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Resurgence of interest in Hamiltonian methods in numerical QFT:
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• Sign problem (� �= 0, � �= 0, . . . )
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• Quantum computing
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• Quantum computing

<latexit sha1_base64="OYZCN3yDmzozfUcAr7F6gIj6Mrk=">AAAB1XicZZDNSsNAFIVv6l+Nf/Fn56bYLlyVpFDdBtx0WcG0haSUmek1Dp1MQmYilJCduPWZfAyfwK2+gWNbkNqz+rhzz5nDpZngSrvuh1Xb2t7Z3avv2weHR8cnzunZQKVFzjBgqUjzESUKBZcYaK4FjrIcSUIFDuns7vd9+Iy54ql80PMMxwmJJX/kjGgzmjhhRDHmsky45BmJsQr1uOxyWdmtiBZCoG41eiThQqeSE9nQeSGXXjuSKTVfzUoDXE5R6ipCOf2LmjhNt+0u1NgEbwVN/wIW6k8cFk1TViQmigmiVOi5malDcs2ZwMqOCoUZYTMTXrKE5jx+0mvT0KAkCapxuTjNukUUel7ZppX3v8MmDDpt76bdve80fX9ZD+pwCVdwDR7cgg896EMADN7hE77g2xpalfVivS5Xa9bKcw5rst5+AGrjiGc=</latexit>

• Hamiltonian truncation



Hamiltonian Truncation...
<latexit sha1_base64="ItYJNo1eakXccWY1C5CgteZPkIs=">AAAB13icZZC7TsNAEEXHPIN5mUdHE5EmFEQ2ItBaoqEMEXmg2IrW68FZZb227HWkYFl0iJZv4iv4BFr4ARYnEgq51dXs3LtH48WcpdI0P7SV1bX1jc3Klr69s7u3bxwcdtMoSyh2aMSjpO+RFDkT2JFMcuzHCZLQ49jzxje/770JJimLxL2cxuiGJBDskVEi1WhouI6HARN5yASLSYDFQLp5k4lCr7fJlCMLRudtJp+qE5KwMkN4NUQ5ivwz3RGRpz4b58ow4aOQhYPC/ysbGjWzYZaqLhtrbmr2MZRqDQ3q+BHNQlVFOUnTgWXGCogkklGOhe5kKcaEjlV5TkMvUXhyYTpQVpAQUzcvj7MY4ZmcFrqisv4zLJvuRcO6ajTvLmu2PcODCpzAKdTBgmuw4RZa0AEK7/AJX/CtPWjP2ov2Oltd0eaZI1iQ9vYDlXaJDQ==</latexit>

(Rayleigh-Ritz variational method)

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="IXoD0swr99GkP2yMnGsWHd3uhXU=">AAABoXicZY9LS8NAFIXv1Fetr/jYuQlmoauSSNWVEBCh7qLYBySlTMZrHDJ5MDMRSshP8Ne41R/iv7Gm3cSe1ce598A5YS640rb9Q1pr6xubW+3tzs7u3v6BcXg0VFkhGQ5YJjI5DqlCwVMcaK4FjnOJNAkFjsL47u8+ekepeJY+61mOk4RGKX/ljOq5NTXO+2YQoy4DxWR5X1XmrbnEpj81LLtr1zJXwVmC5Z5ALW9qsOAlY0WCqWaCKuU7dq4nJZWaM4FVJygU5pTFNMKSJaHk0ZtuuP4cU5qgmpT1zGZEFHpWdeatnP8dVmF42XWuu1ePPct1F/WgDadwBhfgwA240AcPBsDgAz7hC76JRR6IR54Wry2yzBxDQ8T/BQsTcWU=</latexit>

H|E� = E|E�
<latexit sha1_base64="XIQETYxuMh4l8zGes+/uAi9EGj4=">AAAB6XicZZDNTsJAFIVnEBTrH/7s3DTCwhVpjWjiqokLWWIiSEIJmQ6XesN0pmkHIjZ9CHfGrc/kwmdx4wgkBjmrL3fuOXNyg1hgqh3nixY2iqXNrfK2tbO7t39QOTzqpGqScGhzJVTSDVgKAiW0NWoB3TgBFgUCHoPx7e/74xSSFJV80LMY+hELJY6QM21Gg4ryAwhRZhFKjFkIeU/3swbK3LpTTNzYLI4T9YwR0yBm9hBZqCQT+AJ2rVmzUdojY9RgT5WYRGD5UgXm+3FmAOUQpM59kMO/+EGl6tSduex1cJdQ9U7IXK1BhftDxU221FywNO25TmwqskQjF5Bb/iSFmPGxCc94FCQYPumVac+gZBGk/Wx+rlWLmOhZbplW7v8O69C5qLtX9cb9ZdXzFvVImZySM3JOXHJNPNIkLdImnHySb1qkJTqmr/SNvi9WC3TpOSYroh8/ZF+OHQ==</latexit>

Goal: approximately diagonalize H in finite volume



Hamiltonian Truncation...
<latexit sha1_base64="ItYJNo1eakXccWY1C5CgteZPkIs=">AAAB13icZZC7TsNAEEXHPIN5mUdHE5EmFEQ2ItBaoqEMEXmg2IrW68FZZb227HWkYFl0iJZv4iv4BFr4ARYnEgq51dXs3LtH48WcpdI0P7SV1bX1jc3Klr69s7u3bxwcdtMoSyh2aMSjpO+RFDkT2JFMcuzHCZLQ49jzxje/770JJimLxL2cxuiGJBDskVEi1WhouI6HARN5yASLSYDFQLp5k4lCr7fJlCMLRudtJp+qE5KwMkN4NUQ5ivwz3RGRpz4b58ow4aOQhYPC/ysbGjWzYZaqLhtrbmr2MZRqDQ3q+BHNQlVFOUnTgWXGCogkklGOhe5kKcaEjlV5TkMvUXhyYTpQVpAQUzcvj7MY4ZmcFrqisv4zLJvuRcO6ajTvLmu2PcODCpzAKdTBgmuw4RZa0AEK7/AJX/CtPWjP2ov2Oltd0eaZI1iQ9vYDlXaJDQ==</latexit>

(Rayleigh-Ritz variational method)

<latexit sha1_base64="xoxYxwxlehVuX0HfzHSh4/H9UZk=">AAABzHicZZDLSsNAFIZP6q3GW7zs3ASbhSCURKyuhICbrqSKvUBTwsz0GIdOJiEzEUrI1mfyVdy41ccwtgWp/Vcf5/Kfn0NTwZV23Q+jtra+sblV3zZ3dvf2D6zDo55K8oxhlyUiyQaUKBRcYldzLXCQZkhiKrBPJ3e//f4rZoon8klPUxzFJJL8mTOiq1JoPQYUIy6LmEuekgjLoR4VLS5L0wloLgRqx3ba9q3dDl37wu45ZiATWl2YFBVwOUapywDl+M8htBpu053JXgVvAQ3/BGbqhBYLxgnL48qKCaLU0HPTKgXJNGcCSzPIFaaETSrzgsU049GLXqoOK5QkRjUqZh9ZXhG5npZmlcr7n2EVepdN77rZerhq+P48HtThFM7gHDy4AR/a0IEuMHiHT/iCb+Pe0EZhlPPRmrHYOYYlGW8/zl6B2Q==</latexit>

• H = H0 + V
<latexit sha1_base64="qi0LLD/Yqp/99uGfCPTnOJjm0XA=">AAABk3icZY9LS8NAFIXv1Fetr/haiJtgN65KIj4WIgQf0I1QwbSFJoTJeG2HTiYhMxFKKP4at/p7/DfGtC5iz+q7594D54aJ4Epb1jepLS2vrK7V1xsbm1vbO8buXlfFWcrQZbGI035IFQou0dVcC+wnKdIoFNgLx3e/+94bporH8llPEvQjOpT8lTOqCyswjtqBZXpj1LmcmjfmQyD/psBoWi2rlLkI9hyazgGU6gQG815ilkUoNRNUqYFtJdrPaao5EzhteJnChLIxHWLOojDlw5GuuIMCJY1Q+Xn5WDUiMj2ZNopW9v8Oi9A9a9mXrYun86bjzOpBHY7hBE7BhitwoA0dcIHBO3zAJ3yRQ3JNbsn97LRG5pl9qIg8/gCxeWqz</latexit>

H0|n� = En|n�

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="IXoD0swr99GkP2yMnGsWHd3uhXU=">AAABoXicZY9LS8NAFIXv1Fetr/jYuQlmoauSSNWVEBCh7qLYBySlTMZrHDJ5MDMRSshP8Ne41R/iv7Gm3cSe1ce598A5YS640rb9Q1pr6xubW+3tzs7u3v6BcXg0VFkhGQ5YJjI5DqlCwVMcaK4FjnOJNAkFjsL47u8+ekepeJY+61mOk4RGKX/ljOq5NTXO+2YQoy4DxWR5X1XmrbnEpj81LLtr1zJXwVmC5Z5ALW9qsOAlY0WCqWaCKuU7dq4nJZWaM4FVJygU5pTFNMKSJaHk0ZtuuP4cU5qgmpT1zGZEFHpWdeatnP8dVmF42XWuu1ePPct1F/WgDadwBhfgwA240AcPBsDgAz7hC76JRR6IR54Wry2yzBxDQ8T/BQsTcWU=</latexit>

H|E� = E|E�
<latexit sha1_base64="XIQETYxuMh4l8zGes+/uAi9EGj4=">AAAB6XicZZDNTsJAFIVnEBTrH/7s3DTCwhVpjWjiqokLWWIiSEIJmQ6XesN0pmkHIjZ9CHfGrc/kwmdx4wgkBjmrL3fuOXNyg1hgqh3nixY2iqXNrfK2tbO7t39QOTzqpGqScGhzJVTSDVgKAiW0NWoB3TgBFgUCHoPx7e/74xSSFJV80LMY+hELJY6QM21Gg4ryAwhRZhFKjFkIeU/3swbK3LpTTNzYLI4T9YwR0yBm9hBZqCQT+AJ2rVmzUdojY9RgT5WYRGD5UgXm+3FmAOUQpM59kMO/+EGl6tSduex1cJdQ9U7IXK1BhftDxU221FywNO25TmwqskQjF5Bb/iSFmPGxCc94FCQYPumVac+gZBGk/Wx+rlWLmOhZbplW7v8O69C5qLtX9cb9ZdXzFvVImZySM3JOXHJNPNIkLdImnHySb1qkJTqmr/SNvi9WC3TpOSYroh8/ZF+OHQ==</latexit>

Goal: approximately diagonalize H in finite volume



Hamiltonian Truncation...
<latexit sha1_base64="ItYJNo1eakXccWY1C5CgteZPkIs=">AAAB13icZZC7TsNAEEXHPIN5mUdHE5EmFEQ2ItBaoqEMEXmg2IrW68FZZb227HWkYFl0iJZv4iv4BFr4ARYnEgq51dXs3LtH48WcpdI0P7SV1bX1jc3Klr69s7u3bxwcdtMoSyh2aMSjpO+RFDkT2JFMcuzHCZLQ49jzxje/770JJimLxL2cxuiGJBDskVEi1WhouI6HARN5yASLSYDFQLp5k4lCr7fJlCMLRudtJp+qE5KwMkN4NUQ5ivwz3RGRpz4b58ow4aOQhYPC/ysbGjWzYZaqLhtrbmr2MZRqDQ3q+BHNQlVFOUnTgWXGCogkklGOhe5kKcaEjlV5TkMvUXhyYTpQVpAQUzcvj7MY4ZmcFrqisv4zLJvuRcO6ajTvLmu2PcODCpzAKdTBgmuw4RZa0AEK7/AJX/CtPWjP2ov2Oltd0eaZI1iQ9vYDlXaJDQ==</latexit>

(Rayleigh-Ritz variational method)

<latexit sha1_base64="xoxYxwxlehVuX0HfzHSh4/H9UZk=">AAABzHicZZDLSsNAFIZP6q3GW7zs3ASbhSCURKyuhICbrqSKvUBTwsz0GIdOJiEzEUrI1mfyVdy41ccwtgWp/Vcf5/Kfn0NTwZV23Q+jtra+sblV3zZ3dvf2D6zDo55K8oxhlyUiyQaUKBRcYldzLXCQZkhiKrBPJ3e//f4rZoon8klPUxzFJJL8mTOiq1JoPQYUIy6LmEuekgjLoR4VLS5L0wloLgRqx3ba9q3dDl37wu45ZiATWl2YFBVwOUapywDl+M8htBpu053JXgVvAQ3/BGbqhBYLxgnL48qKCaLU0HPTKgXJNGcCSzPIFaaETSrzgsU049GLXqoOK5QkRjUqZh9ZXhG5npZmlcr7n2EVepdN77rZerhq+P48HtThFM7gHDy4AR/a0IEuMHiHT/iCb+Pe0EZhlPPRmrHYOYYlGW8/zl6B2Q==</latexit>

• H = H0 + V
<latexit sha1_base64="qi0LLD/Yqp/99uGfCPTnOJjm0XA=">AAABk3icZY9LS8NAFIXv1Fetr/haiJtgN65KIj4WIgQf0I1QwbSFJoTJeG2HTiYhMxFKKP4at/p7/DfGtC5iz+q7594D54aJ4Epb1jepLS2vrK7V1xsbm1vbO8buXlfFWcrQZbGI035IFQou0dVcC+wnKdIoFNgLx3e/+94bporH8llPEvQjOpT8lTOqCyswjtqBZXpj1LmcmjfmQyD/psBoWi2rlLkI9hyazgGU6gQG815ilkUoNRNUqYFtJdrPaao5EzhteJnChLIxHWLOojDlw5GuuIMCJY1Q+Xn5WDUiMj2ZNopW9v8Oi9A9a9mXrYun86bjzOpBHY7hBE7BhitwoA0dcIHBO3zAJ3yRQ3JNbsn97LRG5pl9qIg8/gCxeWqz</latexit>

H0|n� = En|n�

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="IXoD0swr99GkP2yMnGsWHd3uhXU=">AAABoXicZY9LS8NAFIXv1Fetr/jYuQlmoauSSNWVEBCh7qLYBySlTMZrHDJ5MDMRSshP8Ne41R/iv7Gm3cSe1ce598A5YS640rb9Q1pr6xubW+3tzs7u3v6BcXg0VFkhGQ5YJjI5DqlCwVMcaK4FjnOJNAkFjsL47u8+ekepeJY+61mOk4RGKX/ljOq5NTXO+2YQoy4DxWR5X1XmrbnEpj81LLtr1zJXwVmC5Z5ALW9qsOAlY0WCqWaCKuU7dq4nJZWaM4FVJygU5pTFNMKSJaHk0ZtuuP4cU5qgmpT1zGZEFHpWdeatnP8dVmF42XWuu1ePPct1F/WgDadwBhfgwA240AcPBsDgAz7hC76JRR6IR54Wry2yzBxDQ8T/BQsTcWU=</latexit>

H|E� = E|E�
<latexit sha1_base64="XIQETYxuMh4l8zGes+/uAi9EGj4=">AAAB6XicZZDNTsJAFIVnEBTrH/7s3DTCwhVpjWjiqokLWWIiSEIJmQ6XesN0pmkHIjZ9CHfGrc/kwmdx4wgkBjmrL3fuOXNyg1hgqh3nixY2iqXNrfK2tbO7t39QOTzqpGqScGhzJVTSDVgKAiW0NWoB3TgBFgUCHoPx7e/74xSSFJV80LMY+hELJY6QM21Gg4ryAwhRZhFKjFkIeU/3swbK3LpTTNzYLI4T9YwR0yBm9hBZqCQT+AJ2rVmzUdojY9RgT5WYRGD5UgXm+3FmAOUQpM59kMO/+EGl6tSduex1cJdQ9U7IXK1BhftDxU221FywNO25TmwqskQjF5Bb/iSFmPGxCc94FCQYPumVac+gZBGk/Wx+rlWLmOhZbplW7v8O69C5qLtX9cb9ZdXzFvVImZySM3JOXHJNPNIkLdImnHySb1qkJTqmr/SNvi9WC3TpOSYroh8/ZF+OHQ==</latexit>

Goal: approximately diagonalize H in finite volume

<latexit sha1_base64="9ZJ8FCECwtDf7zpR59vPH9aHOEU=">AAAB1XicZZDLSsNAFIZPvNZ4i5edm2C7cFUSsboNuOmyQm+QlDIzPcahk0nITIQSshO3PpOP4RO41TdwbAtS+68+zuU/P4dmgivteR/WxubW9s5ubc/ePzg8OnZOTvsqLXKGPZaKNB9SolBwiT3NtcBhliNJqMABnd7/9gfPmCueyq6eZThKSCz5I2dEm9LYCSOKMZdlwiXPSIxVqEdli8vKbkS0EAJ1w+3mhTTz6La5oJhrV2WEoR3JlJpT09IAlxOUuopQTv6sxk7da3pzuevgL6EenMNcnbHDoknKisRYMUGUCn0vM3FIrjkTWNlRodCcnhrzkiU05/GTXqmGBiVJUI3K+WtWV0ShZ5VtUvn/M6xD/7rp3zZbDzf1IFjEgxpcwCVcgQ93EEAbOtADBu/wCV/wbQ2synqxXhejG9Zy5wxWZL39AM4nh+o=</latexit>

• Truncate Hilbert space
<latexit sha1_base64="6t4zSnqQHjTVFwDX6Qhlr+nr2Oo=">AAABmnicZY9LS8NAFIXv1FeNr/jY6aKYjauQiI9t0I0iSMW+oAlhMt7GoZMHMxOhhG79NW71v/hvjG0RYs/q49x74JwoF1xpx/kmjZXVtfWN5qaxtb2zu2fuH/RUVkiGXZaJTA4iqlDwFLuaa4GDXCJNIoH9aHz7e++/oVQ8Szt6kmOQ0DjlI86orqzQbPmKyfJ5Gj5WVEQK9Z/j83SkJ6FpObYzU2sZ3AVY3hHM1A5N5r9krEgw1UxQpYauk+ugpFJzJnBq+IXCnLIxjbFkSSR5/Kpr7rDClCaognK2rx4RhZ5MjaqV+7/DMvTObffKvny6sDxvXg+acAyncAYuXIMHd9CGLjB4hw/4hC9yQm7IPXmYvzbIInMINZHOD1TNbuk=</latexit>

SN � S�
<latexit sha1_base64="nzO+B+725OcV/3b0vv6wWpPee2E=">AAABjXicZY9LT8JAFIXv4AvxQRV3bohscNO0BnSjpokLXRGM8kho00yHK06YPjIzNWma/ha3+pP8N1Zgg5zVl3PvSc4JEsGVtqwfUtna3tndq+7XDg6PjuvGyelQxalkOGCxiOU4oAoFj3CguRY4TiTSMBA4CuYPf/fRB0rF4+hVZwl6IZ1F/I0zqkvLNxrulIdtVzGZvxR+77J51+z5RssyrYWam2CvoOWcwUJ932DuNGZpiJFmgio1sa1EezmVmjOBRc1NFSaUzekMcxYGks/e9Zo7KTGiISovX0xaj4hUZ0WtbGX/77AJwyvTvja7z52W4yzrQRXO4QLaYMMNOPAEfRgAgww+4Qu+SZ10yS25X75WyCrTgDWRx18bqmgT</latexit>

dim(SN) = N



Hamiltonian Truncation...
<latexit sha1_base64="ItYJNo1eakXccWY1C5CgteZPkIs=">AAAB13icZZC7TsNAEEXHPIN5mUdHE5EmFEQ2ItBaoqEMEXmg2IrW68FZZb227HWkYFl0iJZv4iv4BFr4ARYnEgq51dXs3LtH48WcpdI0P7SV1bX1jc3Klr69s7u3bxwcdtMoSyh2aMSjpO+RFDkT2JFMcuzHCZLQ49jzxje/770JJimLxL2cxuiGJBDskVEi1WhouI6HARN5yASLSYDFQLp5k4lCr7fJlCMLRudtJp+qE5KwMkN4NUQ5ivwz3RGRpz4b58ow4aOQhYPC/ysbGjWzYZaqLhtrbmr2MZRqDQ3q+BHNQlVFOUnTgWXGCogkklGOhe5kKcaEjlV5TkMvUXhyYTpQVpAQUzcvj7MY4ZmcFrqisv4zLJvuRcO6ajTvLmu2PcODCpzAKdTBgmuw4RZa0AEK7/AJX/CtPWjP2ov2Oltd0eaZI1iQ9vYDlXaJDQ==</latexit>

(Rayleigh-Ritz variational method)

<latexit sha1_base64="xoxYxwxlehVuX0HfzHSh4/H9UZk=">AAABzHicZZDLSsNAFIZP6q3GW7zs3ASbhSCURKyuhICbrqSKvUBTwsz0GIdOJiEzEUrI1mfyVdy41ccwtgWp/Vcf5/Kfn0NTwZV23Q+jtra+sblV3zZ3dvf2D6zDo55K8oxhlyUiyQaUKBRcYldzLXCQZkhiKrBPJ3e//f4rZoon8klPUxzFJJL8mTOiq1JoPQYUIy6LmEuekgjLoR4VLS5L0wloLgRqx3ba9q3dDl37wu45ZiATWl2YFBVwOUapywDl+M8htBpu053JXgVvAQ3/BGbqhBYLxgnL48qKCaLU0HPTKgXJNGcCSzPIFaaETSrzgsU049GLXqoOK5QkRjUqZh9ZXhG5npZmlcr7n2EVepdN77rZerhq+P48HtThFM7gHDy4AR/a0IEuMHiHT/iCb+Pe0EZhlPPRmrHYOYYlGW8/zl6B2Q==</latexit>

• H = H0 + V
<latexit sha1_base64="qi0LLD/Yqp/99uGfCPTnOJjm0XA=">AAABk3icZY9LS8NAFIXv1Fetr/haiJtgN65KIj4WIgQf0I1QwbSFJoTJeG2HTiYhMxFKKP4at/p7/DfGtC5iz+q7594D54aJ4Epb1jepLS2vrK7V1xsbm1vbO8buXlfFWcrQZbGI035IFQou0dVcC+wnKdIoFNgLx3e/+94bporH8llPEvQjOpT8lTOqCyswjtqBZXpj1LmcmjfmQyD/psBoWi2rlLkI9hyazgGU6gQG815ilkUoNRNUqYFtJdrPaao5EzhteJnChLIxHWLOojDlw5GuuIMCJY1Q+Xn5WDUiMj2ZNopW9v8Oi9A9a9mXrYun86bjzOpBHY7hBE7BhitwoA0dcIHBO3zAJ3yRQ3JNbsn97LRG5pl9qIg8/gCxeWqz</latexit>

H0|n� = En|n�

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="IXoD0swr99GkP2yMnGsWHd3uhXU=">AAABoXicZY9LS8NAFIXv1Fetr/jYuQlmoauSSNWVEBCh7qLYBySlTMZrHDJ5MDMRSshP8Ne41R/iv7Gm3cSe1ce598A5YS640rb9Q1pr6xubW+3tzs7u3v6BcXg0VFkhGQ5YJjI5DqlCwVMcaK4FjnOJNAkFjsL47u8+ekepeJY+61mOk4RGKX/ljOq5NTXO+2YQoy4DxWR5X1XmrbnEpj81LLtr1zJXwVmC5Z5ALW9qsOAlY0WCqWaCKuU7dq4nJZWaM4FVJygU5pTFNMKSJaHk0ZtuuP4cU5qgmpT1zGZEFHpWdeatnP8dVmF42XWuu1ePPct1F/WgDadwBhfgwA240AcPBsDgAz7hC76JRR6IR54Wry2yzBxDQ8T/BQsTcWU=</latexit>

H|E� = E|E�
<latexit sha1_base64="XIQETYxuMh4l8zGes+/uAi9EGj4=">AAAB6XicZZDNTsJAFIVnEBTrH/7s3DTCwhVpjWjiqokLWWIiSEIJmQ6XesN0pmkHIjZ9CHfGrc/kwmdx4wgkBjmrL3fuOXNyg1hgqh3nixY2iqXNrfK2tbO7t39QOTzqpGqScGhzJVTSDVgKAiW0NWoB3TgBFgUCHoPx7e/74xSSFJV80LMY+hELJY6QM21Gg4ryAwhRZhFKjFkIeU/3swbK3LpTTNzYLI4T9YwR0yBm9hBZqCQT+AJ2rVmzUdojY9RgT5WYRGD5UgXm+3FmAOUQpM59kMO/+EGl6tSduex1cJdQ9U7IXK1BhftDxU221FywNO25TmwqskQjF5Bb/iSFmPGxCc94FCQYPumVac+gZBGk/Wx+rlWLmOhZbplW7v8O69C5qLtX9cb9ZdXzFvVImZySM3JOXHJNPNIkLdImnHySb1qkJTqmr/SNvi9WC3TpOSYroh8/ZF+OHQ==</latexit>

Goal: approximately diagonalize H in finite volume

<latexit sha1_base64="YeWrJsUg8wgRwwN2QjbbClN5Yww=">AAABpHicZY/LSsNAFIZP6q3WW7zs3AQLWkVCIl5WQsBNFy4qmrbQ1DAZT+vQySTMTMQS8g4+jVt9Dd/G2HZT+6++85/zw3+ilDOlHefHqCwtr6yuVddrG5tb2zvm7l5bJZmk6NOEJ7IbEYWcCfQ10xy7qUQSRxw70ejub995Q6lYIp70OMV+TIaCDRglurRC86zRDAON7zrHwaA4DXNxci4K69YKIknKobCaVjBCnYsiNOuO7UxkLYI7g7p3ABO1QpMGLwnNYhSacqJUz3VS3c+J1IxyLGpBpjAldESGmNM4kmz4qufcXomCxKj6+eTT+QjP9Liola3c/x0WoX1hu9f21cNl3fOm9aAKh3AEDXDhBjxoQgt8oPABn/AF38axcW88Gv70tGLMMvswJ+P5F7VvcZw=</latexit>

(He�)n�,n = �n�|H|n�

<latexit sha1_base64="SjO5nBN3kUx40DB7sdIHVtYnDHc=">AAAB83icZZDNTsJAFIVnVBSrAurSTSMs3EhaI5q4asKGJSbyk1BCpsOlTpifpjPVkKZP4s649YFc+SqOQGKQs7lf7p177slECWfaeN4X3tndK+0flA+do+OTSrV2etbXKksp9KjiKh1GRANnEnqGGQ7DJAUiIg6DaN7+nQ9eINVMySezSGAsSCzZjFFibGtSW4QRxEzmgkmWkBiKkRnnLSYLpxFGGedgGm5biSQz4HL1es0XTMauToCaNBOOmrm2SusGU7dDBONGSUbkgxNKFdkg89wCk1OQpghBTv8OTWp1r+kt5W6Dv4Z6UEZLdSc1Gk4VzYS1opxoPfK9xIYlqWGUQ+GEmYaE0Lk1z6mIUhY/m43uyKIkAvQ4X37c5grPzKJwbCr/f4Zt6N80/btm6/G2HgSreKiMLtAlukI+ukcB6qAu6iGKvnEJV3AVZ/gNv+OP1dMdvN45RxvCnz+zTJF6</latexit>

• Compute low-lying spectrum of truncated Hamiltonian:

<latexit sha1_base64="9ZJ8FCECwtDf7zpR59vPH9aHOEU=">AAAB1XicZZDLSsNAFIZPvNZ4i5edm2C7cFUSsboNuOmyQm+QlDIzPcahk0nITIQSshO3PpOP4RO41TdwbAtS+68+zuU/P4dmgivteR/WxubW9s5ubc/ePzg8OnZOTvsqLXKGPZaKNB9SolBwiT3NtcBhliNJqMABnd7/9gfPmCueyq6eZThKSCz5I2dEm9LYCSOKMZdlwiXPSIxVqEdli8vKbkS0EAJ1w+3mhTTz6La5oJhrV2WEoR3JlJpT09IAlxOUuopQTv6sxk7da3pzuevgL6EenMNcnbHDoknKisRYMUGUCn0vM3FIrjkTWNlRodCcnhrzkiU05/GTXqmGBiVJUI3K+WtWV0ShZ5VtUvn/M6xD/7rp3zZbDzf1IFjEgxpcwCVcgQ93EEAbOtADBu/wCV/wbQ2synqxXhejG9Zy5wxWZL39AM4nh+o=</latexit>

• Truncate Hilbert space
<latexit sha1_base64="6t4zSnqQHjTVFwDX6Qhlr+nr2Oo=">AAABmnicZY9LS8NAFIXv1FeNr/jY6aKYjauQiI9t0I0iSMW+oAlhMt7GoZMHMxOhhG79NW71v/hvjG0RYs/q49x74JwoF1xpx/kmjZXVtfWN5qaxtb2zu2fuH/RUVkiGXZaJTA4iqlDwFLuaa4GDXCJNIoH9aHz7e++/oVQ8Szt6kmOQ0DjlI86orqzQbPmKyfJ5Gj5WVEQK9Z/j83SkJ6FpObYzU2sZ3AVY3hHM1A5N5r9krEgw1UxQpYauk+ugpFJzJnBq+IXCnLIxjbFkSSR5/Kpr7rDClCaognK2rx4RhZ5MjaqV+7/DMvTObffKvny6sDxvXg+acAyncAYuXIMHd9CGLjB4hw/4hC9yQm7IPXmYvzbIInMINZHOD1TNbuk=</latexit>

SN � S�
<latexit sha1_base64="nzO+B+725OcV/3b0vv6wWpPee2E=">AAABjXicZY9LT8JAFIXv4AvxQRV3bohscNO0BnSjpokLXRGM8kho00yHK06YPjIzNWma/ha3+pP8N1Zgg5zVl3PvSc4JEsGVtqwfUtna3tndq+7XDg6PjuvGyelQxalkOGCxiOU4oAoFj3CguRY4TiTSMBA4CuYPf/fRB0rF4+hVZwl6IZ1F/I0zqkvLNxrulIdtVzGZvxR+77J51+z5RssyrYWam2CvoOWcwUJ932DuNGZpiJFmgio1sa1EezmVmjOBRc1NFSaUzekMcxYGks/e9Zo7KTGiISovX0xaj4hUZ0WtbGX/77AJwyvTvja7z52W4yzrQRXO4QLaYMMNOPAEfRgAgww+4Qu+SZ10yS25X75WyCrTgDWRx18bqmgT</latexit>

dim(SN) = N



...on the Lattice

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L
<latexit sha1_base64="im2e0iyd+OepzQLQLc1B0EvxsaU=">AAABeXicdY45T8NAFISfw2XMZaCkCaSJKKzdBHJ0lmgoE4kcUhJF6+URVlkf2l0jRVZ+AS38OH4LDXYChQum+jTzRm+CRAptCPmyKju7e/sH9qFzdHxyeuaeXwx1nCqOAx7LWI0DplGKCAdGGInjRCELA4mjYPlQ5KM3VFrE0ZNZJTgL2SISL4Izk1t9NndrxCOEUEqrBdB2i+TQ7XYatFOlRZSr5tuwUW/u8ulzzNMQI8Ml03pCSWJmGVNGcIlrZ5pqTBhfsgVmPAyUWLyakjvJMWIh6lm2mV+uyNSs1k6+6u919X8YNjza8u77dzXf384DG67gBupAoQ0+PEIPBsAB4R0+4BO+rWurbt1uTyvWb+cSSrKaP8gTYmo=</latexit>

a



...on the Lattice

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L
<latexit sha1_base64="im2e0iyd+OepzQLQLc1B0EvxsaU=">AAABeXicdY45T8NAFISfw2XMZaCkCaSJKKzdBHJ0lmgoE4kcUhJF6+URVlkf2l0jRVZ+AS38OH4LDXYChQum+jTzRm+CRAptCPmyKju7e/sH9qFzdHxyeuaeXwx1nCqOAx7LWI0DplGKCAdGGInjRCELA4mjYPlQ5KM3VFrE0ZNZJTgL2SISL4Izk1t9NndrxCOEUEqrBdB2i+TQ7XYatFOlRZSr5tuwUW/u8ulzzNMQI8Ml03pCSWJmGVNGcIlrZ5pqTBhfsgVmPAyUWLyakjvJMWIh6lm2mV+uyNSs1k6+6u919X8YNjza8u77dzXf384DG67gBupAoQ0+PEIPBsAB4R0+4BO+rWurbt1uTyvWb+cSSrKaP8gTYmo=</latexit>

a

<latexit sha1_base64="N+kfWbDKduY+geXs16J+aCm/VPY=">AAABfXicdY9LS8NAFIVv6qvWV33s3ASD4ELCTNC2WQgBNy4rmLbQhjIZr3Ho5EFmIpTS3+BWf5q/RtNUF1l4Vh/33MM9N8ykUJqQL6Oxsbm1vdPcbe3tHxwetY9PBiotco4+T2Waj0KmUIoEfS20xFGWI4tDicNwdr/yh2+YK5EmT3qeYRCzKBEvgjNdjnxm3pl02raITUp1OuYKaI/QEly35ziuSSuLEMs7g0r9aZtPnlNexJhoLplSY0oyHSxYrgWXuGxNCoUZ4zMW4YLHYS6iV12bjktMWIwqWFQv1COy0PNlq2z1d9r8HwaOTTv27eON5XnretCEc7iAK6DQBQ8eoA8+cBDwDh/wCd/GpXFt2OvVhvGbOYWajO4PKytjUw==</latexit>

a = 1

<latexit sha1_base64="UVUOtjOKTszRznh8AHzXTvysfeA=">AAABnHicZY9LS8NAFIXv1Fetr/jYCRLbjSCUpETdBnQhiFDBPqCJYTLepkMnD2YmYgnZ+2vc6l/x31jbbmrP6uPce+CcMBNcacv6IZW19Y3Nrep2bWd3b//AODzqqjSXDDssFansh1Sh4Al2NNcC+5lEGocCe+H49u/ee0OpeJo860mGfkyjhA85o3pqBUa9KC9NbygpKzxBy8I5L00vG/Hg/cUxvZBHkR8YDatpzWSugr2AhnsCM7UDg3mvKctjTDQTVKmBbWXaL6jUnAksa16uMKNsTCMsWBxKHo30kjuYYkJjVH4xW7gcEbmelLVpK/t/h1Xotpr2dfPqyWm47rweVOEU6nABNtyAC/fQhg4w+IBP+IJvckbuyAN5nL9WyCJzDEsi3V9A8W6c</latexit>

+
�

4!
�4x

�

<latexit sha1_base64="s/7YiCvU/J0Z0aHebgjioStNgOE=">AAABzHicZZA5T8NAEIVnOYO5zNHRrEiDhBTZEUeFZIkmFQqIHFJsrPVm46yyPrS7hkSWW34Tf4WGFn4GzlEQ8qpP8+ZpniZIBVfasj7R2vrG5tZ2ZcfY3ds/ODSPjtsqySRlLZqIRHYDopjgMWtprgXrppKRKBCsE4zup37nlUnFk/hZT1LmRSSM+YBTosuRbz41fAvfYVdlkT/GbsDDnuGqgSQU23Xs9hOdu+mQFy914xL/Md54nwVE5lHp4OmGP55Cmfd8s2rVrJnwKtgLqDqnMFPTN2l5h2YRizUVRKmebaXay4nUnApWGG6mWEroiIQsp1EgeTjUS9NeiTGJmPLy2UeWIyLTk8IoW9n/O6xCu16zb2rXj1dVx5nXgwqcwTlcgA234EADmtACCh/wBd/wgx6QRjkq5qtraJE5gSWh918swX/B</latexit>

H0 =
�

x

�
1
2 �̇

2 + 1
2m

2�2x
�

<latexit sha1_base64="9a2eScA2XFR0yTTkWVn6+7Bgesc=">AAAB7HicZVBLT8JAGNzFB1hf9XHzspELBCRt4+NEQuLFIybySFjabJelbugru1uFNP0X3oxXf5P+GSMUEoPMaTLfzGTyubHPpTKMb1jY2t7ZLZb2tP2Dw6Nj/eS0K6NEUNahkR+Jvksk83nIOoorn/VjwUjg+qznTu4X994LE5JH4ZOaxWwYEC/kY06JmkuOLrqoibBMAmeKsMs9b6BhORaEItNClcC20BXCr3zEXCLSILOtKsLxM3emtqXV0J81r0g5wvUmriMzs0eokhvTaY1ni5I8VZ3HHL1sNIwcaJOYK1JunYMcbUeneBTRJGChoj6RcmAasRqmRChOfZZpOJEsJnRCPJbSwBXce1Zr6mBOQxIwOUzzj61H/ETNssUq8/+GTdK1GuZt4+bxutxqLeeBErgAl6ACTHAHWuABtEEHUPAFfmARlmAI3+A7/FhaC3CVOQNrgJ+/rwiHrg==</latexit>

V =
�

x

�
1
2(m

2 �m2)�2x +
1
2

d�

i =1

(�x+i � �x)
2



...on the Lattice

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L
<latexit sha1_base64="im2e0iyd+OepzQLQLc1B0EvxsaU=">AAABeXicdY45T8NAFISfw2XMZaCkCaSJKKzdBHJ0lmgoE4kcUhJF6+URVlkf2l0jRVZ+AS38OH4LDXYChQum+jTzRm+CRAptCPmyKju7e/sH9qFzdHxyeuaeXwx1nCqOAx7LWI0DplGKCAdGGInjRCELA4mjYPlQ5KM3VFrE0ZNZJTgL2SISL4Izk1t9NndrxCOEUEqrBdB2i+TQ7XYatFOlRZSr5tuwUW/u8ulzzNMQI8Ml03pCSWJmGVNGcIlrZ5pqTBhfsgVmPAyUWLyakjvJMWIh6lm2mV+uyNSs1k6+6u919X8YNjza8u77dzXf384DG67gBupAoQ0+PEIPBsAB4R0+4BO+rWurbt1uTyvWb+cSSrKaP8gTYmo=</latexit>

a

<latexit sha1_base64="yuSJoiSzyysZ6QLJI8Nz6Cd07BU=">AAAB1nicZZDLSsNAFIZPvNZ4i5edm2C7cCElKVbBVaAblxXsBZpaJtOxHjozCZmJUELciVufybfwDdzqEzi2Ban94cDHOXP+8zNRwlFpz/uwVlbX1jc2S1v29s7u3r5zcNhWcZZS1qIxj9NuRBTjKFlLo+asm6SMiIizTjRu/M47TyxVGMs7PUlYX5CRxAekRJvWwAnDiI1Q5gIlJmTEip7u53WUhd2IpUaZZcLlKFBfuxVxXzt3Q05Mcdev2KGMI3NrnBtAOWRSFyGTwz+vgVP2qt5U7jL4cygHxzBVc+DQcBjTTBgryolSPd9LTB6SaqScFXaYKZYQOjbmORVRiqNHvdDtGZREMNXPp3+zuMIzPSlsk8r/n2EZ2rWqf1mt316Ug2AWD0pwAqdwBj5cQQA30IQWUHiHT/iCb6trPVsv1uvs6Yo13zmCBVlvP+jYhwY=</latexit>

Continuum limit: m2,�� 1

<latexit sha1_base64="N+kfWbDKduY+geXs16J+aCm/VPY=">AAABfXicdY9LS8NAFIVv6qvWV33s3ASD4ELCTNC2WQgBNy4rmLbQhjIZr3Ho5EFmIpTS3+BWf5q/RtNUF1l4Vh/33MM9N8ykUJqQL6Oxsbm1vdPcbe3tHxwetY9PBiotco4+T2Waj0KmUIoEfS20xFGWI4tDicNwdr/yh2+YK5EmT3qeYRCzKBEvgjNdjnxm3pl02raITUp1OuYKaI/QEly35ziuSSuLEMs7g0r9aZtPnlNexJhoLplSY0oyHSxYrgWXuGxNCoUZ4zMW4YLHYS6iV12bjktMWIwqWFQv1COy0PNlq2z1d9r8HwaOTTv27eON5XnretCEc7iAK6DQBQ8eoA8+cBDwDh/wCd/GpXFt2OvVhvGbOYWajO4PKytjUw==</latexit>

a = 1

<latexit sha1_base64="UVUOtjOKTszRznh8AHzXTvysfeA=">AAABnHicZY9LS8NAFIXv1Fetr/jYCRLbjSCUpETdBnQhiFDBPqCJYTLepkMnD2YmYgnZ+2vc6l/x31jbbmrP6uPce+CcMBNcacv6IZW19Y3Nrep2bWd3b//AODzqqjSXDDssFansh1Sh4Al2NNcC+5lEGocCe+H49u/ee0OpeJo860mGfkyjhA85o3pqBUa9KC9NbygpKzxBy8I5L00vG/Hg/cUxvZBHkR8YDatpzWSugr2AhnsCM7UDg3mvKctjTDQTVKmBbWXaL6jUnAksa16uMKNsTCMsWBxKHo30kjuYYkJjVH4xW7gcEbmelLVpK/t/h1Xotpr2dfPqyWm47rweVOEU6nABNtyAC/fQhg4w+IBP+IJvckbuyAN5nL9WyCJzDEsi3V9A8W6c</latexit>

+
�

4!
�4x

�

<latexit sha1_base64="s/7YiCvU/J0Z0aHebgjioStNgOE=">AAABzHicZZA5T8NAEIVnOYO5zNHRrEiDhBTZEUeFZIkmFQqIHFJsrPVm46yyPrS7hkSWW34Tf4WGFn4GzlEQ8qpP8+ZpniZIBVfasj7R2vrG5tZ2ZcfY3ds/ODSPjtsqySRlLZqIRHYDopjgMWtprgXrppKRKBCsE4zup37nlUnFk/hZT1LmRSSM+YBTosuRbz41fAvfYVdlkT/GbsDDnuGqgSQU23Xs9hOdu+mQFy914xL/Md54nwVE5lHp4OmGP55Cmfd8s2rVrJnwKtgLqDqnMFPTN2l5h2YRizUVRKmebaXay4nUnApWGG6mWEroiIQsp1EgeTjUS9NeiTGJmPLy2UeWIyLTk8IoW9n/O6xCu16zb2rXj1dVx5nXgwqcwTlcgA234EADmtACCh/wBd/wgx6QRjkq5qtraJE5gSWh918swX/B</latexit>

H0 =
�

x

�
1
2 �̇

2 + 1
2m

2�2x
�

<latexit sha1_base64="9a2eScA2XFR0yTTkWVn6+7Bgesc=">AAAB7HicZVBLT8JAGNzFB1hf9XHzspELBCRt4+NEQuLFIybySFjabJelbugru1uFNP0X3oxXf5P+GSMUEoPMaTLfzGTyubHPpTKMb1jY2t7ZLZb2tP2Dw6Nj/eS0K6NEUNahkR+Jvksk83nIOoorn/VjwUjg+qznTu4X994LE5JH4ZOaxWwYEC/kY06JmkuOLrqoibBMAmeKsMs9b6BhORaEItNClcC20BXCr3zEXCLSILOtKsLxM3emtqXV0J81r0g5wvUmriMzs0eokhvTaY1ni5I8VZ3HHL1sNIwcaJOYK1JunYMcbUeneBTRJGChoj6RcmAasRqmRChOfZZpOJEsJnRCPJbSwBXce1Zr6mBOQxIwOUzzj61H/ETNssUq8/+GTdK1GuZt4+bxutxqLeeBErgAl6ACTHAHWuABtEEHUPAFfmARlmAI3+A7/FhaC3CVOQNrgJ+/rwiHrg==</latexit>

V =
�

x

�
1
2(m

2 �m2)�2x +
1
2

d�

i =1

(�x+i � �x)
2



...on the Lattice

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L
<latexit sha1_base64="im2e0iyd+OepzQLQLc1B0EvxsaU=">AAABeXicdY45T8NAFISfw2XMZaCkCaSJKKzdBHJ0lmgoE4kcUhJF6+URVlkf2l0jRVZ+AS38OH4LDXYChQum+jTzRm+CRAptCPmyKju7e/sH9qFzdHxyeuaeXwx1nCqOAx7LWI0DplGKCAdGGInjRCELA4mjYPlQ5KM3VFrE0ZNZJTgL2SISL4Izk1t9NndrxCOEUEqrBdB2i+TQ7XYatFOlRZSr5tuwUW/u8ulzzNMQI8Ml03pCSWJmGVNGcIlrZ5pqTBhfsgVmPAyUWLyakjvJMWIh6lm2mV+uyNSs1k6+6u919X8YNjza8u77dzXf384DG67gBupAoQ0+PEIPBsAB4R0+4BO+rWurbt1uTyvWb+cSSrKaP8gTYmo=</latexit>

a

<latexit sha1_base64="yuSJoiSzyysZ6QLJI8Nz6Cd07BU=">AAAB1nicZZDLSsNAFIZPvNZ4i5edm2C7cCElKVbBVaAblxXsBZpaJtOxHjozCZmJUELciVufybfwDdzqEzi2Ban94cDHOXP+8zNRwlFpz/uwVlbX1jc2S1v29s7u3r5zcNhWcZZS1qIxj9NuRBTjKFlLo+asm6SMiIizTjRu/M47TyxVGMs7PUlYX5CRxAekRJvWwAnDiI1Q5gIlJmTEip7u53WUhd2IpUaZZcLlKFBfuxVxXzt3Q05Mcdev2KGMI3NrnBtAOWRSFyGTwz+vgVP2qt5U7jL4cygHxzBVc+DQcBjTTBgryolSPd9LTB6SaqScFXaYKZYQOjbmORVRiqNHvdDtGZREMNXPp3+zuMIzPSlsk8r/n2EZ2rWqf1mt316Ug2AWD0pwAqdwBj5cQQA30IQWUHiHT/iCb6trPVsv1uvs6Yo13zmCBVlvP+jYhwY=</latexit>

Continuum limit: m2,�� 1
<latexit sha1_base64="yv4OYKqD8aq7bHcvAm0nuzmccKs=">AAABoHicZY/LTsJAFIbP4A3xVi87Nw0kxhVpDerKpIkbdkIil0gJmQ5HnDDT1pmpik3fwKdxqy/i21gLG+RffTnn/0/+E8SCa+M4P6S0tr6xuVXeruzs7u0fWIdHXR0limGHRSJS/YBqFDzEjuFGYD9WSGUgsBdMb//2vRdUmkfhvZnFOJR0EvJHzqjJRyPrzH/lYwyoSmVm39i+wTeTPic0NPy9sNiSap2NrJpTdwrZq+AuoOadQKHWyGL+OGKJxNAwkV8YuE5shilVhjOBWcVPNMaUTekEUyYDxSdPZmk6yDGkEvUwLb5cjojEzLJK3sr932EVuhd196p+2W7UPG9eD8pwClU4BxeuwYMmtKADDD7gE77gm1RJk9yR9txaIovMMSyJPPwCSdNxsw==</latexit>

m = quantization mass
<latexit sha1_base64="PSoGFtZYRbPM8nh9uRqXWHV491E=">AAABw3icZZBLS8NAFIVv6qvWV3zs3AS7qQglKT5WQkAE3VWwD+jUMDOdpkMnD2cm2jLkN/lrXLjRv2Jau6k9q4977uEeLkkFV9p1v6zS2vrG5lZ5u7Kzu7d/YB8etVWSScpaNBGJ7BKsmOAxa2muBeumkuGICNYh47uZ33ljUvEkftbTlPUjHMZ8yCnWxSiwH1E64sHEuXXQUGJqvNwg9Sq1aaB3PmAESxPleV5BhIc1ByOVETPJnQsHB5MXNMBhyKQzM88Du+rW3bmcVfAWUPVPYK5mYFM0SGgWsVhTgZXqeW6q+wZLzalgxclMsRTTMQ6ZoRGRPBzppWmvwBhHTPXN/BHLEZHpaV4pWnn/O6xCu1H3rutXT5dV3/+rB2U4hTOogQc34MMDNKEFFD7gE77hx7q3xpa09N9qyVpkjmFJVv4L061+zw==</latexit>

�x =
1�
2m

�
ax + a†x

� <latexit sha1_base64="5/LmDdn9KnA3/jki7DpmsbBshxA=">AAABl3icZY9JSwNBFIRfxy3GbVwuIkJjLh4k9IjLSRwQJMcEzAKZMPS0L7GZnoXuHkkYcvLXeNVf478xJrnE1Omj3iuoCjMljWXsh5TW1jc2t8rblZ3dvf0D5/CobdJcC2yJVKW6G3KDSibYstIq7GYaeRwq7ITR09+9847ayDR5seMM+zEfJnIgBbdTK3DOeTCifoS2YBP6QBn1qT9INVfKv6KjwKmyGpuJroK7gKp3AjM1Akf4r6nIY0ysUNyYnssy2y+4tlIonFT83GDGRcSHWIg41HL4Zpfc3hQTHqPpF7NxyxGV2/GkMm3l/u+wCu3rmntXu23eVD1vXg/KcAYXcAku3IMHdWhACwR8wCd8wTc5JY/kmdTnryWyyBzDkkjzFyoia44=</latexit>

ax |0� = 0 � x

<latexit sha1_base64="N+kfWbDKduY+geXs16J+aCm/VPY=">AAABfXicdY9LS8NAFIVv6qvWV33s3ASD4ELCTNC2WQgBNy4rmLbQhjIZr3Ho5EFmIpTS3+BWf5q/RtNUF1l4Vh/33MM9N8ykUJqQL6Oxsbm1vdPcbe3tHxwetY9PBiotco4+T2Waj0KmUIoEfS20xFGWI4tDicNwdr/yh2+YK5EmT3qeYRCzKBEvgjNdjnxm3pl02raITUp1OuYKaI/QEly35ziuSSuLEMs7g0r9aZtPnlNexJhoLplSY0oyHSxYrgWXuGxNCoUZ4zMW4YLHYS6iV12bjktMWIwqWFQv1COy0PNlq2z1d9r8HwaOTTv27eON5XnretCEc7iAK6DQBQ8eoA8+cBDwDh/wCd/GpXFt2OvVhvGbOYWajO4PKytjUw==</latexit>

a = 1

<latexit sha1_base64="UVUOtjOKTszRznh8AHzXTvysfeA=">AAABnHicZY9LS8NAFIXv1Fetr/jYCRLbjSCUpETdBnQhiFDBPqCJYTLepkMnD2YmYgnZ+2vc6l/x31jbbmrP6uPce+CcMBNcacv6IZW19Y3Nrep2bWd3b//AODzqqjSXDDssFansh1Sh4Al2NNcC+5lEGocCe+H49u/ee0OpeJo860mGfkyjhA85o3pqBUa9KC9NbygpKzxBy8I5L00vG/Hg/cUxvZBHkR8YDatpzWSugr2AhnsCM7UDg3mvKctjTDQTVKmBbWXaL6jUnAksa16uMKNsTCMsWBxKHo30kjuYYkJjVH4xW7gcEbmelLVpK/t/h1Xotpr2dfPqyWm47rweVOEU6nABNtyAC/fQhg4w+IBP+IJvckbuyAN5nL9WyCJzDEsi3V9A8W6c</latexit>

+
�

4!
�4x

�

<latexit sha1_base64="s/7YiCvU/J0Z0aHebgjioStNgOE=">AAABzHicZZA5T8NAEIVnOYO5zNHRrEiDhBTZEUeFZIkmFQqIHFJsrPVm46yyPrS7hkSWW34Tf4WGFn4GzlEQ8qpP8+ZpniZIBVfasj7R2vrG5tZ2ZcfY3ds/ODSPjtsqySRlLZqIRHYDopjgMWtprgXrppKRKBCsE4zup37nlUnFk/hZT1LmRSSM+YBTosuRbz41fAvfYVdlkT/GbsDDnuGqgSQU23Xs9hOdu+mQFy914xL/Md54nwVE5lHp4OmGP55Cmfd8s2rVrJnwKtgLqDqnMFPTN2l5h2YRizUVRKmebaXay4nUnApWGG6mWEroiIQsp1EgeTjUS9NeiTGJmPLy2UeWIyLTk8IoW9n/O6xCu16zb2rXj1dVx5nXgwqcwTlcgA234EADmtACCh/wBd/wgx6QRjkq5qtraJE5gSWh918swX/B</latexit>

H0 =
�

x

�
1
2 �̇

2 + 1
2m

2�2x
�

<latexit sha1_base64="9a2eScA2XFR0yTTkWVn6+7Bgesc=">AAAB7HicZVBLT8JAGNzFB1hf9XHzspELBCRt4+NEQuLFIybySFjabJelbugru1uFNP0X3oxXf5P+GSMUEoPMaTLfzGTyubHPpTKMb1jY2t7ZLZb2tP2Dw6Nj/eS0K6NEUNahkR+Jvksk83nIOoorn/VjwUjg+qznTu4X994LE5JH4ZOaxWwYEC/kY06JmkuOLrqoibBMAmeKsMs9b6BhORaEItNClcC20BXCr3zEXCLSILOtKsLxM3emtqXV0J81r0g5wvUmriMzs0eokhvTaY1ni5I8VZ3HHL1sNIwcaJOYK1JunYMcbUeneBTRJGChoj6RcmAasRqmRChOfZZpOJEsJnRCPJbSwBXce1Zr6mBOQxIwOUzzj61H/ETNssUq8/+GTdK1GuZt4+bxutxqLeeBErgAl6ACTHAHWuABtEEHUPAFfmARlmAI3+A7/FhaC3CVOQNrgJ+/rwiHrg==</latexit>
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�
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2



...on the Lattice

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L
<latexit sha1_base64="im2e0iyd+OepzQLQLc1B0EvxsaU=">AAABeXicdY45T8NAFISfw2XMZaCkCaSJKKzdBHJ0lmgoE4kcUhJF6+URVlkf2l0jRVZ+AS38OH4LDXYChQum+jTzRm+CRAptCPmyKju7e/sH9qFzdHxyeuaeXwx1nCqOAx7LWI0DplGKCAdGGInjRCELA4mjYPlQ5KM3VFrE0ZNZJTgL2SISL4Izk1t9NndrxCOEUEqrBdB2i+TQ7XYatFOlRZSr5tuwUW/u8ulzzNMQI8Ml03pCSWJmGVNGcIlrZ5pqTBhfsgVmPAyUWLyakjvJMWIh6lm2mV+uyNSs1k6+6u919X8YNjza8u77dzXf384DG67gBupAoQ0+PEIPBsAB4R0+4BO+rWurbt1uTyvWb+cSSrKaP8gTYmo=</latexit>

a

<latexit sha1_base64="yuSJoiSzyysZ6QLJI8Nz6Cd07BU=">AAAB1nicZZDLSsNAFIZPvNZ4i5edm2C7cCElKVbBVaAblxXsBZpaJtOxHjozCZmJUELciVufybfwDdzqEzi2Ban94cDHOXP+8zNRwlFpz/uwVlbX1jc2S1v29s7u3r5zcNhWcZZS1qIxj9NuRBTjKFlLo+asm6SMiIizTjRu/M47TyxVGMs7PUlYX5CRxAekRJvWwAnDiI1Q5gIlJmTEip7u53WUhd2IpUaZZcLlKFBfuxVxXzt3Q05Mcdev2KGMI3NrnBtAOWRSFyGTwz+vgVP2qt5U7jL4cygHxzBVc+DQcBjTTBgryolSPd9LTB6SaqScFXaYKZYQOjbmORVRiqNHvdDtGZREMNXPp3+zuMIzPSlsk8r/n2EZ2rWqf1mt316Ug2AWD0pwAqdwBj5cQQA30IQWUHiHT/iCb6trPVsv1uvs6Yo13zmCBVlvP+jYhwY=</latexit>

Continuum limit: m2,�� 1

<latexit sha1_base64="XfWIJAP2SVsaWUSAz/HT/8GWtFA=">AAABq3icZY/JTsMwFEWfy1TKFIYdm4hu2FAlFcMKKRIblkXQQdQlst3X1qozyHaAKsp38DVs4Rv4GzptCnd1dN+70r08VdJYz/shpbX1jc2t8nZlZ3dv/8A5PGqZJNMCmyJRie5wZlDJGJtWWoWdVCOLuMI2H9/N7u1X1EYm8ZOdpNiL2DCWAymYnVqh41OuWe4VLk1HMnx/qbt0jHZm3Lp0oJnI/SKv0zfZR850HhVF6FS9mjeX+x/8JVSDE5irETqC9hORRRhboZgxXd9LbS9n2kqhsKjQzGDKxJgNMRcR13I4situd4oxi9D08vng1YjK7KSoTFv5fzv8h1a95l/Xrh4uq0GwqAdlOIUzOAcfbiCAe2hAEwR8wCd8wTe5II/kmdDFa4ksM8ewIoK/q+p1HQ==</latexit>

�0|�2x |0� =
1

2m

<latexit sha1_base64="WTqv1cNCeNwuFKwMx3GvJGLjZAc=">AAAB2XicZVBLS8NAGPxSXzW+4uPmZbEgFTQkxcdJCHjxZgX7gG4bNts1Xbp5kN2IJeTgTbz6m/wR/gaveje2udTOaZhvhhk+LxZcKsv61CpLyyura9V1fWNza3vH2N1ryyhNKGvRSERJ1yOSCR6yluJKsG6cMBJ4gnW88c3fvfPEEsmj8EFNYtYPiB/yR06JKiTXcLGXkAzfBTnC8Yi7z4MGwmOmSknyQMce83mY0aJF5joWkV8nJ+gYDdE1sk8RxjoZZGd2XkoNU8csHJZ+16hZpjUFWiR2SWrOAUzRdA2KhxFNAxYqKoiUPduKVT8jieJUsKI/lSwmdEx8ltHAS7g/UnNqr6AhCZjsZ9P3zEdEqia5Xqyy/29YJO2GaV+aF/fnNceZzYMqHMIR1MGGK3DgFprQAgof8AXf8KP1tBftVXubWStamdmHOWjvv6XQg8k=</latexit>

��|�2x |�� �

�
log(a) d = 1,

a�1 d = 2.

<latexit sha1_base64="yv4OYKqD8aq7bHcvAm0nuzmccKs=">AAABoHicZY/LTsJAFIbP4A3xVi87Nw0kxhVpDerKpIkbdkIil0gJmQ5HnDDT1pmpik3fwKdxqy/i21gLG+RffTnn/0/+E8SCa+M4P6S0tr6xuVXeruzs7u0fWIdHXR0limGHRSJS/YBqFDzEjuFGYD9WSGUgsBdMb//2vRdUmkfhvZnFOJR0EvJHzqjJRyPrzH/lYwyoSmVm39i+wTeTPic0NPy9sNiSap2NrJpTdwrZq+AuoOadQKHWyGL+OGKJxNAwkV8YuE5shilVhjOBWcVPNMaUTekEUyYDxSdPZmk6yDGkEvUwLb5cjojEzLJK3sr932EVuhd196p+2W7UPG9eD8pwClU4BxeuwYMmtKADDD7gE77gm1RJk9yR9txaIovMMSyJPPwCSdNxsw==</latexit>

m = quantization mass
<latexit sha1_base64="PSoGFtZYRbPM8nh9uRqXWHV491E=">AAABw3icZZBLS8NAFIVv6qvWV3zs3AS7qQglKT5WQkAE3VWwD+jUMDOdpkMnD2cm2jLkN/lrXLjRv2Jau6k9q4977uEeLkkFV9p1v6zS2vrG5lZ5u7Kzu7d/YB8etVWSScpaNBGJ7BKsmOAxa2muBeumkuGICNYh47uZ33ljUvEkftbTlPUjHMZ8yCnWxSiwH1E64sHEuXXQUGJqvNwg9Sq1aaB3PmAESxPleV5BhIc1ByOVETPJnQsHB5MXNMBhyKQzM88Du+rW3bmcVfAWUPVPYK5mYFM0SGgWsVhTgZXqeW6q+wZLzalgxclMsRTTMQ6ZoRGRPBzppWmvwBhHTPXN/BHLEZHpaV4pWnn/O6xCu1H3rutXT5dV3/+rB2U4hTOogQc34MMDNKEFFD7gE77hx7q3xpa09N9qyVpkjmFJVv4L061+zw==</latexit>

�x =
1�
2m

�
ax + a†x

� <latexit sha1_base64="5/LmDdn9KnA3/jki7DpmsbBshxA=">AAABl3icZY9JSwNBFIRfxy3GbVwuIkJjLh4k9IjLSRwQJMcEzAKZMPS0L7GZnoXuHkkYcvLXeNVf478xJrnE1Omj3iuoCjMljWXsh5TW1jc2t8rblZ3dvf0D5/CobdJcC2yJVKW6G3KDSibYstIq7GYaeRwq7ITR09+9847ayDR5seMM+zEfJnIgBbdTK3DOeTCifoS2YBP6QBn1qT9INVfKv6KjwKmyGpuJroK7gKp3AjM1Akf4r6nIY0ysUNyYnssy2y+4tlIonFT83GDGRcSHWIg41HL4Zpfc3hQTHqPpF7NxyxGV2/GkMm3l/u+wCu3rmntXu23eVD1vXg/KcAYXcAku3IMHdWhACwR8wCd8wTc5JY/kmdTnryWyyBzDkkjzFyoia44=</latexit>

ax |0� = 0 � x

<latexit sha1_base64="N+kfWbDKduY+geXs16J+aCm/VPY=">AAABfXicdY9LS8NAFIVv6qvWV33s3ASD4ELCTNC2WQgBNy4rmLbQhjIZr3Ho5EFmIpTS3+BWf5q/RtNUF1l4Vh/33MM9N8ykUJqQL6Oxsbm1vdPcbe3tHxwetY9PBiotco4+T2Waj0KmUIoEfS20xFGWI4tDicNwdr/yh2+YK5EmT3qeYRCzKBEvgjNdjnxm3pl02raITUp1OuYKaI/QEly35ziuSSuLEMs7g0r9aZtPnlNexJhoLplSY0oyHSxYrgWXuGxNCoUZ4zMW4YLHYS6iV12bjktMWIwqWFQv1COy0PNlq2z1d9r8HwaOTTv27eON5XnretCEc7iAK6DQBQ8eoA8+cBDwDh/wCd/GpXFt2OvVhvGbOYWajO4PKytjUw==</latexit>

a = 1

<latexit sha1_base64="UVUOtjOKTszRznh8AHzXTvysfeA=">AAABnHicZY9LS8NAFIXv1Fetr/jYCRLbjSCUpETdBnQhiFDBPqCJYTLepkMnD2YmYgnZ+2vc6l/x31jbbmrP6uPce+CcMBNcacv6IZW19Y3Nrep2bWd3b//AODzqqjSXDDssFansh1Sh4Al2NNcC+5lEGocCe+H49u/ee0OpeJo860mGfkyjhA85o3pqBUa9KC9NbygpKzxBy8I5L00vG/Hg/cUxvZBHkR8YDatpzWSugr2AhnsCM7UDg3mvKctjTDQTVKmBbWXaL6jUnAksa16uMKNsTCMsWBxKHo30kjuYYkJjVH4xW7gcEbmelLVpK/t/h1Xotpr2dfPqyWm47rweVOEU6nABNtyAC/fQhg4w+IBP+IJvckbuyAN5nL9WyCJzDEsi3V9A8W6c</latexit>

+
�

4!
�4x

�

<latexit sha1_base64="s/7YiCvU/J0Z0aHebgjioStNgOE=">AAABzHicZZA5T8NAEIVnOYO5zNHRrEiDhBTZEUeFZIkmFQqIHFJsrPVm46yyPrS7hkSWW34Tf4WGFn4GzlEQ8qpP8+ZpniZIBVfasj7R2vrG5tZ2ZcfY3ds/ODSPjtsqySRlLZqIRHYDopjgMWtprgXrppKRKBCsE4zup37nlUnFk/hZT1LmRSSM+YBTosuRbz41fAvfYVdlkT/GbsDDnuGqgSQU23Xs9hOdu+mQFy914xL/Md54nwVE5lHp4OmGP55Cmfd8s2rVrJnwKtgLqDqnMFPTN2l5h2YRizUVRKmebaXay4nUnApWGG6mWEroiIQsp1EgeTjUS9NeiTGJmPLy2UeWIyLTk8IoW9n/O6xCu16zb2rXj1dVx5nXgwqcwTlcgA234EADmtACCh/wBd/wgx6QRjkq5qtraJE5gSWh918swX/B</latexit>

H0 =
�

x

�
1
2 �̇

2 + 1
2m

2�2x
�

<latexit sha1_base64="9a2eScA2XFR0yTTkWVn6+7Bgesc=">AAAB7HicZVBLT8JAGNzFB1hf9XHzspELBCRt4+NEQuLFIybySFjabJelbugru1uFNP0X3oxXf5P+GSMUEoPMaTLfzGTyubHPpTKMb1jY2t7ZLZb2tP2Dw6Nj/eS0K6NEUNahkR+Jvksk83nIOoorn/VjwUjg+qznTu4X994LE5JH4ZOaxWwYEC/kY06JmkuOLrqoibBMAmeKsMs9b6BhORaEItNClcC20BXCr3zEXCLSILOtKsLxM3emtqXV0J81r0g5wvUmriMzs0eokhvTaY1ni5I8VZ3HHL1sNIwcaJOYK1JunYMcbUeneBTRJGChoj6RcmAasRqmRChOfZZpOJEsJnRCPJbSwBXce1Zr6mBOQxIwOUzzj61H/ETNssUq8/+GTdK1GuZt4+bxutxqLeeBErgAl6ACTHAHWuABtEEHUPAFfmARlmAI3+A7/FhaC3CVOQNrgJ+/rwiHrg==</latexit>

V =
�

x

�
1
2(m

2 �m2)�2x +
1
2

d�

i =1

(�x+i � �x)
2



...on the Lattice

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L

<latexit sha1_base64="rgo5vWyIt7eYW8AzeGoN7nIaxx4=">AAABeXicZY67TsNAEEVnwyPBvAyUNICbiMLyQkRaSzQUFImEk0iJFa2Xwayyfmh3jRRZ+QJa+Di+hQYT3Jjc6ujOXOlEuRTaeN4XaW1t7+y2O3vW/sHh0bF9cjrSWaE4BjyTmZpETKMUKQZGGImTXCFLIonjaHH/ex+/odIiS5/MMscwYXEqXgRnpqqGj3Pb8VxvnYtNoDU4UGcwt/nsOeNFgqnhkmk9pV5uwpIpI7jElTUrNOaML1iMJU8iJeJX02inFaYsQR2Wa/3mRBZmubIqK/rfYRNGNy69c3vDnuP7tV8HzuEKukChDz48wAAC4IDwDh/wCd/kknTJ9d9ri9SbM2iE3P4AONxh1g==</latexit>

L
<latexit sha1_base64="im2e0iyd+OepzQLQLc1B0EvxsaU=">AAABeXicdY45T8NAFISfw2XMZaCkCaSJKKzdBHJ0lmgoE4kcUhJF6+URVlkf2l0jRVZ+AS38OH4LDXYChQum+jTzRm+CRAptCPmyKju7e/sH9qFzdHxyeuaeXwx1nCqOAx7LWI0DplGKCAdGGInjRCELA4mjYPlQ5KM3VFrE0ZNZJTgL2SISL4Izk1t9NndrxCOEUEqrBdB2i+TQ7XYatFOlRZSr5tuwUW/u8ulzzNMQI8Ml03pCSWJmGVNGcIlrZ5pqTBhfsgVmPAyUWLyakjvJMWIh6lm2mV+uyNSs1k6+6u919X8YNjza8u77dzXf384DG67gBupAoQ0+PEIPBsAB4R0+4BO+rWurbt1uTyvWb+cSSrKaP8gTYmo=</latexit>

a

<latexit sha1_base64="yuSJoiSzyysZ6QLJI8Nz6Cd07BU=">AAAB1nicZZDLSsNAFIZPvNZ4i5edm2C7cCElKVbBVaAblxXsBZpaJtOxHjozCZmJUELciVufybfwDdzqEzi2Ban94cDHOXP+8zNRwlFpz/uwVlbX1jc2S1v29s7u3r5zcNhWcZZS1qIxj9NuRBTjKFlLo+asm6SMiIizTjRu/M47TyxVGMs7PUlYX5CRxAekRJvWwAnDiI1Q5gIlJmTEip7u53WUhd2IpUaZZcLlKFBfuxVxXzt3Q05Mcdev2KGMI3NrnBtAOWRSFyGTwz+vgVP2qt5U7jL4cygHxzBVc+DQcBjTTBgryolSPd9LTB6SaqScFXaYKZYQOjbmORVRiqNHvdDtGZREMNXPp3+zuMIzPSlsk8r/n2EZ2rWqf1mt316Ug2AWD0pwAqdwBj5cQQA30IQWUHiHT/iCb6trPVsv1uvs6Yo13zmCBVlvP+jYhwY=</latexit>

Continuum limit: m2,�� 1

<latexit sha1_base64="XfWIJAP2SVsaWUSAz/HT/8GWtFA=">AAABq3icZY/JTsMwFEWfy1TKFIYdm4hu2FAlFcMKKRIblkXQQdQlst3X1qozyHaAKsp38DVs4Rv4GzptCnd1dN+70r08VdJYz/shpbX1jc2t8nZlZ3dv/8A5PGqZJNMCmyJRie5wZlDJGJtWWoWdVCOLuMI2H9/N7u1X1EYm8ZOdpNiL2DCWAymYnVqh41OuWe4VLk1HMnx/qbt0jHZm3Lp0oJnI/SKv0zfZR850HhVF6FS9mjeX+x/8JVSDE5irETqC9hORRRhboZgxXd9LbS9n2kqhsKjQzGDKxJgNMRcR13I4situd4oxi9D08vng1YjK7KSoTFv5fzv8h1a95l/Xrh4uq0GwqAdlOIUzOAcfbiCAe2hAEwR8wCd8wTe5II/kmdDFa4ksM8ewIoK/q+p1HQ==</latexit>

�0|�2x |0� =
1

2m

<latexit sha1_base64="WTqv1cNCeNwuFKwMx3GvJGLjZAc=">AAAB2XicZVBLS8NAGPxSXzW+4uPmZbEgFTQkxcdJCHjxZgX7gG4bNts1Xbp5kN2IJeTgTbz6m/wR/gaveje2udTOaZhvhhk+LxZcKsv61CpLyyura9V1fWNza3vH2N1ryyhNKGvRSERJ1yOSCR6yluJKsG6cMBJ4gnW88c3fvfPEEsmj8EFNYtYPiB/yR06JKiTXcLGXkAzfBTnC8Yi7z4MGwmOmSknyQMce83mY0aJF5joWkV8nJ+gYDdE1sk8RxjoZZGd2XkoNU8csHJZ+16hZpjUFWiR2SWrOAUzRdA2KhxFNAxYqKoiUPduKVT8jieJUsKI/lSwmdEx8ltHAS7g/UnNqr6AhCZjsZ9P3zEdEqia5Xqyy/29YJO2GaV+aF/fnNceZzYMqHMIR1MGGK3DgFprQAgof8AXf8KP1tBftVXubWStamdmHOWjvv6XQg8k=</latexit>

��|�2x |�� �

�
log(a) d = 1,

a�1 d = 2.
<latexit sha1_base64="cB0s3XzfZMbNxVnCfgISv27KiLE=">AAABmXicZY85T8NAEIVnwxXMZY4uBRZpqCwbcbRGNBFVOHJIsRWtN0NYZde2dtdEkZWSX0MLP4Z/Q67G5FWf3szTvIkzwbXxvF9S2djc2t6p7lp7+weHR/bxSVunuWLYYqlIVTemGgVPsGW4EdjNFFIZC+zEo4f5vPOBSvM0eTWTDCNJhwl/44yamdW3z8NnPnw3VKl0HDrhmA8wpqqQUyfUXDp+3657rreQsw7+CurBGSzU7NssHKQsl5gYJqjWPd/LTFRQZTgTOLXCXGNG2YgOsWAyVvPrJbc3w4RK1FGxeK8cEbmZTK1ZK/9/h3VoX7n+rXvzdF0PgmU9qEINLuASfLiDABrQhBYw+IQv+IYfUiP3pEEel6sVssqcQknk5Q8mOG3z</latexit>

� m � 1
<latexit sha1_base64="dQRGBUzepkWU58sJxiMycSHl4cs=">AAABmHicZY9LT8JAFIXv4AvxVR8rTQyRjSvSGh/bJi7UHRp5JEDIdLzUCdOZZubWSBp2/hq3+mf8N1Zgg5zVl3PvSc6JUiUd+f4PK62srq1vlDcrW9s7u3ve/kHLmcwKbAqjjO1E3KGSGpskSWEntciTSGE7Gt3+3dtvaJ00+pnGKfYTHms5lIJTYQ280x7hO+VDY6smJZlwVRVGF4kYtcDJwKv5dX+q6jIEc6iFRzBVY+CJ3osRWYKahOLOdQM/pX7OLUmhcFLpZQ5TLkY8xlwkkZXxKy243QI1T9D18+m6xYjKaDypFK2C/x2WoXVRD67rV4+XtTCc1YMynMAZnEMANxDCPTSgCQI+4BO+4Jsds5DdsYfZa4nNM4ewIPb0C3Nublg=</latexit>

for optimal convergence

<latexit sha1_base64="yv4OYKqD8aq7bHcvAm0nuzmccKs=">AAABoHicZY/LTsJAFIbP4A3xVi87Nw0kxhVpDerKpIkbdkIil0gJmQ5HnDDT1pmpik3fwKdxqy/i21gLG+RffTnn/0/+E8SCa+M4P6S0tr6xuVXeruzs7u0fWIdHXR0limGHRSJS/YBqFDzEjuFGYD9WSGUgsBdMb//2vRdUmkfhvZnFOJR0EvJHzqjJRyPrzH/lYwyoSmVm39i+wTeTPic0NPy9sNiSap2NrJpTdwrZq+AuoOadQKHWyGL+OGKJxNAwkV8YuE5shilVhjOBWcVPNMaUTekEUyYDxSdPZmk6yDGkEvUwLb5cjojEzLJK3sr932EVuhd196p+2W7UPG9eD8pwClU4BxeuwYMmtKADDD7gE77gm1RJk9yR9txaIovMMSyJPPwCSdNxsw==</latexit>

m = quantization mass
<latexit sha1_base64="PSoGFtZYRbPM8nh9uRqXWHV491E=">AAABw3icZZBLS8NAFIVv6qvWV3zs3AS7qQglKT5WQkAE3VWwD+jUMDOdpkMnD2cm2jLkN/lrXLjRv2Jau6k9q4977uEeLkkFV9p1v6zS2vrG5lZ5u7Kzu7d/YB8etVWSScpaNBGJ7BKsmOAxa2muBeumkuGICNYh47uZ33ljUvEkftbTlPUjHMZ8yCnWxSiwH1E64sHEuXXQUGJqvNwg9Sq1aaB3PmAESxPleV5BhIc1ByOVETPJnQsHB5MXNMBhyKQzM88Du+rW3bmcVfAWUPVPYK5mYFM0SGgWsVhTgZXqeW6q+wZLzalgxclMsRTTMQ6ZoRGRPBzppWmvwBhHTPXN/BHLEZHpaV4pWnn/O6xCu1H3rutXT5dV3/+rB2U4hTOogQc34MMDNKEFFD7gE77hx7q3xpa09N9qyVpkjmFJVv4L061+zw==</latexit>

�x =
1�
2m

�
ax + a†x

� <latexit sha1_base64="5/LmDdn9KnA3/jki7DpmsbBshxA=">AAABl3icZY9JSwNBFIRfxy3GbVwuIkJjLh4k9IjLSRwQJMcEzAKZMPS0L7GZnoXuHkkYcvLXeNVf478xJrnE1Omj3iuoCjMljWXsh5TW1jc2t8rblZ3dvf0D5/CobdJcC2yJVKW6G3KDSibYstIq7GYaeRwq7ITR09+9847ayDR5seMM+zEfJnIgBbdTK3DOeTCifoS2YBP6QBn1qT9INVfKv6KjwKmyGpuJroK7gKp3AjM1Akf4r6nIY0ysUNyYnssy2y+4tlIonFT83GDGRcSHWIg41HL4Zpfc3hQTHqPpF7NxyxGV2/GkMm3l/u+wCu3rmntXu23eVD1vXg/KcAYXcAku3IMHdWhACwR8wCd8wTc5JY/kmdTnryWyyBzDkkjzFyoia44=</latexit>

ax |0� = 0 � x

<latexit sha1_base64="N+kfWbDKduY+geXs16J+aCm/VPY=">AAABfXicdY9LS8NAFIVv6qvWV33s3ASD4ELCTNC2WQgBNy4rmLbQhjIZr3Ho5EFmIpTS3+BWf5q/RtNUF1l4Vh/33MM9N8ykUJqQL6Oxsbm1vdPcbe3tHxwetY9PBiotco4+T2Waj0KmUIoEfS20xFGWI4tDicNwdr/yh2+YK5EmT3qeYRCzKBEvgjNdjnxm3pl02raITUp1OuYKaI/QEly35ziuSSuLEMs7g0r9aZtPnlNexJhoLplSY0oyHSxYrgWXuGxNCoUZ4zMW4YLHYS6iV12bjktMWIwqWFQv1COy0PNlq2z1d9r8HwaOTTv27eON5XnretCEc7iAK6DQBQ8eoA8+cBDwDh/wCd/GpXFt2OvVhvGbOYWajO4PKytjUw==</latexit>

a = 1

<latexit sha1_base64="UVUOtjOKTszRznh8AHzXTvysfeA=">AAABnHicZY9LS8NAFIXv1Fetr/jYCRLbjSCUpETdBnQhiFDBPqCJYTLepkMnD2YmYgnZ+2vc6l/x31jbbmrP6uPce+CcMBNcacv6IZW19Y3Nrep2bWd3b//AODzqqjSXDDssFansh1Sh4Al2NNcC+5lEGocCe+H49u/ee0OpeJo860mGfkyjhA85o3pqBUa9KC9NbygpKzxBy8I5L00vG/Hg/cUxvZBHkR8YDatpzWSugr2AhnsCM7UDg3mvKctjTDQTVKmBbWXaL6jUnAksa16uMKNsTCMsWBxKHo30kjuYYkJjVH4xW7gcEbmelLVpK/t/h1Xotpr2dfPqyWm47rweVOEU6nABNtyAC/fQhg4w+IBP+IJvckbuyAN5nL9WyCJzDEsi3V9A8W6c</latexit>

+
�

4!
�4x

�

<latexit sha1_base64="s/7YiCvU/J0Z0aHebgjioStNgOE=">AAABzHicZZA5T8NAEIVnOYO5zNHRrEiDhBTZEUeFZIkmFQqIHFJsrPVm46yyPrS7hkSWW34Tf4WGFn4GzlEQ8qpP8+ZpniZIBVfasj7R2vrG5tZ2ZcfY3ds/ODSPjtsqySRlLZqIRHYDopjgMWtprgXrppKRKBCsE4zup37nlUnFk/hZT1LmRSSM+YBTosuRbz41fAvfYVdlkT/GbsDDnuGqgSQU23Xs9hOdu+mQFy914xL/Md54nwVE5lHp4OmGP55Cmfd8s2rVrJnwKtgLqDqnMFPTN2l5h2YRizUVRKmebaXay4nUnApWGG6mWEroiIQsp1EgeTjUS9NeiTGJmPLy2UeWIyLTk8IoW9n/O6xCu16zb2rXj1dVx5nXgwqcwTlcgA234EADmtACCh/wBd/wgx6QRjkq5qtraJE5gSWh918swX/B</latexit>

H0 =
�

x

�
1
2 �̇

2 + 1
2m

2�2x
�

<latexit sha1_base64="9a2eScA2XFR0yTTkWVn6+7Bgesc=">AAAB7HicZVBLT8JAGNzFB1hf9XHzspELBCRt4+NEQuLFIybySFjabJelbugru1uFNP0X3oxXf5P+GSMUEoPMaTLfzGTyubHPpTKMb1jY2t7ZLZb2tP2Dw6Nj/eS0K6NEUNahkR+Jvksk83nIOoorn/VjwUjg+qznTu4X994LE5JH4ZOaxWwYEC/kY06JmkuOLrqoibBMAmeKsMs9b6BhORaEItNClcC20BXCr3zEXCLSILOtKsLxM3emtqXV0J81r0g5wvUmriMzs0eokhvTaY1ni5I8VZ3HHL1sNIwcaJOYK1JunYMcbUeneBTRJGChoj6RcmAasRqmRChOfZZpOJEsJnRCPJbSwBXce1Zr6mBOQxIwOUzzj61H/ETNssUq8/+GTdK1GuZt4+bxutxqLeeBErgAl6ACTHAHWuABtEEHUPAFfmARlmAI3+A7/FhaC3CVOQNrgJ+/rwiHrg==</latexit>

V =
�

x

�
1
2(m

2 �m2)�2x +
1
2

d�

i =1

(�x+i � �x)
2



Lattice Truncation

<latexit sha1_base64="5/LmDdn9KnA3/jki7DpmsbBshxA=">AAABl3icZY9JSwNBFIRfxy3GbVwuIkJjLh4k9IjLSRwQJMcEzAKZMPS0L7GZnoXuHkkYcvLXeNVf478xJrnE1Omj3iuoCjMljWXsh5TW1jc2t8rblZ3dvf0D5/CobdJcC2yJVKW6G3KDSibYstIq7GYaeRwq7ITR09+9847ayDR5seMM+zEfJnIgBbdTK3DOeTCifoS2YBP6QBn1qT9INVfKv6KjwKmyGpuJroK7gKp3AjM1Akf4r6nIY0ysUNyYnssy2y+4tlIonFT83GDGRcSHWIg41HL4Zpfc3hQTHqPpF7NxyxGV2/GkMm3l/u+wCu3rmntXu23eVD1vXg/KcAYXcAku3IMHdWhACwR8wCd8wTc5JY/kmdTnryWyyBzDkkjzFyoia44=</latexit>

ax |0� = 0 � x

<latexit sha1_base64="S0dUMsojQB0L8g08ggkyExK5yAI=">AAAB5XicZZDLSsNAFIZn6q3GW73s3ASbhauSiFVwFXDTZUV7gaaEyfQ0DplMwsxEKCGP4E7c+kwufRK3jm1Bav/Vx7n85+dEOWdKu+4Xrm1sbm3v1Hetvf2Dw6PG8UlfZYWk0KMZz+QwIgo4E9DTTHMY5hJIGnEYRMn9b3/wAlKxTDzpWQ7jlMSCTRkl2pTCRhJEEDNRpkywnMRQjfS4bDNRWU4QFZyDdmynE7qODSwGYU4xZU8zaTuBorJ8rMKAiameOXdWILLInE5KA0xMQOgqADH5sw4bTbflzmWvg7eEpn+G5uqGDRpMMlqkxopyotTIc3MTj0jNKIfKCgoFOaGJMS9pGkkWP+uV6sigICmocTl/1eoKL/Ssskwq73+GdehftbybVvvhuun7i3iojs7RBbpEHrpFPuqgLuohij7RN0YY4xi/4jf8vhit4eXOKVoR/vgBF7qLZg==</latexit>

• H0 eigenbasis for S�:

<latexit sha1_base64="i91jvyGSIt1WnivLfCN6YH6VJAo=">AAABv3icZZDLTsJAFIZP8Yb1VnXpBmWDG9IaLyuTGmPiEhO5JAw002GoE6bTOjM1kEmfyKdxqb6MpbBB/tWXc86X/DlhypnSrvttVTY2t7Z3qrv23v7B4ZFzfNJRSSYJbZOEJ7IXYkU5E7Stmea0l0qK45DTbjh5nO+7H1QqlohXPUvpIMaRYGNGsC5GgfOEJlQbZATK89p9DaUyGQVTG40lJqaBg+kQjXAUUXk5NCKY5rlB6l3qOZ8XRmm7eeDU3aZbprYO3hLqfhXKtAKHoFFCspgKTThWqu+5qR4YLDUjnOY2yhRNMZngiBoSh5JFb3pl2i9Q4JiqgSmfsKrwTM9yu2jl/e+wDp2rpnfbvHm5rvv+oh5U4QwuoAEe3IEPz9CCNhD4hC/4gV/rwYosYaWL04q1dE5hJdbsD6xmfm4=</latexit>

|{n}i =
Y

x

(a†x)nxp
nx !
|0i



Lattice Truncation

<latexit sha1_base64="WWlALjUOO6UvVB4/pAhKJzOzLJ0=">AAAByHicZZBLS8NAFIVv6qvGV3zs3AS7cVFKIj5WQsBNcSEV7QM6NUym1zhk8iAzUUvIxt/kn9Gt/hBjWpDaszr3u/fA4XqJ4FJZ1odWW1peWV2rr+sbm1vbO8buXk/GWcqwy2IRpwOPShQ8wq7iSuAgSZGGnsC+F1z97vvPmEoeR/dqkuAopH7EHzmjqkSucUMkS/O7wg3MS5MofFW5TGhUEI/7JNdJgCq3iqZJmmb7bxDjWMmSPATmDJpVoHCNhtWyKpmLxp6ZhnMAlTquwcg4ZlmIkWKCSjm0rUSNcpoqzgQWOskkJpQF1MechV7K/Sc1R4eljWiIcpRX35iPiExNCr1sZf/vsGh6Jy37vHV2e9pwnGk9qMMhHMEx2HABDrShA11g8A6f8AXf2rWWaC/aZHpa02aZfZiT9vYD9I1/6Q==</latexit>

Sk = span
�
|0�, H|0�, . . . , Hk |0�

�

<latexit sha1_base64="9aIrOhaXPtm2Nkl2iAG8rAjuwgg=">AAAB13icZZDLSsNAFIZP6q3GW73s3ATbhauSiFVwFXDTZYXepAllZnqsQyeTkJkIJQR34tZn8il8BLf6Ao5tQWr/1ce5/Ofn0ERwpV33wyqtrW9sbpW37Z3dvf2DyuFRV8VZyrDDYhGnfUoUCi6xo7kW2E9SJBEV2KOT299+7wlTxWPZ1tMEw4iMJX/gjGhTGlbCgOKYyzzikidkjMVAh3mDy8KuBTQTAnXNaaeZNPM4cppcUEy1oxLC8MYOZEzNsUlugMsRSl0EKEd/ZsNK1a27Mzmr4C2g6p/ATK1hhQWjmGWRsWKCKDXw3MQEIqnmTGBhB5lCc3tizHMW0ZSPH/VSdWBQkghVmM+es7wiMj0tbJPK+59hFboXde+q3ri7rPr+PB6U4RTO4Bw8uAYfmtCCDjB4h0/4gm/r3nq2XqzX+WjJWuwcw5Kstx8EmYic</latexit>

• Truncated Hilbert space:

<latexit sha1_base64="5/LmDdn9KnA3/jki7DpmsbBshxA=">AAABl3icZY9JSwNBFIRfxy3GbVwuIkJjLh4k9IjLSRwQJMcEzAKZMPS0L7GZnoXuHkkYcvLXeNVf478xJrnE1Omj3iuoCjMljWXsh5TW1jc2t8rblZ3dvf0D5/CobdJcC2yJVKW6G3KDSibYstIq7GYaeRwq7ITR09+9847ayDR5seMM+zEfJnIgBbdTK3DOeTCifoS2YBP6QBn1qT9INVfKv6KjwKmyGpuJroK7gKp3AjM1Akf4r6nIY0ysUNyYnssy2y+4tlIonFT83GDGRcSHWIg41HL4Zpfc3hQTHqPpF7NxyxGV2/GkMm3l/u+wCu3rmntXu23eVD1vXg/KcAYXcAku3IMHdWhACwR8wCd8wTc5JY/kmdTnryWyyBzDkkjzFyoia44=</latexit>

ax |0� = 0 � x

<latexit sha1_base64="S0dUMsojQB0L8g08ggkyExK5yAI=">AAAB5XicZZDLSsNAFIZn6q3GW73s3ASbhauSiFVwFXDTZUV7gaaEyfQ0DplMwsxEKCGP4E7c+kwufRK3jm1Bav/Vx7n85+dEOWdKu+4Xrm1sbm3v1Hetvf2Dw6PG8UlfZYWk0KMZz+QwIgo4E9DTTHMY5hJIGnEYRMn9b3/wAlKxTDzpWQ7jlMSCTRkl2pTCRhJEEDNRpkywnMRQjfS4bDNRWU4QFZyDdmynE7qODSwGYU4xZU8zaTuBorJ8rMKAiameOXdWILLInE5KA0xMQOgqADH5sw4bTbflzmWvg7eEpn+G5uqGDRpMMlqkxopyotTIc3MTj0jNKIfKCgoFOaGJMS9pGkkWP+uV6sigICmocTl/1eoKL/Ssskwq73+GdehftbybVvvhuun7i3iojs7RBbpEHrpFPuqgLuohij7RN0YY4xi/4jf8vhit4eXOKVoR/vgBF7qLZg==</latexit>

• H0 eigenbasis for S�:

<latexit sha1_base64="i91jvyGSIt1WnivLfCN6YH6VJAo=">AAABv3icZZDLTsJAFIZP8Yb1VnXpBmWDG9IaLyuTGmPiEhO5JAw002GoE6bTOjM1kEmfyKdxqb6MpbBB/tWXc86X/DlhypnSrvttVTY2t7Z3qrv23v7B4ZFzfNJRSSYJbZOEJ7IXYkU5E7Stmea0l0qK45DTbjh5nO+7H1QqlohXPUvpIMaRYGNGsC5GgfOEJlQbZATK89p9DaUyGQVTG40lJqaBg+kQjXAUUXk5NCKY5rlB6l3qOZ8XRmm7eeDU3aZbprYO3hLqfhXKtAKHoFFCspgKTThWqu+5qR4YLDUjnOY2yhRNMZngiBoSh5JFb3pl2i9Q4JiqgSmfsKrwTM9yu2jl/e+wDp2rpnfbvHm5rvv+oh5U4QwuoAEe3IEPz9CCNhD4hC/4gV/rwYosYaWL04q1dE5hJdbsD6xmfm4=</latexit>

|{n}i =
Y

x

(a†x)nxp
nx !
|0i



Lattice Truncation

<latexit sha1_base64="WWlALjUOO6UvVB4/pAhKJzOzLJ0=">AAAByHicZZBLS8NAFIVv6qvGV3zs3AS7cVFKIj5WQsBNcSEV7QM6NUym1zhk8iAzUUvIxt/kn9Gt/hBjWpDaszr3u/fA4XqJ4FJZ1odWW1peWV2rr+sbm1vbO8buXk/GWcqwy2IRpwOPShQ8wq7iSuAgSZGGnsC+F1z97vvPmEoeR/dqkuAopH7EHzmjqkSucUMkS/O7wg3MS5MofFW5TGhUEI/7JNdJgCq3iqZJmmb7bxDjWMmSPATmDJpVoHCNhtWyKpmLxp6ZhnMAlTquwcg4ZlmIkWKCSjm0rUSNcpoqzgQWOskkJpQF1MechV7K/Sc1R4eljWiIcpRX35iPiExNCr1sZf/vsGh6Jy37vHV2e9pwnGk9qMMhHMEx2HABDrShA11g8A6f8AXf2rWWaC/aZHpa02aZfZiT9vYD9I1/6Q==</latexit>

Sk = span
�
|0�, H|0�, . . . , Hk |0�

�

<latexit sha1_base64="9aIrOhaXPtm2Nkl2iAG8rAjuwgg=">AAAB13icZZDLSsNAFIZP6q3GW73s3ATbhauSiFVwFXDTZYXepAllZnqsQyeTkJkIJQR34tZn8il8BLf6Ao5tQWr/1ce5/Ofn0ERwpV33wyqtrW9sbpW37Z3dvf2DyuFRV8VZyrDDYhGnfUoUCi6xo7kW2E9SJBEV2KOT299+7wlTxWPZ1tMEw4iMJX/gjGhTGlbCgOKYyzzikidkjMVAh3mDy8KuBTQTAnXNaaeZNPM4cppcUEy1oxLC8MYOZEzNsUlugMsRSl0EKEd/ZsNK1a27Mzmr4C2g6p/ATK1hhQWjmGWRsWKCKDXw3MQEIqnmTGBhB5lCc3tizHMW0ZSPH/VSdWBQkghVmM+es7wiMj0tbJPK+59hFboXde+q3ri7rPr+PB6U4RTO4Bw8uAYfmtCCDjB4h0/4gm/r3nq2XqzX+WjJWuwcw5Kstx8EmYic</latexit>

• Truncated Hilbert space:

<latexit sha1_base64="5/LmDdn9KnA3/jki7DpmsbBshxA=">AAABl3icZY9JSwNBFIRfxy3GbVwuIkJjLh4k9IjLSRwQJMcEzAKZMPS0L7GZnoXuHkkYcvLXeNVf478xJrnE1Omj3iuoCjMljWXsh5TW1jc2t8rblZ3dvf0D5/CobdJcC2yJVKW6G3KDSibYstIq7GYaeRwq7ITR09+9847ayDR5seMM+zEfJnIgBbdTK3DOeTCifoS2YBP6QBn1qT9INVfKv6KjwKmyGpuJroK7gKp3AjM1Akf4r6nIY0ysUNyYnssy2y+4tlIonFT83GDGRcSHWIg41HL4Zpfc3hQTHqPpF7NxyxGV2/GkMm3l/u+wCu3rmntXu23eVD1vXg/KcAYXcAku3IMHdWhACwR8wCd8wTc5JY/kmdTnryWyyBzDkkjzFyoia44=</latexit>

ax |0� = 0 � x

<latexit sha1_base64="S0dUMsojQB0L8g08ggkyExK5yAI=">AAAB5XicZZDLSsNAFIZn6q3GW73s3ASbhauSiFVwFXDTZUV7gaaEyfQ0DplMwsxEKCGP4E7c+kwufRK3jm1Bav/Vx7n85+dEOWdKu+4Xrm1sbm3v1Hetvf2Dw6PG8UlfZYWk0KMZz+QwIgo4E9DTTHMY5hJIGnEYRMn9b3/wAlKxTDzpWQ7jlMSCTRkl2pTCRhJEEDNRpkywnMRQjfS4bDNRWU4QFZyDdmynE7qODSwGYU4xZU8zaTuBorJ8rMKAiameOXdWILLInE5KA0xMQOgqADH5sw4bTbflzmWvg7eEpn+G5uqGDRpMMlqkxopyotTIc3MTj0jNKIfKCgoFOaGJMS9pGkkWP+uV6sigICmocTl/1eoKL/Ssskwq73+GdehftbybVvvhuun7i3iojs7RBbpEHrpFPuqgLuohij7RN0YY4xi/4jf8vhit4eXOKVoR/vgBF7qLZg==</latexit>

• H0 eigenbasis for S�:

<latexit sha1_base64="i91jvyGSIt1WnivLfCN6YH6VJAo=">AAABv3icZZDLTsJAFIZP8Yb1VnXpBmWDG9IaLyuTGmPiEhO5JAw002GoE6bTOjM1kEmfyKdxqb6MpbBB/tWXc86X/DlhypnSrvttVTY2t7Z3qrv23v7B4ZFzfNJRSSYJbZOEJ7IXYkU5E7Stmea0l0qK45DTbjh5nO+7H1QqlohXPUvpIMaRYGNGsC5GgfOEJlQbZATK89p9DaUyGQVTG40lJqaBg+kQjXAUUXk5NCKY5rlB6l3qOZ8XRmm7eeDU3aZbprYO3hLqfhXKtAKHoFFCspgKTThWqu+5qR4YLDUjnOY2yhRNMZngiBoSh5JFb3pl2i9Q4JiqgSmfsKrwTM9yu2jl/e+wDp2rpnfbvHm5rvv+oh5U4QwuoAEe3IEPz9CCNhD4hC/4gV/rwYosYaWL04q1dE5hJdbsD6xmfm4=</latexit>

|{n}i =
Y

x

(a†x)nxp
nx !
|0i

<latexit sha1_base64="SA9IKquAodolMJsg3283DHQihZc=">AAAB1XicZZDLSsNAFIZPvNZ4i5edm2C7cFUSsQquAm5cVrQXSEqZTI9x6GQSZiZCCdmJW5/Jx/AJ3OobOLYFqf1XH+fyn58T55wp7Xkf1srq2vrGZm3L3t7Z3dt3Dg67KiskxQ7NeCb7MVHImcCOZppjP5dI0phjLx7f/PZ7zygVy8SDnuQ4SEki2COjRJvS0AmjGBMmypQJlpMEq1APyhYTld2I4oJz1A33nqU5RxelzKSLSrOUaLy2I5HF5tS4NMDECIWuIhSjP6uhU/ea3lTuMvhzqAfHMFV76NBolNEiNVaUE6VC38tNHCI1oxwrOyoU5oSOjXlJ01iy5EkvVEODgqSoBuX0NYsrvNCTyjap/P8ZlqF73vQvm627i3oQzOJBDU7gFM7AhysI4Bba0AEK7/AJX/Bt9azKerFeZ6Mr1nznCBZkvf0A336H+A==</latexit>

• Simple error estimate:
<latexit sha1_base64="tMAu1CjLyywrEH8EOSK++OTz9Zs=">AAABx3icZZBLS8NAFIVv6qvGV9Slm2A3FbEkpeo2IIIuhAr2AU0tk+ltHDp5ODMplpiFv8lf063+EdPHwrZn9XHuOXC4XsyZVJY10Qobm1vbO8VdfW//4PDIOD5pyigRFBs04pFoe0QiZyE2FFMc27FAEngcW97wbnpvjVBIFoUvahxjNyB+yAaMEpVbPePJ7aMrqUjvs9e0PLzITFeyAN91Vw4EoaZdNV2P+Z/mv9ClnceuzJXaNNUzSlbFmslcB3sBJacIM9V7BnX7EU0CDBXlRMqObcWqmxKhGOWY6W4iMSZ0SHxMaeAJ5r+pJbeTY0gClN109ozlCk/UONPzVfbqhnVoViv2TeX6uVZynPk8KMIZnEMZbLgFBx6gDg2g8A0T+IFf7VGLtJH2MY8WtEXnFJakff0Bai5+yw==</latexit>

�E(k) ' 1
2

��E(k+1) � E(k)
��



Convergence
<latexit sha1_base64="kYkmkRb17lAzJYCOew5keGNwgDY=">AAABo3icZY/LSsNAFIbP1Futt3jZuQkWQTclES8rISBCQZCqvUEThsk4xqGTCzOT0jLkGXwat/ocvo2x7ab235yP/5wf/hNmgivtOD+osrK6tr5R3axtbe/s7ln7B12V5pKyDk1FKvshUUzwhHU014L1M8lIHArWC4d3f/veiEnF06StJxkLYhIl/I1ToksLW+f32NdsrE1MxoV9a/vlxMZXVJqXAj8Wtk9GkWlip8BW3Wk4U9nL4M6h7h3BVC1sUf81pXnMEk0FUWrgOpkODJGaU8GKmp8rlhE6JBEzNA4lj971gjsoMSExU4GZProYEbmeFLWylfu/wzJ0LxrudePq6bLuebN6UIVjOIEzcOEGPGhCCzpA4QM+4Qu+0Sl6QM+oPTutoHnmEBaEgl9VbHI/</latexit>

Emax = max
SN
�H0�

<latexit sha1_base64="FVsuzesoEQtH+hWfYPrAZ/Dri3M=">AAABk3icZY85T8NAEIVnwxXMZa4C0USkoYrsiKOgsYCCBilI5JDiKFovE7PK+tDuGGFZFr+GFn4P/4aQpAl51ac386T3glRJQ47zwyorq2vrG9VNa2t7Z3fP3j/omCTTAtsiUYnuBdygkjG2SZLCXqqRR4HCbjC++7t331AbmcTPlKc4iHgYy5EUnCbW0D7xjYxqPuE7FRijDvOayCgZjcqhXXcazlS1ZXDnUPeOYKrW0Bb+SyKyCGMSihvTd52UBgXXJIXC0vIzgykXYx5iIaJAy/CVFtz+BGMeoRkU02GLEZVRXlqTVu7/DsvQaTbcq8bl00Xd82b1oAqncAbn4MI1ePAALWiDgA/4hC/4Zsfsht2y+9lrhc0zh7Ag9vgLP+hsEA==</latexit>

� energy cuto�



Convergence
<latexit sha1_base64="kYkmkRb17lAzJYCOew5keGNwgDY=">AAABo3icZY/LSsNAFIbP1Futt3jZuQkWQTclES8rISBCQZCqvUEThsk4xqGTCzOT0jLkGXwat/ocvo2x7ab235yP/5wf/hNmgivtOD+osrK6tr5R3axtbe/s7ln7B12V5pKyDk1FKvshUUzwhHU014L1M8lIHArWC4d3f/veiEnF06StJxkLYhIl/I1ToksLW+f32NdsrE1MxoV9a/vlxMZXVJqXAj8Wtk9GkWlip8BW3Wk4U9nL4M6h7h3BVC1sUf81pXnMEk0FUWrgOpkODJGaU8GKmp8rlhE6JBEzNA4lj971gjsoMSExU4GZProYEbmeFLWylfu/wzJ0LxrudePq6bLuebN6UIVjOIEzcOEGPGhCCzpA4QM+4Qu+0Sl6QM+oPTutoHnmEBaEgl9VbHI/</latexit>

Emax = max
SN
�H0�

<latexit sha1_base64="FVsuzesoEQtH+hWfYPrAZ/Dri3M=">AAABk3icZY85T8NAEIVnwxXMZa4C0USkoYrsiKOgsYCCBilI5JDiKFovE7PK+tDuGGFZFr+GFn4P/4aQpAl51ac386T3glRJQ47zwyorq2vrG9VNa2t7Z3fP3j/omCTTAtsiUYnuBdygkjG2SZLCXqqRR4HCbjC++7t331AbmcTPlKc4iHgYy5EUnCbW0D7xjYxqPuE7FRijDvOayCgZjcqhXXcazlS1ZXDnUPeOYKrW0Bb+SyKyCGMSihvTd52UBgXXJIXC0vIzgykXYx5iIaJAy/CVFtz+BGMeoRkU02GLEZVRXlqTVu7/DsvQaTbcq8bl00Xd82b1oAqncAbn4MI1ePAALWiDgA/4hC/4Zsfsht2y+9lrhc0zh7Ag9vgLP+hsEA==</latexit>

� energy cuto�

<latexit sha1_base64="pTFYMlmacwOIdCdkb7QFXvdpUZs=">AAABp3icZY/JSgNBFEVfOcY4tcPOTWM2ihi6xWHbIIILwQhmgFTSVFdeYpHqgapqSSj6K/wat/oV/o0xySbmrg73vQv3RpkU2njeD1lZXVvf2Cxtlbd3dvf2nYPDhk5zxbHOU5mqVsQ0SpFg3QgjsZUpZHEksRkN7//uzXdUWqTJqxln2InZIBF9wZmZWKFzSaNcSjTUfQipwZGxMRsVLpXSpX3FuH3q9grLurZ34RdF6FS8qjeVuwz+HCrBMUxVCx1OeynPY0wMl0zrtu9lpmOZMoJLLMo015gxPmQDtDyOlBi8mQW3PcGExag7djp2MSJzMy7Kk1b+/w7L0Liq+rfVm5frShDM6kEJTuAUzsCHOwjgEWpQBw4f8Alf8E3OyTNpkNbsdYXMM0ewIMJ+AfOFdA0=</latexit>

• Emax �
Ld

ad+1
<latexit sha1_base64="pFUV6XkxckRrtRZz6cN5//iUKe4=">AAABtnicdU/LSsNAFL3xWesrPnZugt0IQpkUrS24CIjgwkUF+4CmDZPJbRs6eTAzkZYhP+PXuNWdf2Pa6qILz+pwHtxz/ZSHUhHybWxsbm3v7Jb2yvsHh0fH5slpRyaZYNhmCU9Ez6cSeRhjW4WKYy8VSCOfY9efPiz87hsKGSbxq5qnOIjoOA5HIaOqkDzz3s3iAIUvKEPtTtIJjVUS6UfPVThTOqKz3HI5t9xRkdDPwyDXdKiDazsv4JkVUiUF6nVrQewGsQvSbDZqtaZlLy1CKs45LNHyTOYGCcsijBXjVMq+TVI10FSokHHMy24mMaVsSseoWeSLcDxRa2q/oDGNUA708vf1Cs/UPC8Xq/5OW/+TTq1q16u3LzcVx1nNgxJcwCVcgQ134MATtKANDN7hAz7hy2gYQwON8Sq6Yfx2zmANRvoD+l17og==</latexit> � �� �

<latexit sha1_base64="kB06GlNUQrUeHn6k08ruC8IPXn0=">AAABinicdY9LT8JAFIXv4AsRtT52bohsXJFpI0ijCxJduMREHgkQMh2vOGE6bTq3RNLwT9zqf/LfWEAXLDyrL/fck3tuEGtlifNvVtja3tndK+6XDsqHR8fOyWnXRmkisSMjHSX9QFjUymCHFGnsxwmKMNDYC6b3S783w8SqyDzTPMZRKCZGvSopKB+NHWdI+E6ZjAwpk6bhYuxUeY3najQqS3Cb3M3B95ue51fclcV5tXUOK7XHjhy+RDIN0ZDUwtqBy2MaZSIhJTUuSsPUYizkVEwwk2GQqMkbbUwHORoRoh1lq382Izql+aKUt/o7Xfkful7NbdTqT9fV1t26HhThAi7hCly4gRY8Qhs6IGEGH/AJX6zMPOaz2/Vqgf1mzmBD7OEHmRRo2w==</latexit>

continuum
<latexit sha1_base64="P9N2CNiZynvsBmV+099xQWwSpoI=">AAABi3icdY/LTgJBEEWr8YUoOqg7N0Q2rkgP6gjGBYkxcYmJPBIgpKctsUPPI901KpnwKW71m/wbh4cLFt7Vyb1VqVt+rJUlzn9YbmNza3snv1vY2y8eHDqlo46NEiOxLSMdmZ4vLGoVYpsUaezFBkXga+z6k7t53n1DY1UUPtE0xmEgxqF6UVJQZo2c0oDwg1IySbi0ZiOnwqs8k+eV5+DWuZtBo1Gv1RpldxFxXmmewEKtkSMHz5FMAgxJamFt3+UxDVNhSEmNs8IgsRgLORFjTGXgGzV+pTW3n2EoArTDdPHQ+opOaDorZK3+Tpf/h06t6nrVq8fLSvN2WQ/ycApncA4uXEMTHqAFbZDwDp/wBd+syC7YDVvN5thq5xjWxO5/ATJUaUo=</latexit>

truncation



Convergence
<latexit sha1_base64="kYkmkRb17lAzJYCOew5keGNwgDY=">AAABo3icZY/LSsNAFIbP1Futt3jZuQkWQTclES8rISBCQZCqvUEThsk4xqGTCzOT0jLkGXwat/ocvo2x7ab235yP/5wf/hNmgivtOD+osrK6tr5R3axtbe/s7ln7B12V5pKyDk1FKvshUUzwhHU014L1M8lIHArWC4d3f/veiEnF06StJxkLYhIl/I1ToksLW+f32NdsrE1MxoV9a/vlxMZXVJqXAj8Wtk9GkWlip8BW3Wk4U9nL4M6h7h3BVC1sUf81pXnMEk0FUWrgOpkODJGaU8GKmp8rlhE6JBEzNA4lj971gjsoMSExU4GZProYEbmeFLWylfu/wzJ0LxrudePq6bLuebN6UIVjOIEzcOEGPGhCCzpA4QM+4Qu+0Sl6QM+oPTutoHnmEBaEgl9VbHI/</latexit>

Emax = max
SN
�H0�

<latexit sha1_base64="FVsuzesoEQtH+hWfYPrAZ/Dri3M=">AAABk3icZY85T8NAEIVnwxXMZa4C0USkoYrsiKOgsYCCBilI5JDiKFovE7PK+tDuGGFZFr+GFn4P/4aQpAl51ac386T3glRJQ47zwyorq2vrG9VNa2t7Z3fP3j/omCTTAtsiUYnuBdygkjG2SZLCXqqRR4HCbjC++7t331AbmcTPlKc4iHgYy5EUnCbW0D7xjYxqPuE7FRijDvOayCgZjcqhXXcazlS1ZXDnUPeOYKrW0Bb+SyKyCGMSihvTd52UBgXXJIXC0vIzgykXYx5iIaJAy/CVFtz+BGMeoRkU02GLEZVRXlqTVu7/DsvQaTbcq8bl00Xd82b1oAqncAbn4MI1ePAALWiDgA/4hC/4Zsfsht2y+9lrhc0zh7Ag9vgLP+hsEA==</latexit>

� energy cuto�

<latexit sha1_base64="/dcf7Wlp1zPl4c7/dUYwtFNkhg0=">AAABzHicZVC5TsNAFHzmDOEyR0dj4SY0kY04WksIiSoKETmkbLDWy4tZZX1odwOJLLd8E79CQwufgXM0JlPNm3mjN3pBKrjSjvNlrK1vbG5tV3aqu3v7B4fm0XFHJWPJsM0SkcheQBUKHmNbcy2wl0qkUSCwG4zuZn73DaXiSfykpykOIhrGfMgZ1YXkmy3S4uGrplIm78QiGic6w2KQuUUUjywylJRlbp7d+wszopP8mdh5tWwTkYS1xsXM8U3bqTtzWKvEXRLbO4U5mr7JyEvCxhHGmgmqVN91Uj3IqNScCSwujRWmlI1oiBmLAjkrXFL7BY1phGqQzT9SjoixnubVopX7v8Mq6VzW3Zv69eOV7XmLelCBMziHGrhwCx48QBPawOATvuEHfo2GoY3MyBera8YycwIlGB9/6M2DXw==</latexit>

� error �
1

E#max
�

1

log(N)#

<latexit sha1_base64="pTFYMlmacwOIdCdkb7QFXvdpUZs=">AAABp3icZY/JSgNBFEVfOcY4tcPOTWM2ihi6xWHbIIILwQhmgFTSVFdeYpHqgapqSSj6K/wat/oV/o0xySbmrg73vQv3RpkU2njeD1lZXVvf2Cxtlbd3dvf2nYPDhk5zxbHOU5mqVsQ0SpFg3QgjsZUpZHEksRkN7//uzXdUWqTJqxln2InZIBF9wZmZWKFzSaNcSjTUfQipwZGxMRsVLpXSpX3FuH3q9grLurZ34RdF6FS8qjeVuwz+HCrBMUxVCx1OeynPY0wMl0zrtu9lpmOZMoJLLMo015gxPmQDtDyOlBi8mQW3PcGExag7djp2MSJzMy7Kk1b+/w7L0Liq+rfVm5frShDM6kEJTuAUzsCHOwjgEWpQBw4f8Alf8E3OyTNpkNbsdYXMM0ewIMJ+AfOFdA0=</latexit>

• Emax �
Ld

ad+1
<latexit sha1_base64="pFUV6XkxckRrtRZz6cN5//iUKe4=">AAABtnicdU/LSsNAFL3xWesrPnZugt0IQpkUrS24CIjgwkUF+4CmDZPJbRs6eTAzkZYhP+PXuNWdf2Pa6qILz+pwHtxz/ZSHUhHybWxsbm3v7Jb2yvsHh0fH5slpRyaZYNhmCU9Ez6cSeRhjW4WKYy8VSCOfY9efPiz87hsKGSbxq5qnOIjoOA5HIaOqkDzz3s3iAIUvKEPtTtIJjVUS6UfPVThTOqKz3HI5t9xRkdDPwyDXdKiDazsv4JkVUiUF6nVrQewGsQvSbDZqtaZlLy1CKs45LNHyTOYGCcsijBXjVMq+TVI10FSokHHMy24mMaVsSseoWeSLcDxRa2q/oDGNUA708vf1Cs/UPC8Xq/5OW/+TTq1q16u3LzcVx1nNgxJcwCVcgQ134MATtKANDN7hAz7hy2gYQwON8Sq6Yfx2zmANRvoD+l17og==</latexit> � �� �

<latexit sha1_base64="kB06GlNUQrUeHn6k08ruC8IPXn0=">AAABinicdY9LT8JAFIXv4AsRtT52bohsXJFpI0ijCxJduMREHgkQMh2vOGE6bTq3RNLwT9zqf/LfWEAXLDyrL/fck3tuEGtlifNvVtja3tndK+6XDsqHR8fOyWnXRmkisSMjHSX9QFjUymCHFGnsxwmKMNDYC6b3S783w8SqyDzTPMZRKCZGvSopKB+NHWdI+E6ZjAwpk6bhYuxUeY3najQqS3Cb3M3B95ue51fclcV5tXUOK7XHjhy+RDIN0ZDUwtqBy2MaZSIhJTUuSsPUYizkVEwwk2GQqMkbbUwHORoRoh1lq382Izql+aKUt/o7Xfkful7NbdTqT9fV1t26HhThAi7hCly4gRY8Qhs6IGEGH/AJX6zMPOaz2/Vqgf1mzmBD7OEHmRRo2w==</latexit>

continuum
<latexit sha1_base64="P9N2CNiZynvsBmV+099xQWwSpoI=">AAABi3icdY/LTgJBEEWr8YUoOqg7N0Q2rkgP6gjGBYkxcYmJPBIgpKctsUPPI901KpnwKW71m/wbh4cLFt7Vyb1VqVt+rJUlzn9YbmNza3snv1vY2y8eHDqlo46NEiOxLSMdmZ4vLGoVYpsUaezFBkXga+z6k7t53n1DY1UUPtE0xmEgxqF6UVJQZo2c0oDwg1IySbi0ZiOnwqs8k+eV5+DWuZtBo1Gv1RpldxFxXmmewEKtkSMHz5FMAgxJamFt3+UxDVNhSEmNs8IgsRgLORFjTGXgGzV+pTW3n2EoArTDdPHQ+opOaDorZK3+Tpf/h06t6nrVq8fLSvN2WQ/ycApncA4uXEMTHqAFbZDwDp/wBd+syC7YDVvN5thq5xjWxO5/ATJUaUo=</latexit>

truncation



Convergence
<latexit sha1_base64="kYkmkRb17lAzJYCOew5keGNwgDY=">AAABo3icZY/LSsNAFIbP1Futt3jZuQkWQTclES8rISBCQZCqvUEThsk4xqGTCzOT0jLkGXwat/ocvo2x7ab235yP/5wf/hNmgivtOD+osrK6tr5R3axtbe/s7ln7B12V5pKyDk1FKvshUUzwhHU014L1M8lIHArWC4d3f/veiEnF06StJxkLYhIl/I1ToksLW+f32NdsrE1MxoV9a/vlxMZXVJqXAj8Wtk9GkWlip8BW3Wk4U9nL4M6h7h3BVC1sUf81pXnMEk0FUWrgOpkODJGaU8GKmp8rlhE6JBEzNA4lj971gjsoMSExU4GZProYEbmeFLWylfu/wzJ0LxrudePq6bLuebN6UIVjOIEzcOEGPGhCCzpA4QM+4Qu+0Sl6QM+oPTutoHnmEBaEgl9VbHI/</latexit>

Emax = max
SN
�H0�

<latexit sha1_base64="FVsuzesoEQtH+hWfYPrAZ/Dri3M=">AAABk3icZY85T8NAEIVnwxXMZa4C0USkoYrsiKOgsYCCBilI5JDiKFovE7PK+tDuGGFZFr+GFn4P/4aQpAl51ac386T3glRJQ47zwyorq2vrG9VNa2t7Z3fP3j/omCTTAtsiUYnuBdygkjG2SZLCXqqRR4HCbjC++7t331AbmcTPlKc4iHgYy5EUnCbW0D7xjYxqPuE7FRijDvOayCgZjcqhXXcazlS1ZXDnUPeOYKrW0Bb+SyKyCGMSihvTd52UBgXXJIXC0vIzgykXYx5iIaJAy/CVFtz+BGMeoRkU02GLEZVRXlqTVu7/DsvQaTbcq8bl00Xd82b1oAqncAbn4MI1ePAALWiDgA/4hC/4Zsfsht2y+9lrhc0zh7Ag9vgLP+hsEA==</latexit>

� energy cuto�

<latexit sha1_base64="/dcf7Wlp1zPl4c7/dUYwtFNkhg0=">AAABzHicZVC5TsNAFHzmDOEyR0dj4SY0kY04WksIiSoKETmkbLDWy4tZZX1odwOJLLd8E79CQwufgXM0JlPNm3mjN3pBKrjSjvNlrK1vbG5tV3aqu3v7B4fm0XFHJWPJsM0SkcheQBUKHmNbcy2wl0qkUSCwG4zuZn73DaXiSfykpykOIhrGfMgZ1YXkmy3S4uGrplIm78QiGic6w2KQuUUUjywylJRlbp7d+wszopP8mdh5tWwTkYS1xsXM8U3bqTtzWKvEXRLbO4U5mr7JyEvCxhHGmgmqVN91Uj3IqNScCSwujRWmlI1oiBmLAjkrXFL7BY1phGqQzT9SjoixnubVopX7v8Mq6VzW3Zv69eOV7XmLelCBMziHGrhwCx48QBPawOATvuEHfo2GoY3MyBera8YycwIlGB9/6M2DXw==</latexit>

� error �
1

E#max
�

1

log(N)#

<latexit sha1_base64="3CjFZoyA8hx/jVCroGRcIG+Z0Ck=">AAABp3icZY9LS8NAFIVv6qvWV3zs3AS7UcSSFB/bgAguBCvYB3TaMJnexqGTBzMTaRnyK/w1bvVX+G+sbTe1Z/Vx7j1wTpgJrrTr/liltfWNza3ydmVnd2//wD48aqk0lwybLBWp7IRUoeAJNjXXAjuZRBqHAtvh6P7v3n5HqXiavOpJhr2YRgkfckb11ArsKxLmQqAmzkNANI61iem4cEgUOWQoKTNP/UFhaN8MLr2iCOyqW3NnclbBW0DVP4GZGoHNyCBleYyJZoIq1fXcTPcMlZozgUWF5AozykY0QsPiUPLoTS+53SkmNEbVM7OxyxGR60lRmbby/ndYhVa95t3Wbl6uq74/rwdlOIUzOAcP7sCHR2hAExh8wCd8wbd1YT1bLaszfy1Zi8wxLMmiv+fmdAM=</latexit>

• Emax �
Ld

ad+1

<latexit sha1_base64="ErG0BtqGT8XifsOwlaDJzfnvkoA=">AAABp3icZY+5TsNAEIZnwxXMZY6OxsINFER2xNFaoqGCgMghZUO0XiZhlfWh3TUQWX4KnoYWnoK3wTmakL/655/5pW/CVAptPO+XVFZW19Y3qpvW1vbO7p69f9DSSaY4NnkiE9UJmUYpYmwaYSR2UoUsCiW2w9HNZN9+Q6VFEj+ZcYq9iA1jMRCcmTLq2+f0UQxfDVMqeacONfhhciwHVThUi8ihA8V47hf53TN1i77tejVvKmfZ+HPjBkcwVaNvc/qS8CzC2HDJtO76Xmp6OVNGcImFRTONKeMjNsScR6GasCyk3dLGLELdy6fPLlZkZsaFVVL5/xmWTate869qlw8XbhDM8KAKx3ACp+DDNQRwCw1oAodP+IJv+CFn5J60SGd2WiHzziEsiLA/Kqh0Ng==</latexit>

� error �
1

N#

<latexit sha1_base64="pTFYMlmacwOIdCdkb7QFXvdpUZs=">AAABp3icZY/JSgNBFEVfOcY4tcPOTWM2ihi6xWHbIIILwQhmgFTSVFdeYpHqgapqSSj6K/wat/oV/o0xySbmrg73vQv3RpkU2njeD1lZXVvf2Cxtlbd3dvf2nYPDhk5zxbHOU5mqVsQ0SpFg3QgjsZUpZHEksRkN7//uzXdUWqTJqxln2InZIBF9wZmZWKFzSaNcSjTUfQipwZGxMRsVLpXSpX3FuH3q9grLurZ34RdF6FS8qjeVuwz+HCrBMUxVCx1OeynPY0wMl0zrtu9lpmOZMoJLLMo015gxPmQDtDyOlBi8mQW3PcGExag7djp2MSJzMy7Kk1b+/w7L0Liq+rfVm5frShDM6kEJTuAUzsCHOwjgEWpQBw4f8Alf8E3OyTNpkNbsdYXMM0ewIMJ+AfOFdA0=</latexit>

• Emax �
Ld

ad+1
<latexit sha1_base64="pFUV6XkxckRrtRZz6cN5//iUKe4=">AAABtnicdU/LSsNAFL3xWesrPnZugt0IQpkUrS24CIjgwkUF+4CmDZPJbRs6eTAzkZYhP+PXuNWdf2Pa6qILz+pwHtxz/ZSHUhHybWxsbm3v7Jb2yvsHh0fH5slpRyaZYNhmCU9Ez6cSeRhjW4WKYy8VSCOfY9efPiz87hsKGSbxq5qnOIjoOA5HIaOqkDzz3s3iAIUvKEPtTtIJjVUS6UfPVThTOqKz3HI5t9xRkdDPwyDXdKiDazsv4JkVUiUF6nVrQewGsQvSbDZqtaZlLy1CKs45LNHyTOYGCcsijBXjVMq+TVI10FSokHHMy24mMaVsSseoWeSLcDxRa2q/oDGNUA708vf1Cs/UPC8Xq/5OW/+TTq1q16u3LzcVx1nNgxJcwCVcgQ134MATtKANDN7hAz7hy2gYQwON8Sq6Yfx2zmANRvoD+l17og==</latexit> � �� �

<latexit sha1_base64="kB06GlNUQrUeHn6k08ruC8IPXn0=">AAABinicdY9LT8JAFIXv4AsRtT52bohsXJFpI0ijCxJduMREHgkQMh2vOGE6bTq3RNLwT9zqf/LfWEAXLDyrL/fck3tuEGtlifNvVtja3tndK+6XDsqHR8fOyWnXRmkisSMjHSX9QFjUymCHFGnsxwmKMNDYC6b3S783w8SqyDzTPMZRKCZGvSopKB+NHWdI+E6ZjAwpk6bhYuxUeY3najQqS3Cb3M3B95ue51fclcV5tXUOK7XHjhy+RDIN0ZDUwtqBy2MaZSIhJTUuSsPUYizkVEwwk2GQqMkbbUwHORoRoh1lq382Izql+aKUt/o7Xfkful7NbdTqT9fV1t26HhThAi7hCly4gRY8Qhs6IGEGH/AJX6zMPOaz2/Vqgf1mzmBD7OEHmRRo2w==</latexit>

continuum
<latexit sha1_base64="P9N2CNiZynvsBmV+099xQWwSpoI=">AAABi3icdY/LTgJBEEWr8YUoOqg7N0Q2rkgP6gjGBYkxcYmJPBIgpKctsUPPI901KpnwKW71m/wbh4cLFt7Vyb1VqVt+rJUlzn9YbmNza3snv1vY2y8eHDqlo46NEiOxLSMdmZ4vLGoVYpsUaezFBkXga+z6k7t53n1DY1UUPtE0xmEgxqF6UVJQZo2c0oDwg1IySbi0ZiOnwqs8k+eV5+DWuZtBo1Gv1RpldxFxXmmewEKtkSMHz5FMAgxJamFt3+UxDVNhSEmNs8IgsRgLORFjTGXgGzV+pTW3n2EoArTDdPHQ+opOaDorZK3+Tpf/h06t6nrVq8fLSvN2WQ/ycApncA4uXEMTHqAFbZDwDp/wBd+syC7YDVvN5thq5xjWxO5/ATJUaUo=</latexit>

truncation



Convergence
<latexit sha1_base64="kYkmkRb17lAzJYCOew5keGNwgDY=">AAABo3icZY/LSsNAFIbP1Futt3jZuQkWQTclES8rISBCQZCqvUEThsk4xqGTCzOT0jLkGXwat/ocvo2x7ab235yP/5wf/hNmgivtOD+osrK6tr5R3axtbe/s7ln7B12V5pKyDk1FKvshUUzwhHU014L1M8lIHArWC4d3f/veiEnF06StJxkLYhIl/I1ToksLW+f32NdsrE1MxoV9a/vlxMZXVJqXAj8Wtk9GkWlip8BW3Wk4U9nL4M6h7h3BVC1sUf81pXnMEk0FUWrgOpkODJGaU8GKmp8rlhE6JBEzNA4lj971gjsoMSExU4GZProYEbmeFLWylfu/wzJ0LxrudePq6bLuebN6UIVjOIEzcOEGPGhCCzpA4QM+4Qu+0Sl6QM+oPTutoHnmEBaEgl9VbHI/</latexit>

Emax = max
SN
�H0�

<latexit sha1_base64="FVsuzesoEQtH+hWfYPrAZ/Dri3M=">AAABk3icZY85T8NAEIVnwxXMZa4C0USkoYrsiKOgsYCCBilI5JDiKFovE7PK+tDuGGFZFr+GFn4P/4aQpAl51ac386T3glRJQ47zwyorq2vrG9VNa2t7Z3fP3j/omCTTAtsiUYnuBdygkjG2SZLCXqqRR4HCbjC++7t331AbmcTPlKc4iHgYy5EUnCbW0D7xjYxqPuE7FRijDvOayCgZjcqhXXcazlS1ZXDnUPeOYKrW0Bb+SyKyCGMSihvTd52UBgXXJIXC0vIzgykXYx5iIaJAy/CVFtz+BGMeoRkU02GLEZVRXlqTVu7/DsvQaTbcq8bl00Xd82b1oAqncAbn4MI1ePAALWiDgA/4hC/4Zsfsht2y+9lrhc0zh7Ag9vgLP+hsEA==</latexit>

� energy cuto�

<latexit sha1_base64="/dcf7Wlp1zPl4c7/dUYwtFNkhg0=">AAABzHicZVC5TsNAFHzmDOEyR0dj4SY0kY04WksIiSoKETmkbLDWy4tZZX1odwOJLLd8E79CQwufgXM0JlPNm3mjN3pBKrjSjvNlrK1vbG5tV3aqu3v7B4fm0XFHJWPJsM0SkcheQBUKHmNbcy2wl0qkUSCwG4zuZn73DaXiSfykpykOIhrGfMgZ1YXkmy3S4uGrplIm78QiGic6w2KQuUUUjywylJRlbp7d+wszopP8mdh5tWwTkYS1xsXM8U3bqTtzWKvEXRLbO4U5mr7JyEvCxhHGmgmqVN91Uj3IqNScCSwujRWmlI1oiBmLAjkrXFL7BY1phGqQzT9SjoixnubVopX7v8Mq6VzW3Zv69eOV7XmLelCBMziHGrhwCx48QBPawOATvuEHfo2GoY3MyBera8YycwIlGB9/6M2DXw==</latexit>

� error �
1

E#max
�

1

log(N)#

<latexit sha1_base64="3CjFZoyA8hx/jVCroGRcIG+Z0Ck=">AAABp3icZY9LS8NAFIVv6qvWV3zs3AS7UcSSFB/bgAguBCvYB3TaMJnexqGTBzMTaRnyK/w1bvVX+G+sbTe1Z/Vx7j1wTpgJrrTr/liltfWNza3ydmVnd2//wD48aqk0lwybLBWp7IRUoeAJNjXXAjuZRBqHAtvh6P7v3n5HqXiavOpJhr2YRgkfckb11ArsKxLmQqAmzkNANI61iem4cEgUOWQoKTNP/UFhaN8MLr2iCOyqW3NnclbBW0DVP4GZGoHNyCBleYyJZoIq1fXcTPcMlZozgUWF5AozykY0QsPiUPLoTS+53SkmNEbVM7OxyxGR60lRmbby/ndYhVa95t3Wbl6uq74/rwdlOIUzOAcP7sCHR2hAExh8wCd8wbd1YT1bLaszfy1Zi8wxLMmiv+fmdAM=</latexit>

• Emax �
Ld

ad+1

<latexit sha1_base64="ErG0BtqGT8XifsOwlaDJzfnvkoA=">AAABp3icZY+5TsNAEIZnwxXMZY6OxsINFER2xNFaoqGCgMghZUO0XiZhlfWh3TUQWX4KnoYWnoK3wTmakL/655/5pW/CVAptPO+XVFZW19Y3qpvW1vbO7p69f9DSSaY4NnkiE9UJmUYpYmwaYSR2UoUsCiW2w9HNZN9+Q6VFEj+ZcYq9iA1jMRCcmTLq2+f0UQxfDVMqeacONfhhciwHVThUi8ihA8V47hf53TN1i77tejVvKmfZ+HPjBkcwVaNvc/qS8CzC2HDJtO76Xmp6OVNGcImFRTONKeMjNsScR6GasCyk3dLGLELdy6fPLlZkZsaFVVL5/xmWTate869qlw8XbhDM8KAKx3ACp+DDNQRwCw1oAodP+IJv+CFn5J60SGd2WiHzziEsiLA/Kqh0Ng==</latexit>

� error �
1

N#

<latexit sha1_base64="pTFYMlmacwOIdCdkb7QFXvdpUZs=">AAABp3icZY/JSgNBFEVfOcY4tcPOTWM2ihi6xWHbIIILwQhmgFTSVFdeYpHqgapqSSj6K/wat/oV/o0xySbmrg73vQv3RpkU2njeD1lZXVvf2Cxtlbd3dvf2nYPDhk5zxbHOU5mqVsQ0SpFg3QgjsZUpZHEksRkN7//uzXdUWqTJqxln2InZIBF9wZmZWKFzSaNcSjTUfQipwZGxMRsVLpXSpX3FuH3q9grLurZ34RdF6FS8qjeVuwz+HCrBMUxVCx1OeynPY0wMl0zrtu9lpmOZMoJLLMo015gxPmQDtDyOlBi8mQW3PcGExag7djp2MSJzMy7Kk1b+/w7L0Liq+rfVm5frShDM6kEJTuAUzsCHOwjgEWpQBw4f8Alf8E3OyTNpkNbsdYXMM0ewIMJ+AfOFdA0=</latexit>

• Emax �
Ld

ad+1
<latexit sha1_base64="pFUV6XkxckRrtRZz6cN5//iUKe4=">AAABtnicdU/LSsNAFL3xWesrPnZugt0IQpkUrS24CIjgwkUF+4CmDZPJbRs6eTAzkZYhP+PXuNWdf2Pa6qILz+pwHtxz/ZSHUhHybWxsbm3v7Jb2yvsHh0fH5slpRyaZYNhmCU9Ez6cSeRhjW4WKYy8VSCOfY9efPiz87hsKGSbxq5qnOIjoOA5HIaOqkDzz3s3iAIUvKEPtTtIJjVUS6UfPVThTOqKz3HI5t9xRkdDPwyDXdKiDazsv4JkVUiUF6nVrQewGsQvSbDZqtaZlLy1CKs45LNHyTOYGCcsijBXjVMq+TVI10FSokHHMy24mMaVsSseoWeSLcDxRa2q/oDGNUA708vf1Cs/UPC8Xq/5OW/+TTq1q16u3LzcVx1nNgxJcwCVcgQ134MATtKANDN7hAz7hy2gYQwON8Sq6Yfx2zmANRvoD+l17og==</latexit> � �� �

<latexit sha1_base64="kB06GlNUQrUeHn6k08ruC8IPXn0=">AAABinicdY9LT8JAFIXv4AsRtT52bohsXJFpI0ijCxJduMREHgkQMh2vOGE6bTq3RNLwT9zqf/LfWEAXLDyrL/fck3tuEGtlifNvVtja3tndK+6XDsqHR8fOyWnXRmkisSMjHSX9QFjUymCHFGnsxwmKMNDYC6b3S783w8SqyDzTPMZRKCZGvSopKB+NHWdI+E6ZjAwpk6bhYuxUeY3najQqS3Cb3M3B95ue51fclcV5tXUOK7XHjhy+RDIN0ZDUwtqBy2MaZSIhJTUuSsPUYizkVEwwk2GQqMkbbUwHORoRoh1lq382Izql+aKUt/o7Xfkful7NbdTqT9fV1t26HhThAi7hCly4gRY8Qhs6IGEGH/AJX6zMPOaz2/Vqgf1mzmBD7OEHmRRo2w==</latexit>

continuum
<latexit sha1_base64="P9N2CNiZynvsBmV+099xQWwSpoI=">AAABi3icdY/LTgJBEEWr8YUoOqg7N0Q2rkgP6gjGBYkxcYmJPBIgpKctsUPPI901KpnwKW71m/wbh4cLFt7Vyb1VqVt+rJUlzn9YbmNza3snv1vY2y8eHDqlo46NEiOxLSMdmZ4vLGoVYpsUaezFBkXga+z6k7t53n1DY1UUPtE0xmEgxqF6UVJQZo2c0oDwg1IySbi0ZiOnwqs8k+eV5+DWuZtBo1Gv1RpldxFxXmmewEKtkSMHz5FMAgxJamFt3+UxDVNhSEmNs8IgsRgLORFjTGXgGzV+pTW3n2EoArTDdPHQ+opOaDorZK3+Tpf/h06t6nrVq8fLSvN2WQ/ycApncA4uXEMTHqAFbZDwDp/wBd+syC7YDVvN5thq5xjWxO5/ATJUaUo=</latexit>

truncation

<latexit sha1_base64="POmhtzNNNmkkJYx8rJfY6dIwoy4=">AAABsnicdU+7TgJBFL2LL8TX+uhsNm5jRXYJInSb2FgZTOQRGSSzwwUmzD4yM2skk/0Vv8ZWe//GBbSg8FQn55F7bpgKrrTnfVulre2d3b3yfuXg8Oj4xD4966okkww7LBGJ7IdUoeAxdjTXAvupRBqFAnvh/G7p915RKp7ET3qR4jCi05hPOKO6kEZ2k2TxGGUoKUNDZumMxjqJDNH4pg1KmcjcIYpHDpkUEePn5uGFuHmej2zXq3oFGg1nSfym5xek1WrWai3HX1me5wYXsEJ7ZDMyTlgWYayZoEoNfC/VQ0Ol5kxgXiGZwpSyOZ2iYVEo+XSmN9RBQWMaoRqa1d+bFZHpRV4pVv2ddv4n3VrVb1RvHutuEKznQRku4QquwYdbCOAe2tABBu/wAZ/wZdWtZ4tabB0tWb+dc9iAJX4Ae4t6Ag==</latexit> � �� �
<latexit sha1_base64="4ku+XBwcn1AXgF1G2o/qgfoQYCM=">AAABhXicdY9JTwJBEIWrcQFxw+XmhcjFi6SHwAiJiSRePGIiSwIT0tOW0KFnsbvGSCb8Dq/6s/w3DqAHDr7Tl3r1Uq/8WCtLnH+z3Nb2zm6+sFfcPzg8Oi6dnPZslBiJXRnpyAx8YVGrELukSOMgNigCX2Pfn90v/f4bGqui8InmMXqBmITqRUlB2cgbEb5TSlOMzHwxLlV4lWdy3fISnCZ3Mmi1mrVaq+ysLM4r7XNYqTMuydFzJJMAQ5JaWDt0eExeKgwpqXFRHCUWYyFnYoKpDHyjJlPamA4zDEWA1ktXr2xGdELzRTFr9Xe6/D/0alXHrTYe65X27boeFOACLuEKHLiBNjxAB7og4RU+4BO+WJ5dszpz16s59ps5gw2xux9NFWdF</latexit>

theory
<latexit sha1_base64="Xlf+47KQKPpDN5+Bjckm3B6zooM=">AAABj3icdY9JSwNBEIWr4xbHbeJy8jKYiyCEnqBZQGTAi94imAWSEHraMjbpWejukYRhfoxX/UX+G2cSPeTgO33Uq0e98mMptKH0m5Q2Nre2d8q71t7+weGRXTnu6ShRHLs8kpEa+EyjFCF2jTASB7FCFvgS+/7svvD776i0iMJns4hxHLBpKF4FZyYfTeyzNLtyRgbnJsV5jEoEGJpsYldpjeZqNJwC3BZ1c2i3W/V623GXFqVV7xSW6kxsPnqJeFKEuWRaD10am3HKlBFcYmaNEo0x4zM2xZQHvhLTN7M2HeYYsgD1OF0+tR6RiVlkVt7q77TzP/TqNbdRu3m6rnq3q3pQhnO4gEtwoQkePEAHusAhhQ/4hC9SIU1yR7zVaon8Zk5gTeTxBzPvaq8=</latexit>

+ experiment



Convergence
<latexit sha1_base64="kYkmkRb17lAzJYCOew5keGNwgDY=">AAABo3icZY/LSsNAFIbP1Futt3jZuQkWQTclES8rISBCQZCqvUEThsk4xqGTCzOT0jLkGXwat/ocvo2x7ab235yP/5wf/hNmgivtOD+osrK6tr5R3axtbe/s7ln7B12V5pKyDk1FKvshUUzwhHU014L1M8lIHArWC4d3f/veiEnF06StJxkLYhIl/I1ToksLW+f32NdsrE1MxoV9a/vlxMZXVJqXAj8Wtk9GkWlip8BW3Wk4U9nL4M6h7h3BVC1sUf81pXnMEk0FUWrgOpkODJGaU8GKmp8rlhE6JBEzNA4lj971gjsoMSExU4GZProYEbmeFLWylfu/wzJ0LxrudePq6bLuebN6UIVjOIEzcOEGPGhCCzpA4QM+4Qu+0Sl6QM+oPTutoHnmEBaEgl9VbHI/</latexit>

Emax = max
SN
�H0�

<latexit sha1_base64="FVsuzesoEQtH+hWfYPrAZ/Dri3M=">AAABk3icZY85T8NAEIVnwxXMZa4C0USkoYrsiKOgsYCCBilI5JDiKFovE7PK+tDuGGFZFr+GFn4P/4aQpAl51ac386T3glRJQ47zwyorq2vrG9VNa2t7Z3fP3j/omCTTAtsiUYnuBdygkjG2SZLCXqqRR4HCbjC++7t331AbmcTPlKc4iHgYy5EUnCbW0D7xjYxqPuE7FRijDvOayCgZjcqhXXcazlS1ZXDnUPeOYKrW0Bb+SyKyCGMSihvTd52UBgXXJIXC0vIzgykXYx5iIaJAy/CVFtz+BGMeoRkU02GLEZVRXlqTVu7/DsvQaTbcq8bl00Xd82b1oAqncAbn4MI1ePAALWiDgA/4hC/4Zsfsht2y+9lrhc0zh7Ag9vgLP+hsEA==</latexit>

� energy cuto�

<latexit sha1_base64="/dcf7Wlp1zPl4c7/dUYwtFNkhg0=">AAABzHicZVC5TsNAFHzmDOEyR0dj4SY0kY04WksIiSoKETmkbLDWy4tZZX1odwOJLLd8E79CQwufgXM0JlPNm3mjN3pBKrjSjvNlrK1vbG5tV3aqu3v7B4fm0XFHJWPJsM0SkcheQBUKHmNbcy2wl0qkUSCwG4zuZn73DaXiSfykpykOIhrGfMgZ1YXkmy3S4uGrplIm78QiGic6w2KQuUUUjywylJRlbp7d+wszopP8mdh5tWwTkYS1xsXM8U3bqTtzWKvEXRLbO4U5mr7JyEvCxhHGmgmqVN91Uj3IqNScCSwujRWmlI1oiBmLAjkrXFL7BY1phGqQzT9SjoixnubVopX7v8Mq6VzW3Zv69eOV7XmLelCBMziHGrhwCx48QBPawOATvuEHfo2GoY3MyBera8YycwIlGB9/6M2DXw==</latexit>

� error �
1

E#max
�

1

log(N)#

<latexit sha1_base64="3CjFZoyA8hx/jVCroGRcIG+Z0Ck=">AAABp3icZY9LS8NAFIVv6qvWV3zs3AS7UcSSFB/bgAguBCvYB3TaMJnexqGTBzMTaRnyK/w1bvVX+G+sbTe1Z/Vx7j1wTpgJrrTr/liltfWNza3ydmVnd2//wD48aqk0lwybLBWp7IRUoeAJNjXXAjuZRBqHAtvh6P7v3n5HqXiavOpJhr2YRgkfckb11ArsKxLmQqAmzkNANI61iem4cEgUOWQoKTNP/UFhaN8MLr2iCOyqW3NnclbBW0DVP4GZGoHNyCBleYyJZoIq1fXcTPcMlZozgUWF5AozykY0QsPiUPLoTS+53SkmNEbVM7OxyxGR60lRmbby/ndYhVa95t3Wbl6uq74/rwdlOIUzOAcP7sCHR2hAExh8wCd8wbd1YT1bLaszfy1Zi8wxLMmiv+fmdAM=</latexit>

• Emax �
Ld

ad+1

<latexit sha1_base64="ErG0BtqGT8XifsOwlaDJzfnvkoA=">AAABp3icZY+5TsNAEIZnwxXMZY6OxsINFER2xNFaoqGCgMghZUO0XiZhlfWh3TUQWX4KnoYWnoK3wTmakL/655/5pW/CVAptPO+XVFZW19Y3qpvW1vbO7p69f9DSSaY4NnkiE9UJmUYpYmwaYSR2UoUsCiW2w9HNZN9+Q6VFEj+ZcYq9iA1jMRCcmTLq2+f0UQxfDVMqeacONfhhciwHVThUi8ihA8V47hf53TN1i77tejVvKmfZ+HPjBkcwVaNvc/qS8CzC2HDJtO76Xmp6OVNGcImFRTONKeMjNsScR6GasCyk3dLGLELdy6fPLlZkZsaFVVL5/xmWTate869qlw8XbhDM8KAKx3ACp+DDNQRwCw1oAodP+IJv+CFn5J60SGd2WiHzziEsiLA/Kqh0Ng==</latexit>

� error �
1

N#

<latexit sha1_base64="pTFYMlmacwOIdCdkb7QFXvdpUZs=">AAABp3icZY/JSgNBFEVfOcY4tcPOTWM2ihi6xWHbIIILwQhmgFTSVFdeYpHqgapqSSj6K/wat/oV/o0xySbmrg73vQv3RpkU2njeD1lZXVvf2Cxtlbd3dvf2nYPDhk5zxbHOU5mqVsQ0SpFg3QgjsZUpZHEksRkN7//uzXdUWqTJqxln2InZIBF9wZmZWKFzSaNcSjTUfQipwZGxMRsVLpXSpX3FuH3q9grLurZ34RdF6FS8qjeVuwz+HCrBMUxVCx1OeynPY0wMl0zrtu9lpmOZMoJLLMo015gxPmQDtDyOlBi8mQW3PcGExag7djp2MSJzMy7Kk1b+/w7L0Liq+rfVm5frShDM6kEJTuAUzsCHOwjgEWpQBw4f8Alf8E3OyTNpkNbsdYXMM0ewIMJ+AfOFdA0=</latexit>

• Emax �
Ld

ad+1
<latexit sha1_base64="pFUV6XkxckRrtRZz6cN5//iUKe4=">AAABtnicdU/LSsNAFL3xWesrPnZugt0IQpkUrS24CIjgwkUF+4CmDZPJbRs6eTAzkZYhP+PXuNWdf2Pa6qILz+pwHtxz/ZSHUhHybWxsbm3v7Jb2yvsHh0fH5slpRyaZYNhmCU9Ez6cSeRhjW4WKYy8VSCOfY9efPiz87hsKGSbxq5qnOIjoOA5HIaOqkDzz3s3iAIUvKEPtTtIJjVUS6UfPVThTOqKz3HI5t9xRkdDPwyDXdKiDazsv4JkVUiUF6nVrQewGsQvSbDZqtaZlLy1CKs45LNHyTOYGCcsijBXjVMq+TVI10FSokHHMy24mMaVsSseoWeSLcDxRa2q/oDGNUA708vf1Cs/UPC8Xq/5OW/+TTq1q16u3LzcVx1nNgxJcwCVcgQ134MATtKANDN7hAz7hy2gYQwON8Sq6Yfx2zmANRvoD+l17og==</latexit> � �� �

<latexit sha1_base64="kB06GlNUQrUeHn6k08ruC8IPXn0=">AAABinicdY9LT8JAFIXv4AsRtT52bohsXJFpI0ijCxJduMREHgkQMh2vOGE6bTq3RNLwT9zqf/LfWEAXLDyrL/fck3tuEGtlifNvVtja3tndK+6XDsqHR8fOyWnXRmkisSMjHSX9QFjUymCHFGnsxwmKMNDYC6b3S783w8SqyDzTPMZRKCZGvSopKB+NHWdI+E6ZjAwpk6bhYuxUeY3najQqS3Cb3M3B95ue51fclcV5tXUOK7XHjhy+RDIN0ZDUwtqBy2MaZSIhJTUuSsPUYizkVEwwk2GQqMkbbUwHORoRoh1lq382Izql+aKUt/o7Xfkful7NbdTqT9fV1t26HhThAi7hCly4gRY8Qhs6IGEGH/AJX6zMPOaz2/Vqgf1mzmBD7OEHmRRo2w==</latexit>

continuum
<latexit sha1_base64="P9N2CNiZynvsBmV+099xQWwSpoI=">AAABi3icdY/LTgJBEEWr8YUoOqg7N0Q2rkgP6gjGBYkxcYmJPBIgpKctsUPPI901KpnwKW71m/wbh4cLFt7Vyb1VqVt+rJUlzn9YbmNza3snv1vY2y8eHDqlo46NEiOxLSMdmZ4vLGoVYpsUaezFBkXga+z6k7t53n1DY1UUPtE0xmEgxqF6UVJQZo2c0oDwg1IySbi0ZiOnwqs8k+eV5+DWuZtBo1Gv1RpldxFxXmmewEKtkSMHz5FMAgxJamFt3+UxDVNhSEmNs8IgsRgLORFjTGXgGzV+pTW3n2EoArTDdPHQ+opOaDorZK3+Tpf/h06t6nrVq8fLSvN2WQ/ycApncA4uXEMTHqAFbZDwDp/wBd+syC7YDVvN5thq5xjWxO5/ATJUaUo=</latexit>

truncation

<latexit sha1_base64="pFUV6XkxckRrtRZz6cN5//iUKe4=">AAABtnicdU/LSsNAFL3xWesrPnZugt0IQpkUrS24CIjgwkUF+4CmDZPJbRs6eTAzkZYhP+PXuNWdf2Pa6qILz+pwHtxz/ZSHUhHybWxsbm3v7Jb2yvsHh0fH5slpRyaZYNhmCU9Ez6cSeRhjW4WKYy8VSCOfY9efPiz87hsKGSbxq5qnOIjoOA5HIaOqkDzz3s3iAIUvKEPtTtIJjVUS6UfPVThTOqKz3HI5t9xRkdDPwyDXdKiDazsv4JkVUiUF6nVrQewGsQvSbDZqtaZlLy1CKs45LNHyTOYGCcsijBXjVMq+TVI10FSokHHMy24mMaVsSseoWeSLcDxRa2q/oDGNUA708vf1Cs/UPC8Xq/5OW/+TTq1q16u3LzcVx1nNgxJcwCVcgQ134MATtKANDN7hAz7hy2gYQwON8Sq6Yfx2zmANRvoD+l17og==</latexit> � �� �
<latexit sha1_base64="7u57xKq9B8AHKrpyaTHOBDIY2OE=">AAABnXicdU9JTgJBFP2NE+KEw86FFXvjilQTRUhckBgTF4RgIkNCA6kuvliherCq2kg6fQBP41aP4m1sQBcsfKuXN+S/70VSaEPpt5VbW9/Y3MpvF3Z29/YPiodHHR3GimObhzJUPY9plCLAthFGYi9SyHxPYteb3s797isqLcLg0cwiHPhsEognwZnJpFHRdg2+mUThSywUapKSJnEnWvgEh4lrk8ZwnGYpWqIZKhUyJ06VOhmp1arlco04C4tSu34CC7RGRe6OQx77GBgumdZ9h0ZmkDBlBJeYFtxYY8T4lE0w4b6nxOTZrKj9jAbMRz1IFi+uVmRsZmkhW/V3mvxPOuWSUyldPVza9ZvlPMjDKZzDBThwDXW4hxa0gcM7fMAnfFln1p3VsJrLaM767RzDCqzuD1ENb2k=</latexit>

requires N >� e
#Ld

<latexit sha1_base64="6jJc9AV86Sb8TcbpPJyTbp8ZRfY=">AAABk3icdY9JTwJBEIWrcUPcxu1gvEzkgCfSQxQheiDqQQ8maGRJgEBPU0KHniXdPUYyIf4ar/p7/DcOoAcOvtOX96pSr9xQCm0o/SappeWV1bX0emZjc2t7x9rdq+sgUhxrPJCBarpMoxQ+1owwEpuhQua5Ehvu6GaaN15RaRH4z2YcYsdjA1+8CM5MYnWto7bBNxP3evdPduIxbVQQDjGXm3StLM3TRMWiPQWnRJ0EyuVSoVC2nVlEabZyADNVuxZv9wMeeegbLpnWLYeGphMzZQSXOMm0I40h4yM2wJh7rhKDoVlwWwn6zEPdiWePLa7IyIwnmaTV32n7f6gX8k4xf/54lq1czetBGo7hBE7BgQuowB1UoQYc3uEDPuGLHJJLck1u56Mp8ruzDwsiDz/fhWu6</latexit>

“IR catastrophe”

<latexit sha1_base64="POmhtzNNNmkkJYx8rJfY6dIwoy4=">AAABsnicdU+7TgJBFL2LL8TX+uhsNm5jRXYJInSb2FgZTOQRGSSzwwUmzD4yM2skk/0Vv8ZWe//GBbSg8FQn55F7bpgKrrTnfVulre2d3b3yfuXg8Oj4xD4966okkww7LBGJ7IdUoeAxdjTXAvupRBqFAnvh/G7p915RKp7ET3qR4jCi05hPOKO6kEZ2k2TxGGUoKUNDZumMxjqJDNH4pg1KmcjcIYpHDpkUEePn5uGFuHmej2zXq3oFGg1nSfym5xek1WrWai3HX1me5wYXsEJ7ZDMyTlgWYayZoEoNfC/VQ0Ol5kxgXiGZwpSyOZ2iYVEo+XSmN9RBQWMaoRqa1d+bFZHpRV4pVv2ddv4n3VrVb1RvHutuEKznQRku4QquwYdbCOAe2tABBu/wAZ/wZdWtZ4tabB0tWb+dc9iAJX4Ae4t6Ag==</latexit> � �� �
<latexit sha1_base64="4ku+XBwcn1AXgF1G2o/qgfoQYCM=">AAABhXicdY9JTwJBEIWrcQFxw+XmhcjFi6SHwAiJiSRePGIiSwIT0tOW0KFnsbvGSCb8Dq/6s/w3DqAHDr7Tl3r1Uq/8WCtLnH+z3Nb2zm6+sFfcPzg8Oi6dnPZslBiJXRnpyAx8YVGrELukSOMgNigCX2Pfn90v/f4bGqui8InmMXqBmITqRUlB2cgbEb5TSlOMzHwxLlV4lWdy3fISnCZ3Mmi1mrVaq+ysLM4r7XNYqTMuydFzJJMAQ5JaWDt0eExeKgwpqXFRHCUWYyFnYoKpDHyjJlPamA4zDEWA1ktXr2xGdELzRTFr9Xe6/D/0alXHrTYe65X27boeFOACLuEKHLiBNjxAB7og4RU+4BO+WJ5dszpz16s59ps5gw2xux9NFWdF</latexit>

theory
<latexit sha1_base64="Xlf+47KQKPpDN5+Bjckm3B6zooM=">AAABj3icdY9JSwNBEIWr4xbHbeJy8jKYiyCEnqBZQGTAi94imAWSEHraMjbpWejukYRhfoxX/UX+G2cSPeTgO33Uq0e98mMptKH0m5Q2Nre2d8q71t7+weGRXTnu6ShRHLs8kpEa+EyjFCF2jTASB7FCFvgS+/7svvD776i0iMJns4hxHLBpKF4FZyYfTeyzNLtyRgbnJsV5jEoEGJpsYldpjeZqNJwC3BZ1c2i3W/V623GXFqVV7xSW6kxsPnqJeFKEuWRaD10am3HKlBFcYmaNEo0x4zM2xZQHvhLTN7M2HeYYsgD1OF0+tR6RiVlkVt7q77TzP/TqNbdRu3m6rnq3q3pQhnO4gEtwoQkePEAHusAhhQ/4hC9SIU1yR7zVaon8Zk5gTeTxBzPvaq8=</latexit>

+ experiment



Truncated LQCD?



Truncated LQCD?

<latexit sha1_base64="jJdCapON8h0VeCQ94o8diWfea7I=">AAAByHicZZBLT8JAFIVv8YX1VR87N0QWuCKtEU1cNXGjLgwaeSSUwHS4woTpdNKZakjTjb/JP6Nb/SGOQGKQs/py7z0nJzeUnCntuh9WYWV1bX2juGlvbe/s7jn7B00VpwnFBo15nLRDopAzgQ3NNMe2TJBEIcdWOL7+3bdeMFEsFk96IrEbkaFgz4wSbUY95z4IcchEFjHBJBli3tHdrMZEbvf7t48lc0aUTmI5wqtKxQ5EHJr0cWaAiQEKnQcoBn/unlN2q+5UpWXw5lD2j2Cqes+hwSCmaWSiKCdKdTxXmgYk0YxyzO0gVSgJHZvwjEZhwoYjvTDtGBQkQtXNpt9YtPBUT3LbtPL+d1iG5lnVu6jWHs7Lvj+rB0U4hhM4BQ8uwYcbqEMDKLzDJ3zBt3VnSevVmsxOC9bccwgLst5+ANsxgmE=</latexit>

“IR catastrophe:”

<latexit sha1_base64="TPv2JaIT6s5EdGOOx82BiebByhg=">AAABqXicZY9LS8NAFIXv1FeNj8bHzk0wG0GsSfGxDbhxIdiCfWDTlsn0GodOHsxMhBLzM/w1bvVH+G+saTe1Z/Vx7j1wTpAKrrTj/JDK2vrG5lZ129jZ3duvmQeHHZVkkmGbJSKRvYAqFDzGtuZaYC+VSKNAYDeY3P3du28oFU/iJz1NcRDRMOYvnFE9s0bmpR/w8N3yA0knqHOn8B8jq/SGDcvwFY8sHOYXvm3F1sNwXIxM26k7paxVcBdge8dQqjkymT9OWBZhrJmgSvVdJ9WDnErNmcDC8DOFKWUTGmLOokDy8FUvuf0ZxjRCNcjLucsRkelpYcxauf87rEKnUXdv6tetK9vz5vWgCidwCmfgwi14cA9NaAODD/iEL/gm56RFeuR5/lohi8wRLImwX/BQcug=</latexit>���0|��
��2 � e�#nLd

<latexit sha1_base64="cKjlZ2mF7lH5jgFseI4DTN6cBr4=">AAABfXicdY9LS8NAFIXv1Fesr6hLN8EiuJAwU7RtQCHgxmUF0xbaUibjtQ6dPJiZCKX0N7jVn+av0bTVRRee1cc993DPjXMljaX0i1Q2Nre2d5zd6t7+weGRe3zSMVmhBUYiU5nuxdygkilGVlqFvVwjT2KF3Xhyv/C7b6iNzNInO81xmPBxKl+k4LYcRdy789jIrVGflmo0vAWwFmUlBEGrXg88trQorYUOLNUeuWLwnIkiwdQKxY3pM5rb4YxrK4XCeXVQGMy5mPAxzkQSazl+tWvTfokpT9AMZ8sX1iOqsNN5tWz1d9r7Hzp1nzX8m8frWni7qgcOnME5XAKDJoTwAG2IQICEd/iAT/gmF+SK+KvVCvnNnMKaSPMHHudjQw==</latexit>

a = 1

<latexit sha1_base64="dEJfSWsMujFzXgXNKHftMpdsb4o=">AAABnHicdY9LS8NAFIXv1Fetr6hLQUK7cVUnRWsLCgVdCCJUsA9oS5lMb+PQSSbMTMQSuvfXuNW/4r8xbXXRhWf1cc893HP9WApjKf0mubX1jc2t/HZhZ3dv/8A5PGoblWiOLa6k0l2fGZQiwpYVVmI31shCX2LHn9zO/c4raiNU9GynMQ5CFkRiLDiz2WjoFCP3xu1bfLPpCAONaFw1dscZjFR4boTF2dAp0TLNVK26c/Bq1MugXq9VKnXXW1iUlhp5WKg5dHh/pHgSYmS5ZMb0PBrbQcq0FVzirNBPDMaMT1iAKQ99LYIXuzLtZRixEM0gXXy4GpGJnc4KWau/0+7/0K6UvWr58umi1Lhe1oM8nEARzsCDK2jAPTShBRze4QM+4YuckjvyQB6XqznymzmGFZH2D/cKb0Y=</latexit>

n = degrees of freedom/site
<latexit sha1_base64="VGVYuvwvX3hY57xwhVdPJvzv274=">AAABkHicdY9LS8NAFIXv1Fesr1jBjZtgN67KpGhtQDHiRlxVsA9oQ5hMr3Xo5EFmIpaYP+NW/5D/xrTVRRee1cc593LPDRIplKb0m1TW1jc2t4zt6s7u3v6BeVjrqThLOXZ5LON0EDCFUkTY1UJLHCQpsjCQ2A+md/O8/4qpEnH0pGcJeiGbROJZcKZLyzePx9a1NdL4pnOVlB6T1liEhW/WaYOWarWsOdhtapfgOO1m07HsRURp3TVgoY5v8tE45lmIkeaSKTW0aaK9nKVacIlFdZQpTBifsgnmPAxSMXnRK+6wxIiFqLx88dXqisz0rKiWrf5OW/9Dr9mwW42Lx/O6e7WsBwacwCmcgQ2X4MI9dKALHN7hAz7hi9RIm9yQ2+VohfzuHMGKyMMP6lBqUg==</latexit>

d = spatial dim
<latexit sha1_base64="YQhz+6KJFTU5hqSBxCHSbmsZGTU=">AAABkXicdU+7TsNAENwLrxBehhQUNBZpqKJzBCGWQLKgQYICJPKQkig6H0s45fyQb40Ilr+GFj6Iv8FJoEjBVKOZnd1ZP9bKEOffrLSyura+Ud6sbG3v7O5Z+wcdE6WJxLaMdJT0fGFQqxDbpEhjL05QBL7Grj+5nvndV0yMisJHmsY4DMQ4VM9KCiqkkXV4Z1/aA8I3yrQgUhJto94xH1k1XucFmk17RpwWdwriuq1Gw7WducV5zSvDHPcjSw6eIpkGGJLUwpi+w2MaZiIpdmrMK4PUYCzkRIwxk4GfqPELLan9goYiQDPM5m8tR3RK07xStPo7bf9POo2606yfPZzWvItFPSjDERzDCThwDh7cwD20QUIOH/AJX6zKXOaxq8Voif1mqrAEdvsDfitqvQ==</latexit>

L = lattice size



Truncated LQCD?

<latexit sha1_base64="jJdCapON8h0VeCQ94o8diWfea7I=">AAAByHicZZBLT8JAFIVv8YX1VR87N0QWuCKtEU1cNXGjLgwaeSSUwHS4woTpdNKZakjTjb/JP6Nb/SGOQGKQs/py7z0nJzeUnCntuh9WYWV1bX2juGlvbe/s7jn7B00VpwnFBo15nLRDopAzgQ3NNMe2TJBEIcdWOL7+3bdeMFEsFk96IrEbkaFgz4wSbUY95z4IcchEFjHBJBli3tHdrMZEbvf7t48lc0aUTmI5wqtKxQ5EHJr0cWaAiQEKnQcoBn/unlN2q+5UpWXw5lD2j2Cqes+hwSCmaWSiKCdKdTxXmgYk0YxyzO0gVSgJHZvwjEZhwoYjvTDtGBQkQtXNpt9YtPBUT3LbtPL+d1iG5lnVu6jWHs7Lvj+rB0U4hhM4BQ8uwYcbqEMDKLzDJ3zBt3VnSevVmsxOC9bccwgLst5+ANsxgmE=</latexit>

“IR catastrophe:”

<latexit sha1_base64="TPv2JaIT6s5EdGOOx82BiebByhg=">AAABqXicZY9LS8NAFIXv1FeNj8bHzk0wG0GsSfGxDbhxIdiCfWDTlsn0GodOHsxMhBLzM/w1bvVH+G+saTe1Z/Vx7j1wTpAKrrTj/JDK2vrG5lZ129jZ3duvmQeHHZVkkmGbJSKRvYAqFDzGtuZaYC+VSKNAYDeY3P3du28oFU/iJz1NcRDRMOYvnFE9s0bmpR/w8N3yA0knqHOn8B8jq/SGDcvwFY8sHOYXvm3F1sNwXIxM26k7paxVcBdge8dQqjkymT9OWBZhrJmgSvVdJ9WDnErNmcDC8DOFKWUTGmLOokDy8FUvuf0ZxjRCNcjLucsRkelpYcxauf87rEKnUXdv6tetK9vz5vWgCidwCmfgwi14cA9NaAODD/iEL/gm56RFeuR5/lohi8wRLImwX/BQcug=</latexit>���0|��
��2 � e�#nLd

<latexit sha1_base64="cKjlZ2mF7lH5jgFseI4DTN6cBr4=">AAABfXicdY9LS8NAFIXv1Fesr6hLN8EiuJAwU7RtQCHgxmUF0xbaUibjtQ6dPJiZCKX0N7jVn+av0bTVRRee1cc993DPjXMljaX0i1Q2Nre2d5zd6t7+weGRe3zSMVmhBUYiU5nuxdygkilGVlqFvVwjT2KF3Xhyv/C7b6iNzNInO81xmPBxKl+k4LYcRdy789jIrVGflmo0vAWwFmUlBEGrXg88trQorYUOLNUeuWLwnIkiwdQKxY3pM5rb4YxrK4XCeXVQGMy5mPAxzkQSazl+tWvTfokpT9AMZ8sX1iOqsNN5tWz1d9r7Hzp1nzX8m8frWni7qgcOnME5XAKDJoTwAG2IQICEd/iAT/gmF+SK+KvVCvnNnMKaSPMHHudjQw==</latexit>

a = 1

<latexit sha1_base64="dEJfSWsMujFzXgXNKHftMpdsb4o=">AAABnHicdY9LS8NAFIXv1Fetr6hLQUK7cVUnRWsLCgVdCCJUsA9oS5lMb+PQSSbMTMQSuvfXuNW/4r8xbXXRhWf1cc893HP9WApjKf0mubX1jc2t/HZhZ3dv/8A5PGoblWiOLa6k0l2fGZQiwpYVVmI31shCX2LHn9zO/c4raiNU9GynMQ5CFkRiLDiz2WjoFCP3xu1bfLPpCAONaFw1dscZjFR4boTF2dAp0TLNVK26c/Bq1MugXq9VKnXXW1iUlhp5WKg5dHh/pHgSYmS5ZMb0PBrbQcq0FVzirNBPDMaMT1iAKQ99LYIXuzLtZRixEM0gXXy4GpGJnc4KWau/0+7/0K6UvWr58umi1Lhe1oM8nEARzsCDK2jAPTShBRze4QM+4YuckjvyQB6XqznymzmGFZH2D/cKb0Y=</latexit>

n = degrees of freedom/site
<latexit sha1_base64="VGVYuvwvX3hY57xwhVdPJvzv274=">AAABkHicdY9LS8NAFIXv1Fesr1jBjZtgN67KpGhtQDHiRlxVsA9oQ5hMr3Xo5EFmIpaYP+NW/5D/xrTVRRee1cc593LPDRIplKb0m1TW1jc2t4zt6s7u3v6BeVjrqThLOXZ5LON0EDCFUkTY1UJLHCQpsjCQ2A+md/O8/4qpEnH0pGcJeiGbROJZcKZLyzePx9a1NdL4pnOVlB6T1liEhW/WaYOWarWsOdhtapfgOO1m07HsRURp3TVgoY5v8tE45lmIkeaSKTW0aaK9nKVacIlFdZQpTBifsgnmPAxSMXnRK+6wxIiFqLx88dXqisz0rKiWrf5OW/9Dr9mwW42Lx/O6e7WsBwacwCmcgQ2X4MI9dKALHN7hAz7hi9RIm9yQ2+VohfzuHMGKyMMP6lBqUg==</latexit>

d = spatial dim
<latexit sha1_base64="YQhz+6KJFTU5hqSBxCHSbmsZGTU=">AAABkXicdU+7TsNAENwLrxBehhQUNBZpqKJzBCGWQLKgQYICJPKQkig6H0s45fyQb40Ilr+GFj6Iv8FJoEjBVKOZnd1ZP9bKEOffrLSyura+Ud6sbG3v7O5Z+wcdE6WJxLaMdJT0fGFQqxDbpEhjL05QBL7Grj+5nvndV0yMisJHmsY4DMQ4VM9KCiqkkXV4Z1/aA8I3yrQgUhJto94xH1k1XucFmk17RpwWdwriuq1Gw7WducV5zSvDHPcjSw6eIpkGGJLUwpi+w2MaZiIpdmrMK4PUYCzkRIwxk4GfqPELLan9goYiQDPM5m8tR3RK07xStPo7bf9POo2606yfPZzWvItFPSjDERzDCThwDh7cwD20QUIOH/AJX6zKXOaxq8Voif1mqrAEdvsDfitqvQ==</latexit>

L = lattice size

<latexit sha1_base64="NFMjQdyWyUkAJEHlPKwyNLsiF+U=">AAABz3icdVBNT8JAFHz1E+tX1aOXRi4kJk3bKMKtiRePkFggYUmzXRZo2G3r7lZDmhqv/iZ/iUev+icsRQ4cnNO8mfcykxemLJLKtj+1re2d3b392oF+eHR8cmqcnfdkkglCfZKwRAxCLCmLYuqrSDE6SAXFPGS0H87vl37/mQoZJfGjWqR0xPE0jiYRwaqUAsNHWTymIhSY0BzN0hmOVcJzxOhENUwdTUojd5F8EipHIRY5L1DCg3lR6OvZvDZXkolENJ0pqygCo25bdolm01wSp2U7JWm3W67bNp3Ksu26V4MKncAgaJyQjNNYEYalHDp2qkY5FioijBY6yiRNMZnjKc0JD6ucDXVY0hhzKkd59ZTNE5apRaGXrdbR5v+k51pO07rt3tQ9b1UPanAJV9AAB+7AgwfogA8EPuALvuFH62ov2qv2tlrd0v5uLmAD2vsvz+WFag==</latexit> | {z }
<latexit sha1_base64="q2GQEfsRhCc0BvA8OBDhNF5UWOI=">AAABf3icdY+7TsNAEEVnwyuYl4GSxsIFVNZuBCGWKCLRUAaJPKTYitbLYFZeP+RdI0VWPoIWvoy/wUmgSMGtjubO1dyJCiW1ofSbtLa2d3b32vvWweHR8Yl9ejbSeVUKHIpc5eUk4hqVzHBopFE4KUrkaaRwHCUPS3/8jqWWefZs5gWGKY8z+SoFN81oXC8ChQ6b2S71aKNu11kC61HWgO/3Oh3fYSuLUrffhpUGM1sEL7moUsyMUFzrKaOFCWteGikULqyg0lhwkfAYa5FGpYzfzMZ02mDGU9RhvXpiM6IqM19YTau/087/MOp4rOvdPt24/ft1PWjDBVzCNTC4gz48wgCGICCBD/iEL0LIFfEIXa+2yG/mHDZE/B/MAGO/</latexit>

 1

<latexit sha1_base64="BnmMNErx6rg0lCI6mBhPfEcAi+8=">AAABx3icZZBLS8NAFIVv6qvGV9Slm2I3rkoiVsFVQBBdCBXsA5pSJpPbdOhkEmYmxRKy8Df5a7rVP+LYFqT2rD7uvedwuGHGmdKuO7cqW9s7u3vVffvg8Oj4xDk966g0lxTbNOWp7IVEIWcC25ppjr1MIklCjt1w8vC7705RKpaKNz3LcJCQWLARo0Sb0dB5CUKMmSgSJlhGYiz7elA0mSjtR4lYGzHkUU2PMZWzezsQaWjCJ4UBJiIUugxQRH/moVN3G+5CtU3wVlD3q7BQa+jQIEppnpgoyolSfc/NTAEiNaMcSzvIFWaETkx4QZNQsnis16Z9g4IkqAbF4hnrFp7rWWmbVt7/DpvQuW54t43m603d95f1oAoXcAlX4MEd+PAELWgDhU+Ywxd8W89Wak2t9+VpxVp5zmFN1scPkxiCRQ==</latexit>

Free field theory:
<latexit sha1_base64="sZ+t1fQHFIVCy5VlIwaXTgLi4IM=">AAABmXicdY9LT8JAFIVv8YX4qo8dC4lsXJEpUYRdjRviCqM8Ekqa6XCFSaedZmZqQpou/TVu9cf4byygCxae1Zd77sk9N0gE14aQb6u0tb2zu1ferxwcHh2f2KdnAy1TxbDPpJBqFFCNgsfYN9wIHCUKaRQIHAbhw9IfvqHSXMYvZpHgJKKzmL9yRk0x8u1LL42nqAJFGWbePJnT2Mgo8xIlp36Y575dJw1SqNWqLcFpE6eATqfdbHZqzsoipO5ewEo932beVLI0wtgwQbUeOyQxk4wqw5nAvOKlGhPKQjrDjEWB4rO52ZiOC4xphHqSrd7bjIjULPJK0ervdO1/GDQbTqtx+3RTd911PShDFa7gGhy4Axe60IM+MHiHD/iEL6tq3Vtd63G9WrJ+M+ewIev5B86gb3c=</latexit> ����

<latexit sha1_base64="ej7bG4gfBbLBXx2UdfKYvNrkBqs=">AAABjHicdY/LTgJBEEWr8YWoOKI7NxPZuCI9BEeImpCYGBcuMJFHAkh6mhI69DzS3WMgk/kVt/pL/o0D6IKFd3VSt27qlhdJoQ2l3yS3tb2zu5ffLxwcHhWPrZNSR4ex4tjmoQxVz2MapQiwbYSR2IsUMt+T2PVm90u/+45KizB4MYsIhz6bBOJNcGay0cgqJenT63hgcG4S26DydTqyyrRCM7muvQSnTp0MGo16tdqwnZVFabl5Biu1RhYfjEMe+xgYLpnWfYdGZpgwZQSXmBYGscaI8RmbYMJ9T4nJ1GxM+xkGzEc9TFYfbUZkbBZpIWv1d9r+HzrViuNWrp5r5ebtuh7k4Rwu4BIcuIYmPEIL2sBhDh/wCV+kSGrkhtytV3PkN3MKGyIPP2WKaV4=</latexit>

Ld terms

<latexit sha1_base64="+1IvoKbjKBgWLpRf+Oe/DWM2rSI=">AAAB+HicZZC7TsMwFIbtcivhVmg3FosuRUhVUnGZkCKxsFEkepHqNHJcN1hxLtguqITwLGyIlbdh50EoSQdK/+nTZx+fX/YSwZU2zS9YWlldW98obxpb2zu7e5X9g66KJ5KyDo1FLPseUUzwiHU014L1E8lI6AnW84Kr3/PeI5OKx9GdnibMCYkf8TGnRM+UW3nFHvdfEPYkCZhOzQzfhCh3wxYyLnP0BwgnMh65AcKCjXUDGXgsCU1bWD1IneInPmIekWmY4Th0gywz/jp0ggqNsOT+vT4uHnWGaZS5lbrZNPOgZbDmULdrIE/brVA8iukkZJGmgig1sMxEOymRmlPBMgNPFEsIDYjPUhp6+cIFO5hhREKmnDT/vcURMdHTzJi1sv53WIZuq2mdN89uT+u2XdQDZXAIjkADWOAC2OAatEEHUPANDViFNfgM3+A7/CiuluB8pgoWAj9/ABorkSI=</latexit>
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Truncated LQCD?

<latexit sha1_base64="jJdCapON8h0VeCQ94o8diWfea7I=">AAAByHicZZBLT8JAFIVv8YX1VR87N0QWuCKtEU1cNXGjLgwaeSSUwHS4woTpdNKZakjTjb/JP6Nb/SGOQGKQs/py7z0nJzeUnCntuh9WYWV1bX2juGlvbe/s7jn7B00VpwnFBo15nLRDopAzgQ3NNMe2TJBEIcdWOL7+3bdeMFEsFk96IrEbkaFgz4wSbUY95z4IcchEFjHBJBli3tHdrMZEbvf7t48lc0aUTmI5wqtKxQ5EHJr0cWaAiQEKnQcoBn/unlN2q+5UpWXw5lD2j2Cqes+hwSCmaWSiKCdKdTxXmgYk0YxyzO0gVSgJHZvwjEZhwoYjvTDtGBQkQtXNpt9YtPBUT3LbtPL+d1iG5lnVu6jWHs7Lvj+rB0U4hhM4BQ8uwYcbqEMDKLzDJ3zBt3VnSevVmsxOC9bccwgLst5+ANsxgmE=</latexit>

“IR catastrophe:”

<latexit sha1_base64="TPv2JaIT6s5EdGOOx82BiebByhg=">AAABqXicZY9LS8NAFIXv1FeNj8bHzk0wG0GsSfGxDbhxIdiCfWDTlsn0GodOHsxMhBLzM/w1bvVH+G+saTe1Z/Vx7j1wTpAKrrTj/JDK2vrG5lZ129jZ3duvmQeHHZVkkmGbJSKRvYAqFDzGtuZaYC+VSKNAYDeY3P3du28oFU/iJz1NcRDRMOYvnFE9s0bmpR/w8N3yA0knqHOn8B8jq/SGDcvwFY8sHOYXvm3F1sNwXIxM26k7paxVcBdge8dQqjkymT9OWBZhrJmgSvVdJ9WDnErNmcDC8DOFKWUTGmLOokDy8FUvuf0ZxjRCNcjLucsRkelpYcxauf87rEKnUXdv6tetK9vz5vWgCidwCmfgwi14cA9NaAODD/iEL/gm56RFeuR5/lohi8wRLImwX/BQcug=</latexit>���0|��
��2 � e�#nLd

<latexit sha1_base64="cKjlZ2mF7lH5jgFseI4DTN6cBr4=">AAABfXicdY9LS8NAFIXv1Fesr6hLN8EiuJAwU7RtQCHgxmUF0xbaUibjtQ6dPJiZCKX0N7jVn+av0bTVRRee1cc993DPjXMljaX0i1Q2Nre2d5zd6t7+weGRe3zSMVmhBUYiU5nuxdygkilGVlqFvVwjT2KF3Xhyv/C7b6iNzNInO81xmPBxKl+k4LYcRdy789jIrVGflmo0vAWwFmUlBEGrXg88trQorYUOLNUeuWLwnIkiwdQKxY3pM5rb4YxrK4XCeXVQGMy5mPAxzkQSazl+tWvTfokpT9AMZ8sX1iOqsNN5tWz1d9r7Hzp1nzX8m8frWni7qgcOnME5XAKDJoTwAG2IQICEd/iAT/gmF+SK+KvVCvnNnMKaSPMHHudjQw==</latexit>

a = 1

<latexit sha1_base64="dEJfSWsMujFzXgXNKHftMpdsb4o=">AAABnHicdY9LS8NAFIXv1Fetr6hLQUK7cVUnRWsLCgVdCCJUsA9oS5lMb+PQSSbMTMQSuvfXuNW/4r8xbXXRhWf1cc893HP9WApjKf0mubX1jc2t/HZhZ3dv/8A5PGoblWiOLa6k0l2fGZQiwpYVVmI31shCX2LHn9zO/c4raiNU9GynMQ5CFkRiLDiz2WjoFCP3xu1bfLPpCAONaFw1dscZjFR4boTF2dAp0TLNVK26c/Bq1MugXq9VKnXXW1iUlhp5WKg5dHh/pHgSYmS5ZMb0PBrbQcq0FVzirNBPDMaMT1iAKQ99LYIXuzLtZRixEM0gXXy4GpGJnc4KWau/0+7/0K6UvWr58umi1Lhe1oM8nEARzsCDK2jAPTShBRze4QM+4YuckjvyQB6XqznymzmGFZH2D/cKb0Y=</latexit>

n = degrees of freedom/site
<latexit sha1_base64="VGVYuvwvX3hY57xwhVdPJvzv274=">AAABkHicdY9LS8NAFIXv1Fesr1jBjZtgN67KpGhtQDHiRlxVsA9oQ5hMr3Xo5EFmIpaYP+NW/5D/xrTVRRee1cc593LPDRIplKb0m1TW1jc2t4zt6s7u3v6BeVjrqThLOXZ5LON0EDCFUkTY1UJLHCQpsjCQ2A+md/O8/4qpEnH0pGcJeiGbROJZcKZLyzePx9a1NdL4pnOVlB6T1liEhW/WaYOWarWsOdhtapfgOO1m07HsRURp3TVgoY5v8tE45lmIkeaSKTW0aaK9nKVacIlFdZQpTBifsgnmPAxSMXnRK+6wxIiFqLx88dXqisz0rKiWrf5OW/9Dr9mwW42Lx/O6e7WsBwacwCmcgQ2X4MI9dKALHN7hAz7hi9RIm9yQ2+VohfzuHMGKyMMP6lBqUg==</latexit>

d = spatial dim
<latexit sha1_base64="YQhz+6KJFTU5hqSBxCHSbmsZGTU=">AAABkXicdU+7TsNAENwLrxBehhQUNBZpqKJzBCGWQLKgQYICJPKQkig6H0s45fyQb40Ilr+GFj6Iv8FJoEjBVKOZnd1ZP9bKEOffrLSyura+Ud6sbG3v7O5Z+wcdE6WJxLaMdJT0fGFQqxDbpEhjL05QBL7Grj+5nvndV0yMisJHmsY4DMQ4VM9KCiqkkXV4Z1/aA8I3yrQgUhJto94xH1k1XucFmk17RpwWdwriuq1Gw7WducV5zSvDHPcjSw6eIpkGGJLUwpi+w2MaZiIpdmrMK4PUYCzkRIwxk4GfqPELLan9goYiQDPM5m8tR3RK07xStPo7bf9POo2606yfPZzWvItFPSjDERzDCThwDh7cwD20QUIOH/AJX6zKXOaxq8Voif1mqrAEdvsDfitqvQ==</latexit>

L = lattice size

<latexit sha1_base64="O15aIfP3ryqKyUDBsFRQY3e1aUs=">AAAB5XicZVC7TsMwFLXLq5hXgJHFohJigCguj7IgRWJho0j0IdVt5bgmWHkqdpCqkE9gQ6x8EyNfwkqaZik9yz0+5x7dIzuxL5W2rB9YW1ldW9+ob6Kt7Z3dPWP/oKuiNOGiwyM/SvoOU8KXoehoqX3RjxPBAscXPce7m/m9V5EoGYVPehqLYcDcUD5LznQhjQ2POtJ9w9RJmCd0ZuX0IcClNmpiRJWcvYQrw4wXV1SOLJPgExziW0zO8KQciFJErFF23mzllXcz9y5MREU4qbJjo2GZVgm8TEhFGnYdlGiPDU4nEU8DEWruM6UGxIr1MGOJltwXOaKpEjHjHnNFxgMnke6LXlAHBQ1ZINQwK79qMeKnepqjohX532GZdJsmuTavHi8btj2vB+rgCByDU0BAC9jgHrRBB3DwDX4hgBC68B1+wM/5ag1WmUOwAPj1B9LGgvQ=</latexit>

��h0|⌦i
��2 ⇠

(
0.1 n = 1, d = 1,

10�27 n = 8, d = 3.

<latexit sha1_base64="mQMqn8QLrtLbJyegPFdtUSEl8uk=">AAABn3icZY9LS8NAFIXv+Kz1FR87N9EiuJCQkaogCAEXuhCpYB/SlDKZXuvQmSTMTJQS+gv8NW71l/hvjG03tWf1ce49cE6USmGs7/+QhcWl5ZXV0lp5fWNza9vZ2W2YJNMc6zyRiW5FzKAUMdatsBJbqUamIonNaHDzd2++oTYiiZ/sMMWOYv1YvAjObGF1neN799qt+qehqwrwPVpQ+C56GDGdq1HhUY9edZ2K7/ljufNAp1AJ9mGsWtfhYS/hmcLYcsmMaVM/tZ2caSu4xFE5zAymjA9YH3OuIi36r3bGbRcYM4Wmk49HzkZkZoejctGK/u8wD40zj15454/VShBM6kEJDuAIToDCJQRwBzWoA4cP+IQv+CaH5JY8kNrkdYFMM3swI/L8C/F9bFU=</latexit>

L = 40, m = 0.1, m = 1.1 :

<latexit sha1_base64="NFMjQdyWyUkAJEHlPKwyNLsiF+U=">AAABz3icdVBNT8JAFHz1E+tX1aOXRi4kJk3bKMKtiRePkFggYUmzXRZo2G3r7lZDmhqv/iZ/iUev+icsRQ4cnNO8mfcykxemLJLKtj+1re2d3b392oF+eHR8cmqcnfdkkglCfZKwRAxCLCmLYuqrSDE6SAXFPGS0H87vl37/mQoZJfGjWqR0xPE0jiYRwaqUAsNHWTymIhSY0BzN0hmOVcJzxOhENUwdTUojd5F8EipHIRY5L1DCg3lR6OvZvDZXkolENJ0pqygCo25bdolm01wSp2U7JWm3W67bNp3Ksu26V4MKncAgaJyQjNNYEYalHDp2qkY5FioijBY6yiRNMZnjKc0JD6ucDXVY0hhzKkd59ZTNE5apRaGXrdbR5v+k51pO07rt3tQ9b1UPanAJV9AAB+7AgwfogA8EPuALvuFH62ov2qv2tlrd0v5uLmAD2vsvz+WFag==</latexit> | {z }
<latexit sha1_base64="q2GQEfsRhCc0BvA8OBDhNF5UWOI=">AAABf3icdY+7TsNAEEVnwyuYl4GSxsIFVNZuBCGWKCLRUAaJPKTYitbLYFZeP+RdI0VWPoIWvoy/wUmgSMGtjubO1dyJCiW1ofSbtLa2d3b32vvWweHR8Yl9ejbSeVUKHIpc5eUk4hqVzHBopFE4KUrkaaRwHCUPS3/8jqWWefZs5gWGKY8z+SoFN81oXC8ChQ6b2S71aKNu11kC61HWgO/3Oh3fYSuLUrffhpUGM1sEL7moUsyMUFzrKaOFCWteGikULqyg0lhwkfAYa5FGpYzfzMZ02mDGU9RhvXpiM6IqM19YTau/087/MOp4rOvdPt24/ft1PWjDBVzCNTC4gz48wgCGICCBD/iEL0LIFfEIXa+2yG/mHDZE/B/MAGO/</latexit>

 1

<latexit sha1_base64="BnmMNErx6rg0lCI6mBhPfEcAi+8=">AAABx3icZZBLS8NAFIVv6qvGV9Slm2I3rkoiVsFVQBBdCBXsA5pSJpPbdOhkEmYmxRKy8Df5a7rVP+LYFqT2rD7uvedwuGHGmdKuO7cqW9s7u3vVffvg8Oj4xDk966g0lxTbNOWp7IVEIWcC25ppjr1MIklCjt1w8vC7705RKpaKNz3LcJCQWLARo0Sb0dB5CUKMmSgSJlhGYiz7elA0mSjtR4lYGzHkUU2PMZWzezsQaWjCJ4UBJiIUugxQRH/moVN3G+5CtU3wVlD3q7BQa+jQIEppnpgoyolSfc/NTAEiNaMcSzvIFWaETkx4QZNQsnis16Z9g4IkqAbF4hnrFp7rWWmbVt7/DpvQuW54t43m603d95f1oAoXcAlX4MEd+PAELWgDhU+Ywxd8W89Wak2t9+VpxVp5zmFN1scPkxiCRQ==</latexit>

Free field theory:
<latexit sha1_base64="sZ+t1fQHFIVCy5VlIwaXTgLi4IM=">AAABmXicdY9LT8JAFIVv8YX4qo8dC4lsXJEpUYRdjRviCqM8Ekqa6XCFSaedZmZqQpou/TVu9cf4byygCxae1Zd77sk9N0gE14aQb6u0tb2zu1ferxwcHh2f2KdnAy1TxbDPpJBqFFCNgsfYN9wIHCUKaRQIHAbhw9IfvqHSXMYvZpHgJKKzmL9yRk0x8u1LL42nqAJFGWbePJnT2Mgo8xIlp36Y575dJw1SqNWqLcFpE6eATqfdbHZqzsoipO5ewEo932beVLI0wtgwQbUeOyQxk4wqw5nAvOKlGhPKQjrDjEWB4rO52ZiOC4xphHqSrd7bjIjULPJK0ervdO1/GDQbTqtx+3RTd911PShDFa7gGhy4Axe60IM+MHiHD/iEL6tq3Vtd63G9WrJ+M+ewIev5B86gb3c=</latexit> ����

<latexit sha1_base64="ej7bG4gfBbLBXx2UdfKYvNrkBqs=">AAABjHicdY/LTgJBEEWr8YWoOKI7NxPZuCI9BEeImpCYGBcuMJFHAkh6mhI69DzS3WMgk/kVt/pL/o0D6IKFd3VSt27qlhdJoQ2l3yS3tb2zu5ffLxwcHhWPrZNSR4ex4tjmoQxVz2MapQiwbYSR2IsUMt+T2PVm90u/+45KizB4MYsIhz6bBOJNcGay0cgqJenT63hgcG4S26DydTqyyrRCM7muvQSnTp0MGo16tdqwnZVFabl5Biu1RhYfjEMe+xgYLpnWfYdGZpgwZQSXmBYGscaI8RmbYMJ9T4nJ1GxM+xkGzEc9TFYfbUZkbBZpIWv1d9r+HzrViuNWrp5r5ebtuh7k4Rwu4BIcuIYmPEIL2sBhDh/wCV+kSGrkhtytV3PkN3MKGyIPP2WKaV4=</latexit>

Ld terms

<latexit sha1_base64="+1IvoKbjKBgWLpRf+Oe/DWM2rSI=">AAAB+HicZZC7TsMwFIbtcivhVmg3FosuRUhVUnGZkCKxsFEkepHqNHJcN1hxLtguqITwLGyIlbdh50EoSQdK/+nTZx+fX/YSwZU2zS9YWlldW98obxpb2zu7e5X9g66KJ5KyDo1FLPseUUzwiHU014L1E8lI6AnW84Kr3/PeI5OKx9GdnibMCYkf8TGnRM+UW3nFHvdfEPYkCZhOzQzfhCh3wxYyLnP0BwgnMh65AcKCjXUDGXgsCU1bWD1IneInPmIekWmY4Th0gywz/jp0ggqNsOT+vT4uHnWGaZS5lbrZNPOgZbDmULdrIE/brVA8iukkZJGmgig1sMxEOymRmlPBMgNPFEsIDYjPUhp6+cIFO5hhREKmnDT/vcURMdHTzJi1sv53WIZuq2mdN89uT+u2XdQDZXAIjkADWOAC2OAatEEHUPANDViFNfgM3+A7/CiuluB8pgoWAj9/ABorkSI=</latexit>
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Truncated LQCD?

<latexit sha1_base64="jJdCapON8h0VeCQ94o8diWfea7I=">AAAByHicZZBLT8JAFIVv8YX1VR87N0QWuCKtEU1cNXGjLgwaeSSUwHS4woTpdNKZakjTjb/JP6Nb/SGOQGKQs/py7z0nJzeUnCntuh9WYWV1bX2juGlvbe/s7jn7B00VpwnFBo15nLRDopAzgQ3NNMe2TJBEIcdWOL7+3bdeMFEsFk96IrEbkaFgz4wSbUY95z4IcchEFjHBJBli3tHdrMZEbvf7t48lc0aUTmI5wqtKxQ5EHJr0cWaAiQEKnQcoBn/unlN2q+5UpWXw5lD2j2Cqes+hwSCmaWSiKCdKdTxXmgYk0YxyzO0gVSgJHZvwjEZhwoYjvTDtGBQkQtXNpt9YtPBUT3LbtPL+d1iG5lnVu6jWHs7Lvj+rB0U4hhM4BQ8uwYcbqEMDKLzDJ3zBt3VnSevVmsxOC9bccwgLst5+ANsxgmE=</latexit>

“IR catastrophe:”

<latexit sha1_base64="TPv2JaIT6s5EdGOOx82BiebByhg=">AAABqXicZY9LS8NAFIXv1FeNj8bHzk0wG0GsSfGxDbhxIdiCfWDTlsn0GodOHsxMhBLzM/w1bvVH+G+saTe1Z/Vx7j1wTpAKrrTj/JDK2vrG5lZ129jZ3duvmQeHHZVkkmGbJSKRvYAqFDzGtuZaYC+VSKNAYDeY3P3du28oFU/iJz1NcRDRMOYvnFE9s0bmpR/w8N3yA0knqHOn8B8jq/SGDcvwFY8sHOYXvm3F1sNwXIxM26k7paxVcBdge8dQqjkymT9OWBZhrJmgSvVdJ9WDnErNmcDC8DOFKWUTGmLOokDy8FUvuf0ZxjRCNcjLucsRkelpYcxauf87rEKnUXdv6tetK9vz5vWgCidwCmfgwi14cA9NaAODD/iEL/gm56RFeuR5/lohi8wRLImwX/BQcug=</latexit>���0|��
��2 � e�#nLd

<latexit sha1_base64="cKjlZ2mF7lH5jgFseI4DTN6cBr4=">AAABfXicdY9LS8NAFIXv1Fesr6hLN8EiuJAwU7RtQCHgxmUF0xbaUibjtQ6dPJiZCKX0N7jVn+av0bTVRRee1cc993DPjXMljaX0i1Q2Nre2d5zd6t7+weGRe3zSMVmhBUYiU5nuxdygkilGVlqFvVwjT2KF3Xhyv/C7b6iNzNInO81xmPBxKl+k4LYcRdy789jIrVGflmo0vAWwFmUlBEGrXg88trQorYUOLNUeuWLwnIkiwdQKxY3pM5rb4YxrK4XCeXVQGMy5mPAxzkQSazl+tWvTfokpT9AMZ8sX1iOqsNN5tWz1d9r7Hzp1nzX8m8frWni7qgcOnME5XAKDJoTwAG2IQICEd/iAT/gmF+SK+KvVCvnNnMKaSPMHHudjQw==</latexit>

a = 1

<latexit sha1_base64="dEJfSWsMujFzXgXNKHftMpdsb4o=">AAABnHicdY9LS8NAFIXv1Fetr6hLQUK7cVUnRWsLCgVdCCJUsA9oS5lMb+PQSSbMTMQSuvfXuNW/4r8xbXXRhWf1cc893HP9WApjKf0mubX1jc2t/HZhZ3dv/8A5PGoblWiOLa6k0l2fGZQiwpYVVmI31shCX2LHn9zO/c4raiNU9GynMQ5CFkRiLDiz2WjoFCP3xu1bfLPpCAONaFw1dscZjFR4boTF2dAp0TLNVK26c/Bq1MugXq9VKnXXW1iUlhp5WKg5dHh/pHgSYmS5ZMb0PBrbQcq0FVzirNBPDMaMT1iAKQ99LYIXuzLtZRixEM0gXXy4GpGJnc4KWau/0+7/0K6UvWr58umi1Lhe1oM8nEARzsCDK2jAPTShBRze4QM+4YuckjvyQB6XqznymzmGFZH2D/cKb0Y=</latexit>

n = degrees of freedom/site
<latexit sha1_base64="VGVYuvwvX3hY57xwhVdPJvzv274=">AAABkHicdY9LS8NAFIXv1Fesr1jBjZtgN67KpGhtQDHiRlxVsA9oQ5hMr3Xo5EFmIpaYP+NW/5D/xrTVRRee1cc593LPDRIplKb0m1TW1jc2t4zt6s7u3v6BeVjrqThLOXZ5LON0EDCFUkTY1UJLHCQpsjCQ2A+md/O8/4qpEnH0pGcJeiGbROJZcKZLyzePx9a1NdL4pnOVlB6T1liEhW/WaYOWarWsOdhtapfgOO1m07HsRURp3TVgoY5v8tE45lmIkeaSKTW0aaK9nKVacIlFdZQpTBifsgnmPAxSMXnRK+6wxIiFqLx88dXqisz0rKiWrf5OW/9Dr9mwW42Lx/O6e7WsBwacwCmcgQ2X4MI9dKALHN7hAz7hi9RIm9yQ2+VohfzuHMGKyMMP6lBqUg==</latexit>

d = spatial dim
<latexit sha1_base64="YQhz+6KJFTU5hqSBxCHSbmsZGTU=">AAABkXicdU+7TsNAENwLrxBehhQUNBZpqKJzBCGWQLKgQYICJPKQkig6H0s45fyQb40Ilr+GFj6Iv8FJoEjBVKOZnd1ZP9bKEOffrLSyura+Ud6sbG3v7O5Z+wcdE6WJxLaMdJT0fGFQqxDbpEhjL05QBL7Grj+5nvndV0yMisJHmsY4DMQ4VM9KCiqkkXV4Z1/aA8I3yrQgUhJto94xH1k1XucFmk17RpwWdwriuq1Gw7WducV5zSvDHPcjSw6eIpkGGJLUwpi+w2MaZiIpdmrMK4PUYCzkRIwxk4GfqPELLan9goYiQDPM5m8tR3RK07xStPo7bf9POo2606yfPZzWvItFPSjDERzDCThwDh7cwD20QUIOH/AJX6zKXOaxq8Voif1mqrAEdvsDfitqvQ==</latexit>

L = lattice size

<latexit sha1_base64="O15aIfP3ryqKyUDBsFRQY3e1aUs=">AAAB5XicZVC7TsMwFLXLq5hXgJHFohJigCguj7IgRWJho0j0IdVt5bgmWHkqdpCqkE9gQ6x8EyNfwkqaZik9yz0+5x7dIzuxL5W2rB9YW1ldW9+ob6Kt7Z3dPWP/oKuiNOGiwyM/SvoOU8KXoehoqX3RjxPBAscXPce7m/m9V5EoGYVPehqLYcDcUD5LznQhjQ2POtJ9w9RJmCd0ZuX0IcClNmpiRJWcvYQrw4wXV1SOLJPgExziW0zO8KQciFJErFF23mzllXcz9y5MREU4qbJjo2GZVgm8TEhFGnYdlGiPDU4nEU8DEWruM6UGxIr1MGOJltwXOaKpEjHjHnNFxgMnke6LXlAHBQ1ZINQwK79qMeKnepqjohX532GZdJsmuTavHi8btj2vB+rgCByDU0BAC9jgHrRBB3DwDX4hgBC68B1+wM/5ag1WmUOwAPj1B9LGgvQ=</latexit>

��h0|⌦i
��2 ⇠

(
0.1 n = 1, d = 1,

10�27 n = 8, d = 3.

<latexit sha1_base64="mQMqn8QLrtLbJyegPFdtUSEl8uk=">AAABn3icZY9LS8NAFIXv+Kz1FR87N9EiuJCQkaogCAEXuhCpYB/SlDKZXuvQmSTMTJQS+gv8NW71l/hvjG03tWf1ce49cE6USmGs7/+QhcWl5ZXV0lp5fWNza9vZ2W2YJNMc6zyRiW5FzKAUMdatsBJbqUamIonNaHDzd2++oTYiiZ/sMMWOYv1YvAjObGF1neN799qt+qehqwrwPVpQ+C56GDGdq1HhUY9edZ2K7/ljufNAp1AJ9mGsWtfhYS/hmcLYcsmMaVM/tZ2caSu4xFE5zAymjA9YH3OuIi36r3bGbRcYM4Wmk49HzkZkZoejctGK/u8wD40zj15454/VShBM6kEJDuAIToDCJQRwBzWoA4cP+IQv+CaH5JY8kNrkdYFMM3swI/L8C/F9bFU=</latexit>

L = 40, m = 0.1, m = 1.1 :

<latexit sha1_base64="NFMjQdyWyUkAJEHlPKwyNLsiF+U=">AAABz3icdVBNT8JAFHz1E+tX1aOXRi4kJk3bKMKtiRePkFggYUmzXRZo2G3r7lZDmhqv/iZ/iUev+icsRQ4cnNO8mfcykxemLJLKtj+1re2d3b392oF+eHR8cmqcnfdkkglCfZKwRAxCLCmLYuqrSDE6SAXFPGS0H87vl37/mQoZJfGjWqR0xPE0jiYRwaqUAsNHWTymIhSY0BzN0hmOVcJzxOhENUwdTUojd5F8EipHIRY5L1DCg3lR6OvZvDZXkolENJ0pqygCo25bdolm01wSp2U7JWm3W67bNp3Ksu26V4MKncAgaJyQjNNYEYalHDp2qkY5FioijBY6yiRNMZnjKc0JD6ucDXVY0hhzKkd59ZTNE5apRaGXrdbR5v+k51pO07rt3tQ9b1UPanAJV9AAB+7AgwfogA8EPuALvuFH62ov2qv2tlrd0v5uLmAD2vsvz+WFag==</latexit> | {z }
<latexit sha1_base64="q2GQEfsRhCc0BvA8OBDhNF5UWOI=">AAABf3icdY+7TsNAEEVnwyuYl4GSxsIFVNZuBCGWKCLRUAaJPKTYitbLYFZeP+RdI0VWPoIWvoy/wUmgSMGtjubO1dyJCiW1ofSbtLa2d3b32vvWweHR8Yl9ejbSeVUKHIpc5eUk4hqVzHBopFE4KUrkaaRwHCUPS3/8jqWWefZs5gWGKY8z+SoFN81oXC8ChQ6b2S71aKNu11kC61HWgO/3Oh3fYSuLUrffhpUGM1sEL7moUsyMUFzrKaOFCWteGikULqyg0lhwkfAYa5FGpYzfzMZ02mDGU9RhvXpiM6IqM19YTau/087/MOp4rOvdPt24/ft1PWjDBVzCNTC4gz48wgCGICCBD/iEL0LIFfEIXa+2yG/mHDZE/B/MAGO/</latexit>

 1

<latexit sha1_base64="BnmMNErx6rg0lCI6mBhPfEcAi+8=">AAABx3icZZBLS8NAFIVv6qvGV9Slm2I3rkoiVsFVQBBdCBXsA5pSJpPbdOhkEmYmxRKy8Df5a7rVP+LYFqT2rD7uvedwuGHGmdKuO7cqW9s7u3vVffvg8Oj4xDk966g0lxTbNOWp7IVEIWcC25ppjr1MIklCjt1w8vC7705RKpaKNz3LcJCQWLARo0Sb0dB5CUKMmSgSJlhGYiz7elA0mSjtR4lYGzHkUU2PMZWzezsQaWjCJ4UBJiIUugxQRH/moVN3G+5CtU3wVlD3q7BQa+jQIEppnpgoyolSfc/NTAEiNaMcSzvIFWaETkx4QZNQsnis16Z9g4IkqAbF4hnrFp7rWWmbVt7/DpvQuW54t43m603d95f1oAoXcAlX4MEd+PAELWgDhU+Ywxd8W89Wak2t9+VpxVp5zmFN1scPkxiCRQ==</latexit>

Free field theory:
<latexit sha1_base64="sZ+t1fQHFIVCy5VlIwaXTgLi4IM=">AAABmXicdY9LT8JAFIVv8YX4qo8dC4lsXJEpUYRdjRviCqM8Ekqa6XCFSaedZmZqQpou/TVu9cf4byygCxae1Zd77sk9N0gE14aQb6u0tb2zu1ferxwcHh2f2KdnAy1TxbDPpJBqFFCNgsfYN9wIHCUKaRQIHAbhw9IfvqHSXMYvZpHgJKKzmL9yRk0x8u1LL42nqAJFGWbePJnT2Mgo8xIlp36Y575dJw1SqNWqLcFpE6eATqfdbHZqzsoipO5ewEo932beVLI0wtgwQbUeOyQxk4wqw5nAvOKlGhPKQjrDjEWB4rO52ZiOC4xphHqSrd7bjIjULPJK0ervdO1/GDQbTqtx+3RTd911PShDFa7gGhy4Axe60IM+MHiHD/iEL6tq3Vtd63G9WrJ+M+ewIev5B86gb3c=</latexit> ����

<latexit sha1_base64="ej7bG4gfBbLBXx2UdfKYvNrkBqs=">AAABjHicdY/LTgJBEEWr8YWoOKI7NxPZuCI9BEeImpCYGBcuMJFHAkh6mhI69DzS3WMgk/kVt/pL/o0D6IKFd3VSt27qlhdJoQ2l3yS3tb2zu5ffLxwcHhWPrZNSR4ex4tjmoQxVz2MapQiwbYSR2IsUMt+T2PVm90u/+45KizB4MYsIhz6bBOJNcGay0cgqJenT63hgcG4S26DydTqyyrRCM7muvQSnTp0MGo16tdqwnZVFabl5Biu1RhYfjEMe+xgYLpnWfYdGZpgwZQSXmBYGscaI8RmbYMJ9T4nJ1GxM+xkGzEc9TFYfbUZkbBZpIWv1d9r+HzrViuNWrp5r5ebtuh7k4Rwu4BIcuIYmPEIL2sBhDh/wCV+kSGrkhtytV3PkN3MKGyIPP2WKaV4=</latexit>

Ld terms

<latexit sha1_base64="+1IvoKbjKBgWLpRf+Oe/DWM2rSI=">AAAB+HicZZC7TsMwFIbtcivhVmg3FosuRUhVUnGZkCKxsFEkepHqNHJcN1hxLtguqITwLGyIlbdh50EoSQdK/+nTZx+fX/YSwZU2zS9YWlldW98obxpb2zu7e5X9g66KJ5KyDo1FLPseUUzwiHU014L1E8lI6AnW84Kr3/PeI5OKx9GdnibMCYkf8TGnRM+UW3nFHvdfEPYkCZhOzQzfhCh3wxYyLnP0BwgnMh65AcKCjXUDGXgsCU1bWD1IneInPmIekWmY4Th0gywz/jp0ggqNsOT+vT4uHnWGaZS5lbrZNPOgZbDmULdrIE/brVA8iukkZJGmgig1sMxEOymRmlPBMgNPFEsIDYjPUhp6+cIFO5hhREKmnDT/vcURMdHTzJi1sv53WIZuq2mdN89uT+u2XdQDZXAIjkADWOAC2OAatEEHUPANDViFNfgM3+A7/CiuluB8pgoWAj9/ABorkSI=</latexit>
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What Good is Truncation?

What, me worry? There's more to life than QCD...



What Good is Truncation?

What, me worry? There's more to life than QCD...

<latexit sha1_base64="xvbF09GGg5ygLrsJ9nhbLy6bGhU=">AAABzXicZZDLSsNAFIZP6q3GW7zs3AS7cVUSsXUbEMSdFe0FmlIm02M6dDIJMxOhxLj1mXwUV271LRzbgtT+q49z+c/PiTLOlPa8D6uytr6xuVXdtnd29/YPnMOjjkpzSbFNU57KXkQUciawrZnm2MskkiTi2I0m17/97jNKxVLxqKcZDhISC/bEKNGmNHQewghjJoqECZaRGMu+HhQNJkr7JqW5clPhZmPj7yotc6pziXYo0sicmBQGmBih0GWIYvRnMXRqXt2byV0FfwG14ARmag0dGo7MtcRYUU6U6vteZmIQqRnlWNphrjAjdGLMC5pEksVjvVTtGxQkQTUoZi9ZXuG5npa2SeX/z7AKnYu636w37i9rQTCPB1U4hTM4Bx+uIIBbaEEbKLzDJ3zBt3Vn5daL9TofrViLnWNYkvX2Ax0YhTE=</latexit>

Focus on phase structure



What Good is Truncation?

What, me worry? There's more to life than QCD...

<latexit sha1_base64="xvbF09GGg5ygLrsJ9nhbLy6bGhU=">AAABzXicZZDLSsNAFIZP6q3GW7zs3AS7cVUSsXUbEMSdFe0FmlIm02M6dDIJMxOhxLj1mXwUV271LRzbgtT+q49z+c/PiTLOlPa8D6uytr6xuVXdtnd29/YPnMOjjkpzSbFNU57KXkQUciawrZnm2MskkiTi2I0m17/97jNKxVLxqKcZDhISC/bEKNGmNHQewghjJoqECZaRGMu+HhQNJkr7JqW5clPhZmPj7yotc6pziXYo0sicmBQGmBih0GWIYvRnMXRqXt2byV0FfwG14ARmag0dGo7MtcRYUU6U6vteZmIQqRnlWNphrjAjdGLMC5pEksVjvVTtGxQkQTUoZi9ZXuG5npa2SeX/z7AKnYu636w37i9rQTCPB1U4hTM4Bx+uIIBbaEEbKLzDJ3zBt3Vn5daL9TofrViLnWNYkvX2Ax0YhTE=</latexit>

Focus on phase structure
<latexit sha1_base64="Gl6QkO/OPNzBUWvgfh+KtCr25kI=">AAAB0nicZZA7T8MwFIVvyquEV3hsLBXtwFQlqIU1EgtjK/UlNVVlu5dg1XGi2KlUogyIld/E/2Bnhd+AaSuh0jN9ur7n+OjSRHClXffDKm1t7+zulfftg8Oj4xPn9Kyn4ixl2GWxiNMBJQoFl9jVXAscJCmSiArs0+n973t/hqnisezoeYKjiISSP3JGtBmNnUFAMeQyj7jkCQmxGOpR3uSysGsBzYRAXau0MyK4NoYZVpI0NtGRHciYmn+muQEuJyh1EaCc/OWMnapbdxeqbIK3gqp/AQu1xg4LJjHLIhPFBFFq6LmJ6UJSzZnAwg4yhQlhUxOes4imPHzSa9OhQUkiVKN8cZd1i8j0vLBNK+9/h03o3dS923qz3aj6/rIelOESruAaPLgDHx6gBV1g8A6f8AXfVsd6tl6s1+VqyVp5zmFN1tsPNzGHCg==</latexit>

• Qualitative problem



What Good is Truncation?

What, me worry? There's more to life than QCD...

<latexit sha1_base64="xvbF09GGg5ygLrsJ9nhbLy6bGhU=">AAABzXicZZDLSsNAFIZP6q3GW7zs3AS7cVUSsXUbEMSdFe0FmlIm02M6dDIJMxOhxLj1mXwUV271LRzbgtT+q49z+c/PiTLOlPa8D6uytr6xuVXdtnd29/YPnMOjjkpzSbFNU57KXkQUciawrZnm2MskkiTi2I0m17/97jNKxVLxqKcZDhISC/bEKNGmNHQewghjJoqECZaRGMu+HhQNJkr7JqW5clPhZmPj7yotc6pziXYo0sicmBQGmBih0GWIYvRnMXRqXt2byV0FfwG14ARmag0dGo7MtcRYUU6U6vteZmIQqRnlWNphrjAjdGLMC5pEksVjvVTtGxQkQTUoZi9ZXuG5npa2SeX/z7AKnYu636w37i9rQTCPB1U4hTM4Bx+uIIBbaEEbKLzDJ3zBt3Vn5daL9TofrViLnWNYkvX2Ax0YhTE=</latexit>

Focus on phase structure
<latexit sha1_base64="Gl6QkO/OPNzBUWvgfh+KtCr25kI=">AAAB0nicZZA7T8MwFIVvyquEV3hsLBXtwFQlqIU1EgtjK/UlNVVlu5dg1XGi2KlUogyIld/E/2Bnhd+AaSuh0jN9ur7n+OjSRHClXffDKm1t7+zulfftg8Oj4xPn9Kyn4ixl2GWxiNMBJQoFl9jVXAscJCmSiArs0+n973t/hqnisezoeYKjiISSP3JGtBmNnUFAMeQyj7jkCQmxGOpR3uSysGsBzYRAXau0MyK4NoYZVpI0NtGRHciYmn+muQEuJyh1EaCc/OWMnapbdxeqbIK3gqp/AQu1xg4LJjHLIhPFBFFq6LmJ6UJSzZnAwg4yhQlhUxOes4imPHzSa9OhQUkiVKN8cZd1i8j0vLBNK+9/h03o3dS923qz3aj6/rIelOESruAaPLgDHx6gBV1g8A6f8AXfVsd6tl6s1+VqyVp5zmFN1tsPNzGHCg==</latexit>

• Qualitative problem
<latexit sha1_base64="q2o9OFSeZsZaO1m2I3A1QihCqlY=">AAABlnicZY9LS8NAFIXv1Fetr/hYCLooZuMqJOJjI1IQ0WUE0xaaEibjbTt0JgkzEzGEbPw1bvXf+G+sbTe1Z/Vx7j1wTpwJro3r/pDayura+kZ9s7G1vbO7Z+0ftHWaK4YBS0WqujHVKHiCgeFGYDdTSGUssBOP7//unTdUmqfJiyky7Es6TPiAM2omVmSdhprLZjhQlJVeVcooNPhuymxU6KqKLNt13Kmay+DNwW4dwVR+ZLHwNWW5xMQwQbXueW5m+iVVhjOBVSPMNWaUjekQSyZjxYcjs+D2JphQibpfTrctRkRuiqoxaeX977AM7QvHu3auni/t1u2sHtThBM7gHDy4gRY8gQ8BMPiAT/iCb3JM7sgDeZy91sg8cwgLIv4vYWBtog==</latexit>

�
1

mphys

<latexit sha1_base64="7OSw1qBC1BfNUD/cBybeS51g0+8=">AAAB73icZVDLSsNAFJ2pr5r6iI+dm2CzcFUSsQqCEBDEhYsK9gFNKZPpNR06mcTMRKwh3+FO3PpJ4s84pgWpPYvhcM/ccw43SDiTynG+cGVldW19o7pp1La2d3bNvf2OjLOUQpvGPE57AZHAmYC2YopDL0mBRAGHbjC5/tW7z5BKFosHNU1gEJFQsEdGidKjoZn5AYRM5BETLCEhFH01yJtMFIbtBxnnoGzrRmsKLMle9UOJjgovLfvOurJ9BS8qt5LxVGpHXqpQGL6IA11ikmvCxAiEKnwQo7+QoVl3Gk4Ja5m4c1L3DlGJ1tCk/iimWaStKCdS9l0n0UVJqhgtEzMJCaETbZ7TKEhZOFYL076mgkQgB3l5tMUVnqlpYehW7v8Oy6Rz2nDPG837s7rnzeqhKjpCx+gEuegCeegWtVAbUfSNMTZwDT/hN/yOP2ZfK3i+c4AWgD9/AHiXjtk=</latexit>

• Finite size scaling: L = physical scale



What Good is Truncation?

What, me worry? There's more to life than QCD...

<latexit sha1_base64="xvbF09GGg5ygLrsJ9nhbLy6bGhU=">AAABzXicZZDLSsNAFIZP6q3GW7zs3AS7cVUSsXUbEMSdFe0FmlIm02M6dDIJMxOhxLj1mXwUV271LRzbgtT+q49z+c/PiTLOlPa8D6uytr6xuVXdtnd29/YPnMOjjkpzSbFNU57KXkQUciawrZnm2MskkiTi2I0m17/97jNKxVLxqKcZDhISC/bEKNGmNHQewghjJoqECZaRGMu+HhQNJkr7JqW5clPhZmPj7yotc6pziXYo0sicmBQGmBih0GWIYvRnMXRqXt2byV0FfwG14ARmag0dGo7MtcRYUU6U6vteZmIQqRnlWNphrjAjdGLMC5pEksVjvVTtGxQkQTUoZi9ZXuG5npa2SeX/z7AKnYu636w37i9rQTCPB1U4hTM4Bx+uIIBbaEEbKLzDJ3zBt3Vn5daL9TofrViLnWNYkvX2Ax0YhTE=</latexit>

Focus on phase structure
<latexit sha1_base64="Gl6QkO/OPNzBUWvgfh+KtCr25kI=">AAAB0nicZZA7T8MwFIVvyquEV3hsLBXtwFQlqIU1EgtjK/UlNVVlu5dg1XGi2KlUogyIld/E/2Bnhd+AaSuh0jN9ur7n+OjSRHClXffDKm1t7+zulfftg8Oj4xPn9Kyn4ixl2GWxiNMBJQoFl9jVXAscJCmSiArs0+n973t/hqnisezoeYKjiISSP3JGtBmNnUFAMeQyj7jkCQmxGOpR3uSysGsBzYRAXau0MyK4NoYZVpI0NtGRHciYmn+muQEuJyh1EaCc/OWMnapbdxeqbIK3gqp/AQu1xg4LJjHLIhPFBFFq6LmJ6UJSzZnAwg4yhQlhUxOes4imPHzSa9OhQUkiVKN8cZd1i8j0vLBNK+9/h03o3dS923qz3aj6/rIelOESruAaPLgDHx6gBV1g8A6f8AXfVsd6tl6s1+VqyVp5zmFN1tsPNzGHCg==</latexit>

• Qualitative problem

<latexit sha1_base64="ksIuvH1f0wF9HBKe+W1/pU8e71M=">AAAB93icZZA9T8MwEIZtvglfpWVjiWgHpipBFNZILCxIRaKA1FSV417bUx07sp2KKspvYUOs/Bxm/ghuqYQK7/T6zu/do0sygcYGwSddW9/Y3Nre2fX29g8OjyrH1Uejcs2hw5VQ+jlhBgRK6Fi0Ap4zDSxNBDwlk5t5/2kK2qCSD3aWQS9lI4lD5My6Ur9SxgmMUBYpSszYCMqu7RUtlKXXiJNcCLAN/05JC/4N00L5aHx4yZQEaZEJMZu/QBqcgj9U2jcqBd+OQWkE48VSJQ5mUjiDcuAyZQxy8LusX6kHzWAh/78Jl6YenZCF2v0KjweK56kbxQUzphsGmQNm2iIXUHpxbiBjfOKGFzxNNI7GdqXadVayFEyvWBxvNSJyOys9RxX+ZfhvHi+a4VWzdX9Zj6IfPLJDTskZOSchuSYRuSVt0iGcfNFdWqU1OqOv9I2+/3xdo8tMjayIfnwD142TVg==</latexit>

• Monte Carlo is exponentially expensive for some theories
<latexit sha1_base64="9jmlzgT0fkz9/D9Xv1csaks2jVc=">AAABm3icZY9LT8JAFIXv4Avrqz52xqTKxoUhLfGxbcLGGBeYWCBhSDMdrjBh2mlmpiaEsPbXuNXf4r+xAhvkrL577j3JuUkuhbG+/0MqG5tb2zvVXWdv/+DwyD0+aRtVaI4RV1LpbsIMSpFhZIWV2M01sjSR2EnGzb995x21ESp7tZMc+ykbZuJNcGZLK3YvqR15NEPPv6GeQ/VILSePelQOlDWxW/Pr/lzeOgRLqIVnMFcrdjkdKF6kmFkumTG9wM9tf8q0FVzizKGFwZzxMRvilKeJFsORXXF7JWYsRdOfzh9cjcjCTmZO2Sr432Ed2o16cF+/e7mtheGiHlThHK7gGgJ4gBAeoQURcPiAT/iCb3JBmuSJPC9OK2SZOYUVkegXla9saA==</latexit>

� �= 0, � �= 0, . . .

<latexit sha1_base64="q2o9OFSeZsZaO1m2I3A1QihCqlY=">AAABlnicZY9LS8NAFIXv1Fetr/hYCLooZuMqJOJjI1IQ0WUE0xaaEibjbTt0JgkzEzGEbPw1bvXf+G+sbTe1Z/Vx7j1wTpwJro3r/pDayura+kZ9s7G1vbO7Z+0ftHWaK4YBS0WqujHVKHiCgeFGYDdTSGUssBOP7//unTdUmqfJiyky7Es6TPiAM2omVmSdhprLZjhQlJVeVcooNPhuymxU6KqKLNt13Kmay+DNwW4dwVR+ZLHwNWW5xMQwQbXueW5m+iVVhjOBVSPMNWaUjekQSyZjxYcjs+D2JphQibpfTrctRkRuiqoxaeX977AM7QvHu3auni/t1u2sHtThBM7gHDy4gRY8gQ8BMPiAT/iCb3JM7sgDeZy91sg8cwgLIv4vYWBtog==</latexit>

�
1

mphys

<latexit sha1_base64="7OSw1qBC1BfNUD/cBybeS51g0+8=">AAAB73icZVDLSsNAFJ2pr5r6iI+dm2CzcFUSsQqCEBDEhYsK9gFNKZPpNR06mcTMRKwh3+FO3PpJ4s84pgWpPYvhcM/ccw43SDiTynG+cGVldW19o7pp1La2d3bNvf2OjLOUQpvGPE57AZHAmYC2YopDL0mBRAGHbjC5/tW7z5BKFosHNU1gEJFQsEdGidKjoZn5AYRM5BETLCEhFH01yJtMFIbtBxnnoGzrRmsKLMle9UOJjgovLfvOurJ9BS8qt5LxVGpHXqpQGL6IA11ikmvCxAiEKnwQo7+QoVl3Gk4Ja5m4c1L3DlGJ1tCk/iimWaStKCdS9l0n0UVJqhgtEzMJCaETbZ7TKEhZOFYL076mgkQgB3l5tMUVnqlpYehW7v8Oy6Rz2nDPG837s7rnzeqhKjpCx+gEuegCeegWtVAbUfSNMTZwDT/hN/yOP2ZfK3i+c4AWgD9/AHiXjtk=</latexit>

• Finite size scaling: L = physical scale



2D Free Field Theory

<latexit sha1_base64="xhDpZ4koX6wc7ob0v1vcxPq9ta8=">AAABgXicdY9LT8JAFIXvgA+sL9SlGyIb3ZBpI5XGTRNj4hITCxggZDpeccL0kZmpCWn6K9zqD/PfWIouWHhWX+65J/fcMJVCG0q/Sa2+tb2z29iz9g8Oj46bJ6cDnWSKY8ATmahRyDRKEWNghJE4ShWyKJQ4DBd3K3/4jkqLJH4yyxSnEZvH4lVwZsrR80Rzld8XMzprtmmHlnLd1grsHrVL8Lye43gtu7IobfsNqNSfNfnkJeFZhLHhkmk9tmlqpjlTRnCJhTXJNKaML9gccx6FSszfzMZ0XGLMItTTvHpjMyIzsyysstXf6db/MHA6ttvpPl63/d66HjTgHC7gEmy4AR8eoA8BcIjgAz7hi9TJFaHEWa/WyG/mDDZEbn8AKCRkyQ==</latexit>

E0
<latexit sha1_base64="3enMk0W7G3LOE0Wiccwtgu57wWQ=">AAABgXicdY9LT8JAFIXvgA/EB6hLN41sdNNMK0WIGxJj4hITCxggZDpe64TpIzNTE9LwK9zqD/PfWEEXXXhWX869J/fcIJVCG0q/SKW6tb2zW9ur7x8cHjWaxydDnWSKo88TmahxwDRKEaNvhJE4ThWyKJA4Cha3P/PRGyotkvjRLFOcRSyMxYvgzBTW01Rzld+t5s682aJ2r0fbTs+itkep2+0UQK/crudZjk3XavVrsNZg3uTT54RnEcaGS6b1xKGpmeVMGcElrurTTGPK+IKFmPMoUCJ8NSV3UmDMItSzfP1GOSIzs1zVi1Z/p63/YejaTsf2HtqtfndTD2pwBudwAQ5cQx/uYQA+cIjgHT7gk1TJJaHE3axWyG/mFEoiN985qmTZ</latexit>

E1
<latexit sha1_base64="8yAaY9jhdKFNV96viHCIg2BsQds=">AAABgXicdY85T8NAEIVnE44QrgAlTYQbaKy1c2HRREJIlEEiB0oia70MYZX1od01UmT5V9DCD+PfYBwoUvCqT2/mad4EiRTaUPpFKtWt7Z3d2l59/+Dw6LhxcjrScao4DnksYzUJmEYpIhwaYSROEoUsDCSOg+Xtz3z8hkqLOHo0qwTnIVtE4kVwZgrraaa5yu5y3/UbFrWdltOibpPanud1vV4B1G11vHbTsWkpq1+DUgO/wWfPMU9DjAyXTOupQxMzz5gygkvM67NUY8L4ki0w42GgxOLVbLjTAiMWop5n5RubEZmaVV4vWv2dbv4PI9d2unbnoW31r9f1oAbncAGX4EAP+nAPAxgChxDe4QM+SZVcEUrc9WqF/GbOYEPk5htAGGTg</latexit>

E2
<latexit sha1_base64="2X1GUb+Y+bMT3yJxjqj0uyk7mmg=">AAABhHicdY9NT8JAEIZnUbHiF+rRSyMXD6bZIlVPhsSLR0wskFAk23UsG7btprslIU3/hlf9W/4by4cHDr6XefPMTOadUEmhDaU/pLazu1fftw4ah0fHJ6fNs/O+TvOMo89TmWbDkGmUIkHfCCNxqDJkcShxEM6elv3BHDMt0uTVLBSOYxYl4kNwZioUBGweFYGaird2OWm2qOPRSm2bOsva8ewN8Wx3RShtdS1YqTdp8uA95XmMieGSaT1yqTLjgmVGcIllI8g1KsZnLMKCx2EmoqnZoqPKJixGPS5Wn2yvyNwsykaV6u+0/b/ptx33zvFeOq3uwzoeWHAJV3ANLtxDF56hBz5wUPAJX/BN6uSG3BJvPVojm50L2BJ5/AXpm2YT</latexit>

h�2i
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FIG. 2. A plot of the � and ↵ values used in the fits. The
red bar indicates the part of the data that is not included
in the preliminary fits and is used to estimate the out-of-
sample error.

FIG. 3. For the 268 ’good’ fits (see text) : the value of
↵c plotted versus the number of fit parameters that were
included (↵c+ the parameters in the scaling corrections).
We use the median to estimate the best value of ↵c =
11.09698(31) (indicated with a red dot), and an error bar
is estimated with the median distance from that best value
(yellow interval).

Our goal is to optimize the corrections (eqs. (6)
and 7)) discussed in the previous section, and use the
� > 0.001 data to extrapolate to � = 0. There is,
however, a clear danger of including too many correc-
tions that will over-optimize the fit for � 2 [0.001, 0.1],
leading to a bad extrapolation � ! 0. Conversely, the
same thing can happen if not enough corrections are
included.

To remedy this, we perform all our fits, with various
combinations of corrections included, using all but the
smallest � data, indicated in Fig. 2, allowing us to see
which fits permit extrapolation to smaller �. Specif-
ically, our criterion for a ’good’ set of corrections is
that they give a smaller average out-of-sample error
than in-sample, for all observables simultaneously.

VII. RESULTS

We calculated 2081 data points, each with a random
� 2 [0.001, 0.1], associated random ↵ chosen close to

Method Year ↵c

MPS20 2013 11.064(20)

Hamiltonian truncation30 2017 11.04(12)

Borel resummation31 2018 11.23(14)

Monte Carlo10 2018 11.055(20)

TRG27 2019 10.913(56)

gilt-TNR26 2020 11.0861(90)

This work 2021 11.09698(31)

TABLE II. Comparison with some results from the litera-
ture.

the expected critical point, and a random MPS bond
dimension � 2 [100, 200].

We considered 372 di↵erent combinations of correc-
tions (6) and (7), deemed reasonable from preliminary
fits but varied enough to be unbiased to any specific
set of corrections. From this we found 268 fits with
a smaller out-of-sample than in-sample error. For all
these ’good’ fits we optimize again, this time using all
the data, and plot the values for ↵c versus the number
of fitting parameters in Fig. 3.

For a single fit, there is no clear way to estimate the
error on ↵c with this technique. However, we can use
the fact that there are many di↵erent fits to get an
idea of the error bar, but notice that these di↵erent
results are not strictly statistical independent. For
our final value of ↵c we take the median value of all
good fits, while for the quoted error bar we take the
median distance from this median value of ↵c. This
final result is compared with previous results in Table.
II and the collapse plots for the best fit is shown in
Fig.4, and the specific parameters used may be found
in the supplemental material.

From this set of ’good’ fits, we can conclude that we
absolutely need to include � log � and �

2 log � terms
(those terms were not included in the previous work12

and are responsible for the sub-optimal results there),
but it also became clear that the �2 log(�)2, �3 log(�)3

and �
3 log(�)2 terms should not be included. �3 log(�)

and �
3 could help. but could not improve the out-of-

sample error w.r.t. the set of corrections shown above.

It is interesting to check whether the fit would allow
for the calculation of the prefactors of the universal
divergent terms (as usually determined by Feynman
diagrams). If we fit the renormalization of the �

3, we
find a correction �0.23888(65) log(�)�, which should
be compared with the analytical 3

4⇡ ⇡ 0.23873 used
previously.

VIII. CONCLUSION

A critical QFT is something special. Like with any
QFT the regulated model becomes UV critical as the
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FIG. 2. A plot of the � and ↵ values used in the fits. The
red bar indicates the part of the data that is not included
in the preliminary fits and is used to estimate the out-of-
sample error.

FIG. 3. For the 268 ’good’ fits (see text) : the value of
↵c plotted versus the number of fit parameters that were
included (↵c+ the parameters in the scaling corrections).
We use the median to estimate the best value of ↵c =
11.09698(31) (indicated with a red dot), and an error bar
is estimated with the median distance from that best value
(yellow interval).

Our goal is to optimize the corrections (eqs. (6)
and 7)) discussed in the previous section, and use the
� > 0.001 data to extrapolate to � = 0. There is,
however, a clear danger of including too many correc-
tions that will over-optimize the fit for � 2 [0.001, 0.1],
leading to a bad extrapolation � ! 0. Conversely, the
same thing can happen if not enough corrections are
included.

To remedy this, we perform all our fits, with various
combinations of corrections included, using all but the
smallest � data, indicated in Fig. 2, allowing us to see
which fits permit extrapolation to smaller �. Specif-
ically, our criterion for a ’good’ set of corrections is
that they give a smaller average out-of-sample error
than in-sample, for all observables simultaneously.

VII. RESULTS

We calculated 2081 data points, each with a random
� 2 [0.001, 0.1], associated random ↵ chosen close to

Method Year ↵c

MPS20 2013 11.064(20)

Hamiltonian truncation30 2017 11.04(12)

Borel resummation31 2018 11.23(14)

Monte Carlo10 2018 11.055(20)

TRG27 2019 10.913(56)

gilt-TNR26 2020 11.0861(90)

This work 2021 11.09698(31)

TABLE II. Comparison with some results from the litera-
ture.

the expected critical point, and a random MPS bond
dimension � 2 [100, 200].

We considered 372 di↵erent combinations of correc-
tions (6) and (7), deemed reasonable from preliminary
fits but varied enough to be unbiased to any specific
set of corrections. From this we found 268 fits with
a smaller out-of-sample than in-sample error. For all
these ’good’ fits we optimize again, this time using all
the data, and plot the values for ↵c versus the number
of fitting parameters in Fig. 3.

For a single fit, there is no clear way to estimate the
error on ↵c with this technique. However, we can use
the fact that there are many di↵erent fits to get an
idea of the error bar, but notice that these di↵erent
results are not strictly statistical independent. For
our final value of ↵c we take the median value of all
good fits, while for the quoted error bar we take the
median distance from this median value of ↵c. This
final result is compared with previous results in Table.
II and the collapse plots for the best fit is shown in
Fig.4, and the specific parameters used may be found
in the supplemental material.

From this set of ’good’ fits, we can conclude that we
absolutely need to include � log � and �

2 log � terms
(those terms were not included in the previous work12

and are responsible for the sub-optimal results there),
but it also became clear that the �2 log(�)2, �3 log(�)3

and �
3 log(�)2 terms should not be included. �3 log(�)

and �
3 could help. but could not improve the out-of-

sample error w.r.t. the set of corrections shown above.

It is interesting to check whether the fit would allow
for the calculation of the prefactors of the universal
divergent terms (as usually determined by Feynman
diagrams). If we fit the renormalization of the �

3, we
find a correction �0.23888(65) log(�)�, which should
be compared with the analytical 3

4⇡ ⇡ 0.23873 used
previously.

VIII. CONCLUSION

A critical QFT is something special. Like with any
QFT the regulated model becomes UV critical as the
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FIG. 2. A plot of the � and ↵ values used in the fits. The
red bar indicates the part of the data that is not included
in the preliminary fits and is used to estimate the out-of-
sample error.

FIG. 3. For the 268 ’good’ fits (see text) : the value of
↵c plotted versus the number of fit parameters that were
included (↵c+ the parameters in the scaling corrections).
We use the median to estimate the best value of ↵c =
11.09698(31) (indicated with a red dot), and an error bar
is estimated with the median distance from that best value
(yellow interval).

Our goal is to optimize the corrections (eqs. (6)
and 7)) discussed in the previous section, and use the
� > 0.001 data to extrapolate to � = 0. There is,
however, a clear danger of including too many correc-
tions that will over-optimize the fit for � 2 [0.001, 0.1],
leading to a bad extrapolation � ! 0. Conversely, the
same thing can happen if not enough corrections are
included.

To remedy this, we perform all our fits, with various
combinations of corrections included, using all but the
smallest � data, indicated in Fig. 2, allowing us to see
which fits permit extrapolation to smaller �. Specif-
ically, our criterion for a ’good’ set of corrections is
that they give a smaller average out-of-sample error
than in-sample, for all observables simultaneously.

VII. RESULTS

We calculated 2081 data points, each with a random
� 2 [0.001, 0.1], associated random ↵ chosen close to

Method Year ↵c

MPS20 2013 11.064(20)

Hamiltonian truncation30 2017 11.04(12)

Borel resummation31 2018 11.23(14)

Monte Carlo10 2018 11.055(20)

TRG27 2019 10.913(56)

gilt-TNR26 2020 11.0861(90)

This work 2021 11.09698(31)

TABLE II. Comparison with some results from the litera-
ture.

the expected critical point, and a random MPS bond
dimension � 2 [100, 200].

We considered 372 di↵erent combinations of correc-
tions (6) and (7), deemed reasonable from preliminary
fits but varied enough to be unbiased to any specific
set of corrections. From this we found 268 fits with
a smaller out-of-sample than in-sample error. For all
these ’good’ fits we optimize again, this time using all
the data, and plot the values for ↵c versus the number
of fitting parameters in Fig. 3.

For a single fit, there is no clear way to estimate the
error on ↵c with this technique. However, we can use
the fact that there are many di↵erent fits to get an
idea of the error bar, but notice that these di↵erent
results are not strictly statistical independent. For
our final value of ↵c we take the median value of all
good fits, while for the quoted error bar we take the
median distance from this median value of ↵c. This
final result is compared with previous results in Table.
II and the collapse plots for the best fit is shown in
Fig.4, and the specific parameters used may be found
in the supplemental material.

From this set of ’good’ fits, we can conclude that we
absolutely need to include � log � and �

2 log � terms
(those terms were not included in the previous work12

and are responsible for the sub-optimal results there),
but it also became clear that the �2 log(�)2, �3 log(�)3

and �
3 log(�)2 terms should not be included. �3 log(�)

and �
3 could help. but could not improve the out-of-

sample error w.r.t. the set of corrections shown above.

It is interesting to check whether the fit would allow
for the calculation of the prefactors of the universal
divergent terms (as usually determined by Feynman
diagrams). If we fit the renormalization of the �

3, we
find a correction �0.23888(65) log(�)�, which should
be compared with the analytical 3

4⇡ ⇡ 0.23873 used
previously.

VIII. CONCLUSION

A critical QFT is something special. Like with any
QFT the regulated model becomes UV critical as the
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FIG. 2. A plot of the � and ↵ values used in the fits. The
red bar indicates the part of the data that is not included
in the preliminary fits and is used to estimate the out-of-
sample error.

FIG. 3. For the 268 ’good’ fits (see text) : the value of
↵c plotted versus the number of fit parameters that were
included (↵c+ the parameters in the scaling corrections).
We use the median to estimate the best value of ↵c =
11.09698(31) (indicated with a red dot), and an error bar
is estimated with the median distance from that best value
(yellow interval).

Our goal is to optimize the corrections (eqs. (6)
and 7)) discussed in the previous section, and use the
� > 0.001 data to extrapolate to � = 0. There is,
however, a clear danger of including too many correc-
tions that will over-optimize the fit for � 2 [0.001, 0.1],
leading to a bad extrapolation � ! 0. Conversely, the
same thing can happen if not enough corrections are
included.

To remedy this, we perform all our fits, with various
combinations of corrections included, using all but the
smallest � data, indicated in Fig. 2, allowing us to see
which fits permit extrapolation to smaller �. Specif-
ically, our criterion for a ’good’ set of corrections is
that they give a smaller average out-of-sample error
than in-sample, for all observables simultaneously.

VII. RESULTS

We calculated 2081 data points, each with a random
� 2 [0.001, 0.1], associated random ↵ chosen close to

Method Year ↵c

MPS20 2013 11.064(20)

Hamiltonian truncation30 2017 11.04(12)

Borel resummation31 2018 11.23(14)

Monte Carlo10 2018 11.055(20)

TRG27 2019 10.913(56)

gilt-TNR26 2020 11.0861(90)

This work 2021 11.09698(31)

TABLE II. Comparison with some results from the litera-
ture.

the expected critical point, and a random MPS bond
dimension � 2 [100, 200].

We considered 372 di↵erent combinations of correc-
tions (6) and (7), deemed reasonable from preliminary
fits but varied enough to be unbiased to any specific
set of corrections. From this we found 268 fits with
a smaller out-of-sample than in-sample error. For all
these ’good’ fits we optimize again, this time using all
the data, and plot the values for ↵c versus the number
of fitting parameters in Fig. 3.

For a single fit, there is no clear way to estimate the
error on ↵c with this technique. However, we can use
the fact that there are many di↵erent fits to get an
idea of the error bar, but notice that these di↵erent
results are not strictly statistical independent. For
our final value of ↵c we take the median value of all
good fits, while for the quoted error bar we take the
median distance from this median value of ↵c. This
final result is compared with previous results in Table.
II and the collapse plots for the best fit is shown in
Fig.4, and the specific parameters used may be found
in the supplemental material.

From this set of ’good’ fits, we can conclude that we
absolutely need to include � log � and �

2 log � terms
(those terms were not included in the previous work12

and are responsible for the sub-optimal results there),
but it also became clear that the �2 log(�)2, �3 log(�)3

and �
3 log(�)2 terms should not be included. �3 log(�)

and �
3 could help. but could not improve the out-of-

sample error w.r.t. the set of corrections shown above.

It is interesting to check whether the fit would allow
for the calculation of the prefactors of the universal
divergent terms (as usually determined by Feynman
diagrams). If we fit the renormalization of the �

3, we
find a correction �0.23888(65) log(�)�, which should
be compared with the analytical 3

4⇡ ⇡ 0.23873 used
previously.

VIII. CONCLUSION

A critical QFT is something special. Like with any
QFT the regulated model becomes UV critical as the
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<latexit sha1_base64="lSvn64mzp+KWKQASc3xV1Bjtz4g=">AAAB93icZVDLSsNAFJ2prza+Yrt0M1gQQa1JrboSgm5cVrAP6LRlMp2mQyeTkJkUQsi3uBO3fo5rf8T0sbD2cBfn3nMfh+uGgittWd+wsLW9s7tXLBn7B4dHx+ZJua2COKKsRQMRRF2XKCa4ZC3NtWDdMGLEdwXruNPnud6ZsUjxQL7pJGR9n3iSjzklOi8NzewJPSI8jghNMZl5KQ4nfNDIsj9ZPcvDwDpA2GUelynN76nMuEXnyB/U0Q3CgqC5fom5HOvkCmFs2Bvq9VI1MJOj1Y6hWbVq1gJok9grUnWKYIHm0KR4FNDYZ1JTQZTq2Vao+ymJNKeC5S5jxUJCp8RjKfXdiHsTvVbt5VQSn6l+unje+oiIdZIZuSv7v4dN0q7X7Pva3Wuj6jhLe6AITsEZuAA2eAAOeAFN0AIU/MASLMMKTOA7/ICfy9YCXM1UwBrg1y+8CIzg</latexit>

B =
h�4i
h�2i2 !

(
3 m2/�! +1,
1 m2/�! �1



Binder Cumulant
<latexit sha1_base64="lSvn64mzp+KWKQASc3xV1Bjtz4g=">AAAB93icZVDLSsNAFJ2prza+Yrt0M1gQQa1JrboSgm5cVrAP6LRlMp2mQyeTkJkUQsi3uBO3fo5rf8T0sbD2cBfn3nMfh+uGgittWd+wsLW9s7tXLBn7B4dHx+ZJua2COKKsRQMRRF2XKCa4ZC3NtWDdMGLEdwXruNPnud6ZsUjxQL7pJGR9n3iSjzklOi8NzewJPSI8jghNMZl5KQ4nfNDIsj9ZPcvDwDpA2GUelynN76nMuEXnyB/U0Q3CgqC5fom5HOvkCmFs2Bvq9VI1MJOj1Y6hWbVq1gJok9grUnWKYIHm0KR4FNDYZ1JTQZTq2Vao+ymJNKeC5S5jxUJCp8RjKfXdiHsTvVbt5VQSn6l+unje+oiIdZIZuSv7v4dN0q7X7Pva3Wuj6jhLe6AITsEZuAA2eAAOeAFN0AIU/MASLMMKTOA7/ICfy9YCXM1UwBrg1y+8CIzg</latexit>

B =
h�4i
h�2i2 !

(
3 m2/�! +1,
1 m2/�! �1



Binder Cumulant
<latexit sha1_base64="lSvn64mzp+KWKQASc3xV1Bjtz4g=">AAAB93icZVDLSsNAFJ2prza+Yrt0M1gQQa1JrboSgm5cVrAP6LRlMp2mQyeTkJkUQsi3uBO3fo5rf8T0sbD2cBfn3nMfh+uGgittWd+wsLW9s7tXLBn7B4dHx+ZJua2COKKsRQMRRF2XKCa4ZC3NtWDdMGLEdwXruNPnud6ZsUjxQL7pJGR9n3iSjzklOi8NzewJPSI8jghNMZl5KQ4nfNDIsj9ZPcvDwDpA2GUelynN76nMuEXnyB/U0Q3CgqC5fom5HOvkCmFs2Bvq9VI1MJOj1Y6hWbVq1gJok9grUnWKYIHm0KR4FNDYZ1JTQZTq2Vao+ymJNKeC5S5jxUJCp8RjKfXdiHsTvVbt5VQSn6l+unje+oiIdZIZuSv7v4dN0q7X7Pva3Wuj6jhLe6AITsEZuAA2eAAOeAFN0AIU/MASLMMKTOA7/ICfy9YCXM1UwBrg1y+8CIzg</latexit>

B =
h�4i
h�2i2 !

(
3 m2/�! +1,
1 m2/�! �1

<latexit sha1_base64="blzaWmZMUZ7dlSEZ1aLbs4X0WSs=">AAABnHicZY/LSsNAFIbP1Fust6hLQUKbhauSFFK3AV0IolSwaaGpYTIe69DJxcxEKKF7n8atvopvY0y7if1XH+ecH74TpoJLZVk/pLGxubW9o+029/YPDo/04xNPJnnGcMASkWSjkEoUPMaB4krgKM2QRqHAYTi7+tsP3zGTPIkf1TzFSUSnMX/hjKpyFOgt0w9zIVCZhnlv+JJH+GY4hq9KkIZtPTlmoLetjlXFWAd7BW1Xgyr9QGf+c8LyCGPFBJVybFupmhQ0U5wJXDT9XGJK2YxOsWBRmPHpq6pNxyXGtBSYFNWH9YrI1XzRLK3s/w7r4HU7dq/jPHTbrrvUAw3OoAUXYMMluHADfRgAgw/4hC/4JufkmtySu+Vpg6w6p1AL8X4BPCFs0Q==</latexit>

• N ' 5⇥ 105



Binder Cumulant
<latexit sha1_base64="lSvn64mzp+KWKQASc3xV1Bjtz4g=">AAAB93icZVDLSsNAFJ2prza+Yrt0M1gQQa1JrboSgm5cVrAP6LRlMp2mQyeTkJkUQsi3uBO3fo5rf8T0sbD2cBfn3nMfh+uGgittWd+wsLW9s7tXLBn7B4dHx+ZJua2COKKsRQMRRF2XKCa4ZC3NtWDdMGLEdwXruNPnud6ZsUjxQL7pJGR9n3iSjzklOi8NzewJPSI8jghNMZl5KQ4nfNDIsj9ZPcvDwDpA2GUelynN76nMuEXnyB/U0Q3CgqC5fom5HOvkCmFs2Bvq9VI1MJOj1Y6hWbVq1gJok9grUnWKYIHm0KR4FNDYZ1JTQZTq2Vao+ymJNKeC5S5jxUJCp8RjKfXdiHsTvVbt5VQSn6l+unje+oiIdZIZuSv7v4dN0q7X7Pva3Wuj6jhLe6AITsEZuAA2eAAOeAFN0AIU/MASLMMKTOA7/ICfy9YCXM1UwBrg1y+8CIzg</latexit>

B =
h�4i
h�2i2 !

(
3 m2/�! +1,
1 m2/�! �1

<latexit sha1_base64="blzaWmZMUZ7dlSEZ1aLbs4X0WSs=">AAABnHicZY/LSsNAFIbP1Fust6hLQUKbhauSFFK3AV0IolSwaaGpYTIe69DJxcxEKKF7n8atvopvY0y7if1XH+ecH74TpoJLZVk/pLGxubW9o+029/YPDo/04xNPJnnGcMASkWSjkEoUPMaB4krgKM2QRqHAYTi7+tsP3zGTPIkf1TzFSUSnMX/hjKpyFOgt0w9zIVCZhnlv+JJH+GY4hq9KkIZtPTlmoLetjlXFWAd7BW1Xgyr9QGf+c8LyCGPFBJVybFupmhQ0U5wJXDT9XGJK2YxOsWBRmPHpq6pNxyXGtBSYFNWH9YrI1XzRLK3s/w7r4HU7dq/jPHTbrrvUAw3OoAUXYMMluHADfRgAgw/4hC/4JufkmtySu+Vpg6w6p1AL8X4BPCFs0Q==</latexit>

• N ' 5⇥ 105
<latexit sha1_base64="nlRvJ/j093U6mzxW+7gujMJWWhg=">AAABs3icZY/NTgIxFIVv/UX8G3XpphEWrsgMCRp3k7hxiYkDJEBIW+5gQzudtB0SQngWn8atrn0bR2CDnNV3z70nOZfnSjofhj9kb//g8Oi4clI9PTu/uAyurjvOFFZgIowytseZQyUzTLz0Cnu5Raa5wi6fPv/tuzO0Tprszc9zHGo2yWQqBfOlNQqe6gNeKIW+ThOHdCzTFC1mAqlJKUfn6YypAh31hpaT1MwjRWuNHQW1sBGuRHch2kAtrsBK7VEgBmMjCo2ZF4o514/C3A8XzHopFC6rg8JhzsSUTXAhNLdy8u633H6JGdPohovV49sRVfj5slq2iv532IVOsxE9NFqvzVocr+tBBW7hDu4hgkeI4QXakICAD/iEL/gmLdInnIzXp3tkk7mBLRH9C0cmeBM=</latexit>

• Use di↵erence of best values to estimate error



Conclusions
<latexit sha1_base64="B/KmDu3/yON8W+Eot5SXCVut91k=">AAAB+XicZZDLSsNAFIZn6q3GW72t3ATrwlVIBHVbcNNlBdsKTSmT6TE9dDIZZiZCCcFncSdufRofwPdwbAtS/TmLn3PmP+djEiXQ2DD8pLW19Y3Nrfq2t7O7t3/QODzqmbzQHLo8F7l+TJgBgRK6Fq2AR6WBZYmAfjK9+5n3n0EbzOWDnSkYZiyV+IScWdcaNV7iBFKUZYYSFUuhGthheY2y8i7ipBAC7IXfZhkKm0tk0re6kIus78pOwBfMWuTgMaWAaeMrnWdoUKZBEHixzBOHMy2dQTkGaasY5Pj33KjRDINwLv+/iZam2aqTuTqjBo/HOS8yt4oLZswgCpVDZtpBCKi8uDCgGJ+65SXPEo3pxK50B85KloEZlvPvW42Iws4qz1FFfxn+m95VEN0E1/dXzVZrgUfq5Iyck0sSkVvSIm3SIV3CyRfdoSf0lJb0lb7R98XTGl1mjsmK6Mc3vEmTog==</latexit>

• Hamiltonian truncation on the lattice appears promising...



Conclusions
<latexit sha1_base64="B/KmDu3/yON8W+Eot5SXCVut91k=">AAAB+XicZZDLSsNAFIZn6q3GW72t3ATrwlVIBHVbcNNlBdsKTSmT6TE9dDIZZiZCCcFncSdufRofwPdwbAtS/TmLn3PmP+djEiXQ2DD8pLW19Y3Nrfq2t7O7t3/QODzqmbzQHLo8F7l+TJgBgRK6Fq2AR6WBZYmAfjK9+5n3n0EbzOWDnSkYZiyV+IScWdcaNV7iBFKUZYYSFUuhGthheY2y8i7ipBAC7IXfZhkKm0tk0re6kIus78pOwBfMWuTgMaWAaeMrnWdoUKZBEHixzBOHMy2dQTkGaasY5Pj33KjRDINwLv+/iZam2aqTuTqjBo/HOS8yt4oLZswgCpVDZtpBCKi8uDCgGJ+65SXPEo3pxK50B85KloEZlvPvW42Iws4qz1FFfxn+m95VEN0E1/dXzVZrgUfq5Iyck0sSkVvSIm3SIV3CyRfdoSf0lJb0lb7R98XTGl1mjsmK6Mc3vEmTog==</latexit>

• Hamiltonian truncation on the lattice appears promising...
<latexit sha1_base64="AwfdCNAJ5O+OhVKXEmiJHJFBS34=">AAAB6HicdZC9TsMwFIVtWqCEvwAji0UXpiip1NJukVgYi0R/pKaqbPcS3CZOFDtAFeUd2BArz8TCqzDhtiDUgTN9utf3nCOzNBJKu+4n3qpUt3d2a3vW/sHh0bF9ctpXSZ5x6PEkSrIhowoiIaGnhY5gmGZAYxbBgM2vl/vBI2RKJPJOL1IYxzSU4l5wqs1oYsuAQShkEQspUhpCOdLjoilkaTmOE9MFA8KA01wBeQJCMyCzXGmiNM20kCHRCYHn1KQAEdoKZMJM+rwwIOQUpC4DkNM/94lddx3XqNUiS/Darmeg02k3Gh3irVauW/draKXuxObBNOF5bKx4RJUaeW5qGi7TeQSlFZhmKeVzY17wmGUifNAb05FBSWNQ42L1W5snUa4XpWVa/UaT/6HfcLyW07xt1H1/XQ/V0Dm6QJfIQ1fIRzeoi3qIow/0hSu4imf4Bb/it/XTLfxzc4Y2hN+/AXz2jaY=</latexit>

...maybe because we are just starting to explore it



Conclusions
<latexit sha1_base64="B/KmDu3/yON8W+Eot5SXCVut91k=">AAAB+XicZZDLSsNAFIZn6q3GW72t3ATrwlVIBHVbcNNlBdsKTSmT6TE9dDIZZiZCCcFncSdufRofwPdwbAtS/TmLn3PmP+djEiXQ2DD8pLW19Y3Nrfq2t7O7t3/QODzqmbzQHLo8F7l+TJgBgRK6Fq2AR6WBZYmAfjK9+5n3n0EbzOWDnSkYZiyV+IScWdcaNV7iBFKUZYYSFUuhGthheY2y8i7ipBAC7IXfZhkKm0tk0re6kIus78pOwBfMWuTgMaWAaeMrnWdoUKZBEHixzBOHMy2dQTkGaasY5Pj33KjRDINwLv+/iZam2aqTuTqjBo/HOS8yt4oLZswgCpVDZtpBCKi8uDCgGJ+65SXPEo3pxK50B85KloEZlvPvW42Iws4qz1FFfxn+m95VEN0E1/dXzVZrgUfq5Iyck0sSkVvSIm3SIV3CyRfdoSf0lJb0lb7R98XTGl1mjsmK6Mc3vEmTog==</latexit>

• Hamiltonian truncation on the lattice appears promising...
<latexit sha1_base64="AwfdCNAJ5O+OhVKXEmiJHJFBS34=">AAAB6HicdZC9TsMwFIVtWqCEvwAji0UXpiip1NJukVgYi0R/pKaqbPcS3CZOFDtAFeUd2BArz8TCqzDhtiDUgTN9utf3nCOzNBJKu+4n3qpUt3d2a3vW/sHh0bF9ctpXSZ5x6PEkSrIhowoiIaGnhY5gmGZAYxbBgM2vl/vBI2RKJPJOL1IYxzSU4l5wqs1oYsuAQShkEQspUhpCOdLjoilkaTmOE9MFA8KA01wBeQJCMyCzXGmiNM20kCHRCYHn1KQAEdoKZMJM+rwwIOQUpC4DkNM/94lddx3XqNUiS/Darmeg02k3Gh3irVauW/draKXuxObBNOF5bKx4RJUaeW5qGi7TeQSlFZhmKeVzY17wmGUifNAb05FBSWNQ42L1W5snUa4XpWVa/UaT/6HfcLyW07xt1H1/XQ/V0Dm6QJfIQ1fIRzeoi3qIow/0hSu4imf4Bb/it/XTLfxzc4Y2hN+/AXz2jaY=</latexit>

...maybe because we are just starting to explore it
<latexit sha1_base64="AVi5RZ5DKUI9EVK78jBLFFEUqz4=">AAAB2HicZZDLSsNAFIZPvNZ4i5edm2CzqJuSFKrbQDcupFSwF2zaMpmOcehkJmQmQgkBd+LWZ/IlfAW3+gCObUFq/9XHufzn54QJo1K57oextr6xubVd2jF39/YPDq2j444UWYpJGwsm0l6IJGGUk7aiipFekhIUh4x0w0njt999Iqmkgt+paUIGMYo4faAYKV0aWcMgJBHleUw5TVBEir4a5HXKC9MJwowxohy7IaSynUDS2L4Zju2mHTARVZoXjhlwEeprk1wD5WPCVREQPv5zG1llt+rOZK+Ct4CyfwoztUYWDsYCZ7G2wgxJ2ffcRCdCqaKYkcIMMkkShCfaPMdxmNLoUS1V+xo5iokc5LPvLK+wTE0LU6fy/mdYhU6t6l1W67e1su/P40EJzuAcKuDBFfhwDS1oA4Z3+IQv+DbujWfjxXidj64Zi50TWJLx9gOITIdJ</latexit>

• Cost � LdN log(N)



Conclusions
<latexit sha1_base64="B/KmDu3/yON8W+Eot5SXCVut91k=">AAAB+XicZZDLSsNAFIZn6q3GW72t3ATrwlVIBHVbcNNlBdsKTSmT6TE9dDIZZiZCCcFncSdufRofwPdwbAtS/TmLn3PmP+djEiXQ2DD8pLW19Y3Nrfq2t7O7t3/QODzqmbzQHLo8F7l+TJgBgRK6Fq2AR6WBZYmAfjK9+5n3n0EbzOWDnSkYZiyV+IScWdcaNV7iBFKUZYYSFUuhGthheY2y8i7ipBAC7IXfZhkKm0tk0re6kIus78pOwBfMWuTgMaWAaeMrnWdoUKZBEHixzBOHMy2dQTkGaasY5Pj33KjRDINwLv+/iZam2aqTuTqjBo/HOS8yt4oLZswgCpVDZtpBCKi8uDCgGJ+65SXPEo3pxK50B85KloEZlvPvW42Iws4qz1FFfxn+m95VEN0E1/dXzVZrgUfq5Iyck0sSkVvSIm3SIV3CyRfdoSf0lJb0lb7R98XTGl1mjsmK6Mc3vEmTog==</latexit>

• Hamiltonian truncation on the lattice appears promising...
<latexit sha1_base64="AwfdCNAJ5O+OhVKXEmiJHJFBS34=">AAAB6HicdZC9TsMwFIVtWqCEvwAji0UXpiip1NJukVgYi0R/pKaqbPcS3CZOFDtAFeUd2BArz8TCqzDhtiDUgTN9utf3nCOzNBJKu+4n3qpUt3d2a3vW/sHh0bF9ctpXSZ5x6PEkSrIhowoiIaGnhY5gmGZAYxbBgM2vl/vBI2RKJPJOL1IYxzSU4l5wqs1oYsuAQShkEQspUhpCOdLjoilkaTmOE9MFA8KA01wBeQJCMyCzXGmiNM20kCHRCYHn1KQAEdoKZMJM+rwwIOQUpC4DkNM/94lddx3XqNUiS/Darmeg02k3Gh3irVauW/draKXuxObBNOF5bKx4RJUaeW5qGi7TeQSlFZhmKeVzY17wmGUifNAb05FBSWNQ42L1W5snUa4XpWVa/UaT/6HfcLyW07xt1H1/XQ/V0Dm6QJfIQ1fIRzeoi3qIow/0hSu4imf4Bb/it/XTLfxzc4Y2hN+/AXz2jaY=</latexit>

...maybe because we are just starting to explore it
<latexit sha1_base64="AVi5RZ5DKUI9EVK78jBLFFEUqz4=">AAAB2HicZZDLSsNAFIZPvNZ4i5edm2CzqJuSFKrbQDcupFSwF2zaMpmOcehkJmQmQgkBd+LWZ/IlfAW3+gCObUFq/9XHufzn54QJo1K57oextr6xubVd2jF39/YPDq2j444UWYpJGwsm0l6IJGGUk7aiipFekhIUh4x0w0njt999Iqmkgt+paUIGMYo4faAYKV0aWcMgJBHleUw5TVBEir4a5HXKC9MJwowxohy7IaSynUDS2L4Zju2mHTARVZoXjhlwEeprk1wD5WPCVREQPv5zG1llt+rOZK+Ct4CyfwoztUYWDsYCZ7G2wgxJ2ffcRCdCqaKYkcIMMkkShCfaPMdxmNLoUS1V+xo5iokc5LPvLK+wTE0LU6fy/mdYhU6t6l1W67e1su/P40EJzuAcKuDBFfhwDS1oA4Z3+IQv+DbujWfjxXidj64Zi50TWJLx9gOITIdJ</latexit>

• Cost � LdN log(N)

<latexit sha1_base64="7j5LzQw+RVf0pSxHe0JIHsdX5Ls=">AAAB13icZZDLSsNAFIZP6q3GW7zs3ASThauaFKrbgAguRCrYizRpmUzGOHQyCTMToYTgTtz6TD6Fj+BWX8DYFqT6rz7O5T8/J8wYlcpx3rXa0vLK6lp9Xd/Y3NreMXb3ujLNBSYdnLJU9EMkCaOcdBRVjPQzQVASMtILx+c//d4jEZKm/FZNMhIkKOb0nmKkqtLICPyQxJQXCeU0QzEpByooWpSXuu2HOWNE2eaFEKkwbV/SxLwaRubJ9bDwrdLWfZ6G1bFxUQHlEeGq9AmPfs1GhuU0nKnM/+DOwfIOYKr2yMB+lOI8qawwQ1IOXCerAiGhKGak1P1ckgzhcWVe4CQUNH5QC9VBhRwlRAbF9DmLKyxXk1KvUrl/M/yHbrPhnjZaN03L82bxoA6HcATH4MIZeHAJbegAhjf4gE/40u60J+1Ze5mN1rT5zj4sSHv9Bm5Nh1c=</latexit>

• Error � Ld/N#



Conclusions
<latexit sha1_base64="B/KmDu3/yON8W+Eot5SXCVut91k=">AAAB+XicZZDLSsNAFIZn6q3GW72t3ATrwlVIBHVbcNNlBdsKTSmT6TE9dDIZZiZCCcFncSdufRofwPdwbAtS/TmLn3PmP+djEiXQ2DD8pLW19Y3Nrfq2t7O7t3/QODzqmbzQHLo8F7l+TJgBgRK6Fq2AR6WBZYmAfjK9+5n3n0EbzOWDnSkYZiyV+IScWdcaNV7iBFKUZYYSFUuhGthheY2y8i7ipBAC7IXfZhkKm0tk0re6kIus78pOwBfMWuTgMaWAaeMrnWdoUKZBEHixzBOHMy2dQTkGaasY5Pj33KjRDINwLv+/iZam2aqTuTqjBo/HOS8yt4oLZswgCpVDZtpBCKi8uDCgGJ+65SXPEo3pxK50B85KloEZlvPvW42Iws4qz1FFfxn+m95VEN0E1/dXzVZrgUfq5Iyck0sSkVvSIm3SIV3CyRfdoSf0lJb0lb7R98XTGl1mjsmK6Mc3vEmTog==</latexit>

• Hamiltonian truncation on the lattice appears promising...

<latexit sha1_base64="lxUzQKQQy1wr6uQq9t9vxPDH7Y4=">AAAB6nicZZDNSgMxHMSTarWuX6sevSy2B09lt1C9LnjxJBXsB3RLSdJ/a2g2G5KsUJZ9CW/i1WcSfBcPxrYgtXMaJpnJj1AluLFh+IUrO7vVvf3agXd4dHxy6p+d90yWawZdlolMDygxILiEruVWwEBpICkV0Kfzu9/z/gtowzP5ZBcKRimZST7ljFgXjX2VUJhxWaRcckVmUA7tqGhzWXqNhOZCgG0ED3kK2jVEQBjLNWGLgCgFRJvAZgGFwORTt8hBWi+RGXXvzwtnuJy4qExATv72x349bIZLBdsmWpt6XENLdcY+SyYZcwjSMkGMGUahcoxEW84ElF6SG1CEzd14wVKq+ezZbqRDZyVJwYyK5X9tVkRuF6XnqKL/DNum12pGN832Y6sexys8VEOX6Apdowjdohjdow7qIoY+0Teu4j0s8Ct+w++rqxW87lygDeGPHz0fjqU=</latexit>

• Numerical accuracy appears to be su�cient
<latexit sha1_base64="f6HCFZOO7Ozi8VPREPZudxeI15U=">AAAB23icZZDLSsNAFIZPvNZ4i7p0E+zGVUgK1W3AjcsK9gJNKJPpaRyazISZiVBCVu7Erc/kM/gQbnXr9AJS+68+/nP7OUmRMaV9/9Pa2t7Z3dtvHNiHR8cnp87ZeU+JUlLsUpEJOUiIwoxx7GqmMxwUEkmeZNhPpnfzev8ZpWKCP+pZgXFOUs4mjBJtrJFDogRTxquccVaQFOuhjqs247WthVugnAiZu4xrlKg046mbI1GlxBy5Vp7n2REXiTk4rQwwPjZ2HSEf/y0cOU3f8xdyNyFYQTNswEKdkUOjsaDl/ALNiFLDwC9MKCI1oxnWdlQqLAidmuUVzRPJ0ie95g4NcpKjiqvFg9ZHslLPatukCv5n2IReywtuvPZDqxmGy3jQgEu4gmsI4BZCuIcOdIHCB3zBN/xYsfVivVpvy9YtazVzAWuy3n8BxZuK/Q==</latexit>

to perform interesting measurements...

<latexit sha1_base64="AwfdCNAJ5O+OhVKXEmiJHJFBS34=">AAAB6HicdZC9TsMwFIVtWqCEvwAji0UXpiip1NJukVgYi0R/pKaqbPcS3CZOFDtAFeUd2BArz8TCqzDhtiDUgTN9utf3nCOzNBJKu+4n3qpUt3d2a3vW/sHh0bF9ctpXSZ5x6PEkSrIhowoiIaGnhY5gmGZAYxbBgM2vl/vBI2RKJPJOL1IYxzSU4l5wqs1oYsuAQShkEQspUhpCOdLjoilkaTmOE9MFA8KA01wBeQJCMyCzXGmiNM20kCHRCYHn1KQAEdoKZMJM+rwwIOQUpC4DkNM/94lddx3XqNUiS/Darmeg02k3Gh3irVauW/draKXuxObBNOF5bKx4RJUaeW5qGi7TeQSlFZhmKeVzY17wmGUifNAb05FBSWNQ42L1W5snUa4XpWVa/UaT/6HfcLyW07xt1H1/XQ/V0Dm6QJfIQ1fIRzeoi3qIow/0hSu4imf4Bb/it/XTLfxzc4Y2hN+/AXz2jaY=</latexit>

...maybe because we are just starting to explore it
<latexit sha1_base64="AVi5RZ5DKUI9EVK78jBLFFEUqz4=">AAAB2HicZZDLSsNAFIZPvNZ4i5edm2CzqJuSFKrbQDcupFSwF2zaMpmOcehkJmQmQgkBd+LWZ/IlfAW3+gCObUFq/9XHufzn54QJo1K57oextr6xubVd2jF39/YPDq2j444UWYpJGwsm0l6IJGGUk7aiipFekhIUh4x0w0njt999Iqmkgt+paUIGMYo4faAYKV0aWcMgJBHleUw5TVBEir4a5HXKC9MJwowxohy7IaSynUDS2L4Zju2mHTARVZoXjhlwEeprk1wD5WPCVREQPv5zG1llt+rOZK+Ct4CyfwoztUYWDsYCZ7G2wgxJ2ffcRCdCqaKYkcIMMkkShCfaPMdxmNLoUS1V+xo5iokc5LPvLK+wTE0LU6fy/mdYhU6t6l1W67e1su/P40EJzuAcKuDBFfhwDS1oA4Z3+IQv+DbujWfjxXidj64Zi50TWJLx9gOITIdJ</latexit>

• Cost � LdN log(N)

<latexit sha1_base64="7j5LzQw+RVf0pSxHe0JIHsdX5Ls=">AAAB13icZZDLSsNAFIZP6q3GW7zs3ASThauaFKrbgAguRCrYizRpmUzGOHQyCTMToYTgTtz6TD6Fj+BWX8DYFqT6rz7O5T8/J8wYlcpx3rXa0vLK6lp9Xd/Y3NreMXb3ujLNBSYdnLJU9EMkCaOcdBRVjPQzQVASMtILx+c//d4jEZKm/FZNMhIkKOb0nmKkqtLICPyQxJQXCeU0QzEpByooWpSXuu2HOWNE2eaFEKkwbV/SxLwaRubJ9bDwrdLWfZ6G1bFxUQHlEeGq9AmPfs1GhuU0nKnM/+DOwfIOYKr2yMB+lOI8qawwQ1IOXCerAiGhKGak1P1ckgzhcWVe4CQUNH5QC9VBhRwlRAbF9DmLKyxXk1KvUrl/M/yHbrPhnjZaN03L82bxoA6HcATH4MIZeHAJbegAhjf4gE/40u60J+1Ze5mN1rT5zj4sSHv9Bm5Nh1c=</latexit>

• Error � Ld/N#



Conclusions
<latexit sha1_base64="B/KmDu3/yON8W+Eot5SXCVut91k=">AAAB+XicZZDLSsNAFIZn6q3GW72t3ATrwlVIBHVbcNNlBdsKTSmT6TE9dDIZZiZCCcFncSdufRofwPdwbAtS/TmLn3PmP+djEiXQ2DD8pLW19Y3Nrfq2t7O7t3/QODzqmbzQHLo8F7l+TJgBgRK6Fq2AR6WBZYmAfjK9+5n3n0EbzOWDnSkYZiyV+IScWdcaNV7iBFKUZYYSFUuhGthheY2y8i7ipBAC7IXfZhkKm0tk0re6kIus78pOwBfMWuTgMaWAaeMrnWdoUKZBEHixzBOHMy2dQTkGaasY5Pj33KjRDINwLv+/iZam2aqTuTqjBo/HOS8yt4oLZswgCpVDZtpBCKi8uDCgGJ+65SXPEo3pxK50B85KloEZlvPvW42Iws4qz1FFfxn+m95VEN0E1/dXzVZrgUfq5Iyck0sSkVvSIm3SIV3CyRfdoSf0lJb0lb7R98XTGl1mjsmK6Mc3vEmTog==</latexit>

• Hamiltonian truncation on the lattice appears promising...

<latexit sha1_base64="lxUzQKQQy1wr6uQq9t9vxPDH7Y4=">AAAB6nicZZDNSgMxHMSTarWuX6sevSy2B09lt1C9LnjxJBXsB3RLSdJ/a2g2G5KsUJZ9CW/i1WcSfBcPxrYgtXMaJpnJj1AluLFh+IUrO7vVvf3agXd4dHxy6p+d90yWawZdlolMDygxILiEruVWwEBpICkV0Kfzu9/z/gtowzP5ZBcKRimZST7ljFgXjX2VUJhxWaRcckVmUA7tqGhzWXqNhOZCgG0ED3kK2jVEQBjLNWGLgCgFRJvAZgGFwORTt8hBWi+RGXXvzwtnuJy4qExATv72x349bIZLBdsmWpt6XENLdcY+SyYZcwjSMkGMGUahcoxEW84ElF6SG1CEzd14wVKq+ezZbqRDZyVJwYyK5X9tVkRuF6XnqKL/DNum12pGN832Y6sexys8VEOX6Apdowjdohjdow7qIoY+0Teu4j0s8Ct+w++rqxW87lygDeGPHz0fjqU=</latexit>

• Numerical accuracy appears to be su�cient
<latexit sha1_base64="f6HCFZOO7Ozi8VPREPZudxeI15U=">AAAB23icZZDLSsNAFIZPvNZ4i7p0E+zGVUgK1W3AjcsK9gJNKJPpaRyazISZiVBCVu7Erc/kM/gQbnXr9AJS+68+/nP7OUmRMaV9/9Pa2t7Z3dtvHNiHR8cnp87ZeU+JUlLsUpEJOUiIwoxx7GqmMxwUEkmeZNhPpnfzev8ZpWKCP+pZgXFOUs4mjBJtrJFDogRTxquccVaQFOuhjqs247WthVugnAiZu4xrlKg046mbI1GlxBy5Vp7n2REXiTk4rQwwPjZ2HSEf/y0cOU3f8xdyNyFYQTNswEKdkUOjsaDl/ALNiFLDwC9MKCI1oxnWdlQqLAidmuUVzRPJ0ie95g4NcpKjiqvFg9ZHslLPatukCv5n2IReywtuvPZDqxmGy3jQgEu4gmsI4BZCuIcOdIHCB3zBN/xYsfVivVpvy9YtazVzAWuy3n8BxZuK/Q==</latexit>

to perform interesting measurements...
<latexit sha1_base64="CyQ9S9yFJGErGpZ1YQhVLKtxico=">AAAB53icdVDLSsNAFJ1pfdT4irp0E2wXghCSQmu7C7hxWcE+oCllMr22l04mITMVSsg3uBO3fpMrP8Wd01aRLjyrw7n3nnO4USpQac/7pKXyzu7efuXAOjw6Pjm1z857KllkHLo8EUk2iJgCgRK6GrWAQZoBiyMB/Wh+t5r3nyFTmMhHvUxhFLOpxCfkTBtpbMdhBFOUeYwSUzaFYqhHeQNlYbmuy7QjgCntoHQUxqkAR88gyRDUSqr5N37NmWAMcuWvrFAmkQmf54agnIDURQhy8mc+tque6xk0m86K+C3PN6TdbtXrbcdfjzyvGlTIGp2xzcNJwhcmQXPBlBr6XmoKskwjF1BY4UJByvjcmOc8jjKczvSWOjRUshjUKF8/a/tELPSysEyr32jnf9Kru37TbTzUq0GwqUcq5JJckWvik1sSkHvSIV3CyQf5oiVapkhf6Ct926yW6M/NBdkCff8GZKOMKA==</latexit>

...at least in simple theories in 1 + 1 dimensions

<latexit sha1_base64="AwfdCNAJ5O+OhVKXEmiJHJFBS34=">AAAB6HicdZC9TsMwFIVtWqCEvwAji0UXpiip1NJukVgYi0R/pKaqbPcS3CZOFDtAFeUd2BArz8TCqzDhtiDUgTN9utf3nCOzNBJKu+4n3qpUt3d2a3vW/sHh0bF9ctpXSZ5x6PEkSrIhowoiIaGnhY5gmGZAYxbBgM2vl/vBI2RKJPJOL1IYxzSU4l5wqs1oYsuAQShkEQspUhpCOdLjoilkaTmOE9MFA8KA01wBeQJCMyCzXGmiNM20kCHRCYHn1KQAEdoKZMJM+rwwIOQUpC4DkNM/94lddx3XqNUiS/Darmeg02k3Gh3irVauW/draKXuxObBNOF5bKx4RJUaeW5qGi7TeQSlFZhmKeVzY17wmGUifNAb05FBSWNQ42L1W5snUa4XpWVa/UaT/6HfcLyW07xt1H1/XQ/V0Dm6QJfIQ1fIRzeoi3qIow/0hSu4imf4Bb/it/XTLfxzc4Y2hN+/AXz2jaY=</latexit>

...maybe because we are just starting to explore it
<latexit sha1_base64="AVi5RZ5DKUI9EVK78jBLFFEUqz4=">AAAB2HicZZDLSsNAFIZPvNZ4i5edm2CzqJuSFKrbQDcupFSwF2zaMpmOcehkJmQmQgkBd+LWZ/IlfAW3+gCObUFq/9XHufzn54QJo1K57oextr6xubVd2jF39/YPDq2j444UWYpJGwsm0l6IJGGUk7aiipFekhIUh4x0w0njt999Iqmkgt+paUIGMYo4faAYKV0aWcMgJBHleUw5TVBEir4a5HXKC9MJwowxohy7IaSynUDS2L4Zju2mHTARVZoXjhlwEeprk1wD5WPCVREQPv5zG1llt+rOZK+Ct4CyfwoztUYWDsYCZ7G2wgxJ2ffcRCdCqaKYkcIMMkkShCfaPMdxmNLoUS1V+xo5iokc5LPvLK+wTE0LU6fy/mdYhU6t6l1W67e1su/P40EJzuAcKuDBFfhwDS1oA4Z3+IQv+DbujWfjxXidj64Zi50TWJLx9gOITIdJ</latexit>

• Cost � LdN log(N)

<latexit sha1_base64="7j5LzQw+RVf0pSxHe0JIHsdX5Ls=">AAAB13icZZDLSsNAFIZP6q3GW7zs3ASThauaFKrbgAguRCrYizRpmUzGOHQyCTMToYTgTtz6TD6Fj+BWX8DYFqT6rz7O5T8/J8wYlcpx3rXa0vLK6lp9Xd/Y3NreMXb3ujLNBSYdnLJU9EMkCaOcdBRVjPQzQVASMtILx+c//d4jEZKm/FZNMhIkKOb0nmKkqtLICPyQxJQXCeU0QzEpByooWpSXuu2HOWNE2eaFEKkwbV/SxLwaRubJ9bDwrdLWfZ6G1bFxUQHlEeGq9AmPfs1GhuU0nKnM/+DOwfIOYKr2yMB+lOI8qawwQ1IOXCerAiGhKGak1P1ckgzhcWVe4CQUNH5QC9VBhRwlRAbF9DmLKyxXk1KvUrl/M/yHbrPhnjZaN03L82bxoA6HcATH4MIZeHAJbegAhjf4gE/40u60J+1Ze5mN1rT5zj4sSHv9Bm5Nh1c=</latexit>

• Error � Ld/N#



Conclusions
<latexit sha1_base64="B/KmDu3/yON8W+Eot5SXCVut91k=">AAAB+XicZZDLSsNAFIZn6q3GW72t3ATrwlVIBHVbcNNlBdsKTSmT6TE9dDIZZiZCCcFncSdufRofwPdwbAtS/TmLn3PmP+djEiXQ2DD8pLW19Y3Nrfq2t7O7t3/QODzqmbzQHLo8F7l+TJgBgRK6Fq2AR6WBZYmAfjK9+5n3n0EbzOWDnSkYZiyV+IScWdcaNV7iBFKUZYYSFUuhGthheY2y8i7ipBAC7IXfZhkKm0tk0re6kIus78pOwBfMWuTgMaWAaeMrnWdoUKZBEHixzBOHMy2dQTkGaasY5Pj33KjRDINwLv+/iZam2aqTuTqjBo/HOS8yt4oLZswgCpVDZtpBCKi8uDCgGJ+65SXPEo3pxK50B85KloEZlvPvW42Iws4qz1FFfxn+m95VEN0E1/dXzVZrgUfq5Iyck0sSkVvSIm3SIV3CyRfdoSf0lJb0lb7R98XTGl1mjsmK6Mc3vEmTog==</latexit>

• Hamiltonian truncation on the lattice appears promising...

<latexit sha1_base64="lxUzQKQQy1wr6uQq9t9vxPDH7Y4=">AAAB6nicZZDNSgMxHMSTarWuX6sevSy2B09lt1C9LnjxJBXsB3RLSdJ/a2g2G5KsUJZ9CW/i1WcSfBcPxrYgtXMaJpnJj1AluLFh+IUrO7vVvf3agXd4dHxy6p+d90yWawZdlolMDygxILiEruVWwEBpICkV0Kfzu9/z/gtowzP5ZBcKRimZST7ljFgXjX2VUJhxWaRcckVmUA7tqGhzWXqNhOZCgG0ED3kK2jVEQBjLNWGLgCgFRJvAZgGFwORTt8hBWi+RGXXvzwtnuJy4qExATv72x349bIZLBdsmWpt6XENLdcY+SyYZcwjSMkGMGUahcoxEW84ElF6SG1CEzd14wVKq+ezZbqRDZyVJwYyK5X9tVkRuF6XnqKL/DNum12pGN832Y6sexys8VEOX6Apdowjdohjdow7qIoY+0Teu4j0s8Ct+w++rqxW87lygDeGPHz0fjqU=</latexit>

• Numerical accuracy appears to be su�cient
<latexit sha1_base64="f6HCFZOO7Ozi8VPREPZudxeI15U=">AAAB23icZZDLSsNAFIZPvNZ4i7p0E+zGVUgK1W3AjcsK9gJNKJPpaRyazISZiVBCVu7Erc/kM/gQbnXr9AJS+68+/nP7OUmRMaV9/9Pa2t7Z3dtvHNiHR8cnp87ZeU+JUlLsUpEJOUiIwoxx7GqmMxwUEkmeZNhPpnfzev8ZpWKCP+pZgXFOUs4mjBJtrJFDogRTxquccVaQFOuhjqs247WthVugnAiZu4xrlKg046mbI1GlxBy5Vp7n2REXiTk4rQwwPjZ2HSEf/y0cOU3f8xdyNyFYQTNswEKdkUOjsaDl/ALNiFLDwC9MKCI1oxnWdlQqLAidmuUVzRPJ0ie95g4NcpKjiqvFg9ZHslLPatukCv5n2IReywtuvPZDqxmGy3jQgEu4gmsI4BZCuIcOdIHCB3zBN/xYsfVivVpvy9YtazVzAWuy3n8BxZuK/Q==</latexit>

to perform interesting measurements...
<latexit sha1_base64="CyQ9S9yFJGErGpZ1YQhVLKtxico=">AAAB53icdVDLSsNAFJ1pfdT4irp0E2wXghCSQmu7C7hxWcE+oCllMr22l04mITMVSsg3uBO3fpMrP8Wd01aRLjyrw7n3nnO4USpQac/7pKXyzu7efuXAOjw6Pjm1z857KllkHLo8EUk2iJgCgRK6GrWAQZoBiyMB/Wh+t5r3nyFTmMhHvUxhFLOpxCfkTBtpbMdhBFOUeYwSUzaFYqhHeQNlYbmuy7QjgCntoHQUxqkAR88gyRDUSqr5N37NmWAMcuWvrFAmkQmf54agnIDURQhy8mc+tque6xk0m86K+C3PN6TdbtXrbcdfjzyvGlTIGp2xzcNJwhcmQXPBlBr6XmoKskwjF1BY4UJByvjcmOc8jjKczvSWOjRUshjUKF8/a/tELPSysEyr32jnf9Kru37TbTzUq0GwqUcq5JJckWvik1sSkHvSIV3CyQf5oiVapkhf6Ct926yW6M/NBdkCff8GZKOMKA==</latexit>

...at least in simple theories in 1 + 1 dimensions

<latexit sha1_base64="AwfdCNAJ5O+OhVKXEmiJHJFBS34=">AAAB6HicdZC9TsMwFIVtWqCEvwAji0UXpiip1NJukVgYi0R/pKaqbPcS3CZOFDtAFeUd2BArz8TCqzDhtiDUgTN9utf3nCOzNBJKu+4n3qpUt3d2a3vW/sHh0bF9ctpXSZ5x6PEkSrIhowoiIaGnhY5gmGZAYxbBgM2vl/vBI2RKJPJOL1IYxzSU4l5wqs1oYsuAQShkEQspUhpCOdLjoilkaTmOE9MFA8KA01wBeQJCMyCzXGmiNM20kCHRCYHn1KQAEdoKZMJM+rwwIOQUpC4DkNM/94lddx3XqNUiS/Darmeg02k3Gh3irVauW/draKXuxObBNOF5bKx4RJUaeW5qGi7TeQSlFZhmKeVzY17wmGUifNAb05FBSWNQ42L1W5snUa4XpWVa/UaT/6HfcLyW07xt1H1/XQ/V0Dm6QJfIQ1fIRzeoi3qIow/0hSu4imf4Bb/it/XTLfxzc4Y2hN+/AXz2jaY=</latexit>

...maybe because we are just starting to explore it
<latexit sha1_base64="AVi5RZ5DKUI9EVK78jBLFFEUqz4=">AAAB2HicZZDLSsNAFIZPvNZ4i5edm2CzqJuSFKrbQDcupFSwF2zaMpmOcehkJmQmQgkBd+LWZ/IlfAW3+gCObUFq/9XHufzn54QJo1K57oextr6xubVd2jF39/YPDq2j444UWYpJGwsm0l6IJGGUk7aiipFekhIUh4x0w0njt999Iqmkgt+paUIGMYo4faAYKV0aWcMgJBHleUw5TVBEir4a5HXKC9MJwowxohy7IaSynUDS2L4Zju2mHTARVZoXjhlwEeprk1wD5WPCVREQPv5zG1llt+rOZK+Ct4CyfwoztUYWDsYCZ7G2wgxJ2ffcRCdCqaKYkcIMMkkShCfaPMdxmNLoUS1V+xo5iokc5LPvLK+wTE0LU6fy/mdYhU6t6l1W67e1su/P40EJzuAcKuDBFfhwDS1oA4Z3+IQv+DbujWfjxXidj64Zi50TWJLx9gOITIdJ</latexit>

• Cost � LdN log(N)

<latexit sha1_base64="7j5LzQw+RVf0pSxHe0JIHsdX5Ls=">AAAB13icZZDLSsNAFIZP6q3GW7zs3ASThauaFKrbgAguRCrYizRpmUzGOHQyCTMToYTgTtz6TD6Fj+BWX8DYFqT6rz7O5T8/J8wYlcpx3rXa0vLK6lp9Xd/Y3NreMXb3ujLNBSYdnLJU9EMkCaOcdBRVjPQzQVASMtILx+c//d4jEZKm/FZNMhIkKOb0nmKkqtLICPyQxJQXCeU0QzEpByooWpSXuu2HOWNE2eaFEKkwbV/SxLwaRubJ9bDwrdLWfZ6G1bFxUQHlEeGq9AmPfs1GhuU0nKnM/+DOwfIOYKr2yMB+lOI8qawwQ1IOXCerAiGhKGak1P1ckgzhcWVe4CQUNH5QC9VBhRwlRAbF9DmLKyxXk1KvUrl/M/yHbrPhnjZaN03L82bxoA6HcATH4MIZeHAJbegAhjf4gE/40u60J+1Ze5mN1rT5zj4sSHv9Bm5Nh1c=</latexit>

• Error � Ld/N#

<latexit sha1_base64="TCiny9OBkWaw/VxcV8sk4PFecXE=">AAABynicZZBLS8NAFIVv6qvGV9Slm2i7cFWSQnVbcOOiiwr2AU0pM5NrHDqZCZmJUEJ2/ib/i+BWf4djK0jtWX3ce8/hcGkmuDZB8O7UtrZ3dvfq++7B4dHxiXd6NtSqyBkOmBIqH1OiUXCJA8ONwHGWI0mpwBGd3/3sRy+Ya67ko1lkOE1JIvkTZ8TY0czrRxQTLsuUS56RBKuJmZYdLiu3GdFCCDRNv6eM9o3yY3XpRlJRmz8vLXAZozRVhDL+88+8RtAKlvI3IfyFRrcOS/VnHotixYrURjFBtJ6EQWY7kNxwJrByo0JjRtjchpcspTlPns3adGJRkhT1tFz+Y90iCrOoXNsq/N9hE4btVnjT6jy0G93uqh7U4QKu4BpCuIUu3EMfBsDgDT7gE76cnpM7C6dcndacX885rMl5/QaxZoLL</latexit>

• Lots to do!



Backup Slides



Estimated Residuals

<latexit sha1_base64="xhDpZ4koX6wc7ob0v1vcxPq9ta8=">AAABgXicdY9LT8JAFIXvgA+sL9SlGyIb3ZBpI5XGTRNj4hITCxggZDpeccL0kZmpCWn6K9zqD/PfWIouWHhWX+65J/fcMJVCG0q/Sa2+tb2z29iz9g8Oj46bJ6cDnWSKY8ATmahRyDRKEWNghJE4ShWyKJQ4DBd3K3/4jkqLJH4yyxSnEZvH4lVwZsrR80Rzld8XMzprtmmHlnLd1grsHrVL8Lye43gtu7IobfsNqNSfNfnkJeFZhLHhkmk9tmlqpjlTRnCJhTXJNKaML9gccx6FSszfzMZ0XGLMItTTvHpjMyIzsyysstXf6db/MHA6ttvpPl63/d66HjTgHC7gEmy4AR8eoA8BcIjgAz7hi9TJFaHEWa/WyG/mDDZEbn8AKCRkyQ==</latexit>

E0
<latexit sha1_base64="3enMk0W7G3LOE0Wiccwtgu57wWQ=">AAABgXicdY9LT8JAFIXvgA/EB6hLN41sdNNMK0WIGxJj4hITCxggZDpe64TpIzNTE9LwK9zqD/PfWEEXXXhWX869J/fcIJVCG0q/SKW6tb2zW9ur7x8cHjWaxydDnWSKo88TmahxwDRKEaNvhJE4ThWyKJA4Cha3P/PRGyotkvjRLFOcRSyMxYvgzBTW01Rzld+t5s682aJ2r0fbTs+itkep2+0UQK/crudZjk3XavVrsNZg3uTT54RnEcaGS6b1xKGpmeVMGcElrurTTGPK+IKFmPMoUCJ8NSV3UmDMItSzfP1GOSIzs1zVi1Z/p63/YejaTsf2HtqtfndTD2pwBudwAQ5cQx/uYQA+cIjgHT7gk1TJJaHE3axWyG/mFEoiN985qmTZ</latexit>

E1
<latexit sha1_base64="8yAaY9jhdKFNV96viHCIg2BsQds=">AAABgXicdY85T8NAEIVnE44QrgAlTYQbaKy1c2HRREJIlEEiB0oia70MYZX1od01UmT5V9DCD+PfYBwoUvCqT2/mad4EiRTaUPpFKtWt7Z3d2l59/+Dw6LhxcjrScao4DnksYzUJmEYpIhwaYSROEoUsDCSOg+Xtz3z8hkqLOHo0qwTnIVtE4kVwZgrraaa5yu5y3/UbFrWdltOibpPanud1vV4B1G11vHbTsWkpq1+DUgO/wWfPMU9DjAyXTOupQxMzz5gygkvM67NUY8L4ki0w42GgxOLVbLjTAiMWop5n5RubEZmaVV4vWv2dbv4PI9d2unbnoW31r9f1oAbncAGX4EAP+nAPAxgChxDe4QM+SZVcEUrc9WqF/GbOYEPk5htAGGTg</latexit>

E2
<latexit sha1_base64="2X1GUb+Y+bMT3yJxjqj0uyk7mmg=">AAABhHicdY9NT8JAEIZnUbHiF+rRSyMXD6bZIlVPhsSLR0wskFAk23UsG7btprslIU3/hlf9W/4by4cHDr6XefPMTOadUEmhDaU/pLazu1fftw4ah0fHJ6fNs/O+TvOMo89TmWbDkGmUIkHfCCNxqDJkcShxEM6elv3BHDMt0uTVLBSOYxYl4kNwZioUBGweFYGaird2OWm2qOPRSm2bOsva8ewN8Wx3RShtdS1YqTdp8uA95XmMieGSaT1yqTLjgmVGcIllI8g1KsZnLMKCx2EmoqnZoqPKJixGPS5Wn2yvyNwsykaV6u+0/b/ptx33zvFeOq3uwzoeWHAJV3ANLtxDF56hBz5wUPAJX/BN6uSG3BJvPVojm50L2BJ5/AXpm2YT</latexit>

h�2i
<latexit sha1_base64="Mi5DJsOI+oSHcTaiy3WQ5aZQzUU=">AAABhHicZY/NSsNAFIXvVK0x/kVduhG7cSEh0VZdScCNywr2B5paJuM1HTpJhplJoYS8hlt9Ld/GmHZTe1Yf594D50RScG0874c0trZ3mrvWnr1/cHh07Jyc9nWWK4Y9lolMDSOqUfAUe4YbgUOpkCaRwEE0e/q7D+aoNM/SV7OQOE5onPIPzqiprDCk87gI5ZS/tcuJ0/Jcr9bFJvgraAUW1OpOHBa+ZyxPMDVMUK1HvifNuKDKcCawtMNco6RsRmMsWBIpHk/NmjuqMKUJ6nFRL1mPiNwsSrtq5f/vsAn9G9e/czsv7VbwsKwHFpzDJVyBD/cQwDN0oQcMJHzCF3yTJrkmt6SzfG2QVeYM1kQefwHRkmX7</latexit>

h�4i



Convergence
<latexit sha1_base64="SKmsVMJkWowau2YrNIrlBbvrgmw=">AAAB7nicZZDLSsNAFIZn6q2Nt3jZuQm2C1clEasgCAUXurOCvUCnlMnkWIdOJkNmIoSQ13Anbn0lfRqntSC1Pxz4+c+ccz4mVIJr4/tfuLK2vrG5Va052zu7e/vuwWFPJ1nKoMsSkaSDkGoQXELXcCNgoFKgcSigH05vZ/3+K6SaJ/LJ5ApGMZ1I/swZNTYau4aEMOGyiLnkik6gHJpR0eKydO7SJJORpw01cO01SMS1EjTXJhdApmDIQ+zdeERn8Vh6zNYsLGTZcIhMQsswLazhMgJpSgIy+rsxdut+05/LWzXBwtTbx2iuzthlJEpYFttVTFCth4GvLCdNDWcCSodkGhRlU7u8YHGY8smLWUqH1koagx4V8z9bHhGZyUvHUgX/GVZN77wZXDZbjxf1dvsXD1XRCTpFZyhAV6iN7lEHdRFD3xjhGnawwm/4HX/8Pq3gxcwRWhL+/AHi3Y89</latexit>

Ground state: |�� =
�

n

cn|n�
<latexit sha1_base64="QqiiIvYpQJB/uVxglZGGTfRkZEI=">AAABjXicZY/NSsNAFIXv1L8afxqtOzfFblyFRKxuVAIudGcF0xaaEibjNQ6dTMLMRCihz+JWH8m3sabdxJ7Vx7n3wDlxLrg2rvtDGhubW9s7zV1rb//gsGUfHQ90ViiGActEpkYx1Si4xMBwI3CUK6RpLHAYT+//7sMPVJpn8sXMcpykNJH8jTNqFlZkt1kkO7edMFZ0iqaU8/Apjeyu67iVOuvgraDrn0ClfmSz8DVjRYrSMEG1HntubiYlVYYzgXMrLDTmlE1pgiVLY8WTd1NzxwuUNEU9KatJ9YgozGxuLVp5/zusw+DC8a6c3vNl1/eX9aAJp3AG5+DBNfjwCH0IgMEMPuELvkmL9MgNuVu+Nsgq04aayMMv2FpoxQ==</latexit>

cn = �n|��

<latexit sha1_base64="qKKTm8RzE5ls9xBz7aUfU9sWMWA=">AAAB8XicZVDJTsMwELVblhJaCMuNS0QvHKoqQSwXkCJx6Y0i0UWqi+W4brDiLLIdaBXlQ7ghrnwRB/6FdDuUvtObeW9mnsZLBFfatn9gqby1vbNb2TP2q7WDQ/PouKviVFLWobGIZd8jigkesY7mWrB+IhkJPcF6XvAw03tvTCoeR896mrBhSPyIjzklumhh8x15kqDH0Gph+yWwUMB0URn3FlJpiLMJdhoWEqNYq4Y1wUFurPxIUZm1cpzZyCdJoTmFRmfGTSnIV4utOwvxaKyn2KzbTXsOa5M4S1J3T8EcbWxSNIppGrJIU0GUGjh2oocZkZpTwYrbqWIJoQHxWUZDT3L/Va91BwWNSMjUMJu/bX1EpHqaG0Uq53+GTdK9bDo3zeunq7rrLuKBCjgD5+ACOOAWuKAF2qADKPiFZViFNajgB/yEXwtrCS5nTsAa4Pcf6ImMnA==</latexit>

��|Hk
0 |�� =

�

x1,...,xk

��|H0x1 · · ·H0xk |�� <�
<latexit sha1_base64="Jsstb1BY8OR09Xn66dv9axtqNvk=">AAABhHicZY9LS8NAFIXvVK01vuJj5yaYjYsSEmt1JwE3LiuYttCEMhlv69DJg5mJUEL/hlv9W/4bY9pN7Fl9nHsPnBPngivtuj+ktbO7197vHBiHR8cnp+bZ+VBlhWQYsExkchxThYKnGGiuBY5ziTSJBY7ixdPfffSBUvEsfdXLHKOEzlM+44zqygrDWSapEFbYtRZT03Ydt5a1Dd4GbP8Sag2mJgvfMlYkmGomqFITz811VFKpORO4MsJCYU7Zgs6xZEks+fxdN9xJhSlNUEVlvaQZEYVeroyqlfe/wzYMbx3v3um/3Nm+v64HHbiCa7gBDx7Ah2cYQAAMcviEL/gmbdIlPdJfv7bIJnMBDZHHXxySZV0=</latexit>

� k

<latexit sha1_base64="qJ/vxnD4ynTKDagHOHbqkrfRzzg=">AAABnHicZY9LS8NAFIXv1Fetr/jYCRLajSCURHyshIAuBFErmLTQlDCZXuuQyYPMRCghe3+NW/0r/hvTNpvYs/o45x44108El8owfkljZXVtfaO52dra3tnd0/YPHBlnKUObxSJOBz6VKHiEtuJK4CBJkYa+wL4f3M7y/gemksfRq5omOArpJOJvnFFVWp7WdgNU7nOo3+gzykssvCf9THfHWEWe1jG6xlz6MpgVdKwjmKvnacwdxywLMVJMUCmHppGoUU5TxZnAouVmEhPKAjrBnIV+yifvquYOS4xoiHKUzz+sV0SmpkWrXGX+37AMznnXvOpevlx0LGsxD5pwDG04BROuwYJ76IENDD7hC77hh5yQO/JAHhenDVJ1DqEm4vwByDNuNQ==</latexit>

|�� = |��N + �|��
<latexit sha1_base64="inK17TTOiVqMBjoCMKdtgi53Rk0=">AAABmHicZY9LS8NAFIXv1FeNr/hYKUgxG1clER/bgAt1o1VMW+jUMpnetkMnD2YmQgnZ+Wvc6p/x3xjbbmrP4vJx7j1wbphKoY3r/pDKyura+kZ109ra3tnds/cPmjrJFMeAJzJR7ZBplCLGwAgjsZ0qZFEosRWOb//2rXdUWiTxq5mk2I3YMBYDwZkprZ59SvtIx2joU1SjWpRjoBjPvSJ/fKNO0bMdt+5OVVsGbw6OfwRTNXo2p/2EZxHGhkumdcdzU9PNmTKCSywsmmlMGR+zIeY8CpUYjsyC2ykxZhHqbj79bjEiMzMprLKV97/DMjQv6t51/er50vH9WT2owgmcwTl4cAM+3EMDAuDwAZ/wBd/kmPjkjjzMTitknjmEBZGXXy3gbTk=</latexit>

�|�� �
1

N#

<latexit sha1_base64="9pnKiEQSCl2DxD9kdQ81Ue6XXnc=">AAABlHicZY9LS8NAFIXv1FeNr/jAhW6C2dRNSIqPjUKgFFxJBfuAPsJkvMahk0nITISSFvw1bvXv+G+sbTe1Z/Vx7j1wTpgKrrTr/pDS2vrG5lZ529jZ3ds/MA+PWirJM4ZNlogk64RUoeASm5prgZ00QxqHAtvhsPZ3b79jpngin/UoxX5MI8lfOaN6agXmWTG5t3oqjwNpjVkgx4OqVakH8nIwDEzbddyZrFXwFmD7JzBTIzBZ7yVheYxSM0GV6npuqvsFzTRnAidGL1eYUjakERYsDjMevekltztFSWNU/WK2bDkicj2aGNNW3v8Oq9CqOt6Nc/10Zfv+vB6U4RwuoAIe3IIPD9CAJjD4gE/4gm9ySu5IjdTnryWyyBzDksjjLzR1awI=</latexit>

=
�

n

|cn|2(En)
k

<latexit sha1_base64="enC1t6gC0sZonO7JfFS0Gczt2YU=">AAABt3icZY+5TsNAEIZnwxXMZY6OxsJNKIhsxCEKJEsIiQoFRA4pm1jrZZOssj7YXYMix0/D09BCxdvgHE3IX336Zkb6J0gEV9pxflFpZXVtfaO8aWxt7+zumfsHDRWnkrI6jUUsWwFRTPCI1TXXgrUSyUgYCNYMhneTefOdScXj6EWPEtYJST/iPU6JLpRv3uJn3h9oImX8ga0x9aOxhRUPLdbNzrBt3ftRPhMG7klCMzfPHiuFPe1iO/dN26k601jL4M7B9o5gmppvUvwa0zRkkaaCKNV2nUR3MiI1p4LlBk4VSwgdkj7LaBjISbcF2y4wIiFTnWz6/OKJSPUoN4pW7v8Oy9A4r7pX1cunC9vzZvWgDMdwAhVw4Ro8eIAa1IHCJ3zBN/ygG+SjHhrMVktofnMIC0Fvf6gpeKY=</latexit>

� |cn| � e�#En �
1

N(En)#
<latexit sha1_base64="n0es1tZHtd8vqQdN7nuIq7hCmcw=">AAABmHicdY9LS8NAFIVvfNb6io+VghS7qZsyKVrbXUBE3UgV+4CmhMn02g6dTMLMRCghO3+NW/0z/hvTVhddeFYf99zDPTeIBdeGkG9rZXVtfWOzsFXc3tnd27cPDjs6ShTDNotEpHoB1Si4xLbhRmAvVkjDQGA3mNzM/O4bKs0j+WKmMQ5COpL8lTNq8pFvn3mJHKIKFGWYeuN4TKWJwvSxcuvLiyzz7TKpklz1emkGToM4OTSbjVqtWXLmFiFl9xjmavk284YRS0KUhgmqdd8hsRmkVBnOBGZFL9EYUzahI0xZGCg+GpulaT9HSUPUg3T+3XJEJGaaFfNWf6dL/0OnVnXq1auny7LrLupBAU7hHCrgwDW4cA8taAODd/iAT/iyTizXurMeFqsr1m/mCJZkPf8AV2JuQw==</latexit> � �� �

<latexit sha1_base64="P77CRhDuZmYWTra8+bg3pa+U8zQ=">AAABj3icdY9LT8JQEIWn+EJ8FR8rN41l4YrcEuSRGNPEje4wkUdCCbm9DnjD7SO9UyNp+DFu9Rf5byygCxae1Zc5czJn/FhJTYx9G4Wt7Z3dveJ+6eDw6PjELJ/2dJQmArsiUlEy8LlGJUPskiSFgzhBHvgK+/7sfun33zDRMgqfaR7jKODTUE6k4JSPxuaFR/hOWcWzK1Y0sTRxQr0YmzarslyNhrUEp8WcHNrtVq3WtpyVxZjtnsNKnbEpvJdIpAGGJBTXeuiwmEYZT0gKhYuSl2qMuZjxKWYi8BM5faWN6TDHkAeoR9nqqc2ISmm+KOWt/k5b/0OvVnUa1Zunuu3erutBES7hCq7BgSa48AAd6IKADD7gE76MstE07gx3vVowfjNnsCHj8QcAaGmb</latexit>

# of states
<latexit sha1_base64="BMbxvTKMeBrPmuz3rTCUoQ3di90=">AAABj3icdY9LT8JAFIXv4AvxVXys3DTCwhWZEgSaENPEkOgOE3kkQJrpeIUJ00c6U5U0/Bi3+ov8NxbQBQvP6ss99+Se60VSKE3pN8ltbe/s7uX3CweHR8cnRvG0p8Ik5tjloQzjgccUShFgVwstcRDFyHxPYt+b3S39/ivGSoTBk55HOPbZJBAvgjOdjVzjYqTxXadvQk/NcttsmW03KC9co0QrNFO9bi7BalIrA9tuVqu2aa0sSkvOOazUcQ0+eg554mOguWRKDS0a6XHKYi24xEVhlCiMGJ+xCabc92IxmeqN6TDDgPmoxunqqc2ITPR8Ucha/Z02/4detWLVKzePtZLTWteDPFzCFVyDBQ1w4B460AUOKXzAJ3yRImmQW+KsV3PkN3MGGyIPP4HSaSI=</latexit>

with E < En

<latexit sha1_base64="0UhT8GFL4g3EAqkvmYZJ308vvsw=">AAAB43icZZC7TsMwFIZPyq2EW7hsLBHtwFQliILEVImFCRVEaaWmqhz3EKw6dmS7VFWUJ2BDrDwTMw/CCpiChEr/6dOxz+9PjjPOtAmCN6e0sLi0vFJeddfWNza3vO2dWy1HimKLSi5VJyYaORPYMsxw7GQKSRpzbMfD8+/z9gMqzaS4MZMMeylJBLtjlBg76nssijFhIk+ZYBlJsOiaXl5nonCr0TVL7g1RSo6rPpXC1iQoKPpM+5kco/I5GftM+NXL6pkbCRnbh4e5BSYGKEwRoRj8Ffe9SlALpvHnIfyFSmMPpmn2PRoNJB2ltopyonU3DDIrR5RhlGPhRiONGaFDW57TNFbftjPTrkVBUtS9fPpRsyt8ZCaFa63C/w7zcHtUC09q9avjSqPxowdl2IcDOIQQTqEBF9CEFlB4hXf4gE8HnUfnyXn+uVpyfnd2YSbOyxeJK4ze</latexit>

� convergence is power law in N:

<latexit sha1_base64="8bQOJcIZasX3RhtouV6jnLi8n3Q=">AAAB13icZZDLSsNAGIX/1FuNt3jZuQl2UzclKV5WQkAK7qxgL9LEMpmO6dDJhZmJUGJwJ259Jp/CR3CrL+CY1kXsYRjOnP//4DB+wqiQlvWhVZaWV1bXquv6xubW9o6xu9cVccox6eCYxbzvI0EYjUhHUslIP+EEhT4jPX9y+TvvPRIuaBzdymlCvBAFEX2gGEkVDQ3PNi9M16fBk7o5mhDpXofqzLL7pq6m4ZRG0hy13CBAienycVxvHZvFSy+hWSvPFJv/webQqFkNq5C5aOy5qTkHUKg9NLA7inEakkhihoQY2FYivQxxSTEjue6mgiQIT1BAMhz6nAZjWUoHykYoJMLLis8pIyyV01xXrez/HRZNt9mwzxqnNyc1x5nVgyocwhHUwYZzcOAK2tABDO/wCV/wrd1pz9qL9jpbrWhzZh9K0t5+APLQhJ4=</latexit>

1 =
����|��

��2 =
�
dE �(E)

���E|��
��2

<latexit sha1_base64="CcuB6a/sR3zQainWe3WPstyP3fY=">AAABrXicdY/LTsJAFIZP8YZ4q5edm0Y2rnCKirBrYkzciYkFEgbJdDiWCdNLOlMTUvsgPo1bfQTfxlJ0wcJ/9ef7z8n5jxdLoTQh30ZlbX1jc6u6XdvZ3ds/MA+PeipKE44uj2SUDDymUIoQXS20xEGcIAs8iX1vdrvI+6+YKBGFT3oe4yhgfiheBGe6QGPzkqbhBBMvYRwzOo2nLNRRkFFP+G8WLfAMdXaXZ/QhyK2S5vnYrJMGKdRqWQtjt4ldmE6n3Wx2LLuMCKk7J1CqOzY5nUQ8DTDUXDKlhjaJ9ShjiRZcYl6jqcKY8RnzMeOBlwh/qlfosLAhC1CNsvLl1RWZ6nleK1r9nbb+N71mw241rh+v6o6zrAdVOIUzOAcbbsCBe+iCCxze4QM+4cu4MFyDGs/L0Yrxu3MMKzL8HzB1d9o=</latexit> � �� �<latexit sha1_base64="y6VPno5DPJ9G4+ez6YnkQC0RV0M=">AAABp3icdU+7TsNAEFyHVwgv8+hoLNIkBdE5gpB0llAkOoJEHlIcRefLYp9yfujujBRZ/gq+hha+gr/BMVCkYKrZmR3trJcIrjQhX0Zla3tnd6+6Xzs4PDo+MU/PRipOJcMhi0UsJx5VKHiEQ821wEkikYaewLG3vF/741eUisfRs14lOAupH/EXzqgupLl57abRAqUnKcPMDZKARjoOs0Xf9X2aWK4M4ka/aZVTns/NOmmRAp2OtSZ2l9gF6fW67XbPskuLkLpzASUGc5O5i5ilIUaaCarU1CaJnmVUas4E5jU3VZhQtqQ+Ziz0JPcDvaFOCxrRENUsK5/djIhUr/Ja0ervtPU/GbVbdqd1+3RTd5yfelCFS7iCBthwBw48wACGwOAN3uEDPo2m8WiMjMnPasX4zZzDBgz6DTNKdEI=</latexit> � �� �
<latexit sha1_base64="UTTUkxn62YlwSd9G7iyrNtAjEWs=">AAABfHicdY9LS8NAFIVv6qvGV3zs3ATjQhDDJGhsQCHgxpVUMG2hLWUyvbZDJw8yE6GU/gW3+tf8M2La6iILz+rjnnu450aZ4FIR8qXV1tY3Nrfq2/rO7t7+gXF41JJpkTMMWSrSvBNRiYInGCquBHayHGkcCWxHk4eF337DXPI0eVHTDPsxHSX8lTOqFqN7c/g0MCxik1KeZy7AaRCnBN9vuK5vOkuLECs4gaWaA4P1hikrYkwUE1TKrkMy1Z/RXHEmcK73CokZZRM6whmLo5yPxqoy7ZaY0Bhlf7b8oBoRhZrO9bLV32nzf2i5tuPZN8/XVnC3qgd1OIUzuAAHbiGAR2hCCAzG8A4f8Anf2rl2qV2tVmvab+YYKtK8HwRZY0U=</latexit>

= dN
<latexit sha1_base64="upUdHBDfMmzTWsTqW1n8cm/fsUk=">AAABhHicdY9LS8NAFIXvVK21vuJj5yaYjQstk2hjCyIFN66kgn1AE8tkvNahkweZiVBC/4Zb/Vv+G9NWF1l4Vh/33MM9N0ikUJrSb1JZW9+obta26ts7u3v7xsFhX8VZyrHHYxmnw4AplCLCnhZa4jBJkYWBxEEwvVv4g3dMlYijJz1L0A/ZJBKvgjNdjDxPidB8eM4vPGs+NizaoIVc11yA3aJ2Ae12y3Hapr20KLU6x7BUd2xw7yXmWYiR5pIpNbJpov2cpVpwifO6lylMGJ+yCeY8DFIxedOl6ajAiIWo/Hz5STkiMz2b14tWf6fN/6HvNGy30Xy8sjo3q3pQgxM4hTOw4Ro6cA9d6AGHBD7gE75IlZyTS9JcrVbIb+YISiK3P11TZZw=</latexit>

� N�#



Continuum HT

<latexit sha1_base64="m4GnvBDTY978dDzykpJEG0lmR48=">AAABk3icZY9LS8NAFIXv1Fesr6i4EDfBblyVRHwsRAg+oBuhgn1AW8JkvMYhk0nITIQSgr/Grf4e/40xrYvYs/ruuffAuX4iuNK2/U0aS8srq2vGenNjc2t7x9zd66s4Sxn2WCzidOhThYJL7GmuBQ6TFGnkCxz44e3vfvCGqeKxfNLTBCcRDSR/4Yzq0vLMw45nW+MQdS4L69q69+Tf5Jktu21XshbBmUPLNaBS1zPZ+DlmWYRSM0GVGjl2oic5TTVnAovmOFOYUBbSAHMW+SkPXnXNHZUoaYRqkleP1SMi09OiWbZy/ndYhP5p27lonz+etVx3Vg8MOIJjOAEHLsGFDnShBwze4QM+4YsckCtyQ+5mpw0yz+xDTeThB6Zpaqc=</latexit>

H0|ni = En|ni

<latexit sha1_base64="g8HDXvhDthv4fRiaFfr4NK6W7ls=">AAABzXicZZDLSsNAFIZP6q3GW9Slm2A3rkoiXsBVwE13VuwNmlImk2McOpmEmYlQYtz6TD6KK7f6Fo5tQWr/1ce5/OfnRDlnSnveh1VbW9/Y3Kpv2zu7e/sHzuFRT2WFpNilGc/kICIKORPY1UxzHOQSSRpx7EeT299+/xmlYpno6GmOo5Qkgj0ySrQpjZ2HMMKEiTJlguUkwWqoR+UlE5XdkYUwUxi7LcYjlNpVOaF444Yii8yJSWmAiRiFrkIU8Z/F2Gl4TW8mdxX8BTSCOszUHjs0jDNapMaKcqLU0PdyE4NIzSjHyg4Lheb2xJiXNI0kS570UnVoUJAU1aicvWR5hRd6Wtkmlf8/wyr0zpv+VfPy/qIRBPN4UIcTOIUz8OEaAmhBG7pA4R0+4Qu+rTursF6s1/lozVrsHMOSrLcf3I2E9g==</latexit>

Truncated Hilbert space:

<latexit sha1_base64="ixaDyox3C6+rHMrZxLVHMYRdhUs=">AAABs3icZY9LS8NAFIXv1FeNr6hLN4PduJCSiK0ICgERXLioaB/QKWFmOsahkweZiVBifou/xq2u/TemaTe1Z/Vx7jlwLkuU1MZxflFtbX1jc6u+be3s7u0f2IdHPR1nKRddHqs4HTCqhZKR6BpplBgkqaAhU6LPJneze/9dpFrG0YuZJmIU0iCSr5JTU1q+fU00T/PnwiePFN9ahMmA5JhMhMmjApNzPHM+SrDu/Qjf4FmsChW+3XCaTiW8Cu4CGl4dKnV8m5NxzLNQRIYrqvXQdRIzymlqJFeisEimRUL5hAYi5yFLZfBmltxhiRENhR7l1ePLFZWZaWGVq9z/G1ahd9F0283W02XD8+bzoA4ncApn4MIVePAAHegCh0/4gm/4QS00RAyN59EaWnSOYUko/AMVZHYg</latexit>

S⇤ =
�
|ni

��En < ⇤
 

<latexit sha1_base64="O0kirxnGmASgos2XHmt6Hz6owJE=">AAABqHicZY+5TsNAEIZnwxXCZaCksUiDKCwbcVRIlmgoKIJEDhRH0XozmFV219buGiWy/BY8DS28BG+DczQhf/VpZv6Zf+JMcGN9/5fUNja3tnfqu429/YPDI+f4pGPSXDNss1SkuhdTg4IrbFtuBfYyjVTGArvx+GHW736gNjxVL3aa4UDSRPE3zqitSkPHi56oe+9GFie2kHTCZS7dRpSrEerZzsKmlorSRYU6mZZDp+l7/lzuOgRLaIZ1mKs1dFg0SlkuUVkmqDH9wM/soKDaciawrC4ZzCgb0wQLJmPNk3e7Uu1XqKhEMyjm365aRG6nZaNKFfzPsA6dKy+49W6er5thuIgHdTiDc7iAAO4ghEdoQRsYfMIXfMMPuSQt0iWvi9EaWXpOYUUk/gN/snR2</latexit>

⇤ = maximum total energy
<latexit sha1_base64="+Yjl7Ki/wMy2HFfZbrsC8rGJGTM=">AAABl3icZY/NSsNAFIXv1L9a/6KuRIRgN65KIlVXYkCQLlswbaEtZTLe1qGTmZC5EUvIyqdxq0/j21jbbmrP6uPce+CcKFHSkuf9sNLG5tb2Tnm3srd/cHjkHJ+0rclSgaEwyqTdiFtUUmNIkhR2kxR5HCnsRJPHv3vnDVMrjX6maYKDmI+1HEnBaWYNnYu8uHf7hO+Ua6OVEVy5YdsVGZnRqBg6Va/mzeWug7+EalCGuZpDR/RfjMhi1CQUt7bnewkNcp6SFAqLSj+zmHAx4WPMRRylcvxKK25vhprHaAf5fNxqRGU0LSqzVv7/DuvQvq75t7WbVr0aBIt6UIZzuIQr8OEOAmhAE0IQ8AGf8AXf7Iw9sCfWWLyW2DJzCitirV8t5G1T</latexit>

= nonlocal UV cuto↵

<latexit sha1_base64="77LbXsKPhQBI/AbO1mLlVEmNC08=">AAAB3nicZZBLT8JQEIWnPrG+UJduboSFK9Ia0S2JMWHhAhN5JJTg7WUoE25vm95blBC27oxbf5P/wH/hVldWMDHIWZ3MzDn5Mn4sSRvHebdWVtfWNzZzW/b2zu7efv7gsKGjNBFYF5GMkpbPNUpSWDdkJLbiBHnoS2z6w6uffXOEiaZI3ZlxjJ2QB4r6JLjJRt18z/MxIDUJSVHMA5y2TWdSJjW1r/t9FIZGyKo8JGkiRVwxfMyYNOOqxwZcszh6wISJKFWGVMBIsaJ3w4u2h6r319nNF5ySMxNbNu6vKVRyMFOtmxdeLxJpiMoIybVuu06ccfHEkJA4tb1UY8zFMCufiNBPKBiYhWk7s4qHqDuT2Y8WIzI146mdUbn/GZZN46zkXpTKt+eFSmWOBzk4hhM4BRcuoQJVqEEdBLzBB3zCl3VvPVnP1sv8dMX6zRzBgqzXb7+Oim8=</latexit>

E↵ective Hamiltonian exists and has power counting in ⇤
<latexit sha1_base64="NmjCaJrgMXz/lTNXCPqKfuKypIo=">AAABuHicZU9NS8NAEJ2tXzV+RT16KfbiqSRiFXqQgBdPUsF+QFPqZjvGpZvdsLsRSsi/8dd41Yv/xpgWpPYxh8ebNzNvolRwYz3vm9Q2Nre2d+q7zt7+weGRe3zSNyrTDHtMCaWHETUouMSe5VbgMNVIk0jgIJrd/fYHb6gNV/LJzlMcJzSW/IUzaktp4t6GEcZc5gmXPKUxFiM7zttcFs6DkkIxKhpMZdKiLisxHSdEOf1zT9ym1/IqNNaJvyTNoA4VuhOXhVPFsgSlZYIaM/K9tLxIteVMYOGEmcGUslm5PGdJpHn8alfUUUklTdCM8+r71RGR2XnhlKn8/xnWSf+y5V+32o9XzSBYxIM6nME5XIAPNxDAPXShBwze4QM+4Yt0yDOJCV9Ya2Q5cworIPoHlzR73g==</latexit>

Nonlocal counterterms:

<latexit sha1_base64="WPEWqwxMVugtnVf+PaISeNJSiLc=">AAAByXicZVDLSsNAFL2prxpfUZdugt0IYknEx0oI6KKgYAX7gE4Mk8ltHJqXmYm0hqz8Jj9G3Op/mKbdVM/mnnvuOXC4bhJwIQ3jU6ktLa+srtXX1Y3Nre0dbXevK+IsZdhhcRCnfZcKDHiEHcllgP0kRRq6Afbc0fX03nvFVPA4epSTBO2Q+hEfckZlKTnaPblBveUQiWOZ43BYqFc6CSc8krr35Olj4vs00YnL/YFK7mgpHevTmXsnZlEGjenOvFiKymQ7WsNoGhX0/8Sck4ZVhwptR2PEi1kWYiRZQIUYmEYi7ZymkrMAC5VkAhPKRtTHnIVuyv1nuaAOShrREIWdV+9YjASZnBRq2cr82+E/6Z42zYvm+cNZw7Jm9aAOB3AIR2DCJVjQgjZ0gMEHfME3/Ci3yosyVt5m1poyz+zDApT3XxqDfkQ=</latexit>

�He↵ =

Z
d
d
x
⇥
⇤d + ⇤d�1H0 + · · ·

⇤ <latexit sha1_base64="IR3YczvPL0gxXBMnL8t8zZEBJ78=">AAABm3icZY9LS8NAFIXv1Fesr6hLEaLduCoT8bESAt0EcVHBtIWmhsn0GodOHsxMxBK69te41d/iv7G23dSe1ce598A5cSGFNpT+kNra+sbmlrVd39nd2z+wD486Oi8Vx4DnMle9mGmUIsPACCOxVyhkaSyxG49af/fuGyot8uzJjAscpCzJxIvgzEytyD7zI+rcOWE6Fplxhs9D5z1MElY4oeaq8icRjewGbdKZnFVwF9DwLJipHdk8HOa8TDEzXDKt+y4tzKBiyggucVIPS40F4yOWYMXTWInk1Sy5/SlmLEU9qGYDlyOyNONJfdrK/d9hFTqXTfemef141fC8eT2w4ATO4QJcuAUPfGhDABw+4BO+4Juckha5Jw/z1xpZZI5hSST4BegpbZI=</latexit>

H0 =

Z
d
d
xH0

<latexit sha1_base64="HgB81np3juqHyDL3Q291T64LQlw=">AAABunicdY/LSsNAFIZPvNZ6q7p0M9hNhTBMotFNF4GCFFSo2hu0pUzGsR2aZMLMRKmlfRyfxq2Cb2NvLrrw35yf75zD+U+QhEIbQn6stfWNza3tzE52d2//4DB3dFzXMlWM15gMpWoGVPNQxLxmhAl5M1GcRkHIG8GgNOs3XrnSQsZVM0x4J6K9WLwIRs0UdXN+FU9Kss9jG93iyQ1VsX6TyvRt9IgnZZmadxvd4zsbPTFRkdqgSn+o8cS5QAWXuO55tpvLE+yRqVxE8KxeemhJPOTMCSF5PwNzVbo51n6WLI14bFhItW45JDGdEVVGsJCPs+1U84SyAe3xEYsCJXp9s0JbUxvTiOvOaP7/6kqYmuF4lurvNPrf1F3sXGHvwc37xUU8yMApnEEBHLgGH8pQgRow+IBP+IJvq2gFlrAGi9E1a7lzAiuyzC/YjXeK</latexit>
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