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S-MATRIX FORMULATION OF 
STATISTICAL MECHANICS
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PHASE SHIFT AND DENSITY OF 
STATES

particle in a box

in the presence of  a scattering potential
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PHASE SHIFT AND DENSITY OF 
STATES

phase shift and d.o.s. (schematics)
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SCATTERING THEORY VS 
HAMILTONIAN (LEE MODEL)
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|⇢(0)i
<latexit sha1_base64="0PFRpcjW0vTon/aJLBdCfUi0pWk=">AAACA3icdZDLSgMxFIbP1Futt1F3ugktQkUoM7Wgy6IblxXsBTpjyaRpG5rJDElGKEPBje/hyo0LRdz6Eu58G9NWweuBwMf/n5Pk/EHMmdKO82Zl5uYXFpeyy7mV1bX1DXtzq6GiRBJaJxGPZCvAinImaF0zzWkrlhSHAafNYHg68ZtXVCoWiQs9iqkf4r5gPUawNlLH3kk9Y2vkyUF0mRad/bFBLPqcjjt2wSkdOk6lXEG/wS050ypU897BLQDUOvar141IElKhCcdKtV0n1n6KpWbE3JfzEkVjTIa4T9sGBQ6p8tPpDmO0Z5Qu6kXSHKHRVP06keJQqVEYmM4Q64H66U3Ev7x2onvHfspEnGgqyOyhXsKRjtAkENRlkhLNRwYwkcz8FZEBlphoE1vOhPC5KfofGuWSa/jcpHECs8rCLuShCC4cQRXOoAZ1IHANd/AAj9aNdW89Wc+z1oz1MbMN38p6eQepoZkB</latexit><latexit sha1_base64="zbdZsvfZ8hb5r9ahxkaAwwPVUxI=">AAACA3icdZDLSgMxFIYz9VbrbdSdbkJFqAhlphZ0WXTjsoK9QGcsmTTThmaSIckIw1Bw4xv4DG5cKOLWl3DXtzFtFbweCHz8/zlJzh/EjCrtOGMrNze/sLiUXy6srK6tb9ibW00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHg28VvXRCoq+KVOY+JHqM9pSDHSRuraO5lnbA09ORBXWck5GBlEvM/IqGvvOeUjx6lWqvA3uGVnWnu1ond4N66l9a795vUETiLCNWZIqY7rxNrPkNQUm/sKXqJIjPAQ9UnHIEcRUX423WEE943Sg6GQ5nANp+rXiQxFSqVRYDojpAfqpzcR//I6iQ5P/IzyONGE49lDYcKgFnASCOxRSbBmqQGEJTV/hXiAJMLaxFYwIXxuCv+HZqXsGr4waZyCWeXBLiiCEnDBMaiBc1AHDYDBDbgHj+DJurUerGfrZdaasz5mtsG3sl7fAbMLmoc=</latexit><latexit sha1_base64="zbdZsvfZ8hb5r9ahxkaAwwPVUxI=">AAACA3icdZDLSgMxFIYz9VbrbdSdbkJFqAhlphZ0WXTjsoK9QGcsmTTThmaSIckIw1Bw4xv4DG5cKOLWl3DXtzFtFbweCHz8/zlJzh/EjCrtOGMrNze/sLiUXy6srK6tb9ibW00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHg28VvXRCoq+KVOY+JHqM9pSDHSRuraO5lnbA09ORBXWck5GBlEvM/IqGvvOeUjx6lWqvA3uGVnWnu1ond4N66l9a795vUETiLCNWZIqY7rxNrPkNQUm/sKXqJIjPAQ9UnHIEcRUX423WEE943Sg6GQ5nANp+rXiQxFSqVRYDojpAfqpzcR//I6iQ5P/IzyONGE49lDYcKgFnASCOxRSbBmqQGEJTV/hXiAJMLaxFYwIXxuCv+HZqXsGr4waZyCWeXBLiiCEnDBMaiBc1AHDYDBDbgHj+DJurUerGfrZdaasz5mtsG3sl7fAbMLmoc=</latexit><latexit sha1_base64="DRwYyuAibEMFCOm/HAmGgkE8tFo=">AAACA3icdZDLSgMxFIYz9VbrbdSdboJFqJuSqQVdFt24rGAv0BlLJs20oZlkSDJCGQpufBU3LhRx60u4821ML4LXA4GP/z8nyfnDhDNtEHp3cguLS8sr+dXC2vrG5pa7vdPUMlWENojkUrVDrClngjYMM5y2E0VxHHLaCofnE791Q5VmUlyZUUKDGPcFixjBxkpddy/zrW2grwbyOiuho7FFLPqcjrtuEZWPEapWqvA3eGU0rSKYV73rvvk9SdKYCkM41rrjocQEGVaGEXtfwU81TTAZ4j7tWBQ4pjrIpjuM4aFVejCSyh5h4FT9OpHhWOtRHNrOGJuB/ulNxL+8Tmqi0yBjIkkNFWT2UJRyaCScBAJ7TFFi+MgCJorZv0IywAoTY2Mr2BA+N4X/Q7NS9ixfomLtbB5HHuyDA1ACHjgBNXAB6qABCLgF9+ARPDl3zoPz7LzMWnPOfGYXfCvn9QOXIpd4</latexit>

|⇡⇡(0)i
<latexit sha1_base64="biYRSMuAuEXxDurcI/pZObOW5d8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCVm58THcunGhiFufwZ1v4/Sy0OqBAx//fw4z5w8SzpR2nC+rsLS8srpWXC9tbG5t79i7ey0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6PLid++o1KxWNzocUL9CA8ECxnB2kg9+9AzrkaZlzBkOke3WdU5zj2JxYDTnl1xas600F9w51Cpl72TRwBo9OxPrx+TNKJCE46V6rpOov0MS80Ip3nJSxVNMBnhAe0aFDiiys+mZ+ToyCh9FMbStNBoqv7cyHCk1DgKzGSE9VAtehPxP6+b6vDcz5hIUk0FmT0UphzpGE0yQX0mKdF8bAATycxfERliiYk2yZVMCO7iyX+hdVpzDV+bNC5gVkU4gDJUwYUzqMMVNKAJBO7hCV7g1Xqwnq036302WrDmO/vwq6yPb1cimd0=</latexit><latexit sha1_base64="hGFPo9Lgy2iE2G9PcTlGdZFz1F8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCV258QF8CTcuFHHrM7jr2zi9LLT1wIGP/z+HmfMHCWdKO87Yyq2srq1v5DcLW9s7u3v2/kFDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgeuI3H6hULBZ3ephQP8I9wUJGsDZSxz72jKtR5iUMmR6h+6zsnI48iUWP045dcirOtNAyuHMoVYve2fO4Oqx17G+vG5M0okITjpVqu06i/QxLzQino4KXKppgMsA92jYocESVn03PGKETo3RRGEvTQqOp+nsjw5FSwygwkxHWfbXoTcT/vHaqw0s/YyJJNRVk9lCYcqRjNMkEdZmkRPOhAUwkM39FpI8lJtokVzAhuIsnL0PjvOIavjVpXMGs8nAERSiDCxdQhRuoQR0IPMILvMG79WS9Wh/W52w0Z813DuFPWV8/YIybYw==</latexit><latexit sha1_base64="hGFPo9Lgy2iE2G9PcTlGdZFz1F8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCV258QF8CTcuFHHrM7jr2zi9LLT1wIGP/z+HmfMHCWdKO87Yyq2srq1v5DcLW9s7u3v2/kFDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgeuI3H6hULBZ3ephQP8I9wUJGsDZSxz72jKtR5iUMmR6h+6zsnI48iUWP045dcirOtNAyuHMoVYve2fO4Oqx17G+vG5M0okITjpVqu06i/QxLzQino4KXKppgMsA92jYocESVn03PGKETo3RRGEvTQqOp+nsjw5FSwygwkxHWfbXoTcT/vHaqw0s/YyJJNRVk9lCYcqRjNMkEdZmkRPOhAUwkM39FpI8lJtokVzAhuIsnL0PjvOIavjVpXMGs8nAERSiDCxdQhRuoQR0IPMILvMG79WS9Wh/W52w0Z813DuFPWV8/YIybYw==</latexit><latexit sha1_base64="1w5ABh5WktlSAN21/sIjAD1iuWs=">AAACBnicbZDLSsNAFIZP6q3WW9SlCINFqJuSuNFl0Y3LCvYCTSyT6aQdOpmEmYlQQlZufBU3LhRx6zO4822ctllo64EDH/9/DjPnDxLOlHacb6u0srq2vlHerGxt7+zu2fsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E4+up33mgUrFY3OlJQv0IDwULGcHaSH372DOuRpmXMGQ6R/dZzTnLPYnFkNO+XXXqzqzQMrgFVKGoZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcJpXvFTRBJMxHtKeQYEjqvxsdkaOTo0yQGEsTQuNZurvjQxHSk2iwExGWI/UojcV//N6qQ4v/YyJJNVUkPlDYcqRjtE0EzRgkhLNJwYwkcz8FZERlphok1zFhOAunrwM7fO6a/jWqTauijjKcAQnUAMXLqABN9CEFhB4hGd4hTfryXqx3q2P+WjJKnYO4U9Znz9Eo5hU</latexit>

H
<latexit sha1_base64="f00bHJsRyEhTg/O4E50YSInus5Q=">AAAB8nicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTddVrAXmA4lk2ba0EwyJBmhDAVfwo0LRdz6Hu7d+TZm2i609YfAx3/OIf85UcqZNp737aysrq1vbJa23O2d3b398sFhS8tMEdokkkvVibCmnAnaNMxw2kkVxUnEaTsa3Rb19gNVmklxb8YpDRM8ECxmBBtrBd0EmyHBPK9PeuWKV/WmQsvgz6Fy/elePQJAo1f+6vYlyRIqDOFY68D3UhPmWBlGOJ243UzTFJMRHtDAosAJ1WE+jTxBp9bpo1gq+4RBU/f3RI4TrcdJZDuLiHqxVpj/1YLMxJdhzkSaGSrI7KM448hIVOyP+kxRYvjYAiaK2ayIDLHCxNgrufYI/uLKy9A6r/qW77xK7QZmKsExnMAZ+HABNahDA5pAQMITvMCrY5xn5815n7WuOPOZI/gj5+MH6OuTJw==</latexit><latexit sha1_base64="Sfk2RbALH2zy6ibFZRgJk1lvb4I=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi266rGAv0A4lk2ba0EwyJGeEMvQx3LhQpFvfw70b8W3MtF1o6w+Bj/+cQ/5zwkRwA5737RTW1jc2t4rb7s7u3v5B6fCoaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4Wju7zeemTacCUfYJywICYDySNOCVir040JDCkRWW3SK5W9ijcTXgV/AeWbD/c6mX659V7ps9tXNI2ZBCqIMR3fSyDIiAZOBZu43dSwhNARGbCORUliZoJsFnmCz6zTx5HS9knAM/f3REZiY8ZxaDvziGa5lpv/1TopRFdBxmWSApN0/lGUCgwK5/vjPteMghhbIFRzmxXTIdGEgr2Sa4/gL6+8Cs2Lim/53itXb9FcRXSCTtE58tElqqIaqqMGokihJ/SCXh1wnp03ZzpvLTiLmWP0R877D9p6lJs=</latexit><latexit sha1_base64="Sfk2RbALH2zy6ibFZRgJk1lvb4I=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi266rGAv0A4lk2ba0EwyJGeEMvQx3LhQpFvfw70b8W3MtF1o6w+Bj/+cQ/5zwkRwA5737RTW1jc2t4rb7s7u3v5B6fCoaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4Wju7zeemTacCUfYJywICYDySNOCVir040JDCkRWW3SK5W9ijcTXgV/AeWbD/c6mX659V7ps9tXNI2ZBCqIMR3fSyDIiAZOBZu43dSwhNARGbCORUliZoJsFnmCz6zTx5HS9knAM/f3REZiY8ZxaDvziGa5lpv/1TopRFdBxmWSApN0/lGUCgwK5/vjPteMghhbIFRzmxXTIdGEgr2Sa4/gL6+8Cs2Lim/53itXb9FcRXSCTtE58tElqqIaqqMGokihJ/SCXh1wnp03ZzpvLTiLmWP0R877D9p6lJs=</latexit><latexit sha1_base64="xMvZpWkaumMdvdofP2TM6Moon/k=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclcSNLotuuqxgH5CGMplO2qGTSZi5EUroZ7hxoYhbv8adf+OkzUJbDwwczrmXOfeEqRQGXffb2djc2t7ZrexV9w8Oj45rJ6ddk2Sa8Q5LZKL7ITVcCsU7KFDyfqo5jUPJe+H0vvB7T1wbkahHnKU8iOlYiUgwilbyBzHFCaMyb82HtbrbcBcg68QrSR1KtIe1r8EoYVnMFTJJjfE9N8UgpxoFk3xeHWSGp5RN6Zj7lioacxPki8hzcmmVEYkSbZ9CslB/b+Q0NmYWh3ayiGhWvUL8z/MzjG6DXKg0Q67Y8qMokwQTUtxPRkJzhnJmCWVa2KyETaimDG1LVVuCt3ryOuleNzzLH9x6866sowLncAFX4MENNKEFbegAgwSe4RXeHHRenHfnYzm64ZQ7Z/AHzucPebORWg==</latexit> 2x2
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|⇢(0)i
<latexit sha1_base64="0PFRpcjW0vTon/aJLBdCfUi0pWk=">AAACA3icdZDLSgMxFIbP1Futt1F3ugktQkUoM7Wgy6IblxXsBTpjyaRpG5rJDElGKEPBje/hyo0LRdz6Eu58G9NWweuBwMf/n5Pk/EHMmdKO82Zl5uYXFpeyy7mV1bX1DXtzq6GiRBJaJxGPZCvAinImaF0zzWkrlhSHAafNYHg68ZtXVCoWiQs9iqkf4r5gPUawNlLH3kk9Y2vkyUF0mRad/bFBLPqcjjt2wSkdOk6lXEG/wS050ypU897BLQDUOvar141IElKhCcdKtV0n1n6KpWbE3JfzEkVjTIa4T9sGBQ6p8tPpDmO0Z5Qu6kXSHKHRVP06keJQqVEYmM4Q64H66U3Ev7x2onvHfspEnGgqyOyhXsKRjtAkENRlkhLNRwYwkcz8FZEBlphoE1vOhPC5KfofGuWSa/jcpHECs8rCLuShCC4cQRXOoAZ1IHANd/AAj9aNdW89Wc+z1oz1MbMN38p6eQepoZkB</latexit><latexit sha1_base64="zbdZsvfZ8hb5r9ahxkaAwwPVUxI=">AAACA3icdZDLSgMxFIYz9VbrbdSdbkJFqAhlphZ0WXTjsoK9QGcsmTTThmaSIckIw1Bw4xv4DG5cKOLWl3DXtzFtFbweCHz8/zlJzh/EjCrtOGMrNze/sLiUXy6srK6tb9ibW00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHg28VvXRCoq+KVOY+JHqM9pSDHSRuraO5lnbA09ORBXWck5GBlEvM/IqGvvOeUjx6lWqvA3uGVnWnu1ond4N66l9a795vUETiLCNWZIqY7rxNrPkNQUm/sKXqJIjPAQ9UnHIEcRUX423WEE943Sg6GQ5nANp+rXiQxFSqVRYDojpAfqpzcR//I6iQ5P/IzyONGE49lDYcKgFnASCOxRSbBmqQGEJTV/hXiAJMLaxFYwIXxuCv+HZqXsGr4waZyCWeXBLiiCEnDBMaiBc1AHDYDBDbgHj+DJurUerGfrZdaasz5mtsG3sl7fAbMLmoc=</latexit><latexit sha1_base64="zbdZsvfZ8hb5r9ahxkaAwwPVUxI=">AAACA3icdZDLSgMxFIYz9VbrbdSdbkJFqAhlphZ0WXTjsoK9QGcsmTTThmaSIckIw1Bw4xv4DG5cKOLWl3DXtzFtFbweCHz8/zlJzh/EjCrtOGMrNze/sLiUXy6srK6tb9ibW00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHg28VvXRCoq+KVOY+JHqM9pSDHSRuraO5lnbA09ORBXWck5GBlEvM/IqGvvOeUjx6lWqvA3uGVnWnu1ond4N66l9a795vUETiLCNWZIqY7rxNrPkNQUm/sKXqJIjPAQ9UnHIEcRUX423WEE943Sg6GQ5nANp+rXiQxFSqVRYDojpAfqpzcR//I6iQ5P/IzyONGE49lDYcKgFnASCOxRSbBmqQGEJTV/hXiAJMLaxFYwIXxuCv+HZqXsGr4waZyCWeXBLiiCEnDBMaiBc1AHDYDBDbgHj+DJurUerGfrZdaasz5mtsG3sl7fAbMLmoc=</latexit><latexit sha1_base64="DRwYyuAibEMFCOm/HAmGgkE8tFo=">AAACA3icdZDLSgMxFIYz9VbrbdSdboJFqJuSqQVdFt24rGAv0BlLJs20oZlkSDJCGQpufBU3LhRx60u4821ML4LXA4GP/z8nyfnDhDNtEHp3cguLS8sr+dXC2vrG5pa7vdPUMlWENojkUrVDrClngjYMM5y2E0VxHHLaCofnE791Q5VmUlyZUUKDGPcFixjBxkpddy/zrW2grwbyOiuho7FFLPqcjrtuEZWPEapWqvA3eGU0rSKYV73rvvk9SdKYCkM41rrjocQEGVaGEXtfwU81TTAZ4j7tWBQ4pjrIpjuM4aFVejCSyh5h4FT9OpHhWOtRHNrOGJuB/ulNxL+8Tmqi0yBjIkkNFWT2UJRyaCScBAJ7TFFi+MgCJorZv0IywAoTY2Mr2BA+N4X/Q7NS9ixfomLtbB5HHuyDA1ACHjgBNXAB6qABCLgF9+ARPDl3zoPz7LzMWnPOfGYXfCvn9QOXIpd4</latexit>

|⇡⇡(0)i
<latexit sha1_base64="biYRSMuAuEXxDurcI/pZObOW5d8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCVm58THcunGhiFufwZ1v4/Sy0OqBAx//fw4z5w8SzpR2nC+rsLS8srpWXC9tbG5t79i7ey0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6PLid++o1KxWNzocUL9CA8ECxnB2kg9+9AzrkaZlzBkOke3WdU5zj2JxYDTnl1xas600F9w51Cpl72TRwBo9OxPrx+TNKJCE46V6rpOov0MS80Ip3nJSxVNMBnhAe0aFDiiys+mZ+ToyCh9FMbStNBoqv7cyHCk1DgKzGSE9VAtehPxP6+b6vDcz5hIUk0FmT0UphzpGE0yQX0mKdF8bAATycxfERliiYk2yZVMCO7iyX+hdVpzDV+bNC5gVkU4gDJUwYUzqMMVNKAJBO7hCV7g1Xqwnq036302WrDmO/vwq6yPb1cimd0=</latexit><latexit sha1_base64="hGFPo9Lgy2iE2G9PcTlGdZFz1F8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCV258QF8CTcuFHHrM7jr2zi9LLT1wIGP/z+HmfMHCWdKO87Yyq2srq1v5DcLW9s7u3v2/kFDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgeuI3H6hULBZ3ephQP8I9wUJGsDZSxz72jKtR5iUMmR6h+6zsnI48iUWP045dcirOtNAyuHMoVYve2fO4Oqx17G+vG5M0okITjpVqu06i/QxLzQino4KXKppgMsA92jYocESVn03PGKETo3RRGEvTQqOp+nsjw5FSwygwkxHWfbXoTcT/vHaqw0s/YyJJNRVk9lCYcqRjNMkEdZmkRPOhAUwkM39FpI8lJtokVzAhuIsnL0PjvOIavjVpXMGs8nAERSiDCxdQhRuoQR0IPMILvMG79WS9Wh/W52w0Z813DuFPWV8/YIybYw==</latexit><latexit sha1_base64="hGFPo9Lgy2iE2G9PcTlGdZFz1F8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCV258QF8CTcuFHHrM7jr2zi9LLT1wIGP/z+HmfMHCWdKO87Yyq2srq1v5DcLW9s7u3v2/kFDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgeuI3H6hULBZ3ephQP8I9wUJGsDZSxz72jKtR5iUMmR6h+6zsnI48iUWP045dcirOtNAyuHMoVYve2fO4Oqx17G+vG5M0okITjpVqu06i/QxLzQino4KXKppgMsA92jYocESVn03PGKETo3RRGEvTQqOp+nsjw5FSwygwkxHWfbXoTcT/vHaqw0s/YyJJNRVk9lCYcqRjNMkEdZmkRPOhAUwkM39FpI8lJtokVzAhuIsnL0PjvOIavjVpXMGs8nAERSiDCxdQhRuoQR0IPMILvMG79WS9Wh/W52w0Z813DuFPWV8/YIybYw==</latexit><latexit sha1_base64="1w5ABh5WktlSAN21/sIjAD1iuWs=">AAACBnicbZDLSsNAFIZP6q3WW9SlCINFqJuSuNFl0Y3LCvYCTSyT6aQdOpmEmYlQQlZufBU3LhRx6zO4822ctllo64EDH/9/DjPnDxLOlHacb6u0srq2vlHerGxt7+zu2fsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E4+up33mgUrFY3OlJQv0IDwULGcHaSH372DOuRpmXMGQ6R/dZzTnLPYnFkNO+XXXqzqzQMrgFVKGoZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcJpXvFTRBJMxHtKeQYEjqvxsdkaOTo0yQGEsTQuNZurvjQxHSk2iwExGWI/UojcV//N6qQ4v/YyJJNVUkPlDYcqRjtE0EzRgkhLNJwYwkcz8FZERlphok1zFhOAunrwM7fO6a/jWqTauijjKcAQnUAMXLqABN9CEFhB4hGd4hTfryXqx3q2P+WjJKnYO4U9Znz9Eo5hU</latexit>

H
<latexit sha1_base64="f00bHJsRyEhTg/O4E50YSInus5Q=">AAAB8nicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTddVrAXmA4lk2ba0EwyJBmhDAVfwo0LRdz6Hu7d+TZm2i609YfAx3/OIf85UcqZNp737aysrq1vbJa23O2d3b398sFhS8tMEdokkkvVibCmnAnaNMxw2kkVxUnEaTsa3Rb19gNVmklxb8YpDRM8ECxmBBtrBd0EmyHBPK9PeuWKV/WmQsvgz6Fy/elePQJAo1f+6vYlyRIqDOFY68D3UhPmWBlGOJ243UzTFJMRHtDAosAJ1WE+jTxBp9bpo1gq+4RBU/f3RI4TrcdJZDuLiHqxVpj/1YLMxJdhzkSaGSrI7KM448hIVOyP+kxRYvjYAiaK2ayIDLHCxNgrufYI/uLKy9A6r/qW77xK7QZmKsExnMAZ+HABNahDA5pAQMITvMCrY5xn5815n7WuOPOZI/gj5+MH6OuTJw==</latexit><latexit sha1_base64="Sfk2RbALH2zy6ibFZRgJk1lvb4I=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi266rGAv0A4lk2ba0EwyJGeEMvQx3LhQpFvfw70b8W3MtF1o6w+Bj/+cQ/5zwkRwA5737RTW1jc2t4rb7s7u3v5B6fCoaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4Wju7zeemTacCUfYJywICYDySNOCVir040JDCkRWW3SK5W9ijcTXgV/AeWbD/c6mX659V7ps9tXNI2ZBCqIMR3fSyDIiAZOBZu43dSwhNARGbCORUliZoJsFnmCz6zTx5HS9knAM/f3REZiY8ZxaDvziGa5lpv/1TopRFdBxmWSApN0/lGUCgwK5/vjPteMghhbIFRzmxXTIdGEgr2Sa4/gL6+8Cs2Lim/53itXb9FcRXSCTtE58tElqqIaqqMGokihJ/SCXh1wnp03ZzpvLTiLmWP0R877D9p6lJs=</latexit><latexit sha1_base64="Sfk2RbALH2zy6ibFZRgJk1lvb4I=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi266rGAv0A4lk2ba0EwyJGeEMvQx3LhQpFvfw70b8W3MtF1o6w+Bj/+cQ/5zwkRwA5737RTW1jc2t4rb7s7u3v5B6fCoaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4Wju7zeemTacCUfYJywICYDySNOCVir040JDCkRWW3SK5W9ijcTXgV/AeWbD/c6mX659V7ps9tXNI2ZBCqIMR3fSyDIiAZOBZu43dSwhNARGbCORUliZoJsFnmCz6zTx5HS9knAM/f3REZiY8ZxaDvziGa5lpv/1TopRFdBxmWSApN0/lGUCgwK5/vjPteMghhbIFRzmxXTIdGEgr2Sa4/gL6+8Cs2Lim/53itXb9FcRXSCTtE58tElqqIaqqMGokihJ/SCXh1wnp03ZzpvLTiLmWP0R877D9p6lJs=</latexit><latexit sha1_base64="xMvZpWkaumMdvdofP2TM6Moon/k=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclcSNLotuuqxgH5CGMplO2qGTSZi5EUroZ7hxoYhbv8adf+OkzUJbDwwczrmXOfeEqRQGXffb2djc2t7ZrexV9w8Oj45rJ6ddk2Sa8Q5LZKL7ITVcCsU7KFDyfqo5jUPJe+H0vvB7T1wbkahHnKU8iOlYiUgwilbyBzHFCaMyb82HtbrbcBcg68QrSR1KtIe1r8EoYVnMFTJJjfE9N8UgpxoFk3xeHWSGp5RN6Zj7lioacxPki8hzcmmVEYkSbZ9CslB/b+Q0NmYWh3ayiGhWvUL8z/MzjG6DXKg0Q67Y8qMokwQTUtxPRkJzhnJmCWVa2KyETaimDG1LVVuCt3ryOuleNzzLH9x6866sowLncAFX4MENNKEFbegAgwSe4RXeHHRenHfnYzm64ZQ7Z/AHzucPebORWg==</latexit>

E
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

H0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

E
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

..
.

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

|⇢i
<latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit><latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit><latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit><latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit>

|⇡⇡i
<latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit><latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit><latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit><latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit>

..
.

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

+

g(E, ✏) =
X

n

✓✏(E � En)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

B(E) = 2⇡
d

dE
�g(E, ✏)

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
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�g(E, ✏)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

B(E)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

0 <latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

1 <latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

PML, Francesco Giocosa EPJC 79(2019)



|⇢(0)i
<latexit sha1_base64="0PFRpcjW0vTon/aJLBdCfUi0pWk=">AAACA3icdZDLSgMxFIbP1Futt1F3ugktQkUoM7Wgy6IblxXsBTpjyaRpG5rJDElGKEPBje/hyo0LRdz6Eu58G9NWweuBwMf/n5Pk/EHMmdKO82Zl5uYXFpeyy7mV1bX1DXtzq6GiRBJaJxGPZCvAinImaF0zzWkrlhSHAafNYHg68ZtXVCoWiQs9iqkf4r5gPUawNlLH3kk9Y2vkyUF0mRad/bFBLPqcjjt2wSkdOk6lXEG/wS050ypU897BLQDUOvar141IElKhCcdKtV0n1n6KpWbE3JfzEkVjTIa4T9sGBQ6p8tPpDmO0Z5Qu6kXSHKHRVP06keJQqVEYmM4Q64H66U3Ev7x2onvHfspEnGgqyOyhXsKRjtAkENRlkhLNRwYwkcz8FZEBlphoE1vOhPC5KfofGuWSa/jcpHECs8rCLuShCC4cQRXOoAZ1IHANd/AAj9aNdW89Wc+z1oz1MbMN38p6eQepoZkB</latexit><latexit sha1_base64="zbdZsvfZ8hb5r9ahxkaAwwPVUxI=">AAACA3icdZDLSgMxFIYz9VbrbdSdbkJFqAhlphZ0WXTjsoK9QGcsmTTThmaSIckIw1Bw4xv4DG5cKOLWl3DXtzFtFbweCHz8/zlJzh/EjCrtOGMrNze/sLiUXy6srK6tb9ibW00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHg28VvXRCoq+KVOY+JHqM9pSDHSRuraO5lnbA09ORBXWck5GBlEvM/IqGvvOeUjx6lWqvA3uGVnWnu1ond4N66l9a795vUETiLCNWZIqY7rxNrPkNQUm/sKXqJIjPAQ9UnHIEcRUX423WEE943Sg6GQ5nANp+rXiQxFSqVRYDojpAfqpzcR//I6iQ5P/IzyONGE49lDYcKgFnASCOxRSbBmqQGEJTV/hXiAJMLaxFYwIXxuCv+HZqXsGr4waZyCWeXBLiiCEnDBMaiBc1AHDYDBDbgHj+DJurUerGfrZdaasz5mtsG3sl7fAbMLmoc=</latexit><latexit sha1_base64="zbdZsvfZ8hb5r9ahxkaAwwPVUxI=">AAACA3icdZDLSgMxFIYz9VbrbdSdbkJFqAhlphZ0WXTjsoK9QGcsmTTThmaSIckIw1Bw4xv4DG5cKOLWl3DXtzFtFbweCHz8/zlJzh/EjCrtOGMrNze/sLiUXy6srK6tb9ibW00lEolJAwsmZDtAijDKSUNTzUg7lgRFASOtYHg28VvXRCoq+KVOY+JHqM9pSDHSRuraO5lnbA09ORBXWck5GBlEvM/IqGvvOeUjx6lWqvA3uGVnWnu1ond4N66l9a795vUETiLCNWZIqY7rxNrPkNQUm/sKXqJIjPAQ9UnHIEcRUX423WEE943Sg6GQ5nANp+rXiQxFSqVRYDojpAfqpzcR//I6iQ5P/IzyONGE49lDYcKgFnASCOxRSbBmqQGEJTV/hXiAJMLaxFYwIXxuCv+HZqXsGr4waZyCWeXBLiiCEnDBMaiBc1AHDYDBDbgHj+DJurUerGfrZdaasz5mtsG3sl7fAbMLmoc=</latexit><latexit sha1_base64="DRwYyuAibEMFCOm/HAmGgkE8tFo=">AAACA3icdZDLSgMxFIYz9VbrbdSdboJFqJuSqQVdFt24rGAv0BlLJs20oZlkSDJCGQpufBU3LhRx60u4821ML4LXA4GP/z8nyfnDhDNtEHp3cguLS8sr+dXC2vrG5pa7vdPUMlWENojkUrVDrClngjYMM5y2E0VxHHLaCofnE791Q5VmUlyZUUKDGPcFixjBxkpddy/zrW2grwbyOiuho7FFLPqcjrtuEZWPEapWqvA3eGU0rSKYV73rvvk9SdKYCkM41rrjocQEGVaGEXtfwU81TTAZ4j7tWBQ4pjrIpjuM4aFVejCSyh5h4FT9OpHhWOtRHNrOGJuB/ulNxL+8Tmqi0yBjIkkNFWT2UJRyaCScBAJ7TFFi+MgCJorZv0IywAoTY2Mr2BA+N4X/Q7NS9ixfomLtbB5HHuyDA1ACHjgBNXAB6qABCLgF9+ARPDl3zoPz7LzMWnPOfGYXfCvn9QOXIpd4</latexit>

|⇡⇡(0)i
<latexit sha1_base64="biYRSMuAuEXxDurcI/pZObOW5d8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCVm58THcunGhiFufwZ1v4/Sy0OqBAx//fw4z5w8SzpR2nC+rsLS8srpWXC9tbG5t79i7ey0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6PLid++o1KxWNzocUL9CA8ECxnB2kg9+9AzrkaZlzBkOke3WdU5zj2JxYDTnl1xas600F9w51Cpl72TRwBo9OxPrx+TNKJCE46V6rpOov0MS80Ip3nJSxVNMBnhAe0aFDiiys+mZ+ToyCh9FMbStNBoqv7cyHCk1DgKzGSE9VAtehPxP6+b6vDcz5hIUk0FmT0UphzpGE0yQX0mKdF8bAATycxfERliiYk2yZVMCO7iyX+hdVpzDV+bNC5gVkU4gDJUwYUzqMMVNKAJBO7hCV7g1Xqwnq036302WrDmO/vwq6yPb1cimd0=</latexit><latexit sha1_base64="hGFPo9Lgy2iE2G9PcTlGdZFz1F8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCV258QF8CTcuFHHrM7jr2zi9LLT1wIGP/z+HmfMHCWdKO87Yyq2srq1v5DcLW9s7u3v2/kFDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgeuI3H6hULBZ3ephQP8I9wUJGsDZSxz72jKtR5iUMmR6h+6zsnI48iUWP045dcirOtNAyuHMoVYve2fO4Oqx17G+vG5M0okITjpVqu06i/QxLzQino4KXKppgMsA92jYocESVn03PGKETo3RRGEvTQqOp+nsjw5FSwygwkxHWfbXoTcT/vHaqw0s/YyJJNRVk9lCYcqRjNMkEdZmkRPOhAUwkM39FpI8lJtokVzAhuIsnL0PjvOIavjVpXMGs8nAERSiDCxdQhRuoQR0IPMILvMG79WS9Wh/W52w0Z813DuFPWV8/YIybYw==</latexit><latexit sha1_base64="hGFPo9Lgy2iE2G9PcTlGdZFz1F8=">AAACBnicbZDLSsNAFIZP6q3WW9SlCEOLUBFK4kaXRTcuK9gLNLFMppN26GQSZiZCCV258QF8CTcuFHHrM7jr2zi9LLT1wIGP/z+HmfMHCWdKO87Yyq2srq1v5DcLW9s7u3v2/kFDxakktE5iHstWgBXlTNC6ZprTViIpjgJOm8HgeuI3H6hULBZ3ephQP8I9wUJGsDZSxz72jKtR5iUMmR6h+6zsnI48iUWP045dcirOtNAyuHMoVYve2fO4Oqx17G+vG5M0okITjpVqu06i/QxLzQino4KXKppgMsA92jYocESVn03PGKETo3RRGEvTQqOp+nsjw5FSwygwkxHWfbXoTcT/vHaqw0s/YyJJNRVk9lCYcqRjNMkEdZmkRPOhAUwkM39FpI8lJtokVzAhuIsnL0PjvOIavjVpXMGs8nAERSiDCxdQhRuoQR0IPMILvMG79WS9Wh/W52w0Z813DuFPWV8/YIybYw==</latexit><latexit sha1_base64="1w5ABh5WktlSAN21/sIjAD1iuWs=">AAACBnicbZDLSsNAFIZP6q3WW9SlCINFqJuSuNFl0Y3LCvYCTSyT6aQdOpmEmYlQQlZufBU3LhRx6zO4822ctllo64EDH/9/DjPnDxLOlHacb6u0srq2vlHerGxt7+zu2fsHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E4+up33mgUrFY3OlJQv0IDwULGcHaSH372DOuRpmXMGQ6R/dZzTnLPYnFkNO+XXXqzqzQMrgFVKGoZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcJpXvFTRBJMxHtKeQYEjqvxsdkaOTo0yQGEsTQuNZurvjQxHSk2iwExGWI/UojcV//N6qQ4v/YyJJNVUkPlDYcqRjtE0EzRgkhLNJwYwkcz8FZERlphok1zFhOAunrwM7fO6a/jWqTauijjKcAQnUAMXLqABN9CEFhB4hGd4hTfryXqx3q2P+WjJKnYO4U9Znz9Eo5hU</latexit>

H
<latexit sha1_base64="f00bHJsRyEhTg/O4E50YSInus5Q=">AAAB8nicbZDLSgMxFIbPeK3jrerSTbAIrsqMG92IRTddVrAXmA4lk2ba0EwyJBmhDAVfwo0LRdz6Hu7d+TZm2i609YfAx3/OIf85UcqZNp737aysrq1vbJa23O2d3b398sFhS8tMEdokkkvVibCmnAnaNMxw2kkVxUnEaTsa3Rb19gNVmklxb8YpDRM8ECxmBBtrBd0EmyHBPK9PeuWKV/WmQsvgz6Fy/elePQJAo1f+6vYlyRIqDOFY68D3UhPmWBlGOJ243UzTFJMRHtDAosAJ1WE+jTxBp9bpo1gq+4RBU/f3RI4TrcdJZDuLiHqxVpj/1YLMxJdhzkSaGSrI7KM448hIVOyP+kxRYvjYAiaK2ayIDLHCxNgrufYI/uLKy9A6r/qW77xK7QZmKsExnMAZ+HABNahDA5pAQMITvMCrY5xn5815n7WuOPOZI/gj5+MH6OuTJw==</latexit><latexit sha1_base64="Sfk2RbALH2zy6ibFZRgJk1lvb4I=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi266rGAv0A4lk2ba0EwyJGeEMvQx3LhQpFvfw70b8W3MtF1o6w+Bj/+cQ/5zwkRwA5737RTW1jc2t4rb7s7u3v5B6fCoaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4Wju7zeemTacCUfYJywICYDySNOCVir040JDCkRWW3SK5W9ijcTXgV/AeWbD/c6mX659V7ps9tXNI2ZBCqIMR3fSyDIiAZOBZu43dSwhNARGbCORUliZoJsFnmCz6zTx5HS9knAM/f3REZiY8ZxaDvziGa5lpv/1TopRFdBxmWSApN0/lGUCgwK5/vjPteMghhbIFRzmxXTIdGEgr2Sa4/gL6+8Cs2Lim/53itXb9FcRXSCTtE58tElqqIaqqMGokihJ/SCXh1wnp03ZzpvLTiLmWP0R877D9p6lJs=</latexit><latexit sha1_base64="Sfk2RbALH2zy6ibFZRgJk1lvb4I=">AAAB8nicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZN7oRi266rGAv0A4lk2ba0EwyJGeEMvQx3LhQpFvfw70b8W3MtF1o6w+Bj/+cQ/5zwkRwA5737RTW1jc2t4rb7s7u3v5B6fCoaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4Wju7zeemTacCUfYJywICYDySNOCVir040JDCkRWW3SK5W9ijcTXgV/AeWbD/c6mX659V7ps9tXNI2ZBCqIMR3fSyDIiAZOBZu43dSwhNARGbCORUliZoJsFnmCz6zTx5HS9knAM/f3REZiY8ZxaDvziGa5lpv/1TopRFdBxmWSApN0/lGUCgwK5/vjPteMghhbIFRzmxXTIdGEgr2Sa4/gL6+8Cs2Lim/53itXb9FcRXSCTtE58tElqqIaqqMGokihJ/SCXh1wnp03ZzpvLTiLmWP0R877D9p6lJs=</latexit><latexit sha1_base64="xMvZpWkaumMdvdofP2TM6Moon/k=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclcSNLotuuqxgH5CGMplO2qGTSZi5EUroZ7hxoYhbv8adf+OkzUJbDwwczrmXOfeEqRQGXffb2djc2t7ZrexV9w8Oj45rJ6ddk2Sa8Q5LZKL7ITVcCsU7KFDyfqo5jUPJe+H0vvB7T1wbkahHnKU8iOlYiUgwilbyBzHFCaMyb82HtbrbcBcg68QrSR1KtIe1r8EoYVnMFTJJjfE9N8UgpxoFk3xeHWSGp5RN6Zj7lioacxPki8hzcmmVEYkSbZ9CslB/b+Q0NmYWh3ayiGhWvUL8z/MzjG6DXKg0Q67Y8qMokwQTUtxPRkJzhnJmCWVa2KyETaimDG1LVVuCt3ryOuleNzzLH9x6866sowLncAFX4MENNKEFbegAgwSe4RXeHHRenHfnYzm64ZQ7Z/AHzucPebORWg==</latexit>

E
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

H0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

E
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

..
.

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>..
.

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

g(E, ✏) =
X

n

✓✏(E � En)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�g(E, ✏)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

B(E) = 2⇡
d

dE
�g(E, ✏)

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

B(E)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
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0 <latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

1 <latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
= A⇢ +�A⇡⇡

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
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|⇢i
<latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit><latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit><latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit><latexit sha1_base64="T4PIGE4voPA/oBVLCQdkrblAH5M=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9Fj04rGC/YAmlM122y7dbMLuRCyhf8WLB0W8+ke8+W/ctjlo64MZHu/NsLMvSqUw6Hnfztr6xubWdmmnvLu3f3DoHlVaJsk0402WyER3Imq4FIo3UaDknVRzGkeSt6Px7cxvP3JtRKIecJLyMKZDJQaCUbRSz60E1kUS6FFiG1VDyXtu1at5c5BV4hekCgUaPfcr6Ccsi7lCJqkxXd9LMcypRsEkn5aDzPCUsjEd8q6lisbchPn89ik5s0qfDBJtSyGZq783chobM4kjOxlTHJllbyb+53UzHFyHuVBphlyxxUODTBJMyCwI0heaM5QTSyjTwt5K2IhqytDGVbYh+MtfXiWti5rv1fz7y2r9poijBCdwCufgwxXU4Q4a0AQGT/AMr/DmTJ0X5935WIyuOcXOMfyB8/kDtReUNg==</latexit>

|⇡⇡i
<latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit><latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit><latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit><latexit sha1_base64="ck8uYF/TwXUY3+psfXtXBo48RbQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYGuhCWWz3bZLN5uwOxFKKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCiVwqDnfTulldW19Y3yZmVre2d3z90/aJkk04w3WSIT3Y6o4VIo3kSBkrdTzWkcSf4QjW6m/sMj10Yk6h7HKQ9jOlCiLxhFK3Xdo8C6SIJUzEtTNZC861a9mjcDWSZ+QapQoNF1v4JewrKYK2SSGtPxvRTDnGoUTPJJJcgMTykb0QHvWKpozE2Yz86fkFOr9Eg/0bYUkpn6eyKnsTHjOLKdMcWhWfSm4n9eJ8P+VZgLlWbIFZsv6meSYEKmWZCe0JyhHFtCmRb2VsKGVFOGNrGKDcFffHmZtM5rvlfz7y6q9esijjIcwwmcgQ+XUIdbaEATGOTwDK/w5jw5L8678zFvLTnFzCH8gfP5A5LBlTk=</latexit>

+

Tr e��H0

<latexit sha1_base64="AWnMQddXe/9NOvnV931mbu18/Vg=">AAACDXicbVC7SgNBFJ2Nr7i+opY2g1Gw0LArAW3EoE3KCHlBNobZyU0yZPbBzKwQlv0BGz/CH7CxUMQ2vY34N84mKTR64MLhnHu59x435Ewqy/oyMguLS8sr2VVzbX1jcyu3vVOXQSQo1GjAA9F0iQTOfKgppjg0QwHEczk03OF16jfuQEgW+FU1CqHtkb7PeowSpaVO7iB2hIerIsHOMYbb+MRxQRHseEQNKOFxOelYSSeXtwrWBPgvsWckfzk2L8LHT7PSyX043YBGHviKciJly7ZC1Y6JUIxySEwnkhASOiR9aGnqEw9kO558k+BDrXRxLxC6fIUn6s+JmHhSjjxXd6ZXynkvFf/zWpHqnbdj5oeRAp9OF/UijlWA02hwlwmgio80IVQwfSumAyIIVTpAU4dgz7/8l9RPC3axULyx8qUrNEUW7aF9dIRsdIZKqIwqqIYoukdP6AW9Gg/Gs/FmvE9bM8ZsZhf9gjH+BoY3nj0=</latexit>

Tr e��H

<latexit sha1_base64="3TSD1cPAaKyD5P7NtNHJDIp71Og=">AAACC3icbVC7SgNBFJ31GdfXqqXNkCBYaNiVgDZi0CZlhLwgG8Ps5CYZMvtgZlYIy/Y2foW9jYUitmJvI/6Nk0ehiQcuHM65l3vv8SLOpLLtb2NhcWl5ZTWzZq5vbG5tWzu7NRnGgkKVhjwUDY9I4CyAqmKKQyMSQHyPQ90bXI38+i0IycKgooYRtHzSC1iXUaK01LayiSt8XBEpdo8w3CTHrgeKYNcnqk8JT0pp2rZydt4eA88TZ0pyFx/mefTwZZbb1qfbCWnsQ6AoJ1I2HTtSrYQIxSiH1HRjCRGhA9KDpqYB8UG2kvEvKT7QSgd3Q6ErUHis/p5IiC/l0Pd05+hGOeuNxP+8Zqy6Z62EBVGsIKCTRd2YYxXiUTC4wwRQxYeaECqYvhXTPhGEKh2fqUNwZl+eJ7WTvFPIF67tXPESTZBB+yiLDpGDTlERlVAZVRFFd+gRPaMX4954Ml6Nt0nrgjGd2UN/YLz/AEo+nZo=</latexit>
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PHYSICS OF B

contribution from 
correlated pi pi pair

physical interpretation:� = �ImTr ln G�1
�

���

�E

B = 2
@

@E
�

= �2 Im
@

@E
lnG�1

⇢

= �2 Im[G⇢](2E) + 2 Im[
@⌃⇢

@E
G⇢]

= A⇢(E) +�A⇡⇡
<latexit sha1_base64="Y1wELtlPXFdHkzx3o9LUkoKFHoA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoCCURQTdCfYHLCvYBTQiT6aQdOpkJMxOhhG7d+CtuXCji1j9w5984bbPQ1gMXDufcy733hAmjSjvOt1VYWFxaXimultbWNza37O2dphKpxKSBBROyHSJFGOWkoalmpJ1IguKQkVY4uBr7rQciFRX8Xg8T4seox2lEMdJGCmx4Di8CT/ZF5eYQHkHvmjCNjJR5CYWmRoFddqrOBHCeuDkpgxz1wP7yugKnMeEaM6RUx3US7WdIaooZGZW8VJEE4QHqkY6hHMVE+dnkkxE8MEoXRkKa4hpO1N8TGYqVGsah6YyR7qtZbyz+53VSHZ35GeVJqgnH00VRyqAWcBwL7FJJsGZDQxCW1NwKcR9JhLUJr2RCcGdfnifN46rrVN27k3LtMo+jCPbAPqgAF5yCGrgFddAAGDyCZ/AK3qwn68V6tz6mrQUrn9kFf2B9/gAhGJgW</latexit><latexit sha1_base64="Y1wELtlPXFdHkzx3o9LUkoKFHoA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoCCURQTdCfYHLCvYBTQiT6aQdOpkJMxOhhG7d+CtuXCji1j9w5984bbPQ1gMXDufcy733hAmjSjvOt1VYWFxaXimultbWNza37O2dphKpxKSBBROyHSJFGOWkoalmpJ1IguKQkVY4uBr7rQciFRX8Xg8T4seox2lEMdJGCmx4Di8CT/ZF5eYQHkHvmjCNjJR5CYWmRoFddqrOBHCeuDkpgxz1wP7yugKnMeEaM6RUx3US7WdIaooZGZW8VJEE4QHqkY6hHMVE+dnkkxE8MEoXRkKa4hpO1N8TGYqVGsah6YyR7qtZbyz+53VSHZ35GeVJqgnH00VRyqAWcBwL7FJJsGZDQxCW1NwKcR9JhLUJr2RCcGdfnifN46rrVN27k3LtMo+jCPbAPqgAF5yCGrgFddAAGDyCZ/AK3qwn68V6tz6mrQUrn9kFf2B9/gAhGJgW</latexit><latexit sha1_base64="Y1wELtlPXFdHkzx3o9LUkoKFHoA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoCCURQTdCfYHLCvYBTQiT6aQdOpkJMxOhhG7d+CtuXCji1j9w5984bbPQ1gMXDufcy733hAmjSjvOt1VYWFxaXimultbWNza37O2dphKpxKSBBROyHSJFGOWkoalmpJ1IguKQkVY4uBr7rQciFRX8Xg8T4seox2lEMdJGCmx4Di8CT/ZF5eYQHkHvmjCNjJR5CYWmRoFddqrOBHCeuDkpgxz1wP7yugKnMeEaM6RUx3US7WdIaooZGZW8VJEE4QHqkY6hHMVE+dnkkxE8MEoXRkKa4hpO1N8TGYqVGsah6YyR7qtZbyz+53VSHZ35GeVJqgnH00VRyqAWcBwL7FJJsGZDQxCW1NwKcR9JhLUJr2RCcGdfnifN46rrVN27k3LtMo+jCPbAPqgAF5yCGrgFddAAGDyCZ/AK3qwn68V6tz6mrQUrn9kFf2B9/gAhGJgW</latexit><latexit sha1_base64="Y1wELtlPXFdHkzx3o9LUkoKFHoA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoCCURQTdCfYHLCvYBTQiT6aQdOpkJMxOhhG7d+CtuXCji1j9w5984bbPQ1gMXDufcy733hAmjSjvOt1VYWFxaXimultbWNza37O2dphKpxKSBBROyHSJFGOWkoalmpJ1IguKQkVY4uBr7rQciFRX8Xg8T4seox2lEMdJGCmx4Di8CT/ZF5eYQHkHvmjCNjJR5CYWmRoFddqrOBHCeuDkpgxz1wP7yugKnMeEaM6RUx3US7WdIaooZGZW8VJEE4QHqkY6hHMVE+dnkkxE8MEoXRkKa4hpO1N8TGYqVGsah6YyR7qtZbyz+53VSHZ35GeVJqgnH00VRyqAWcBwL7FJJsGZDQxCW1NwKcR9JhLUJr2RCcGdfnifN46rrVN27k3LtMo+jCPbAPqgAF5yCGrgFddAAGDyCZ/AK3qwn68V6tz6mrQUrn9kFf2B9/gAhGJgW</latexit>

<latexit sha1_base64="lv8TNT0qMQODy4R6hLz/8iqaCao="></latexit>

� @

@E

Z
d�E Tre pipi -> pipi

W. Weinhold & B. Friman, Phys. Lett. B 433, 236 (1998).



PHYSICS OF B

contribution from 
correlated pi pi pair

physical interpretation:� = �ImTr ln G�1
�

���

�E

B = 2
@

@E
�

= �2 Im
@

@E
lnG�1

⇢

= �2 Im[G⇢](2E) + 2 Im[
@⌃⇢

@E
G⇢]

= A⇢(E) +�A⇡⇡
<latexit sha1_base64="Y1wELtlPXFdHkzx3o9LUkoKFHoA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoCCURQTdCfYHLCvYBTQiT6aQdOpkJMxOhhG7d+CtuXCji1j9w5984bbPQ1gMXDufcy733hAmjSjvOt1VYWFxaXimultbWNza37O2dphKpxKSBBROyHSJFGOWkoalmpJ1IguKQkVY4uBr7rQciFRX8Xg8T4seox2lEMdJGCmx4Di8CT/ZF5eYQHkHvmjCNjJR5CYWmRoFddqrOBHCeuDkpgxz1wP7yugKnMeEaM6RUx3US7WdIaooZGZW8VJEE4QHqkY6hHMVE+dnkkxE8MEoXRkKa4hpO1N8TGYqVGsah6YyR7qtZbyz+53VSHZ35GeVJqgnH00VRyqAWcBwL7FJJsGZDQxCW1NwKcR9JhLUJr2RCcGdfnifN46rrVN27k3LtMo+jCPbAPqgAF5yCGrgFddAAGDyCZ/AK3qwn68V6tz6mrQUrn9kFf2B9/gAhGJgW</latexit><latexit sha1_base64="Y1wELtlPXFdHkzx3o9LUkoKFHoA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoCCURQTdCfYHLCvYBTQiT6aQdOpkJMxOhhG7d+CtuXCji1j9w5984bbPQ1gMXDufcy733hAmjSjvOt1VYWFxaXimultbWNza37O2dphKpxKSBBROyHSJFGOWkoalmpJ1IguKQkVY4uBr7rQciFRX8Xg8T4seox2lEMdJGCmx4Di8CT/ZF5eYQHkHvmjCNjJR5CYWmRoFddqrOBHCeuDkpgxz1wP7yugKnMeEaM6RUx3US7WdIaooZGZW8VJEE4QHqkY6hHMVE+dnkkxE8MEoXRkKa4hpO1N8TGYqVGsah6YyR7qtZbyz+53VSHZ35GeVJqgnH00VRyqAWcBwL7FJJsGZDQxCW1NwKcR9JhLUJr2RCcGdfnifN46rrVN27k3LtMo+jCPbAPqgAF5yCGrgFddAAGDyCZ/AK3qwn68V6tz6mrQUrn9kFf2B9/gAhGJgW</latexit><latexit sha1_base64="Y1wELtlPXFdHkzx3o9LUkoKFHoA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoCCURQTdCfYHLCvYBTQiT6aQdOpkJMxOhhG7d+CtuXCji1j9w5984bbPQ1gMXDufcy733hAmjSjvOt1VYWFxaXimultbWNza37O2dphKpxKSBBROyHSJFGOWkoalmpJ1IguKQkVY4uBr7rQciFRX8Xg8T4seox2lEMdJGCmx4Di8CT/ZF5eYQHkHvmjCNjJR5CYWmRoFddqrOBHCeuDkpgxz1wP7yugKnMeEaM6RUx3US7WdIaooZGZW8VJEE4QHqkY6hHMVE+dnkkxE8MEoXRkKa4hpO1N8TGYqVGsah6YyR7qtZbyz+53VSHZ35GeVJqgnH00VRyqAWcBwL7FJJsGZDQxCW1NwKcR9JhLUJr2RCcGdfnifN46rrVN27k3LtMo+jCPbAPqgAF5yCGrgFddAAGDyCZ/AK3qwn68V6tz6mrQUrn9kFf2B9/gAhGJgW</latexit><latexit sha1_base64="Y1wELtlPXFdHkzx3o9LUkoKFHoA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoCCURQTdCfYHLCvYBTQiT6aQdOpkJMxOhhG7d+CtuXCji1j9w5984bbPQ1gMXDufcy733hAmjSjvOt1VYWFxaXimultbWNza37O2dphKpxKSBBROyHSJFGOWkoalmpJ1IguKQkVY4uBr7rQciFRX8Xg8T4seox2lEMdJGCmx4Di8CT/ZF5eYQHkHvmjCNjJR5CYWmRoFddqrOBHCeuDkpgxz1wP7yugKnMeEaM6RUx3US7WdIaooZGZW8VJEE4QHqkY6hHMVE+dnkkxE8MEoXRkKa4hpO1N8TGYqVGsah6YyR7qtZbyz+53VSHZ35GeVJqgnH00VRyqAWcBwL7FJJsGZDQxCW1NwKcR9JhLUJr2RCcGdfnifN46rrVN27k3LtMo+jCPbAPqgAF5yCGrgFddAAGDyCZ/AK3qwn68V6tz6mrQUrn9kFf2B9/gAhGJgW</latexit>

<latexit sha1_base64="lv8TNT0qMQODy4R6hLz/8iqaCao="></latexit>

� @

@E

Z
d�E Tre

resonance’s picture:

= A⇢(E) +�A⇡⇡
<latexit sha1_base64="Y1wELtlPXFdHkzx3o9LUkoKFHoA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoCCURQTdCfYHLCvYBTQiT6aQdOpkJMxOhhG7d+CtuXCji1j9w5984bbPQ1gMXDufcy733hAmjSjvOt1VYWFxaXimultbWNza37O2dphKpxKSBBROyHSJFGOWkoalmpJ1IguKQkVY4uBr7rQciFRX8Xg8T4seox2lEMdJGCmx4Di8CT/ZF5eYQHkHvmjCNjJR5CYWmRoFddqrOBHCeuDkpgxz1wP7yugKnMeEaM6RUx3US7WdIaooZGZW8VJEE4QHqkY6hHMVE+dnkkxE8MEoXRkKa4hpO1N8TGYqVGsah6YyR7qtZbyz+53VSHZ35GeVJqgnH00VRyqAWcBwL7FJJsGZDQxCW1NwKcR9JhLUJr2RCcGdfnifN46rrVN27k3LtMo+jCPbAPqgAF5yCGrgFddAAGDyCZ/AK3qwn68V6tz6mrQUrn9kFf2B9/gAhGJgW</latexit><latexit sha1_base64="Y1wELtlPXFdHkzx3o9LUkoKFHoA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoCCURQTdCfYHLCvYBTQiT6aQdOpkJMxOhhG7d+CtuXCji1j9w5984bbPQ1gMXDufcy733hAmjSjvOt1VYWFxaXimultbWNza37O2dphKpxKSBBROyHSJFGOWkoalmpJ1IguKQkVY4uBr7rQciFRX8Xg8T4seox2lEMdJGCmx4Di8CT/ZF5eYQHkHvmjCNjJR5CYWmRoFddqrOBHCeuDkpgxz1wP7yugKnMeEaM6RUx3US7WdIaooZGZW8VJEE4QHqkY6hHMVE+dnkkxE8MEoXRkKa4hpO1N8TGYqVGsah6YyR7qtZbyz+53VSHZ35GeVJqgnH00VRyqAWcBwL7FJJsGZDQxCW1NwKcR9JhLUJr2RCcGdfnifN46rrVN27k3LtMo+jCPbAPqgAF5yCGrgFddAAGDyCZ/AK3qwn68V6tz6mrQUrn9kFf2B9/gAhGJgW</latexit><latexit sha1_base64="Y1wELtlPXFdHkzx3o9LUkoKFHoA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoCCURQTdCfYHLCvYBTQiT6aQdOpkJMxOhhG7d+CtuXCji1j9w5984bbPQ1gMXDufcy733hAmjSjvOt1VYWFxaXimultbWNza37O2dphKpxKSBBROyHSJFGOWkoalmpJ1IguKQkVY4uBr7rQciFRX8Xg8T4seox2lEMdJGCmx4Di8CT/ZF5eYQHkHvmjCNjJR5CYWmRoFddqrOBHCeuDkpgxz1wP7yugKnMeEaM6RUx3US7WdIaooZGZW8VJEE4QHqkY6hHMVE+dnkkxE8MEoXRkKa4hpO1N8TGYqVGsah6YyR7qtZbyz+53VSHZ35GeVJqgnH00VRyqAWcBwL7FJJsGZDQxCW1NwKcR9JhLUJr2RCcGdfnifN46rrVN27k3LtMo+jCPbAPqgAF5yCGrgFddAAGDyCZ/AK3qwn68V6tz6mrQUrn9kFf2B9/gAhGJgW</latexit><latexit sha1_base64="Y1wELtlPXFdHkzx3o9LUkoKFHoA=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoCCURQTdCfYHLCvYBTQiT6aQdOpkJMxOhhG7d+CtuXCji1j9w5984bbPQ1gMXDufcy733hAmjSjvOt1VYWFxaXimultbWNza37O2dphKpxKSBBROyHSJFGOWkoalmpJ1IguKQkVY4uBr7rQciFRX8Xg8T4seox2lEMdJGCmx4Di8CT/ZF5eYQHkHvmjCNjJR5CYWmRoFddqrOBHCeuDkpgxz1wP7yugKnMeEaM6RUx3US7WdIaooZGZW8VJEE4QHqkY6hHMVE+dnkkxE8MEoXRkKa4hpO1N8TGYqVGsah6YyR7qtZbyz+53VSHZ35GeVJqgnH00VRyqAWcBwL7FJJsGZDQxCW1NwKcR9JhLUJr2RCcGdfnifN46rrVN27k3LtMo+jCPbAPqgAF5yCGrgFddAAGDyCZ/AK3qwn68V6tz6mrQUrn9kFf2B9/gAhGJgW</latexit>

<latexit sha1_base64="psZ//BSdIhXzzX6q5saAJuI114s=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LC1CRShJD+qxVASPFewHtKFstpt26W4SdjdCCP0LXhQU8eof8tZ/46btQVsfDDzem2FmnhdxprRtz6zcxubW9k5+t7C3f3B4VDw+aaswloS2SMhD2fWwopwFtKWZ5rQbSYqFx2nHm9xmfueJSsXC4FEnEXUFHgXMZwTrTGpU7i4GxbJdtedA68RZknK91L98ndWT5qD43R+GJBY00IRjpXqOHWk3xVIzwum00I8VjTCZ4BHtGRpgQZWbzm+donOjDJEfSlOBRnP190SKhVKJ8EynwHqsVr1M/M/rxdq/cVMWRLGmAVks8mOOdIiyx9GQSUo0TwzBRDJzKyJjLDHRJp6CCcFZfXmdtGtV56paezBpNGCBPJxBCSrgwDXU4R6a0AICY3iGN3i3hPVifVifi9actZw5hT+wvn4ABNeQjA==</latexit>

B(E)

pipi -> pipi

scattering picture:
<latexit sha1_base64="az4KJnzQkO6fhrtpiR68APlAROI="></latexit>

B1 =
@

@E
Tr t̂re

<latexit sha1_base64="wGPuJnqgkZ1Tb1K7mNSZQx+K0Us="></latexit>

B2 =
1

2
ImTr t̂†

 !
@E t̂

pipi -> pipi

rho

to rho or not to rho? 
that’s OUT of the question!



S-MATRIX FORMULATION OF 
STATISTICAL MECHANICS

� lnZ =

Z
dE e��E 1

4⇡i
tr

⇢
S�1
E

@

@E
SE

�

c

thermo-statistical dynamical

tr{...} ()
Z

d3q hq| . . . |qi

<latexit sha1_base64="DH1nIT70isPZIU+cWSwmhUitgjo=">AAACNHicbVDJSgQxEE27O26jHr0ERfAgTbcLelP0InhRcFSYHod0Oj2GSafbpFoY2vkIP8WLH+JFBA+KeNRvsGY5uBUkvHqvKql6YaakBc97cgYGh4ZHRsfGSxOTU9Mz5dm5U5vmhosKT1VqzkNmhZJaVECCEueZESwJlTgLm/sd/exaGCtTfQKtTNQS1tAylpwBUvXyYRGYhIJp06CgruvSAJGMY7w00Ohi/YoGqzRQTDeUoJ jgY4B5lILtJ0iarlwvL3mu1w36F/h9sLS7427u3HzcHtXLD0GU8jwRGrhi1lZ9L4NawQxIrkS7FORWZIw3WUNUEWqWCFsruku36TIyEY1TgwdH7bLfOwqWWNtKQqxMGFza31qH/E+r5hBv1wqpsxyE5r2P4lxRSGnHQRpJIzioFgLGjcRZKb9khnFAn0togv975b/gdM31N9yNY3Rjj/RijCyQRbJCfLJFdskBOSIVwskdeSQv5NW5d56dN+e9Vzrg9HvmyY9wPr8AAxOsUg==</latexit>

Z
(d k) hk1k2| . . . |k1k2i

<latexit sha1_base64="vnHP6EBC4UruLsBM0f/RrNTJC0s="></latexit>

Z
(dk) ( · · · ) !

Z
d3p1
(2⇡)3

1

2E1

d3p2
(2⇡)3

1

2E2
( · · · )

<latexit sha1_base64="i0458Au1lW/JlTsZ0VcP3hr2WCU="></latexit>

N-body QFTQM

Fock Space Expansion



S-MATRIX FORMULATION OF 
STATISTICAL MECHANICS

� lnZ =

Z
dE e��E 1

4⇡i
tr

⇢
S�1
E

@

@E
SE

�

c

thermo-statistical dynamical

b⇡⇡⇠
2
⇡ + b⇡K⇠⇡⇠K + b⇡N⇠⇡⇠N + b⇡⌘⇠⇡⇠⌘ + bKK̄⇠K⇠K̄ + . . .

<latexit sha1_base64="B2haazYeL4tld7Jm/hgkg6HhPAQ="></latexit>

b⇡N = 2⇥ bI=1/2
⇡N + 4⇥ bI=3/2

⇡N

<latexit sha1_base64="jrEASs5t9TrmFHSC763tGTGR7ac="></latexit>

S, P, D, F, etc..
orbital L:

completeness assumption: 
via asymptotic states



S-MATRIX FORMULATION OF 
STATISTICAL MECHANICS

� lnZ =

Z
dE e��E 1

4⇡i
tr

⇢
S�1
E

@

@E
SE

�

c

thermo-statistical dynamical

b⇡⇡⇠
2
⇡ + b⇡K⇠⇡⇠K + b⇡N⇠⇡⇠N + b⇡⌘⇠⇡⇠⌘ + bKK̄⇠K⇠K̄ + . . .

<latexit sha1_base64="B2haazYeL4tld7Jm/hgkg6HhPAQ="></latexit>

b⇡N = 2⇥ bI=1/2
⇡N + 4⇥ bI=3/2

⇡N

<latexit sha1_base64="jrEASs5t9TrmFHSC763tGTGR7ac="></latexit>

S, P, D, F, etc..
orbital L:

completeness assumption: 
via asymptotic states

FAIR@G



S-MATRIX FORMULATION OF 
STATISTICAL MECHANICS

� lnZ =

Z
dE e��E 1

4⇡i
tr

⇢
S�1
E

@

@E
SE

�

c

thermo-statistical dynamical

b⇡⇡⇠
2
⇡ + b⇡K⇠⇡⇠K + b⇡N⇠⇡⇠N + b⇡⌘⇠⇡⇠⌘ + bKK̄⇠K⇠K̄ + . . .

<latexit sha1_base64="B2haazYeL4tld7Jm/hgkg6HhPAQ="></latexit>

b⇡N = 2⇥ bI=1/2
⇡N + 4⇥ bI=3/2

⇡N

<latexit sha1_base64="jrEASs5t9TrmFHSC763tGTGR7ac="></latexit>

S, P, D, F, etc..
orbital L:

completeness assumption: 
via asymptotic states

FAIR@G

<latexit sha1_base64="rr1F1BtD/tcR3/aQ2UYuayvPe9Y=">AAACG3icbZDLSgMxFIYz9VbrbdSlm9AiCEKdKVhdFt24rGAv0Cklk2ba0EwmJBlxGPoWLtz4Km5cKOJKcNG3Mb0o2vpD4Oc753Byfl8wqrTjjKzM0vLK6lp2PbexubW9Y+/u1VUUS0xqOGKRbPpIEUY5qWmqGWkKSVDoM9LwB5fjeuOWSEUjfqMTQdoh6nEaUIy0QR275DHEe4xAT1Doyak/gd9U/DAPCSGjO+ieduyCU3QmgovGnZlCJe8d348qSbVjf3jdCMch4RozpFTLdYRup0hqihkZ5rxYEYHwAPVIy1iOQqLa6eS2ITw0pAuDSJrHNZzQ3xMpCpVKQt90hkj31XxtDP+rtWIdnLdTykWsCcfTRUHMoI7gOCjYpZJgzRJjEJbU/BXiPpIIaxNnzoTgzp+8aOqlolsulq9NGhdgqiw4AHlwBFxwBirgClRBDWDwAJ7AC3i1Hq1n6816n7ZmrNnMPvgj6/MLElWjLQ==</latexit>

→ω↑/→p↑ ↓ 15

LHC conditions

p= pbar

@T = 155 MeVmuB = 0

   physics for Baryon Fluctns
<latexit sha1_base64="T20cgCUdormCrFsCjuD0Hg5stAE=">AAAB7HicbZDLSgMxFIbP1Fsdb1WXboJFcFVmXFQ3YtGNK6lgL9AOJZNm2tBMJiQZoQx9BjcuFHEl+Cru3YhvY3pZaOsPgY//P4ecc0LJmTae9+3klpZXVtfy6+7G5tb2TmF3r66TVBFaIwlPVDPEmnImaM0ww2lTKorjkNNGOLga5417qjRLxJ0ZShrEuCdYxAg21qq1JUM3nULRK3kToUXwZ1C8+HDP5duXW+0UPtvdhKQxFYZwrHXL96QJMqwMI5yO3HaqqcRkgHu0ZVHgmOogmww7QkfW6aIoUfYJgybu744Mx1oP49BWxtj09Xw2Nv/LWqmJzoKMCZkaKsj0oyjlyCRovDnqMkWJ4UMLmChmZ0WkjxUmxt7HtUfw51dehPpJyS+XyrdesXIJU+XhAA7hGHw4hQpcQxVqQIDBAzzBsyOcR+fFeZ2W5pxZzz78kfP+A6X5kZc=</latexit>

ωN



S-MATRIX FORMULATION OF 
STATISTICAL MECHANICS

� lnZ =

Z
dE e��E 1

4⇡i
tr

⇢
S�1
E

@

@E
SE

�

c

thermo-statistical dynamical

b⇡⇡⇠
2
⇡ + b⇡K⇠⇡⇠K + b⇡N⇠⇡⇠N + b⇡⌘⇠⇡⇠⌘ + bKK̄⇠K⇠K̄ + . . .

<latexit sha1_base64="B2haazYeL4tld7Jm/hgkg6HhPAQ="></latexit>

b⇡N = 2⇥ bI=1/2
⇡N + 4⇥ bI=3/2

⇡N

<latexit sha1_base64="jrEASs5t9TrmFHSC763tGTGR7ac="></latexit>

S, P, D, F, etc..
orbital L:

completeness assumption: 
via asymptotic states

FAIR@G

aS = 20 fm

<latexit sha1_base64="u3nzfqAbqKnClVZI9RHsh75cq7Q=">AAAB9XicbVDLSgNBEOyNrxhfUY+KDAbBg4TdENCLEPTiMUHzgGQNs5PZZMjM7jIzq4QlR//BiwdFvHrNd3jzG/wJJ4+DRgsaiqpuuru8iDOlbfvTSi0sLi2vpFcza+sbm1vZ7Z2aCmNJaJWEPJQNDyvKWUCrmmlOG5GkWHic1r3+5div31GpWBjc6EFEXYG7AfMZwdpIt7h9jc5RwUatE+SLdjZn5+0J0F/izEiutD+qfD0cjMrt7EerE5JY0EATjpVqOnak3QRLzQinw0wrVjTCpI+7tGlogAVVbjK5eoiOjNJBfihNBRpN1J8TCRZKDYRnOgXWPTXvjcX/vGas/TM3YUEUaxqQ6SI/5kiHaBwB6jBJieYDQzCRzNyKSA9LTLQJKmNCcOZf/ktqhbxTzBcrJo0LmCINe3AIx+DAKZTgCspQBQISHuEZXqx768l6td6mrSlrNrMLv2C9fwN4+pRB</latexit>

r ⇡ 0.0727

<latexit sha1_base64="c4JHRMB1VHeWhC+cBzWSrIbwrto=">AAAB+nicbZDLTgIxFIbPeEW8Dbp000g0rsgMIcEl0Y1LTOSSwIR0SgcaOp2m7agEeRQ3LjTGrU/izrexwCwU/JMmX/5zTs7pH0rOtPG8b2dtfWNzazu3k9/d2z84dAtHTZ2kitAGSXii2iHWlDNBG4YZTttSURyHnLbC0fWs3rqnSrNE3JmxpEGMB4JFjGBjrZ5bUOi8i6VUySPySl61XO25RQtzoVXwMyhCpnrP/er2E5LGVBjCsdYd35MmmGBlGOF0mu+mmkpMRnhAOxYFjqkOJvPTp+jMOn0UJco+YdDc/T0xwbHW4zi0nTE2Q71cm5n/1TqpiS6DCRMyNVSQxaIo5cgkaJYD6jNFieFjC5goZm9FZIgVJsamlbch+MtfXoVmueRXSpXbSrF2lcWRgxM4hQvwoQo1uIE6NIDAAzzDK7w5T86L8+58LFrXnGzmGP7I+fwBtB6SWA==</latexit>

LHC

r ⇡ 0.36

r ⇡ 1.92

<latexit sha1_base64="erXJc5KOeuU4yvAOBj/+gQoDSYs=">AAACCXicbVDLSsNAFJ3UV42vqEs3g0VwFZJafOyKblxWsA9oQplMJ+3QyWSYmYildOvGX3HjQhG3/oE7/8ZpG1BbD1w4nHMv994TCUaV9rwvq7C0vLK6Vly3Nza3tnec3b2GSjOJSR2nLJWtCCnCKCd1TTUjLSEJSiJGmtHgauI374hUNOW3eihImKAepzHFSBup40AJAySETO+h556cwiCwfxTfvSh3nJLnelPAReLnpARy1DrOZ9BNcZYQrjFDSrV9T+hwhKSmmJGxHWSKCIQHqEfahnKUEBWOpp+M4ZFRujBOpSmu4VT9PTFCiVLDJDKdCdJ9Ne9NxP+8dqbj83BEucg04Xi2KM4Y1CmcxAK7VBKs2dAQhCU1t0LcRxJhbcKzTQj+/MuLpFF2/YpbuamUqpd5HEVwAA7BMfDBGaiCa1ADdYDBA3gCL+DVerSerTfrfdZasPKZffAH1sc3kk6XtQ==</latexit>

T = 60MeV

µB = 700, 800MeV

<latexit sha1_base64="Qp5McbDp1X62/OuxZ+p0HEmQ2ng=">AAACE3icbVDLSgMxFM3UVx1foy7dBIsiUkpGiu1GKHXjRqjQF3TKkEnTNjSTGZKMUEr/wY2/4saFIm7duPNvTB+Cth64cDjnXu69J4g5UxqhLyu1srq2vpHetLe2d3b3nP2DuooSSWiNRDySzQArypmgNc00p81YUhwGnDaCwfXEb9xTqVgkqnoY03aIe4J1GcHaSL5zXoWnV/ASQS8Lb2kdep7thYlfnqgFhLKwiH4838mgHJoCLhN3TjJgjorvfHqdiCQhFZpwrFTLRbFuj7DUjHA6tr1E0RiTAe7RlqECh1S1R9OfxvDEKB3YjaQpoeFU/T0xwqFSwzAwnSHWfbXoTcT/vFaiu8X2iIk40VSQ2aJuwqGO4CQg2GGSEs2HhmAimbkVkj6WmGgTo21CcBdfXib1i5ybz+Xv8plSeR5HGhyBY3AGXFAAJXADKqAGCHgAT+AFvFqP1rP1Zr3PWlPWfOYQ/IH18Q1Xjpgy</latexit>

HADES

NN guesstimate



HOW TO RELATE PHASE SHIFTS 
TO THERMODYNAMICS?

� lnZ =
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thermo-statistical dynamical

<latexit sha1_base64="Oumq7R+TnR6UnrUCjcliXAVKWa0=">AAACDXicbVDLSsNAFJ3UV62vqAsRN4NVcCElcaFdFkVwWcE+oAllMpm0g5NJmJkIJeQH3Pgrblwo4tatuNONWz/DadOFth4YOPece7lzjxczKpVlfRiFmdm5+YXiYmlpeWV1zVzfaMooEZg0cMQi0faQJIxy0lBUMdKOBUGhx0jLuz4b+q0bIiSN+JUaxMQNUY/TgGKktNQ195xAIJzaWerENIN55Wepf66LQ+j4hCnUNctWxRoBThN7TMq16tfb1uf3dr1rvjt+hJOQcIUZkrJjW7FyUyQUxYxkJSeRJEb4GvVIR1OOQiLddHRNBve14sMgEvpxBUfq74kUhVIOQk93hkj15aQ3FP/zOokKqm5KeZwownG+KEgYVBEcRgN9KghWbKAJwoLqv0LcRzoQpQMs6RDsyZOnSfOoYh9XrEudxinIUQQ7YBccABucgBq4AHXQABjcgnvwCJ6MO+PBeDZe8taCMZ7ZBH9gvP4Aw0ifvg==</latexit>

1
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d

dE
�

<latexit sha1_base64="Jd38lAAaOT+Xf+a4lyQRrelZXds=">AAACEnicbVDLSsNAFJ3UV62vqAsRN4NFUJCSuNAuiyK4bME+oAllMpm0QycPZiZCCfkGN/6KGxeKuHUh7nTj1s9w0nShrQcGzj3nXube40SMCmkYH1phbn5hcam4XFpZXVvf0De3WiKMOSZNHLKQdxwkCKMBaUoqGelEnCDfYaTtDC8yv31DuKBhcC1HEbF91A+oRzGSSurpR5bHEU7MNLEimsK8ctPEvVTFMbR8JAcYsaSR9vSyUTHGgLPEnJByrfr1tvP5vVvv6e+WG+LYJ4HEDAnRNY1I2gnikmJG0pIVCxIhPER90lU0QD4RdjI+KYUHSnGhF3L1AgnH6u+JBPlCjHxHdWYrimkvE//zurH0qnZCgyiWJMD5R17MoAxhlg90KSdYspEiCHOqdoV4gFQqUqVYUiGY0yfPktZJxTytGA2VxjnIUQR7YB8cAhOcgRq4AnXQBBjcgnvwCJ60O+1Be9Ze8taCNpnZBn+gvf4A8/iiCQ==</latexit>

1

⇡

d

dE
Q

single channel, elastic

multi (coupled) channel

<latexit sha1_base64="X44PJUL79eSadlsoc0H5+HNl38I="></latexit>

Q =
1

2
ImTr lnS

=
X

channels

�i

N-body &  
Coupled-Channel problem
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⇡

<latexit sha1_base64="EIff3OW/YeihDpbFS7sRl1NCwnw=">AAACAXicbVBNS8NAEN3Ur1q/op7Ey2IRPGhJVLAehKIXjxWMLTQxbLbbdunuJuxuhBKKF/+KFw8qXv0X3vw3btsctPXBwOO9GWbmRQmjSjvOt1WYm19YXCoul1ZW19Y37M2tOxWnEhMPxyyWzQgpwqggnqaakWYiCeIRI42ofzXyGw9EKhqLWz1ISMBRV9AOxUgbKbR3UFiHF9CpOG4V+oeQh35C77Ojk2Fol406Bpwlbk7KIEc9tL/8doxTToTGDCnVcp1EBxmSmmJGhiU/VSRBuI+6pGWoQJyoIBu/MIT7RmnDTixNCQ3H6u+JDHGlBjwynRzpnpr2RuJ/XivVnWqQUZGkmgg8WdRJGdQxHOUB21QSrNnAEIQlNbdC3EMSYW1SK5kQ3OmXZ4l3XDmvuDen5dplnkYR7II9cABccAZq4BrUgQcweATP4BW8WU/Wi/VufUxaC1Y+sw3+wPr8AXX4lHw=</latexit><latexit sha1_base64="EIff3OW/YeihDpbFS7sRl1NCwnw=">AAACAXicbVBNS8NAEN3Ur1q/op7Ey2IRPGhJVLAehKIXjxWMLTQxbLbbdunuJuxuhBKKF/+KFw8qXv0X3vw3btsctPXBwOO9GWbmRQmjSjvOt1WYm19YXCoul1ZW19Y37M2tOxWnEhMPxyyWzQgpwqggnqaakWYiCeIRI42ofzXyGw9EKhqLWz1ISMBRV9AOxUgbKbR3UFiHF9CpOG4V+oeQh35C77Ojk2Fol406Bpwlbk7KIEc9tL/8doxTToTGDCnVcp1EBxmSmmJGhiU/VSRBuI+6pGWoQJyoIBu/MIT7RmnDTixNCQ3H6u+JDHGlBjwynRzpnpr2RuJ/XivVnWqQUZGkmgg8WdRJGdQxHOUB21QSrNnAEIQlNbdC3EMSYW1SK5kQ3OmXZ4l3XDmvuDen5dplnkYR7II9cABccAZq4BrUgQcweATP4BW8WU/Wi/VufUxaC1Y+sw3+wPr8AXX4lHw=</latexit><latexit sha1_base64="EIff3OW/YeihDpbFS7sRl1NCwnw=">AAACAXicbVBNS8NAEN3Ur1q/op7Ey2IRPGhJVLAehKIXjxWMLTQxbLbbdunuJuxuhBKKF/+KFw8qXv0X3vw3btsctPXBwOO9GWbmRQmjSjvOt1WYm19YXCoul1ZW19Y37M2tOxWnEhMPxyyWzQgpwqggnqaakWYiCeIRI42ofzXyGw9EKhqLWz1ISMBRV9AOxUgbKbR3UFiHF9CpOG4V+oeQh35C77Ojk2Fol406Bpwlbk7KIEc9tL/8doxTToTGDCnVcp1EBxmSmmJGhiU/VSRBuI+6pGWoQJyoIBu/MIT7RmnDTixNCQ3H6u+JDHGlBjwynRzpnpr2RuJ/XivVnWqQUZGkmgg8WdRJGdQxHOUB21QSrNnAEIQlNbdC3EMSYW1SK5kQ3OmXZ4l3XDmvuDen5dplnkYR7II9cABccAZq4BrUgQcweATP4BW8WU/Wi/VufUxaC1Y+sw3+wPr8AXX4lHw=</latexit><latexit sha1_base64="EIff3OW/YeihDpbFS7sRl1NCwnw=">AAACAXicbVBNS8NAEN3Ur1q/op7Ey2IRPGhJVLAehKIXjxWMLTQxbLbbdunuJuxuhBKKF/+KFw8qXv0X3vw3btsctPXBwOO9GWbmRQmjSjvOt1WYm19YXCoul1ZW19Y37M2tOxWnEhMPxyyWzQgpwqggnqaakWYiCeIRI42ofzXyGw9EKhqLWz1ISMBRV9AOxUgbKbR3UFiHF9CpOG4V+oeQh35C77Ojk2Fol406Bpwlbk7KIEc9tL/8doxTToTGDCnVcp1EBxmSmmJGhiU/VSRBuI+6pGWoQJyoIBu/MIT7RmnDTixNCQ3H6u+JDHGlBjwynRzpnpr2RuJ/XivVnWqQUZGkmgg8WdRJGdQxHOUB21QSrNnAEIQlNbdC3EMSYW1SK5kQ3OmXZ4l3XDmvuDen5dplnkYR7II9cABccAZq4BrUgQcweATP4BW8WU/Wi/VufUxaC1Y+sw3+wPr8AXX4lHw=</latexit>
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⇡

<latexit sha1_base64="If6bV7gLyJKEaxvC8LMPELtbD0M=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED7YkUlEPQtGLx4rGFpoYNttNu3SzCbsboYSCF/+KFw8qXv0V3vw3btsctPXBwOO9GWbmBQmjUlnWt1GYm19YXCoul1ZW19Y3zM2tOxmnAhMHxywWrQBJwignjqKKkVYiCIoCRppB/3LkNx+IkDTmt2qQEC9CXU5DipHSkm/uIP8GnsOKVbVqx9A9hJHvJvQ+q9hD3yxrdQw4S+yclEGOhm9+uZ0YpxHhCjMkZdu2EuVlSCiKGRmW3FSSBOE+6pK2phxFRHrZ+Ich3NdKB4ax0MUVHKu/JzIUSTmIAt0ZIdWT095I/M9rpyo89TLKk1QRjieLwpRBFcNRILBDBcGKDTRBWFB9K8Q9JBBWOraSDsGefnmWOEfVs6p9XSvXL/I0imAX7IEDYIMTUAdXoAEcgMEjeAav4M14Ml6Md+Nj0low8plt8AfG5w/l3pS0</latexit><latexit sha1_base64="If6bV7gLyJKEaxvC8LMPELtbD0M=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED7YkUlEPQtGLx4rGFpoYNttNu3SzCbsboYSCF/+KFw8qXv0V3vw3btsctPXBwOO9GWbmBQmjUlnWt1GYm19YXCoul1ZW19Y3zM2tOxmnAhMHxywWrQBJwignjqKKkVYiCIoCRppB/3LkNx+IkDTmt2qQEC9CXU5DipHSkm/uIP8GnsOKVbVqx9A9hJHvJvQ+q9hD3yxrdQw4S+yclEGOhm9+uZ0YpxHhCjMkZdu2EuVlSCiKGRmW3FSSBOE+6pK2phxFRHrZ+Ich3NdKB4ax0MUVHKu/JzIUSTmIAt0ZIdWT095I/M9rpyo89TLKk1QRjieLwpRBFcNRILBDBcGKDTRBWFB9K8Q9JBBWOraSDsGefnmWOEfVs6p9XSvXL/I0imAX7IEDYIMTUAdXoAEcgMEjeAav4M14Ml6Md+Nj0low8plt8AfG5w/l3pS0</latexit><latexit sha1_base64="If6bV7gLyJKEaxvC8LMPELtbD0M=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED7YkUlEPQtGLx4rGFpoYNttNu3SzCbsboYSCF/+KFw8qXv0V3vw3btsctPXBwOO9GWbmBQmjUlnWt1GYm19YXCoul1ZW19Y3zM2tOxmnAhMHxywWrQBJwignjqKKkVYiCIoCRppB/3LkNx+IkDTmt2qQEC9CXU5DipHSkm/uIP8GnsOKVbVqx9A9hJHvJvQ+q9hD3yxrdQw4S+yclEGOhm9+uZ0YpxHhCjMkZdu2EuVlSCiKGRmW3FSSBOE+6pK2phxFRHrZ+Ich3NdKB4ax0MUVHKu/JzIUSTmIAt0ZIdWT095I/M9rpyo89TLKk1QRjieLwpRBFcNRILBDBcGKDTRBWFB9K8Q9JBBWOraSDsGefnmWOEfVs6p9XSvXL/I0imAX7IEDYIMTUAdXoAEcgMEjeAav4M14Ml6Md+Nj0low8plt8AfG5w/l3pS0</latexit><latexit sha1_base64="If6bV7gLyJKEaxvC8LMPELtbD0M=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgED7YkUlEPQtGLx4rGFpoYNttNu3SzCbsboYSCF/+KFw8qXv0V3vw3btsctPXBwOO9GWbmBQmjUlnWt1GYm19YXCoul1ZW19Y3zM2tOxmnAhMHxywWrQBJwignjqKKkVYiCIoCRppB/3LkNx+IkDTmt2qQEC9CXU5DipHSkm/uIP8GnsOKVbVqx9A9hJHvJvQ+q9hD3yxrdQw4S+yclEGOhm9+uZ0YpxHhCjMkZdu2EuVlSCiKGRmW3FSSBOE+6pK2phxFRHrZ+Ich3NdKB4ax0MUVHKu/JzIUSTmIAt0ZIdWT095I/M9rpyo89TLKk1QRjieLwpRBFcNRILBDBcGKDTRBWFB9K8Q9JBBWOraSDsGefnmWOEfVs6p9XSvXL/I0imAX7IEDYIMTUAdXoAEcgMEjeAav4M14Ml6Md+Nj0low8plt8AfG5w/l3pS0</latexit>
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3⇥ (2 �I=1/2
j=1 + 4 �I=3/2

j=1 )
<latexit sha1_base64="utP+KkPZ9BzkhS+qNlRH2Kk8G2s=">AAACKXicbVDJTgJBEO3BDXFDPXrpSEwwGpwBEvVAgnrRGyYiJAySnqaBlp4l3TUmZML3ePFXvHBwu/ojNkuMgC+p5OW9qlTVcwLBFZjmpxFbWFxaXomvJtbWNza3kts798oPJWVl6gtfVh2imOAeKwMHwaqBZMR1BKs43auhX3liUnHfu4NewOouaXu8xSkBLTWSFzlsA3eZwmmcxfYxtptMAHmIbgrWSbbfiB4LVh8f4fy0l/v1DhvJlJkxR8DzxJqQFJqg1EgO7KZPQ5d5QAVRqmaZAdQjIoFTwfoJO1QsILRL2qymqUf0dfVo9GofH2iliVu+1OUBHql/JyLiKtVzHd3pEuioWW8o/ufVQmid1SPuBSEwj44XtUKBwcfD3HCTS0ZB9DQhVHJ9K6YdIgkFnW5Ch2DNvjxPytnMeca6zaeKl5M04mgP7aM0stApKqJrVEJlRNEzekVv6N14MQbGh/E1bo0Zk5ldNAXj+wfCaqLU</latexit><latexit sha1_base64="utP+KkPZ9BzkhS+qNlRH2Kk8G2s=">AAACKXicbVDJTgJBEO3BDXFDPXrpSEwwGpwBEvVAgnrRGyYiJAySnqaBlp4l3TUmZML3ePFXvHBwu/ojNkuMgC+p5OW9qlTVcwLBFZjmpxFbWFxaXomvJtbWNza3kts798oPJWVl6gtfVh2imOAeKwMHwaqBZMR1BKs43auhX3liUnHfu4NewOouaXu8xSkBLTWSFzlsA3eZwmmcxfYxtptMAHmIbgrWSbbfiB4LVh8f4fy0l/v1DhvJlJkxR8DzxJqQFJqg1EgO7KZPQ5d5QAVRqmaZAdQjIoFTwfoJO1QsILRL2qymqUf0dfVo9GofH2iliVu+1OUBHql/JyLiKtVzHd3pEuioWW8o/ufVQmid1SPuBSEwj44XtUKBwcfD3HCTS0ZB9DQhVHJ9K6YdIgkFnW5Ch2DNvjxPytnMeca6zaeKl5M04mgP7aM0stApKqJrVEJlRNEzekVv6N14MQbGh/E1bo0Zk5ldNAXj+wfCaqLU</latexit><latexit sha1_base64="utP+KkPZ9BzkhS+qNlRH2Kk8G2s=">AAACKXicbVDJTgJBEO3BDXFDPXrpSEwwGpwBEvVAgnrRGyYiJAySnqaBlp4l3TUmZML3ePFXvHBwu/ojNkuMgC+p5OW9qlTVcwLBFZjmpxFbWFxaXomvJtbWNza3kts798oPJWVl6gtfVh2imOAeKwMHwaqBZMR1BKs43auhX3liUnHfu4NewOouaXu8xSkBLTWSFzlsA3eZwmmcxfYxtptMAHmIbgrWSbbfiB4LVh8f4fy0l/v1DhvJlJkxR8DzxJqQFJqg1EgO7KZPQ5d5QAVRqmaZAdQjIoFTwfoJO1QsILRL2qymqUf0dfVo9GofH2iliVu+1OUBHql/JyLiKtVzHd3pEuioWW8o/ufVQmid1SPuBSEwj44XtUKBwcfD3HCTS0ZB9DQhVHJ9K6YdIgkFnW5Ch2DNvjxPytnMeca6zaeKl5M04mgP7aM0stApKqJrVEJlRNEzekVv6N14MQbGh/E1bo0Zk5ldNAXj+wfCaqLU</latexit><latexit sha1_base64="utP+KkPZ9BzkhS+qNlRH2Kk8G2s=">AAACKXicbVDJTgJBEO3BDXFDPXrpSEwwGpwBEvVAgnrRGyYiJAySnqaBlp4l3TUmZML3ePFXvHBwu/ojNkuMgC+p5OW9qlTVcwLBFZjmpxFbWFxaXomvJtbWNza3kts798oPJWVl6gtfVh2imOAeKwMHwaqBZMR1BKs43auhX3liUnHfu4NewOouaXu8xSkBLTWSFzlsA3eZwmmcxfYxtptMAHmIbgrWSbbfiB4LVh8f4fy0l/v1DhvJlJkxR8DzxJqQFJqg1EgO7KZPQ5d5QAVRqmaZAdQjIoFTwfoJO1QsILRL2qymqUf0dfVo9GofH2iliVu+1OUBHql/JyLiKtVzHd3pEuioWW8o/ufVQmid1SPuBSEwj44XtUKBwcfD3HCTS0ZB9DQhVHJ9K6YdIgkFnW5Ch2DNvjxPytnMeca6zaeKl5M04mgP7aM0stApKqJrVEJlRNEzekVv6N14MQbGh/E1bo0Zk5ldNAXj+wfCaqLU</latexit>

(2 �
I=1/2
j=0

+ 4 �
I=3/2
j=0 )

<latexit sha1_base64="1IEECTSdTYoEWUlsoA7IKGfQ/XY=">AAACIXicbVBdSwJBFJ21L7Mvq8dehiQwCts1oXwQpF7qzaBNQW2ZHUednJ1dZmYDWfa39NJf6aWHCt+iP9OoS2R24MLhnHu59x43YFQq0/w0UguLS8sr6dXM2vrG5lZ2e+dO+qHAxMY+80XDRZIwyomtqGKkEQiCPJeRuju4HPv1RyIk9fmtGgak7aEep12KkdKSky3DPCzC1jFsdQhT6D66rlgnxdiJHipmDI9gadY7/fEOnWzOLJgTwHliJSQHEtSc7KjV8XHoEa4wQ1I2LTNQ7QgJRTEjcaYVShIgPEA90tSUI4/IdjR5MYYHWunAri90cQUn6u+JCHlSDj1Xd3pI9eVfbyz+5zVD1T1vR5QHoSIcTxd1QwaVD8d5wQ4VBCs21ARhQfWtEPeRQFjpVDM6BOvvy/PELhbKBeumlKteJGmkwR7YB3lggTNQBVegBmyAwRN4AW/g3Xg2Xo0PYzRtTRnJzC6YgfH1Dahrn7E=</latexit><latexit sha1_base64="1IEECTSdTYoEWUlsoA7IKGfQ/XY=">AAACIXicbVBdSwJBFJ21L7Mvq8dehiQwCts1oXwQpF7qzaBNQW2ZHUednJ1dZmYDWfa39NJf6aWHCt+iP9OoS2R24MLhnHu59x43YFQq0/w0UguLS8sr6dXM2vrG5lZ2e+dO+qHAxMY+80XDRZIwyomtqGKkEQiCPJeRuju4HPv1RyIk9fmtGgak7aEep12KkdKSky3DPCzC1jFsdQhT6D66rlgnxdiJHipmDI9gadY7/fEOnWzOLJgTwHliJSQHEtSc7KjV8XHoEa4wQ1I2LTNQ7QgJRTEjcaYVShIgPEA90tSUI4/IdjR5MYYHWunAri90cQUn6u+JCHlSDj1Xd3pI9eVfbyz+5zVD1T1vR5QHoSIcTxd1QwaVD8d5wQ4VBCs21ARhQfWtEPeRQFjpVDM6BOvvy/PELhbKBeumlKteJGmkwR7YB3lggTNQBVegBmyAwRN4AW/g3Xg2Xo0PYzRtTRnJzC6YgfH1Dahrn7E=</latexit><latexit sha1_base64="1IEECTSdTYoEWUlsoA7IKGfQ/XY=">AAACIXicbVBdSwJBFJ21L7Mvq8dehiQwCts1oXwQpF7qzaBNQW2ZHUednJ1dZmYDWfa39NJf6aWHCt+iP9OoS2R24MLhnHu59x43YFQq0/w0UguLS8sr6dXM2vrG5lZ2e+dO+qHAxMY+80XDRZIwyomtqGKkEQiCPJeRuju4HPv1RyIk9fmtGgak7aEep12KkdKSky3DPCzC1jFsdQhT6D66rlgnxdiJHipmDI9gadY7/fEOnWzOLJgTwHliJSQHEtSc7KjV8XHoEa4wQ1I2LTNQ7QgJRTEjcaYVShIgPEA90tSUI4/IdjR5MYYHWunAri90cQUn6u+JCHlSDj1Xd3pI9eVfbyz+5zVD1T1vR5QHoSIcTxd1QwaVD8d5wQ4VBCs21ARhQfWtEPeRQFjpVDM6BOvvy/PELhbKBeumlKteJGmkwR7YB3lggTNQBVegBmyAwRN4AW/g3Xg2Xo0PYzRtTRnJzC6YgfH1Dahrn7E=</latexit><latexit sha1_base64="1IEECTSdTYoEWUlsoA7IKGfQ/XY=">AAACIXicbVBdSwJBFJ21L7Mvq8dehiQwCts1oXwQpF7qzaBNQW2ZHUednJ1dZmYDWfa39NJf6aWHCt+iP9OoS2R24MLhnHu59x43YFQq0/w0UguLS8sr6dXM2vrG5lZ2e+dO+qHAxMY+80XDRZIwyomtqGKkEQiCPJeRuju4HPv1RyIk9fmtGgak7aEep12KkdKSky3DPCzC1jFsdQhT6D66rlgnxdiJHipmDI9gadY7/fEOnWzOLJgTwHliJSQHEtSc7KjV8XHoEa4wQ1I2LTNQ7QgJRTEjcaYVShIgPEA90tSUI4/IdjR5MYYHWunAri90cQUn6u+JCHlSDj1Xd3pI9eVfbyz+5zVD1T1vR5QHoSIcTxd1QwaVD8d5wQ4VBCs21ARhQfWtEPeRQFjpVDM6BOvvy/PELhbKBeumlKteJGmkwR7YB3lggTNQBVegBmyAwRN4AW/g3Xg2Xo0PYzRtTRnJzC6YgfH1Dahrn7E=</latexit>

K⇤(892)
<latexit sha1_base64="MqEYTNiA+DcF9RAT9SQxlifVsJA=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmKCHkhLTIQb0YuJF0yskEAl22ULG7bburs1IQ1/wosHNV79Pd78Ny7Qg4IvmeTlvZnMzPNjzpS27W8rt7K6tr6R3yxsbe/s7hX3D+5VlEhCXRLxSLZ9rChngrqaaU7bsaQ49Dlt+aOrqd96olKxSNzpcUy9EA8ECxjB2kjtm4ezcq1ePe0VS3bFngEtEycjJcjQ7BW/uv2IJCEVmnCsVMexY+2lWGpGOJ0UuomiMSYjPKAdQwUOqfLS2b0TdGKUPgoiaUpoNFN/T6Q4VGoc+qYzxHqoFr2p+J/XSXRQ81Im4kRTQeaLgoQjHaHp86jPJCWajw3BRDJzKyJDLDHRJqKCCcFZfHmZuNVKveLcnpcal1kaeTiCYyiDAxfQgGtoggsEODzDK7xZj9aL9W59zFtzVjZzCH9gff4AWJeOZQ==</latexit><latexit sha1_base64="MqEYTNiA+DcF9RAT9SQxlifVsJA=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmKCHkhLTIQb0YuJF0yskEAl22ULG7bburs1IQ1/wosHNV79Pd78Ny7Qg4IvmeTlvZnMzPNjzpS27W8rt7K6tr6R3yxsbe/s7hX3D+5VlEhCXRLxSLZ9rChngrqaaU7bsaQ49Dlt+aOrqd96olKxSNzpcUy9EA8ECxjB2kjtm4ezcq1ePe0VS3bFngEtEycjJcjQ7BW/uv2IJCEVmnCsVMexY+2lWGpGOJ0UuomiMSYjPKAdQwUOqfLS2b0TdGKUPgoiaUpoNFN/T6Q4VGoc+qYzxHqoFr2p+J/XSXRQ81Im4kRTQeaLgoQjHaHp86jPJCWajw3BRDJzKyJDLDHRJqKCCcFZfHmZuNVKveLcnpcal1kaeTiCYyiDAxfQgGtoggsEODzDK7xZj9aL9W59zFtzVjZzCH9gff4AWJeOZQ==</latexit><latexit sha1_base64="MqEYTNiA+DcF9RAT9SQxlifVsJA=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmKCHkhLTIQb0YuJF0yskEAl22ULG7bburs1IQ1/wosHNV79Pd78Ny7Qg4IvmeTlvZnMzPNjzpS27W8rt7K6tr6R3yxsbe/s7hX3D+5VlEhCXRLxSLZ9rChngrqaaU7bsaQ49Dlt+aOrqd96olKxSNzpcUy9EA8ECxjB2kjtm4ezcq1ePe0VS3bFngEtEycjJcjQ7BW/uv2IJCEVmnCsVMexY+2lWGpGOJ0UuomiMSYjPKAdQwUOqfLS2b0TdGKUPgoiaUpoNFN/T6Q4VGoc+qYzxHqoFr2p+J/XSXRQ81Im4kRTQeaLgoQjHaHp86jPJCWajw3BRDJzKyJDLDHRJqKCCcFZfHmZuNVKveLcnpcal1kaeTiCYyiDAxfQgGtoggsEODzDK7xZj9aL9W59zFtzVjZzCH9gff4AWJeOZQ==</latexit><latexit sha1_base64="MqEYTNiA+DcF9RAT9SQxlifVsJA=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmKCHkhLTIQb0YuJF0yskEAl22ULG7bburs1IQ1/wosHNV79Pd78Ny7Qg4IvmeTlvZnMzPNjzpS27W8rt7K6tr6R3yxsbe/s7hX3D+5VlEhCXRLxSLZ9rChngrqaaU7bsaQ49Dlt+aOrqd96olKxSNzpcUy9EA8ECxjB2kjtm4ezcq1ePe0VS3bFngEtEycjJcjQ7BW/uv2IJCEVmnCsVMexY+2lWGpGOJ0UuomiMSYjPKAdQwUOqfLS2b0TdGKUPgoiaUpoNFN/T6Q4VGoc+qYzxHqoFr2p+J/XSXRQ81Im4kRTQeaLgoQjHaHp86jPJCWajw3BRDJzKyJDLDHRJqKCCcFZfHmZuNVKveLcnpcal1kaeTiCYyiDAxfQgGtoggsEODzDK7xZj9aL9W59zFtzVjZzCH9gff4AWJeOZQ==</latexit>

+K
⇤ (143

0)

<latexit sha1_base64="SFzmkqbO5hz4cwYq8h1F02dC6Mw=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSxCVSiJFtRb0YvgpYKxhTaWzXbbLt0ky+5GLKF/xYsHFa/+Em/+G7dtDlp9MPB4b4aZeYHgTGnH+bJyC4tLyyv51cLa+sbmlr1dvFNxIgn1SMxj2QywopxF1NNMc9oUkuIw4LQRDC8nfuOBSsXi6FaPBPVD3I9YjxGsjdSxi+0hFgKjI3R9f1h2qyfOQccuORVnCvSXuBkpQYZ6x/5sd2OShDTShGOlWq4jtJ9iqRnhdFxoJ4oKTIa4T1uGRjikyk+nt4/RvlG6qBdLU5FGU/XnRIpDpUZhYDpDrAdq3puI/3mtRPfO/JRFItE0IrNFvYQjHaNJEKjLJCWajwzBRDJzKyIDLDHRJq6CCcGdf/kv8Y4r5xX3plqqXWRp5GEX9qAMLpxCDa6gDh4QeIQneIFXa2w9W2/W+6w1Z2UzO/AL1sc36b2R8w==</latexit><latexit sha1_base64="SFzmkqbO5hz4cwYq8h1F02dC6Mw=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSxCVSiJFtRb0YvgpYKxhTaWzXbbLt0ky+5GLKF/xYsHFa/+Em/+G7dtDlp9MPB4b4aZeYHgTGnH+bJyC4tLyyv51cLa+sbmlr1dvFNxIgn1SMxj2QywopxF1NNMc9oUkuIw4LQRDC8nfuOBSsXi6FaPBPVD3I9YjxGsjdSxi+0hFgKjI3R9f1h2qyfOQccuORVnCvSXuBkpQYZ6x/5sd2OShDTShGOlWq4jtJ9iqRnhdFxoJ4oKTIa4T1uGRjikyk+nt4/RvlG6qBdLU5FGU/XnRIpDpUZhYDpDrAdq3puI/3mtRPfO/JRFItE0IrNFvYQjHaNJEKjLJCWajwzBRDJzKyIDLDHRJq6CCcGdf/kv8Y4r5xX3plqqXWRp5GEX9qAMLpxCDa6gDh4QeIQneIFXa2w9W2/W+6w1Z2UzO/AL1sc36b2R8w==</latexit><latexit sha1_base64="SFzmkqbO5hz4cwYq8h1F02dC6Mw=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSxCVSiJFtRb0YvgpYKxhTaWzXbbLt0ky+5GLKF/xYsHFa/+Em/+G7dtDlp9MPB4b4aZeYHgTGnH+bJyC4tLyyv51cLa+sbmlr1dvFNxIgn1SMxj2QywopxF1NNMc9oUkuIw4LQRDC8nfuOBSsXi6FaPBPVD3I9YjxGsjdSxi+0hFgKjI3R9f1h2qyfOQccuORVnCvSXuBkpQYZ6x/5sd2OShDTShGOlWq4jtJ9iqRnhdFxoJ4oKTIa4T1uGRjikyk+nt4/RvlG6qBdLU5FGU/XnRIpDpUZhYDpDrAdq3puI/3mtRPfO/JRFItE0IrNFvYQjHaNJEKjLJCWajwzBRDJzKyIDLDHRJq6CCcGdf/kv8Y4r5xX3plqqXWRp5GEX9qAMLpxCDa6gDh4QeIQneIFXa2w9W2/W+6w1Z2UzO/AL1sc36b2R8w==</latexit><latexit sha1_base64="SFzmkqbO5hz4cwYq8h1F02dC6Mw=">AAAB+nicbVBNS8NAEJ3Ur1q/Yj16WSxCVSiJFtRb0YvgpYKxhTaWzXbbLt0ky+5GLKF/xYsHFa/+Em/+G7dtDlp9MPB4b4aZeYHgTGnH+bJyC4tLyyv51cLa+sbmlr1dvFNxIgn1SMxj2QywopxF1NNMc9oUkuIw4LQRDC8nfuOBSsXi6FaPBPVD3I9YjxGsjdSxi+0hFgKjI3R9f1h2qyfOQccuORVnCvSXuBkpQYZ6x/5sd2OShDTShGOlWq4jtJ9iqRnhdFxoJ4oKTIa4T1uGRjikyk+nt4/RvlG6qBdLU5FGU/XnRIpDpUZhYDpDrAdq3puI/3mtRPfO/JRFItE0IrNFvYQjHaNJEKjLJCWajwzBRDJzKyIDLDHRJq6CCcGdf/kv8Y4r5xX3plqqXWRp5GEX9qAMLpxCDa6gDh4QeIQneIFXa2w9W2/W+6w1Z2UzO/AL1sc36b2R8w==</latexit>

K⇤(1430)
<latexit sha1_base64="dBF3F9nJL2ogUViJvlV52zhxayM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJUD2VXC+qt6EXwUsG1lXYt2TTbhibZJckKZemv8OJBxat/x5v/xvTjoK0PBh7vzTAzL0w408Z1v52FxaXlldXcWn59Y3Nru7Cze6/jVBHqk5jHqhFiTTmT1DfMcNpIFMUi5LQe9q9Gfv2JKs1ieWcGCQ0E7koWMYKNlR5uHo9LXuXUPWoXim7ZHQPNE29KijBFrV34anVikgoqDeFY66bnJibIsDKMcDrMt1JNE0z6uEublkosqA6y8cFDdGiVDopiZUsaNFZ/T2RYaD0Qoe0U2PT0rDcS//OaqYnOg4zJJDVUksmiKOXIxGj0PeowRYnhA0swUczeikgPK0yMzShvQ/BmX54n/kn5ouzdVorVy2kaOdiHAyiBB2dQhWuogQ8EBDzDK7w5ynlx3p2PSeuCM53Zgz9wPn8AtxyOlA==</latexit><latexit sha1_base64="dBF3F9nJL2ogUViJvlV52zhxayM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJUD2VXC+qt6EXwUsG1lXYt2TTbhibZJckKZemv8OJBxat/x5v/xvTjoK0PBh7vzTAzL0w408Z1v52FxaXlldXcWn59Y3Nru7Cze6/jVBHqk5jHqhFiTTmT1DfMcNpIFMUi5LQe9q9Gfv2JKs1ieWcGCQ0E7koWMYKNlR5uHo9LXuXUPWoXim7ZHQPNE29KijBFrV34anVikgoqDeFY66bnJibIsDKMcDrMt1JNE0z6uEublkosqA6y8cFDdGiVDopiZUsaNFZ/T2RYaD0Qoe0U2PT0rDcS//OaqYnOg4zJJDVUksmiKOXIxGj0PeowRYnhA0swUczeikgPK0yMzShvQ/BmX54n/kn5ouzdVorVy2kaOdiHAyiBB2dQhWuogQ8EBDzDK7w5ynlx3p2PSeuCM53Zgz9wPn8AtxyOlA==</latexit><latexit sha1_base64="dBF3F9nJL2ogUViJvlV52zhxayM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJUD2VXC+qt6EXwUsG1lXYt2TTbhibZJckKZemv8OJBxat/x5v/xvTjoK0PBh7vzTAzL0w408Z1v52FxaXlldXcWn59Y3Nru7Cze6/jVBHqk5jHqhFiTTmT1DfMcNpIFMUi5LQe9q9Gfv2JKs1ieWcGCQ0E7koWMYKNlR5uHo9LXuXUPWoXim7ZHQPNE29KijBFrV34anVikgoqDeFY66bnJibIsDKMcDrMt1JNE0z6uEublkosqA6y8cFDdGiVDopiZUsaNFZ/T2RYaD0Qoe0U2PT0rDcS//OaqYnOg4zJJDVUksmiKOXIxGj0PeowRYnhA0swUczeikgPK0yMzShvQ/BmX54n/kn5ouzdVorVy2kaOdiHAyiBB2dQhWuogQ8EBDzDK7w5ynlx3p2PSeuCM53Zgz9wPn8AtxyOlA==</latexit><latexit sha1_base64="dBF3F9nJL2ogUViJvlV52zhxayM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJUD2VXC+qt6EXwUsG1lXYt2TTbhibZJckKZemv8OJBxat/x5v/xvTjoK0PBh7vzTAzL0w408Z1v52FxaXlldXcWn59Y3Nru7Cze6/jVBHqk5jHqhFiTTmT1DfMcNpIFMUi5LQe9q9Gfv2JKs1ieWcGCQ0E7koWMYKNlR5uHo9LXuXUPWoXim7ZHQPNE29KijBFrV34anVikgoqDeFY66bnJibIsDKMcDrMt1JNE0z6uEublkosqA6y8cFDdGiVDopiZUsaNFZ/T2RYaD0Qoe0U2PT0rDcS//OaqYnOg4zJJDVUksmiKOXIxGj0PeowRYnhA0swUczeikgPK0yMzShvQ/BmX54n/kn5ouzdVorVy2kaOdiHAyiBB2dQhWuogQ8EBDzDK7w5ynlx3p2PSeuCM53Zgz9wPn8AtxyOlA==</latexit>
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(aP ⇥ q3)

�A⇡⇡
<latexit sha1_base64="E0eZkztD3wiWkYTLn6LhEAXp+XY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXdbHwmUF+4AmhMn0ph06mYSZiVhCfsWNC0Xc+iPu/BunbRbaeuDC4Zx7ufeeMOVMacf5tlZW19Y3Nitb1e2d3b19+6DWUUkmKbRpwhPZC4kCzgS0NdMceqkEEoccuuH4Zup3H0EqlogHPUnBj8lQsIhRoo0U2DXvFrgm+CrIvZRhU0Vg152GMwNeJm5J6qhEK7C/vEFCsxiEppwo1XedVPs5kZpRDkXVyxSkhI7JEPqGChKD8vPZ7QU+McoAR4k0JTSeqb8nchIrNYlD0xkTPVKL3lT8z+tnOrr0cybSTIOg80VRxrFO8DQIPGASqOYTQwiVzNyK6YhIQrWJq2pCcBdfXiads4brNNz783rzuoyjgo7QMTpFLrpATXSHWqiNKHpCz+gVvVmF9WK9Wx/z1hWrnDlEf2B9/gA5SJPn</latexit><latexit sha1_base64="E0eZkztD3wiWkYTLn6LhEAXp+XY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXdbHwmUF+4AmhMn0ph06mYSZiVhCfsWNC0Xc+iPu/BunbRbaeuDC4Zx7ufeeMOVMacf5tlZW19Y3Nitb1e2d3b19+6DWUUkmKbRpwhPZC4kCzgS0NdMceqkEEoccuuH4Zup3H0EqlogHPUnBj8lQsIhRoo0U2DXvFrgm+CrIvZRhU0Vg152GMwNeJm5J6qhEK7C/vEFCsxiEppwo1XedVPs5kZpRDkXVyxSkhI7JEPqGChKD8vPZ7QU+McoAR4k0JTSeqb8nchIrNYlD0xkTPVKL3lT8z+tnOrr0cybSTIOg80VRxrFO8DQIPGASqOYTQwiVzNyK6YhIQrWJq2pCcBdfXiads4brNNz783rzuoyjgo7QMTpFLrpATXSHWqiNKHpCz+gVvVmF9WK9Wx/z1hWrnDlEf2B9/gA5SJPn</latexit><latexit sha1_base64="E0eZkztD3wiWkYTLn6LhEAXp+XY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXdbHwmUF+4AmhMn0ph06mYSZiVhCfsWNC0Xc+iPu/BunbRbaeuDC4Zx7ufeeMOVMacf5tlZW19Y3Nitb1e2d3b19+6DWUUkmKbRpwhPZC4kCzgS0NdMceqkEEoccuuH4Zup3H0EqlogHPUnBj8lQsIhRoo0U2DXvFrgm+CrIvZRhU0Vg152GMwNeJm5J6qhEK7C/vEFCsxiEppwo1XedVPs5kZpRDkXVyxSkhI7JEPqGChKD8vPZ7QU+McoAR4k0JTSeqb8nchIrNYlD0xkTPVKL3lT8z+tnOrr0cybSTIOg80VRxrFO8DQIPGASqOYTQwiVzNyK6YhIQrWJq2pCcBdfXiads4brNNz783rzuoyjgo7QMTpFLrpATXSHWqiNKHpCz+gVvVmF9WK9Wx/z1hWrnDlEf2B9/gA5SJPn</latexit><latexit sha1_base64="E0eZkztD3wiWkYTLn6LhEAXp+XY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUQEXdbHwmUF+4AmhMn0ph06mYSZiVhCfsWNC0Xc+iPu/BunbRbaeuDC4Zx7ufeeMOVMacf5tlZW19Y3Nitb1e2d3b19+6DWUUkmKbRpwhPZC4kCzgS0NdMceqkEEoccuuH4Zup3H0EqlogHPUnBj8lQsIhRoo0U2DXvFrgm+CrIvZRhU0Vg152GMwNeJm5J6qhEK7C/vEFCsxiEppwo1XedVPs5kZpRDkXVyxSkhI7JEPqGChKD8vPZ7QU+McoAR4k0JTSeqb8nchIrNYlD0xkTPVKL3lT8z+tnOrr0cybSTIOg80VRxrFO8DQIPGASqOYTQwiVzNyK6YhIQrWJq2pCcBdfXiads4brNNz783rzuoyjgo7QMTpFLrpATXSHWqiNKHpCz+gVvVmF9WK9Wx/z1hWrnDlEf2B9/gA5SJPn</latexit>

A⇢(M)
<latexit sha1_base64="ZxJA2aSMmZ51OXzombcKcEaI3o4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD1GvXgRIpiHJEuYnUySIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7opgzY33/28utrK6tb+Q3C1vbO7t7xf2DhlGJJrROFFe6FWFDOZO0bpnltBVrikXEaTMa3Uz95hPVhin5YMcxDQUeSNZnBFsnPV51O3qoynen3WLJr/gzoGUSZKQEGWrd4lenp0giqLSEY2PagR/bMMXaMsLppNBJDI0xGeEBbTsqsaAmTGcHT9CJU3qor7QradFM/T2RYmHMWESuU2A7NIveVPzPaye2fxmmTMaJpZLMF/UTjqxC0+9Rj2lKLB87golm7lZEhlhjYl1GBRdCsPjyMmmcVQK/Etyfl6rXWRx5OIJjKEMAF1CFW6hBHQgIeIZXePO09+K9ex/z1pyXzRzCH3ifP8SVj7c=</latexit><latexit sha1_base64="ZxJA2aSMmZ51OXzombcKcEaI3o4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD1GvXgRIpiHJEuYnUySIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7opgzY33/28utrK6tb+Q3C1vbO7t7xf2DhlGJJrROFFe6FWFDOZO0bpnltBVrikXEaTMa3Uz95hPVhin5YMcxDQUeSNZnBFsnPV51O3qoynen3WLJr/gzoGUSZKQEGWrd4lenp0giqLSEY2PagR/bMMXaMsLppNBJDI0xGeEBbTsqsaAmTGcHT9CJU3qor7QradFM/T2RYmHMWESuU2A7NIveVPzPaye2fxmmTMaJpZLMF/UTjqxC0+9Rj2lKLB87golm7lZEhlhjYl1GBRdCsPjyMmmcVQK/Etyfl6rXWRx5OIJjKEMAF1CFW6hBHQgIeIZXePO09+K9ex/z1pyXzRzCH3ifP8SVj7c=</latexit><latexit sha1_base64="ZxJA2aSMmZ51OXzombcKcEaI3o4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD1GvXgRIpiHJEuYnUySIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7opgzY33/28utrK6tb+Q3C1vbO7t7xf2DhlGJJrROFFe6FWFDOZO0bpnltBVrikXEaTMa3Uz95hPVhin5YMcxDQUeSNZnBFsnPV51O3qoynen3WLJr/gzoGUSZKQEGWrd4lenp0giqLSEY2PagR/bMMXaMsLppNBJDI0xGeEBbTsqsaAmTGcHT9CJU3qor7QradFM/T2RYmHMWESuU2A7NIveVPzPaye2fxmmTMaJpZLMF/UTjqxC0+9Rj2lKLB87golm7lZEhlhjYl1GBRdCsPjyMmmcVQK/Etyfl6rXWRx5OIJjKEMAF1CFW6hBHQgIeIZXePO09+K9ex/z1pyXzRzCH3ifP8SVj7c=</latexit><latexit sha1_base64="ZxJA2aSMmZ51OXzombcKcEaI3o4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD1GvXgRIpiHJEuYnUySIfNYZmaFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7opgzY33/28utrK6tb+Q3C1vbO7t7xf2DhlGJJrROFFe6FWFDOZO0bpnltBVrikXEaTMa3Uz95hPVhin5YMcxDQUeSNZnBFsnPV51O3qoynen3WLJr/gzoGUSZKQEGWrd4lenp0giqLSEY2PagR/bMMXaMsLppNBJDI0xGeEBbTsqsaAmTGcHT9CJU3qor7QradFM/T2RYmHMWESuU2A7NIveVPzPaye2fxmmTMaJpZLMF/UTjqxC0+9Rj2lKLB87golm7lZEhlhjYl1GBRdCsPjyMmmcVQK/Etyfl6rXWRx5OIJjKEMAF1CFW6hBHQgIeIZXePO09+K9ex/z1pyXzRzCH3ifP8SVj7c=</latexit>
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(⇡⇡)P11
<latexit sha1_base64="7vRJ1ly37f8PDKSFrwloptJJWO0=">AAAB+XicbZDLSgMxFIZP6q3W26hLN8Ei1E2ZEUGXRTcuK9gLtMOQSTNtaCYzJJlCGfomblwo4tY3cefbmLaz0NYfDnz85xxy8oep4Nq47jcqbWxube+Udyt7+weHR87xSVsnmaKsRRORqG5INBNcspbhRrBuqhiJQ8E64fh+3u9MmNI8kU9mmjI/JkPJI06JsVbgOLV+yrGtS9wMcs+bBU7VrbsL4XXwCqhCoWbgfPUHCc1iJg0VROue56bGz4kynAo2q/QzzVJCx2TIehYliZn288XlM3xhnQGOEmVLGrxwf2/kJNZ6God2MiZmpFd7c/O/Xi8z0a2fc5lmhkm6fCjKBDYJnseAB1wxasTUAqGK21sxHRFFqLFhVWwI3uqX16F9VfcsP15XG3dFHGU4g3OogQc30IAHaEILKEzgGV7hDeXoBb2jj+VoCRU7p/BH6PMHkh6STw==</latexit><latexit sha1_base64="7vRJ1ly37f8PDKSFrwloptJJWO0=">AAAB+XicbZDLSgMxFIZP6q3W26hLN8Ei1E2ZEUGXRTcuK9gLtMOQSTNtaCYzJJlCGfomblwo4tY3cefbmLaz0NYfDnz85xxy8oep4Nq47jcqbWxube+Udyt7+weHR87xSVsnmaKsRRORqG5INBNcspbhRrBuqhiJQ8E64fh+3u9MmNI8kU9mmjI/JkPJI06JsVbgOLV+yrGtS9wMcs+bBU7VrbsL4XXwCqhCoWbgfPUHCc1iJg0VROue56bGz4kynAo2q/QzzVJCx2TIehYliZn288XlM3xhnQGOEmVLGrxwf2/kJNZ6God2MiZmpFd7c/O/Xi8z0a2fc5lmhkm6fCjKBDYJnseAB1wxasTUAqGK21sxHRFFqLFhVWwI3uqX16F9VfcsP15XG3dFHGU4g3OogQc30IAHaEILKEzgGV7hDeXoBb2jj+VoCRU7p/BH6PMHkh6STw==</latexit><latexit sha1_base64="7vRJ1ly37f8PDKSFrwloptJJWO0=">AAAB+XicbZDLSgMxFIZP6q3W26hLN8Ei1E2ZEUGXRTcuK9gLtMOQSTNtaCYzJJlCGfomblwo4tY3cefbmLaz0NYfDnz85xxy8oep4Nq47jcqbWxube+Udyt7+weHR87xSVsnmaKsRRORqG5INBNcspbhRrBuqhiJQ8E64fh+3u9MmNI8kU9mmjI/JkPJI06JsVbgOLV+yrGtS9wMcs+bBU7VrbsL4XXwCqhCoWbgfPUHCc1iJg0VROue56bGz4kynAo2q/QzzVJCx2TIehYliZn288XlM3xhnQGOEmVLGrxwf2/kJNZ6God2MiZmpFd7c/O/Xi8z0a2fc5lmhkm6fCjKBDYJnseAB1wxasTUAqGK21sxHRFFqLFhVWwI3uqX16F9VfcsP15XG3dFHGU4g3OogQc30IAHaEILKEzgGV7hDeXoBb2jj+VoCRU7p/BH6PMHkh6STw==</latexit><latexit sha1_base64="7vRJ1ly37f8PDKSFrwloptJJWO0=">AAAB+XicbZDLSgMxFIZP6q3W26hLN8Ei1E2ZEUGXRTcuK9gLtMOQSTNtaCYzJJlCGfomblwo4tY3cefbmLaz0NYfDnz85xxy8oep4Nq47jcqbWxube+Udyt7+weHR87xSVsnmaKsRRORqG5INBNcspbhRrBuqhiJQ8E64fh+3u9MmNI8kU9mmjI/JkPJI06JsVbgOLV+yrGtS9wMcs+bBU7VrbsL4XXwCqhCoWbgfPUHCc1iJg0VROue56bGz4kynAo2q/QzzVJCx2TIehYliZn288XlM3xhnQGOEmVLGrxwf2/kJNZ6God2MiZmpFd7c/O/Xi8z0a2fc5lmhkm6fCjKBDYJnseAB1wxasTUAqGK21sxHRFFqLFhVWwI3uqX16F9VfcsP15XG3dFHGU4g3OogQc30IAHaEILKEzgGV7hDeXoBb2jj+VoCRU7p/BH6PMHkh6STw==</latexit>

A⇢
<latexit sha1_base64="hbjAMomcEOd8HBURhiNSuqAwpqI=">AAAB7XicbZC7TgMxEEXH4RXCK0BJYxGQqKJdGigDNJRBIg8pWUVex5uYeO2V7UWKVvkHGgoQouUPqPkGOj6EHudRQMKVLB3dmZFnbpgIbqznfaHc0vLK6lp+vbCxubW9U9zdqxuVaspqVAmlmyExTHDJapZbwZqJZiQOBWuEg6txvXHPtOFK3tphwoKY9CSPOCXWWfWLTlv3VadY8sreRHgR/BmUKkff7x8AUO0UP9tdRdOYSUsFMable4kNMqItp4KNCu3UsITQAemxlkNJYmaCbLLtCB87p4sjpd2TFk/c3xMZiY0ZxqHrjIntm/na2Pyv1kptdB5kXCapZZJOP4pSga3C49Nxl2tGrRg6IFRztyumfaIJtS6gggvBnz95EeqnZd/xjUvjEqbKwwEcwgn4cAYVuIYq1IDCHTzAEzwjhR7RC3qdtubQbGYf/gi9/QAoBJHG</latexit><latexit sha1_base64="of6/gfzLvCEtpDDSgjcrzXQDUuo=">AAAB7XicbZA7TgMxEIZnwyskPAKUNBYBiSrapQllgIYySOQhJavI63gTE6+9sr2RolXuQEMBQrTcgAtwAzoOAjXOo4CEX7L06Z8ZeeYPYs60cd1PJ7Oyura+kd3M5be2d3YLe/t1LRNFaI1ILlUzwJpyJmjNMMNpM1YURwGnjWBwNak3hlRpJsWtGcXUj3BPsJARbKxVv+i0VV92CkW35E6FlsGbQ7Fy/PX2Psx/VzuFj3ZXkiSiwhCOtW55bmz8FCvDCKfjXDvRNMZkgHu0ZVHgiGo/nW47RifW6aJQKvuEQVP390SKI61HUWA7I2z6erE2Mf+rtRITnvspE3FiqCCzj8KEIyPR5HTUZYoSw0cWMFHM7opIHytMjA0oZ0PwFk9ehvpZybN8Y9O4hJmycAhHcAoelKEC11CFGhC4g3t4hCdHOg/Os/Mya80485kD+CPn9QcgpJNA</latexit><latexit sha1_base64="of6/gfzLvCEtpDDSgjcrzXQDUuo=">AAAB7XicbZA7TgMxEIZnwyskPAKUNBYBiSrapQllgIYySOQhJavI63gTE6+9sr2RolXuQEMBQrTcgAtwAzoOAjXOo4CEX7L06Z8ZeeYPYs60cd1PJ7Oyura+kd3M5be2d3YLe/t1LRNFaI1ILlUzwJpyJmjNMMNpM1YURwGnjWBwNak3hlRpJsWtGcXUj3BPsJARbKxVv+i0VV92CkW35E6FlsGbQ7Fy/PX2Psx/VzuFj3ZXkiSiwhCOtW55bmz8FCvDCKfjXDvRNMZkgHu0ZVHgiGo/nW47RifW6aJQKvuEQVP390SKI61HUWA7I2z6erE2Mf+rtRITnvspE3FiqCCzj8KEIyPR5HTUZYoSw0cWMFHM7opIHytMjA0oZ0PwFk9ehvpZybN8Y9O4hJmycAhHcAoelKEC11CFGhC4g3t4hCdHOg/Os/Mya80485kD+CPn9QcgpJNA</latexit><latexit sha1_base64="apOBadpOu+iwjFXsxZwv6R8OLI8=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2veix6sVjBfsB7VKy6bSNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPWFwMM7M2TmjRLBjfX9b6+wtr6xuVXcLu3s7u0flA+PmkalmmGDKaF0O6IGBZfYsNwKbCcaaRwJbEXj21m99YTacCUf7CTBMKZDyQecUeus5nWvq0eqV674VX8usgpBDhXIVe+Vv7p9xdIYpWWCGtMJ/MSGGdWWM4HTUjc1mFA2pkPsOJQ0RhNm822n5Mw5fTJQ2j1pydz9PZHR2JhJHLnOmNqRWa7NzP9qndQOrsKMyyS1KNnio0EqiFVkdjrpc43MiokDyjR3uxI2opoy6wIquRCC5ZNXoXlRDRzf+5XaTR5HEU7gFM4hgEuowR3UoQEMHuEZXuHNU96L9+59LFoLXj5zDH/kff4AXZSO9w==</latexit>

�A⇡⇡
<latexit sha1_base64="W7NQA0T6a/PgJzZsnUHkSPFO100=">AAAB+nicbZC7TsMwFIZPyq2UWwoSC4tFhcRUJSwwlsvA2Er0IjVRcFynteo4ke2AqtBHYWEAIVaehI2FZ8FtGaDlyJY+/f858vEfppwp7TifVmFpeWV1rbhe2tjc2t6xy7stlWSS0CZJeCI7IVaUM0GbmmlOO6mkOA45bYfDy4nfvqNSsUTc6FFK/Rj3BYsYwdpIgV32rijXGJ0HuZcyc8aBXXGqzrTQIrg/UKntN75uAaAe2B9eLyFZTIUmHCvVdZ1U+zmWmhFOxyUvUzTFZIj7tGtQ4JgqP5+uPkZHRumhKJHmCo2m6u+JHMdKjeLQdMZYD9S8NxH/87qZjs78nIk001SQ2UNRxpFO0CQH1GOSEs1HBjCRzOyKyABLTLRJq2RCcOe/vAitk6pruGHSuIBZFeEADuEYXDiFGlxDHZpA4B4e4RlerAfryXq13matBetnZg/+lPX+DWvJlZ4=</latexit><latexit sha1_base64="1WvLV3AsEFWwFxbrcH9kk/hVQ5c=">AAAB+nicbZC7TsMwFIYdrqXcUpBYWCwqJKYqYYGxFAbGVqIXqakixz1prTpOZDugKvRRWBhACLHxCDwBGwvPgnsZoOXIlj79/zny8R8knCntOF/W0vLK6tp6biO/ubW9s2sX9hoqTiWFOo15LFsBUcCZgLpmmkMrkUCigEMzGFyO/eYtSMVicaOHCXQi0hMsZJRoI/l2wbsCrgm+8DMvYeaMfLvolJxJ4UVwZ1AsH9S+2Vvlo+rbn143pmkEQlNOlGq7TqI7GZGaUQ6jvJcqSAgdkB60DQoSgepkk9VH+NgoXRzG0lyh8UT9PZGRSKlhFJjOiOi+mvfG4n9eO9XheSdjIkk1CDp9KEw51jEe54C7TALVfGiAUMnMrpj2iSRUm7TyJgR3/suL0DgtuYZrJo0KmlYOHaIjdIJcdIbK6BpVUR1RdIce0BN6tu6tR+vFep22LlmzmX30p6z3H70Kl1o=</latexit><latexit sha1_base64="1WvLV3AsEFWwFxbrcH9kk/hVQ5c=">AAAB+nicbZC7TsMwFIYdrqXcUpBYWCwqJKYqYYGxFAbGVqIXqakixz1prTpOZDugKvRRWBhACLHxCDwBGwvPgnsZoOXIlj79/zny8R8knCntOF/W0vLK6tp6biO/ubW9s2sX9hoqTiWFOo15LFsBUcCZgLpmmkMrkUCigEMzGFyO/eYtSMVicaOHCXQi0hMsZJRoI/l2wbsCrgm+8DMvYeaMfLvolJxJ4UVwZ1AsH9S+2Vvlo+rbn143pmkEQlNOlGq7TqI7GZGaUQ6jvJcqSAgdkB60DQoSgepkk9VH+NgoXRzG0lyh8UT9PZGRSKlhFJjOiOi+mvfG4n9eO9XheSdjIkk1CDp9KEw51jEe54C7TALVfGiAUMnMrpj2iSRUm7TyJgR3/suL0DgtuYZrJo0KmlYOHaIjdIJcdIbK6BpVUR1RdIce0BN6tu6tR+vFep22LlmzmX30p6z3H70Kl1o=</latexit><latexit sha1_base64="ZufT+QyODkBvI4EcQ6Zp/mCK5WA=">AAAB+nicbZC7TsMwFIYdrqXcUhhZLCokpiphgbFcBsYi0YvURpHjnrRWnYvsE1AV+igsDCDEypOw8Ta4bQZoObKlT/9/jnz8B6kUGh3n21pZXVvf2Cxtlbd3dvf27cpBSyeZ4tDkiUxUJ2AapIihiQIldFIFLAoktIPR9dRvP4DSIonvcZyCF7FBLELBGRrJtyu9G5DI6KWf91JhzsS3q07NmRVdBreAKimq4dtfvX7Cswhi5JJp3XWdFL2cKRRcwqTcyzSkjI/YALoGYxaB9vLZ6hN6YpQ+DRNlbox0pv6eyFmk9TgKTGfEcKgXvan4n9fNMLzwchGnGULM5w+FmaSY0GkOtC8UcJRjA4wrYXalfMgU42jSKpsQ3MUvL0PrrOYavnOq9asijhI5IsfklLjknNTJLWmQJuHkkTyTV/JmPVkv1rv1MW9dsYqZQ/KnrM8f3SKTuQ==</latexit>

B = A⇢ +�A⇡⇡
<latexit sha1_base64="fLXdAsmPcnib76qzHVqoRaxByRI=">AAACB3icbVDLSgMxFL1TX7W+Rl0KEqyCIJQZN7oRanXhsoJ9QGcYMmmmDc08SDJCGbpz46+4caEUl/oL7vwQ96aPhbYeEjg5515u7vETzqSyrC8jt7C4tLySXy2srW9sbpnbO3UZp4LQGol5LJo+lpSziNYUU5w2E0Fx6HPa8HtXI79xT4VkcXSn+gl1Q9yJWMAIVlryzP0KukCXniO6MTpBzjXlCut35iRMn4FnFq2SNQaaJ/aUFMuH38N3AKh65qfTjkka0kgRjqVs2Vai3AwLxQing4KTSppg0sMd2tI0wiGVbjbeY4COtNJGQSz0jRQaq787MhxK2Q99XRli1ZWz3kj8z2ulKjh3MxYlqaIRmQwKUo5UjEahoDYTlCje1wQTwfRfEeligYnS0RV0CPbsyvOkflqyNb/VaVRggjzswQEcgw1nUIYbqEINCDzAE7zAq/FoPBtD421SmjOmPbvwB8bHDw5dmnk=</latexit><latexit sha1_base64="JjB8c5xqmHrMLvr/ZICWmrf/E0w=">AAACB3icbVDLSgMxFM3UV219jLoUJFgFQSgzbnQj1OrCZQX7gM4wZNK0Dc0kQ5IplKE7N/6KGxdKcSv+gTs/RNemj4VWDwmcnHMvN/eEMaNKO86HlVlYXFpeya7m8mvrG5v21nZNiURiUsWCCdkIkSKMclLVVDPSiCVBUchIPexdjv16n0hFBb/Vg5j4Eepw2qYYaSMF9l4ZnsOLwJNdAY+hd0WYRuadejE1ZxjYBafoTAD/EndGCqWDz9FbP/9VCex3ryVwEhGuMUNKNV0n1n6KpKaYkWHOSxSJEe6hDmkaylFElJ9O9hjCQ6O0YFtIc7mGE/VnR4oipQZRaCojpLtq3huL/3nNRLfP/JTyONGE4+mgdsKgFnAcCmxRSbBmA0MQltT8FeIukghrE13OhODOr/yX1E6KruE3Jo0ymCILdsE+OAIuOAUlcA0qoAowuAMP4Ak8W/fWozWyXqalGWvWswN+wXr9Bgb9m/M=</latexit><latexit sha1_base64="JjB8c5xqmHrMLvr/ZICWmrf/E0w=">AAACB3icbVDLSgMxFM3UV219jLoUJFgFQSgzbnQj1OrCZQX7gM4wZNK0Dc0kQ5IplKE7N/6KGxdKcSv+gTs/RNemj4VWDwmcnHMvN/eEMaNKO86HlVlYXFpeya7m8mvrG5v21nZNiURiUsWCCdkIkSKMclLVVDPSiCVBUchIPexdjv16n0hFBb/Vg5j4Eepw2qYYaSMF9l4ZnsOLwJNdAY+hd0WYRuadejE1ZxjYBafoTAD/EndGCqWDz9FbP/9VCex3ryVwEhGuMUNKNV0n1n6KpKaYkWHOSxSJEe6hDmkaylFElJ9O9hjCQ6O0YFtIc7mGE/VnR4oipQZRaCojpLtq3huL/3nNRLfP/JTyONGE4+mgdsKgFnAcCmxRSbBmA0MQltT8FeIukghrE13OhODOr/yX1E6KruE3Jo0ymCILdsE+OAIuOAUlcA0qoAowuAMP4Ak8W/fWozWyXqalGWvWswN+wXr9Bgb9m/M=</latexit><latexit sha1_base64="ccl3q7pz0E1vC1z61Pdcv2R6CjE=">AAACB3icbVDLSgMxFM3UV62vUZeCBIsgCGXGjW6EWl24rGAf0BmGTJq2oZnJkNwRytCdG3/FjQtF3PoL7vwb03YW2npI4OSce7m5J0wE1+A431ZhaXllda24XtrY3NresXf3mlqmirIGlUKqdkg0EzxmDeAgWDtRjEShYK1weD3xWw9MaS7jexglzI9IP+Y9TgkYKbAPa/gSXwWeGkh8ir0bJoCYd+Yl3JxxYJedijMFXiRuTsooRz2wv7yupGnEYqCCaN1xnQT8jCjgVLBxyUs1Swgdkj7rGBqTiGk/m+4xxsdG6eKeVObGgKfq746MRFqPotBURgQGet6biP95nRR6F37G4yQFFtPZoF4qMEg8CQV3uWIUxMgQQhU3f8V0QBShYKIrmRDc+ZUXSfOs4hp+55SrtTyOIjpAR+gEuegcVdEtqqMGougRPaNX9GY9WS/Wu/UxKy1Yec8++gPr8wdD7Zeq</latexit>



THE S-MATRIX PROGRAM

step 1: build a model for S-matrix

step 2: adjust model parameters to 
match scattering experiments

step 3: compute thermodynamics

�(1232)
<latexit sha1_base64="/Yjt1SsP4KLwXOv/s1Vj2cy8Tis=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoM6sFjBPOA7BJmJ73JkNkHM7NCWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dfiK40rb9bRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16cKBY+wpbkW2E0k0tAX2PHHtzO/84RS8Th61JMEvZAOIx5wRrWRXPcOhaZVp35RP++XK3bNnoOsEicnFcjR7Je/3EHM0hAjzQRVqufYifYyKjVnAqclN1WYUDamQ+wZGtEQlZfNb56SM6MMSBBLU5Emc/X3REZDpSahbzpDqkdq2ZuJ/3m9VAfXXsajJNUYscWiIBVEx2QWABlwiUyLiSGUSW5uJWxEJWXaxFQyITjLL6+Sdr3m2DXn4bLSuMnjKMIJnEIVHLiCBtxDE1rAIIFneIU3K7VerHfrY9FasPKZY/gD6/MH+J6QUQ==</latexit><latexit sha1_base64="/Yjt1SsP4KLwXOv/s1Vj2cy8Tis=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoM6sFjBPOA7BJmJ73JkNkHM7NCWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dfiK40rb9bRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16cKBY+wpbkW2E0k0tAX2PHHtzO/84RS8Th61JMEvZAOIx5wRrWRXPcOhaZVp35RP++XK3bNnoOsEicnFcjR7Je/3EHM0hAjzQRVqufYifYyKjVnAqclN1WYUDamQ+wZGtEQlZfNb56SM6MMSBBLU5Emc/X3REZDpSahbzpDqkdq2ZuJ/3m9VAfXXsajJNUYscWiIBVEx2QWABlwiUyLiSGUSW5uJWxEJWXaxFQyITjLL6+Sdr3m2DXn4bLSuMnjKMIJnEIVHLiCBtxDE1rAIIFneIU3K7VerHfrY9FasPKZY/gD6/MH+J6QUQ==</latexit><latexit sha1_base64="/Yjt1SsP4KLwXOv/s1Vj2cy8Tis=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoM6sFjBPOA7BJmJ73JkNkHM7NCWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dfiK40rb9bRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16cKBY+wpbkW2E0k0tAX2PHHtzO/84RS8Th61JMEvZAOIx5wRrWRXPcOhaZVp35RP++XK3bNnoOsEicnFcjR7Je/3EHM0hAjzQRVqufYifYyKjVnAqclN1WYUDamQ+wZGtEQlZfNb56SM6MMSBBLU5Emc/X3REZDpSahbzpDqkdq2ZuJ/3m9VAfXXsajJNUYscWiIBVEx2QWABlwiUyLiSGUSW5uJWxEJWXaxFQyITjLL6+Sdr3m2DXn4bLSuMnjKMIJnEIVHLiCBtxDE1rAIIFneIU3K7VerHfrY9FasPKZY/gD6/MH+J6QUQ==</latexit><latexit sha1_base64="/Yjt1SsP4KLwXOv/s1Vj2cy8Tis=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoM6sFjBPOA7BJmJ73JkNkHM7NCWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dfiK40rb9bRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16cKBY+wpbkW2E0k0tAX2PHHtzO/84RS8Th61JMEvZAOIx5wRrWRXPcOhaZVp35RP++XK3bNnoOsEicnFcjR7Je/3EHM0hAjzQRVqufYifYyKjVnAqclN1WYUDamQ+wZGtEQlZfNb56SM6MMSBBLU5Emc/X3REZDpSahbzpDqkdq2ZuJ/3m9VAfXXsajJNUYscWiIBVEx2QWABlwiUyLiSGUSW5uJWxEJWXaxFQyITjLL6+Sdr3m2DXn4bLSuMnjKMIJnEIVHLiCBtxDE1rAIIFneIU3K7VerHfrY9FasPKZY/gD6/MH+J6QUQ==</latexit>

N⇤(1520)
<latexit sha1_base64="jNFfpHBj0DwEBal6PFLMo9hj8EI=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2W3KHosevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3nnFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsJLP2UyTgyVZLYoTDgyEZp8j3pMUWL4yBJMFLO3IjLAChNjM8rbELz5lxdJo1L23LJ3d1asXmVx5OAQjqAEHlxAFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBTuaOww==</latexit><latexit sha1_base64="jNFfpHBj0DwEBal6PFLMo9hj8EI=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2W3KHosevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3nnFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsJLP2UyTgyVZLYoTDgyEZp8j3pMUWL4yBJMFLO3IjLAChNjM8rbELz5lxdJo1L23LJ3d1asXmVx5OAQjqAEHlxAFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBTuaOww==</latexit><latexit sha1_base64="jNFfpHBj0DwEBal6PFLMo9hj8EI=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2W3KHosevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3nnFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsJLP2UyTgyVZLYoTDgyEZp8j3pMUWL4yBJMFLO3IjLAChNjM8rbELz5lxdJo1L23LJ3d1asXmVx5OAQjqAEHlxAFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBTuaOww==</latexit><latexit sha1_base64="jNFfpHBj0DwEBal6PFLMo9hj8EI=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2W3KHosevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3nnFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsJLP2UyTgyVZLYoTDgyEZp8j3pMUWL4yBJMFLO3IjLAChNjM8rbELz5lxdJo1L23LJ3d1asXmVx5OAQjqAEHlxAFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBTuaOww==</latexit>

N⇤(1680)
<latexit sha1_base64="CCJnDVWdYYJQd37I+BkfKXVf5Yo=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2VXRHssevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3kXFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsKKnzIZJ4ZKMlsUJhyZCE2+Rz2mKDF8ZAkmitlbERlghYmxGeVtCN78y4ukcVb23LJ3d16sXmVx5OAQjqAEHlxCFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBWZGOyg==</latexit><latexit sha1_base64="CCJnDVWdYYJQd37I+BkfKXVf5Yo=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2VXRHssevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3kXFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsKKnzIZJ4ZKMlsUJhyZCE2+Rz2mKDF8ZAkmitlbERlghYmxGeVtCN78y4ukcVb23LJ3d16sXmVx5OAQjqAEHlxCFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBWZGOyg==</latexit><latexit sha1_base64="CCJnDVWdYYJQd37I+BkfKXVf5Yo=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2VXRHssevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3kXFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsKKnzIZJ4ZKMlsUJhyZCE2+Rz2mKDF8ZAkmitlbERlghYmxGeVtCN78y4ukcVb23LJ3d16sXmVx5OAQjqAEHlxCFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBWZGOyg==</latexit><latexit sha1_base64="CCJnDVWdYYJQd37I+BkfKXVf5Yo=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2VXRHssevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3kXFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsKKnzIZJ4ZKMlsUJhyZCE2+Rz2mKDF8ZAkmitlbERlghYmxGeVtCN78y4ukcVb23LJ3d16sXmVx5OAQjqAEHlxCFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBWZGOyg==</latexit>

-400

-200

0

200

400

600

800

1000

1 1.2 1.4 1.6 1.8 2 2.2 2.4

(2
I+
1)

x
Σ J

d J
x
B I

J
(G
eV

-1
)

M (GeV)

total
N*

Delta

-400

-200

0

200

400

600

800

1000

1 1.2 1.4 1.6 1.8 2 2.2 2.4

�(1950)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�(1620)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
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�(1232)
<latexit sha1_base64="/Yjt1SsP4KLwXOv/s1Vj2cy8Tis=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoM6sFjBPOA7BJmJ73JkNkHM7NCWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dfiK40rb9bRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16cKBY+wpbkW2E0k0tAX2PHHtzO/84RS8Th61JMEvZAOIx5wRrWRXPcOhaZVp35RP++XK3bNnoOsEicnFcjR7Je/3EHM0hAjzQRVqufYifYyKjVnAqclN1WYUDamQ+wZGtEQlZfNb56SM6MMSBBLU5Emc/X3REZDpSahbzpDqkdq2ZuJ/3m9VAfXXsajJNUYscWiIBVEx2QWABlwiUyLiSGUSW5uJWxEJWXaxFQyITjLL6+Sdr3m2DXn4bLSuMnjKMIJnEIVHLiCBtxDE1rAIIFneIU3K7VerHfrY9FasPKZY/gD6/MH+J6QUQ==</latexit><latexit sha1_base64="/Yjt1SsP4KLwXOv/s1Vj2cy8Tis=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoM6sFjBPOA7BJmJ73JkNkHM7NCWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dfiK40rb9bRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16cKBY+wpbkW2E0k0tAX2PHHtzO/84RS8Th61JMEvZAOIx5wRrWRXPcOhaZVp35RP++XK3bNnoOsEicnFcjR7Je/3EHM0hAjzQRVqufYifYyKjVnAqclN1WYUDamQ+wZGtEQlZfNb56SM6MMSBBLU5Emc/X3REZDpSahbzpDqkdq2ZuJ/3m9VAfXXsajJNUYscWiIBVEx2QWABlwiUyLiSGUSW5uJWxEJWXaxFQyITjLL6+Sdr3m2DXn4bLSuMnjKMIJnEIVHLiCBtxDE1rAIIFneIU3K7VerHfrY9FasPKZY/gD6/MH+J6QUQ==</latexit><latexit sha1_base64="/Yjt1SsP4KLwXOv/s1Vj2cy8Tis=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoM6sFjBPOA7BJmJ73JkNkHM7NCWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dfiK40rb9bRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16cKBY+wpbkW2E0k0tAX2PHHtzO/84RS8Th61JMEvZAOIx5wRrWRXPcOhaZVp35RP++XK3bNnoOsEicnFcjR7Je/3EHM0hAjzQRVqufYifYyKjVnAqclN1WYUDamQ+wZGtEQlZfNb56SM6MMSBBLU5Emc/X3REZDpSahbzpDqkdq2ZuJ/3m9VAfXXsajJNUYscWiIBVEx2QWABlwiUyLiSGUSW5uJWxEJWXaxFQyITjLL6+Sdr3m2DXn4bLSuMnjKMIJnEIVHLiCBtxDE1rAIIFneIU3K7VerHfrY9FasPKZY/gD6/MH+J6QUQ==</latexit><latexit sha1_base64="/Yjt1SsP4KLwXOv/s1Vj2cy8Tis=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoM6sFjBPOA7BJmJ73JkNkHM7NCWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dfiK40rb9bRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16cKBY+wpbkW2E0k0tAX2PHHtzO/84RS8Th61JMEvZAOIx5wRrWRXPcOhaZVp35RP++XK3bNnoOsEicnFcjR7Je/3EHM0hAjzQRVqufYifYyKjVnAqclN1WYUDamQ+wZGtEQlZfNb56SM6MMSBBLU5Emc/X3REZDpSahbzpDqkdq2ZuJ/3m9VAfXXsajJNUYscWiIBVEx2QWABlwiUyLiSGUSW5uJWxEJWXaxFQyITjLL6+Sdr3m2DXn4bLSuMnjKMIJnEIVHLiCBtxDE1rAIIFneIU3K7VerHfrY9FasPKZY/gD6/MH+J6QUQ==</latexit>

N⇤(1520)
<latexit sha1_base64="jNFfpHBj0DwEBal6PFLMo9hj8EI=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2W3KHosevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3nnFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsJLP2UyTgyVZLYoTDgyEZp8j3pMUWL4yBJMFLO3IjLAChNjM8rbELz5lxdJo1L23LJ3d1asXmVx5OAQjqAEHlxAFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBTuaOww==</latexit><latexit sha1_base64="jNFfpHBj0DwEBal6PFLMo9hj8EI=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2W3KHosevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3nnFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsJLP2UyTgyVZLYoTDgyEZp8j3pMUWL4yBJMFLO3IjLAChNjM8rbELz5lxdJo1L23LJ3d1asXmVx5OAQjqAEHlxAFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBTuaOww==</latexit><latexit sha1_base64="jNFfpHBj0DwEBal6PFLMo9hj8EI=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2W3KHosevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3nnFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsJLP2UyTgyVZLYoTDgyEZp8j3pMUWL4yBJMFLO3IjLAChNjM8rbELz5lxdJo1L23LJ3d1asXmVx5OAQjqAEHlxAFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBTuaOww==</latexit><latexit sha1_base64="jNFfpHBj0DwEBal6PFLMo9hj8EI=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJUD2W3KHosevEkFeyHtGvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDK8nfvOJKs0ieW9GMfUF7ksWMoKNlR5uH09L3nnFPekWim7ZnQItEi8jRchQ6xa+Or2IJIJKQzjWuu25sfFTrAwjnI7znUTTGJMh7tO2pRILqv10evAYHVulh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsJLP2UyTgyVZLYoTDgyEZp8j3pMUWL4yBJMFLO3IjLAChNjM8rbELz5lxdJo1L23LJ3d1asXmVx5OAQjqAEHlxAFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBTuaOww==</latexit>
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S = -1 HYPERONS  
COUPLED CHANNEL SYSTEM
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PHASE SHIFT FROM PWA
JPAC, PRD 93, 034029 (2016)



elastic scatterings (elementary)

quasi elastic scatterings

unitarity background

Effective elementarity



STRANGENESS CONTENT IN A 
HADRON GAS

• K-N system requires a coupled channel analysis

|K̄Ni, |⇡⌃i, |⇡⇤i, |⌘⇤i, . . . 16 basis states

Compute det S for each 
sqrt(s) for each channel 

isospin conserving
Q(M) ⌘ 1

2
Im (tr ln S)

=
1

2
Im (ln det [S])

= �K̄N + �⇡⌃ + �⇡⇤ + . . .
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branching ratio?



S-matrix VS HRG

piN phase shifts 
pipiN BGs 
hyperons

Coupled-Channel model: 
  

extra hyperon states  
beyond PDG 
unitarity BGs
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k̄N,⇡⇤,⇡⌃, ...

consistent treatment of res and non-res. int.

ALICE proton yield 
@ 2.76 TeV 

Will still go up! 
Andronic et. al. NPA1010 (2021) 122176 



Phys. Rev. C 103, 014904 (2021).  

Phys. Lett. B 792, 304 (2019). 
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ALICE proton yield 
@ 2.76 TeV 
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Coupled-Channel system: 
  

extra hyperon states  
beyond PDG 
unitarity BGs

<latexit sha1_base64="jL5ZRofn2puAT107PvXcWQib8DA=">AAACEXicbVBLSwMxGMzWV62vVY+KBIvoQZZdEfRY9OJBpEVrC92lZLNpDU2yS5IVytKjRy/+FS89KIhXb978Df4J08dBWwcCk5lvSL4JE0aVdt0vKzczOze/kF8sLC2vrK7Z6xu3Kk4lJlUcs1jWQ6QIo4JUNdWM1BNJEA8ZqYWd84FfuydS0Vjc6G5CAo7agrYoRtpITXvfD5HMOj14dQj9hEL/0mQjNL5c0zY33HGcpl10HXcIOE28MSmWtvuV74edfrlpf/pRjFNOhMYMKdXw3EQHGZKaYkZ6BT9VJEG4g9qkYahAnKggGy7Ug3tGiWArluYIDYfq70SGuFJdHppJjvSdmvQG4n9eI9Wt0yCjIkk1EXj0UCtlUMdw0A6MqCRYs64hCEtq/grxHZIIa9NhwZTgTa48TWpHjnfseF7F1HEGRsiDLbALDoAHTkAJXIAyqAIMHsEzeAGv1pPVt96s99FozhpnNsEfWB8/gUGedQ==</latexit>

k̄N,⇡⇤,⇡⌃, ...

consistent treatment of res and non-res. int.

SAID GWU
JPAC



IN-MEDIUM EFFECTS
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VACUUM PHYSICS?



X
<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>

⇡ ⇡

X
<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>

Change of pressure to due  
“Dressed mass”



IN-MEDIUM EFFECTS FROM  
S-MATRIX

X
<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>

⇡ ⇡

A. Schenk NPB 363(1991)

S. Jeon and P. J. Ellis PRD 58 045013 (1998)

X
<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>

⇡ ⇡

X
<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>

<latexit sha1_base64="dw74Z6NpOeYoao5E0HZbCWgMkl8="></latexit>

⌃A(EA) =

Z
d3kB
(2⇡)3

1

2EB
nth(EB)T (AB ! AB).

<latexit sha1_base64="kB4ycfygOPX5y9yiVxP4+t8NeKQ="></latexit>

�mA =
1

2EA
Re⌃A(p)

⇡ NB
th ⇥ �4⇡f

2mred
.

<latexit sha1_base64="sbKhainfOfwRYDerT+3Hlv++3B4="></latexit>

�P = NA
th N

B
th ⇥ 4⇡f

2mred
.



IN-MEDIUM EFFECTS FROM  
S-MATRIX

X
<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>

⇡ ⇡

A. Schenk NPB 363(1991)

S. Jeon and P. J. Ellis PRD 58 045013 (1998)

X
<latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit><latexit sha1_base64="Ww/RS3APwHAYx15ttbLm2M2qsyM=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWa7V6l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRImyJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jYvqvWbIo0SHMMJnIEHl1CHO2iADwwQnuEV3pxH58V5dz7mrStOMXMEf+B8/gAj7Yyv</latexit>
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ON-GOING PROJECTS

• Unquenching the Quark Model 

• S=-2,-3 sectors; 3-body forces



LATTICE COMPUTATIONS ON 
PHASE SHIFT

deuteron physics?

R. A. Briceno, J. J. Dudek and R. D. Young, arXiv:1706.06223 [hep-lat]. 



LATTICE COMPUTATIONS ON 
PHASE SHIFT

shown in Fig. 16. We note that the Breit-Wigner couplings
gR show good agreement between the two different quark
masses, as has been suggested in unitarized versions of
chiral perturbation theory [42]. The apparent difference in
the pole residue coupling, cππ, is completely explicable in
terms of the P-wave barrier—since the t-matrix near
threshold must behave like tðsÞ ∼ k2, we may consider
cππ ¼ ~cππkðs0Þ where kðs0Þ is the cm-frame momentum at
the pole position. It follows that

!!!!
c391ππ

c236ππ

!!!! ¼ 0.56ð2Þ

¼
!!!!
~c391ππ

~c236ππ

!!!!

!!!!
k391

k236

!!!!

¼
!!!!
~c391ππ

~c236ππ

!!!!

!!!!
173 − 7.7i
312 − 26.6i

!!!!

¼
!!!!
~c391ππ

~c236ππ

!!!!0.552;

and thus j~c391ππ j ≈ j~c236ππ j.

V. SUMMARY

The ρ resonance was extracted using a detailed spectrum
of lattice QCD energy levels working in a ð∼4 fmÞ3 cubic
volume with a pion mass of 236 MeV. Using the variational
method and a large diverse basis of operators, energy levels
were obtained in the elastic ππ scattering region and the
near-threshold coupled-channel ππ − KK̄ energy region,
and these were used to constrain the I ¼ 1, JP ¼ 1− and
JP ¼ 3− scattering amplitudes. By making use of the
formalism relating the elastic and coupled-channel scatter-
ing amplitudes to the spectrum of eigenstates in a finite
volume, we were able to extract phase shifts and inelasticity
for the coupled ππ − KK̄ system. The elastic region was
found to feature a narrow resonance, which persists when

the coupled KK̄ channel is also considered. A range of
t-matrix parametrizations lead to consistent resonance
parameters in the sense of a pole in the complex energy
plane. Using the Ω baryon to set the scale, this pole is
located at

ffiffiffi
s

p
ρ ¼ ð783ð2Þ − i

2 90ð8ÞÞ MeV. A simple Breit-
Wigner description of the elastic amplitude works well and
gives a coupling that is consistent with the value deter-
mined at a larger pion mass and that is extracted from
experimental data.
In a coupled-channel analysis we found the ππ − KK̄

system to be only weakly coupled for the range of energies
we considered, and only small phase shifts were observed
in the KK̄ channel. This is only the second example of the
extraction of a coupled-channel scattering matrix from
lattice QCD, following the earlier study of πK, ηK
[15,16]. This first exploratory study above KK̄ threshold
neglected three- and four-hadron contributions that have
been observed to be suppressed in experimental studies.
Progress in the development of a finite-volume formalism
capable of dealing with these higher-multiplicity channels
is ongoing [17,19,20].
The consistency and broad applicability of these meth-

ods to extract resonance properties from lattice QCD is now
being demonstrated with successful applications at multiple
pion masses in various quantum numbers. Future studies
will aim to shed light on long-standing mysteries such as
the a0ð980Þ, f0ð980Þ resonances, and investigate excited
hadron states with exotic quantum numbers.
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FIG. 16 (color online). Elastic P-wave ππ isospin ¼ 1 phase
shifts for pions of mass ∼391 MeV (blue) and ∼236 MeV (red).
Curves correspond to two parameter Breit-Wigner fits as
described in the text and summarized in Table V.
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