = ω(s)a+ ε(s)a†
<latexit sha1_base64="HXCkFLQdC2ddIfn7fp/JIv+SJNM=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5KIVDdC0U2XFUxbaGOZTCbp0MkkzEyEGoq/4saFIm79D3f+jZM2C209cOHMOfcy9x4vYVQqy/o2lpZXVtfWSxvlza3tnV1zb78t41Rg4uCYxaLrIUkY5cRRVDHSTQRBkcdIxxvd5H7ngQhJY36nxglxIxRyGlCMlJYG5uGVU5Wn930fhSERsAnz58CsWDVrCrhI7IJUQIHWwPzq+zFOI8IVZkjKnm0lys2QUBQzMin3U0kShEcoJD1NOYqIdLPp9hN4ohUfBrHQxRWcqr8nMhRJOY483RkhNZTzXi7+5/VSFVy6GeVJqgjHs4+ClEEVwzwK6FNBsGJjTRAWVO8K8RAJhJUOrKxDsOdPXiTts5pdr9VvzyuN6yKOEjgCx6AKbHABGqAJWsABGDyCZ/AK3own48V4Nz5mrUtGMXMA/sD4/AHn3ZOZ</latexit>

= U(s)†HU(s)
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Mapping Fermions/Bosons to Qubits

Operator

State

Fock Qubit

<latexit sha1_base64="12H8CPRfMwpheDceE4pauZ2czPE="></latexit>{
a†|n→ =

↑
n+ 1|n+ 1→

a|n→ =
↑
n|n↓ 1→

<latexit sha1_base64="DEdjGFPoWzxwGMTM0NeYfhTz5qY=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwISURqW6EUje6q2AfkMRyM5mmQycPZiZCCf0AN/6KGxeKuPUD3Pk3TtoutPXAwOGcc5l7j5dwJpVpfhuFpeWV1bXiemljc2t7p7y715ZxKghtkZjHouuBpJxFtKWY4rSbCAqhx2nHG17lfueBCsni6E6NEuqGEESszwgoLfXKFafBAhtOMNw7PgQBFbng4kvshKAGnpfdjHXKrJoT4EVizUgFzdDslb8cPyZpSCNFOEhpW2ai3AyEYoTTcclJJU2ADCGgtqYRhFS62eSYMT7Sio/7sdAvUnii/p7IIJRyFHo6mW8o571c/M+zU9W/cDMWJamiEZl+1E85VjHOm8E+E5QoPtIEiGB6V0wGIIAo3V9Jl2DNn7xI2qdVq1at3Z5V6o1ZHUV0gA7RMbLQOaqja9RELUTQI3pGr+jNeDJejHfjYxotGLOZffQHxucPC6CaYg==</latexit>[
a, a†

]
= I

Bosons:

Fermions:

<latexit sha1_base64="hGiiIRBcF2rbybCwyh6Gx3QeJ80="></latexit>{
b†|0→ = |1→
b|1→ = |0→

<latexit sha1_base64="iMeuOAeQfb1tlZqQhGJNOdCFk5Y=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRcSElEqhuh1I3uKtgHNLHMTKbp0MmDmYlQQr/Ajb/ixoUibl2782+cpFlo64ELh3Pu5d57cMyZVJb1bSwtr6yurZc2yptb2zu75t5+R0aJILRNIh6JHkaSchbStmKK014sKAowp108vsr87gMVkkXhnZrE1A2QH7IhI0hpaWBWnSbznRSfQHzveMj3qciVKbyEToDUCOP0ZjowK1bNygEXiV2QCijQGphfjheRJKChIhxJ2betWLkpEooRTqdlJ5E0RmSMfNrXNEQBlW6avzOFVa14cBgJXaGCufp7IkWBlJMA687sQjnvZeJ/Xj9Rwws3ZWGcKBqS2aJhwqGKYJYN9JigRPGJJogIpm+FZIQEIkonWNYh2PMvL5LOac2u1+q3Z5VGs4ijBA7BETgGNjgHDXANWqANCHgEz+AVvBlPxovxbnzMWpeMYuYA/IHx+QPwP5tw</latexit>{
b, b†

}
= I

Fermions:
<latexit sha1_base64="M2Hae4ySoAWPLNrLRfHeIrDah+s=">AAACAXicbVDLSgMxFL1TX7W+qm4EN8EiuJAyI1JdFt24rGAf0BmGTJppQzOZMckIZagbf8WNC0Xc+hfu/BvTdhbaeiDkcM69JOcECWdK2/a3VVhaXlldK66XNja3tnfKu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfD64nffqBSsVjc6VFCvQj3BQsZwdpIfvlA+Ay5Okb3k5sJ5Gb2KXLcsV+u2FV7CrRInJxUIEfDL3+5vZikERWacKxU17ET7WVYakY4HZfcVNEEkyHu066hAkdUedk0wRgdG6WHwliaIzSaqr83MhwpNYoCMxlhPVDz3kT8z+umOrz0MiaSVFNBZg+FKUcm8aQO1GOSEs1HhmAimfkrIgMsMdGmtJIpwZmPvEhaZ1WnVq3dnlfqV3kdRTiEIzgBBy6gDjfQgCYQeIRneIU368l6sd6tj9lowcp39uEPrM8fGU+VZA==</latexit>

ni → qi ↑ {0, 1}

Bosons:
<latexit sha1_base64="M2Hae4ySoAWPLNrLRfHeIrDah+s=">AAACAXicbVDLSgMxFL1TX7W+qm4EN8EiuJAyI1JdFt24rGAf0BmGTJppQzOZMckIZagbf8WNC0Xc+hfu/BvTdhbaeiDkcM69JOcECWdK2/a3VVhaXlldK66XNja3tnfKu3stFaeS0CaJeSw7AVaUM0GbmmlOO4mkOAo4bQfD64nffqBSsVjc6VFCvQj3BQsZwdpIfvlA+Ay5Okb3k5sJ5Gb2KXLcsV+u2FV7CrRInJxUIEfDL3+5vZikERWacKxU17ET7WVYakY4HZfcVNEEkyHu066hAkdUedk0wRgdG6WHwliaIzSaqr83MhwpNYoCMxlhPVDz3kT8z+umOrz0MiaSVFNBZg+FKUcm8aQO1GOSEs1HhmAimfkrIgMsMdGmtJIpwZmPvEhaZ1WnVq3dnlfqV3kdRTiEIzgBBy6gDjfQgCYQeIRneIU368l6sd6tj9lowcp39uEPrM8fGU+VZA==</latexit>

ni → qi ↑ {0, 1}<latexit sha1_base64="GJyDWHFG06bmyC/57yM66HbqXkw=">AAACGnicbVDJSgNBEO2Je9yiHr00BkERwkyQ6DHoxZsKZoFMGHo6ldike2bsrhHDkO/w4q948aCIN/Hi39hZDm4PCh7vVVFVL0ykMOi6n05uZnZufmFxKb+8srq2XtjYrJs41RxqPJaxbobMgBQR1FCghGaigalQQiPsn478xi1oI+LoCgcJtBXrRaIrOEMrBQXPlxyE9GXcC8p7/rmCHqMH1Nv39UingfAR7lCrjN6koUAzDApFt+SOQf8Sb0qKZIqLoPDud2KeKoiQS2ZMy3MTbGdMo+AShnk/NZAw3mc9aFkaMQWmnY1fG9Jdq3RoN9a2IqRj9ftExpQxAxXaTsXw2vz2RuJ/XivF7nE7E1GSIkR8sqibSooxHeVEO0IDRzmwhHEt7K2UXzPNONo08zYE7/fLf0m9XPIqpcrlYbF6Mo1jkWyTHbJHPHJEquSMXJAa4eSePJJn8uI8OE/Oq/M2ac0505kt8gPOxxc2CqBp</latexit>→log2(!+ 1)↑i qubits

Fermions:

Bosons:

<latexit sha1_base64="2LD5PpBjkpqhvZNc1+3jlgMtk50=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5RESvVY9OKxgv2AJoTNdtMu3WzC7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZF6acKe0431ZpY3Nre6e8W9nbPzg8so9POirJJKFtkvBE9kKsKGeCtjXTnPZSSXEcctoNx/dzvzuhUrFEPOlpSv0YDwWLGMHaSIFti4Ahjwnk5c4Vcr1ZYFedmrMAWiduQapQoBXYX94gIVlMhSYcK9V3nVT7OZaaEU5nFS9TNMVkjIe0b6jAMVV+vrh8hi6MMkBRIk0JjRbq74kcx0pN49B0xliP1Ko3F//z+pmObv2ciTTTVJDloijjSCdoHgMaMEmJ5lNDMJHM3IrICEtMtAmrYkJwV19eJ53rmtuoNR7r1eZdEUcZzuAcLsGFG2jCA7SgDQQm8Ayv8Gbl1ov1bn0sW0tWMXMKf2B9/gCbJJJc</latexit>

ni → {0, 1}

<latexit sha1_base64="OYerA2rVzJVWiE57DySFBea8bpE=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiJS3QhFNy4r2Ac0IUymk3ToZCbMTISS9gfc+CtuXCji1r07/8Zpm4W2HrhwOOde7r0nTBlV2nG+raXlldW19dJGeXNre2fX3ttvKZFJTJpYMCE7IVKEUU6ammpGOqkkKAkZaYeDm4nffiBSUcHv9TAlfoJiTiOKkTZSYB+PuCcRjxmBV9ALaSw0TYgKKBzxgBZWYFecqjMFXCRuQSqgQCOwv7yewFlCuMYMKdV1nVT7OZKaYkbGZS9TJEV4gGLSNZQjs9LPp9+M4YlRejAS0hTXcKr+nshRotQwCU1ngnRfzXsT8T+vm+no0s8pTzNNOJ4tijIGtYCTaGCPSoI1GxqCsKTmVoj7SCKsTYBlE4I7//IiaZ1V3Vq1dndeqV8XcZTAITgCp8AFF6AObkEDNAEGj+AZvII368l6sd6tj1nrklXMHIA/sD5/AJQym+g=</latexit>

|n→ =
⊗

i

|ni→

<latexit sha1_base64="iMVG5UCVE2h1tkwYlhHIiZdUTMc=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEUFVJhQpjBQsbRaIPqYkix3Vaq7YT2Q5SFXVn4VdYGECIlR9g429w2wzQciTLR+fce+17woRRpR3n2yqsrW9sbhW3Szu7e/sH9uFRR8WpxKSNYxbLXogUYVSQtqaakV4iCeIhI91wfD3zuw9EKhqLez1JiM/RUNCIYqSNFNhlEVDoUQG9zKlCtwrrVegNYq3MdcvJEHnTwK44NWcOuErcnFRAjlZgf5kJOOVEaMyQUn3XSbSfIakpZmRa8lJFEoTHaEj6hgrEifKz+S5TeGqUAYxiaY7QcK7+7sgQV2rCQ1PJkR6pZW8m/uf1Ux1d+hkVSaqJwIuHopRBHcNZMHBAJcGaTQxBWFLzV4hHSCKsTXwlE4K7vPIq6dRrbqPWuDuvNK/yOIrgBJTBGXDBBWiCG9ACbYDBI3gGr+DNerJerHfrY1FasPKeY/AH1ucP9pGYgQ==</latexit>

ni → {0, 1, 2, . . . ,!}

<latexit sha1_base64="k6sqTMLSmL+tNJVzLtX2cN3VZXI=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyERqR5LvYgXK5q2kIaw2W7bpZtN2N2oJfToxb/ixYMiXv0J3vw3btsctPXBwOO9GWbmhQmjUtn2t1FYWFxaXimultbWNza3zO2dhoxTgYmLYxaLVogkYZQTV1HFSCsRBEUhI81wcD72m3dESBrzWzVMiB+hHqddipHSUmDuXwUMth8E7fUVEiK+9y6tpuVnN1ZtBN2ABWbZtuwJ4DxxclIGOeqB+dXuxDiNCFeYISk9x06UnyGhKGZkVGqnkiQID1CPeJpyFBHpZ5NHRvBQKx3YjYUuruBE/T2RoUjKYRTqzgipvpz1xuJ/npeq7pmfUZ6kinA8XdRNGVQxHKcCO1QQrNhQE4QF1bdC3EcCYaWzK+kQnNmX50nj2HIqVuX6pFyt5XEUwR44AEfAAaegCi5AHbgAg0fwDF7Bm/FkvBjvxse0tWDkM7vgD4zPH2ammPM=</latexit>

Ol
S.B→→→↑
J.W.

Ul
<latexit sha1_base64="X2wdqnbXHBQUIkqD7WQltPsJqH8="></latexit>

bi →
⊗

j<i

Zj
1

2

(
Xi + iYi

)

<latexit sha1_base64="f4/1Es+GVGO+l4XtTZHY6xapC9c=">AAACBXicbVC7TsNAEDzzDOFloITiRIREQ2QjFCgjaCiDRB5SYqzzZZ2ccn7obo2IrDQ0/AoNBQjR8g90/A2OkwISphrN7Gpnx4ul0GhZ38bC4tLyymphrbi+sbm1be7sNnSUKA51HslItTymQYoQ6ihQQitWwAJPQtMbXI395j0oLaLwFocxOAHrhcIXnGEmuebBCe0gPKAKUupHio6o54q7Tpf1eqBcs2SVrRx0nthTUiJT1Fzzq9ONeBJAiFwyrdu2FaOTMoWCSxgVO4mGmPEB60E7oyELQDtp/sWIHmVKNw/hRyHSXP29kbJA62HgZZMBw76e9cbif147Qf/CSUUYJwghnxzyE0kxouNKaFco4CiHGWFciSwr5X2mGMesuGJWgj378jxpnJbtSrlyc1aqXk7rKJB9ckiOiU3OSZVckxqpE04eyTN5JW/Gk/FivBsfk9EFY7qzR/7A+PwBmp6YCA==</latexit>

→ for b†i

Fermions:

Bosons:

<latexit sha1_base64="hlK9i8EvPcZG0VMda6vN5mRzt78="></latexit>

a† =
!→1∑

s=0

→
s+ 1|s+ 1↑↓s|

<latexit sha1_base64="JsUuHEoCg/TZDRIHQGy343RUqo0="></latexit>

a =
!→1∑

s=0

→
s+ 1|s↑↓s+ 1|

Jordan Wigner

Standard Binary


