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Mode Entanglement 

A B

ρA = TrB ρ

von Neumann entropy

Full density matrix ρ = |ΨihΨ|

Quantum information shared between different partitions 

of a state
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Particle number conservation limits the amount of 

entanglement that can be physically accessed
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<latexit sha1_base64="cWOUK9zfCqgiNtn2zWgWuVc//nE=">AAACHXicbVDLSgMxFM3UV62vUZdugkVwoWVGCnYjFLpxVSrYB3SGIZNm2tAkMyQZoQz9ETf+ihsXirhwI/6NaTsLbT0QOJxzLjf3hAmjSjvOt1VYW9/Y3Cpul3Z29/YP7MOjjopTiUkbxyyWvRApwqggbU01I71EEsRDRrrhuDHzuw9EKhqLez1JiM/RUNCIYqSNFNhVz7jaaykaND2JxJCRG0+lPBCNQCy8xHiZuGheimmeCOyyU3HmgKvEzUkZ5GgF9qc3iHHKidCYIaX6rpNoP0NSU8zItOSliiQIj9GQ9A0ViBPlZ/PrpvDMKAMYxdI8oeFc/T2RIa7UhIcmyZEeqWVvJv7n9VMd1fyMiiTVRODFoihlUMdwVhUcUEmwZhNDEJbU/BXiEZIIa1NoyZTgLp+8SjpXFdepuHfVcr2W11EEJ+AUnAMXXIM6uAUt0AYYPIJn8ArerCfrxXq3PhbRgpXPHIM/sL5+AAOjow8=</latexit><latexit sha1_base64="cWOUK9zfCqgiNtn2zWgWuVc//nE=">AAACHXicbVDLSgMxFM3UV62vUZdugkVwoWVGCnYjFLpxVSrYB3SGIZNm2tAkMyQZoQz9ETf+ihsXirhwI/6NaTsLbT0QOJxzLjf3hAmjSjvOt1VYW9/Y3Cpul3Z29/YP7MOjjopTiUkbxyyWvRApwqggbU01I71EEsRDRrrhuDHzuw9EKhqLez1JiM/RUNCIYqSNFNhVz7jaaykaND2JxJCRG0+lPBCNQCy8xHiZuGheimmeCOyyU3HmgKvEzUkZ5GgF9qc3iHHKidCYIaX6rpNoP0NSU8zItOSliiQIj9GQ9A0ViBPlZ/PrpvDMKAMYxdI8oeFc/T2RIa7UhIcmyZEeqWVvJv7n9VMd1fyMiiTVRODFoihlUMdwVhUcUEmwZhNDEJbU/BXiEZIIa1NoyZTgLp+8SjpXFdepuHfVcr2W11EEJ+AUnAMXXIM6uAUt0AYYPIJn8ArerCfrxXq3PhbRgpXPHIM/sL5+AAOjow8=</latexit><latexit sha1_base64="cWOUK9zfCqgiNtn2zWgWuVc//nE=">AAACHXicbVDLSgMxFM3UV62vUZdugkVwoWVGCnYjFLpxVSrYB3SGIZNm2tAkMyQZoQz9ETf+ihsXirhwI/6NaTsLbT0QOJxzLjf3hAmjSjvOt1VYW9/Y3Cpul3Z29/YP7MOjjopTiUkbxyyWvRApwqggbU01I71EEsRDRrrhuDHzuw9EKhqLez1JiM/RUNCIYqSNFNhVz7jaaykaND2JxJCRG0+lPBCNQCy8xHiZuGheimmeCOyyU3HmgKvEzUkZ5GgF9qc3iHHKidCYIaX6rpNoP0NSU8zItOSliiQIj9GQ9A0ViBPlZ/PrpvDMKAMYxdI8oeFc/T2RIa7UhIcmyZEeqWVvJv7n9VMd1fyMiiTVRODFoihlUMdwVhUcUEmwZhNDEJbU/BXiEZIIa1NoyZTgLp+8SjpXFdepuHfVcr2W11EEJ+AUnAMXXIM6uAUt0AYYPIJn8ArerCfrxXq3PhbRgpXPHIM/sL5+AAOjow8=</latexit><latexit sha1_base64="cWOUK9zfCqgiNtn2zWgWuVc//nE=">AAACHXicbVDLSgMxFM3UV62vUZdugkVwoWVGCnYjFLpxVSrYB3SGIZNm2tAkMyQZoQz9ETf+ihsXirhwI/6NaTsLbT0QOJxzLjf3hAmjSjvOt1VYW9/Y3Cpul3Z29/YP7MOjjopTiUkbxyyWvRApwqggbU01I71EEsRDRrrhuDHzuw9EKhqLez1JiM/RUNCIYqSNFNhVz7jaaykaND2JxJCRG0+lPBCNQCy8xHiZuGheimmeCOyyU3HmgKvEzUkZ5GgF9qc3iHHKidCYIaX6rpNoP0NSU8zItOSliiQIj9GQ9A0ViBPlZ/PrpvDMKAMYxdI8oeFc/T2RIa7UhIcmyZEeqWVvJv7n9VMd1fyMiiTVRODFoihlUMdwVhUcUEmwZhNDEJbU/BXiEZIIa1NoyZTgLp+8SjpXFdepuHfVcr2W11EEJ+AUnAMXXIM6uAUt0AYYPIJn8ArerCfrxXq3PhbRgpXPHIM/sL5+AAOjow8=</latexit>

|ΨN i =
X

n

Cn

X

i,j

|ψn,iiA ⌦ |ψN−n,jiB
<latexit sha1_base64="ewLGhvR8h2pDRsbvVZmCrUUF3Zk="></latexit><latexit sha1_base64="ewLGhvR8h2pDRsbvVZmCrUUF3Zk="></latexit><latexit sha1_base64="ewLGhvR8h2pDRsbvVZmCrUUF3Zk="></latexit><latexit sha1_base64="ewLGhvR8h2pDRsbvVZmCrUUF3Zk="></latexit>

ρA =
<latexit sha1_base64="eeDp7HKLAQSu35zNTkI+Zv5GZk0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYC5CxIvHCOYByRJmJ5NkyOzMMtMrhCUf4cWDIl79Hm/+jZNkDxotaCiquunuihIpLPr+l1dYW9/Y3Cpul3Z29/YPyodHLatTw3iTaalNJ6KWS6F4EwVK3kkMp3EkeTua3M799iM3Vmj1gNOEhzEdKTEUjKKT2j0z1v2b63654lf9BchfEuSkAjka/fJnb6BZGnOFTFJru4GfYJhRg4JJPiv1UssTyiZ0xLuOKhpzG2aLc2fkzCkDMtTGlUKyUH9OZDS2dhpHrjOmOLar3lz8z+umOKyFmVBJilyx5aJhKglqMv+dDIThDOXUEcqMcLcSNqaGMnQJlVwIwerLf0nrohr41eD+slKv5XEU4QRO4RwCuII63EEDmsBgAk/wAq9e4j17b977srXg5TPH8AvexzfgX484</latexit><latexit sha1_base64="eeDp7HKLAQSu35zNTkI+Zv5GZk0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYC5CxIvHCOYByRJmJ5NkyOzMMtMrhCUf4cWDIl79Hm/+jZNkDxotaCiquunuihIpLPr+l1dYW9/Y3Cpul3Z29/YPyodHLatTw3iTaalNJ6KWS6F4EwVK3kkMp3EkeTua3M799iM3Vmj1gNOEhzEdKTEUjKKT2j0z1v2b63654lf9BchfEuSkAjka/fJnb6BZGnOFTFJru4GfYJhRg4JJPiv1UssTyiZ0xLuOKhpzG2aLc2fkzCkDMtTGlUKyUH9OZDS2dhpHrjOmOLar3lz8z+umOKyFmVBJilyx5aJhKglqMv+dDIThDOXUEcqMcLcSNqaGMnQJlVwIwerLf0nrohr41eD+slKv5XEU4QRO4RwCuII63EEDmsBgAk/wAq9e4j17b977srXg5TPH8AvexzfgX484</latexit><latexit sha1_base64="eeDp7HKLAQSu35zNTkI+Zv5GZk0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYC5CxIvHCOYByRJmJ5NkyOzMMtMrhCUf4cWDIl79Hm/+jZNkDxotaCiquunuihIpLPr+l1dYW9/Y3Cpul3Z29/YPyodHLatTw3iTaalNJ6KWS6F4EwVK3kkMp3EkeTua3M799iM3Vmj1gNOEhzEdKTEUjKKT2j0z1v2b63654lf9BchfEuSkAjka/fJnb6BZGnOFTFJru4GfYJhRg4JJPiv1UssTyiZ0xLuOKhpzG2aLc2fkzCkDMtTGlUKyUH9OZDS2dhpHrjOmOLar3lz8z+umOKyFmVBJilyx5aJhKglqMv+dDIThDOXUEcqMcLcSNqaGMnQJlVwIwerLf0nrohr41eD+slKv5XEU4QRO4RwCuII63EEDmsBgAk/wAq9e4j17b977srXg5TPH8AvexzfgX484</latexit><latexit sha1_base64="eeDp7HKLAQSu35zNTkI+Zv5GZk0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYC5CxIvHCOYByRJmJ5NkyOzMMtMrhCUf4cWDIl79Hm/+jZNkDxotaCiquunuihIpLPr+l1dYW9/Y3Cpul3Z29/YPyodHLatTw3iTaalNJ6KWS6F4EwVK3kkMp3EkeTua3M799iM3Vmj1gNOEhzEdKTEUjKKT2j0z1v2b63654lf9BchfEuSkAjka/fJnb6BZGnOFTFJru4GfYJhRg4JJPiv1UssTyiZ0xLuOKhpzG2aLc2fkzCkDMtTGlUKyUH9OZDS2dhpHrjOmOLar3lz8z+umOKyFmVBJilyx5aJhKglqMv+dDIThDOXUEcqMcLcSNqaGMnQJlVwIwerLf0nrohr41eD+slKv5XEU4QRO4RwCuII63EEDmsBgAk/wAq9e4j17b977srXg5TPH8AvexzfgX484</latexit>

0
<latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit>

0
<latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit><latexit sha1_base64="QhjdTNAs540hgI/nlnaGnTZAqeA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF0/Sgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5YKYJ+hEdSR5yRo2Vmu6gXHGr7gJknXg5qUCOxqD81R/GLI1QGiao1j3PTYyfUWU4Ezgr9VONCWUTOsKepZJGqP1sceiMXFhlSMJY2ZKGLNTfExmNtJ5Gge2MqBnrVW8u/uf1UhPe+BmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9lXVc6te87pSv8/jKMIZnMMleFCDOtxBA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHfLWMwA==</latexit>

P0ρA0
<latexit sha1_base64="c3YR75s+3d1jO3P4Q9XrcPMstkA=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU8lKQY8VLx4r2A9olyWbpm1oNlmTbKEs/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZelAhuLMbfXmFjc2t7p7hb2ts/ODwqH5+0jEo1ZU2qhNKdiBgmuGRNy61gnUQzEkeCtaPx3dxvT5g2XMlHO01YEJOh5ANOiXVS0AhxT49UmN2GeBaWK7iKF0DrxM9JBXI0wvJXr69oGjNpqSDGdH2c2CAj2nIq2KzUSw1LCB2TIes6KknMTJAtjp6hC6f00UBpV9Kihfp7IiOxMdM4cp0xsSOz6s3F/7xuagc3QcZlklom6XLRIBXIKjRPAPW5ZtSKqSOEau5uRXRENKHW5VRyIfirL6+T1lXVx1X/oVap1/I4inAG53AJPlxDHe6hAU2g8ATP8Apv3sR78d69j2VrwctnTuEPvM8fFnWRmQ==</latexit><latexit sha1_base64="c3YR75s+3d1jO3P4Q9XrcPMstkA=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU8lKQY8VLx4r2A9olyWbpm1oNlmTbKEs/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZelAhuLMbfXmFjc2t7p7hb2ts/ODwqH5+0jEo1ZU2qhNKdiBgmuGRNy61gnUQzEkeCtaPx3dxvT5g2XMlHO01YEJOh5ANOiXVS0AhxT49UmN2GeBaWK7iKF0DrxM9JBXI0wvJXr69oGjNpqSDGdH2c2CAj2nIq2KzUSw1LCB2TIes6KknMTJAtjp6hC6f00UBpV9Kihfp7IiOxMdM4cp0xsSOz6s3F/7xuagc3QcZlklom6XLRIBXIKjRPAPW5ZtSKqSOEau5uRXRENKHW5VRyIfirL6+T1lXVx1X/oVap1/I4inAG53AJPlxDHe6hAU2g8ATP8Apv3sR78d69j2VrwctnTuEPvM8fFnWRmQ==</latexit><latexit sha1_base64="c3YR75s+3d1jO3P4Q9XrcPMstkA=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU8lKQY8VLx4r2A9olyWbpm1oNlmTbKEs/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZelAhuLMbfXmFjc2t7p7hb2ts/ODwqH5+0jEo1ZU2qhNKdiBgmuGRNy61gnUQzEkeCtaPx3dxvT5g2XMlHO01YEJOh5ANOiXVS0AhxT49UmN2GeBaWK7iKF0DrxM9JBXI0wvJXr69oGjNpqSDGdH2c2CAj2nIq2KzUSw1LCB2TIes6KknMTJAtjp6hC6f00UBpV9Kihfp7IiOxMdM4cp0xsSOz6s3F/7xuagc3QcZlklom6XLRIBXIKjRPAPW5ZtSKqSOEau5uRXRENKHW5VRyIfirL6+T1lXVx1X/oVap1/I4inAG53AJPlxDHe6hAU2g8ATP8Apv3sR78d69j2VrwctnTuEPvM8fFnWRmQ==</latexit><latexit sha1_base64="c3YR75s+3d1jO3P4Q9XrcPMstkA=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU8lKQY8VLx4r2A9olyWbpm1oNlmTbKEs/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZelAhuLMbfXmFjc2t7p7hb2ts/ODwqH5+0jEo1ZU2qhNKdiBgmuGRNy61gnUQzEkeCtaPx3dxvT5g2XMlHO01YEJOh5ANOiXVS0AhxT49UmN2GeBaWK7iKF0DrxM9JBXI0wvJXr69oGjNpqSDGdH2c2CAj2nIq2KzUSw1LCB2TIes6KknMTJAtjp6hC6f00UBpV9Kihfp7IiOxMdM4cp0xsSOz6s3F/7xuagc3QcZlklom6XLRIBXIKjRPAPW5ZtSKqSOEau5uRXRENKHW5VRyIfirL6+T1lXVx1X/oVap1/I4inAG53AJPlxDHe6hAU2g8ATP8Apv3sR78d69j2VrwctnTuEPvM8fFnWRmQ==</latexit>

P1ρA1
<latexit sha1_base64="ZTBBcGNPqz8hpZinpCHgbDetk4Y=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoCepePFYwX5AuyzZNG1Ds8maZAtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzokRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGppqxBlVC6HRHDBJesYbkVrJ1oRuJIsFY0upv5rTHThiv5aCcJC2IykLzPKbFOCuoh7uqhCrPbEE/DcsWv+nOgVYJzUoEc9bD81e0pmsZMWiqIMR3sJzbIiLacCjYtdVPDEkJHZMA6jkoSMxNk86On6MwpPdRX2pW0aK7+nshIbMwkjlxnTOzQLHsz8T+vk9r+dZBxmaSWSbpY1E8FsgrNEkA9rhm1YuIIoZq7WxEdEk2odTmVXAh4+eVV0ryoYr+KHy4rtZs8jiKcwCmcA4YrqME91KEBFJ7gGV7hzRt7L96797FoLXj5zDH8gff5AxyKkaU=</latexit><latexit sha1_base64="ZTBBcGNPqz8hpZinpCHgbDetk4Y=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoCepePFYwX5AuyzZNG1Ds8maZAtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzokRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGppqxBlVC6HRHDBJesYbkVrJ1oRuJIsFY0upv5rTHThiv5aCcJC2IykLzPKbFOCuoh7uqhCrPbEE/DcsWv+nOgVYJzUoEc9bD81e0pmsZMWiqIMR3sJzbIiLacCjYtdVPDEkJHZMA6jkoSMxNk86On6MwpPdRX2pW0aK7+nshIbMwkjlxnTOzQLHsz8T+vk9r+dZBxmaSWSbpY1E8FsgrNEkA9rhm1YuIIoZq7WxEdEk2odTmVXAh4+eVV0ryoYr+KHy4rtZs8jiKcwCmcA4YrqME91KEBFJ7gGV7hzRt7L96797FoLXj5zDH8gff5AxyKkaU=</latexit><latexit sha1_base64="ZTBBcGNPqz8hpZinpCHgbDetk4Y=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoCepePFYwX5AuyzZNG1Ds8maZAtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzokRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGppqxBlVC6HRHDBJesYbkVrJ1oRuJIsFY0upv5rTHThiv5aCcJC2IykLzPKbFOCuoh7uqhCrPbEE/DcsWv+nOgVYJzUoEc9bD81e0pmsZMWiqIMR3sJzbIiLacCjYtdVPDEkJHZMA6jkoSMxNk86On6MwpPdRX2pW0aK7+nshIbMwkjlxnTOzQLHsz8T+vk9r+dZBxmaSWSbpY1E8FsgrNEkA9rhm1YuIIoZq7WxEdEk2odTmVXAh4+eVV0ryoYr+KHy4rtZs8jiKcwCmcA4YrqME91KEBFJ7gGV7hzRt7L96797FoLXj5zDH8gff5AxyKkaU=</latexit><latexit sha1_base64="ZTBBcGNPqz8hpZinpCHgbDetk4Y=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoCepePFYwX5AuyzZNG1Ds8maZAtl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzokRwY33/2yusrW9sbhW3Szu7e/sH5cOjplGppqxBlVC6HRHDBJesYbkVrJ1oRuJIsFY0upv5rTHThiv5aCcJC2IykLzPKbFOCuoh7uqhCrPbEE/DcsWv+nOgVYJzUoEc9bD81e0pmsZMWiqIMR3sJzbIiLacCjYtdVPDEkJHZMA6jkoSMxNk86On6MwpPdRX2pW0aK7+nshIbMwkjlxnTOzQLHsz8T+vk9r+dZBxmaSWSbpY1E8FsgrNEkA9rhm1YuIIoZq7WxEdEk2odTmVXAh4+eVV0ryoYr+KHy4rtZs8jiKcwCmcA4YrqME91KEBFJ7gGV7hzRt7L96797FoLXj5zDH8gff5AxyKkaU=</latexit>

PnρAn
<latexit sha1_base64="JW+9+78BoRuAIl1bZQXWW1tIHCM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNFDx4r2A9oQ9hsN+3SzW7c3RRK6O/w4kERr/4Yb/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtpapIrRFJJeqG2JNORO0ZZjhtJsoiuOQ0044vs39zoQqzaR4NNOE+jEeChYxgo2V/GYg+mokg+wmELOgWnPr7hxolXgFqUGBZlD96g8kSWMqDOFY657nJsbPsDKMcDqr9FNNE0zGeEh7lgocU+1n86Nn6MwqAxRJZUsYNFd/T2Q41noah7Yzxmakl71c/M/rpSa69jMmktRQQRaLopQjI1GeABowRYnhU0swUczeisgIK0yMzaliQ/CWX14l7Yu659a9h8ta466IowwncArn4MEVNOAemtACAk/wDK/w5kycF+fd+Vi0lpxi5hj+wPn8AdnfkiU=</latexit><latexit sha1_base64="JW+9+78BoRuAIl1bZQXWW1tIHCM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNFDx4r2A9oQ9hsN+3SzW7c3RRK6O/w4kERr/4Yb/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtpapIrRFJJeqG2JNORO0ZZjhtJsoiuOQ0044vs39zoQqzaR4NNOE+jEeChYxgo2V/GYg+mokg+wmELOgWnPr7hxolXgFqUGBZlD96g8kSWMqDOFY657nJsbPsDKMcDqr9FNNE0zGeEh7lgocU+1n86Nn6MwqAxRJZUsYNFd/T2Q41noah7Yzxmakl71c/M/rpSa69jMmktRQQRaLopQjI1GeABowRYnhU0swUczeisgIK0yMzaliQ/CWX14l7Yu659a9h8ta466IowwncArn4MEVNOAemtACAk/wDK/w5kycF+fd+Vi0lpxi5hj+wPn8AdnfkiU=</latexit><latexit sha1_base64="JW+9+78BoRuAIl1bZQXWW1tIHCM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNFDx4r2A9oQ9hsN+3SzW7c3RRK6O/w4kERr/4Yb/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtpapIrRFJJeqG2JNORO0ZZjhtJsoiuOQ0044vs39zoQqzaR4NNOE+jEeChYxgo2V/GYg+mokg+wmELOgWnPr7hxolXgFqUGBZlD96g8kSWMqDOFY657nJsbPsDKMcDqr9FNNE0zGeEh7lgocU+1n86Nn6MwqAxRJZUsYNFd/T2Q41noah7Yzxmakl71c/M/rpSa69jMmktRQQRaLopQjI1GeABowRYnhU0swUczeisgIK0yMzaliQ/CWX14l7Yu659a9h8ta466IowwncArn4MEVNOAemtACAk/wDK/w5kycF+fd+Vi0lpxi5hj+wPn8AdnfkiU=</latexit><latexit sha1_base64="JW+9+78BoRuAIl1bZQXWW1tIHCM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNFDx4r2A9oQ9hsN+3SzW7c3RRK6O/w4kERr/4Yb/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtpapIrRFJJeqG2JNORO0ZZjhtJsoiuOQ0044vs39zoQqzaR4NNOE+jEeChYxgo2V/GYg+mokg+wmELOgWnPr7hxolXgFqUGBZlD96g8kSWMqDOFY657nJsbPsDKMcDqr9FNNE0zGeEh7lgocU+1n86Nn6MwqAxRJZUsYNFd/T2Q41noah7Yzxmakl71c/M/rpSa69jMmktRQQRaLopQjI1GeABowRYnhU0swUczeisgIK0yMzaliQ/CWX14l7Yu659a9h8ta466IowwncArn4MEVNOAemtACAk/wDK/w5kycF+fd+Vi0lpxi5hj+wPn8AdnfkiU=</latexit>
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<latexit sha1_base64="fU5dF/9V2Zbzt9NvOVOO/17DImA="></latexit><latexit sha1_base64="Dm/NQQCpg0s5HhlT97uzO2jFYiY="></latexit><latexit sha1_base64="Dm/NQQCpg0s5HhlT97uzO2jFYiY="></latexit><latexit sha1_base64="p7naItg2HBBbRo/YoB1AVCHoYQo="></latexit>

von Neumann entropy

<latexit sha1_base64="co7XYDpWsYKad+9e8UtYFRTO7A8=">AAACDXicbZC7TsMwFIadcivlFmBksShIZaBKEAIWpAILYxG9SU0UOa7bWnWcyHaQqigvwMKrsDCAECs7G2+D22SAll+y9Ok/5+j4/H7EqFSW9W0UFhaXlleKq6W19Y3NLXN7pyXDWGDSxCELRcdHkjDKSVNRxUgnEgQFPiNtf3QzqbcfiJA05A01jogboAGnfYqR0pZnHtxXHDEMvaujy+PEEUHSEGmaOQ7jMCPPLFtVayo4D3YOZZCr7plfTi/EcUC4wgxJ2bWtSLkJEopiRtKSE0sSITxCA9LVyFFApJtMr0nhoXZ6sB8K/biCU/f3RIICKceBrzsDpIZytjYx/6t1Y9W/cBPKo1gRjrNF/ZhBFcJJNLBHBcGKjTUgLKj+K8RDJBBWOsCSDsGePXkeWidV+6xq352Wa9d5HEWwB/ZBBdjgHNTALaiDJsDgETyDV/BmPBkvxrvxkbUWjHxmF/yR8fkDiUWbPQ==</latexit>

S(ρA) = −TrρA ln ρA



Computational Tools
Fermions

v Exact diagonalization of interacting 

fermions including time after a quantum 

quench 

v Generalization of Correlation Matrix 

method targeting Symmetry resolved 

entanglement.

v DMRG using ITensor library.

Bernd Rosenow Matthias_Thamm

v AFQMC: Finite temperature auxiliary

field quantum Monte Carlo in the 

canonical ensemble.

Brenda  RubensteinTong Shen
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L = 28
<latexit sha1_base64="q0p1YTTbi/nIOn4iRU/u3g8afeo=">AAAB63icdZDLSgMxFIbP1Futt6pLN8EiuCpJC3a6UAtuXLioYC/QDiWTpm1o5kKSEUrpK7hxoYhbn8Q3cOfbmGkVVPSHwMf/n0POOX4shTYYvzuZpeWV1bXsem5jc2t7J7+719RRohhvsEhGqu1TzaUIecMII3k7VpwGvuQtf3yR5q1brrSIwhszibkX0GEoBoJRk1pXpyW3ly/gIsaYEIJSIJUTbKFadUvERSSNrArnr+VyDQDqvfxbtx+xJOChYZJq3SE4Nt6UKiOY5LNcN9E8pmxMh7xjMaQB1950PusMHVmnjwaRsi80aO5+75jSQOtJ4NvKgJqR/p2l5l9ZJzED15uKME4MD9nio0EikYlQujjqC8WZkRMLlClhZ0VsRBVlxp4nZ4/wtSn6H5qlIsFFco0LtTNYKAsHcAjHQKACNbiEOjSAwQju4AEencC5d56c50Vpxvns2Ycfcl4+AJlDj2s=</latexit><latexit sha1_base64="7AwiVYYGq7KPT4Bc3RqNKvcLjAo=">AAAB63icdZDLSgMxFIYzXmu9VV26CRbBVUkq2OlCLbhx4aKCvUA7lEyaaUOTzJBkhFL6Cm5cKOLWJ/EN3Pk2ZloFFf0h8PH/55BzTpgIbixC797C4tLyympuLb++sbm1XdjZbZo41ZQ1aCxi3Q6JYYIr1rDcCtZONCMyFKwVji6yvHXLtOGxurHjhAWSDBSPOCU2s65Oy36vUEQlhBDGGGaAKyfIQbXql7EPcRY5Fc9fj2eq9wpv3X5MU8mUpYIY08EoscGEaMupYNN8NzUsIXREBqzjUBHJTDCZzTqFh87pwyjW7ikLZ+73jgmRxoxl6ColsUPzO8vMv7JOaiM/mHCVpJYpOv8oSgW0McwWh32uGbVi7IBQzd2skA6JJtS68+TdEb42hf9Ds1zCqISvUbF2BubKgX1wAI4ABhVQA5egDhqAgiG4Aw/g0ZPevffkPc9LF7zPnj3wQ97LB1RAj/c=</latexit><latexit sha1_base64="7AwiVYYGq7KPT4Bc3RqNKvcLjAo=">AAAB63icdZDLSgMxFIYzXmu9VV26CRbBVUkq2OlCLbhx4aKCvUA7lEyaaUOTzJBkhFL6Cm5cKOLWJ/EN3Pk2ZloFFf0h8PH/55BzTpgIbixC797C4tLyympuLb++sbm1XdjZbZo41ZQ1aCxi3Q6JYYIr1rDcCtZONCMyFKwVji6yvHXLtOGxurHjhAWSDBSPOCU2s65Oy36vUEQlhBDGGGaAKyfIQbXql7EPcRY5Fc9fj2eq9wpv3X5MU8mUpYIY08EoscGEaMupYNN8NzUsIXREBqzjUBHJTDCZzTqFh87pwyjW7ikLZ+73jgmRxoxl6ColsUPzO8vMv7JOaiM/mHCVpJYpOv8oSgW0McwWh32uGbVi7IBQzd2skA6JJtS68+TdEb42hf9Ds1zCqISvUbF2BubKgX1wAI4ABhVQA5egDhqAgiG4Aw/g0ZPevffkPc9LF7zPnj3wQ97LB1RAj/c=</latexit><latexit sha1_base64="gtc5V50/WysYqBqi/F6KxdwnJbM=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgqSQ92O1BKXjx4KGCtYV2Kdk024Ym2SXJCmXpX/DiQRGv/iFv/huzbQUVfTDweG+GmXlhIrixCH14hZXVtfWN4mZpa3tnd6+8f3Bn4lRT1qaxiHU3JIYJrljbcitYN9GMyFCwTji5zP3OPdOGx+rWThMWSDJSPOKU2Fy6Pq/5g3IFVRFCGGOYE1w/Q440Gn4N+xDnlkMFLNEalN/7w5imkilLBTGmh1Fig4xoy6lgs1I/NSwhdEJGrOeoIpKZIJvfOoMnThnCKNaulIVz9ftERqQxUxm6Tkns2Pz2cvEvr5fayA8yrpLUMkUXi6JUQBvD/HE45JpRK6aOEKq5uxXSMdGEWhdPyYXw9Sn8n9zVqhhV8Q2qNC+WcRTBETgGpwCDOmiCK9ACbUDBGDyAJ/DsSe/Re/FeF60FbzlzCH7Ae/sEW4eNww==</latexit>

N = 14
<latexit sha1_base64="jpsLZ7fdhu0tFPreYqZbVrFqKeU=">AAAB63icdZDLSgMxFIbP1Futt6pLN8EiuCpJK7ZdqAU3rqSCrYW2lEyaaUMzF5KMUIa+ghsXirj1SXwDd76NmVZBRX8IfPz/OeSc40ZSaIPxu5NZWFxaXsmu5tbWNza38ts7LR3GivEmC2Wo2i7VXIqAN40wkrcjxanvSn7jjs/T/OaWKy3C4NpMIt7z6TAQnmDUpNblCTnq5wu4iDEmhKAUSOUYW6jVqiVSRSSNrApnr+VyHQAa/fxbdxCy2OeBYZJq3SE4Mr2EKiOY5NNcN9Y8omxMh7xjMaA+171kNusUHVhngLxQ2RcYNHO/dyTU13riu7bSp2akf2ep+VfWiY1X7SUiiGLDAzb/yIslMiFKF0cDoTgzcmKBMiXsrIiNqKLM2PPk7BG+NkX/Q6tUJLhIrnChfgpzZWEP9uEQCFSgDhfQgCYwGMEdPMCj4zv3zpPzPC/NOJ89u/BDzssHlLyPaA==</latexit><latexit sha1_base64="Q3VJt1SrsLfXLWXJvm2qjFh2/aE=">AAAB63icdZDLSgMxFIYz9VbrrerSTbAIrkpSxbYLteDGlVSwF2iHkknTNjTJDElGKENfwY0LRdz6JL6BO9/GTKugoj8EPv7/HHLOCSLBjUXo3cssLC4tr2RXc2vrG5tb+e2dpgljTVmDhiLU7YAYJrhiDcutYO1IMyIDwVrB+CLNW7dMGx6qGzuJmC/JUPEBp8Sm1tUpPu7lC6iIEMIYwxRw+QQ5qFYrJVyBOI2cCuevRzPVe/m3bj+ksWTKUkGM6WAUWT8h2nIq2DTXjQ2LCB2TIes4VEQy4yezWafwwDl9OAi1e8rCmfu9IyHSmIkMXKUkdmR+Z6n5V9aJ7aDiJ1xFsWWKzj8axALaEKaLwz7XjFoxcUCo5m5WSEdEE2rdeXLuCF+bwv+hWSpiVMTXqFA7A3NlwR7YB4cAgzKogUtQBw1AwQjcgQfw6Env3nvynuelGe+zZxf8kPfyAU+5j/Q=</latexit><latexit sha1_base64="Q3VJt1SrsLfXLWXJvm2qjFh2/aE=">AAAB63icdZDLSgMxFIYz9VbrrerSTbAIrkpSxbYLteDGlVSwF2iHkknTNjTJDElGKENfwY0LRdz6JL6BO9/GTKugoj8EPv7/HHLOCSLBjUXo3cssLC4tr2RXc2vrG5tb+e2dpgljTVmDhiLU7YAYJrhiDcutYO1IMyIDwVrB+CLNW7dMGx6qGzuJmC/JUPEBp8Sm1tUpPu7lC6iIEMIYwxRw+QQ5qFYrJVyBOI2cCuevRzPVe/m3bj+ksWTKUkGM6WAUWT8h2nIq2DTXjQ2LCB2TIes4VEQy4yezWafwwDl9OAi1e8rCmfu9IyHSmIkMXKUkdmR+Z6n5V9aJ7aDiJ1xFsWWKzj8axALaEKaLwz7XjFoxcUCo5m5WSEdEE2rdeXLuCF+bwv+hWSpiVMTXqFA7A3NlwR7YB4cAgzKogUtQBw1AwQjcgQfw6Env3nvynuelGe+zZxf8kPfyAU+5j/Q=</latexit><latexit sha1_base64="07WYv+ao4L/Msn/XcdezmCq2FP8=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4KkkR2y6UghtXUsE+oB1KJs20oUlmSDJCGfoLblwo4tYfcuffmGkrqOiBC4dz7uXee4JYcGMR+vByK6tr6xv5zcLW9s7uXnH/oG2iRFPWopGIdDcghgmuWMtyK1g31ozIQLBOMLnK/M4904ZH6s5OY+ZLMlI85JTYTLq5wGeDYgmVEUIYY5gRXD1HjtTrtQquQZxZDiWwRHNQfO8PI5pIpiwVxJgeRrH1U6Itp4LNCv3EsJjQCRmxnqOKSGb8dH7rDJ44ZQjDSLtSFs7V7xMpkcZMZeA6JbFj89vLxL+8XmLDmp9yFSeWKbpYFCYC2ghmj8Mh14xaMXWEUM3drZCOiSbUungKLoSvT+H/pF0pY1TGt6jUuFzGkQdH4BicAgyqoAGuQRO0AAVj8ACewLMnvUfvxXtdtOa85cwh+AHv7RNXAI3A</latexit>

n = 7
<latexit sha1_base64="q54nnpeA2ytoz02zc3xDdXaty2g=">AAAB6nicdZDLSgMxFIbP1Futt6pLN8EiuCpJC7ZdqAU3LivaC7SlZNK0Dc1khiQjlNJHcONCEbe+iW/gzrcx0yqo6A+Bj/8/h5xz/EgKYzF+91JLyyura+n1zMbm1vZOdnevYcJYM15noQx1y6eGS6F43QoreSvSnAa+5E1/fJHkzVuujQjVjZ1EvBvQoRIDwah11rU6LfWyOZzHGBNCUAKkdIIdVCrlAikjkkROufPXYrEKALVe9q3TD1kccGWZpMa0CY5sd0q1FUzyWaYTGx5RNqZD3naoaMBNdzofdYaOnNNHg1C7pyyau987pjQwZhL4rjKgdmR+Z4n5V9aO7aDcnQoVxZYrtvhoEEtkQ5TsjfpCc2blxAFlWrhZERtRTZl118m4I3xtiv6HRiFPcJ5c4Vz1DBZKwwEcwjEQKEEVLqEGdWAwhDt4gEdPevfek/e8KE15nz378EPeywdaII9Q</latexit><latexit sha1_base64="0t6WNKHVh+K3VQBa4DxDDxfTzuA=">AAAB6nicdZDLSgMxFIbPeK31VnXpJlgEVyWpYNuFWnDjsqK9QDuUTJq2oZnMkGSEUvoIblwo4tY38Q3c+TZmWgUV/SHw8f/nkHNOEEthLMbv3sLi0vLKamYtu76xubWd29ltmCjRjNdZJCPdCqjhUihet8JK3oo1p2EgeTMYXaR585ZrIyJ1Y8cx90M6UKIvGLXOulanpW4ujwsYY0IISoGUTrCDSqVcJGVE0sgpf/56PFOtm3vr9CKWhFxZJqkxbYJj60+otoJJPs12EsNjykZ0wNsOFQ258SezUafo0Dk91I+0e8qimfu9Y0JDY8Zh4CpDaofmd5aaf2XtxPbL/kSoOLFcsflH/UQiG6F0b9QTmjMrxw4o08LNitiQasqsu07WHeFrU/Q/NIoFggvkCuerZzBXBvbhAI6AQAmqcAk1qAODAdzBAzx60rv3nrzneemC99mzBz/kvXwAFR2P3A==</latexit><latexit sha1_base64="0t6WNKHVh+K3VQBa4DxDDxfTzuA=">AAAB6nicdZDLSgMxFIbPeK31VnXpJlgEVyWpYNuFWnDjsqK9QDuUTJq2oZnMkGSEUvoIblwo4tY38Q3c+TZmWgUV/SHw8f/nkHNOEEthLMbv3sLi0vLKamYtu76xubWd29ltmCjRjNdZJCPdCqjhUihet8JK3oo1p2EgeTMYXaR585ZrIyJ1Y8cx90M6UKIvGLXOulanpW4ujwsYY0IISoGUTrCDSqVcJGVE0sgpf/56PFOtm3vr9CKWhFxZJqkxbYJj60+otoJJPs12EsNjykZ0wNsOFQ258SezUafo0Dk91I+0e8qimfu9Y0JDY8Zh4CpDaofmd5aaf2XtxPbL/kSoOLFcsflH/UQiG6F0b9QTmjMrxw4o08LNitiQasqsu07WHeFrU/Q/NIoFggvkCuerZzBXBvbhAI6AQAmqcAk1qAODAdzBAzx60rv3nrzneemC99mzBz/kvXwAFR2P3A==</latexit><latexit sha1_base64="yOHrvCkaMrlU5uG2dUFs3z1asW0=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0l6sO1BKXjxWNHaQruUbJptQ7PZJckKpfQnePGgiFd/kTf/jdm2goo+GHi8N8PMvCCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M/PY910bE6tZOEu5HdKhEKBi1TrpR59V+sYTLGGNCCMoIqZ5hR+r1WoXUEMkshxIs0ewX33uDmKURV5ZJakyX4MT6U6qtYJLPCr3U8ISyMR3yrqOKRtz40/mpM3TilAEKY+1KWTRXv09MaWTMJApcZ0TtyPz2MvEvr5vasOZPhUpSyxVbLApTiWyMsr/RQGjOrJw4QpkW7lbERlRTZl06BRfC16fof3JXKRNcJte41LhYxpGHIziGUyBQhQZcQRNawGAID/AEz570Hr0X73XRmvOWM4fwA97bJxxkjag=</latexit>

5-7 days

O(
1

L2
)

<latexit sha1_base64="jhxS7yfuUqqhtl44Lh8c+QefpZM="></latexit><latexit sha1_base64="LdkSc8VkIFQIIVQ/SDh997XjYaw="></latexit><latexit sha1_base64="LdkSc8VkIFQIIVQ/SDh997XjYaw="></latexit><latexit sha1_base64="KBT2zNrbiAa1w4bo5/Dq0RpiZvc=">AAACA3icdVDLSgMxFM34rPU16k43wSLUTUm6sO1GCm5cCFawD+jUkkkzbWjmQZIRyjDgxl9x40IRt/6EO//GTFtBRQ9cOJxzL/fe40aCK43Qh7WwuLS8sppby69vbG5t2zu7LRXGkrImDUUoOy5RTPCANTXXgnUiyYjvCtZ2x2eZ375lUvEwuNaTiPV8Mgy4xynRRurb+45P9IgSkVymRceThCY4TS5uyulx3y6gEkIIYwwzgisnyJBarVrGVYgzy6AA5mj07XdnENLYZ4GmgijVxSjSvYRIzalgad6JFYsIHZMh6xoaEJ+pXjL9IYVHRhlAL5SmAg2n6veJhPhKTXzXdGYXq99eJv7ldWPtVXsJD6JYs4DOFnmxgDqEWSBwwCWjWkwMIVRycyukI2KC0Ca2vAnh61P4P2mVSxiV8BUq1E/nceTAATgERYBBBdTBOWiAJqDgDjyAJ/Bs3VuP1ov1OmtdsOYze+AHrLdP3AiXoA==</latexit>

>10 years



Computational Tools
Fermions

v Exact diagonalization of interacting 

fermions including time after a quantum 

quench 

v Generalization of Correlation Matrix 

method targeting Symmetry resolved 

entanglement.

v DMRG using ITensor library.

Bernd Rosenow Matthias_Thamm

v AFQMC: Finite temperature auxiliary

field quantum Monte Carlo in the 

canonical ensemble.

Brenda  RubensteinTong Shen

L = 28
<latexit sha1_base64="q0p1YTTbi/nIOn4iRU/u3g8afeo=">AAAB63icdZDLSgMxFIbP1Futt6pLN8EiuCpJC3a6UAtuXLioYC/QDiWTpm1o5kKSEUrpK7hxoYhbn8Q3cOfbmGkVVPSHwMf/n0POOX4shTYYvzuZpeWV1bXsem5jc2t7J7+719RRohhvsEhGqu1TzaUIecMII3k7VpwGvuQtf3yR5q1brrSIwhszibkX0GEoBoJRk1pXpyW3ly/gIsaYEIJSIJUTbKFadUvERSSNrArnr+VyDQDqvfxbtx+xJOChYZJq3SE4Nt6UKiOY5LNcN9E8pmxMh7xjMaQB1950PusMHVmnjwaRsi80aO5+75jSQOtJ4NvKgJqR/p2l5l9ZJzED15uKME4MD9nio0EikYlQujjqC8WZkRMLlClhZ0VsRBVlxp4nZ4/wtSn6H5qlIsFFco0LtTNYKAsHcAjHQKACNbiEOjSAwQju4AEencC5d56c50Vpxvns2Ycfcl4+AJlDj2s=</latexit><latexit sha1_base64="7AwiVYYGq7KPT4Bc3RqNKvcLjAo=">AAAB63icdZDLSgMxFIYzXmu9VV26CRbBVUkq2OlCLbhx4aKCvUA7lEyaaUOTzJBkhFL6Cm5cKOLWJ/EN3Pk2ZloFFf0h8PH/55BzTpgIbixC797C4tLyympuLb++sbm1XdjZbZo41ZQ1aCxi3Q6JYYIr1rDcCtZONCMyFKwVji6yvHXLtOGxurHjhAWSDBSPOCU2s65Oy36vUEQlhBDGGGaAKyfIQbXql7EPcRY5Fc9fj2eq9wpv3X5MU8mUpYIY08EoscGEaMupYNN8NzUsIXREBqzjUBHJTDCZzTqFh87pwyjW7ikLZ+73jgmRxoxl6ColsUPzO8vMv7JOaiM/mHCVpJYpOv8oSgW0McwWh32uGbVi7IBQzd2skA6JJtS68+TdEb42hf9Ds1zCqISvUbF2BubKgX1wAI4ABhVQA5egDhqAgiG4Aw/g0ZPevffkPc9LF7zPnj3wQ97LB1RAj/c=</latexit><latexit sha1_base64="7AwiVYYGq7KPT4Bc3RqNKvcLjAo=">AAAB63icdZDLSgMxFIYzXmu9VV26CRbBVUkq2OlCLbhx4aKCvUA7lEyaaUOTzJBkhFL6Cm5cKOLWJ/EN3Pk2ZloFFf0h8PH/55BzTpgIbixC797C4tLyympuLb++sbm1XdjZbZo41ZQ1aCxi3Q6JYYIr1rDcCtZONCMyFKwVji6yvHXLtOGxurHjhAWSDBSPOCU2s65Oy36vUEQlhBDGGGaAKyfIQbXql7EPcRY5Fc9fj2eq9wpv3X5MU8mUpYIY08EoscGEaMupYNN8NzUsIXREBqzjUBHJTDCZzTqFh87pwyjW7ikLZ+73jgmRxoxl6ColsUPzO8vMv7JOaiM/mHCVpJYpOv8oSgW0McwWh32uGbVi7IBQzd2skA6JJtS68+TdEb42hf9Ds1zCqISvUbF2BubKgX1wAI4ABhVQA5egDhqAgiG4Aw/g0ZPevffkPc9LF7zPnj3wQ97LB1RAj/c=</latexit><latexit sha1_base64="gtc5V50/WysYqBqi/F6KxdwnJbM=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgqSQ92O1BKXjx4KGCtYV2Kdk024Ym2SXJCmXpX/DiQRGv/iFv/huzbQUVfTDweG+GmXlhIrixCH14hZXVtfWN4mZpa3tnd6+8f3Bn4lRT1qaxiHU3JIYJrljbcitYN9GMyFCwTji5zP3OPdOGx+rWThMWSDJSPOKU2Fy6Pq/5g3IFVRFCGGOYE1w/Q440Gn4N+xDnlkMFLNEalN/7w5imkilLBTGmh1Fig4xoy6lgs1I/NSwhdEJGrOeoIpKZIJvfOoMnThnCKNaulIVz9ftERqQxUxm6Tkns2Pz2cvEvr5fayA8yrpLUMkUXi6JUQBvD/HE45JpRK6aOEKq5uxXSMdGEWhdPyYXw9Sn8n9zVqhhV8Q2qNC+WcRTBETgGpwCDOmiCK9ACbUDBGDyAJ/DsSe/Re/FeF60FbzlzCH7Ae/sEW4eNww==</latexit>

N = 14
<latexit sha1_base64="jpsLZ7fdhu0tFPreYqZbVrFqKeU=">AAAB63icdZDLSgMxFIbP1Futt6pLN8EiuCpJK7ZdqAU3rqSCrYW2lEyaaUMzF5KMUIa+ghsXirj1SXwDd76NmVZBRX8IfPz/OeSc40ZSaIPxu5NZWFxaXsmu5tbWNza38ts7LR3GivEmC2Wo2i7VXIqAN40wkrcjxanvSn7jjs/T/OaWKy3C4NpMIt7z6TAQnmDUpNblCTnq5wu4iDEmhKAUSOUYW6jVqiVSRSSNrApnr+VyHQAa/fxbdxCy2OeBYZJq3SE4Mr2EKiOY5NNcN9Y8omxMh7xjMaA+171kNusUHVhngLxQ2RcYNHO/dyTU13riu7bSp2akf2ep+VfWiY1X7SUiiGLDAzb/yIslMiFKF0cDoTgzcmKBMiXsrIiNqKLM2PPk7BG+NkX/Q6tUJLhIrnChfgpzZWEP9uEQCFSgDhfQgCYwGMEdPMCj4zv3zpPzPC/NOJ89u/BDzssHlLyPaA==</latexit><latexit sha1_base64="Q3VJt1SrsLfXLWXJvm2qjFh2/aE=">AAAB63icdZDLSgMxFIYz9VbrrerSTbAIrkpSxbYLteDGlVSwF2iHkknTNjTJDElGKENfwY0LRdz6JL6BO9/GTKugoj8EPv7/HHLOCSLBjUXo3cssLC4tr2RXc2vrG5tb+e2dpgljTVmDhiLU7YAYJrhiDcutYO1IMyIDwVrB+CLNW7dMGx6qGzuJmC/JUPEBp8Sm1tUpPu7lC6iIEMIYwxRw+QQ5qFYrJVyBOI2cCuevRzPVe/m3bj+ksWTKUkGM6WAUWT8h2nIq2DTXjQ2LCB2TIes4VEQy4yezWafwwDl9OAi1e8rCmfu9IyHSmIkMXKUkdmR+Z6n5V9aJ7aDiJ1xFsWWKzj8axALaEKaLwz7XjFoxcUCo5m5WSEdEE2rdeXLuCF+bwv+hWSpiVMTXqFA7A3NlwR7YB4cAgzKogUtQBw1AwQjcgQfw6Env3nvynuelGe+zZxf8kPfyAU+5j/Q=</latexit><latexit sha1_base64="Q3VJt1SrsLfXLWXJvm2qjFh2/aE=">AAAB63icdZDLSgMxFIYz9VbrrerSTbAIrkpSxbYLteDGlVSwF2iHkknTNjTJDElGKENfwY0LRdz6JL6BO9/GTKugoj8EPv7/HHLOCSLBjUXo3cssLC4tr2RXc2vrG5tb+e2dpgljTVmDhiLU7YAYJrhiDcutYO1IMyIDwVrB+CLNW7dMGx6qGzuJmC/JUPEBp8Sm1tUpPu7lC6iIEMIYwxRw+QQ5qFYrJVyBOI2cCuevRzPVe/m3bj+ksWTKUkGM6WAUWT8h2nIq2DTXjQ2LCB2TIes4VEQy4yezWafwwDl9OAi1e8rCmfu9IyHSmIkMXKUkdmR+Z6n5V9aJ7aDiJ1xFsWWKzj8axALaEKaLwz7XjFoxcUCo5m5WSEdEE2rdeXLuCF+bwv+hWSpiVMTXqFA7A3NlwR7YB4cAgzKogUtQBw1AwQjcgQfw6Env3nvynuelGe+zZxf8kPfyAU+5j/Q=</latexit><latexit sha1_base64="07WYv+ao4L/Msn/XcdezmCq2FP8=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4KkkR2y6UghtXUsE+oB1KJs20oUlmSDJCGfoLblwo4tYfcuffmGkrqOiBC4dz7uXee4JYcGMR+vByK6tr6xv5zcLW9s7uXnH/oG2iRFPWopGIdDcghgmuWMtyK1g31ozIQLBOMLnK/M4904ZH6s5OY+ZLMlI85JTYTLq5wGeDYgmVEUIYY5gRXD1HjtTrtQquQZxZDiWwRHNQfO8PI5pIpiwVxJgeRrH1U6Itp4LNCv3EsJjQCRmxnqOKSGb8dH7rDJ44ZQjDSLtSFs7V7xMpkcZMZeA6JbFj89vLxL+8XmLDmp9yFSeWKbpYFCYC2ghmj8Mh14xaMXWEUM3drZCOiSbUungKLoSvT+H/pF0pY1TGt6jUuFzGkQdH4BicAgyqoAGuQRO0AAVj8ACewLMnvUfvxXtdtOa85cwh+AHv7RNXAI3A</latexit>

n = 7
<latexit sha1_base64="q54nnpeA2ytoz02zc3xDdXaty2g=">AAAB6nicdZDLSgMxFIbP1Futt6pLN8EiuCpJC7ZdqAU3LivaC7SlZNK0Dc1khiQjlNJHcONCEbe+iW/gzrcx0yqo6A+Bj/8/h5xz/EgKYzF+91JLyyura+n1zMbm1vZOdnevYcJYM15noQx1y6eGS6F43QoreSvSnAa+5E1/fJHkzVuujQjVjZ1EvBvQoRIDwah11rU6LfWyOZzHGBNCUAKkdIIdVCrlAikjkkROufPXYrEKALVe9q3TD1kccGWZpMa0CY5sd0q1FUzyWaYTGx5RNqZD3naoaMBNdzofdYaOnNNHg1C7pyyau987pjQwZhL4rjKgdmR+Z4n5V9aO7aDcnQoVxZYrtvhoEEtkQ5TsjfpCc2blxAFlWrhZERtRTZl118m4I3xtiv6HRiFPcJ5c4Vz1DBZKwwEcwjEQKEEVLqEGdWAwhDt4gEdPevfek/e8KE15nz378EPeywdaII9Q</latexit><latexit sha1_base64="0t6WNKHVh+K3VQBa4DxDDxfTzuA=">AAAB6nicdZDLSgMxFIbPeK31VnXpJlgEVyWpYNuFWnDjsqK9QDuUTJq2oZnMkGSEUvoIblwo4tY38Q3c+TZmWgUV/SHw8f/nkHNOEEthLMbv3sLi0vLKamYtu76xubWd29ltmCjRjNdZJCPdCqjhUihet8JK3oo1p2EgeTMYXaR585ZrIyJ1Y8cx90M6UKIvGLXOulanpW4ujwsYY0IISoGUTrCDSqVcJGVE0sgpf/56PFOtm3vr9CKWhFxZJqkxbYJj60+otoJJPs12EsNjykZ0wNsOFQ258SezUafo0Dk91I+0e8qimfu9Y0JDY8Zh4CpDaofmd5aaf2XtxPbL/kSoOLFcsflH/UQiG6F0b9QTmjMrxw4o08LNitiQasqsu07WHeFrU/Q/NIoFggvkCuerZzBXBvbhAI6AQAmqcAk1qAODAdzBAzx60rv3nrzneemC99mzBz/kvXwAFR2P3A==</latexit><latexit sha1_base64="0t6WNKHVh+K3VQBa4DxDDxfTzuA=">AAAB6nicdZDLSgMxFIbPeK31VnXpJlgEVyWpYNuFWnDjsqK9QDuUTJq2oZnMkGSEUvoIblwo4tY38Q3c+TZmWgUV/SHw8f/nkHNOEEthLMbv3sLi0vLKamYtu76xubWd29ltmCjRjNdZJCPdCqjhUihet8JK3oo1p2EgeTMYXaR585ZrIyJ1Y8cx90M6UKIvGLXOulanpW4ujwsYY0IISoGUTrCDSqVcJGVE0sgpf/56PFOtm3vr9CKWhFxZJqkxbYJj60+otoJJPs12EsNjykZ0wNsOFQ258SezUafo0Dk91I+0e8qimfu9Y0JDY8Zh4CpDaofmd5aaf2XtxPbL/kSoOLFcsflH/UQiG6F0b9QTmjMrxw4o08LNitiQasqsu07WHeFrU/Q/NIoFggvkCuerZzBXBvbhAI6AQAmqcAk1qAODAdzBAzx60rv3nrzneemC99mzBz/kvXwAFR2P3A==</latexit><latexit sha1_base64="yOHrvCkaMrlU5uG2dUFs3z1asW0=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0l6sO1BKXjxWNHaQruUbJptQ7PZJckKpfQnePGgiFd/kTf/jdm2goo+GHi8N8PMvCCRwliMP7zcyura+kZ+s7C1vbO7V9w/uDNxqhlvsVjGuhNQw6VQvGWFlbyTaE6jQPJ2ML7M/PY910bE6tZOEu5HdKhEKBi1TrpR59V+sYTLGGNCCMoIqZ5hR+r1WoXUEMkshxIs0ewX33uDmKURV5ZJakyX4MT6U6qtYJLPCr3U8ISyMR3yrqOKRtz40/mpM3TilAEKY+1KWTRXv09MaWTMJApcZ0TtyPz2MvEvr5vasOZPhUpSyxVbLApTiWyMsr/RQGjOrJw4QpkW7lbERlRTZl06BRfC16fof3JXKRNcJte41LhYxpGHIziGUyBQhQZcQRNawGAID/AEz570Hr0X73XRmvOWM4fwA97bJxxkjag=</latexit>

5-7 days

O(
1

L2
)

<latexit sha1_base64="jhxS7yfuUqqhtl44Lh8c+QefpZM="></latexit><latexit sha1_base64="LdkSc8VkIFQIIVQ/SDh997XjYaw="></latexit><latexit sha1_base64="LdkSc8VkIFQIIVQ/SDh997XjYaw="></latexit><latexit sha1_base64="KBT2zNrbiAa1w4bo5/Dq0RpiZvc=">AAACA3icdVDLSgMxFM34rPU16k43wSLUTUm6sO1GCm5cCFawD+jUkkkzbWjmQZIRyjDgxl9x40IRt/6EO//GTFtBRQ9cOJxzL/fe40aCK43Qh7WwuLS8sppby69vbG5t2zu7LRXGkrImDUUoOy5RTPCANTXXgnUiyYjvCtZ2x2eZ375lUvEwuNaTiPV8Mgy4xynRRurb+45P9IgSkVymRceThCY4TS5uyulx3y6gEkIIYwwzgisnyJBarVrGVYgzy6AA5mj07XdnENLYZ4GmgijVxSjSvYRIzalgad6JFYsIHZMh6xoaEJ+pXjL9IYVHRhlAL5SmAg2n6veJhPhKTXzXdGYXq99eJv7ldWPtVXsJD6JYs4DOFnmxgDqEWSBwwCWjWkwMIVRycyukI2KC0Ca2vAnh61P4P2mVSxiV8BUq1E/nceTAATgERYBBBdTBOWiAJqDgDjyAJ/Bs3VuP1ov1OmtdsOYze+AHrLdP3AiXoA==</latexit>

>10 years

Finite temperature auxiliary field quantum Monte 
Carlo in the canonical ensemble

Poster sessions



Computational Tools
Bosons

v Exact diagonalization of interacting Bosonicv PIGSFLI: A Path Integral Ground 

State Monte Carlo  Algorithm for 

Entanglement of Lattice Bosons,

Chris Herdman

balls wallsquantum state

machine readable binary numberbase 10 integer

BALLS  &  WALLS

Phys. Rev. B 105, L121116 (2022)

arXiv:2207.11301 



Balls and Walls: A Compact Unary Coding 

for Bosonic States

<latexit sha1_base64="eebfzJ2SGkieuN/R0VLC/v1czUk=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqkxE1I1QdONKKtgHtEPJpGkbmseQZMQyjJ/ixoUibv0Rd/6NaTsLrR64cDjnXu69J4o5MzYIvrzC0vLK6lpxvbSxubW94++Wm0YlmtAGUVzpdoQN5UzShmWW03asKRYRp61ofDX1W/dUG6bknZ3ENBR4KNmAEWyd1PPLNxcIpV0t0sdIGSVNlvX8SlANZoB/CcpJBeSo9/zPbl+RRFBpCcfGdFAQ2zDF2jLCaVbqJobGmIzxkHYclVhQE6az2zN46JQ+HCjtSlo4U39OpFgYMxGR6xTYjsyiNxX/8zqJHZyHKZNxYqkk80WDhEOr4DQI2GeaEssnjmCimbsVkhHWmFgXV8mFgBZf/kuax1V0WkW3J5XaZR5HEeyDA3AEEDgDNXAN6qABCHgAT+AFvHqZ9+y9ee/z1oKXz+yBX/A+vgExhpSP</latexit>

N = 11 bosons

<latexit sha1_base64="RQn4IYo86TAlupc2leYc9QxXw3U=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqkxE1I1QdOPCRQX7gHYomTTThiaZIckoZRz/xI0LRdz6Je78G9N2Ftp64MLhnHu5954g5kwbz/t2CkvLK6trxfXSxubW9o5b3m3qKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYyuJn7rnirNInlnxjH1BR5IFjKCjZV6bvnmAqG0q0T6pJmhOst6bsWrelPARYJyUgE56j33q9uPSCKoNIRjrTvIi42fYmUY4TQrdRNNY0xGeEA7lkosqPbT6ekZPLRKH4aRsiUNnKq/J1IstB6LwHYKbIZ63puI/3mdxITnfspknBgqyWxRmHBoIjjJAfaZosTwsSWYKGZvhWSIFSbGplWyIaD5lxdJ87iKTqvo9qRSu8zjKIJ9cACOAAJnoAauQR00AAEP4Bm8gjfn0Xlx3p2PWWvByWf2wB84nz9fEZQX</latexit>

L = 11 sites
Permanent Ordering (PO) IPO

<latexit sha1_base64="m1Cc3EVnyNoFHy8r7Tj18c03X7s=">AAAB7XicdVBNS8NAEJ34WetXrUcvi0XwFBK1tL1IwYuerGA/oA1ls920azfZsLsRSij4Azx48VARr/4fb/4bt62Cij4YeLw3w8w8P+ZMacd5txYWl5ZXVjNr2fWNza3t3E6+oUQiCa0TwYVs+VhRziJa10xz2oolxaHPadMfnk395i2VionoWo9i6oW4H7GAEayN1LjoprXLcTdXcOwTx6CEZsR1jg2pVMrFYgW5tjNDoZqf3N8BQK2be+v0BElCGmnCsVJt14m1l2KpGeF0nO0kisaYDHGftg2NcEiVl86uHaMDo/RQIKSpSKOZ+n0ixaFSo9A3nSHWA/Xbm4p/ee1EB2UvZVGcaBqR+aIg4UgLNH0d9ZikRPORIZhIZm5FZIAlJtoElDUhfH2K/ieNI9t1bPfKpHEKc2RgD/bhEFwoQRXOoQZ1IHADDzCBJ0tYj9az9TJvXbA+Z3bhB6zXD1XnkSQ=</latexit><latexit sha1_base64="bo2MECvFfD7gjVdKx5xyJZOnKFc=">AAAB7XicdVDLSgMxFM3UV2191Lp0E6xCV8OMWtpupOBGV1awD2iHkknTNjaTDElGKEP9AhduXFTErf/jzr8xnSqo6IELh3Pu5d57/JBRpR3n3UotLa+srqXXM9mNza3t3E6+qUQkMWlgwYRs+0gRRjlpaKoZaYeSoMBnpOWPz+Z+65ZIRQW/1pOQeAEacjqgGGkjNS96cf1y2ssVHPvEMSjDhLjOsSHVaqVUqkLXdhIUavnZ/V3xIFvv5d66fYGjgHCNGVKq4zqh9mIkNcWMTDPdSJEQ4TEako6hHAVEeXFy7RQeGqUPB0Ka4hom6veJGAVKTQLfdAZIj9Rvby7+5XUiPah4MeVhpAnHi0WDiEEt4Px12KeSYM0mhiAsqbkV4hGSCGsTUMaE8PUp/J80j2zXsd0rk8YpWCAN9sA+KAIXlEENnIM6aAAMbsADmIEnS1iP1rP1smhNWZ8zu+AHrNcPx46ReQ==</latexit><latexit sha1_base64="bo2MECvFfD7gjVdKx5xyJZOnKFc=">AAAB7XicdVDLSgMxFM3UV2191Lp0E6xCV8OMWtpupOBGV1awD2iHkknTNjaTDElGKEP9AhduXFTErf/jzr8xnSqo6IELh3Pu5d57/JBRpR3n3UotLa+srqXXM9mNza3t3E6+qUQkMWlgwYRs+0gRRjlpaKoZaYeSoMBnpOWPz+Z+65ZIRQW/1pOQeAEacjqgGGkjNS96cf1y2ssVHPvEMSjDhLjOsSHVaqVUqkLXdhIUavnZ/V3xIFvv5d66fYGjgHCNGVKq4zqh9mIkNcWMTDPdSJEQ4TEako6hHAVEeXFy7RQeGqUPB0Ka4hom6veJGAVKTQLfdAZIj9Rvby7+5XUiPah4MeVhpAnHi0WDiEEt4Px12KeSYM0mhiAsqbkV4hGSCGsTUMaE8PUp/J80j2zXsd0rk8YpWCAN9sA+KAIXlEENnIM6aAAMbsADmIEnS1iP1rP1smhNWZ8zu+AHrNcPx46ReQ==</latexit><latexit sha1_base64="zcd37BGeOlOr9TBlSJ9dB3zvurI=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJqabuRghtdWcE+oB1KJs20sZlkSDJCGfoPblwo4tb/ceffmE4rqOiBC4dz7uXee4KYM20Q+nByS8srq2v59cLG5tb2TnF3r6VloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjC9mfvueKs2kuDWTmPoRHgoWMoKNlVpX/bRxPe0XS8g9QxYVmBEPnVpSq1XL5Rr0XJShBBZo9IvvvYEkSUSFIRxr3fVQbPwUK8MIp9NCL9E0xmSMh7RrqcAR1X6aXTuFR1YZwFAqW8LATP0+keJI60kU2M4Im5H+7c3Ev7xuYsKqnzIRJ4YKMl8UJhwaCWevwwFTlBg+sQQTxeytkIywwsTYgAo2hK9P4f+kdeJ6yPVuUKl+vogjDw7AITgGHqiAOrgEDdAEBNyBB/AEnh3pPDovzuu8NecsZvbBDzhvn67ejy0=</latexit>

|2, 0, 1, 0, 3, 0, 1, 0, 0, 0, 4i
<latexit sha1_base64="RJEY13icKit9N7ANQaZ0u+J0IVg=">AAACC3icbVDLSgMxFL1TX7W+Rl0KEloEF6XMVEFXUnDjsoJ9QDuUTJppQzOZIckIpXTvxg/ozi9w40IRt/6AO//GTNuFtp5wyeGce0nu8WPOlHacbyuzsrq2vpHdzG1t7+zu2fsHdRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g+vUb9xTqVgk7vQwpl6Ie4IFjGBtpI6dbxtXo3LRKbqmzuZ3es7bEosepx274JScKdAyceekUDmeTJ4AoNqxv9rdiCQhFZpwrFTLdWLtjbDUjHA6zrUTRWNMBrhHW4YKHFLljaa7jNGJUbooiKQpodFU/T0xwqFSw9A3nSHWfbXopeJ/XivRwaU3YiJONBVk9lCQcKQjlAaDukxSovnQEEwkM39FpI8lJtrElzMhuIsrL5N6ueQ6JffWpHEFM2ThCPJwCi5cQAVuoAo1IPAAz/AKb9aj9WK9Wx+z1ow1nzmEP7A+fwBrqJkM</latexit><latexit sha1_base64="p0VdAEKxLIF6u42P2XJrJ7hfKyo=">AAACC3icbVDLSgMxFM34rPU16lKQ0CK4KGWmCrqSghuXFewD2qFk0jttaCYzJBmhDN278QP0I9y4UMStP+DOvzHTdqGtJ1xyOOdeknv8mDOlHefbWlpeWV1bz23kN7e2d3btvf2GihJJoU4jHsmWTxRwJqCumebQiiWQ0OfQ9IdXmd+8A6lYJG71KAYvJH3BAkaJNlLXLnSMq3Gl5JRcU6ezOztnHUlEn0PXLjplZwK8SNwZKVaPHjM81br2V6cX0SQEoSknSrVdJ9ZeSqRmlMM430kUxIQOSR/ahgoSgvLSyS5jfGyUHg4iaUpoPFF/T6QkVGoU+qYzJHqg5r1M/M9rJzq48FIm4kSDoNOHgoRjHeEsGNxjEqjmI0MIlcz8FdMBkYRqE1/ehODOr7xIGpWy65TdG5PGJZoihw5RAZ0gF52jKrpGNVRHFN2jZ/SK3qwH68V6tz6mrUvWbOYA/YH1+QPI5ZrR</latexit><latexit sha1_base64="p0VdAEKxLIF6u42P2XJrJ7hfKyo=">AAACC3icbVDLSgMxFM34rPU16lKQ0CK4KGWmCrqSghuXFewD2qFk0jttaCYzJBmhDN278QP0I9y4UMStP+DOvzHTdqGtJ1xyOOdeknv8mDOlHefbWlpeWV1bz23kN7e2d3btvf2GihJJoU4jHsmWTxRwJqCumebQiiWQ0OfQ9IdXmd+8A6lYJG71KAYvJH3BAkaJNlLXLnSMq3Gl5JRcU6ezOztnHUlEn0PXLjplZwK8SNwZKVaPHjM81br2V6cX0SQEoSknSrVdJ9ZeSqRmlMM430kUxIQOSR/ahgoSgvLSyS5jfGyUHg4iaUpoPFF/T6QkVGoU+qYzJHqg5r1M/M9rJzq48FIm4kSDoNOHgoRjHeEsGNxjEqjmI0MIlcz8FdMBkYRqE1/ehODOr7xIGpWy65TdG5PGJZoihw5RAZ0gF52jKrpGNVRHFN2jZ/SK3qwH68V6tz6mrUvWbOYA/YH1+QPI5ZrR</latexit><latexit sha1_base64="LQidT6HkyHKBK16fjRGV7WpOpmU=">AAACC3icbVDLSgMxFL1TX7W+Rl26CS2Ci1JmqqArKbhxWcE+oDOUTJppQzOZIckIpXTvxl9x40IRt/6AO//GTDsLbT3hksM595LcEyScKe0431ZhbX1jc6u4XdrZ3ds/sA+P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxjeZ33mgUrFY3OtJQv0IDwULGcHaSH277BlXo3rVqbqmzvM7OxeexGLIad+uODVnDrRK3JxUIEezb395g5ikERWacKxUz3US7U+x1IxwOit5qaIJJmM8pD1DBY6o8qfzXWbo1CgDFMbSlNBorv6emOJIqUkUmM4I65Fa9jLxP6+X6vDKnzKRpJoKsngoTDnSMcqCQQMmKdF8Yggmkpm/IjLCEhNt4iuZENzllVdJu15znZp751Qa13kcRTiBMpyBC5fQgFtoQgsIPMIzvMKb9WS9WO/Wx6K1YOUzx/AH1ucPd9aW3A==</latexit>

t ∼ O(L)
<latexit sha1_base64="ci5Sxmp5oCAec985m9EByFRsrsc=">AAAB/HicdVBLS0JBGP2uvcxelssghiSwzeVeldRNCG1aBBnkA1Rk7jjq4NwHM3MDudj/cFWLFkW07Ye06980Vwsq6sDA4Zzv4ztznIAzqSzr3UgsLa+sriXXUxubW9s76d29hvRDQWid+NwXLQdLyplH64opTluBoNh1OG0647PYb95QIZnvXatJQLsuHnpswAhWWuqlM6ojmdtxsRoRzKPLae7iuJfOWma5UqyU88gyC4ViqVCJSdk+KRWRbVpzZKsHs9k9ANR66bdO3yehSz1FOJaybVuB6kZYKEY4naY6oaQBJmM8pG1NPexS2Y3m4afoSCt9NPCFfp5Cc/X7RoRdKSeuoyfjlPK3F4t/ee1QDcrdiHlBqKhHFocGIUfKR3ETqM8EJYpPNMFEMJ0VkREWmCjdV0qX8PVT9D9p5E3bMu0r3cYpLJCEfTiEHNhQgiqcQw3qQGACd/AIT8at8WA8Gy+L0YTxuZOBHzBePwDxI5cm</latexit><latexit sha1_base64="3LQmZEHbf7i4BDrIkwB0MMDiYc4=">AAAB/HicdVDLSsNAFJ34rPUV7VKQwSLUTUjaYtONFNy4EKxgH9CEMplO26GTBzMTIYT6H7px40IRt36IO//GSaugogcGDufcyz1zvIhRIU3zXVtYXFpeWc2t5dc3Nre29Z3dtghjjkkLhyzkXQ8JwmhAWpJKRroRJ8j3GOl4k9PM71wTLmgYXMkkIq6PRgEdUoykkvp6QTqC+o6P5Bgjll5MS+dHfb1oGna9WrfL0DQqlWqtUs+IbR3XqtAyzBmKjf3bDHfNvv7mDEIc+ySQmCEhepYZSTdFXFLMyDTvxIJECE/QiPQUDZBPhJvOwk/hoVIGcBhy9QIJZ+r3jRT5QiS+pyazlOK3l4l/eb1YDm03pUEUSxLg+aFhzKAMYdYEHFBOsGSJIghzqrJCPEYcYan6yqsSvn4K/yftsmGZhnWp2jgBc+TAHjgAJWCBGmiAM9AELYBBAu7BI3jSbrQH7Vl7mY8uaJ87BfAD2usHTm+Y6w==</latexit><latexit sha1_base64="3LQmZEHbf7i4BDrIkwB0MMDiYc4=">AAAB/HicdVDLSsNAFJ34rPUV7VKQwSLUTUjaYtONFNy4EKxgH9CEMplO26GTBzMTIYT6H7px40IRt36IO//GSaugogcGDufcyz1zvIhRIU3zXVtYXFpeWc2t5dc3Nre29Z3dtghjjkkLhyzkXQ8JwmhAWpJKRroRJ8j3GOl4k9PM71wTLmgYXMkkIq6PRgEdUoykkvp6QTqC+o6P5Bgjll5MS+dHfb1oGna9WrfL0DQqlWqtUs+IbR3XqtAyzBmKjf3bDHfNvv7mDEIc+ySQmCEhepYZSTdFXFLMyDTvxIJECE/QiPQUDZBPhJvOwk/hoVIGcBhy9QIJZ+r3jRT5QiS+pyazlOK3l4l/eb1YDm03pUEUSxLg+aFhzKAMYdYEHFBOsGSJIghzqrJCPEYcYan6yqsSvn4K/yftsmGZhnWp2jgBc+TAHjgAJWCBGmiAM9AELYBBAu7BI3jSbrQH7Vl7mY8uaJ87BfAD2usHTm+Y6w==</latexit><latexit sha1_base64="h7ALmKv/p/mmRpZCmxTL6JCmEf8=">AAAB/HicdVDLSsNAFJ3UV62vaJduBotQNyFpi003UnDjQrCCrYUmlMl00g6dPJiZCCHUX3HjQhG3fog7/8ZJW0FFDwwczrmXe+Z4MaNCmuaHVlhZXVvfKG6WtrZ3dvf0/YOeiBKOSRdHLOJ9DwnCaEi6kkpG+jEnKPAYufWm57l/e0e4oFF4I9OYuAEah9SnGEklDfWydAQNnADJCUYsu5pVL0+GesU07FajZdegadTrjWa9lRPbOm02oGWYc1TAEp2h/u6MIpwEJJSYISEGlhlLN0NcUszIrOQkgsQIT9GYDBQNUUCEm83Dz+CxUkbQj7h6oYRz9ftGhgIh0sBTk3lK8dvLxb+8QSJ9281oGCeShHhxyE8YlBHMm4AjygmWLFUEYU5VVogniCMsVV8lVcLXT+H/pFczLNOwrs1K+2xZRxEcgiNQBRZogja4AB3QBRik4AE8gWftXnvUXrTXxWhBW+6UwQ9ob5/9UZT2</latexit>

32 bit integer

mj = 11, 11, 11, 11, 7, 5, 5, 5, 3, 1, 1.
<latexit sha1_base64="eIYrFucaLqVWQgDv18MuzEGVydM=">AAACEnicdVDLSgMxFM34rPU16tJNsAgKpST10elCKLhxWcE+oC0lk6ZtbOZBkhHK0P6CG3/FjQtF3Lpy59+Y6QNU9HLv5XDOvST3uKHgSiP0aS0sLi2vrKbW0usbm1vb9s5uVQWRpKxCAxHIuksUE9xnFc21YPVQMuK5gtXcwWWi1+6YVDzwb/QwZC2P9Hze5ZRoQ7XtY699e4FxdgyTNq9Cdnw2zxNDmcy17QzKIYQwxjABuHCODCgWnTx2IE4kExkwi3Lb/mh2Ahp5zNdUEKUaGIW6FROpORVslG5GioWEDkiPNQz0icdUK56cNIKHhunAbiBN+RpO2O8bMfGUGnqumfSI7qvfWkL+pTUi3XVaMffDSDOfTh/qRgLqACb+wA6XjGoxNIBQyc1fIe0TSag2LqaNCfNL4f+gms9hlMPXp5mSM7MjBfbBATgCGBRACVyBMqgACu7BI3gGL9aD9WS9Wm/T0QVrtrMHfoT1/gXVipnJ</latexit><latexit sha1_base64="eIYrFucaLqVWQgDv18MuzEGVydM=">AAACEnicdVDLSgMxFM34rPU16tJNsAgKpST10elCKLhxWcE+oC0lk6ZtbOZBkhHK0P6CG3/FjQtF3Lpy59+Y6QNU9HLv5XDOvST3uKHgSiP0aS0sLi2vrKbW0usbm1vb9s5uVQWRpKxCAxHIuksUE9xnFc21YPVQMuK5gtXcwWWi1+6YVDzwb/QwZC2P9Hze5ZRoQ7XtY699e4FxdgyTNq9Cdnw2zxNDmcy17QzKIYQwxjABuHCODCgWnTx2IE4kExkwi3Lb/mh2Ahp5zNdUEKUaGIW6FROpORVslG5GioWEDkiPNQz0icdUK56cNIKHhunAbiBN+RpO2O8bMfGUGnqumfSI7qvfWkL+pTUi3XVaMffDSDOfTh/qRgLqACb+wA6XjGoxNIBQyc1fIe0TSag2LqaNCfNL4f+gms9hlMPXp5mSM7MjBfbBATgCGBRACVyBMqgACu7BI3gGL9aD9WS9Wm/T0QVrtrMHfoT1/gXVipnJ</latexit><latexit sha1_base64="eIYrFucaLqVWQgDv18MuzEGVydM=">AAACEnicdVDLSgMxFM34rPU16tJNsAgKpST10elCKLhxWcE+oC0lk6ZtbOZBkhHK0P6CG3/FjQtF3Lpy59+Y6QNU9HLv5XDOvST3uKHgSiP0aS0sLi2vrKbW0usbm1vb9s5uVQWRpKxCAxHIuksUE9xnFc21YPVQMuK5gtXcwWWi1+6YVDzwb/QwZC2P9Hze5ZRoQ7XtY699e4FxdgyTNq9Cdnw2zxNDmcy17QzKIYQwxjABuHCODCgWnTx2IE4kExkwi3Lb/mh2Ahp5zNdUEKUaGIW6FROpORVslG5GioWEDkiPNQz0icdUK56cNIKHhunAbiBN+RpO2O8bMfGUGnqumfSI7qvfWkL+pTUi3XVaMffDSDOfTh/qRgLqACb+wA6XjGoxNIBQyc1fIe0TSag2LqaNCfNL4f+gms9hlMPXp5mSM7MjBfbBATgCGBRACVyBMqgACu7BI3gGL9aD9WS9Wm/T0QVrtrMHfoT1/gXVipnJ</latexit><latexit sha1_base64="eIYrFucaLqVWQgDv18MuzEGVydM=">AAACEnicdVDLSgMxFM34rPU16tJNsAgKpST10elCKLhxWcE+oC0lk6ZtbOZBkhHK0P6CG3/FjQtF3Lpy59+Y6QNU9HLv5XDOvST3uKHgSiP0aS0sLi2vrKbW0usbm1vb9s5uVQWRpKxCAxHIuksUE9xnFc21YPVQMuK5gtXcwWWi1+6YVDzwb/QwZC2P9Hze5ZRoQ7XtY699e4FxdgyTNq9Cdnw2zxNDmcy17QzKIYQwxjABuHCODCgWnTx2IE4kExkwi3Lb/mh2Ahp5zNdUEKUaGIW6FROpORVslG5GioWEDkiPNQz0icdUK56cNIKHhunAbiBN+RpO2O8bMfGUGnqumfSI7qvfWkL+pTUi3XVaMffDSDOfTh/qRgLqACb+wA6XjGoxNIBQyc1fIe0TSag2LqaNCfNL4f+gms9hlMPXp5mSM7MjBfbBATgCGBRACVyBMqgACu7BI3gGL9aD9WS9Wm/T0QVrtrMHfoT1/gXVipnJ</latexit>

IPO = 1 +

N
X

j=1

✓

L−mj

j

◆

= 287246

<latexit sha1_base64="pf8c0V2C9wRCBMYGDcdIeFMuZ6I="></latexit><latexit sha1_base64="pf8c0V2C9wRCBMYGDcdIeFMuZ6I="></latexit><latexit sha1_base64="pf8c0V2C9wRCBMYGDcdIeFMuZ6I="></latexit><latexit sha1_base64="pf8c0V2C9wRCBMYGDcdIeFMuZ6I="></latexit>

Chem Phys 401, 208 (2012).



Balls and Walls: A Compact Unary Coding 

for Bosonic States

<latexit sha1_base64="eebfzJ2SGkieuN/R0VLC/v1czUk=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqkxE1I1QdONKKtgHtEPJpGkbmseQZMQyjJ/ixoUibv0Rd/6NaTsLrR64cDjnXu69J4o5MzYIvrzC0vLK6lpxvbSxubW94++Wm0YlmtAGUVzpdoQN5UzShmWW03asKRYRp61ofDX1W/dUG6bknZ3ENBR4KNmAEWyd1PPLNxcIpV0t0sdIGSVNlvX8SlANZoB/CcpJBeSo9/zPbl+RRFBpCcfGdFAQ2zDF2jLCaVbqJobGmIzxkHYclVhQE6az2zN46JQ+HCjtSlo4U39OpFgYMxGR6xTYjsyiNxX/8zqJHZyHKZNxYqkk80WDhEOr4DQI2GeaEssnjmCimbsVkhHWmFgXV8mFgBZf/kuax1V0WkW3J5XaZR5HEeyDA3AEEDgDNXAN6qABCHgAT+AFvHqZ9+y9ee/z1oKXz+yBX/A+vgExhpSP</latexit>

N = 11 bosons

<latexit sha1_base64="RQn4IYo86TAlupc2leYc9QxXw3U=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqkxE1I1QdOPCRQX7gHYomTTThiaZIckoZRz/xI0LRdz6Je78G9N2Ftp64MLhnHu5954g5kwbz/t2CkvLK6trxfXSxubW9o5b3m3qKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYyuJn7rnirNInlnxjH1BR5IFjKCjZV6bvnmAqG0q0T6pJmhOst6bsWrelPARYJyUgE56j33q9uPSCKoNIRjrTvIi42fYmUY4TQrdRNNY0xGeEA7lkosqPbT6ekZPLRKH4aRsiUNnKq/J1IstB6LwHYKbIZ63puI/3mdxITnfspknBgqyWxRmHBoIjjJAfaZosTwsSWYKGZvhWSIFSbGplWyIaD5lxdJ87iKTqvo9qRSu8zjKIJ9cACOAAJnoAauQR00AAEP4Bm8gjfn0Xlx3p2PWWvByWf2wB84nz9fEZQX</latexit>

L = 11 sites
Permanent Ordering (PO)

Soft-Spin (SS)

IPO
<latexit sha1_base64="m1Cc3EVnyNoFHy8r7Tj18c03X7s=">AAAB7XicdVBNS8NAEJ34WetXrUcvi0XwFBK1tL1IwYuerGA/oA1ls920azfZsLsRSij4Azx48VARr/4fb/4bt62Cij4YeLw3w8w8P+ZMacd5txYWl5ZXVjNr2fWNza3t3E6+oUQiCa0TwYVs+VhRziJa10xz2oolxaHPadMfnk395i2VionoWo9i6oW4H7GAEayN1LjoprXLcTdXcOwTx6CEZsR1jg2pVMrFYgW5tjNDoZqf3N8BQK2be+v0BElCGmnCsVJt14m1l2KpGeF0nO0kisaYDHGftg2NcEiVl86uHaMDo/RQIKSpSKOZ+n0ixaFSo9A3nSHWA/Xbm4p/ee1EB2UvZVGcaBqR+aIg4UgLNH0d9ZikRPORIZhIZm5FZIAlJtoElDUhfH2K/ieNI9t1bPfKpHEKc2RgD/bhEFwoQRXOoQZ1IHADDzCBJ0tYj9az9TJvXbA+Z3bhB6zXD1XnkSQ=</latexit><latexit sha1_base64="bo2MECvFfD7gjVdKx5xyJZOnKFc=">AAAB7XicdVDLSgMxFM3UV2191Lp0E6xCV8OMWtpupOBGV1awD2iHkknTNjaTDElGKEP9AhduXFTErf/jzr8xnSqo6IELh3Pu5d57/JBRpR3n3UotLa+srqXXM9mNza3t3E6+qUQkMWlgwYRs+0gRRjlpaKoZaYeSoMBnpOWPz+Z+65ZIRQW/1pOQeAEacjqgGGkjNS96cf1y2ssVHPvEMSjDhLjOsSHVaqVUqkLXdhIUavnZ/V3xIFvv5d66fYGjgHCNGVKq4zqh9mIkNcWMTDPdSJEQ4TEako6hHAVEeXFy7RQeGqUPB0Ka4hom6veJGAVKTQLfdAZIj9Rvby7+5XUiPah4MeVhpAnHi0WDiEEt4Px12KeSYM0mhiAsqbkV4hGSCGsTUMaE8PUp/J80j2zXsd0rk8YpWCAN9sA+KAIXlEENnIM6aAAMbsADmIEnS1iP1rP1smhNWZ8zu+AHrNcPx46ReQ==</latexit><latexit sha1_base64="bo2MECvFfD7gjVdKx5xyJZOnKFc=">AAAB7XicdVDLSgMxFM3UV2191Lp0E6xCV8OMWtpupOBGV1awD2iHkknTNjaTDElGKEP9AhduXFTErf/jzr8xnSqo6IELh3Pu5d57/JBRpR3n3UotLa+srqXXM9mNza3t3E6+qUQkMWlgwYRs+0gRRjlpaKoZaYeSoMBnpOWPz+Z+65ZIRQW/1pOQeAEacjqgGGkjNS96cf1y2ssVHPvEMSjDhLjOsSHVaqVUqkLXdhIUavnZ/V3xIFvv5d66fYGjgHCNGVKq4zqh9mIkNcWMTDPdSJEQ4TEako6hHAVEeXFy7RQeGqUPB0Ka4hom6veJGAVKTQLfdAZIj9Rvby7+5XUiPah4MeVhpAnHi0WDiEEt4Px12KeSYM0mhiAsqbkV4hGSCGsTUMaE8PUp/J80j2zXsd0rk8YpWCAN9sA+KAIXlEENnIM6aAAMbsADmIEnS1iP1rP1smhNWZ8zu+AHrNcPx46ReQ==</latexit><latexit sha1_base64="zcd37BGeOlOr9TBlSJ9dB3zvurI=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjJqabuRghtdWcE+oB1KJs20sZlkSDJCGfoPblwo4tb/ceffmE4rqOiBC4dz7uXee4KYM20Q+nByS8srq2v59cLG5tb2TnF3r6VloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjC9mfvueKs2kuDWTmPoRHgoWMoKNlVpX/bRxPe0XS8g9QxYVmBEPnVpSq1XL5Rr0XJShBBZo9IvvvYEkSUSFIRxr3fVQbPwUK8MIp9NCL9E0xmSMh7RrqcAR1X6aXTuFR1YZwFAqW8LATP0+keJI60kU2M4Im5H+7c3Ev7xuYsKqnzIRJ4YKMl8UJhwaCWevwwFTlBg+sQQTxeytkIywwsTYgAo2hK9P4f+kdeJ6yPVuUKl+vogjDw7AITgGHqiAOrgEDdAEBNyBB/AEnh3pPDovzuu8NecsZvbBDzhvn67ejy0=</latexit>

|2, 0, 1, 0, 3, 0, 1, 0, 0, 0, 4i
<latexit sha1_base64="RJEY13icKit9N7ANQaZ0u+J0IVg=">AAACC3icbVDLSgMxFL1TX7W+Rl0KEloEF6XMVEFXUnDjsoJ9QDuUTJppQzOZIckIpXTvxg/ozi9w40IRt/6AO//GTNuFtp5wyeGce0nu8WPOlHacbyuzsrq2vpHdzG1t7+zu2fsHdRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g+vUb9xTqVgk7vQwpl6Ie4IFjGBtpI6dbxtXo3LRKbqmzuZ3es7bEosepx274JScKdAyceekUDmeTJ4AoNqxv9rdiCQhFZpwrFTLdWLtjbDUjHA6zrUTRWNMBrhHW4YKHFLljaa7jNGJUbooiKQpodFU/T0xwqFSw9A3nSHWfbXopeJ/XivRwaU3YiJONBVk9lCQcKQjlAaDukxSovnQEEwkM39FpI8lJtrElzMhuIsrL5N6ueQ6JffWpHEFM2ThCPJwCi5cQAVuoAo1IPAAz/AKb9aj9WK9Wx+z1ow1nzmEP7A+fwBrqJkM</latexit><latexit sha1_base64="p0VdAEKxLIF6u42P2XJrJ7hfKyo=">AAACC3icbVDLSgMxFM34rPU16lKQ0CK4KGWmCrqSghuXFewD2qFk0jttaCYzJBmhDN278QP0I9y4UMStP+DOvzHTdqGtJ1xyOOdeknv8mDOlHefbWlpeWV1bz23kN7e2d3btvf2GihJJoU4jHsmWTxRwJqCumebQiiWQ0OfQ9IdXmd+8A6lYJG71KAYvJH3BAkaJNlLXLnSMq3Gl5JRcU6ezOztnHUlEn0PXLjplZwK8SNwZKVaPHjM81br2V6cX0SQEoSknSrVdJ9ZeSqRmlMM430kUxIQOSR/ahgoSgvLSyS5jfGyUHg4iaUpoPFF/T6QkVGoU+qYzJHqg5r1M/M9rJzq48FIm4kSDoNOHgoRjHeEsGNxjEqjmI0MIlcz8FdMBkYRqE1/ehODOr7xIGpWy65TdG5PGJZoihw5RAZ0gF52jKrpGNVRHFN2jZ/SK3qwH68V6tz6mrUvWbOYA/YH1+QPI5ZrR</latexit><latexit sha1_base64="p0VdAEKxLIF6u42P2XJrJ7hfKyo=">AAACC3icbVDLSgMxFM34rPU16lKQ0CK4KGWmCrqSghuXFewD2qFk0jttaCYzJBmhDN278QP0I9y4UMStP+DOvzHTdqGtJ1xyOOdeknv8mDOlHefbWlpeWV1bz23kN7e2d3btvf2GihJJoU4jHsmWTxRwJqCumebQiiWQ0OfQ9IdXmd+8A6lYJG71KAYvJH3BAkaJNlLXLnSMq3Gl5JRcU6ezOztnHUlEn0PXLjplZwK8SNwZKVaPHjM81br2V6cX0SQEoSknSrVdJ9ZeSqRmlMM430kUxIQOSR/ahgoSgvLSyS5jfGyUHg4iaUpoPFF/T6QkVGoU+qYzJHqg5r1M/M9rJzq48FIm4kSDoNOHgoRjHeEsGNxjEqjmI0MIlcz8FdMBkYRqE1/ehODOr7xIGpWy65TdG5PGJZoihw5RAZ0gF52jKrpGNVRHFN2jZ/SK3qwH68V6tz6mrUvWbOYA/YH1+QPI5ZrR</latexit><latexit sha1_base64="LQidT6HkyHKBK16fjRGV7WpOpmU=">AAACC3icbVDLSgMxFL1TX7W+Rl26CS2Ci1JmqqArKbhxWcE+oDOUTJppQzOZIckIpXTvxl9x40IRt/6AO//GTDsLbT3hksM595LcEyScKe0431ZhbX1jc6u4XdrZ3ds/sA+P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJxjeZ33mgUrFY3OtJQv0IDwULGcHaSH277BlXo3rVqbqmzvM7OxeexGLIad+uODVnDrRK3JxUIEezb395g5ikERWacKxUz3US7U+x1IxwOit5qaIJJmM8pD1DBY6o8qfzXWbo1CgDFMbSlNBorv6emOJIqUkUmM4I65Fa9jLxP6+X6vDKnzKRpJoKsngoTDnSMcqCQQMmKdF8Yggmkpm/IjLCEhNt4iuZENzllVdJu15znZp751Qa13kcRTiBMpyBC5fQgFtoQgsIPMIzvMKb9WS9WO/Wx6K1YOUzx/AH1ucPd9aW3A==</latexit>

ISS
<latexit sha1_base64="xIzeK1HF3AX52ofCvN5H0h0pEWs=">AAAB7XicdVDLSgNBEOyNrxhfMR69DAbB07KrhiQXCXjRWyTmAckSZiezyZjZBzOzQlgCfoAHLx4i4tX/8ebfONkoqGhBQ1HVTXeXG3EmlWW9G5ml5ZXVtex6bmNza3snv1toyTAWhDZJyEPRcbGknAW0qZjitBMJin2X07Y7Pp/77VsqJAuDazWJqOPjYcA8RrDSUuuynzQa036+aJmnlkYZpcS2TjSpViulUhXZppWiWCvM7u8AoN7Pv/UGIYl9GijCsZRd24qUk2ChGOF0muvFkkaYjPGQdjUNsE+lk6TXTtGhVgbIC4WuQKFU/T6RYF/Kie/qTh+rkfztzcW/vG6svIqTsCCKFQ3IYpEXc6RCNH8dDZigRPGJJpgIpm9FZIQFJkoHlNMhfH2K/ietY9O2TPtKp3EGC2RhHw7gCGwoQw0uoA5NIHADDzCDJyM0Ho1n42XRmjE+Z/bgB4zXD2CNkSs=</latexit><latexit sha1_base64="8Rh4w1ZfQfTd6WwVbXfHHZILVo4=">AAAB7XicdVDLSgMxFM34rK2PWpduglXoaphRS9uNFNzorlL7gHYomTTTxmaSIckIZahf4MKNi4q49X/c+TemrYKKHrhwOOde7r3HjxhV2nHeraXlldW19dRGOrO5tb2T3c01lYglJg0smJBtHynCKCcNTTUj7UgSFPqMtPzR+cxv3RKpqODXehwRL0QDTgOKkTZS87KX1OuTXjbv2KeOQQnOieucGFKplIvFCnRtZ458NTe9vyscZmq97Fu3L3AcEq4xQ0p1XCfSXoKkppiRSbobKxIhPEID0jGUo5AoL5lfO4FHRunDQEhTXMO5+n0iQaFS49A3nSHSQ/Xbm4l/eZ1YB2UvoTyKNeF4sSiIGdQCzl6HfSoJ1mxsCMKSmlshHiKJsDYBpU0IX5/C/0nz2HYd270yaZyBBVJgHxyAAnBBCVTBBaiBBsDgBjyAKXiyhPVoPVsvi9Yl63NmD/yA9foB0jSRgA==</latexit><latexit sha1_base64="8Rh4w1ZfQfTd6WwVbXfHHZILVo4=">AAAB7XicdVDLSgMxFM34rK2PWpduglXoaphRS9uNFNzorlL7gHYomTTTxmaSIckIZahf4MKNi4q49X/c+TemrYKKHrhwOOde7r3HjxhV2nHeraXlldW19dRGOrO5tb2T3c01lYglJg0smJBtHynCKCcNTTUj7UgSFPqMtPzR+cxv3RKpqODXehwRL0QDTgOKkTZS87KX1OuTXjbv2KeOQQnOieucGFKplIvFCnRtZ458NTe9vyscZmq97Fu3L3AcEq4xQ0p1XCfSXoKkppiRSbobKxIhPEID0jGUo5AoL5lfO4FHRunDQEhTXMO5+n0iQaFS49A3nSHSQ/Xbm4l/eZ1YB2UvoTyKNeF4sSiIGdQCzl6HfSoJ1mxsCMKSmlshHiKJsDYBpU0IX5/C/0nz2HYd270yaZyBBVJgHxyAAnBBCVTBBaiBBsDgBjyAKXiyhPVoPVsvi9Yl63NmD/yA9foB0jSRgA==</latexit><latexit sha1_base64="k4rc4oMSBWet0Vtid8cf2mWMNs0=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ0YtbTdScKO7Su0D2qFk0kwbm0mGJCOUof/gxoUibv0fd/6N6bSCih64cDjnXu69J4g50wahD2dpeWV1bT23kd/c2t7ZLeztt7RMFKFNIrlUnQBrypmgTcMMp51YURwFnLaD8eXMb99TpZkUt2YSUz/CQ8FCRrCxUuu6nzYa036hiNxzZFGGGfHQmSXVaqVUqkLPRRmKYIF6v/DeG0iSRFQYwrHWXQ/Fxk+xMoxwOs33Ek1jTMZ4SLuWChxR7afZtVN4bJUBDKWyJQzM1O8TKY60nkSB7YywGenf3kz8y+smJqz4KRNxYqgg80VhwqGRcPY6HDBFieETSzBRzN4KyQgrTIwNKG9D+PoU/k9ap66HXO8GFWsXizhy4BAcgRPggTKogStQB01AwB14AE/g2ZHOo/PivM5bl5zFzAH4AeftE7mEjzQ=</latexit>

00100000000100000011000000100000000000000100
<latexit sha1_base64="kBCOPKp7Vy3TJEQxaPuHqfFCwcw="></latexit><latexit sha1_base64="kBCOPKp7Vy3TJEQxaPuHqfFCwcw="></latexit><latexit sha1_base64="kBCOPKp7Vy3TJEQxaPuHqfFCwcw="></latexit><latexit sha1_base64="kBCOPKp7Vy3TJEQxaPuHqfFCwcw="></latexit>

t ∼ O(L)
<latexit sha1_base64="ci5Sxmp5oCAec985m9EByFRsrsc=">AAAB/HicdVBLS0JBGP2uvcxelssghiSwzeVeldRNCG1aBBnkA1Rk7jjq4NwHM3MDudj/cFWLFkW07Ye06980Vwsq6sDA4Zzv4ztznIAzqSzr3UgsLa+sriXXUxubW9s76d29hvRDQWid+NwXLQdLyplH64opTluBoNh1OG0647PYb95QIZnvXatJQLsuHnpswAhWWuqlM6ojmdtxsRoRzKPLae7iuJfOWma5UqyU88gyC4ViqVCJSdk+KRWRbVpzZKsHs9k9ANR66bdO3yehSz1FOJaybVuB6kZYKEY4naY6oaQBJmM8pG1NPexS2Y3m4afoSCt9NPCFfp5Cc/X7RoRdKSeuoyfjlPK3F4t/ee1QDcrdiHlBqKhHFocGIUfKR3ETqM8EJYpPNMFEMJ0VkREWmCjdV0qX8PVT9D9p5E3bMu0r3cYpLJCEfTiEHNhQgiqcQw3qQGACd/AIT8at8WA8Gy+L0YTxuZOBHzBePwDxI5cm</latexit><latexit sha1_base64="3LQmZEHbf7i4BDrIkwB0MMDiYc4=">AAAB/HicdVDLSsNAFJ34rPUV7VKQwSLUTUjaYtONFNy4EKxgH9CEMplO26GTBzMTIYT6H7px40IRt36IO//GSaugogcGDufcyz1zvIhRIU3zXVtYXFpeWc2t5dc3Nre29Z3dtghjjkkLhyzkXQ8JwmhAWpJKRroRJ8j3GOl4k9PM71wTLmgYXMkkIq6PRgEdUoykkvp6QTqC+o6P5Bgjll5MS+dHfb1oGna9WrfL0DQqlWqtUs+IbR3XqtAyzBmKjf3bDHfNvv7mDEIc+ySQmCEhepYZSTdFXFLMyDTvxIJECE/QiPQUDZBPhJvOwk/hoVIGcBhy9QIJZ+r3jRT5QiS+pyazlOK3l4l/eb1YDm03pUEUSxLg+aFhzKAMYdYEHFBOsGSJIghzqrJCPEYcYan6yqsSvn4K/yftsmGZhnWp2jgBc+TAHjgAJWCBGmiAM9AELYBBAu7BI3jSbrQH7Vl7mY8uaJ87BfAD2usHTm+Y6w==</latexit><latexit sha1_base64="3LQmZEHbf7i4BDrIkwB0MMDiYc4=">AAAB/HicdVDLSsNAFJ34rPUV7VKQwSLUTUjaYtONFNy4EKxgH9CEMplO26GTBzMTIYT6H7px40IRt36IO//GSaugogcGDufcyz1zvIhRIU3zXVtYXFpeWc2t5dc3Nre29Z3dtghjjkkLhyzkXQ8JwmhAWpJKRroRJ8j3GOl4k9PM71wTLmgYXMkkIq6PRgEdUoykkvp6QTqC+o6P5Bgjll5MS+dHfb1oGna9WrfL0DQqlWqtUs+IbR3XqtAyzBmKjf3bDHfNvv7mDEIc+ySQmCEhepYZSTdFXFLMyDTvxIJECE/QiPQUDZBPhJvOwk/hoVIGcBhy9QIJZ+r3jRT5QiS+pyazlOK3l4l/eb1YDm03pUEUSxLg+aFhzKAMYdYEHFBOsGSJIghzqrJCPEYcYan6yqsSvn4K/yftsmGZhnWp2jgBc+TAHjgAJWCBGmiAM9AELYBBAu7BI3jSbrQH7Vl7mY8uaJ87BfAD2usHTm+Y6w==</latexit><latexit sha1_base64="h7ALmKv/p/mmRpZCmxTL6JCmEf8=">AAAB/HicdVDLSsNAFJ3UV62vaJduBotQNyFpi003UnDjQrCCrYUmlMl00g6dPJiZCCHUX3HjQhG3fog7/8ZJW0FFDwwczrmXe+Z4MaNCmuaHVlhZXVvfKG6WtrZ3dvf0/YOeiBKOSRdHLOJ9DwnCaEi6kkpG+jEnKPAYufWm57l/e0e4oFF4I9OYuAEah9SnGEklDfWydAQNnADJCUYsu5pVL0+GesU07FajZdegadTrjWa9lRPbOm02oGWYc1TAEp2h/u6MIpwEJJSYISEGlhlLN0NcUszIrOQkgsQIT9GYDBQNUUCEm83Dz+CxUkbQj7h6oYRz9ftGhgIh0sBTk3lK8dvLxb+8QSJ9281oGCeShHhxyE8YlBHMm4AjygmWLFUEYU5VVogniCMsVV8lVcLXT+H/pFczLNOwrs1K+2xZRxEcgiNQBRZogja4AB3QBRik4AE8gWftXnvUXrTXxWhBW+6UwQ9ob5/9UZT2</latexit>

32 bit integer

64 bit integer



Balls and Walls: A Compact Unary Coding 

for Bosonic States

<latexit sha1_base64="eebfzJ2SGkieuN/R0VLC/v1czUk=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqkxE1I1QdONKKtgHtEPJpGkbmseQZMQyjJ/ixoUibv0Rd/6NaTsLrR64cDjnXu69J4o5MzYIvrzC0vLK6lpxvbSxubW94++Wm0YlmtAGUVzpdoQN5UzShmWW03asKRYRp61ofDX1W/dUG6bknZ3ENBR4KNmAEWyd1PPLNxcIpV0t0sdIGSVNlvX8SlANZoB/CcpJBeSo9/zPbl+RRFBpCcfGdFAQ2zDF2jLCaVbqJobGmIzxkHYclVhQE6az2zN46JQ+HCjtSlo4U39OpFgYMxGR6xTYjsyiNxX/8zqJHZyHKZNxYqkk80WDhEOr4DQI2GeaEssnjmCimbsVkhHWmFgXV8mFgBZf/kuax1V0WkW3J5XaZR5HEeyDA3AEEDgDNXAN6qABCHgAT+AFvHqZ9+y9ee/z1oKXz+yBX/A+vgExhpSP</latexit>

N = 11 bosons
<latexit sha1_base64="RQn4IYo86TAlupc2leYc9QxXw3U=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqkxE1I1QdOPCRQX7gHYomTTThiaZIckoZRz/xI0LRdz6Je78G9N2Ftp64MLhnHu5954g5kwbz/t2CkvLK6trxfXSxubW9o5b3m3qKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYyuJn7rnirNInlnxjH1BR5IFjKCjZV6bvnmAqG0q0T6pJmhOst6bsWrelPARYJyUgE56j33q9uPSCKoNIRjrTvIi42fYmUY4TQrdRNNY0xGeEA7lkosqPbT6ekZPLRKH4aRsiUNnKq/J1IstB6LwHYKbIZ63puI/3mdxITnfspknBgqyWxRmHBoIjjJAfaZosTwsSWYKGZvhWSIFSbGplWyIaD5lxdJ87iKTqvo9qRSu8zjKIJ9cACOAAJnoAauQR00AAEP4Bm8gjfn0Xlx3p2PWWvByWf2wB84nz9fEZQX</latexit>

L = 11 sites



Balls and Walls: A Compact Unary Coding 

for Bosonic States

<latexit sha1_base64="eebfzJ2SGkieuN/R0VLC/v1czUk=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqkxE1I1QdONKKtgHtEPJpGkbmseQZMQyjJ/ixoUibv0Rd/6NaTsLrR64cDjnXu69J4o5MzYIvrzC0vLK6lpxvbSxubW94++Wm0YlmtAGUVzpdoQN5UzShmWW03asKRYRp61ofDX1W/dUG6bknZ3ENBR4KNmAEWyd1PPLNxcIpV0t0sdIGSVNlvX8SlANZoB/CcpJBeSo9/zPbl+RRFBpCcfGdFAQ2zDF2jLCaVbqJobGmIzxkHYclVhQE6az2zN46JQ+HCjtSlo4U39OpFgYMxGR6xTYjsyiNxX/8zqJHZyHKZNxYqkk80WDhEOr4DQI2GeaEssnjmCimbsVkhHWmFgXV8mFgBZf/kuax1V0WkW3J5XaZR5HEeyDA3AEEDgDNXAN6qABCHgAT+AFvHqZ9+y9ee/z1oKXz+yBX/A+vgExhpSP</latexit>

N = 11 bosons
<latexit sha1_base64="RQn4IYo86TAlupc2leYc9QxXw3U=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqkxE1I1QdOPCRQX7gHYomTTThiaZIckoZRz/xI0LRdz6Je78G9N2Ftp64MLhnHu5954g5kwbz/t2CkvLK6trxfXSxubW9o5b3m3qKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYyuJn7rnirNInlnxjH1BR5IFjKCjZV6bvnmAqG0q0T6pJmhOst6bsWrelPARYJyUgE56j33q9uPSCKoNIRjrTvIi42fYmUY4TQrdRNNY0xGeEA7lkosqPbT6ekZPLRKH4aRsiUNnKq/J1IstB6LwHYKbIZ63puI/3mdxITnfspknBgqyWxRmHBoIjjJAfaZosTwsSWYKGZvhWSIFSbGplWyIaD5lxdJ87iKTqvo9qRSu8zjKIJ9cACOAAJnoAauQR00AAEP4Bm8gjfn0Xlx3p2PWWvByWf2wB84nz9fEZQX</latexit>

L = 11 sites

Balls and Walls

<latexit sha1_base64="2y/D1RCqeoNSC1kPTi9y8jEpqwY=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCIJRERD1WvHiQUsF+QBvKZrttl252w+5GLCF/xYsHRbz6R7z5b0zaHLT1wcDjvRlm5vkhZ9o4zrdVWFldW98obpa2tnd29+z9ckvLSBHaJJJL1fGxppwJ2jTMcNoJFcWBz2nbn9xkfvuRKs2keDDTkHoBHgk2ZASbVOrb5Ti+O60nqEfGUmqK6kmpb1ecqjMDWiZuTiqQo9G3v3oDSaKACkM41rrrOqHxYqwMI5wmpV6kaYjJBI9oN6UCB1R78ez2BB2nygANpUpLGDRTf0/EONB6GvhpZ4DNWC96mfif143M8MqLmQgjQwWZLxpGHBmJsiDQgClKDJ+mBBPF0lsRGWOFiUnjykJwF19eJq2zqntRde/PK7XrPI4iHMIRnIALl1CDW2hAEwg8wTO8wpuVWC/Wu/Uxby1Y+cwB/IH1+QOtw5OO</latexit>

✓

L+N

N

◆

<latexit sha1_base64="n9Yi+HAMJLpKQbo09kYKnh51xDg=">AAACBnicdVDLSsNAFJ3UV62vqksRBovgKiTSpu2u4MaVVLAPaEOZTCft0MlMmJkIJaQbN/6KGxeKuPUb3Pk3Jm0FFT1w4cw59zL3Hi9kVGnL+jByK6tr6xv5zcLW9s7uXnH/oK1EJDFpYcGE7HpIEUY5aWmqGemGkqDAY6TjTS4yv3NLpKKC3+hpSNwAjTj1KUY6lQbF47gvg7gVzrSYJQm8gtlz5gkluEoKg2LJMp1K2ak50DJtu1yp2wtSrdehbVpzlMASzUHxvT8UOAoI15ghpXq2FWo3RlJTzEhS6EeKhAhP0Ij0UspRQJQbz89I4GmqDKEvZFpcw7n6fSJGgVLTwEs7A6TH6reXiX95vUj7NTemPIw04XjxkR8xqAXMMoFDKgnWbJoShCVNd4V4jCTCOk0uC+HrUvg/aZ+btmPa1+VSo7aMIw+OwAk4Azaogga4BE3QAhjcgQfwBJ6Ne+PReDFeF605YzlzCH7AePsEjLSZzA==</latexit>

Up to N bosons

| ∗ ∗|| ∗ || ∗ ∗ ∗ || ∗ |||| ∗ ∗ ∗ ∗<latexit sha1_base64="SY/6kgeBHFa2J6SUYZvGgEgJK0s=">AAAB/3icbVDLSgMxFL3js9bXqODGTbAI0kWZEcEuC25cVrAPaIeSSTNtaCYzJBmhTLvwV9y4UMStv+HOvzEznYW2HhLu4Zx7yc3xY86Udpxva219Y3Nru7RT3t3bPzi0j47bKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vEnt5nfeaRSsUg86GlMvRCPBAsYwdpIA/t0Vq3OZtkpas6qA7vi1JwcaJW4BalAgebA/uoPI5KEVGjCsVI914m1l2KpGeF0Xu4nisaYTPCI9gwVOKTKS/P95+jCKEMURNJcoVGu/p5IcajUNPRNZ4j1WC17mfif10t0UPdSJuJEU0EWDwUJRzpCWRhoyCQlmk8NwUQysysiYywx0SaysgnBXf7yKmlf1Vyn5t5fVxr1Io4SnME5XIILN9CAO2hCCwjM4Ble4c16sl6sd+tj0bpmFTMn8AfW5w/M2ZSf</latexit><latexit sha1_base64="SY/6kgeBHFa2J6SUYZvGgEgJK0s=">AAAB/3icbVDLSgMxFL3js9bXqODGTbAI0kWZEcEuC25cVrAPaIeSSTNtaCYzJBmhTLvwV9y4UMStv+HOvzEznYW2HhLu4Zx7yc3xY86Udpxva219Y3Nru7RT3t3bPzi0j47bKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vEnt5nfeaRSsUg86GlMvRCPBAsYwdpIA/t0Vq3OZtkpas6qA7vi1JwcaJW4BalAgebA/uoPI5KEVGjCsVI914m1l2KpGeF0Xu4nisaYTPCI9gwVOKTKS/P95+jCKEMURNJcoVGu/p5IcajUNPRNZ4j1WC17mfif10t0UPdSJuJEU0EWDwUJRzpCWRhoyCQlmk8NwUQysysiYywx0SaysgnBXf7yKmlf1Vyn5t5fVxr1Io4SnME5XIILN9CAO2hCCwjM4Ble4c16sl6sd+tj0bpmFTMn8AfW5w/M2ZSf</latexit><latexit sha1_base64="SY/6kgeBHFa2J6SUYZvGgEgJK0s=">AAAB/3icbVDLSgMxFL3js9bXqODGTbAI0kWZEcEuC25cVrAPaIeSSTNtaCYzJBmhTLvwV9y4UMStv+HOvzEznYW2HhLu4Zx7yc3xY86Udpxva219Y3Nru7RT3t3bPzi0j47bKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vEnt5nfeaRSsUg86GlMvRCPBAsYwdpIA/t0Vq3OZtkpas6qA7vi1JwcaJW4BalAgebA/uoPI5KEVGjCsVI914m1l2KpGeF0Xu4nisaYTPCI9gwVOKTKS/P95+jCKEMURNJcoVGu/p5IcajUNPRNZ4j1WC17mfif10t0UPdSJuJEU0EWDwUJRzpCWRhoyCQlmk8NwUQysysiYywx0SaysgnBXf7yKmlf1Vyn5t5fVxr1Io4SnME5XIILN9CAO2hCCwjM4Ble4c16sl6sd+tj0bpmFTMn8AfW5w/M2ZSf</latexit><latexit sha1_base64="SY/6kgeBHFa2J6SUYZvGgEgJK0s=">AAAB/3icbVDLSgMxFL3js9bXqODGTbAI0kWZEcEuC25cVrAPaIeSSTNtaCYzJBmhTLvwV9y4UMStv+HOvzEznYW2HhLu4Zx7yc3xY86Udpxva219Y3Nru7RT3t3bPzi0j47bKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vEnt5nfeaRSsUg86GlMvRCPBAsYwdpIA/t0Vq3OZtkpas6qA7vi1JwcaJW4BalAgebA/uoPI5KEVGjCsVI914m1l2KpGeF0Xu4nisaYTPCI9gwVOKTKS/P95+jCKEMURNJcoVGu/p5IcajUNPRNZ4j1WC17mfif10t0UPdSJuJEU0EWDwUJRzpCWRhoyCQlmk8NwUQysysiYywx0SaysgnBXf7yKmlf1Vyn5t5fVxr1Io4SnME5XIILN9CAO2hCCwjM4Ble4c16sl6sd+tj0bpmFTMn8AfW5w/M2ZSf</latexit>



Balls and Walls: A Compact Unary Coding 

for Bosonic States

<latexit sha1_base64="eebfzJ2SGkieuN/R0VLC/v1czUk=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqkxE1I1QdONKKtgHtEPJpGkbmseQZMQyjJ/ixoUibv0Rd/6NaTsLrR64cDjnXu69J4o5MzYIvrzC0vLK6lpxvbSxubW94++Wm0YlmtAGUVzpdoQN5UzShmWW03asKRYRp61ofDX1W/dUG6bknZ3ENBR4KNmAEWyd1PPLNxcIpV0t0sdIGSVNlvX8SlANZoB/CcpJBeSo9/zPbl+RRFBpCcfGdFAQ2zDF2jLCaVbqJobGmIzxkHYclVhQE6az2zN46JQ+HCjtSlo4U39OpFgYMxGR6xTYjsyiNxX/8zqJHZyHKZNxYqkk80WDhEOr4DQI2GeaEssnjmCimbsVkhHWmFgXV8mFgBZf/kuax1V0WkW3J5XaZR5HEeyDA3AEEDgDNXAN6qABCHgAT+AFvHqZ9+y9ee/z1oKXz+yBX/A+vgExhpSP</latexit>

N = 11 bosons
<latexit sha1_base64="RQn4IYo86TAlupc2leYc9QxXw3U=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqkxE1I1QdOPCRQX7gHYomTTThiaZIckoZRz/xI0LRdz6Je78G9N2Ftp64MLhnHu5954g5kwbz/t2CkvLK6trxfXSxubW9o5b3m3qKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYyuJn7rnirNInlnxjH1BR5IFjKCjZV6bvnmAqG0q0T6pJmhOst6bsWrelPARYJyUgE56j33q9uPSCKoNIRjrTvIi42fYmUY4TQrdRNNY0xGeEA7lkosqPbT6ekZPLRKH4aRsiUNnKq/J1IstB6LwHYKbIZ63puI/3mdxITnfspknBgqyWxRmHBoIjjJAfaZosTwsSWYKGZvhWSIFSbGplWyIaD5lxdJ87iKTqvo9qRSu8zjKIJ9cACOAAJnoAauQR00AAEP4Bm8gjfn0Xlx3p2PWWvByWf2wB84nz9fEZQX</latexit>

L = 11 sites

Balls and Walls



Balls and Walls: A Compact Unary Coding 

for Bosonic States

<latexit sha1_base64="eebfzJ2SGkieuN/R0VLC/v1czUk=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqkxE1I1QdONKKtgHtEPJpGkbmseQZMQyjJ/ixoUibv0Rd/6NaTsLrR64cDjnXu69J4o5MzYIvrzC0vLK6lpxvbSxubW94++Wm0YlmtAGUVzpdoQN5UzShmWW03asKRYRp61ofDX1W/dUG6bknZ3ENBR4KNmAEWyd1PPLNxcIpV0t0sdIGSVNlvX8SlANZoB/CcpJBeSo9/zPbl+RRFBpCcfGdFAQ2zDF2jLCaVbqJobGmIzxkHYclVhQE6az2zN46JQ+HCjtSlo4U39OpFgYMxGR6xTYjsyiNxX/8zqJHZyHKZNxYqkk80WDhEOr4DQI2GeaEssnjmCimbsVkhHWmFgXV8mFgBZf/kuax1V0WkW3J5XaZR5HEeyDA3AEEDgDNXAN6qABCHgAT+AFvHqZ9+y9ee/z1oKXz+yBX/A+vgExhpSP</latexit>

N = 11 bosons
<latexit sha1_base64="RQn4IYo86TAlupc2leYc9QxXw3U=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqkxE1I1QdOPCRQX7gHYomTTThiaZIckoZRz/xI0LRdz6Je78G9N2Ftp64MLhnHu5954g5kwbz/t2CkvLK6trxfXSxubW9o5b3m3qKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYyuJn7rnirNInlnxjH1BR5IFjKCjZV6bvnmAqG0q0T6pJmhOst6bsWrelPARYJyUgE56j33q9uPSCKoNIRjrTvIi42fYmUY4TQrdRNNY0xGeEA7lkosqPbT6ekZPLRKH4aRsiUNnKq/J1IstB6LwHYKbIZ63puI/3mdxITnfspknBgqyWxRmHBoIjjJAfaZosTwsSWYKGZvhWSIFSbGplWyIaD5lxdJ87iKTqvo9qRSu8zjKIJ9cACOAAJnoAauQR00AAEP4Bm8gjfn0Xlx3p2PWWvByWf2wB84nz9fEZQX</latexit>

L = 11 sites

Balls and Walls

<latexit sha1_base64="pcS9jU2ePjbNu5ijblepOVwcPzU=">AAACIHicbVDLSgMxFL1TX7W+Rl26GSyCi1ImIrbLghuXFewDOqVk0kwbmskMSUYoQz/Fjb/ixoUiutOvMW0Hta0nJJyccy/JPX7MmdKu+2nl1tY3Nrfy24Wd3b39A/vwqKmiRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Q99Vv3VCoWiTs9jmk3xAPBAkawNlLPrnjG1ajkmoVK6OdcvP9qriexGHDas4tu2Z3BWSUoI0XIUO/ZH14/IklIhSYcK9VBbqy7KZaaEU4nBS9RNMZkhAe0Y6jAIVXddDbgxDkzSt8JImm20M5M/duR4lCpceibyhDroVr2puJ/XifRQbWbMhEnmgoyfyhIuKMjZ5qW02eSEs3HhmAimfmrQ4ZYYqJNpgUTAloeeZU0L8roqoxuL4u1ahZHHk7gFM4BQQVqcAN1aACBB3iCF3i1Hq1n6816n5fmrKznGBZgfX0DGTSbhg==</latexit>

|1, 0, 0, 1, 1, 0, 1, 1, 0, 0, 0, 1, 1, 0, 1, 1, 1, 1, 0, 0, 0, 0iFermions
<latexit sha1_base64="DhNgG9jqhime50V9T7SW80wpq4s=">AAACAHicdVDJSgNBEO1xjXGLevDgpTEInoYZyXoLePFmBLNAMoSenkrSpGexl0AY5uKvePGgiFc/w5t/40wSQUUfFDzeq6KqnhtxJpVlfRgrq2vrG5u5rfz2zu7efuHgsC1DLSi0aMhD0XWJBM4CaCmmOHQjAcR3OXTcyWXmd6YgJAuDWzWLwPHJKGBDRolKpUHh2OrDnWbTuC/8+JpSHTHwkiQ/KBQts1IuVWoVbJm2XSrX7QWp1uvYNq05imiJ5qDw3vdCqn0IFOVEyp5tRcqJiVCMckjyfS0hInRCRtBLaUB8kE48fyDBZ6ni4WEo0goUnqvfJ2LiSznz3bTTJ2osf3uZ+JfX02pYc2IWRFpBQBeLhppjFeIsDewxAVTxWUoIFSy9FdMxEYSqNLMshK9P8f+kfWHaFdO+KRUbtWUcOXSCTtE5slEVNdAVaqIWoihBD+gJPRv3xqPxYrwuWleM5cwR+gHj7RN/2Jb7</latexit>

0 ≡ Occupied
<latexit sha1_base64="s15it8cszEnG1XREHQzWevBXxTY=">AAAB/XicdVDLSgMxFM3UV62v+ti5CRbB1TCRdtruCiK4rGAf0JaSSTNtaJIZk0yhDsVfceNCEbf+hzv/xpm2gooeuHA4517uvccLOdPGcT6szMrq2vpGdjO3tb2zu5ffP2jqIFKENkjAA9X2sKacSdowzHDaDhXFwuO05Y0vUr81oUqzQN6YaUh7Ag8l8xnBJpH6+SPUpbcRm8RdJeJLEZrpbJbr5wuO7ZaKbsWFjo1QsVRFC1KuViGynTkKYIl6P//eHQQkElQawrHWHeSEphdjZRjhdJbrRpqGmIzxkHYSKrGguhfPr5/B00QZQD9QSUkD5+r3iRgLrafCSzoFNiP920vFv7xOZPxKL2YyjAyVZLHIjzg0AUyjgAOmKDF8mhBMFEtuhWSEFSYmCSwN4etT+D9pntvItdF1sVCrLOPIgmNwAs4AAmVQA1egDhqAgDvwAJ7As3VvPVov1uuiNWMtZw7BD1hvn0i6lcE=</latexit>

1 ≡ Empty



Balls and Walls: A Compact Unary Coding 

for Bosonic States

<latexit sha1_base64="eebfzJ2SGkieuN/R0VLC/v1czUk=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqkxE1I1QdONKKtgHtEPJpGkbmseQZMQyjJ/ixoUibv0Rd/6NaTsLrR64cDjnXu69J4o5MzYIvrzC0vLK6lpxvbSxubW94++Wm0YlmtAGUVzpdoQN5UzShmWW03asKRYRp61ofDX1W/dUG6bknZ3ENBR4KNmAEWyd1PPLNxcIpV0t0sdIGSVNlvX8SlANZoB/CcpJBeSo9/zPbl+RRFBpCcfGdFAQ2zDF2jLCaVbqJobGmIzxkHYclVhQE6az2zN46JQ+HCjtSlo4U39OpFgYMxGR6xTYjsyiNxX/8zqJHZyHKZNxYqkk80WDhEOr4DQI2GeaEssnjmCimbsVkhHWmFgXV8mFgBZf/kuax1V0WkW3J5XaZR5HEeyDA3AEEDgDNXAN6qABCHgAT+AFvHqZ9+y9ee/z1oKXz+yBX/A+vgExhpSP</latexit>

N = 11 bosons
<latexit sha1_base64="RQn4IYo86TAlupc2leYc9QxXw3U=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqkxE1I1QdOPCRQX7gHYomTTThiaZIckoZRz/xI0LRdz6Je78G9N2Ftp64MLhnHu5954g5kwbz/t2CkvLK6trxfXSxubW9o5b3m3qKFGENkjEI9UOsKacSdowzHDajhXFIuC0FYyuJn7rnirNInlnxjH1BR5IFjKCjZV6bvnmAqG0q0T6pJmhOst6bsWrelPARYJyUgE56j33q9uPSCKoNIRjrTvIi42fYmUY4TQrdRNNY0xGeEA7lkosqPbT6ekZPLRKH4aRsiUNnKq/J1IstB6LwHYKbIZ63puI/3mdxITnfspknBgqyWxRmHBoIjjJAfaZosTwsSWYKGZvhWSIFSbGplWyIaD5lxdJ87iKTqvo9qRSu8zjKIJ9cACOAAJnoAauQR00AAEP4Bm8gjfn0Xlx3p2PWWvByWf2wB84nz9fEZQX</latexit>

L = 11 sites

Balls and Walls

Fermions

<latexit sha1_base64="tPWJ2xQIcV0U5krEWx3cGUb96wE=">AAACHXicbVDLSsNAFJ34rPUVdelmsAiCUBIp6kaouHFRSgX7gCaUyXTSDp1kwsxEKCF+iBt/xY0LRVy4Ef/GSZtFbT1wuYdz7mXmHi9iVCrL+jGWlldW19YLG8XNre2dXXNvvyV5LDBpYs646HhIEkZD0lRUMdKJBEGBx0jbG91kfvuBCEl5eK/GEXEDNAipTzFSWuqZlcTxkEhqKXTwkHNJYD19nOIq70lSO63P+sWeWbLK1gRwkdg5KYEcjZ755fQ5jgMSKsyQlF3bipSbIKEoZiQtOrEkEcIjNCBdTUMUEOkmk+tSeKyVPvS50BUqOFFnNxIUSDkOPD0ZIDWU814m/ud1Y+VfugkNo1iREE8f8mMGFYdZVLBPBcGKjTVBWFD9V4iHSCCsdKBZCPb8yYukdVa2z8v2XaVUvc7jKIBDcAROgA0uQBXcggZoAgyewAt4A+/Gs/FqfBif09ElI985AH9gfP8CRMyjOw==</latexit>

✓

L̄

N

◆

=

✓

L+N

N

◆

<latexit sha1_base64="vH99D5qMNTQqjR9x7kmApdiKENk=">AAAB8nicdVDLSgMxFM34rPVVdekmWARBGCbSTtuFUHDjokgF+4DpUDJppg3NTIYkI5Shn+HGhSJu/Rp3/o3pQ1DRAxcO59zLvfcECWdKO86HtbK6tr6xmdvKb+/s7u0XDg7bSqSS0BYRXMhugBXlLKYtzTSn3URSHAWcdoLx1czv3FOpmIjv9CShfoSHMQsZwdpIXi/AMmtMLxvnN/1C0bHdcsmtutCxESqVa2hBKrUaRLYzRxEs0ewX3nsDQdKIxppwrJSHnET7GZaaEU6n+V6qaILJGA+pZ2iMI6r8bH7yFJ4aZQBDIU3FGs7V7xMZjpSaRIHpjLAeqd/eTPzL81IdVv2MxUmqaUwWi8KUQy3g7H84YJISzSeGYCKZuRWSEZaYaJNS3oTw9Sn8n7QvbOTa6LZUrFeXceTAMTgBZwCBCqiDa9AELUCAAA/gCTxb2nq0XqzXReuKtZw5Aj9gvX0CBbuREg==</latexit>

L̄ = L+N Unary coding for bosonic states is as efficient 
as conventional binary encoding for fermionic 
states



Bose–Hubbard model
<latexit sha1_base64="AYICpfY703QjsTAOExX/i1Hbbvk="></latexit>

H = −t
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Example:
<latexit sha1_base64="SZzOIcpoU78+Rc4WGzfbSLtAtoM=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GibaTttFoeDGhUgFxxbaoWTSTBuayQxJRihDv8GNC0Xc+kHu/BvTh6CiBy4czrmXe+8JEs6UdpwPK7eyura+kd8sbG3v7O4V9w/uVJxKQj0S81h2AqwoZ4J6mmlOO4mkOAo4bQfji5nfvqdSsVjc6klC/QgPBQsZwdpI3lXjunHeL5Yc262U3ZoLHRuhcqWOFqRar0NkO3OUwBKtfvG9N4hJGlGhCcdKdZGTaD/DUjPC6bTQSxVNMBnjIe0aKnBElZ/Nj53CE6MMYBhLU0LDufp9IsORUpMoMJ0R1iP125uJf3ndVIc1P2MiSTUVZLEoTDnUMZx9DgdMUqL5xBBMJDO3QjLCEhNt8imYEL4+hf+TuzMbuTa6KZeatWUceXAEjsEpQKAKmuAStIAHCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJzNOjkY=</latexit>

L = N = 3
<latexit sha1_base64="xeel0FwUaCJNFre5zhbVYH14t/w=">AAACI3icbZDLSsNAFIYn9VbrLerSTbAILkKZWNHiquDGZQV7gSaUyXTaDp1MwsxEKKF9Fje+ihsXSnHjwndxkmahbQ8M/Hz/OZw5vx8xKhWE30ZhY3Nre6e4W9rbPzg8Mo9PWjKMBSZNHLJQdHwkCaOcNBVVjHQiQVDgM9L2x/ep334mQtKQP6lJRLwADTkdUIyURj3zztWuqtrQhq5AfMiIPZtlDNrVNUzTnJV6ZhlWYFbWqnByUQZ5NXrm3O2HOA4IV5ghKbsOjJSXIKEoZmRacmNJIoTHaEi6WnIUEOkl2Y1T60KTvjUIhX5cWRn9O5GgQMpJ4OvOAKmRXPZSuM7rxmpQ8xLKo1gRjheLBjGzVGilgVl9KghWbKIFwoLqv1p4hATCSseahuAsn7wqWlcV56biPF6X67U8jiI4A+fgEjjgFtTBA2iAJsDgBbyBD/BpvBrvxtz4WrQWjHzmFPwr4+cXaTSi3A==</latexit>

|3, 0, 0i, |0, 3, 0i, |0, 0, 3i
<latexit sha1_base64="3BGfzaLY52X0S5DwB96ylIcj+Lw=">AAACI3icbZDLSsNAFIYn9VbrLerSzWARXISSFNHiquDGZQV7gSaUyXTSDp1MwsxEKKF9Fje+ihsXSnHjwndxkmahrQcGfr7/HM6c348Zlcq2v4zSxubW9k55t7K3f3B4ZB6fdGSUCEzaOGKR6PlIEkY5aSuqGOnFgqDQZ6TrT+4yv/tEhKQRf1TTmHghGnEaUIyURgPz1tWuqluOZbsC8REj1nyeM9vSdIXpLqtesMrArNo1Oy+4LpxCVEFRrYG5cIcRTkLCFWZIyr5jx8pLkVAUMzKruIkkMcITNCJ9LTkKifTS/MYZvNBkCINI6McVzOnviRSFUk5DX3eGSI3lqpfB/7x+ooKGl1IeJ4pwvFwUJAyqCGaBwSEVBCs21QJhQfVfIR4jgbDSsWYhOKsnr4tOveZc15yHq2qzUcRRBmfgHFwCB9yAJrgHLdAGGDyDV/AOPowX481YGJ/L1pJRzJyCP2V8/wBpNKLc</latexit>

|2, 1, 0i, |0, 2, 1i, |1, 0, 2i
<latexit sha1_base64="phe9sfQGdJdn4YzA9Gqc4fXsxdQ=">AAACI3icbZDLSsNAFIYn9VbrLerSTbAILkLJFNHiquDGZQV7gSaUyXTSDp1MwsxEKKF9Fje+ihsXSnHjwndxkmahrQcGfr7/HM6c348ZlcpxvozSxubW9k55t7K3f3B4ZB6fdGSUCEzaOGKR6PlIEkY5aSuqGOnFgqDQZ6TrT+4yv/tEhKQRf1TTmHghGnEaUIyURgPz1tWugnbddlyB+IgRez7PmWNrusJ0lw0LVhmYVafm5GWtC1iIKiiqNTAX7jDCSUi4wgxJ2YdOrLwUCUUxI7OKm0gSIzxBI9LXkqOQSC/Nb5xZF5oMrSAS+nFl5fT3RIpCKaehrztDpMZy1cvgf14/UUHDSymPE0U4Xi4KEmapyMoCs4ZUEKzYVAuEBdV/tfAYCYSVjjULAa6evC469Rq8rsGHq2qzUcRRBmfgHFwCCG5AE9yDFmgDDJ7BK3gHH8aL8WYsjM9la8koZk7BnzK+fwBpNKLc</latexit>

|1, 2, 0i, |0, 1, 2i, |2, 0, 1i
<latexit sha1_base64="3cl7XZO74yZbqS9ZqR8BCtnKmLM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBg5RERHssePFYwX5AE8pmO2mXbjZhd6KU2p/ixYMiXv0l3vw3btsctPUNA4/3ZtjZF6aCa3Tdb6uwtr6xuVXcLu3s7u0f2OXDlk4yxaDJEpGoTkg1CC6hiRwFdFIFNA4FtMPRzcxvP4DSPJH3OE4hiOlA8ogzikbq2WXfuOidm/IVlQMBPbviVt05nFXi5aRCcjR69pffT1gWg0QmqNZdz00xmFCFnAmYlvxMQ0rZiA6ga6ikMehgMj996pwape9EiTIt0ZmrvzcmNNZ6HIdmMqY41MveTPzP62YY1YIJl2mGINnioSgTDibOLAenzxUwFGNDKFPc3OqwIVWUoUmrZELwlr+8SloXVe+q6t1dVuq1PI4iOSYn5Ix45JrUyS1pkCZh5JE8k1fyZj1ZL9a79bEYLVj5zhH5A+vzBwgxky4=</latexit>

|1, 1, 1i
<latexit sha1_base64="iegvJO0Cz5RWoFP7W8um4NTFkG8="></latexit>
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Bose–Hubbard model

Ground state
<latexit sha1_base64="+/dlSG3EUNgybs2QtxNF9Ad5ylk=">AAACD3icbVBNS8NAEN34WetX1KOXxaJ4KomI9iIUvHis0C9oQthsN+3SzSbsToQS+g+8+Fe8eFDEq1dv/hu3bQ7a+mDg8d4MM/PCVHANjvNtrayurW9slrbK2zu7e/v2wWFbJ5mirEUTkahuSDQTXLIWcBCsmypG4lCwTji6nfqdB6Y0T2QTxinzYzKQPOKUgJEC+6zpGRu8huaB4ykiB4LdLEuBXXGqzgx4mbgFqaACjcD+8voJzWImgQqidc91UvBzooBTwSZlL9MsJXREBqxnqCQx034++2eCT43Sx1GiTEnAM/X3RE5ircdxaDpjAkO96E3F/7xeBlHNz7lMM2CSzhdFmcCQ4Gk4uM8VoyDGhhCquLkV0yFRhIKJsGxCcBdfXibti6p7VXXvLyv1WhFHCR2jE3SOXHSN6ugONVALUfSIntErerOerBfr3fqYt65YxcwR+gPr8wdDHZzG</latexit>

T |Ψ0i = |Ψ0i
<latexit sha1_base64="/lxZZCfPvSEpvzOqBX2OrusSWAQ=">AAACHXicbVDLSgMxFM3UV62vUZdugkVwVWakaDdCwY3LCvYBnTLcSdM2NMkMSUYoQ3/Ejb/ixoUiLtyIf2Pa6UJbDwQO55zLzT1Rwpk2nvftFNbWNza3itulnd29/QP38Kil41QR2iQxj1UnAk05k7RpmOG0kygKIuK0HY1vZn77gSrNYnlvJgntCRhKNmAEjJVCtxpY1wQNzUIvUCCHnF4HOhUhC4AnIwgZzhPJiFktT4Ru2at4c+BV4i9IGS3QCN3PoB+TVFBpCAetu76XmF4GyjDC6bQUpJomQMYwpF1LJQiqe9n8uik+s0ofD2JlnzR4rv6eyEBoPRGRTQowI73szcT/vG5qBrVexmSSGipJvmiQcmxiPKsK95mixPCJJUAUs3/FZAQKiLGFlmwJ/vLJq6R1UfEvK/5dtVyvLeooohN0is6Rj65QHd2iBmoigh7RM3pFb86T8+K8Ox95tOAsZo7RHzhfP/bpow8=</latexit>

|Ψ0i =
X

i

αi|φii
<latexit sha1_base64="0FcUa6G/BEO4wzfR6RV80flFSkM=">AAACD3icbVBNS8NAEN34WetX1KOXxaJ4KomI9iIUvHis0C9oQthsJ+3SzSbsboQS+g+8+Fe8eFDEq1dv/hu3bQ7a+mDg8d4MM/PClDOlHefbWlldW9/YLG2Vt3d29/btg8O2SjJJoUUTnshuSBRwJqClmebQTSWQOOTQCUe3U7/zAFKxRDT1OAU/JgPBIkaJNlJgnzU9Y2svHbKAeZKIAYebZSmwK07VmQEvE7cgFVSgEdhfXj+hWQxCU06U6rlOqv2cSM0oh0nZyxSkhI7IAHqGChKD8vPZPxN8apQ+jhJpSmg8U39P5CRWahyHpjMmeqgWvan4n9fLdFTzcybSTIOg80VRxrFO8DQc3GcSqOZjQwiVzNyK6ZBIQrWJsGxCcBdfXibti6p7VXXvLyv1WhFHCR2jE3SOXHSN6ugONVALUfSIntErerOerBfr3fqYt65YxcwR+gPr8wc6aJ1i</latexit>

T |φii = |φii

<latexit sha1_base64="/9IAUY6DcJT8SUzSWCsEI+NVGt4="></latexit>

M =





M0 0 0

0 M1 0

0 0 M
−1





Eigenvalues
<latexit sha1_base64="7mN2qHJ48bCyxAQu4Mt6/9O5tUM=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBRa1JEe2y4MaFiwr2AU0sk+mkHTqZpDMToYR058ZfceNCEbd+gjv/xqTNQlsPXDiccy/33uMEjEplGN9abml5ZXUtv17Y2Nza3tF395rSDwUmDewzX7QdJAmjnDQUVYy0A0GQ5zDScoZXqd96IEJSn9+pcUBsD/U5dSlGKpG6+iG5j2jFCigcnd3EpclkZFFuRUbJLJ2aVlzo6kWjbEwBF4mZkSLIUO/qX1bPx6FHuMIMSdkxjUDZERKKYkbighVKEiA8RH3SSShHHpF2NH0khseJ0oOuL5LiCk7V3xMR8qQce07S6SE1kPNeKv7ndULlVu2I8iBUhOPZIjdkUPkwTQX2qCBYsXFCEBY0uRXiARIIqyS7NARz/uVF0qyUzYuyeXterFWzOPLgAByBE2CCS1AD16AOGgCDR/AMXsGb9qS9aO/ax6w1p2Uz++APtM8fHAmYEQ==</latexit>

e
i2πq/L

, q ∈ {0, 1,−1}

Example:
<latexit sha1_base64="SZzOIcpoU78+Rc4WGzfbSLtAtoM=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GibaTttFoeDGhUgFxxbaoWTSTBuayQxJRihDv8GNC0Xc+kHu/BvTh6CiBy4czrmXe+8JEs6UdpwPK7eyura+kd8sbG3v7O4V9w/uVJxKQj0S81h2AqwoZ4J6mmlOO4mkOAo4bQfji5nfvqdSsVjc6klC/QgPBQsZwdpI3lXjunHeL5Yc262U3ZoLHRuhcqWOFqRar0NkO3OUwBKtfvG9N4hJGlGhCcdKdZGTaD/DUjPC6bTQSxVNMBnjIe0aKnBElZ/Nj53CE6MMYBhLU0LDufp9IsORUpMoMJ0R1iP125uJf3ndVIc1P2MiSTUVZLEoTDnUMZx9DgdMUqL5xBBMJDO3QjLCEhNt8imYEL4+hf+TuzMbuTa6KZeatWUceXAEjsEpQKAKmuAStIAHCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJzNOjkY=</latexit>

L = N = 3
<latexit sha1_base64="8wjU5TvkpsB3GGKl/t4MybSPo5U=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBEEoSQi6kYouHFZoS9oY7iZTNKhkwczE6GE7tz4K25cKOLWX3Dn3zhtI2jrgQtnzrmXufd4KWdSWdaXsbC4tLyyWlorr29sbm2bO7stmWSC0CZJeCI6HkjKWUybiilOO6mgEHmctr3B9dhv31MhWRI31DClTgRhzAJGQGnJNQ8a4LK7ng9hSMUVuDk7sUc/b9xwzYpVtSbA88QuSAUVqLvmZ89PSBbRWBEOUnZtK1VODkIxwumo3MskTYEMIKRdTWOIqHTyyR0jfKQVHweJ0BUrPFF/T+QQSTmMPN0ZgerLWW8s/ud1MxVcOjmL00zRmEw/CjKOVYLHoWCfCUoUH2oCRDC9KyZ9EECUjq6sQ7BnT54nrdOqfV61b88qNauIo4T20SE6Rja6QDV0g+qoiQh6QE/oBb0aj8az8Wa8T1sXjGJmD/2B8fENErSYvg==</latexit>

Ta
†
i
= a

†
i+1

T
<latexit sha1_base64="tPlDqVcWYag2xHamyLyjLUhv+20=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KCUR0V6EgpceK/QLklA22027dLMJuxMhhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTIFtfxsbm1vbO7ulvfL+weHRsXly2lNxKgntkpjHchBgRTkTtAsMOB0kkuIo4LQfTO/nfv+RSsVi0YEsoX6Ex4KFjGDQ0tCseJyG4HZqLU+y8QT8O7s2NKt23V7AWidOQaqoQHtofnmjmKQRFUA4Vsp17AT8HEtghNNZ2UsVTTCZ4jF1NRU4osrPF8fPrAutjKwwlroEWAv190SOI6WyKNCdEYaJWvXm4n+em0LY8HMmkhSoIMtFYcotiK15EtaISUqAZ5pgIpm+1SITLDEBnVdZh+CsvrxOeld156buPFxXm40ijhI6Q+foEjnoFjVRC7VRFxGUoWf0it6MJ+PFeDc+lq0bRjFTQX9gfP4AghyT/w==</latexit>

[T,H] = 0,Translational symmetry: 



Bose–Hubbard model

Example:
<latexit sha1_base64="SZzOIcpoU78+Rc4WGzfbSLtAtoM=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GibaTttFoeDGhUgFxxbaoWTSTBuayQxJRihDv8GNC0Xc+kHu/BvTh6CiBy4czrmXe+8JEs6UdpwPK7eyura+kd8sbG3v7O4V9w/uVJxKQj0S81h2AqwoZ4J6mmlOO4mkOAo4bQfji5nfvqdSsVjc6klC/QgPBQsZwdpI3lXjunHeL5Yc262U3ZoLHRuhcqWOFqRar0NkO3OUwBKtfvG9N4hJGlGhCcdKdZGTaD/DUjPC6bTQSxVNMBnjIe0aKnBElZ/Nj53CE6MMYBhLU0LDufp9IsORUpMoMJ0R1iP125uJf3ndVIc1P2MiSTUVZLEoTDnUMZx9DgdMUqL5xBBMJDO3QjLCEhNt8imYEL4+hf+TuzMbuTa6KZeatWUceXAEjsEpQKAKmuAStIAHCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJzNOjkY=</latexit>

L = N = 3

<latexit sha1_base64="xeel0FwUaCJNFre5zhbVYH14t/w=">AAACI3icbZDLSsNAFIYn9VbrLerSTbAILkKZWNHiquDGZQV7gSaUyXTaDp1MwsxEKKF9Fje+ihsXSnHjwndxkmahbQ8M/Hz/OZw5vx8xKhWE30ZhY3Nre6e4W9rbPzg8Mo9PWjKMBSZNHLJQdHwkCaOcNBVVjHQiQVDgM9L2x/ep334mQtKQP6lJRLwADTkdUIyURj3zztWuqtrQhq5AfMiIPZtlDNrVNUzTnJV6ZhlWYFbWqnByUQZ5NXrm3O2HOA4IV5ghKbsOjJSXIKEoZmRacmNJIoTHaEi6WnIUEOkl2Y1T60KTvjUIhX5cWRn9O5GgQMpJ4OvOAKmRXPZSuM7rxmpQ8xLKo1gRjheLBjGzVGilgVl9KghWbKIFwoLqv1p4hATCSseahuAsn7wqWlcV56biPF6X67U8jiI4A+fgEjjgFtTBA2iAJsDgBbyBD/BpvBrvxtz4WrQWjHzmFPwr4+cXaTSi3A==</latexit>

|3, 0, 0i, |0, 3, 0i, |0, 0, 3i

<latexit sha1_base64="3BGfzaLY52X0S5DwB96ylIcj+Lw=">AAACI3icbZDLSsNAFIYn9VbrLerSzWARXISSFNHiquDGZQV7gSaUyXTSDp1MwsxEKKF9Fje+ihsXSnHjwndxkmahrQcGfr7/HM6c348Zlcq2v4zSxubW9k55t7K3f3B4ZB6fdGSUCEzaOGKR6PlIEkY5aSuqGOnFgqDQZ6TrT+4yv/tEhKQRf1TTmHghGnEaUIyURgPz1tWuqluOZbsC8REj1nyeM9vSdIXpLqtesMrArNo1Oy+4LpxCVEFRrYG5cIcRTkLCFWZIyr5jx8pLkVAUMzKruIkkMcITNCJ9LTkKifTS/MYZvNBkCINI6McVzOnviRSFUk5DX3eGSI3lqpfB/7x+ooKGl1IeJ4pwvFwUJAyqCGaBwSEVBCs21QJhQfVfIR4jgbDSsWYhOKsnr4tOveZc15yHq2qzUcRRBmfgHFwCB9yAJrgHLdAGGDyDV/AOPowX481YGJ/L1pJRzJyCP2V8/wBpNKLc</latexit>

|2, 1, 0i, |0, 2, 1i, |1, 0, 2i

<latexit sha1_base64="phe9sfQGdJdn4YzA9Gqc4fXsxdQ=">AAACI3icbZDLSsNAFIYn9VbrLerSTbAILkLJFNHiquDGZQV7gSaUyXTSDp1MwsxEKKF9Fje+ihsXSnHjwndxkmahrQcGfr7/HM6c348ZlcpxvozSxubW9k55t7K3f3B4ZB6fdGSUCEzaOGKR6PlIEkY5aSuqGOnFgqDQZ6TrT+4yv/tEhKQRf1TTmHghGnEaUIyURgPz1tWugnbddlyB+IgRez7PmWNrusJ0lw0LVhmYVafm5GWtC1iIKiiqNTAX7jDCSUi4wgxJ2YdOrLwUCUUxI7OKm0gSIzxBI9LXkqOQSC/Nb5xZF5oMrSAS+nFl5fT3RIpCKaehrztDpMZy1cvgf14/UUHDSymPE0U4Xi4KEmapyMoCs4ZUEKzYVAuEBdV/tfAYCYSVjjULAa6evC469Rq8rsGHq2qzUcRRBmfgHFwCCG5AE9yDFmgDDJ7BK3gHH8aL8WYsjM9la8koZk7BnzK+fwBpNKLc</latexit>

|1, 2, 0i, |0, 1, 2i, |2, 0, 1i

<latexit sha1_base64="3cl7XZO74yZbqS9ZqR8BCtnKmLM=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBg5RERHssePFYwX5AE8pmO2mXbjZhd6KU2p/ixYMiXv0l3vw3btsctPUNA4/3ZtjZF6aCa3Tdb6uwtr6xuVXcLu3s7u0f2OXDlk4yxaDJEpGoTkg1CC6hiRwFdFIFNA4FtMPRzcxvP4DSPJH3OE4hiOlA8ogzikbq2WXfuOidm/IVlQMBPbviVt05nFXi5aRCcjR69pffT1gWg0QmqNZdz00xmFCFnAmYlvxMQ0rZiA6ga6ikMehgMj996pwape9EiTIt0ZmrvzcmNNZ6HIdmMqY41MveTPzP62YY1YIJl2mGINnioSgTDibOLAenzxUwFGNDKFPc3OqwIVWUoUmrZELwlr+8SloXVe+q6t1dVuq1PI4iOSYn5Ix45JrUyS1pkCZh5JE8k1fyZj1ZL9a79bEYLVj5zhH5A+vzBwgxky4=</latexit>

|1, 1, 1i

<latexit sha1_base64="JxoYKCebAkvziuKpOKiz1krYPZ4="></latexit>

! |φ1i =
1p
3
(|3, 0, 0i+ |0, 3, 0i+ |0, 0, 3i)

<latexit sha1_base64="LoWfZbQarAstEYp00Z7mn51+qQI="></latexit>

! |φ2i =
1p
3
(|2, 1, 0i+ |0, 2, 1i+ |1, 0, 2i)

<latexit sha1_base64="LCOn1btE6d3JutwK0JCCYNepYJc="></latexit>

! |φ3i =
1p
3
(|1, 2, 0i+ |0, 1, 2i+ |2, 0, 1i)

<latexit sha1_base64="a+QkKvP2tZehJigrVirh8dsAKaU=">AAACEnicbVDLSgMxFM3UV62vqks3wSIoSJmRot0IBTcuK9gHdMqQSdM2NJMMyR2hlH6DG3/FjQtF3Lpy59+YTmehrScEDuecS3JPGAtuwHW/ndzK6tr6Rn6zsLW9s7tX3D9oGpVoyhpUCaXbITFMcMkawEGwdqwZiULBWuHoZua3Hpg2XMl7GMesG5GB5H1OCVgpKJ75oHwbAOzHQx5UfE3kQLDrVPPO7ckUHBRLbtlNgZeJl5ESylAPil9+T9EkYhKoIMZ0PDeG7oRo4FSwacFPDIsJHZEB61gqScRMd5KuNMUnVunhvtL2SsCp+ntiQiJjxlFokxGBoVn0ZuJ/XieBfrU74TJOgEk6f6ifCAwKz/rBPa4ZBTG2hFDN7V8xHRJNKNgWC7YEb3HlZdK8KHuXZe+uUqpVszry6Agdo1PkoStUQ7eojhqIokf0jF7Rm/PkvDjvzsc8mnOymUP0B87nD/yenPw=</latexit>

! |φ4i = |1, 1, 1i

Ground state

<latexit sha1_base64="/lxZZCfPvSEpvzOqBX2OrusSWAQ=">AAACHXicbVDLSgMxFM3UV62vUZdugkVwVWakaDdCwY3LCvYBnTLcSdM2NMkMSUYoQ3/Ejb/ixoUiLtyIf2Pa6UJbDwQO55zLzT1Rwpk2nvftFNbWNza3itulnd29/QP38Kil41QR2iQxj1UnAk05k7RpmOG0kygKIuK0HY1vZn77gSrNYnlvJgntCRhKNmAEjJVCtxpY1wQNzUIvUCCHnF4HOhUhC4AnIwgZzhPJiFktT4Ru2at4c+BV4i9IGS3QCN3PoB+TVFBpCAetu76XmF4GyjDC6bQUpJomQMYwpF1LJQiqe9n8uik+s0ofD2JlnzR4rv6eyEBoPRGRTQowI73szcT/vG5qBrVexmSSGipJvmiQcmxiPKsK95mixPCJJUAUs3/FZAQKiLGFlmwJ/vLJq6R1UfEvK/5dtVyvLeooohN0is6Rj65QHd2iBmoigh7RM3pFb86T8+K8Ox95tOAsZo7RHzhfP/bpow8=</latexit>

|Ψ0i =
X

i

αi|φii



Bose–Hubbard model

Example:
<latexit sha1_base64="SZzOIcpoU78+Rc4WGzfbSLtAtoM=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GibaTttFoeDGhUgFxxbaoWTSTBuayQxJRihDv8GNC0Xc+kHu/BvTh6CiBy4czrmXe+8JEs6UdpwPK7eyura+kd8sbG3v7O4V9w/uVJxKQj0S81h2AqwoZ4J6mmlOO4mkOAo4bQfji5nfvqdSsVjc6klC/QgPBQsZwdpI3lXjunHeL5Yc262U3ZoLHRuhcqWOFqRar0NkO3OUwBKtfvG9N4hJGlGhCcdKdZGTaD/DUjPC6bTQSxVNMBnjIe0aKnBElZ/Nj53CE6MMYBhLU0LDufp9IsORUpMoMJ0R1iP125uJf3ndVIc1P2MiSTUVZLEoTDnUMZx9DgdMUqL5xBBMJDO3QjLCEhNt8imYEL4+hf+TuzMbuTa6KZeatWUceXAEjsEpQKAKmuAStIAHCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJzNOjkY=</latexit>

L = N = 3

<latexit sha1_base64="Z2j17GHrzjDnNuLrMBBaZu7TieA="></latexit>

M0 = −t









−3U/t
√
3

√
3 0√

3 −U/t 3
√
6√

3 3 −U/t
√
6

0
√
6

√
6 0









Ground state
<latexit sha1_base64="/lxZZCfPvSEpvzOqBX2OrusSWAQ=">AAACHXicbVDLSgMxFM3UV62vUZdugkVwVWakaDdCwY3LCvYBnTLcSdM2NMkMSUYoQ3/Ejb/ixoUiLtyIf2Pa6UJbDwQO55zLzT1Rwpk2nvftFNbWNza3itulnd29/QP38Kil41QR2iQxj1UnAk05k7RpmOG0kygKIuK0HY1vZn77gSrNYnlvJgntCRhKNmAEjJVCtxpY1wQNzUIvUCCHnF4HOhUhC4AnIwgZzhPJiFktT4Ru2at4c+BV4i9IGS3QCN3PoB+TVFBpCAetu76XmF4GyjDC6bQUpJomQMYwpF1LJQiqe9n8uik+s0ofD2JlnzR4rv6eyEBoPRGRTQowI73szcT/vG5qBrVexmSSGipJvmiQcmxiPKsK95mixPCJJUAUs3/FZAQKiLGFlmwJ/vLJq6R1UfEvK/5dtVyvLeooohN0is6Rj65QHd2iBmoigh7RM3pFb86T8+K8Ox95tOAsZo7RHzhfP/bpow8=</latexit>

|Ψ0i =
X

i

αi|φii



Bose–Hubbard model

Example:
<latexit sha1_base64="SZzOIcpoU78+Rc4WGzfbSLtAtoM=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GibaTttFoeDGhUgFxxbaoWTSTBuayQxJRihDv8GNC0Xc+kHu/BvTh6CiBy4czrmXe+8JEs6UdpwPK7eyura+kd8sbG3v7O4V9w/uVJxKQj0S81h2AqwoZ4J6mmlOO4mkOAo4bQfji5nfvqdSsVjc6klC/QgPBQsZwdpI3lXjunHeL5Yc262U3ZoLHRuhcqWOFqRar0NkO3OUwBKtfvG9N4hJGlGhCcdKdZGTaD/DUjPC6bTQSxVNMBnjIe0aKnBElZ/Nj53CE6MMYBhLU0LDufp9IsORUpMoMJ0R1iP125uJf3ndVIc1P2MiSTUVZLEoTDnUMZx9DgdMUqL5xBBMJDO3QjLCEhNt8imYEL4+hf+TuzMbuTa6KZeatWUceXAEjsEpQKAKmuAStIAHCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJzNOjkY=</latexit>

L = N = 3<latexit sha1_base64="TwUHifvagmjP6gKloHItjdtB3vU="></latexit>

|φ1i =
1p
3
(|3, 0, 0i+ |0, 3, 0i+ |0, 0, 3i)



Bose–Hubbard model

Example:
<latexit sha1_base64="SZzOIcpoU78+Rc4WGzfbSLtAtoM=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GibaTttFoeDGhUgFxxbaoWTSTBuayQxJRihDv8GNC0Xc+kHu/BvTh6CiBy4czrmXe+8JEs6UdpwPK7eyura+kd8sbG3v7O4V9w/uVJxKQj0S81h2AqwoZ4J6mmlOO4mkOAo4bQfji5nfvqdSsVjc6klC/QgPBQsZwdpI3lXjunHeL5Yc262U3ZoLHRuhcqWOFqRar0NkO3OUwBKtfvG9N4hJGlGhCcdKdZGTaD/DUjPC6bTQSxVNMBnjIe0aKnBElZ/Nj53CE6MMYBhLU0LDufp9IsORUpMoMJ0R1iP125uJf3ndVIc1P2MiSTUVZLEoTDnUMZx9DgdMUqL5xBBMJDO3QjLCEhNt8imYEL4+hf+TuzMbuTa6KZeatWUceXAEjsEpQKAKmuAStIAHCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJzNOjkY=</latexit>

L = N = 3<latexit sha1_base64="TwUHifvagmjP6gKloHItjdtB3vU="></latexit>

|φ1i =
1p
3
(|3, 0, 0i+ |0, 3, 0i+ |0, 0, 3i)

|φ2i =
1p
3
(|2, 1, 0i+ |0, 2, 1i+ |1, 0, 2i)

<latexit sha1_base64="+21EZM5ouIx2bVIc/eo1BjGJD1I="></latexit><latexit sha1_base64="+21EZM5ouIx2bVIc/eo1BjGJD1I="></latexit><latexit sha1_base64="+21EZM5ouIx2bVIc/eo1BjGJD1I="></latexit><latexit sha1_base64="+21EZM5ouIx2bVIc/eo1BjGJD1I="></latexit>



Bose–Hubbard model

Example:
<latexit sha1_base64="SZzOIcpoU78+Rc4WGzfbSLtAtoM=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GibaTttFoeDGhUgFxxbaoWTSTBuayQxJRihDv8GNC0Xc+kHu/BvTh6CiBy4czrmXe+8JEs6UdpwPK7eyura+kd8sbG3v7O4V9w/uVJxKQj0S81h2AqwoZ4J6mmlOO4mkOAo4bQfji5nfvqdSsVjc6klC/QgPBQsZwdpI3lXjunHeL5Yc262U3ZoLHRuhcqWOFqRar0NkO3OUwBKtfvG9N4hJGlGhCcdKdZGTaD/DUjPC6bTQSxVNMBnjIe0aKnBElZ/Nj53CE6MMYBhLU0LDufp9IsORUpMoMJ0R1iP125uJf3ndVIc1P2MiSTUVZLEoTDnUMZx9DgdMUqL5xBBMJDO3QjLCEhNt8imYEL4+hf+TuzMbuTa6KZeatWUceXAEjsEpQKAKmuAStIAHCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJzNOjkY=</latexit>

L = N = 3<latexit sha1_base64="TwUHifvagmjP6gKloHItjdtB3vU="></latexit>

|φ1i =
1p
3
(|3, 0, 0i+ |0, 3, 0i+ |0, 0, 3i)

|φ2i =
1p
3
(|2, 1, 0i+ |0, 2, 1i+ |1, 0, 2i)

<latexit sha1_base64="+21EZM5ouIx2bVIc/eo1BjGJD1I="></latexit><latexit sha1_base64="+21EZM5ouIx2bVIc/eo1BjGJD1I="></latexit><latexit sha1_base64="+21EZM5ouIx2bVIc/eo1BjGJD1I="></latexit><latexit sha1_base64="+21EZM5ouIx2bVIc/eo1BjGJD1I="></latexit>

O(L)
<latexit sha1_base64="oQ6n7CAErR9KrvcCtT1uMGOSNxo=">AAAB9XicdVDLSgMxFL3js9ZX1aUgQRF0M2RqsZ2NFNy4EKxgH9DWkknTNjTzIMkoZeh/2IWgIm79F3f+jWmroKIHAodz7uWeHC8SXGmM362Z2bn5hcXUUnp5ZXVtPbOxWVFhLCkr01CEsuYRxQQPWFlzLVgtkoz4nmBVr3869qs3TCoeBld6ELGmT7oB73BKtJGuGz7RPUpEcjE8OD9sZfaw7RYKLs4hbOcwzuWzhhy5rnuMkWPjCfaKO6PRAwCUWpm3Rjuksc8CTQVRqu7gSDcTIjWngg3TjVixiNA+6bK6oQHxmWomk9RDtG+UNuqE0rxAo4n6fSMhvlID3zOT45TqtzcW//Lqse4UmgkPolizgE4PdWKBdIjGFaA2l4xqMTCEUMlNVkR7RBKqTVFpU8LXT9H/pJK1HWw7l6aNE5giBduwCwfgQB6KcAYlKAMFCXfwCE/WrXVvPVsv09EZ63NnC37Aev0AZeeUow==</latexit><latexit sha1_base64="wSWlCUFlNI7Ilbi7vVtTpzlZRm8=">AAAB9XicdVDLSgMxFM3UV62vqktBgkWomyFTi+1spODGhWAF+4B2LJk004ZmHiQZpQz9DxVcKOLWf3Hn35hpFVT0QOBwzr3ck+NGnEmF0LuRmZtfWFzKLudWVtfWN/KbW00ZxoLQBgl5KNoulpSzgDYUU5y2I0Gx73Lackcnqd+6pkKyMLhU44g6Ph4EzGMEKy1ddX2shgTz5HxSPDvo5QvItKtVG5UhMssIlSslTQ5t2z5C0DLRFIXa7l2K+3ov/9bthyT2aaAIx1J2LBQpJ8FCMcLpJNeNJY0wGeEB7WgaYJ9KJ5mmnsB9rfShFwr9AgWn6veNBPtSjn1XT6Yp5W8vFf/yOrHyqk7CgihWNCCzQ17MoQphWgHsM0GJ4mNNMBFMZ4VkiAUmSheV0yV8/RT+T5ol00KmdaHbOAYzZMEO2ANFYIEKqIFTUAcNQIAAt+ARPBk3xoPxbLzMRjPG5842+AHj9QPDJJZo</latexit><latexit sha1_base64="wSWlCUFlNI7Ilbi7vVtTpzlZRm8=">AAAB9XicdVDLSgMxFM3UV62vqktBgkWomyFTi+1spODGhWAF+4B2LJk004ZmHiQZpQz9DxVcKOLWf3Hn35hpFVT0QOBwzr3ck+NGnEmF0LuRmZtfWFzKLudWVtfWN/KbW00ZxoLQBgl5KNoulpSzgDYUU5y2I0Gx73Lackcnqd+6pkKyMLhU44g6Ph4EzGMEKy1ddX2shgTz5HxSPDvo5QvItKtVG5UhMssIlSslTQ5t2z5C0DLRFIXa7l2K+3ov/9bthyT2aaAIx1J2LBQpJ8FCMcLpJNeNJY0wGeEB7WgaYJ9KJ5mmnsB9rfShFwr9AgWn6veNBPtSjn1XT6Yp5W8vFf/yOrHyqk7CgihWNCCzQ17MoQphWgHsM0GJ4mNNMBFMZ4VkiAUmSheV0yV8/RT+T5ol00KmdaHbOAYzZMEO2ANFYIEKqIFTUAcNQIAAt+ARPBk3xoPxbLzMRjPG5842+AHj9QPDJJZo</latexit><latexit sha1_base64="ynf+heddvOESnT6LpXfbp6mdnZA=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZCpxXY2UnDjQrCCfUA7lkyatqGZzJBklDL0P9y4UMSt/+LOvzHTVlDRA4HDOfdyT44fcaY0Qh9WZml5ZXUtu57b2Nza3snv7jVVGEtCGyTkoWz7WFHOBG1opjltR5LiwOe05Y/PU791R6ViobjRk4h6AR4KNmAEayPddgOsRwTz5GpavDzu5QvIdqtVF5UhsssIlSslQ05c1z1F0LHRDAWwQL2Xf+/2QxIHVGjCsVIdB0XaS7DUjHA6zXVjRSNMxnhIO4YKHFDlJbPUU3hklD4chNI8oeFM/b6R4ECpSeCbyTSl+u2l4l9eJ9aDqpcwEcWaCjI/NIg51CFMK4B9JinRfGIIJpKZrJCMsMREm6JypoSvn8L/SbNkO8h2rlGhdraoIwsOwCEoAgdUQA1cgDpoAAIkeABP4Nm6tx6tF+t1PpqxFjv74Aest09yFZJz</latexit>

Permanent Ordering (PO)

O(L2)
<latexit sha1_base64="2DNvyqy8dcmRs8zy3bGC8esIDRU=">AAAB+XicdVDLSgMxFL3js9bXqEtBgiLoZphpi203UnDjQrCCfUA7lkya0WDmQZIplKEfUnChC0Xc+ifu/BszrYKKHggczrmXe3K8mDOpbPvdmJmdm19YzC3ll1dW19bNjc2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXm3J5nfGlAhWRReqmFM3QBfh8xnBCst9UyzG2B1QzBPz0cHZ1eFw565Z1uVaqlaKSDbKhZL5WI1IxXnqFxCjmVPsFfbGY/vAaDeM9+6/YgkAQ0V4VjKjmPHyk2xUIxwOsp3E0ljTG7xNe1oGuKASjedJB+hfa30kR8J/UKFJur3jRQHUg4DT09mOeVvLxP/8jqJ8ituysI4UTQk00N+wpGKUFYD6jNBieJDTTARTGdF5AYLTJQuK69L+Pop+p80C5ZjW86FbuMYpsjBNuzCAThQhhqcQh0aQGAAd/AIT0ZqPBjPxst0dMb43NmCHzBePwAXN5V/</latexit><latexit sha1_base64="Ue5cjSlXUanDDEbM/PYKJsRCvNw=">AAAB+XicdVDLSgMxFM34rPU16lKQYBHqZphpi51upODGhWAF+4B2LJk0bUMzmSHJFMrQD1HcuFDErX/izr8x0yqo6IHA4Zx7uSfHjxiVyrbfjYXFpeWV1cxadn1jc2vb3NltyDAWmNRxyELR8pEkjHJSV1Qx0ooEQYHPSNMfnaV+c0yEpCG/VpOIeAEacNqnGCktdU2zEyA1xIgll9P8xU3huGvmbMutlCpuAdpWsVgqFyspcZ2Tcgk6lj1Drnpwm+Ku1jXfOr0QxwHhCjMkZduxI+UlSCiKGZlmO7EkEcIjNCBtTTkKiPSSWfIpPNJKD/ZDoR9XcKZ+30hQIOUk8PVkmlP+9lLxL68dq77rJZRHsSIczw/1YwZVCNMaYI8KghWbaIKwoDorxEMkEFa6rKwu4eun8H/SKFiObTlXuo1TMEcG7INDkAcOKIMqOAc1UAcYjME9eARPRmI8GM/Gy3x0wfjc2QM/YLx+AHR0l0Q=</latexit><latexit sha1_base64="Ue5cjSlXUanDDEbM/PYKJsRCvNw=">AAAB+XicdVDLSgMxFM34rPU16lKQYBHqZphpi51upODGhWAF+4B2LJk0bUMzmSHJFMrQD1HcuFDErX/izr8x0yqo6IHA4Zx7uSfHjxiVyrbfjYXFpeWV1cxadn1jc2vb3NltyDAWmNRxyELR8pEkjHJSV1Qx0ooEQYHPSNMfnaV+c0yEpCG/VpOIeAEacNqnGCktdU2zEyA1xIgll9P8xU3huGvmbMutlCpuAdpWsVgqFyspcZ2Tcgk6lj1Drnpwm+Ku1jXfOr0QxwHhCjMkZduxI+UlSCiKGZlmO7EkEcIjNCBtTTkKiPSSWfIpPNJKD/ZDoR9XcKZ+30hQIOUk8PVkmlP+9lLxL68dq77rJZRHsSIczw/1YwZVCNMaYI8KghWbaIKwoDorxEMkEFa6rKwu4eun8H/SKFiObTlXuo1TMEcG7INDkAcOKIMqOAc1UAcYjME9eARPRmI8GM/Gy3x0wfjc2QM/YLx+AHR0l0Q=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="pcy9kWUro0NZDtJwciCXyfszY5c=">AAAB7nicbVBNSwMxFHxbv2qtunr1EixCvZTdXvQoePEgWMF+QLuWbPrahmazS5ItlKX/xIsHRfw53vw3ZtsetHUgMMy8x5tMmAiujed9O4Wt7Z3dveJ+6aB8eHTsnpRbOk4VwyaLRaw6IdUouMSm4UZgJ1FIo1BgO5zc5n57ikrzWD6ZWYJBREeSDzmjxkp91+1F1IwZFdnDvHr/XL/suxWv5i1ANom/IhVYodF3v3qDmKURSsME1brre4kJMqoMZwLnpV6qMaFsQkfYtVTSCHWQLZLPyYVVBmQYK/ukIQv190ZGI61nUWgn85x63cvF/7xuaobXQcZlkhqUbHlomApiYpLXQAZcITNiZgllitushI2poszYskq2BH/9y5ukVa/5Xs1/9KAIZ3AOVfDhCm7gDhrQBAZTeIE3eHcy59X5WNZVcFa9ncIfOJ8/RE2RkQ==</latexit><latexit sha1_base64="RJOMClX8qcxwR9ihkQp5x7Hxpro=">AAAB7nicdVDLSgMxFL1TX7VWHd26CRahboaZttjpTnDjQrCCfUA7lkyatqGZB0mmUIb+iRsXivg57vwbM20FFT0QOJxzL/fk+DFnUtn2h5Hb2Nza3snvFvaK+weH5lGxLaNEENoiEY9E18eSchbSlmKK024sKA58Tjv+9CrzOzMqJIvCezWPqRfgcchGjGClpYFp9gOsJgTz9HZRvnmonA/Mkm25jVrDrSDbqlZr9WojI65zUa8hx7KXKMEazYH53h9GJAloqAjHUvYcO1ZeioVihNNFoZ9IGmMyxWPa0zTEAZVeuky+QGdaGaJRJPQLFVqq3zdSHEg5D3w9meWUv71M/MvrJWrkeikL40TRkKwOjRKOVISyGtCQCUoUn2uCiWA6KyITLDBRuqyCLuHrp+h/0q5Yjm05dzbk4QROoQwO1OESrqEJLSAwg0d4hhcjNZ6M11VdOWPd2zH8gPH2Cc5JkfM=</latexit><latexit sha1_base64="84ZsdqRkohb4UQivjwHNkhI3rqA=">AAAB+XicdVDNSsNAGNzUv1r/oh69LBahXkLSFptepODFg2AFWwttLJvtpl262YTdTaGEvokXD4p49U28+TZu2goqOrAwzHwf3+z4MaNS2faHkVtZXVvfyG8WtrZ3dvfM/YO2jBKBSQtHLBIdH0nCKCctRRUjnVgQFPqM3Pnji8y/mxAhacRv1TQmXoiGnAYUI6Wlvmn2QqRGGLH0ela6ui+f9s2ibbn1at0tQ9uqVKq1Sj0jrnNWq0LHsucogiWaffO9N4hwEhKuMENSdh07Vl6KhKKYkVmhl0gSIzxGQ9LVlKOQSC+dJ5/BE60MYBAJ/biCc/X7RopCKaehryeznPK3l4l/ed1EBa6XUh4ninC8OBQkDKoIZjXAARUEKzbVBGFBdVaIR0ggrHRZBV3C10/h/6Rdthzbcm7sYuN8WUceHIFjUAIOqIEGuARN0AIYTMADeALPRmo8Gi/G62I0Zyx3DsEPGG+fI2WTTw==</latexit><latexit sha1_base64="84ZsdqRkohb4UQivjwHNkhI3rqA=">AAAB+XicdVDNSsNAGNzUv1r/oh69LBahXkLSFptepODFg2AFWwttLJvtpl262YTdTaGEvokXD4p49U28+TZu2goqOrAwzHwf3+z4MaNS2faHkVtZXVvfyG8WtrZ3dvfM/YO2jBKBSQtHLBIdH0nCKCctRRUjnVgQFPqM3Pnji8y/mxAhacRv1TQmXoiGnAYUI6Wlvmn2QqRGGLH0ela6ui+f9s2ibbn1at0tQ9uqVKq1Sj0jrnNWq0LHsucogiWaffO9N4hwEhKuMENSdh07Vl6KhKKYkVmhl0gSIzxGQ9LVlKOQSC+dJ5/BE60MYBAJ/biCc/X7RopCKaehryeznPK3l4l/ed1EBa6XUh4ninC8OBQkDKoIZjXAARUEKzbVBGFBdVaIR0ggrHRZBV3C10/h/6Rdthzbcm7sYuN8WUceHIFjUAIOqIEGuARN0AIYTMADeALPRmo8Gi/G62I0Zyx3DsEPGG+fI2WTTw==</latexit><latexit sha1_base64="Ue5cjSlXUanDDEbM/PYKJsRCvNw=">AAAB+XicdVDLSgMxFM34rPU16lKQYBHqZphpi51upODGhWAF+4B2LJk0bUMzmSHJFMrQD1HcuFDErX/izr8x0yqo6IHA4Zx7uSfHjxiVyrbfjYXFpeWV1cxadn1jc2vb3NltyDAWmNRxyELR8pEkjHJSV1Qx0ooEQYHPSNMfnaV+c0yEpCG/VpOIeAEacNqnGCktdU2zEyA1xIgll9P8xU3huGvmbMutlCpuAdpWsVgqFyspcZ2Tcgk6lj1Drnpwm+Ku1jXfOr0QxwHhCjMkZduxI+UlSCiKGZlmO7EkEcIjNCBtTTkKiPSSWfIpPNJKD/ZDoR9XcKZ+30hQIOUk8PVkmlP+9lLxL68dq77rJZRHsSIczw/1YwZVCNMaYI8KghWbaIKwoDorxEMkEFa6rKwu4eun8H/SKFiObTlXuo1TMEcG7INDkAcOKIMqOAc1UAcYjME9eARPRmI8GM/Gy3x0wfjc2QM/YLx+AHR0l0Q=</latexit><latexit sha1_base64="Ue5cjSlXUanDDEbM/PYKJsRCvNw=">AAAB+XicdVDLSgMxFM34rPU16lKQYBHqZphpi51upODGhWAF+4B2LJk0bUMzmSHJFMrQD1HcuFDErX/izr8x0yqo6IHA4Zx7uSfHjxiVyrbfjYXFpeWV1cxadn1jc2vb3NltyDAWmNRxyELR8pEkjHJSV1Qx0ooEQYHPSNMfnaV+c0yEpCG/VpOIeAEacNqnGCktdU2zEyA1xIgll9P8xU3huGvmbMutlCpuAdpWsVgqFyspcZ2Tcgk6lj1Drnpwm+Ku1jXfOr0QxwHhCjMkZduxI+UlSCiKGZlmO7EkEcIjNCBtTTkKiPSSWfIpPNJKD/ZDoR9XcKZ+30hQIOUk8PVkmlP+9lLxL68dq77rJZRHsSIczw/1YwZVCNMaYI8KghWbaIKwoDorxEMkEFa6rKwu4eun8H/SKFiObTlXuo1TMEcG7INDkAcOKIMqOAc1UAcYjME9eARPRmI8GM/Gy3x0wfjc2QM/YLx+AHR0l0Q=</latexit><latexit sha1_base64="Ue5cjSlXUanDDEbM/PYKJsRCvNw=">AAAB+XicdVDLSgMxFM34rPU16lKQYBHqZphpi51upODGhWAF+4B2LJk0bUMzmSHJFMrQD1HcuFDErX/izr8x0yqo6IHA4Zx7uSfHjxiVyrbfjYXFpeWV1cxadn1jc2vb3NltyDAWmNRxyELR8pEkjHJSV1Qx0ooEQYHPSNMfnaV+c0yEpCG/VpOIeAEacNqnGCktdU2zEyA1xIgll9P8xU3huGvmbMutlCpuAdpWsVgqFyspcZ2Tcgk6lj1Drnpwm+Ku1jXfOr0QxwHhCjMkZduxI+UlSCiKGZlmO7EkEcIjNCBtTTkKiPSSWfIpPNJKD/ZDoR9XcKZ+30hQIOUk8PVkmlP+9lLxL68dq77rJZRHsSIczw/1YwZVCNMaYI8KghWbaIKwoDorxEMkEFa6rKwu4eun8H/SKFiObTlXuo1TMEcG7INDkAcOKIMqOAc1UAcYjME9eARPRmI8GM/Gy3x0wfjc2QM/YLx+AHR0l0Q=</latexit><latexit sha1_base64="Ue5cjSlXUanDDEbM/PYKJsRCvNw=">AAAB+XicdVDLSgMxFM34rPU16lKQYBHqZphpi51upODGhWAF+4B2LJk0bUMzmSHJFMrQD1HcuFDErX/izr8x0yqo6IHA4Zx7uSfHjxiVyrbfjYXFpeWV1cxadn1jc2vb3NltyDAWmNRxyELR8pEkjHJSV1Qx0ooEQYHPSNMfnaV+c0yEpCG/VpOIeAEacNqnGCktdU2zEyA1xIgll9P8xU3huGvmbMutlCpuAdpWsVgqFyspcZ2Tcgk6lj1Drnpwm+Ku1jXfOr0QxwHhCjMkZduxI+UlSCiKGZlmO7EkEcIjNCBtTTkKiPSSWfIpPNJKD/ZDoR9XcKZ+30hQIOUk8PVkmlP+9lLxL68dq77rJZRHsSIczw/1YwZVCNMaYI8KghWbaIKwoDorxEMkEFa6rKwu4eun8H/SKFiObTlXuo1TMEcG7INDkAcOKIMqOAc1UAcYjME9eARPRmI8GM/Gy3x0wfjc2QM/YLx+AHR0l0Q=</latexit><latexit sha1_base64="84ZsdqRkohb4UQivjwHNkhI3rqA=">AAAB+XicdVDNSsNAGNzUv1r/oh69LBahXkLSFptepODFg2AFWwttLJvtpl262YTdTaGEvokXD4p49U28+TZu2goqOrAwzHwf3+z4MaNS2faHkVtZXVvfyG8WtrZ3dvfM/YO2jBKBSQtHLBIdH0nCKCctRRUjnVgQFPqM3Pnji8y/mxAhacRv1TQmXoiGnAYUI6Wlvmn2QqRGGLH0ela6ui+f9s2ibbn1at0tQ9uqVKq1Sj0jrnNWq0LHsucogiWaffO9N4hwEhKuMENSdh07Vl6KhKKYkVmhl0gSIzxGQ9LVlKOQSC+dJ5/BE60MYBAJ/biCc/X7RopCKaehryeznPK3l4l/ed1EBa6XUh4ninC8OBQkDKoIZjXAARUEKzbVBGFBdVaIR0ggrHRZBV3C10/h/6Rdthzbcm7sYuN8WUceHIFjUAIOqIEGuARN0AIYTMADeALPRmo8Gi/G62I0Zyx3DsEPGG+fI2WTTw==</latexit>

1, 4, 10
<latexit sha1_base64="vf0yIZYuiRkhMVvDlSOA/LFaJ9E=">AAAB/nicdZDLSgMxGIUz9VbrbVRcuQkWwYWUpBTb7opuXFawF2iHkknTNjSTGZKMUIaKr+LGhSJufQ53vo2ZXkBFDwQ+zvlD/hw/ElwbhD6dzMrq2vpGdjO3tb2zu+fuHzR1GCvKGjQUoWr7RDPBJWsYbgRrR4qRwBes5Y+v0rx1x5Tmobw1k4h5ARlKPuCUGGv13CN8fj8TLC0BI9hz86iAEMIYwxRw+QJZqFYrRVyBOI2s8mChes/96PZDGgdMGiqI1h2MIuMlRBlOBZvmurFmEaFjMmQdi5IETHvJbP0pPLVOHw5CZY80cOZ+v5GQQOtJ4NvJgJiR/p2l5l9ZJzaDipdwGcWGSTp/aBALaEKYdgH7XDFqxMQCoYrbXSEdEUWosY3lbAnLn8L/oVksYFTAN6V87XJRRxYcgxNwBjAogxq4BnXQABQk4BE8gxfnwXlyXp23+WjGWdw5BD/kvH8BXvmVGQ==</latexit><latexit sha1_base64="vf0yIZYuiRkhMVvDlSOA/LFaJ9E=">AAAB/nicdZDLSgMxGIUz9VbrbVRcuQkWwYWUpBTb7opuXFawF2iHkknTNjSTGZKMUIaKr+LGhSJufQ53vo2ZXkBFDwQ+zvlD/hw/ElwbhD6dzMrq2vpGdjO3tb2zu+fuHzR1GCvKGjQUoWr7RDPBJWsYbgRrR4qRwBes5Y+v0rx1x5Tmobw1k4h5ARlKPuCUGGv13CN8fj8TLC0BI9hz86iAEMIYwxRw+QJZqFYrRVyBOI2s8mChes/96PZDGgdMGiqI1h2MIuMlRBlOBZvmurFmEaFjMmQdi5IETHvJbP0pPLVOHw5CZY80cOZ+v5GQQOtJ4NvJgJiR/p2l5l9ZJzaDipdwGcWGSTp/aBALaEKYdgH7XDFqxMQCoYrbXSEdEUWosY3lbAnLn8L/oVksYFTAN6V87XJRRxYcgxNwBjAogxq4BnXQABQk4BE8gxfnwXlyXp23+WjGWdw5BD/kvH8BXvmVGQ==</latexit><latexit sha1_base64="vf0yIZYuiRkhMVvDlSOA/LFaJ9E=">AAAB/nicdZDLSgMxGIUz9VbrbVRcuQkWwYWUpBTb7opuXFawF2iHkknTNjSTGZKMUIaKr+LGhSJufQ53vo2ZXkBFDwQ+zvlD/hw/ElwbhD6dzMrq2vpGdjO3tb2zu+fuHzR1GCvKGjQUoWr7RDPBJWsYbgRrR4qRwBes5Y+v0rx1x5Tmobw1k4h5ARlKPuCUGGv13CN8fj8TLC0BI9hz86iAEMIYwxRw+QJZqFYrRVyBOI2s8mChes/96PZDGgdMGiqI1h2MIuMlRBlOBZvmurFmEaFjMmQdi5IETHvJbP0pPLVOHw5CZY80cOZ+v5GQQOtJ4NvJgJiR/p2l5l9ZJzaDipdwGcWGSTp/aBALaEKYdgH7XDFqxMQCoYrbXSEdEUWosY3lbAnLn8L/oVksYFTAN6V87XJRRxYcgxNwBjAogxq4BnXQABQk4BE8gxfnwXlyXp23+WjGWdw5BD/kvH8BXvmVGQ==</latexit><latexit sha1_base64="vf0yIZYuiRkhMVvDlSOA/LFaJ9E=">AAAB/nicdZDLSgMxGIUz9VbrbVRcuQkWwYWUpBTb7opuXFawF2iHkknTNjSTGZKMUIaKr+LGhSJufQ53vo2ZXkBFDwQ+zvlD/hw/ElwbhD6dzMrq2vpGdjO3tb2zu+fuHzR1GCvKGjQUoWr7RDPBJWsYbgRrR4qRwBes5Y+v0rx1x5Tmobw1k4h5ARlKPuCUGGv13CN8fj8TLC0BI9hz86iAEMIYwxRw+QJZqFYrRVyBOI2s8mChes/96PZDGgdMGiqI1h2MIuMlRBlOBZvmurFmEaFjMmQdi5IETHvJbP0pPLVOHw5CZY80cOZ+v5GQQOtJ4NvJgJiR/p2l5l9ZJzaDipdwGcWGSTp/aBALaEKYdgH7XDFqxMQCoYrbXSEdEUWosY3lbAnLn8L/oVksYFTAN6V87XJRRxYcgxNwBjAogxq4BnXQABQk4BE8gxfnwXlyXp23+WjGWdw5BD/kvH8BXvmVGQ==</latexit>

9, 3, 5
<latexit sha1_base64="vMmZMbj52XJxlURJy0k0xzo+/Ao=">AAAB/XicdZBJSwMxHMUzdat1G5ebl2ARPEhJ6tL2VvTisYJdoB1KJs20oZmFJCPUofpVvHhQxKvfw5vfxkwXUNEHgR/v/UP+eW4kuNIIfVqZhcWl5ZXsam5tfWNzy97eaagwlpTVaShC2XKJYoIHrK65FqwVSUZ8V7CmO7xM8+Ytk4qHwY0eRczxST/gHqdEG6tr71WO7yeCJ3M4g107jwoIIYwxTAGXzpGBSqVcxGWI08goD2aqde2PTi+ksc8CTQVRqo1RpJ2ESM2pYONcJ1YsInRI+qxtMCA+U04y2X4MD43Tg14ozQk0nLjfbyTEV2rku2bSJ3qgfmep+VfWjrVXdhIeRLFmAZ0+5MUC6hCmVcAel4xqMTJAqORmV0gHRBKqTWE5U8L8p/B/aBQLGBXw9Wm+ejGrIwv2wQE4AhiUQBVcgRqoAwruwCN4Bi/Wg/VkvVpv09GMNbuzC37Iev8C+vmU6g==</latexit><latexit sha1_base64="vMmZMbj52XJxlURJy0k0xzo+/Ao=">AAAB/XicdZBJSwMxHMUzdat1G5ebl2ARPEhJ6tL2VvTisYJdoB1KJs20oZmFJCPUofpVvHhQxKvfw5vfxkwXUNEHgR/v/UP+eW4kuNIIfVqZhcWl5ZXsam5tfWNzy97eaagwlpTVaShC2XKJYoIHrK65FqwVSUZ8V7CmO7xM8+Ytk4qHwY0eRczxST/gHqdEG6tr71WO7yeCJ3M4g107jwoIIYwxTAGXzpGBSqVcxGWI08goD2aqde2PTi+ksc8CTQVRqo1RpJ2ESM2pYONcJ1YsInRI+qxtMCA+U04y2X4MD43Tg14ozQk0nLjfbyTEV2rku2bSJ3qgfmep+VfWjrVXdhIeRLFmAZ0+5MUC6hCmVcAel4xqMTJAqORmV0gHRBKqTWE5U8L8p/B/aBQLGBXw9Wm+ejGrIwv2wQE4AhiUQBVcgRqoAwruwCN4Bi/Wg/VkvVpv09GMNbuzC37Iev8C+vmU6g==</latexit><latexit sha1_base64="vMmZMbj52XJxlURJy0k0xzo+/Ao=">AAAB/XicdZBJSwMxHMUzdat1G5ebl2ARPEhJ6tL2VvTisYJdoB1KJs20oZmFJCPUofpVvHhQxKvfw5vfxkwXUNEHgR/v/UP+eW4kuNIIfVqZhcWl5ZXsam5tfWNzy97eaagwlpTVaShC2XKJYoIHrK65FqwVSUZ8V7CmO7xM8+Ytk4qHwY0eRczxST/gHqdEG6tr71WO7yeCJ3M4g107jwoIIYwxTAGXzpGBSqVcxGWI08goD2aqde2PTi+ksc8CTQVRqo1RpJ2ESM2pYONcJ1YsInRI+qxtMCA+U04y2X4MD43Tg14ozQk0nLjfbyTEV2rku2bSJ3qgfmep+VfWjrVXdhIeRLFmAZ0+5MUC6hCmVcAel4xqMTJAqORmV0gHRBKqTWE5U8L8p/B/aBQLGBXw9Wm+ejGrIwv2wQE4AhiUQBVcgRqoAwruwCN4Bi/Wg/VkvVpv09GMNbuzC37Iev8C+vmU6g==</latexit><latexit sha1_base64="vMmZMbj52XJxlURJy0k0xzo+/Ao=">AAAB/XicdZBJSwMxHMUzdat1G5ebl2ARPEhJ6tL2VvTisYJdoB1KJs20oZmFJCPUofpVvHhQxKvfw5vfxkwXUNEHgR/v/UP+eW4kuNIIfVqZhcWl5ZXsam5tfWNzy97eaagwlpTVaShC2XKJYoIHrK65FqwVSUZ8V7CmO7xM8+Ytk4qHwY0eRczxST/gHqdEG6tr71WO7yeCJ3M4g107jwoIIYwxTAGXzpGBSqVcxGWI08goD2aqde2PTi+ksc8CTQVRqo1RpJ2ESM2pYONcJ1YsInRI+qxtMCA+U04y2X4MD43Tg14ozQk0nLjfbyTEV2rku2bSJ3qgfmep+VfWjrVXdhIeRLFmAZ0+5MUC6hCmVcAel4xqMTJAqORmV0gHRBKqTWE5U8L8p/B/aBQLGBXw9Wm+ejGrIwv2wQE4AhiUQBVcgRqoAwruwCN4Bi/Wg/VkvVpv09GMNbuzC37Iev8C+vmU6g==</latexit>

Max

Max



Bose–Hubbard model

Example:
<latexit sha1_base64="SZzOIcpoU78+Rc4WGzfbSLtAtoM=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GibaTttFoeDGhUgFxxbaoWTSTBuayQxJRihDv8GNC0Xc+kHu/BvTh6CiBy4czrmXe+8JEs6UdpwPK7eyura+kd8sbG3v7O4V9w/uVJxKQj0S81h2AqwoZ4J6mmlOO4mkOAo4bQfji5nfvqdSsVjc6klC/QgPBQsZwdpI3lXjunHeL5Yc262U3ZoLHRuhcqWOFqRar0NkO3OUwBKtfvG9N4hJGlGhCcdKdZGTaD/DUjPC6bTQSxVNMBnjIe0aKnBElZ/Nj53CE6MMYBhLU0LDufp9IsORUpMoMJ0R1iP125uJf3ndVIc1P2MiSTUVZLEoTDnUMZx9DgdMUqL5xBBMJDO3QjLCEhNt8imYEL4+hf+TuzMbuTa6KZeatWUceXAEjsEpQKAKmuAStIAHCGDgATyBZ0tYj9aL9bpozVnLmUPwA9bbJzNOjkY=</latexit>

L = N = 3<latexit sha1_base64="TwUHifvagmjP6gKloHItjdtB3vU="></latexit>

|φ1i =
1p
3
(|3, 0, 0i+ |0, 3, 0i+ |0, 0, 3i)

<latexit sha1_base64="rGjNm/4s5RzGKZeLsfdPjmPmKEc=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBelJCLqsujGZQV7gXYomTTThmYyQ5IRSmk3voobF4q49S3c+TZmprPQ1h8CH/85h5Pz+7Hg2iD07RRWVtfWN4qbpa3tnd09d/+gqaNEUdagkYhU2yeaCS5Zw3AjWDtWjIS+YC1/dJvWW49MaR7JBzOOmReSgeQBp8RYq+ceYYQQxpUZzqACLaRU6rllVEWZ4DLgHMogV73nfnX7EU1CJg0VROsORrHxJkQZTgWblrqJZjGhIzJgHYuShEx7k+yCKTy1Th8GkbJPGpi5vycmJNR6HPq2MyRmqBdrqflfrZOY4NqbcBknhkk6XxQkApoIpnHAPleMGjG2QKji9q+QDoki1NjQ0hDw4snL0Dyv4ssqvr8o127yOIrgGJyAM4DBFaiBO1AHDUDBDDyDV/DmPDkvzrvzMW8tOPnMIfgj5/MHpqCSiA==</latexit>

100011, 110001, 111000

<latexit sha1_base64="a1tCwGU/0fC7WytMNRRg+k6FsVw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgooTENn3sim5cVrAPaEOZTCft0MmDmYlYQv0UNy4UceuPuPNvnKQVVPTA5R7OuZe5c9yIUSFN80PLra1vbG7ltws7u3v7B/phsSvCmGPSwSELed9FgjAakI6kkpF+xAnyXUZ67uwy9Xu3hAsaBjdyHhHHR5OAehQjqaSRXqzY5XuFarMM027XCiO9ZBpVU6EOM2KZFUWazYZtN6FlmBlKYIX2SH8fjkMc+ySQmCEhBpYZSSdBXFLMyKIwjAWJEJ6hCRkoGiCfCCfJbl/AU6WMoRdyVYGEmfp9I0G+EHPfVZM+klPx20vFv7xBLL2Gk9AgiiUJ8PIhL2ZQhjANAo4pJ1iyuSIIc6puhXiKOMJSxZWG8PVT+D/pnhtWzbCuq6XWxSqOPDgGJ+AMWKAOWuAKtEEHYHAHHsATeNYW2qP2or0uR3PaaucI/ID29glOK5NX</latexit>

35, 49, 56

100101, 110010 , 101100
<latexit sha1_base64="V+mrZEPrr/IRrW2eYK5GUEfsRc0=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJSSiKDLohuXFewD2qFk0kwbmskMSUYoYwv+ihsXirj1N9z5N6bTWWjrgZCTc+7l3hw/FlwbhL6dwsrq2vpGcbO0tb2zu+fuHzR1lCjKGjQSkWr7RDPBJWsYbgRrx4qR0Bes5Y9uZn7rgSnNI3lvxjHzQjKQPOCUGCv13COMEEa4grN7Wpnah6U9t4yqKANcJjgnZZCj3nO/uv2IJiGThgqidQej2HgpUYZTwSalbqJZTOiIDFjHUklCpr00238CT63Sh0Gk7JEGZurvjpSEWo9D31aGxAz1ojcT//M6iQmuvJTLODFM0vmgIBHQRHAWBuxzxagRY0sIVdzuCumQKEKNjaxkQ8CLX14mzfMqRlV8d1GuXedxFMExOAFnAINLUAO3oA4agIJH8AxewZvz5Lw4787HvLTg5D2H4A+czx8P+pJE</latexit><latexit sha1_base64="V+mrZEPrr/IRrW2eYK5GUEfsRc0=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJSSiKDLohuXFewD2qFk0kwbmskMSUYoYwv+ihsXirj1N9z5N6bTWWjrgZCTc+7l3hw/FlwbhL6dwsrq2vpGcbO0tb2zu+fuHzR1lCjKGjQSkWr7RDPBJWsYbgRrx4qR0Bes5Y9uZn7rgSnNI3lvxjHzQjKQPOCUGCv13COMEEa4grN7Wpnah6U9t4yqKANcJjgnZZCj3nO/uv2IJiGThgqidQej2HgpUYZTwSalbqJZTOiIDFjHUklCpr00238CT63Sh0Gk7JEGZurvjpSEWo9D31aGxAz1ojcT//M6iQmuvJTLODFM0vmgIBHQRHAWBuxzxagRY0sIVdzuCumQKEKNjaxkQ8CLX14mzfMqRlV8d1GuXedxFMExOAFnAINLUAO3oA4agIJH8AxewZvz5Lw4787HvLTg5D2H4A+czx8P+pJE</latexit><latexit sha1_base64="V+mrZEPrr/IRrW2eYK5GUEfsRc0=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJSSiKDLohuXFewD2qFk0kwbmskMSUYoYwv+ihsXirj1N9z5N6bTWWjrgZCTc+7l3hw/FlwbhL6dwsrq2vpGcbO0tb2zu+fuHzR1lCjKGjQSkWr7RDPBJWsYbgRrx4qR0Bes5Y9uZn7rgSnNI3lvxjHzQjKQPOCUGCv13COMEEa4grN7Wpnah6U9t4yqKANcJjgnZZCj3nO/uv2IJiGThgqidQej2HgpUYZTwSalbqJZTOiIDFjHUklCpr00238CT63Sh0Gk7JEGZurvjpSEWo9D31aGxAz1ojcT//M6iQmuvJTLODFM0vmgIBHQRHAWBuxzxagRY0sIVdzuCumQKEKNjaxkQ8CLX14mzfMqRlV8d1GuXedxFMExOAFnAINLUAO3oA4agIJH8AxewZvz5Lw4787HvLTg5D2H4A+czx8P+pJE</latexit><latexit sha1_base64="V+mrZEPrr/IRrW2eYK5GUEfsRc0=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJSSiKDLohuXFewD2qFk0kwbmskMSUYoYwv+ihsXirj1N9z5N6bTWWjrgZCTc+7l3hw/FlwbhL6dwsrq2vpGcbO0tb2zu+fuHzR1lCjKGjQSkWr7RDPBJWsYbgRrx4qR0Bes5Y9uZn7rgSnNI3lvxjHzQjKQPOCUGCv13COMEEa4grN7Wpnah6U9t4yqKANcJjgnZZCj3nO/uv2IJiGThgqidQej2HgpUYZTwSalbqJZTOiIDFjHUklCpr00238CT63Sh0Gk7JEGZurvjpSEWo9D31aGxAz1ojcT//M6iQmuvJTLODFM0vmgIBHQRHAWBuxzxagRY0sIVdzuCumQKEKNjaxkQ8CLX14mzfMqRlV8d1GuXedxFMExOAFnAINLUAO3oA4agIJH8AxewZvz5Lw4787HvLTg5D2H4A+czx8P+pJE</latexit>

|φ2i =
1p
3
(|2, 1, 0i+ |0, 2, 1i+ |1, 0, 2i)

<latexit sha1_base64="+21EZM5ouIx2bVIc/eo1BjGJD1I="></latexit><latexit sha1_base64="+21EZM5ouIx2bVIc/eo1BjGJD1I="></latexit><latexit sha1_base64="+21EZM5ouIx2bVIc/eo1BjGJD1I="></latexit><latexit sha1_base64="+21EZM5ouIx2bVIc/eo1BjGJD1I="></latexit>

<latexit sha1_base64="CddQY2EfS17pKgpF3r3CRm3iXAU=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFclJDY1La7ohuXFewD2lAm02k7dDIJMxOxhPopblwo4tYfceffOEkrqOiByz2ccy9z5/gRo1LZ9oexsrq2vrGZ28pv7+zu7ZsHhbYMY4FJC4csFF0fScIoJy1FFSPdSBAU+Ix0/Oll6nduiZA05DdqFhEvQGNORxQjpaWBWShXS/caFbsE0+66+YFZtC3X1qjCjDh2WZN6vVap1KFj2RmKYInmwHzvD0McB4QrzJCUPceOlJcgoShmZJ7vx5JECE/RmPQ05Sgg0kuy2+fwRCtDOAqFLq5gpn7fSFAg5Szw9WSA1ET+9lLxL68Xq1HNSyiPYkU4Xjw0ihlUIUyDgEMqCFZspgnCgupbIZ4ggbDScaUhfP0U/k/aZ5ZzbjnXbrFxsYwjB47AMTgFDqiCBrgCTdACGNyBB/AEno258Wi8GK+L0RVjuXMIfsB4+wRAXJNO</latexit>

37, 50, 44

O(L)
<latexit sha1_base64="oQ6n7CAErR9KrvcCtT1uMGOSNxo=">AAAB9XicdVDLSgMxFL3js9ZX1aUgQRF0M2RqsZ2NFNy4EKxgH9DWkknTNjTzIMkoZeh/2IWgIm79F3f+jWmroKIHAodz7uWeHC8SXGmM362Z2bn5hcXUUnp5ZXVtPbOxWVFhLCkr01CEsuYRxQQPWFlzLVgtkoz4nmBVr3869qs3TCoeBld6ELGmT7oB73BKtJGuGz7RPUpEcjE8OD9sZfaw7RYKLs4hbOcwzuWzhhy5rnuMkWPjCfaKO6PRAwCUWpm3Rjuksc8CTQVRqu7gSDcTIjWngg3TjVixiNA+6bK6oQHxmWomk9RDtG+UNuqE0rxAo4n6fSMhvlID3zOT45TqtzcW//Lqse4UmgkPolizgE4PdWKBdIjGFaA2l4xqMTCEUMlNVkR7RBKqTVFpU8LXT9H/pJK1HWw7l6aNE5giBduwCwfgQB6KcAYlKAMFCXfwCE/WrXVvPVsv09EZ63NnC37Aev0AZeeUow==</latexit><latexit sha1_base64="wSWlCUFlNI7Ilbi7vVtTpzlZRm8=">AAAB9XicdVDLSgMxFM3UV62vqktBgkWomyFTi+1spODGhWAF+4B2LJk004ZmHiQZpQz9DxVcKOLWf3Hn35hpFVT0QOBwzr3ck+NGnEmF0LuRmZtfWFzKLudWVtfWN/KbW00ZxoLQBgl5KNoulpSzgDYUU5y2I0Gx73Lackcnqd+6pkKyMLhU44g6Ph4EzGMEKy1ddX2shgTz5HxSPDvo5QvItKtVG5UhMssIlSslTQ5t2z5C0DLRFIXa7l2K+3ov/9bthyT2aaAIx1J2LBQpJ8FCMcLpJNeNJY0wGeEB7WgaYJ9KJ5mmnsB9rfShFwr9AgWn6veNBPtSjn1XT6Yp5W8vFf/yOrHyqk7CgihWNCCzQ17MoQphWgHsM0GJ4mNNMBFMZ4VkiAUmSheV0yV8/RT+T5ol00KmdaHbOAYzZMEO2ANFYIEKqIFTUAcNQIAAt+ARPBk3xoPxbLzMRjPG5842+AHj9QPDJJZo</latexit><latexit sha1_base64="wSWlCUFlNI7Ilbi7vVtTpzlZRm8=">AAAB9XicdVDLSgMxFM3UV62vqktBgkWomyFTi+1spODGhWAF+4B2LJk004ZmHiQZpQz9DxVcKOLWf3Hn35hpFVT0QOBwzr3ck+NGnEmF0LuRmZtfWFzKLudWVtfWN/KbW00ZxoLQBgl5KNoulpSzgDYUU5y2I0Gx73Lackcnqd+6pkKyMLhU44g6Ph4EzGMEKy1ddX2shgTz5HxSPDvo5QvItKtVG5UhMssIlSslTQ5t2z5C0DLRFIXa7l2K+3ov/9bthyT2aaAIx1J2LBQpJ8FCMcLpJNeNJY0wGeEB7WgaYJ9KJ5mmnsB9rfShFwr9AgWn6veNBPtSjn1XT6Yp5W8vFf/yOrHyqk7CgihWNCCzQ17MoQphWgHsM0GJ4mNNMBFMZ4VkiAUmSheV0yV8/RT+T5ol00KmdaHbOAYzZMEO2ANFYIEKqIFTUAcNQIAAt+ARPBk3xoPxbLzMRjPG5842+AHj9QPDJJZo</latexit><latexit sha1_base64="ynf+heddvOESnT6LpXfbp6mdnZA=">AAAB9XicdVDLSgMxFM3UV62vqks3wSLUzZCpxXY2UnDjQrCCfUA7lkyatqGZzJBklDL0P9y4UMSt/+LOvzHTVlDRA4HDOfdyT44fcaY0Qh9WZml5ZXUtu57b2Nza3snv7jVVGEtCGyTkoWz7WFHOBG1opjltR5LiwOe05Y/PU791R6ViobjRk4h6AR4KNmAEayPddgOsRwTz5GpavDzu5QvIdqtVF5UhsssIlSslQ05c1z1F0LHRDAWwQL2Xf+/2QxIHVGjCsVIdB0XaS7DUjHA6zXVjRSNMxnhIO4YKHFDlJbPUU3hklD4chNI8oeFM/b6R4ECpSeCbyTSl+u2l4l9eJ9aDqpcwEcWaCjI/NIg51CFMK4B9JinRfGIIJpKZrJCMsMREm6JypoSvn8L/SbNkO8h2rlGhdraoIwsOwCEoAgdUQA1cgDpoAAIkeABP4Nm6tx6tF+t1PpqxFjv74Aest09yFZJz</latexit>



Bose–Hubbard model

<latexit sha1_base64="AYICpfY703QjsTAOExX/i1Hbbvk="></latexit>
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Bose–Hubbard model

<latexit sha1_base64="AYICpfY703QjsTAOExX/i1Hbbvk="></latexit>
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Quantum Entanglement

Exact diagonalization
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Soft-spin approximation

<latexit sha1_base64="q7wd2qcQu8I3xMI8Z/ptISeKcIw="></latexit>

nmax = 3, 4, and 5Setting hard cutoff on the allowed occupation

<latexit sha1_base64="qIz7nievFqM6JfHjZszgiZvVW9E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GibSTtuFUHTjsoJ9SDuUTJq2oUlmSDJiGfoVblwo4tbPceffmD4EFT1w4XDOvdx7Txhzpo3nfTiZldW19Y3sZm5re2d3L79/0NRRoghtkIhHqh1iTTmTtGGY4bQdK4pFyGkrHF/O/NYdVZpF8sZMYhoIPJRswAg2VrqVvVTg++m538sXPNcvFf2KDz0XoWKpihakXK1C5HpzFMAS9V7+vduPSCKoNIRjrTvIi02QYmUY4XSa6yaaxpiM8ZB2LJVYUB2k84On8MQqfTiIlC1p4Fz9PpFiofVEhLZTYDPSv72Z+JfXScygEqRMxomhkiwWDRIOTQRn38M+U5QYPrEEE8XsrZCMsMLE2IxyNoSvT+H/pHnmIt9F18VC7WIZRxYcgWNwChAogxq4AnXQAAQI8ACewLOjnEfnxXldtGac5cwh+AHn7RMyE5Cv</latexit>

nmax = 6

A. Szabados, P. Jeszenszki, and P.R. Surjan, Chem Phys 

401, 208 (2012).



Soft-spin approximation

<latexit sha1_base64="q7wd2qcQu8I3xMI8Z/ptISeKcIw="></latexit>

nmax = 3, 4, and 5Setting hard cutoff on the allowed occupation

<latexit sha1_base64="qIz7nievFqM6JfHjZszgiZvVW9E=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GibSTtuFUHTjsoJ9SDuUTJq2oUlmSDJiGfoVblwo4tbPceffmD4EFT1w4XDOvdx7Txhzpo3nfTiZldW19Y3sZm5re2d3L79/0NRRoghtkIhHqh1iTTmTtGGY4bQdK4pFyGkrHF/O/NYdVZpF8sZMYhoIPJRswAg2VrqVvVTg++m538sXPNcvFf2KDz0XoWKpihakXK1C5HpzFMAS9V7+vduPSCKoNIRjrTvIi02QYmUY4XSa6yaaxpiM8ZB2LJVYUB2k84On8MQqfTiIlC1p4Fz9PpFiofVEhLZTYDPSv72Z+JfXScygEqRMxomhkiwWDRIOTQRn38M+U5QYPrEEE8XsrZCMsMLE2IxyNoSvT+H/pHnmIt9F18VC7WIZRxYcgWNwChAogxq4AnXQAAQI8ACewLOjnEfnxXldtGac5cwh+AHn7RMyE5Cv</latexit>

nmax = 6

A. Szabados, P. Jeszenszki, and P.R. Surjan, Chem Phys 

401, 208 (2012).

The relative error in accessible entanglement increases with the 

system size

Exact 

diagonalization

<latexit sha1_base64="kRJDS1a5HLkQjpE4ZYcGL0iIccU="></latexit>

δSacc

Sacc
≈ 176%



Relative error scaling

<latexit sha1_base64="4Z1sf0ecw/O4byjgytvNN+gt6Ok=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCs4l0QtRGCNhYWEcwHJCHsbeaSJXt75+6eEI78CRsLRWz9O3b+GzfJFZr4YODx3gwz8/xYcG1c99tZWl5ZXVvPbeQ3t7Z3dgt7+3UdJYphjUUiUk2fahRcYs1wI7AZK6ShL7DhD28mfuMJleaRfDCjGDsh7UsecEaNlZptFOLq7rTcLRTdkjsFWSReRoqQodotfLV7EUtClIYJqnXLc2PTSakynAkc59uJxpiyIe1jy1JJQ9SddHrvmBxbpUeCSNmShkzV3xMpDbUehb7tDKkZ6HlvIv7ntRITXHZSLuPEoGSzRUEiiInI5HnS4wqZESNLKFPc3krYgCrKjI0ob0Pw5l9eJPVyyTsvefdnxcp1FkcODuEITsCDC6jALVShBgwEPMMrvDmPzovz7nzMWpecbOYA/sD5/AENuo9T</latexit>

` = L/2

<latexit sha1_base64="MMkDi5TJz4GB+B0zUQtlcDwROz8=">AAACEnicbZC7SgNBFIZn4y3G26qlzWAQkibsimjKgI1lJOYC2RhmJyfJkJnZZWZWCEuewcZXsbFQxNbKzrdxN9lCE38Y+PjPOZw5vx9ypo3jfFu5tfWNza38dmFnd2//wD48aukgUhSaNOCB6vhEA2cSmoYZDp1QARE+h7Y/uU7r7QdQmgXyzkxD6AkykmzIKDGJ1bfLjfvYUyImlM5mJQ84L3sccCNDzYTHZcqFvl10Ks5ceBXcDIooU71vf3mDgEYCpKGcaN11ndD0YqIMoxxmBS/SEBI6ISPoJiiJAN2L5yfN8FniDPAwUMmTBs/d3xMxEVpPhZ90CmLGermWmv/VupEZVnsxk2FkQNLFomHEsQlwmg8eMAXU8GkChCqW/BXTMVGEmiTFNAR3+eRVaJ1X3MuKe3tRrFWzOPLoBJ2iEnLRFaqhG1RHTUTRI3pGr+jNerJerHfrY9Gas7KZY/RH1ucPVJSdNg==</latexit>

S
acc(`) ≤ S(`) ∼ ln `

Area law

<latexit sha1_base64="122/0f4UU+w9MGJxQbOJdJgBxkI="></latexit>

Ui = U
0
ni(ni − 1) . . . (ni − nnmax

)
<latexit sha1_base64="HnY2MNgHlBPnmtHNiU77Y6UEXOQ=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAiuQkbatN0V3LisYNpCm5bJdJIOnUnCzEQpof/hxoUibv0Xd/6N04egogcuHM65l3vvCVLOlHacD2ttfWNza7uwU9zd2z84LB0dt1WSSUI9kvBEdgOsKGcx9TTTnHZTSbEIOO0Ek6u537mjUrEkvtXTlPoCRzELGcHaSANvkPdTyQSd9aMIDUtlx3arFbfuQsdGqFJtoCWpNRoQ2c4CZbBCa1h6748Skgkaa8KxUj3kpNrPsdSMcDor9jNFU0wmOKI9Q2MsqPLzxdUzeG6UEQwTaSrWcKF+n8ixUGoqAtMpsB6r395c/MvrZTqs+zmL00zTmCwXhRmHOoHzCOCISUo0nxqCiWTmVkjGWGKiTVBFE8LXp/B/0r60kWujm0q5WV/FUQCn4AxcAARqoAmuQQt4gAAJHsATeLburUfrxXpdtq5Zq5kT8APW2ycHN5LY</latexit>

U
0
! 1

Interacting bosonsFree bosons
<latexit sha1_base64="vojmKUc/F0NeTTWWUnDm59ItoiU=">AAAB/nicdVDLSsNAFJ34rPUVFVduBotQNyEjbdouhIIblxXtA5pYJtNJO3TyYGYilBDwV9y4UMSt3+HOvzFpK6jogQuHc+7l3nvciDOpTPNDW1peWV1bL2wUN7e2d3b1vf2ODGNBaJuEPBQ9F0vKWUDbiilOe5Gg2Hc57bqTi9zv3lEhWRjcqGlEHR+PAuYxglUmDfTD69vEFn6CCUnTsk05Pz03iwO9ZBpWtWLVLWgaCFWqDTQntUYDIsOcoQQWaA30d3sYktingSIcS9lHZqScBAvFCKdp0Y4ljTCZ4BHtZzTAPpVOMjs/hSeZMoReKLIKFJyp3ycS7Es59d2s08dqLH97ufiX14+VV3cSFkSxogGZL/JiDlUI8yzgkAlKFJ9mBBPBslshGWOBicoSy0P4+hT+TzpnBrIMdFUpNeuLOArgCByDMkCgBprgErRAGxCQgAfwBJ61e+1Re9Fe561L2mLmAPyA9vYJj/aVNA==</latexit>

S
acc(`) = 0

<latexit sha1_base64="HJQ7JJ2ebv31ynB/H5NpbcepFcA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GibaTtuFUHDjsoJ9SDuUTJq2oUlmSDJiGfoVblwo4tbPceffmD4EFT1w4XDOvdx7Txhzpo3nfTiZldW19Y3sZm5re2d3L79/0NRRoghtkIhHqh1iTTmTtGGY4bQdK4pFyGkrHF/O/NYdVZpF8sZMYhoIPJRswAg2VrqVvVTg++nFeS9f8Fy/VPQrPvRchIqlKlqQcrUKkevNUQBL1Hv5924/Iomg0hCOte4gLzZBipVhhNNprptoGmMyxkPasVRiQXWQzg+ewhOr9OEgUrakgXP1+0SKhdYTEdpOgc1I//Zm4l9eJzGDSpAyGSeGSrJYNEg4NBGcfQ/7TFFi+MQSTBSzt0IywgoTYzPK2RC+PoX/k+aZi3wXXRcLtcoyjiw4AsfgFCBQBjVwBeqgAQgQ4AE8gWdHOY/Oi/O6aM04y5lD8APO2ycqhZCi</latexit>

nmax = 3

Accessible Entanglement



Free bosons

S(n) = 0
<latexit sha1_base64="b8jJrV8agV92EutY+DsXtEbrYmw=">AAAB7XicdVDLSgNBEOyNrxhfUY+CDAYhXpZdyfOgBLx4jGgekIQwO5kkY2Znl5lZISz5By8eIiLe/B9v/o2TREFFCxqKqm66u7yQM6Ud591KLC2vrK4l11Mbm1vbO+ndvboKIklojQQ8kE0PK8qZoDXNNKfNUFLse5w2vNHFzG/cUalYIG70OKQdHw8E6zOCtZHq11lxcuZ00xnHLuRzhVIBObbr5vJld0GK5TJybWeOTOVwOn0BgGo3/dbuBSTyqdCEY6VarhPqToylZoTTSaodKRpiMsID2jJUYJ+qTjy/doKOjdJD/UCaEhrN1e8TMfaVGvue6fSxHqrf3kz8y2tFul/qxEyEkaaCLBb1I450gGavox6TlGg+NgQTycytiAyxxESbgFImhK9P0f+kfmq7Jpkrk8Y5LJCEAziCLLhQhApcQhVqQOAW7mEKj1ZgPVhP1vOiNWF9zuzDD1ivH6DakLQ=</latexit><latexit sha1_base64="xDq+9UFBzPkzm4B84TAZlvWZEy0=">AAAB7XicdVDLSsNAFJ3UV62vqktBBotQNyGRPhdKwY3LivYBbSiT6aQdO5mEmYlQQv/BjYsWcev/uPNvnDQKKnrgwuGce7n3HjdkVCrLejcyK6tr6xvZzdzW9s7uXn7/oC2DSGDSwgELRNdFkjDKSUtRxUg3FAT5LiMdd3KV+J0HIiQN+J2ahsTx0YhTj2KktNS+LfKzC2uQL1hmpVyq1CrQMm27VK7bKanW69A2rSUKjeN5gkVzkH/rDwMc+YQrzJCUPdsKlRMjoShmZJbrR5KECE/QiPQ05cgn0omX187gqVaG0AuELq7gUv0+ESNfyqnv6k4fqbH87SXiX14vUl7NiSkPI0U4Thd5EYMqgMnrcEgFwYpNNUFYUH0rxGMkEFY6oJwO4etT+D9pn5u2TuZGp3EJUmTBETgBRWCDKmiAa9AELYDBPXgEc7AwAuPJeDZe0taM8TlzCH7AeP0A/heSeQ==</latexit><latexit sha1_base64="xDq+9UFBzPkzm4B84TAZlvWZEy0=">AAAB7XicdVDLSsNAFJ3UV62vqktBBotQNyGRPhdKwY3LivYBbSiT6aQdO5mEmYlQQv/BjYsWcev/uPNvnDQKKnrgwuGce7n3HjdkVCrLejcyK6tr6xvZzdzW9s7uXn7/oC2DSGDSwgELRNdFkjDKSUtRxUg3FAT5LiMdd3KV+J0HIiQN+J2ahsTx0YhTj2KktNS+LfKzC2uQL1hmpVyq1CrQMm27VK7bKanW69A2rSUKjeN5gkVzkH/rDwMc+YQrzJCUPdsKlRMjoShmZJbrR5KECE/QiPQ05cgn0omX187gqVaG0AuELq7gUv0+ESNfyqnv6k4fqbH87SXiX14vUl7NiSkPI0U4Thd5EYMqgMnrcEgFwYpNNUFYUH0rxGMkEFY6oJwO4etT+D9pn5u2TuZGp3EJUmTBETgBRWCDKmiAa9AELYDBPXgEc7AwAuPJeDZe0taM8TlzCH7AeP0A/heSeQ==</latexit><latexit sha1_base64="1Oiom1T5PfWuh2XnBzl0gLeq1nU=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZCRPhdKwY3LivYB7VAyadrGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89QcSZNgh9OKmV1bX1jfRmZmt7Z3cvu3/Q1DJWhDaI5FK1A6wpZ4I2DDOctiNFcRhw2grGlzO/dU+VZlLcmklE/RAPBRswgo2Vmjd5cXqOetkcckvFQqlSgsj1vEKx6i1IuVqFnovmyIEl6r3se7cvSRxSYQjHWnc8FBk/wcowwuk00401jTAZ4yHtWCpwSLWfzK+dwhOr9OFAKlvCwLn6fSLBodaTMLCdITYj/dubiX95ndgMKn7CRBQbKshi0SDm0Eg4ex32maLE8IklmChmb4VkhBUmxgaUsSF8fQr/J80z17PJXKNc7WIZRxocgWOQBx4ogxq4AnXQAATcgQfwBJ4d6Tw6L87rojXlLGcOwQ84b5+tCI6E</latexit>

Particle Entanglement

Interacting bosons

C. M. Herdman and A. Del Maestro, Phys. Rev. B 91, 184507

S(n) ∼
n

K
lnN

<latexit sha1_base64="D+0A9C7vrmfCxRO+B3YdRMR8gQA=">AAACAXicbVDLSgNBEOyNrxhfq14EL4NBiJewK4KeJOBFECSieUA2hNnJbDJkdnaZmRXCEkH8EQ9ePCjiUf/Cm3/j5HHQxIKGoqqb7i4/5kxpx/m2MnPzC4tL2eXcyura+oa9uVVVUSIJrZCIR7LuY0U5E7Simea0HkuKQ5/Tmt87G/q1WyoVi8SN7se0GeKOYAEjWBupZe9cF8SBp1joBRKTVAzSi4HHBbps2Xmn6IyAZok7IfnS0cf9IwCUW/aX145IElKhCcdKNVwn1s0US80Ip4OclygaY9LDHdowVOCQqmY6+mCA9o3SRkEkTQmNRurviRSHSvVD33SGWHfVtDcU//MaiQ5OmikTcaKpIONFQcKRjtAwDtRmkhLN+4ZgIpm5FZEuNlFoE1rOhOBOvzxLqodF1ym6VyaNUxgjC7uwBwVw4RhKcA5lqACBO3iCF3i1Hqxn6816H7dmrMnMNvyB9fkDG0CY3g==</latexit><latexit sha1_base64="EtXxR/+9LlnpjYe2A9PEIp7ROv8=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZEXQlBTeCIBXtAzqlZNJMG5pkhiQjlGEE8Sf8ADcuFHGpf6ErP8KFf2D6WGjrgQuHc+7l3nv8iFGlHefTmpqemZ2bzyxkF5eWV1bttfWKCmOJSRmHLJQ1HynCqCBlTTUjtUgSxH1Gqn73uO9Xr4hUNBSXuheRBkdtQQOKkTZS0968yItdT1HuBRLhRKTJaeoxAc+ads4pOAPASeKOSK64/3pz9/3xVWra714rxDEnQmOGlKq7TqQbCZKaYkbSrBcrEiHcRW1SN1QgTlQjGXyQwh2jtGAQSlNCw4H6eyJBXKke900nR7qjxr2++J9Xj3Vw2EioiGJNBB4uCmIGdQj7ccAWlQRr1jMEYUnNrRB3kIlCm9CyJgR3/OVJUtkruE7BPTdpHIEhMmALbIM8cMEBKIITUAJlgME1uAeP4Mm6tR6sZ+tl2DpljWY2wB9Ybz+pJ5uH</latexit><latexit sha1_base64="EtXxR/+9LlnpjYe2A9PEIp7ROv8=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZEXQlBTeCIBXtAzqlZNJMG5pkhiQjlGEE8Sf8ADcuFHGpf6ErP8KFf2D6WGjrgQuHc+7l3nv8iFGlHefTmpqemZ2bzyxkF5eWV1bttfWKCmOJSRmHLJQ1HynCqCBlTTUjtUgSxH1Gqn73uO9Xr4hUNBSXuheRBkdtQQOKkTZS0968yItdT1HuBRLhRKTJaeoxAc+ads4pOAPASeKOSK64/3pz9/3xVWra714rxDEnQmOGlKq7TqQbCZKaYkbSrBcrEiHcRW1SN1QgTlQjGXyQwh2jtGAQSlNCw4H6eyJBXKke900nR7qjxr2++J9Xj3Vw2EioiGJNBB4uCmIGdQj7ccAWlQRr1jMEYUnNrRB3kIlCm9CyJgR3/OVJUtkruE7BPTdpHIEhMmALbIM8cMEBKIITUAJlgME1uAeP4Mm6tR6sZ+tl2DpljWY2wB9Ybz+pJ5uH</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="WQSJdL4Y7x1xXxBBico76VrAajs=">AAAB9nicbZDNSgMxFIXv1L9aq46uBDfBItRNmXGjS8GNIEhFWwudoWTSTBuaZIYkI5Rh3Pgqblwo4qO4821MfxbaeiBwOCfh5n5Rypk2nvftlFZW19Y3ypuVrer2zq67V23rJFOEtkjCE9WJsKacSdoyzHDaSRXFIuL0IRpdTvqHR6o0S+S9Gac0FHggWcwINjbquQd3dXkSaCaCWGGSyyK/LgIu0U3PrXkNbyq0bPy5qcFczZ77FfQTkgkqDeFY667vpSbMsTKMcFpUgkzTFJMRHtCutRILqsN8ukGBjm3SR3Gi7JEGTdPfL3IstB6LyN4U2Az1YjcJ/+u6mYnPw5zJNDNUktmgOOPIJGiCA/WZosTwsTWYKGb/isgQWxTGQqtYCP7iysumfdrwvYZ/60EZDuEI6uDDGVzAFTShBQSe4AXe4N15dl6djxmukjPntg9/5Hz+AIXulSs=</latexit><latexit sha1_base64="WQSJdL4Y7x1xXxBBico76VrAajs=">AAAB9nicbZDNSgMxFIXv1L9aq46uBDfBItRNmXGjS8GNIEhFWwudoWTSTBuaZIYkI5Rh3Pgqblwo4qO4821MfxbaeiBwOCfh5n5Rypk2nvftlFZW19Y3ypuVrer2zq67V23rJFOEtkjCE9WJsKacSdoyzHDaSRXFIuL0IRpdTvqHR6o0S+S9Gac0FHggWcwINjbquQd3dXkSaCaCWGGSyyK/LgIu0U3PrXkNbyq0bPy5qcFczZ77FfQTkgkqDeFY667vpSbMsTKMcFpUgkzTFJMRHtCutRILqsN8ukGBjm3SR3Gi7JEGTdPfL3IstB6LyN4U2Az1YjcJ/+u6mYnPw5zJNDNUktmgOOPIJGiCA/WZosTwsTWYKGb/isgQWxTGQqtYCP7iysumfdrwvYZ/60EZDuEI6uDDGVzAFTShBQSe4AXe4N15dl6djxmukjPntg9/5Hz+AIXulSs=</latexit><latexit sha1_base64="Qn/36JiiRIZnhnA7f65aZjAF7M0=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqJeSeNGTFLwIglS0H9CUstlu2qWbTdjdCCXEi3/FiwdFvPovvPlv3LY5aOuDgcd7M8zM82POlHacb6uwtLyyulZcL21sbm3v2Lt7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o8uJ33qgUrFI3OtxTLshHggWMIK1kXr2wV1FnHiKhV4gMUlFll5nHhfopmeXnaozBVokbk7KkKPes7+8fkSSkApNOFaq4zqx7qZYakY4zUpeomiMyQgPaMdQgUOquun0gwwdG6WPgkiaEhpN1d8TKQ6VGoe+6QyxHqp5byL+53USHZx3UybiRFNBZouChCMdoUkcqM8kJZqPDcFEMnMrIkNsotAmtJIJwZ1/eZE0T6uuU3VvnXLtIo+jCIdwBBVw4QxqcAV1aACBR3iGV3iznqwX6936mLUWrHxmH/7A+vwB/UuWjw==</latexit><latexit sha1_base64="Qn/36JiiRIZnhnA7f65aZjAF7M0=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqJeSeNGTFLwIglS0H9CUstlu2qWbTdjdCCXEi3/FiwdFvPovvPlv3LY5aOuDgcd7M8zM82POlHacb6uwtLyyulZcL21sbm3v2Lt7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o8uJ33qgUrFI3OtxTLshHggWMIK1kXr2wV1FnHiKhV4gMUlFll5nHhfopmeXnaozBVokbk7KkKPes7+8fkSSkApNOFaq4zqx7qZYakY4zUpeomiMyQgPaMdQgUOquun0gwwdG6WPgkiaEhpN1d8TKQ6VGoe+6QyxHqp5byL+53USHZx3UybiRFNBZouChCMdoUkcqM8kJZqPDcFEMnMrIkNsotAmtJIJwZ1/eZE0T6uuU3VvnXLtIo+jCIdwBBVw4QxqcAV1aACBR3iGV3iznqwX6936mLUWrHxmH/7A+vwB/UuWjw==</latexit><latexit sha1_base64="EtXxR/+9LlnpjYe2A9PEIp7ROv8=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZEXQlBTeCIBXtAzqlZNJMG5pkhiQjlGEE8Sf8ADcuFHGpf6ErP8KFf2D6WGjrgQuHc+7l3nv8iFGlHefTmpqemZ2bzyxkF5eWV1bttfWKCmOJSRmHLJQ1HynCqCBlTTUjtUgSxH1Gqn73uO9Xr4hUNBSXuheRBkdtQQOKkTZS0968yItdT1HuBRLhRKTJaeoxAc+ads4pOAPASeKOSK64/3pz9/3xVWra714rxDEnQmOGlKq7TqQbCZKaYkbSrBcrEiHcRW1SN1QgTlQjGXyQwh2jtGAQSlNCw4H6eyJBXKke900nR7qjxr2++J9Xj3Vw2EioiGJNBB4uCmIGdQj7ccAWlQRr1jMEYUnNrRB3kIlCm9CyJgR3/OVJUtkruE7BPTdpHIEhMmALbIM8cMEBKIITUAJlgME1uAeP4Mm6tR6sZ+tl2DpljWY2wB9Ybz+pJ5uH</latexit><latexit sha1_base64="EtXxR/+9LlnpjYe2A9PEIp7ROv8=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZEXQlBTeCIBXtAzqlZNJMG5pkhiQjlGEE8Sf8ADcuFHGpf6ErP8KFf2D6WGjrgQuHc+7l3nv8iFGlHefTmpqemZ2bzyxkF5eWV1bttfWKCmOJSRmHLJQ1HynCqCBlTTUjtUgSxH1Gqn73uO9Xr4hUNBSXuheRBkdtQQOKkTZS0968yItdT1HuBRLhRKTJaeoxAc+ads4pOAPASeKOSK64/3pz9/3xVWra714rxDEnQmOGlKq7TqQbCZKaYkbSrBcrEiHcRW1SN1QgTlQjGXyQwh2jtGAQSlNCw4H6eyJBXKke900nR7qjxr2++J9Xj3Vw2EioiGJNBB4uCmIGdQj7ccAWlQRr1jMEYUnNrRB3kIlCm9CyJgR3/OVJUtkruE7BPTdpHIEhMmALbIM8cMEBKIITUAJlgME1uAeP4Mm6tR6sZ+tl2DpljWY2wB9Ybz+pJ5uH</latexit><latexit sha1_base64="EtXxR/+9LlnpjYe2A9PEIp7ROv8=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZEXQlBTeCIBXtAzqlZNJMG5pkhiQjlGEE8Sf8ADcuFHGpf6ErP8KFf2D6WGjrgQuHc+7l3nv8iFGlHefTmpqemZ2bzyxkF5eWV1bttfWKCmOJSRmHLJQ1HynCqCBlTTUjtUgSxH1Gqn73uO9Xr4hUNBSXuheRBkdtQQOKkTZS0968yItdT1HuBRLhRKTJaeoxAc+ads4pOAPASeKOSK64/3pz9/3xVWra714rxDEnQmOGlKq7TqQbCZKaYkbSrBcrEiHcRW1SN1QgTlQjGXyQwh2jtGAQSlNCw4H6eyJBXKke900nR7qjxr2++J9Xj3Vw2EioiGJNBB4uCmIGdQj7ccAWlQRr1jMEYUnNrRB3kIlCm9CyJgR3/OVJUtkruE7BPTdpHIEhMmALbIM8cMEBKIITUAJlgME1uAeP4Mm6tR6sZ+tl2DpljWY2wB9Ybz+pJ5uH</latexit><latexit sha1_base64="EtXxR/+9LlnpjYe2A9PEIp7ROv8=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZEXQlBTeCIBXtAzqlZNJMG5pkhiQjlGEE8Sf8ADcuFHGpf6ErP8KFf2D6WGjrgQuHc+7l3nv8iFGlHefTmpqemZ2bzyxkF5eWV1bttfWKCmOJSRmHLJQ1HynCqCBlTTUjtUgSxH1Gqn73uO9Xr4hUNBSXuheRBkdtQQOKkTZS0968yItdT1HuBRLhRKTJaeoxAc+ads4pOAPASeKOSK64/3pz9/3xVWra714rxDEnQmOGlKq7TqQbCZKaYkbSrBcrEiHcRW1SN1QgTlQjGXyQwh2jtGAQSlNCw4H6eyJBXKke900nR7qjxr2++J9Xj3Vw2EioiGJNBB4uCmIGdQj7ccAWlQRr1jMEYUnNrRB3kIlCm9CyJgR3/OVJUtkruE7BPTdpHIEhMmALbIM8cMEBKIITUAJlgME1uAeP4Mm6tR6sZ+tl2DpljWY2wB9Ybz+pJ5uH</latexit><latexit sha1_base64="Qn/36JiiRIZnhnA7f65aZjAF7M0=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqJeSeNGTFLwIglS0H9CUstlu2qWbTdjdCCXEi3/FiwdFvPovvPlv3LY5aOuDgcd7M8zM82POlHacb6uwtLyyulZcL21sbm3v2Lt7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o8uJ33qgUrFI3OtxTLshHggWMIK1kXr2wV1FnHiKhV4gMUlFll5nHhfopmeXnaozBVokbk7KkKPes7+8fkSSkApNOFaq4zqx7qZYakY4zUpeomiMyQgPaMdQgUOquun0gwwdG6WPgkiaEhpN1d8TKQ6VGoe+6QyxHqp5byL+53USHZx3UybiRFNBZouChCMdoUkcqM8kJZqPDcFEMnMrIkNsotAmtJIJwZ1/eZE0T6uuU3VvnXLtIo+jCIdwBBVw4QxqcAV1aACBR3iGV3iznqwX6936mLUWrHxmH/7A+vwB/UuWjw==</latexit>
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§ Unary coding for bosonic states is as efficient as the 

conventional binary encoding for fermionic states.

§ Time complexity is reduction  by  O(L).

§ In the Bose–Hubbard model, restricting the bosonic occupation 

numbers to a few bosons per lattice site could lead to large 

relative errors in the accessible entanglement.

§ Similar behavior is expected in the case of particle bipartition.

CONCLUSIONS



Thank You!

Bernd Rosenow Matthias_Thamm

Brenda  RubensteinTong Shen

Emanuel Casiano-Diaz Harini Radhakrishnan

Del Maestro

Group 



Thank You!

Bernd Rosenow Matthias_Thamm

Brenda  RubensteinTong Shen

Emanuel Casiano-Diaz Harini Radhakrishnan

Del Maestro

Group 

One-particle entanglement for one dimensional 
spinless fermions after an interaction quantum quench

Poster sessions



Paper: https://github.com/DelMaestroGroup/papers-code-UnaryBosonicBasis

hbarghat@utk.edu

Code: 

https://github.com/DelMaestroGroup/Bose-Hubbard_diagonalize

balls wallsquantum state

machine readable binary numberbase 10 integer

BALLS  &  WALLS

Thank You!


