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an example of the full procedure being done
integral equations
angular momentum projection
toy model calculations
consistency checks and the breakdown of Lüscher
Efimov physics 
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q2L2/m
2

<latexit sha1_base64="GjlBsNNUz3GnNDtBBWDwSW5bw5c=">AAACCHicbVC7SgNBFJ2NrxhfUUsLF6NgFXe3UMugjYVFBPOAvJidTJIhsw9n7oph2NLGX7ERUcRW8Afs/A0/QJxsUmjigYHDOfc1xw05k2BZn0ZqZnZufiG9mFlaXlldy65vlGUQCUJLJOCBqLpYUs58WgIGnFZDQbHnclpx+6dDv3JNhWSBfwmDkDY83PVZhxEMWmplt+tAbyCZo1yOST9WV02npc6d+MBrOnErm7PyVgJzmthjkivsWl/q8fu92Mp+1NsBiTzqA+FYyppthdBQWAAjnMaZeiRpqPfgLq1p6mOPyoZKDojNPa20zU4g9PPBTNTfHQp7Ug48V1d6GHpy0huK/3m1CDrHDcX8MALqk9GiTsRNCMxhKmabCUqADzTBRDB9q0l6WGACOruMDsGe/PI0KTt5+zBvX9i5wgkaIY220A7aRzY6QgV0hoqohAi6RffoCT0bd8aD8WK8jkpTxrhnE/2B8fYDNhaeiQ==</latexit>
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<latexit sha1_base64="9eKYvZfKzyXNIDMeYO0owSyU1nQ=">AAACGXicbVDLSsNAFJ34tr6iLt0MFkE3NRFRl0U3LhWsLTQhTKa3dnDycOamWEJ+w42/4saFIi515d84jV1o64GBwzn3NSdMpdDoOF/W1PTM7Nz8wmJlaXlldc1e37jWSaY4NHgiE9UKmQYpYmigQAmtVAGLQgnN8PZs6Df7oLRI4iscpOBH7CYWXcEZGimwHQ/hHss5eSgZvy3y3bsg3I/2PJ6g1wGJLMi9PlNpT9CwKAK76tScEnSSuCNSJSNcBPaH10l4FkGMXDKt266Top8zhYJLKCpepiE1i9kNtA2NWQTaz8uLCrpjlA7tJsq8GGmp/u7IWaT1IApNZcSwp8e9ofif186we+LnIk4zhJj/LOpmkmJChzHRjlDAUQ4MYVwJcyvlPaYYRxNmxYTgjn95klwf1Nyjmnt5WK2fjuJYIFtkm+wSlxyTOjknF6RBOHkgT+SFvFqP1rP1Zr3/lE5Zo55N8gfW5zcrzqGk</latexit> (q
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<latexit sha1_base64="V3PdCl9VsDRyK2k22CYedXw3P04=">AAACBXicbVC7TsMwFHXKq5RXgBGGiAqpLCWpEDBWsDAWiT6kNkSO67RWnQf2DaKKsrDwKywMIMTKP7DxN7hpBmg5kqWjc+71sY8bcSbBNL+1wsLi0vJKcbW0tr6xuaVv77RkGAtCmyTkoei4WFLOAtoEBpx2IkGx73LadkeXE799T4VkYXAD44jaPh4EzGMEg5Icfb8H9AGyexKXYzJKk8qd4x77R7e11NHLZtXMYMwTKydllKPh6F+9fkhinwZAOJaya5kR2AkWwAinaakXSxqpEDygXUUD7FNpJ1l6ahwqpW94oVAnACNTf28k2Jdy7Ltq0scwlLPeRPzP68bgndsJC6IYaECmQV7MDQiNSSVGnwlKgI8VwUQw9VaDDLHABFRxJVWCNfvledKqVa3TqnV9Uq5f5HUU0R46QBVkoTNUR1eogZqIoEf0jF7Rm/akvWjv2sd0tKDlO7voD7TPH6RjmKU=</latexit>
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https://indico.fnal.gov/event/57249/contributions/271399/attachments/169795/228033/Islam_Latt23.pdf


Three-hadron systems
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<latexit sha1_base64="f2U8woArv7qQzqzcmbL5Ts+zst4=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0UQxJpYQTdCqSCCmwr2AUkMk8m0HTp5MDMRSshnuPFX3LhQxG13/o2TNgutHhg4nHMuc+/xYkaFNIwvrbSwuLS8Ul6trK1vbG7p2zsdESUckzaOWMR7HhKE0ZC0JZWM9GJOUOAx0vVGV7nffSRc0Ci8l+OYOAEahLRPMZJKcvUT2yfSbtKBBa/dOlQ4gnaA5BAjlt5mD+mxmblpPcsjzqVRcfWqUTOmgH+JWZAqKNBy9YntRzgJSCgxQ0JYphFLJ0VcUsxIVrETQWKER2hALEVDFBDhpNPDMnigFB/2I65eKOFU/TmRokCIceCpZL6zmPdy8T/PSmT/wklpGCeShHj2UT9hUEYwbwn6lBMs2VgRhDlVu0I8RBxhqbrMSzDnT/5LOqc106iZd2fVRrOoowz2wD44BCY4Bw1wA1qgDTB4Ai/gDbxrz9qr9qF9zqIlrZjZBb+gTb4Bmt6dnw==</latexit><latexit sha1_base64="f2U8woArv7qQzqzcmbL5Ts+zst4=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0UQxJpYQTdCqSCCmwr2AUkMk8m0HTp5MDMRSshnuPFX3LhQxG13/o2TNgutHhg4nHMuc+/xYkaFNIwvrbSwuLS8Ul6trK1vbG7p2zsdESUckzaOWMR7HhKE0ZC0JZWM9GJOUOAx0vVGV7nffSRc0Ci8l+OYOAEahLRPMZJKcvUT2yfSbtKBBa/dOlQ4gnaA5BAjlt5mD+mxmblpPcsjzqVRcfWqUTOmgH+JWZAqKNBy9YntRzgJSCgxQ0JYphFLJ0VcUsxIVrETQWKER2hALEVDFBDhpNPDMnigFB/2I65eKOFU/TmRokCIceCpZL6zmPdy8T/PSmT/wklpGCeShHj2UT9hUEYwbwn6lBMs2VgRhDlVu0I8RBxhqbrMSzDnT/5LOqc106iZd2fVRrOoowz2wD44BCY4Bw1wA1qgDTB4Ai/gDbxrz9qr9qF9zqIlrZjZBb+gTb4Bmt6dnw==</latexit><latexit sha1_base64="f2U8woArv7qQzqzcmbL5Ts+zst4=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0UQxJpYQTdCqSCCmwr2AUkMk8m0HTp5MDMRSshnuPFX3LhQxG13/o2TNgutHhg4nHMuc+/xYkaFNIwvrbSwuLS8Ul6trK1vbG7p2zsdESUckzaOWMR7HhKE0ZC0JZWM9GJOUOAx0vVGV7nffSRc0Ci8l+OYOAEahLRPMZJKcvUT2yfSbtKBBa/dOlQ4gnaA5BAjlt5mD+mxmblpPcsjzqVRcfWqUTOmgH+JWZAqKNBy9YntRzgJSCgxQ0JYphFLJ0VcUsxIVrETQWKER2hALEVDFBDhpNPDMnigFB/2I65eKOFU/TmRokCIceCpZL6zmPdy8T/PSmT/wklpGCeShHj2UT9hUEYwbwn6lBMs2VgRhDlVu0I8RBxhqbrMSzDnT/5LOqc106iZd2fVRrOoowz2wD44BCY4Bw1wA1qgDTB4Ai/gDbxrz9qr9qF9zqIlrZjZBb+gTb4Bmt6dnw==</latexit><latexit sha1_base64="f2U8woArv7qQzqzcmbL5Ts+zst4=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0UQxJpYQTdCqSCCmwr2AUkMk8m0HTp5MDMRSshnuPFX3LhQxG13/o2TNgutHhg4nHMuc+/xYkaFNIwvrbSwuLS8Ul6trK1vbG7p2zsdESUckzaOWMR7HhKE0ZC0JZWM9GJOUOAx0vVGV7nffSRc0Ci8l+OYOAEahLRPMZJKcvUT2yfSbtKBBa/dOlQ4gnaA5BAjlt5mD+mxmblpPcsjzqVRcfWqUTOmgH+JWZAqKNBy9YntRzgJSCgxQ0JYphFLJ0VcUsxIVrETQWKER2hALEVDFBDhpNPDMnigFB/2I65eKOFU/TmRokCIceCpZL6zmPdy8T/PSmT/wklpGCeShHj2UT9hUEYwbwn6lBMs2VgRhDlVu0I8RBxhqbrMSzDnT/5LOqc106iZd2fVRrOoowz2wD44BCY4Bw1wA1qgDTB4Ai/gDbxrz9qr9qF9zqIlrZjZBb+gTb4Bmt6dnw==</latexit>
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<latexit sha1_base64="u0UtfUZunhLx2eE7w8YLho80AO8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlU0GXRjeCmgn1AG8JkOm2HTiZhZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fMCWLOlHacb6u0srq2vlHerGxt7+zu2dX9tooSSWiLRDyS3QArypmgLc00p91YUhwGnHaCyXXudx6oVCwS93oaUy/EI8GGjGBtJN+uon6I9Zhgnt5mfnqWVXy75tSdGdAycQtSgwJN3/7qDyKShFRowrFSPdeJtZdiqRnhNKv0E0VjTCZ4RHuGChxS5aWz6Bk6NsoADSNpntBopv7eSHGo1DQMzGSeUy16ufif10v08NJLmYgTTQWZHxomHOkI5T2gAZOUaD41BBPJTFZExlhiok1beQnu4peXSfu07jp19+681rgq6ijDIRzBCbhwAQ24gSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gCGmpOC</latexit><latexit sha1_base64="u0UtfUZunhLx2eE7w8YLho80AO8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlU0GXRjeCmgn1AG8JkOm2HTiZhZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fMCWLOlHacb6u0srq2vlHerGxt7+zu2dX9tooSSWiLRDyS3QArypmgLc00p91YUhwGnHaCyXXudx6oVCwS93oaUy/EI8GGjGBtJN+uon6I9Zhgnt5mfnqWVXy75tSdGdAycQtSgwJN3/7qDyKShFRowrFSPdeJtZdiqRnhNKv0E0VjTCZ4RHuGChxS5aWz6Bk6NsoADSNpntBopv7eSHGo1DQMzGSeUy16ufif10v08NJLmYgTTQWZHxomHOkI5T2gAZOUaD41BBPJTFZExlhiok1beQnu4peXSfu07jp19+681rgq6ijDIRzBCbhwAQ24gSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gCGmpOC</latexit><latexit sha1_base64="u0UtfUZunhLx2eE7w8YLho80AO8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlU0GXRjeCmgn1AG8JkOm2HTiZhZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fMCWLOlHacb6u0srq2vlHerGxt7+zu2dX9tooSSWiLRDyS3QArypmgLc00p91YUhwGnHaCyXXudx6oVCwS93oaUy/EI8GGjGBtJN+uon6I9Zhgnt5mfnqWVXy75tSdGdAycQtSgwJN3/7qDyKShFRowrFSPdeJtZdiqRnhNKv0E0VjTCZ4RHuGChxS5aWz6Bk6NsoADSNpntBopv7eSHGo1DQMzGSeUy16ufif10v08NJLmYgTTQWZHxomHOkI5T2gAZOUaD41BBPJTFZExlhiok1beQnu4peXSfu07jp19+681rgq6ijDIRzBCbhwAQ24gSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gCGmpOC</latexit><latexit sha1_base64="u0UtfUZunhLx2eE7w8YLho80AO8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlU0GXRjeCmgn1AG8JkOm2HTiZhZqKUmE9x40IRt36JO//GSZuFth4YOJxzL/fMCWLOlHacb6u0srq2vlHerGxt7+zu2dX9tooSSWiLRDyS3QArypmgLc00p91YUhwGnHaCyXXudx6oVCwS93oaUy/EI8GGjGBtJN+uon6I9Zhgnt5mfnqWVXy75tSdGdAycQtSgwJN3/7qDyKShFRowrFSPdeJtZdiqRnhNKv0E0VjTCZ4RHuGChxS5aWz6Bk6NsoADSNpntBopv7eSHGo1DQMzGSeUy16ufif10v08NJLmYgTTQWZHxomHOkI5T2gAZOUaD41BBPJTFZExlhiok1beQnu4peXSfu07jp19+681rgq6ijDIRzBCbhwAQ24gSa0gMAjPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gCGmpOC</latexit>



Hansen, RB, Edwards, Thomas, & Wilson (2020)

mπ ∼ 390 MeV

103 energy levels described by 
three numbers:  mπ, aππ, 𝒦3,iso
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<latexit sha1_base64="7CIuyHp8UddGdRCDZY+wAkBfmVI=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VosZakiroRioIIuqhgH9BHmEwn7dBJJsxMhBLyJ278FTcuFBF3/RunbRZaPXDhcM693HuPEzAqlWmOjdTC4tLySno1s7a+sbmV3d6pSx4KTGqYMy6aDpKEUZ/UFFWMNANBkOcw0nCGVxO/8UiEpNx/UKOAdDzU96lLMVJasrOn193oyIrt6LjYli6kksf5avGucNj2kBpgxKLbObNbLlyYdjZnlswp4F9iJSQHElTt7Fe7x3HoEV9hhqRsWWagOhESimJG4kw7lCRAeIj6pKWpjzwiO9H0vxgeaKUHXS50+QpO1Z8TEfKkHHmO7pxcLee9ifif1wqVe96JqB+Eivh4tsgNGVQcTsKCPSoIVmykCcKC6lshHiCBsNKRZnQI1vzLf0m9XLLMknV/kqtcJnGkwR7YB3lggTNQATegCmoAgyfwAt7Au/FsvBofxuesNWUkM7vgF4zxN4qcoMg=</latexit><latexit sha1_base64="7CIuyHp8UddGdRCDZY+wAkBfmVI=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VosZakiroRioIIuqhgH9BHmEwn7dBJJsxMhBLyJ278FTcuFBF3/RunbRZaPXDhcM693HuPEzAqlWmOjdTC4tLySno1s7a+sbmV3d6pSx4KTGqYMy6aDpKEUZ/UFFWMNANBkOcw0nCGVxO/8UiEpNx/UKOAdDzU96lLMVJasrOn193oyIrt6LjYli6kksf5avGucNj2kBpgxKLbObNbLlyYdjZnlswp4F9iJSQHElTt7Fe7x3HoEV9hhqRsWWagOhESimJG4kw7lCRAeIj6pKWpjzwiO9H0vxgeaKUHXS50+QpO1Z8TEfKkHHmO7pxcLee9ifif1wqVe96JqB+Eivh4tsgNGVQcTsKCPSoIVmykCcKC6lshHiCBsNKRZnQI1vzLf0m9XLLMknV/kqtcJnGkwR7YB3lggTNQATegCmoAgyfwAt7Au/FsvBofxuesNWUkM7vgF4zxN4qcoMg=</latexit><latexit sha1_base64="7CIuyHp8UddGdRCDZY+wAkBfmVI=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VosZakiroRioIIuqhgH9BHmEwn7dBJJsxMhBLyJ278FTcuFBF3/RunbRZaPXDhcM693HuPEzAqlWmOjdTC4tLySno1s7a+sbmV3d6pSx4KTGqYMy6aDpKEUZ/UFFWMNANBkOcw0nCGVxO/8UiEpNx/UKOAdDzU96lLMVJasrOn193oyIrt6LjYli6kksf5avGucNj2kBpgxKLbObNbLlyYdjZnlswp4F9iJSQHElTt7Fe7x3HoEV9hhqRsWWagOhESimJG4kw7lCRAeIj6pKWpjzwiO9H0vxgeaKUHXS50+QpO1Z8TEfKkHHmO7pxcLee9ifif1wqVe96JqB+Eivh4tsgNGVQcTsKCPSoIVmykCcKC6lshHiCBsNKRZnQI1vzLf0m9XLLMknV/kqtcJnGkwR7YB3lggTNQATegCmoAgyfwAt7Au/FsvBofxuesNWUkM7vgF4zxN4qcoMg=</latexit><latexit sha1_base64="7CIuyHp8UddGdRCDZY+wAkBfmVI=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VosZakiroRioIIuqhgH9BHmEwn7dBJJsxMhBLyJ278FTcuFBF3/RunbRZaPXDhcM693HuPEzAqlWmOjdTC4tLySno1s7a+sbmV3d6pSx4KTGqYMy6aDpKEUZ/UFFWMNANBkOcw0nCGVxO/8UiEpNx/UKOAdDzU96lLMVJasrOn193oyIrt6LjYli6kksf5avGucNj2kBpgxKLbObNbLlyYdjZnlswp4F9iJSQHElTt7Fe7x3HoEV9hhqRsWWagOhESimJG4kw7lCRAeIj6pKWpjzwiO9H0vxgeaKUHXS50+QpO1Z8TEfKkHHmO7pxcLee9ifif1wqVe96JqB+Eivh4tsgNGVQcTsKCPSoIVmykCcKC6lshHiCBsNKRZnQI1vzLf0m9XLLMknV/kqtcJnGkwR7YB3lggTNQATegCmoAgyfwAt7Au/FsvBofxuesNWUkM7vgF4zxN4qcoMg=</latexit>
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an example of the full procedure being done
integral equations
angular momentum projection
toy model calculations
consistency checks
Efimov physics 

Romero-López, Sharpe, Blanton, RB, & Hansen (2019) 
Hansen, RB, Edwards, Thomas, & Wilson (2020) 
Jackura, RB, Dawid, Islam, & McCarty (2020)
Dawid, Islam, & RB (2023)
Jackura, RB (to appear)
Dawid, RB, Islam, Jackura,  (to appear)
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Three-hadron systems

=

<latexit sha1_base64="U0123CLV5CrhuTeuTy/P85HjYQY="></latexit>

+

<latexit sha1_base64="tYl44XCan+Zp5t+LNw2iUtBDLD8="></latexit>

+ · · ·iM3 =
<latexit sha1_base64="2UMyFVxYQRVpXK5t921JUQXjvIA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQTdC0Y0boYJ9QBvCZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/sVu29/baKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFN7nceqVQsFg96klAvwkPBQkawNpJvV1k/wnpEMM/upv7ZlW/XnLozA1ombkFqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOcTiv9VNEEkzEe0p6hAkdUedks+BQdG2WAwliaJzSaqb83MhwpNYkCM5mnVIteLv7n9VIdXnoZE0mqqSDzQ2HKkY5R3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMSW4i19eJu3TuuvU3fvzWuO6qKMMh3AEJ+DCBTTgFprQAgIpPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gB7WJL0</latexit><latexit sha1_base64="2UMyFVxYQRVpXK5t921JUQXjvIA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQTdC0Y0boYJ9QBvCZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/sVu29/baKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFN7nceqVQsFg96klAvwkPBQkawNpJvV1k/wnpEMM/upv7ZlW/XnLozA1ombkFqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOcTiv9VNEEkzEe0p6hAkdUedks+BQdG2WAwliaJzSaqb83MhwpNYkCM5mnVIteLv7n9VIdXnoZE0mqqSDzQ2HKkY5R3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMSW4i19eJu3TuuvU3fvzWuO6qKMMh3AEJ+DCBTTgFprQAgIpPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gB7WJL0</latexit><latexit sha1_base64="2UMyFVxYQRVpXK5t921JUQXjvIA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQTdC0Y0boYJ9QBvCZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/sVu29/baKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFN7nceqVQsFg96klAvwkPBQkawNpJvV1k/wnpEMM/upv7ZlW/XnLozA1ombkFqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOcTiv9VNEEkzEe0p6hAkdUedks+BQdG2WAwliaJzSaqb83MhwpNYkCM5mnVIteLv7n9VIdXnoZE0mqqSDzQ2HKkY5R3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMSW4i19eJu3TuuvU3fvzWuO6qKMMh3AEJ+DCBTTgFprQAgIpPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gB7WJL0</latexit><latexit sha1_base64="2UMyFVxYQRVpXK5t921JUQXjvIA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQTdC0Y0boYJ9QBvCZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/sVu29/baKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFN7nceqVQsFg96klAvwkPBQkawNpJvV1k/wnpEMM/upv7ZlW/XnLozA1ombkFqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOcTiv9VNEEkzEe0p6hAkdUedks+BQdG2WAwliaJzSaqb83MhwpNYkCM5mnVIteLv7n9VIdXnoZE0mqqSDzQ2HKkY5R3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMSW4i19eJu3TuuvU3fvzWuO6qKMMh3AEJ+DCBTTgFprQAgIpPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gB7WJL0</latexit>

Infinite Minkowski spacetime



Three-hadron systems

=

<latexit sha1_base64="U0123CLV5CrhuTeuTy/P85HjYQY="></latexit>

+

<latexit sha1_base64="tYl44XCan+Zp5t+LNw2iUtBDLD8="></latexit>

+

<latexit sha1_base64="tYl44XCan+Zp5t+LNw2iUtBDLD8="></latexit>

+

<latexit sha1_base64="tYl44XCan+Zp5t+LNw2iUtBDLD8="></latexit>

+

<latexit sha1_base64="tYl44XCan+Zp5t+LNw2iUtBDLD8="></latexit>

placing all 
legs on-shell

iM3 =
<latexit sha1_base64="2UMyFVxYQRVpXK5t921JUQXjvIA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQTdC0Y0boYJ9QBvCZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/sVu29/baKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFN7nceqVQsFg96klAvwkPBQkawNpJvV1k/wnpEMM/upv7ZlW/XnLozA1ombkFqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOcTiv9VNEEkzEe0p6hAkdUedks+BQdG2WAwliaJzSaqb83MhwpNYkCM5mnVIteLv7n9VIdXnoZE0mqqSDzQ2HKkY5R3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMSW4i19eJu3TuuvU3fvzWuO6qKMMh3AEJ+DCBTTgFprQAgIpPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gB7WJL0</latexit><latexit sha1_base64="2UMyFVxYQRVpXK5t921JUQXjvIA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQTdC0Y0boYJ9QBvCZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/sVu29/baKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFN7nceqVQsFg96klAvwkPBQkawNpJvV1k/wnpEMM/upv7ZlW/XnLozA1ombkFqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOcTiv9VNEEkzEe0p6hAkdUedks+BQdG2WAwliaJzSaqb83MhwpNYkCM5mnVIteLv7n9VIdXnoZE0mqqSDzQ2HKkY5R3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMSW4i19eJu3TuuvU3fvzWuO6qKMMh3AEJ+DCBTTgFprQAgIpPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gB7WJL0</latexit><latexit sha1_base64="2UMyFVxYQRVpXK5t921JUQXjvIA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQTdC0Y0boYJ9QBvCZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/sVu29/baKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFN7nceqVQsFg96klAvwkPBQkawNpJvV1k/wnpEMM/upv7ZlW/XnLozA1ombkFqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOcTiv9VNEEkzEe0p6hAkdUedks+BQdG2WAwliaJzSaqb83MhwpNYkCM5mnVIteLv7n9VIdXnoZE0mqqSDzQ2HKkY5R3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMSW4i19eJu3TuuvU3fvzWuO6qKMMh3AEJ+DCBTTgFprQAgIpPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gB7WJL0</latexit><latexit sha1_base64="2UMyFVxYQRVpXK5t921JUQXjvIA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQTdC0Y0boYJ9QBvCZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/sVu29/baKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFN7nceqVQsFg96klAvwkPBQkawNpJvV1k/wnpEMM/upv7ZlW/XnLozA1ombkFqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOcTiv9VNEEkzEe0p6hAkdUedks+BQdG2WAwliaJzSaqb83MhwpNYkCM5mnVIteLv7n9VIdXnoZE0mqqSDzQ2HKkY5R3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMSW4i19eJu3TuuvU3fvzWuO6qKMMh3AEJ+DCBTTgFprQAgIpPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gB7WJL0</latexit>

Infinite Minkowski spacetime

[isotropic approximation]iD + iL 1

K�1
3 + F1

3

L
<latexit sha1_base64="C29urc2xScEHLuEAslEhqTIRRWk="></latexit><latexit sha1_base64="C29urc2xScEHLuEAslEhqTIRRWk="></latexit><latexit sha1_base64="C29urc2xScEHLuEAslEhqTIRRWk="></latexit><latexit sha1_base64="C29urc2xScEHLuEAslEhqTIRRWk="></latexit>



iD = iM2iGiM2 +

Z
iM2iG iD

<latexit sha1_base64="dBuKdgWU8DBWzEl7HxN1sLqGnkg=">AAACRXicbVDNS8MwHE3n16xfVY9egkMQlNEOQS/C0IFehAnuA9ZS0izbwtIPklQYpf+cF+/e/A+8eFDEq6ZbkbntQeDlvd+PvDwvYlRI03zVCkvLK6trxXV9Y3Nre8fY3WuKMOaYNHDIQt72kCCMBqQhqWSkHXGCfI+Rlje8zvzWI+GChsGDHEXE8VE/oD2KkVSSa9jU9pEcYMSSWgovIYV/97vUrUB6MyvpJ9CmgVwwaZ9Oi7VUd42SWTbHgPPEykkJ5Ki7xovdDXHsk0BihoToWGYknQRxSTEjqW7HgkQID1GfdBQNkE+Ek4xbSOGRUrqwF3J1VL6xOr2RIF+Ike+pySyjmPUycZHXiWXvwkloEMWSBHjyUC9mUIYwqxR2KSdYspEiCHOqskI8QBxhqYrPSrBmvzxPmpWyZZat+7NS9SqvowgOwCE4BhY4B1VwC+qgATB4Am/gA3xqz9q79qV9T0YLWr6zD/5B+/kFlUSv4w==</latexit><latexit sha1_base64="dBuKdgWU8DBWzEl7HxN1sLqGnkg=">AAACRXicbVDNS8MwHE3n16xfVY9egkMQlNEOQS/C0IFehAnuA9ZS0izbwtIPklQYpf+cF+/e/A+8eFDEq6ZbkbntQeDlvd+PvDwvYlRI03zVCkvLK6trxXV9Y3Nre8fY3WuKMOaYNHDIQt72kCCMBqQhqWSkHXGCfI+Rlje8zvzWI+GChsGDHEXE8VE/oD2KkVSSa9jU9pEcYMSSWgovIYV/97vUrUB6MyvpJ9CmgVwwaZ9Oi7VUd42SWTbHgPPEykkJ5Ki7xovdDXHsk0BihoToWGYknQRxSTEjqW7HgkQID1GfdBQNkE+Ek4xbSOGRUrqwF3J1VL6xOr2RIF+Ike+pySyjmPUycZHXiWXvwkloEMWSBHjyUC9mUIYwqxR2KSdYspEiCHOqskI8QBxhqYrPSrBmvzxPmpWyZZat+7NS9SqvowgOwCE4BhY4B1VwC+qgATB4Am/gA3xqz9q79qV9T0YLWr6zD/5B+/kFlUSv4w==</latexit><latexit sha1_base64="dBuKdgWU8DBWzEl7HxN1sLqGnkg=">AAACRXicbVDNS8MwHE3n16xfVY9egkMQlNEOQS/C0IFehAnuA9ZS0izbwtIPklQYpf+cF+/e/A+8eFDEq6ZbkbntQeDlvd+PvDwvYlRI03zVCkvLK6trxXV9Y3Nre8fY3WuKMOaYNHDIQt72kCCMBqQhqWSkHXGCfI+Rlje8zvzWI+GChsGDHEXE8VE/oD2KkVSSa9jU9pEcYMSSWgovIYV/97vUrUB6MyvpJ9CmgVwwaZ9Oi7VUd42SWTbHgPPEykkJ5Ki7xovdDXHsk0BihoToWGYknQRxSTEjqW7HgkQID1GfdBQNkE+Ek4xbSOGRUrqwF3J1VL6xOr2RIF+Ike+pySyjmPUycZHXiWXvwkloEMWSBHjyUC9mUIYwqxR2KSdYspEiCHOqskI8QBxhqYrPSrBmvzxPmpWyZZat+7NS9SqvowgOwCE4BhY4B1VwC+qgATB4Am/gA3xqz9q79qV9T0YLWr6zD/5B+/kFlUSv4w==</latexit><latexit sha1_base64="dBuKdgWU8DBWzEl7HxN1sLqGnkg=">AAACRXicbVDNS8MwHE3n16xfVY9egkMQlNEOQS/C0IFehAnuA9ZS0izbwtIPklQYpf+cF+/e/A+8eFDEq6ZbkbntQeDlvd+PvDwvYlRI03zVCkvLK6trxXV9Y3Nre8fY3WuKMOaYNHDIQt72kCCMBqQhqWSkHXGCfI+Rlje8zvzWI+GChsGDHEXE8VE/oD2KkVSSa9jU9pEcYMSSWgovIYV/97vUrUB6MyvpJ9CmgVwwaZ9Oi7VUd42SWTbHgPPEykkJ5Ki7xovdDXHsk0BihoToWGYknQRxSTEjqW7HgkQID1GfdBQNkE+Ek4xbSOGRUrqwF3J1VL6xOr2RIF+Ike+pySyjmPUycZHXiWXvwkloEMWSBHjyUC9mUIYwqxR2KSdYspEiCHOqskI8QBxhqYrPSrBmvzxPmpWyZZat+7NS9SqvowgOwCE4BhY4B1VwC+qgATB4Am/gA3xqz9q79qV9T0YLWr6zD/5B+/kFlUSv4w==</latexit>

Three-hadron systems

=

<latexit sha1_base64="U0123CLV5CrhuTeuTy/P85HjYQY="></latexit>

+

<latexit sha1_base64="tYl44XCan+Zp5t+LNw2iUtBDLD8="></latexit>

+

<latexit sha1_base64="tYl44XCan+Zp5t+LNw2iUtBDLD8="></latexit>

+

<latexit sha1_base64="tYl44XCan+Zp5t+LNw2iUtBDLD8="></latexit>

+

<latexit sha1_base64="tYl44XCan+Zp5t+LNw2iUtBDLD8="></latexit>

placing all 
legs on-shell

iM3 =
<latexit sha1_base64="2UMyFVxYQRVpXK5t921JUQXjvIA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQTdC0Y0boYJ9QBvCZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/sVu29/baKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFN7nceqVQsFg96klAvwkPBQkawNpJvV1k/wnpEMM/upv7ZlW/XnLozA1ombkFqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOcTiv9VNEEkzEe0p6hAkdUedks+BQdG2WAwliaJzSaqb83MhwpNYkCM5mnVIteLv7n9VIdXnoZE0mqqSDzQ2HKkY5R3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMSW4i19eJu3TuuvU3fvzWuO6qKMMh3AEJ+DCBTTgFprQAgIpPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gB7WJL0</latexit><latexit sha1_base64="2UMyFVxYQRVpXK5t921JUQXjvIA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQTdC0Y0boYJ9QBvCZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/sVu29/baKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFN7nceqVQsFg96klAvwkPBQkawNpJvV1k/wnpEMM/upv7ZlW/XnLozA1ombkFqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOcTiv9VNEEkzEe0p6hAkdUedks+BQdG2WAwliaJzSaqb83MhwpNYkCM5mnVIteLv7n9VIdXnoZE0mqqSDzQ2HKkY5R3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMSW4i19eJu3TuuvU3fvzWuO6qKMMh3AEJ+DCBTTgFprQAgIpPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gB7WJL0</latexit><latexit sha1_base64="2UMyFVxYQRVpXK5t921JUQXjvIA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQTdC0Y0boYJ9QBvCZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/sVu29/baKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFN7nceqVQsFg96klAvwkPBQkawNpJvV1k/wnpEMM/upv7ZlW/XnLozA1ombkFqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOcTiv9VNEEkzEe0p6hAkdUedks+BQdG2WAwliaJzSaqb83MhwpNYkCM5mnVIteLv7n9VIdXnoZE0mqqSDzQ2HKkY5R3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMSW4i19eJu3TuuvU3fvzWuO6qKMMh3AEJ+DCBTTgFprQAgIpPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gB7WJL0</latexit><latexit sha1_base64="2UMyFVxYQRVpXK5t921JUQXjvIA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQTdC0Y0boYJ9QBvCZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/sVu29/baKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFN7nceqVQsFg96klAvwkPBQkawNpJvV1k/wnpEMM/upv7ZlW/XnLozA1ombkFqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOcTiv9VNEEkzEe0p6hAkdUedks+BQdG2WAwliaJzSaqb83MhwpNYkCM5mnVIteLv7n9VIdXnoZE0mqqSDzQ2HKkY5R3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMSW4i19eJu3TuuvU3fvzWuO6qKMMh3AEJ+DCBTTgFprQAgIpPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gB7WJL0</latexit>

L =
1

3
+M2⇢�D⇢

<latexit sha1_base64="IGaLwPnHCeZWHP64bNrcoye16nQ=">AAACI3icbVDLSsNAFJ34rPUVdekmWBRBLEkVFEEo6sKFQgX7gCaEyXTSDp1MwsxEKCH/4sZfceNCKW5c+C9O2lC09cDAmXPu5d57vIgSIU3zS5ubX1hcWi6sFFfX1jc29a3thghjjnAdhTTkLQ8KTAnDdUkkxa2IYxh4FDe9/nXmN58wFyRkj3IQYSeAXUZ8gqBUkqtf2AGUPQRpcpceXNo+hyix0uQkPZoY96lbsXkvPJ4oN2n2d/WSWTZHMGaJlZMSyFFz9aHdCVEcYCYRhUK0LTOSTgK5JIjitGjHAkcQ9WEXtxVlMMDCSUY3psa+UjqGH3L1mDRG6u+OBAZCDAJPVWZrimkvE//z2rH0z52EsCiWmKHxID+mhgyNLDCjQzhGkg4UgYgTtauBelDlJFWsRRWCNX3yLGlUypZZth5OS9WrPI4C2AV74BBY4AxUwS2ogTpA4Bm8gnfwob1ob9pQ+xyXzml5zw74A+37By61pTg=</latexit><latexit sha1_base64="IGaLwPnHCeZWHP64bNrcoye16nQ=">AAACI3icbVDLSsNAFJ34rPUVdekmWBRBLEkVFEEo6sKFQgX7gCaEyXTSDp1MwsxEKCH/4sZfceNCKW5c+C9O2lC09cDAmXPu5d57vIgSIU3zS5ubX1hcWi6sFFfX1jc29a3thghjjnAdhTTkLQ8KTAnDdUkkxa2IYxh4FDe9/nXmN58wFyRkj3IQYSeAXUZ8gqBUkqtf2AGUPQRpcpceXNo+hyix0uQkPZoY96lbsXkvPJ4oN2n2d/WSWTZHMGaJlZMSyFFz9aHdCVEcYCYRhUK0LTOSTgK5JIjitGjHAkcQ9WEXtxVlMMDCSUY3psa+UjqGH3L1mDRG6u+OBAZCDAJPVWZrimkvE//z2rH0z52EsCiWmKHxID+mhgyNLDCjQzhGkg4UgYgTtauBelDlJFWsRRWCNX3yLGlUypZZth5OS9WrPI4C2AV74BBY4AxUwS2ogTpA4Bm8gnfwob1ob9pQ+xyXzml5zw74A+37By61pTg=</latexit><latexit sha1_base64="IGaLwPnHCeZWHP64bNrcoye16nQ=">AAACI3icbVDLSsNAFJ34rPUVdekmWBRBLEkVFEEo6sKFQgX7gCaEyXTSDp1MwsxEKCH/4sZfceNCKW5c+C9O2lC09cDAmXPu5d57vIgSIU3zS5ubX1hcWi6sFFfX1jc29a3thghjjnAdhTTkLQ8KTAnDdUkkxa2IYxh4FDe9/nXmN58wFyRkj3IQYSeAXUZ8gqBUkqtf2AGUPQRpcpceXNo+hyix0uQkPZoY96lbsXkvPJ4oN2n2d/WSWTZHMGaJlZMSyFFz9aHdCVEcYCYRhUK0LTOSTgK5JIjitGjHAkcQ9WEXtxVlMMDCSUY3psa+UjqGH3L1mDRG6u+OBAZCDAJPVWZrimkvE//z2rH0z52EsCiWmKHxID+mhgyNLDCjQzhGkg4UgYgTtauBelDlJFWsRRWCNX3yLGlUypZZth5OS9WrPI4C2AV74BBY4AxUwS2ogTpA4Bm8gnfwob1ob9pQ+xyXzml5zw74A+37By61pTg=</latexit><latexit sha1_base64="IGaLwPnHCeZWHP64bNrcoye16nQ=">AAACI3icbVDLSsNAFJ34rPUVdekmWBRBLEkVFEEo6sKFQgX7gCaEyXTSDp1MwsxEKCH/4sZfceNCKW5c+C9O2lC09cDAmXPu5d57vIgSIU3zS5ubX1hcWi6sFFfX1jc29a3thghjjnAdhTTkLQ8KTAnDdUkkxa2IYxh4FDe9/nXmN58wFyRkj3IQYSeAXUZ8gqBUkqtf2AGUPQRpcpceXNo+hyix0uQkPZoY96lbsXkvPJ4oN2n2d/WSWTZHMGaJlZMSyFFz9aHdCVEcYCYRhUK0LTOSTgK5JIjitGjHAkcQ9WEXtxVlMMDCSUY3psa+UjqGH3L1mDRG6u+OBAZCDAJPVWZrimkvE//z2rH0z52EsCiWmKHxID+mhgyNLDCjQzhGkg4UgYgTtauBelDlJFWsRRWCNX3yLGlUypZZth5OS9WrPI4C2AV74BBY4AxUwS2ogTpA4Bm8gnfwob1ob9pQ+xyXzml5zw74A+37By61pTg=</latexit>

F1
3 =

Z
⇢L

<latexit sha1_base64="SupuwxYbAK+52QlMzPmdsguCagQ=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQq6EYoCuLCRQX7gCaWyXTSDp1kwsxECKEf4MZfceNCEbd+gDv/xknbhbYeGDiccy5z7/FjzpS27W+rsLC4tLxSXC2trW9sbpW3d5pKJJLQBhFcyLaPFeUsog3NNKftWFIc+py2/OFl7rceqFRMRHc6jakX4n7EAkawNlK3XLnqHt+7LAp0is6RIRq5ciCQG2I9IJhnN6OSSdlVeww0T5wpqcAU9W75y+0JkoQ00oRjpTqOHWsvw1Izwumo5CaKxpgMcZ92DI1wSJWXjY8ZoQOj9FAgpHlmm7H6eyLDoVJp6JtkvqOa9XLxP6+T6ODMy1gUJ5pGZPJRkHCkBcqbQT0mKdE8NQQTycyuiAywxESb/vISnNmT50nzqOrYVef2pFK7mNZRhD3Yh0Nw4BRqcA11aACBR3iGV3iznqwX6936mEQL1nRmF/7A+vwBAs6aUg==</latexit><latexit sha1_base64="SupuwxYbAK+52QlMzPmdsguCagQ=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQq6EYoCuLCRQX7gCaWyXTSDp1kwsxECKEf4MZfceNCEbd+gDv/xknbhbYeGDiccy5z7/FjzpS27W+rsLC4tLxSXC2trW9sbpW3d5pKJJLQBhFcyLaPFeUsog3NNKftWFIc+py2/OFl7rceqFRMRHc6jakX4n7EAkawNlK3XLnqHt+7LAp0is6RIRq5ciCQG2I9IJhnN6OSSdlVeww0T5wpqcAU9W75y+0JkoQ00oRjpTqOHWsvw1Izwumo5CaKxpgMcZ92DI1wSJWXjY8ZoQOj9FAgpHlmm7H6eyLDoVJp6JtkvqOa9XLxP6+T6ODMy1gUJ5pGZPJRkHCkBcqbQT0mKdE8NQQTycyuiAywxESb/vISnNmT50nzqOrYVef2pFK7mNZRhD3Yh0Nw4BRqcA11aACBR3iGV3iznqwX6936mEQL1nRmF/7A+vwBAs6aUg==</latexit><latexit sha1_base64="SupuwxYbAK+52QlMzPmdsguCagQ=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQq6EYoCuLCRQX7gCaWyXTSDp1kwsxECKEf4MZfceNCEbd+gDv/xknbhbYeGDiccy5z7/FjzpS27W+rsLC4tLxSXC2trW9sbpW3d5pKJJLQBhFcyLaPFeUsog3NNKftWFIc+py2/OFl7rceqFRMRHc6jakX4n7EAkawNlK3XLnqHt+7LAp0is6RIRq5ciCQG2I9IJhnN6OSSdlVeww0T5wpqcAU9W75y+0JkoQ00oRjpTqOHWsvw1Izwumo5CaKxpgMcZ92DI1wSJWXjY8ZoQOj9FAgpHlmm7H6eyLDoVJp6JtkvqOa9XLxP6+T6ODMy1gUJ5pGZPJRkHCkBcqbQT0mKdE8NQQTycyuiAywxESb/vISnNmT50nzqOrYVef2pFK7mNZRhD3Yh0Nw4BRqcA11aACBR3iGV3iznqwX6936mEQL1nRmF/7A+vwBAs6aUg==</latexit><latexit sha1_base64="SupuwxYbAK+52QlMzPmdsguCagQ=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQq6EYoCuLCRQX7gCaWyXTSDp1kwsxECKEf4MZfceNCEbd+gDv/xknbhbYeGDiccy5z7/FjzpS27W+rsLC4tLxSXC2trW9sbpW3d5pKJJLQBhFcyLaPFeUsog3NNKftWFIc+py2/OFl7rceqFRMRHc6jakX4n7EAkawNlK3XLnqHt+7LAp0is6RIRq5ciCQG2I9IJhnN6OSSdlVeww0T5wpqcAU9W75y+0JkoQ00oRjpTqOHWsvw1Izwumo5CaKxpgMcZ92DI1wSJWXjY8ZoQOj9FAgpHlmm7H6eyLDoVJp6JtkvqOa9XLxP6+T6ODMy1gUJ5pGZPJRkHCkBcqbQT0mKdE8NQQTycyuiAywxESb/vISnNmT50nzqOrYVef2pFK7mNZRhD3Yh0Nw4BRqcA11aACBR3iGV3iznqwX6936mEQL1nRmF/7A+vwBAs6aUg==</latexit>

Infinite Minkowski spacetime

Satisfies integral equations:

[isotropic approximation]iD + iL 1

K�1
3 + F1

3

L
<latexit sha1_base64="C29urc2xScEHLuEAslEhqTIRRWk="></latexit><latexit sha1_base64="C29urc2xScEHLuEAslEhqTIRRWk="></latexit><latexit sha1_base64="C29urc2xScEHLuEAslEhqTIRRWk="></latexit><latexit sha1_base64="C29urc2xScEHLuEAslEhqTIRRWk="></latexit>



iD = iM2iGiM2 +

Z
iM2iG iD

<latexit sha1_base64="dBuKdgWU8DBWzEl7HxN1sLqGnkg=">AAACRXicbVDNS8MwHE3n16xfVY9egkMQlNEOQS/C0IFehAnuA9ZS0izbwtIPklQYpf+cF+/e/A+8eFDEq6ZbkbntQeDlvd+PvDwvYlRI03zVCkvLK6trxXV9Y3Nre8fY3WuKMOaYNHDIQt72kCCMBqQhqWSkHXGCfI+Rlje8zvzWI+GChsGDHEXE8VE/oD2KkVSSa9jU9pEcYMSSWgovIYV/97vUrUB6MyvpJ9CmgVwwaZ9Oi7VUd42SWTbHgPPEykkJ5Ki7xovdDXHsk0BihoToWGYknQRxSTEjqW7HgkQID1GfdBQNkE+Ek4xbSOGRUrqwF3J1VL6xOr2RIF+Ike+pySyjmPUycZHXiWXvwkloEMWSBHjyUC9mUIYwqxR2KSdYspEiCHOqskI8QBxhqYrPSrBmvzxPmpWyZZat+7NS9SqvowgOwCE4BhY4B1VwC+qgATB4Am/gA3xqz9q79qV9T0YLWr6zD/5B+/kFlUSv4w==</latexit><latexit sha1_base64="dBuKdgWU8DBWzEl7HxN1sLqGnkg=">AAACRXicbVDNS8MwHE3n16xfVY9egkMQlNEOQS/C0IFehAnuA9ZS0izbwtIPklQYpf+cF+/e/A+8eFDEq6ZbkbntQeDlvd+PvDwvYlRI03zVCkvLK6trxXV9Y3Nre8fY3WuKMOaYNHDIQt72kCCMBqQhqWSkHXGCfI+Rlje8zvzWI+GChsGDHEXE8VE/oD2KkVSSa9jU9pEcYMSSWgovIYV/97vUrUB6MyvpJ9CmgVwwaZ9Oi7VUd42SWTbHgPPEykkJ5Ki7xovdDXHsk0BihoToWGYknQRxSTEjqW7HgkQID1GfdBQNkE+Ek4xbSOGRUrqwF3J1VL6xOr2RIF+Ike+pySyjmPUycZHXiWXvwkloEMWSBHjyUC9mUIYwqxR2KSdYspEiCHOqskI8QBxhqYrPSrBmvzxPmpWyZZat+7NS9SqvowgOwCE4BhY4B1VwC+qgATB4Am/gA3xqz9q79qV9T0YLWr6zD/5B+/kFlUSv4w==</latexit><latexit sha1_base64="dBuKdgWU8DBWzEl7HxN1sLqGnkg=">AAACRXicbVDNS8MwHE3n16xfVY9egkMQlNEOQS/C0IFehAnuA9ZS0izbwtIPklQYpf+cF+/e/A+8eFDEq6ZbkbntQeDlvd+PvDwvYlRI03zVCkvLK6trxXV9Y3Nre8fY3WuKMOaYNHDIQt72kCCMBqQhqWSkHXGCfI+Rlje8zvzWI+GChsGDHEXE8VE/oD2KkVSSa9jU9pEcYMSSWgovIYV/97vUrUB6MyvpJ9CmgVwwaZ9Oi7VUd42SWTbHgPPEykkJ5Ki7xovdDXHsk0BihoToWGYknQRxSTEjqW7HgkQID1GfdBQNkE+Ek4xbSOGRUrqwF3J1VL6xOr2RIF+Ike+pySyjmPUycZHXiWXvwkloEMWSBHjyUC9mUIYwqxR2KSdYspEiCHOqskI8QBxhqYrPSrBmvzxPmpWyZZat+7NS9SqvowgOwCE4BhY4B1VwC+qgATB4Am/gA3xqz9q79qV9T0YLWr6zD/5B+/kFlUSv4w==</latexit><latexit sha1_base64="dBuKdgWU8DBWzEl7HxN1sLqGnkg=">AAACRXicbVDNS8MwHE3n16xfVY9egkMQlNEOQS/C0IFehAnuA9ZS0izbwtIPklQYpf+cF+/e/A+8eFDEq6ZbkbntQeDlvd+PvDwvYlRI03zVCkvLK6trxXV9Y3Nre8fY3WuKMOaYNHDIQt72kCCMBqQhqWSkHXGCfI+Rlje8zvzWI+GChsGDHEXE8VE/oD2KkVSSa9jU9pEcYMSSWgovIYV/97vUrUB6MyvpJ9CmgVwwaZ9Oi7VUd42SWTbHgPPEykkJ5Ki7xovdDXHsk0BihoToWGYknQRxSTEjqW7HgkQID1GfdBQNkE+Ek4xbSOGRUrqwF3J1VL6xOr2RIF+Ike+pySyjmPUycZHXiWXvwkloEMWSBHjyUC9mUIYwqxR2KSdYspEiCHOqskI8QBxhqYrPSrBmvzxPmpWyZZat+7NS9SqvowgOwCE4BhY4B1VwC+qgATB4Am/gA3xqz9q79qV9T0YLWr6zD/5B+/kFlUSv4w==</latexit>

Three-hadron systems

=

<latexit sha1_base64="U0123CLV5CrhuTeuTy/P85HjYQY="></latexit>

+

<latexit sha1_base64="tYl44XCan+Zp5t+LNw2iUtBDLD8="></latexit>

+

<latexit sha1_base64="tYl44XCan+Zp5t+LNw2iUtBDLD8="></latexit>

+

<latexit sha1_base64="tYl44XCan+Zp5t+LNw2iUtBDLD8="></latexit>

+

<latexit sha1_base64="tYl44XCan+Zp5t+LNw2iUtBDLD8="></latexit>

placing all 
legs on-shell

iM3 =
<latexit sha1_base64="2UMyFVxYQRVpXK5t921JUQXjvIA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQTdC0Y0boYJ9QBvCZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/sVu29/baKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFN7nceqVQsFg96klAvwkPBQkawNpJvV1k/wnpEMM/upv7ZlW/XnLozA1ombkFqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOcTiv9VNEEkzEe0p6hAkdUedks+BQdG2WAwliaJzSaqb83MhwpNYkCM5mnVIteLv7n9VIdXnoZE0mqqSDzQ2HKkY5R3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMSW4i19eJu3TuuvU3fvzWuO6qKMMh3AEJ+DCBTTgFprQAgIpPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gB7WJL0</latexit><latexit sha1_base64="2UMyFVxYQRVpXK5t921JUQXjvIA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQTdC0Y0boYJ9QBvCZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/sVu29/baKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFN7nceqVQsFg96klAvwkPBQkawNpJvV1k/wnpEMM/upv7ZlW/XnLozA1ombkFqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOcTiv9VNEEkzEe0p6hAkdUedks+BQdG2WAwliaJzSaqb83MhwpNYkCM5mnVIteLv7n9VIdXnoZE0mqqSDzQ2HKkY5R3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMSW4i19eJu3TuuvU3fvzWuO6qKMMh3AEJ+DCBTTgFprQAgIpPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gB7WJL0</latexit><latexit sha1_base64="2UMyFVxYQRVpXK5t921JUQXjvIA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQTdC0Y0boYJ9QBvCZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/sVu29/baKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFN7nceqVQsFg96klAvwkPBQkawNpJvV1k/wnpEMM/upv7ZlW/XnLozA1ombkFqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOcTiv9VNEEkzEe0p6hAkdUedks+BQdG2WAwliaJzSaqb83MhwpNYkCM5mnVIteLv7n9VIdXnoZE0mqqSDzQ2HKkY5R3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMSW4i19eJu3TuuvU3fvzWuO6qKMMh3AEJ+DCBTTgFprQAgIpPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gB7WJL0</latexit><latexit sha1_base64="2UMyFVxYQRVpXK5t921JUQXjvIA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyVRQTdC0Y0boYJ9QBvCZDpph04mYWYi1NAvceNCEbd+ijv/xkmbhbYeGDiccy/3zAkSzpR2nG+rtLK6tr5R3qxsbe/sVu29/baKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvFN7nceqVQsFg96klAvwkPBQkawNpJvV1k/wnpEMM/upv7ZlW/XnLozA1ombkFqUKDp21/9QUzSiApNOFaq5zqJ9jIsNSOcTiv9VNEEkzEe0p6hAkdUedks+BQdG2WAwliaJzSaqb83MhwpNYkCM5mnVIteLv7n9VIdXnoZE0mqqSDzQ2HKkY5R3gIaMEmJ5hNDMJHMZEVkhCUm2nRVMSW4i19eJu3TuuvU3fvzWuO6qKMMh3AEJ+DCBTTgFprQAgIpPMMrvFlP1ov1bn3MR0tWsXMAf2B9/gB7WJL0</latexit>

L =
1

3
+M2⇢�D⇢

<latexit sha1_base64="IGaLwPnHCeZWHP64bNrcoye16nQ=">AAACI3icbVDLSsNAFJ34rPUVdekmWBRBLEkVFEEo6sKFQgX7gCaEyXTSDp1MwsxEKCH/4sZfceNCKW5c+C9O2lC09cDAmXPu5d57vIgSIU3zS5ubX1hcWi6sFFfX1jc29a3thghjjnAdhTTkLQ8KTAnDdUkkxa2IYxh4FDe9/nXmN58wFyRkj3IQYSeAXUZ8gqBUkqtf2AGUPQRpcpceXNo+hyix0uQkPZoY96lbsXkvPJ4oN2n2d/WSWTZHMGaJlZMSyFFz9aHdCVEcYCYRhUK0LTOSTgK5JIjitGjHAkcQ9WEXtxVlMMDCSUY3psa+UjqGH3L1mDRG6u+OBAZCDAJPVWZrimkvE//z2rH0z52EsCiWmKHxID+mhgyNLDCjQzhGkg4UgYgTtauBelDlJFWsRRWCNX3yLGlUypZZth5OS9WrPI4C2AV74BBY4AxUwS2ogTpA4Bm8gnfwob1ob9pQ+xyXzml5zw74A+37By61pTg=</latexit><latexit sha1_base64="IGaLwPnHCeZWHP64bNrcoye16nQ=">AAACI3icbVDLSsNAFJ34rPUVdekmWBRBLEkVFEEo6sKFQgX7gCaEyXTSDp1MwsxEKCH/4sZfceNCKW5c+C9O2lC09cDAmXPu5d57vIgSIU3zS5ubX1hcWi6sFFfX1jc29a3thghjjnAdhTTkLQ8KTAnDdUkkxa2IYxh4FDe9/nXmN58wFyRkj3IQYSeAXUZ8gqBUkqtf2AGUPQRpcpceXNo+hyix0uQkPZoY96lbsXkvPJ4oN2n2d/WSWTZHMGaJlZMSyFFz9aHdCVEcYCYRhUK0LTOSTgK5JIjitGjHAkcQ9WEXtxVlMMDCSUY3psa+UjqGH3L1mDRG6u+OBAZCDAJPVWZrimkvE//z2rH0z52EsCiWmKHxID+mhgyNLDCjQzhGkg4UgYgTtauBelDlJFWsRRWCNX3yLGlUypZZth5OS9WrPI4C2AV74BBY4AxUwS2ogTpA4Bm8gnfwob1ob9pQ+xyXzml5zw74A+37By61pTg=</latexit><latexit sha1_base64="IGaLwPnHCeZWHP64bNrcoye16nQ=">AAACI3icbVDLSsNAFJ34rPUVdekmWBRBLEkVFEEo6sKFQgX7gCaEyXTSDp1MwsxEKCH/4sZfceNCKW5c+C9O2lC09cDAmXPu5d57vIgSIU3zS5ubX1hcWi6sFFfX1jc29a3thghjjnAdhTTkLQ8KTAnDdUkkxa2IYxh4FDe9/nXmN58wFyRkj3IQYSeAXUZ8gqBUkqtf2AGUPQRpcpceXNo+hyix0uQkPZoY96lbsXkvPJ4oN2n2d/WSWTZHMGaJlZMSyFFz9aHdCVEcYCYRhUK0LTOSTgK5JIjitGjHAkcQ9WEXtxVlMMDCSUY3psa+UjqGH3L1mDRG6u+OBAZCDAJPVWZrimkvE//z2rH0z52EsCiWmKHxID+mhgyNLDCjQzhGkg4UgYgTtauBelDlJFWsRRWCNX3yLGlUypZZth5OS9WrPI4C2AV74BBY4AxUwS2ogTpA4Bm8gnfwob1ob9pQ+xyXzml5zw74A+37By61pTg=</latexit><latexit sha1_base64="IGaLwPnHCeZWHP64bNrcoye16nQ=">AAACI3icbVDLSsNAFJ34rPUVdekmWBRBLEkVFEEo6sKFQgX7gCaEyXTSDp1MwsxEKCH/4sZfceNCKW5c+C9O2lC09cDAmXPu5d57vIgSIU3zS5ubX1hcWi6sFFfX1jc29a3thghjjnAdhTTkLQ8KTAnDdUkkxa2IYxh4FDe9/nXmN58wFyRkj3IQYSeAXUZ8gqBUkqtf2AGUPQRpcpceXNo+hyix0uQkPZoY96lbsXkvPJ4oN2n2d/WSWTZHMGaJlZMSyFFz9aHdCVEcYCYRhUK0LTOSTgK5JIjitGjHAkcQ9WEXtxVlMMDCSUY3psa+UjqGH3L1mDRG6u+OBAZCDAJPVWZrimkvE//z2rH0z52EsCiWmKHxID+mhgyNLDCjQzhGkg4UgYgTtauBelDlJFWsRRWCNX3yLGlUypZZth5OS9WrPI4C2AV74BBY4AxUwS2ogTpA4Bm8gnfwob1ob9pQ+xyXzml5zw74A+37By61pTg=</latexit>

F1
3 =

Z
⇢L

<latexit sha1_base64="SupuwxYbAK+52QlMzPmdsguCagQ=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQq6EYoCuLCRQX7gCaWyXTSDp1kwsxECKEf4MZfceNCEbd+gDv/xknbhbYeGDiccy5z7/FjzpS27W+rsLC4tLxSXC2trW9sbpW3d5pKJJLQBhFcyLaPFeUsog3NNKftWFIc+py2/OFl7rceqFRMRHc6jakX4n7EAkawNlK3XLnqHt+7LAp0is6RIRq5ciCQG2I9IJhnN6OSSdlVeww0T5wpqcAU9W75y+0JkoQ00oRjpTqOHWsvw1Izwumo5CaKxpgMcZ92DI1wSJWXjY8ZoQOj9FAgpHlmm7H6eyLDoVJp6JtkvqOa9XLxP6+T6ODMy1gUJ5pGZPJRkHCkBcqbQT0mKdE8NQQTycyuiAywxESb/vISnNmT50nzqOrYVef2pFK7mNZRhD3Yh0Nw4BRqcA11aACBR3iGV3iznqwX6936mEQL1nRmF/7A+vwBAs6aUg==</latexit><latexit sha1_base64="SupuwxYbAK+52QlMzPmdsguCagQ=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQq6EYoCuLCRQX7gCaWyXTSDp1kwsxECKEf4MZfceNCEbd+gDv/xknbhbYeGDiccy5z7/FjzpS27W+rsLC4tLxSXC2trW9sbpW3d5pKJJLQBhFcyLaPFeUsog3NNKftWFIc+py2/OFl7rceqFRMRHc6jakX4n7EAkawNlK3XLnqHt+7LAp0is6RIRq5ciCQG2I9IJhnN6OSSdlVeww0T5wpqcAU9W75y+0JkoQ00oRjpTqOHWsvw1Izwumo5CaKxpgMcZ92DI1wSJWXjY8ZoQOj9FAgpHlmm7H6eyLDoVJp6JtkvqOa9XLxP6+T6ODMy1gUJ5pGZPJRkHCkBcqbQT0mKdE8NQQTycyuiAywxESb/vISnNmT50nzqOrYVef2pFK7mNZRhD3Yh0Nw4BRqcA11aACBR3iGV3iznqwX6936mEQL1nRmF/7A+vwBAs6aUg==</latexit><latexit sha1_base64="SupuwxYbAK+52QlMzPmdsguCagQ=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQq6EYoCuLCRQX7gCaWyXTSDp1kwsxECKEf4MZfceNCEbd+gDv/xknbhbYeGDiccy5z7/FjzpS27W+rsLC4tLxSXC2trW9sbpW3d5pKJJLQBhFcyLaPFeUsog3NNKftWFIc+py2/OFl7rceqFRMRHc6jakX4n7EAkawNlK3XLnqHt+7LAp0is6RIRq5ciCQG2I9IJhnN6OSSdlVeww0T5wpqcAU9W75y+0JkoQ00oRjpTqOHWsvw1Izwumo5CaKxpgMcZ92DI1wSJWXjY8ZoQOj9FAgpHlmm7H6eyLDoVJp6JtkvqOa9XLxP6+T6ODMy1gUJ5pGZPJRkHCkBcqbQT0mKdE8NQQTycyuiAywxESb/vISnNmT50nzqOrYVef2pFK7mNZRhD3Yh0Nw4BRqcA11aACBR3iGV3iznqwX6936mEQL1nRmF/7A+vwBAs6aUg==</latexit><latexit sha1_base64="SupuwxYbAK+52QlMzPmdsguCagQ=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiQq6EYoCuLCRQX7gCaWyXTSDp1kwsxECKEf4MZfceNCEbd+gDv/xknbhbYeGDiccy5z7/FjzpS27W+rsLC4tLxSXC2trW9sbpW3d5pKJJLQBhFcyLaPFeUsog3NNKftWFIc+py2/OFl7rceqFRMRHc6jakX4n7EAkawNlK3XLnqHt+7LAp0is6RIRq5ciCQG2I9IJhnN6OSSdlVeww0T5wpqcAU9W75y+0JkoQ00oRjpTqOHWsvw1Izwumo5CaKxpgMcZ92DI1wSJWXjY8ZoQOj9FAgpHlmm7H6eyLDoVJp6JtkvqOa9XLxP6+T6ODMy1gUJ5pGZPJRkHCkBcqbQT0mKdE8NQQTycyuiAywxESb/vISnNmT50nzqOrYVef2pFK7mNZRhD3Yh0Nw4BRqcA11aACBR3iGV3iznqwX6936mEQL1nRmF/7A+vwBAs6aUg==</latexit>

Infinite Minkowski spacetime

Satisfies integral equations:

[isotropic approximation]iD + iL 1

K�1
3 + F1

3

L
<latexit sha1_base64="C29urc2xScEHLuEAslEhqTIRRWk="></latexit><latexit sha1_base64="C29urc2xScEHLuEAslEhqTIRRWk="></latexit><latexit sha1_base64="C29urc2xScEHLuEAslEhqTIRRWk="></latexit><latexit sha1_base64="C29urc2xScEHLuEAslEhqTIRRWk="></latexit>

It is convenient to introduce D = M2 dM2
<latexit sha1_base64="Q2xWcCxgiXkbnzraU1B2FeN5Oqo=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwISUpgm6Eoi7cCBXsA5oQJpNJO3QyCTMToYT+hht/xY0LRVzqyr9x0gaxrQdmOJxzL/fe4yeMSmVZ30ZpaXllda28XtnY3NreMXf32jJOBSYtHLNYdH0kCaOctBRVjHQTQVDkM9Lxh1e533kgQtKY36tRQtwI9TkNKUZKS55pORFSA4xYdj2++OW3Y68OnRMY5N+s6plVq2ZNABeJXZAqKND0zE8niHEaEa4wQ1L2bCtRboaEopiRccVJJUkQHqI+6WnKUUSkm00uG8MjrQQwjIV+XMGJ+rcjQ5GUo8jXlfmWct7Lxf+8XqrCczejPEkV4Xg6KEwZVDHMY4IBFQQrNtIEYUH1rhAPkEBY6TArOgR7/uRF0q7XbKtm351WG5dFHGVwAA7BMbDBGWiAG9AELYDBI3gGr+DNeDJejHfjY1paMoqefTAD4+sHpo2fZg==</latexit><latexit sha1_base64="Q2xWcCxgiXkbnzraU1B2FeN5Oqo=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwISUpgm6Eoi7cCBXsA5oQJpNJO3QyCTMToYT+hht/xY0LRVzqyr9x0gaxrQdmOJxzL/fe4yeMSmVZ30ZpaXllda28XtnY3NreMXf32jJOBSYtHLNYdH0kCaOctBRVjHQTQVDkM9Lxh1e533kgQtKY36tRQtwI9TkNKUZKS55pORFSA4xYdj2++OW3Y68OnRMY5N+s6plVq2ZNABeJXZAqKND0zE8niHEaEa4wQ1L2bCtRboaEopiRccVJJUkQHqI+6WnKUUSkm00uG8MjrQQwjIV+XMGJ+rcjQ5GUo8jXlfmWct7Lxf+8XqrCczejPEkV4Xg6KEwZVDHMY4IBFQQrNtIEYUH1rhAPkEBY6TArOgR7/uRF0q7XbKtm351WG5dFHGVwAA7BMbDBGWiAG9AELYDBI3gGr+DNeDJejHfjY1paMoqefTAD4+sHpo2fZg==</latexit><latexit sha1_base64="Q2xWcCxgiXkbnzraU1B2FeN5Oqo=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwISUpgm6Eoi7cCBXsA5oQJpNJO3QyCTMToYT+hht/xY0LRVzqyr9x0gaxrQdmOJxzL/fe4yeMSmVZ30ZpaXllda28XtnY3NreMXf32jJOBSYtHLNYdH0kCaOctBRVjHQTQVDkM9Lxh1e533kgQtKY36tRQtwI9TkNKUZKS55pORFSA4xYdj2++OW3Y68OnRMY5N+s6plVq2ZNABeJXZAqKND0zE8niHEaEa4wQ1L2bCtRboaEopiRccVJJUkQHqI+6WnKUUSkm00uG8MjrQQwjIV+XMGJ+rcjQ5GUo8jXlfmWct7Lxf+8XqrCczejPEkV4Xg6KEwZVDHMY4IBFQQrNtIEYUH1rhAPkEBY6TArOgR7/uRF0q7XbKtm351WG5dFHGVwAA7BMbDBGWiAG9AELYDBI3gGr+DNeDJejHfjY1paMoqefTAD4+sHpo2fZg==</latexit><latexit sha1_base64="Q2xWcCxgiXkbnzraU1B2FeN5Oqo=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwISUpgm6Eoi7cCBXsA5oQJpNJO3QyCTMToYT+hht/xY0LRVzqyr9x0gaxrQdmOJxzL/fe4yeMSmVZ30ZpaXllda28XtnY3NreMXf32jJOBSYtHLNYdH0kCaOctBRVjHQTQVDkM9Lxh1e533kgQtKY36tRQtwI9TkNKUZKS55pORFSA4xYdj2++OW3Y68OnRMY5N+s6plVq2ZNABeJXZAqKND0zE8niHEaEa4wQ1L2bCtRboaEopiRccVJJUkQHqI+6WnKUUSkm00uG8MjrQQwjIV+XMGJ+rcjQ5GUo8jXlfmWct7Lxf+8XqrCczejPEkV4Xg6KEwZVDHMY4IBFQQrNtIEYUH1rhAPkEBY6TArOgR7/uRF0q7XbKtm351WG5dFHGVwAA7BMbDBGWiAG9AELYDBI3gGr+DNeDJejHfjY1paMoqefTAD4+sHpo2fZg==</latexit>

where d = �G�
Z

GM2D
<latexit sha1_base64="oylcK6VPJI4ER9ca1j1ONK3Glkw=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwYUtSBN0IRYW6ESrYVmhCmEwm7dDJg5mJUEJ+w42/4saFIi515d84aYNo64GBM+feyz33uDGjQhrGl1ZaWFxaXimvVtbWNza39O2drogSjkkHRyzidy4ShNGQdCSVjNzFnKDAZaTnji7yeu+ecEGj8FaOY2IHaBBSn2IkleToRupl8AzWWrBSgxYNJWxZR1aA5BAjll5nTgNC+PO/zCqOXjXqxgRwnpgFqYICbUf/sLwIJwEJJWZIiL5pxNJOEZcUM5JVrESQGOERGpC+oiEKiLDTyWUZPFCKB/2Iq6e8TdTfEykKhBgHrurMPYrZWi7+V+sn0j+1UxrGiSQhni7yEwZlBPOYoEc5wZKNFUGYU+UV4iHiCEsVZh6COXvyPOk26qZRN2+Oq83zIo4y2AP74BCY4AQ0wRVogw7A4AE8gRfwqj1qz9qb9j5tLWnFzC74A+3zG/Btnc0=</latexit><latexit sha1_base64="oylcK6VPJI4ER9ca1j1ONK3Glkw=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwYUtSBN0IRYW6ESrYVmhCmEwm7dDJg5mJUEJ+w42/4saFIi515d84aYNo64GBM+feyz33uDGjQhrGl1ZaWFxaXimvVtbWNza39O2drogSjkkHRyzidy4ShNGQdCSVjNzFnKDAZaTnji7yeu+ecEGj8FaOY2IHaBBSn2IkleToRupl8AzWWrBSgxYNJWxZR1aA5BAjll5nTgNC+PO/zCqOXjXqxgRwnpgFqYICbUf/sLwIJwEJJWZIiL5pxNJOEZcUM5JVrESQGOERGpC+oiEKiLDTyWUZPFCKB/2Iq6e8TdTfEykKhBgHrurMPYrZWi7+V+sn0j+1UxrGiSQhni7yEwZlBPOYoEc5wZKNFUGYU+UV4iHiCEsVZh6COXvyPOk26qZRN2+Oq83zIo4y2AP74BCY4AQ0wRVogw7A4AE8gRfwqj1qz9qb9j5tLWnFzC74A+3zG/Btnc0=</latexit><latexit sha1_base64="oylcK6VPJI4ER9ca1j1ONK3Glkw=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwYUtSBN0IRYW6ESrYVmhCmEwm7dDJg5mJUEJ+w42/4saFIi515d84aYNo64GBM+feyz33uDGjQhrGl1ZaWFxaXimvVtbWNza39O2drogSjkkHRyzidy4ShNGQdCSVjNzFnKDAZaTnji7yeu+ecEGj8FaOY2IHaBBSn2IkleToRupl8AzWWrBSgxYNJWxZR1aA5BAjll5nTgNC+PO/zCqOXjXqxgRwnpgFqYICbUf/sLwIJwEJJWZIiL5pxNJOEZcUM5JVrESQGOERGpC+oiEKiLDTyWUZPFCKB/2Iq6e8TdTfEykKhBgHrurMPYrZWi7+V+sn0j+1UxrGiSQhni7yEwZlBPOYoEc5wZKNFUGYU+UV4iHiCEsVZh6COXvyPOk26qZRN2+Oq83zIo4y2AP74BCY4AQ0wRVogw7A4AE8gRfwqj1qz9qb9j5tLWnFzC74A+3zG/Btnc0=</latexit><latexit sha1_base64="oylcK6VPJI4ER9ca1j1ONK3Glkw=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwYUtSBN0IRYW6ESrYVmhCmEwm7dDJg5mJUEJ+w42/4saFIi515d84aYNo64GBM+feyz33uDGjQhrGl1ZaWFxaXimvVtbWNza39O2drogSjkkHRyzidy4ShNGQdCSVjNzFnKDAZaTnji7yeu+ecEGj8FaOY2IHaBBSn2IkleToRupl8AzWWrBSgxYNJWxZR1aA5BAjll5nTgNC+PO/zCqOXjXqxgRwnpgFqYICbUf/sLwIJwEJJWZIiL5pxNJOEZcUM5JVrESQGOERGpC+oiEKiLDTyWUZPFCKB/2Iq6e8TdTfEykKhBgHrurMPYrZWi7+V+sn0j+1UxrGiSQhni7yEwZlBPOYoEc5wZKNFUGYU+UV4iHiCEsVZh6COXvyPOk26qZRN2+Oq83zIo4y2AP74BCY4AQ0wRVogw7A4AE8gRfwqj1qz9qb9j5tLWnFzC74A+3zG/Btnc0=</latexit>



Integral equations
We need to solve:

Need to resort to numerical solutions. 

d(p0, s,p) = �G(p0, s,p)�
Z qmax

0

d3q

(2⇡)32!q
G(p0, s,q)M2(q, s) d(q, s,p)

<latexit sha1_base64="Xu8Y+Jjm618gKYcT1wCyvsJgddY="></latexit><latexit sha1_base64="Xu8Y+Jjm618gKYcT1wCyvsJgddY="></latexit><latexit sha1_base64="Xu8Y+Jjm618gKYcT1wCyvsJgddY="></latexit><latexit sha1_base64="Xu8Y+Jjm618gKYcT1wCyvsJgddY="></latexit>

“integration kernel”



Integral equations
We need to solve:

Need to resort to numerical solutions. 

There are three correlated challenges we will focus on and address:
3D integral equation, 
need to project to angular momentum and parity, 
integration kernel is generally singular. 

Starting assumption: the scattering amplitude satisfies the “whole” complex plane, including 
unphysical sheets. 

d(p0, s,p) = �G(p0, s,p)�
Z qmax

0

d3q

(2⇡)32!q
G(p0, s,q)M2(q, s) d(q, s,p)

<latexit sha1_base64="Xu8Y+Jjm618gKYcT1wCyvsJgddY="></latexit><latexit sha1_base64="Xu8Y+Jjm618gKYcT1wCyvsJgddY="></latexit><latexit sha1_base64="Xu8Y+Jjm618gKYcT1wCyvsJgddY="></latexit><latexit sha1_base64="Xu8Y+Jjm618gKYcT1wCyvsJgddY="></latexit>



The one-particle exchange is one of the main sources of singularities.
Let us consider the case where :ℓ = 0

Partial wave projections

<latexit sha1_base64="Xga5PsRvcX7/W5IZUxJXISuVRxw="></latexit>p

ℓ′ = 0

<latexit sha1_base64="z8ZI6xV/4WjH2JyX9Jqs5ERPOZc="></latexit>

k
⇠ G(p,k) =

1

(E � !k � !p)� (p+ k)2 �m2 + i✏

=
1

(E � !k � !p)� k2 � p2 �m2 � 2pk cos ✓ + i✏
<latexit sha1_base64="ihT6XA7Q9E4WMD8vLVFkfDhTcdk="></latexit><latexit sha1_base64="ihT6XA7Q9E4WMD8vLVFkfDhTcdk="></latexit><latexit sha1_base64="ihT6XA7Q9E4WMD8vLVFkfDhTcdk="></latexit><latexit sha1_base64="ihT6XA7Q9E4WMD8vLVFkfDhTcdk="></latexit>



The one-particle exchange is one of the main sources of singularities.
Let us consider the case where :

Projecting to total  amounts to integrating over all angles:

ℓ = 0

J = 0

Partial wave projections

<latexit sha1_base64="Xga5PsRvcX7/W5IZUxJXISuVRxw="></latexit>p

ℓ′ = 0

<latexit sha1_base64="Xga5PsRvcX7/W5IZUxJXISuVRxw="></latexit>p

ℓ′ = 0

L = 0

<latexit sha1_base64="z8ZI6xV/4WjH2JyX9Jqs5ERPOZc="></latexit>

k

<latexit sha1_base64="z8ZI6xV/4WjH2JyX9Jqs5ERPOZc="></latexit>

k

⇠ G(p, k) =
1

2

Z 1

�1
d cos ✓G(p,k) = � 1

4pk
log

zpk � 1

zpk + 1
<latexit sha1_base64="s46JKRykIvM+uggiF3mUxiuvdy8="></latexit><latexit sha1_base64="s46JKRykIvM+uggiF3mUxiuvdy8="></latexit><latexit sha1_base64="s46JKRykIvM+uggiF3mUxiuvdy8="></latexit><latexit sha1_base64="s46JKRykIvM+uggiF3mUxiuvdy8="></latexit>

⇠ G(p,k) =
1

(E � !k � !p)� (p+ k)2 �m2 + i✏

=
1

(E � !k � !p)� k2 � p2 �m2 � 2pk cos ✓ + i✏
<latexit sha1_base64="ihT6XA7Q9E4WMD8vLVFkfDhTcdk="></latexit><latexit sha1_base64="ihT6XA7Q9E4WMD8vLVFkfDhTcdk="></latexit><latexit sha1_base64="ihT6XA7Q9E4WMD8vLVFkfDhTcdk="></latexit><latexit sha1_base64="ihT6XA7Q9E4WMD8vLVFkfDhTcdk="></latexit>

z(p, k) =
(E � !k � !p)2 � k2 � p2 �m2

2pk
<latexit sha1_base64="kK5jkPCJHZG4otjmFo3xxwMNO+A="></latexit><latexit sha1_base64="kK5jkPCJHZG4otjmFo3xxwMNO+A="></latexit><latexit sha1_base64="kK5jkPCJHZG4otjmFo3xxwMNO+A="></latexit><latexit sha1_base64="kK5jkPCJHZG4otjmFo3xxwMNO+A="></latexit>



The one-particle exchange is one of the main sources of singularities.
Let us consider the case where :

Projecting to total  amounts to integrating over all angles:

Cut parametrization:

ℓ = 0

J = 0

Partial wave projections

<latexit sha1_base64="Xga5PsRvcX7/W5IZUxJXISuVRxw="></latexit>p

ℓ′ = 0

<latexit sha1_base64="Xga5PsRvcX7/W5IZUxJXISuVRxw="></latexit>p

ℓ′ = 0

L = 0

<latexit sha1_base64="z8ZI6xV/4WjH2JyX9Jqs5ERPOZc="></latexit>

k

<latexit sha1_base64="z8ZI6xV/4WjH2JyX9Jqs5ERPOZc="></latexit>

k

⇠ G(p,k) =
1

(E � !k � !p)� (p+ k)2 �m2 + i✏

=
1

(E � !k � !p)� k2 � p2 �m2 � 2pk cos ✓ + i✏
<latexit sha1_base64="ihT6XA7Q9E4WMD8vLVFkfDhTcdk="></latexit><latexit sha1_base64="ihT6XA7Q9E4WMD8vLVFkfDhTcdk="></latexit><latexit sha1_base64="ihT6XA7Q9E4WMD8vLVFkfDhTcdk="></latexit><latexit sha1_base64="ihT6XA7Q9E4WMD8vLVFkfDhTcdk="></latexit>

z(p, k) =
(E � !k � !p)2 � k2 � p2 �m2

2pk
<latexit sha1_base64="kK5jkPCJHZG4otjmFo3xxwMNO+A="></latexit><latexit sha1_base64="kK5jkPCJHZG4otjmFo3xxwMNO+A="></latexit><latexit sha1_base64="kK5jkPCJHZG4otjmFo3xxwMNO+A="></latexit><latexit sha1_base64="kK5jkPCJHZG4otjmFo3xxwMNO+A="></latexit>

(E � !k � !p)� k2 � p2 �m2 � 2pkx = 0
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x = [�1, 1]
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⇠ G(p, k) =
1

2

Z 1

�1
d cos ✓G(p,k) = � 1

4pk
log

zpk � 1

zpk + 1
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Integral equations
We started with:

After partial wave projection, we get:

We’ve now addressed two of three parts:
3D integral equation, 
need to project to angular momentum and parity, 
integration kernel is generally singular. 

d(p0, s,p) = �G(p0, s,p)�
Z qmax

0

d3q

(2⇡)32!q
G(p0, s,q)M2(q, s) d(q, s,p)
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d(p0, s, p) = �G(p0, s, p)�
Z qmax

0

dq q2

(2⇡)2!q
G(p0, s, q)M2(q, s) d(q, s, p)
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[
]

the singularities of the kernel and the 3body amplitude 
depend on the two-particle scattering amplitude

“integration kernel”

]



outline
an example of the full procedure being done
integral equations
angular momentum projection
toy model calculations
consistency checks and the breakdown of Lüscher
Efimov physics 

Romero-López, Sharpe, Blanton, RB, & Hansen (2019) 
Hansen, RB, Edwards, Thomas, & Wilson (2020) 
Jackura, RB, Dawid, Islam, & McCarty (2020)
Dawid, Islam, & RB (2023)
Jackura, RB (to appear)
Dawid, RB, Islam, Jackura,  (to appear)



A very interesting example
Consider a theory with a two-body bound state:

 Arguably the most singular example, 
 testing formalism,
 exploring Efimov physics, 
 towards nuclear physics, 
 …

Can get a bound state using the effective range expansion at leading order:

 
 if , can have a pole at , 
 bound-state mass ,

M2(s) ⇠
1

q cot �(s)� iq
=

1

� 1
a � iq
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a > 0 q = iκ = i/a
mb = 2 m2 − 1/a2



The singularity landscape

(m + mb)2 (3m)2
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Im[s]

(m2
b − m2)2

m2

m2 + 2m2
b

three-body threshold

bound state ( ) -spectator ( ) thresholdb φ



The singularity landscape

(m + mb)2 (3m)2
Re[s]

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>
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b

three-body threshold

bound state ( ) -spectator ( ) thresholdb φ

possible three-body bound states [“trimers”]



The singularity landscape

(m + mb)2 (3m)2
Re[s]

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit> <latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

Im[s]

(m2
b − m2)2

m2

m2 + 2m2
b

three-body threshold

bound state ( ) -spectator ( ) thresholdb φ

possible three-body bound states [“trimers”]

left-hand (logarithmic) cut



The singularity landscape

(m + mb)2 (3m)2
Re[s]

(
<latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit><latexit sha1_base64="eTq1/s9f4/oEOSlTeQSU6pI7d14=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWR2UK27NXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqx5bs1rXlXqt3kcRTiDc6iCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AbPmMrA==</latexit>

(
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Im[s]

(m2
b − m2)2

m2

m2 + 2m2
b

three-body/two-body duality
We must be able to describe this system as both 

a three-body and as a two-body system below 
the three-body threshold. 



Obtaining the  amplitudeb + φ
We can obtaine the  amplitudes using LSZ:M'b
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 Two-body bound state:

                                             

 Bound state / spectator scattering amplitude

∼ ∼
−g2

s − m2
b

M'b(s) =
1

K�1
'b (s)� i⇢'b

= lim
�k,�p!m2

b

D(s, k, p)
(�k �m2

b)(�p �m2
b)

g2

= lim
�k,�p!m2

b

d(s, k, p)g2
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M2(s) =
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(ωqb
, qb)

(E − ωqb
, − qb)

[“on-shell momentum”]



Solving integral equations

Jackura, RB, Dawid, Islam, & McCarty (2020)
Dawid, Islam, & RB (2023)

Deform contour to miss singularities and discretize momenta
sometimes useful // sometimes critical

Discretize momenta: d(p0, s, p) = �G(p0, s, p)�
Z qmax

0

dq q2

(2⇡)2!q
G(p0, s, q)M2(q, s) d(q, s, p)

⇡ �G(p0, s, p)�
qmaxX

q=0

K(p0, s, q) d(q, s, p)
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[contains pole, logarithmic and square root cuts]



Solving integral equations

Jackura, RB, Dawid, Islam, & McCarty (2020)
Dawid, Islam, & RB (2023)

Deform contour to miss singularities and discretize momenta
sometimes useful // sometimes critical

Discretize momenta:

Use linear algebra:  

d(p0, s, p) = �G(p0, s, p)�
Z qmax

0

dq q2

(2⇡)2!q
G(p0, s, q)M2(q, s) d(q, s, p)

⇡ �G(p0, s, p)�
qmaxX

q=0

K(p0, s, q) d(q, s, p)
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[1 +K] · ~dsol(s, p) = � ~G(s, p)
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Solving integral equations

Jackura, RB, Dawid, Islam, & McCarty (2020)
Dawid, Islam, & RB (2023)

Deform contour to miss singularities and discretize momenta
sometimes useful // sometimes critical

Discretize momenta:

Use linear algebra:  

Use integral equation to interpolate or extrapolate:

d(p0, s, p) = �G(p0, s, p)�
Z qmax

0

dq q2

(2⇡)2!q
G(p0, s, q)M2(q, s) d(q, s, p)

⇡ �G(p0, s, p)�
qmaxX

q=0

K(p0, s, q) d(q, s, p)
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[1 +K] · ~dsol(s, p) = � ~G(s, p)
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d(p0, s, p) ⇡ �G(p0, s, p)� ~K(p0, s) · ~dsol(s, p)
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convergence tests
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Contour plot of ImM2((P � q)2)
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[pole in the two-body amplitude as a 
function of the spectator  ]
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Contour plot of ImM2((P � q)2)
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Contour plot of ImM2((P � q)2)
<latexit sha1_base64="kBebvz8qMNDYMTT7rjBSH7G64IM=">AAACCnicbVDLSsNAFJ34rPUVdelmtAjtwpIUQZdFN7oQKtgHNDFMptN26EwSZyZCCVm78VfcuFDErV/gzr9x0mahrQcuHM65l3vv8SNGpbKsb2NhcWl5ZbWwVlzf2NzaNnd2WzKMBSZNHLJQdHwkCaMBaSqqGOlEgiDuM9L2RxeZ334gQtIwuFXjiLgcDQLapxgpLXnmQeIIDq94Ch2O1BAjllynXg2WYblxfF+5q1U8s2RVrQngPLFzUgI5Gp755fRCHHMSKMyQlF3bipSbIKEoZiQtOrEkEcIjNCBdTQPEiXSTySspPNJKD/ZDoStQcKL+nkgQl3LMfd2Z3StnvUz8z+vGqn/mJjSIYkUCPF3UjxlUIcxygT0qCFZsrAnCgupbIR4igbDS6RV1CPbsy/OkVavaVtW+OSnVz/M4CmAfHIIysMEpqINL0ABNgMEjeAav4M14Ml6Md+Nj2rpg5DN74A+Mzx8Q/5iK</latexit><latexit sha1_base64="kBebvz8qMNDYMTT7rjBSH7G64IM=">AAACCnicbVDLSsNAFJ34rPUVdelmtAjtwpIUQZdFN7oQKtgHNDFMptN26EwSZyZCCVm78VfcuFDErV/gzr9x0mahrQcuHM65l3vv8SNGpbKsb2NhcWl5ZbWwVlzf2NzaNnd2WzKMBSZNHLJQdHwkCaMBaSqqGOlEgiDuM9L2RxeZ334gQtIwuFXjiLgcDQLapxgpLXnmQeIIDq94Ch2O1BAjllynXg2WYblxfF+5q1U8s2RVrQngPLFzUgI5Gp755fRCHHMSKMyQlF3bipSbIKEoZiQtOrEkEcIjNCBdTQPEiXSTySspPNJKD/ZDoStQcKL+nkgQl3LMfd2Z3StnvUz8z+vGqn/mJjSIYkUCPF3UjxlUIcxygT0qCFZsrAnCgupbIR4igbDS6RV1CPbsy/OkVavaVtW+OSnVz/M4CmAfHIIysMEpqINL0ABNgMEjeAav4M14Ml6Md+Nj2rpg5DN74A+Mzx8Q/5iK</latexit><latexit sha1_base64="kBebvz8qMNDYMTT7rjBSH7G64IM=">AAACCnicbVDLSsNAFJ34rPUVdelmtAjtwpIUQZdFN7oQKtgHNDFMptN26EwSZyZCCVm78VfcuFDErV/gzr9x0mahrQcuHM65l3vv8SNGpbKsb2NhcWl5ZbWwVlzf2NzaNnd2WzKMBSZNHLJQdHwkCaMBaSqqGOlEgiDuM9L2RxeZ334gQtIwuFXjiLgcDQLapxgpLXnmQeIIDq94Ch2O1BAjllynXg2WYblxfF+5q1U8s2RVrQngPLFzUgI5Gp755fRCHHMSKMyQlF3bipSbIKEoZiQtOrEkEcIjNCBdTQPEiXSTySspPNJKD/ZDoStQcKL+nkgQl3LMfd2Z3StnvUz8z+vGqn/mJjSIYkUCPF3UjxlUIcxygT0qCFZsrAnCgupbIR4igbDS6RV1CPbsy/OkVavaVtW+OSnVz/M4CmAfHIIysMEpqINL0ABNgMEjeAav4M14Ml6Md+Nj2rpg5DN74A+Mzx8Q/5iK</latexit><latexit sha1_base64="kBebvz8qMNDYMTT7rjBSH7G64IM=">AAACCnicbVDLSsNAFJ34rPUVdelmtAjtwpIUQZdFN7oQKtgHNDFMptN26EwSZyZCCVm78VfcuFDErV/gzr9x0mahrQcuHM65l3vv8SNGpbKsb2NhcWl5ZbWwVlzf2NzaNnd2WzKMBSZNHLJQdHwkCaMBaSqqGOlEgiDuM9L2RxeZ334gQtIwuFXjiLgcDQLapxgpLXnmQeIIDq94Ch2O1BAjllynXg2WYblxfF+5q1U8s2RVrQngPLFzUgI5Gp755fRCHHMSKMyQlF3bipSbIKEoZiQtOrEkEcIjNCBdTQPEiXSTySspPNJKD/ZDoStQcKL+nkgQl3LMfd2Z3StnvUz8z+vGqn/mJjSIYkUCPF3UjxlUIcxygT0qCFZsrAnCgupbIR4igbDS6RV1CPbsy/OkVavaVtW+OSnVz/M4CmAfHIIysMEpqINL0ABNgMEjeAav4M14Ml6Md+Nj2rpg5DN74A+Mzx8Q/5iK</latexit>
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<latexit sha1_base64="Qvbi3/1RaDbpEscNn/ovhGXjc0A=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU90VQY9FL3qrYD9gu5Rsmm1Dk+w2yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC4d3Mb42p0iyWT2aS0EDgvmQRI9hYKcg6SqAHMfVHwYXolitu1Z0DrRIvJxXIUe+Wvzq9mKSCSkM41tr33MQEGVaGEU6npU6qaYLJEPepb6nEguogmx89RWdW6aEoVrakQXP190SGhdYTEdpOgc1AL3sz8T/PT010E2RMJqmhkiwWRSlHJkazBFCPKUoMn1iCiWL2VkQGWGFibE4lG4K3/PIqaV5WPbfqPV5Vard5HEU4gVM4Bw+uoQb3UIcGEBjBM7zCmzN2Xpx352PRWnDymWP4A+fzB1Hzkco=</latexit><latexit sha1_base64="Qvbi3/1RaDbpEscNn/ovhGXjc0A=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU90VQY9FL3qrYD9gu5Rsmm1Dk+w2yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC4d3Mb42p0iyWT2aS0EDgvmQRI9hYKcg6SqAHMfVHwYXolitu1Z0DrRIvJxXIUe+Wvzq9mKSCSkM41tr33MQEGVaGEU6npU6qaYLJEPepb6nEguogmx89RWdW6aEoVrakQXP190SGhdYTEdpOgc1AL3sz8T/PT010E2RMJqmhkiwWRSlHJkazBFCPKUoMn1iCiWL2VkQGWGFibE4lG4K3/PIqaV5WPbfqPV5Vard5HEU4gVM4Bw+uoQb3UIcGEBjBM7zCmzN2Xpx352PRWnDymWP4A+fzB1Hzkco=</latexit><latexit sha1_base64="Qvbi3/1RaDbpEscNn/ovhGXjc0A=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU90VQY9FL3qrYD9gu5Rsmm1Dk+w2yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC4d3Mb42p0iyWT2aS0EDgvmQRI9hYKcg6SqAHMfVHwYXolitu1Z0DrRIvJxXIUe+Wvzq9mKSCSkM41tr33MQEGVaGEU6npU6qaYLJEPepb6nEguogmx89RWdW6aEoVrakQXP190SGhdYTEdpOgc1AL3sz8T/PT010E2RMJqmhkiwWRSlHJkazBFCPKUoMn1iCiWL2VkQGWGFibE4lG4K3/PIqaV5WPbfqPV5Vard5HEU4gVM4Bw+uoQb3UIcGEBjBM7zCmzN2Xpx352PRWnDymWP4A+fzB1Hzkco=</latexit><latexit sha1_base64="Qvbi3/1RaDbpEscNn/ovhGXjc0A=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU90VQY9FL3qrYD9gu5Rsmm1Dk+w2yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nitAGiXms2iHWlDNJG4YZTtuJoliEnLbC4d3Mb42p0iyWT2aS0EDgvmQRI9hYKcg6SqAHMfVHwYXolitu1Z0DrRIvJxXIUe+Wvzq9mKSCSkM41tr33MQEGVaGEU6npU6qaYLJEPepb6nEguogmx89RWdW6aEoVrakQXP190SGhdYTEdpOgc1AL3sz8T/PT010E2RMJqmhkiwWRSlHJkazBFCPKUoMn1iCiWL2VkQGWGFibE4lG4K3/PIqaV5WPbfqPV5Vard5HEU4gVM4Bw+uoQb3UIcGEBjBM7zCmzN2Xpx352PRWnDymWP4A+fzB1Hzkco=</latexit>

Re[q]/m
<latexit sha1_base64="ruCp1/F5nHsauN/VkcfexUU7rRY=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU90VQY9FLx6r2A/YLiWbZtvQJLtNsoWy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRU8epIrRBYh6rdog15UzShmGG03aiKBYhp61weDfzW2OqNIvlk5kkNBC4L1nECDZWCrKOEuiRTv1RcCG65YpbdedAq8TLSQVy1Lvlr04vJqmg0hCOtfY9NzFBhpVhhNNpqZNqmmAyxH3qWyqxoDrI5kdP0ZlVeiiKlS1p0Fz9PZFhofVEhLZTYDPQy95M/M/zUxPdBBmTSWqoJItFUcqRidEsAdRjihLDJ5Zgopi9FZEBVpgYm1PJhuAtv7xKmpdVz616D1eV2m0eRxFO4BTOwYNrqME91KEBBEbwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AVOGkcs=</latexit><latexit sha1_base64="ruCp1/F5nHsauN/VkcfexUU7rRY=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU90VQY9FLx6r2A/YLiWbZtvQJLtNsoWy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRU8epIrRBYh6rdog15UzShmGG03aiKBYhp61weDfzW2OqNIvlk5kkNBC4L1nECDZWCrKOEuiRTv1RcCG65YpbdedAq8TLSQVy1Lvlr04vJqmg0hCOtfY9NzFBhpVhhNNpqZNqmmAyxH3qWyqxoDrI5kdP0ZlVeiiKlS1p0Fz9PZFhofVEhLZTYDPQy95M/M/zUxPdBBmTSWqoJItFUcqRidEsAdRjihLDJ5Zgopi9FZEBVpgYm1PJhuAtv7xKmpdVz616D1eV2m0eRxFO4BTOwYNrqME91KEBBEbwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AVOGkcs=</latexit><latexit sha1_base64="ruCp1/F5nHsauN/VkcfexUU7rRY=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU90VQY9FLx6r2A/YLiWbZtvQJLtNsoWy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRU8epIrRBYh6rdog15UzShmGG03aiKBYhp61weDfzW2OqNIvlk5kkNBC4L1nECDZWCrKOEuiRTv1RcCG65YpbdedAq8TLSQVy1Lvlr04vJqmg0hCOtfY9NzFBhpVhhNNpqZNqmmAyxH3qWyqxoDrI5kdP0ZlVeiiKlS1p0Fz9PZFhofVEhLZTYDPQy95M/M/zUxPdBBmTSWqoJItFUcqRidEsAdRjihLDJ5Zgopi9FZEBVpgYm1PJhuAtv7xKmpdVz616D1eV2m0eRxFO4BTOwYNrqME91KEBBEbwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AVOGkcs=</latexit><latexit sha1_base64="ruCp1/F5nHsauN/VkcfexUU7rRY=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU90VQY9FLx6r2A/YLiWbZtvQJLtNsoWy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRU8epIrRBYh6rdog15UzShmGG03aiKBYhp61weDfzW2OqNIvlk5kkNBC4L1nECDZWCrKOEuiRTv1RcCG65YpbdedAq8TLSQVy1Lvlr04vJqmg0hCOtfY9NzFBhpVhhNNpqZNqmmAyxH3qWyqxoDrI5kdP0ZlVeiiKlS1p0Fz9PZFhofVEhLZTYDPQy95M/M/zUxPdBBmTSWqoJItFUcqRidEsAdRjihLDJ5Zgopi9FZEBVpgYm1PJhuAtv7xKmpdVz616D1eV2m0eRxFO4BTOwYNrqME91KEBBEbwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AVOGkcs=</latexit>
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<latexit sha1_base64="fCxEvlcpnnrfoorjLzQm3qDTtio=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU02KoMeiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+fpCPDYG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o2659a9+8ta86aIowwncArn4MEVNOEOWuADAQbP8ApvjnRenHfnY9FacoqZY/gD5/MHPK+OSw==</latexit><latexit sha1_base64="fCxEvlcpnnrfoorjLzQm3qDTtio=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU02KoMeiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+fpCPDYG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o2659a9+8ta86aIowwncArn4MEVNOEOWuADAQbP8ApvjnRenHfnY9FacoqZY/gD5/MHPK+OSw==</latexit><latexit sha1_base64="fCxEvlcpnnrfoorjLzQm3qDTtio=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU02KoMeiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+fpCPDYG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o2659a9+8ta86aIowwncArn4MEVNOEOWuADAQbP8ApvjnRenHfnY9FacoqZY/gD5/MHPK+OSw==</latexit><latexit sha1_base64="fCxEvlcpnnrfoorjLzQm3qDTtio=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU02KoMeiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+fpCPDYG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o2659a9+8ta86aIowwncArn4MEVNOEOWuADAQbP8ApvjnRenHfnY9FacoqZY/gD5/MHPK+OSw==</latexit>

sφb = (m + mb)2
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<latexit sha1_base64="XP9UJlvSjMqqRn/aQvYWgX3nVQk=">AAACInicbVDLSgMxFM3UV62vUZdugqXgxjIjxceu6MaNUME+oFNLJk3b0MyD5E6xhPkWN/6KGxeKuhL8GNPHQlsPBA7n5OaeHD8WXIHjfFmZpeWV1bXsem5jc2t7x97dq6kokZRVaSQi2fCJYoKHrAocBGvEkpHAF6zuD67Gfn3IpOJReAejmLUC0gt5l1MCRmrbFx6wB5i8o31B6CDVXkCgT4nQN2lbe0Mi4z7Hfoo94AFT2HXu9XEpTdt23ik6E+BF4s5IHs1QadsfXieiScBCoIIo1XSdGFqaSOBUsDTnJYrFJgHpsaahITHbWnoSLcUFo3RwN5LmhIAn6u8JTQKlRoGJWRjHV/PeWPzPaybQPW9pHsYJsJBOF3UTgSHC475wh0tGQYwMIVRykxXTPpGEgmk1Z0pw57+8SGonRfe06N6W8uXLWR1ZdIAO0RFy0Rkqo2tUQVVE0SN6Rq/ozXqyXqx363N6NWPNZvbRH1jfPxHKpSg=</latexit> M
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<latexit sha1_base64="52aL0PjG86nzGnHqi976x3mPqr8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkiLoRim5cVrAPaEOZTCft0MkkzNyIJWTjr7hxoYhbP8Odf+M0zUJbDwwczrmvOX4suAbH+baWlldW19ZLG+XNre2dXXtvv6WjRFHWpJGIVMcnmgkuWRM4CNaJFSOhL1jbH99M/fYDU5pH8h4mMfNCMpQ84JSAkfr2YQ/YI+RzUl8QOs7SkFzVsr5dcapODrxI3IJUUIFG3/7qDSKahEwCFUTrruvE4KVEAaeCZeVeolls5pMh6xoqSci0l+aLM3xilAEOImWeBJyrvztSEmo9CX1TGRIY6XlvKv7ndRMILr2UyzgBJulsUZAIDBGepoEHXDEKYmIIoYqbWzEdEUUomMzKJgR3/suLpFWruudV9+6sUr8u4iihI3SMTpGLLlAd3aIGaiKKMvSMXtGb9WS9WO/Wx6x0ySp6DtAfWJ8/iKWXAQ==</latexit>

ma = 2
<latexit sha1_base64="Dj6vPPCnN4Bkm6UWJBya5dN7fn8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEpLoRim5cVrAPaEOZTCft0MkkzNyIJWTjr7hxoYhbP8Odf+M0zUJbDwwczrmvOX4suAbH+baWlldW19ZLG+XNre2dXXtvv6WjRFHWpJGIVMcnmgkuWRM4CNaJFSOhL1jbH99M/fYDU5pH8h4mMfNCMpQ84JSAkfr2YQ/YI+RzUl8QOs7SkFzVsr5dcapODrxI3IJUUIFG3/7qDSKahEwCFUTrruvE4KVEAaeCZeVeolls5pMh6xoqSci0l+aLM3xilAEOImWeBJyrvztSEmo9CX1TGRIY6XlvKv7ndRMILr2UyzgBJulsUZAIDBGepoEHXDEKYmIIoYqbWzEdEUUomMzKJgR3/suLpHVWdWtV9+68Ur8u4iihI3SMTpGLLlAd3aIGaiKKMvSMXtGb9WS9WO/Wx6x0ySp6DtAfWJ8/jrmXBQ==</latexit>

ma = 6

<latexit sha1_base64="Zr+WpKcc54bO7GTJ6LTq5FWicsA=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZkepGKLpxWcE+oB1KJk3b0ExmSO6IZRg3/oobF4q49S/c+Tem01lo64HA4Zx7c5LjR4JrcJxvq7C0vLK6VlwvbWxube/Yu3tNHcaKsgYNRajaPtFMcMkawEGwdqQYCXzBWv74euq37pnSPJR3MImYF5Ch5ANOCRipZx90gT1Adk/iC0LHaRKQS7ea9uyyU3Ey4EXi5qSMctR79le3H9I4YBKoIFp3XCcCLyEKOBUsLXVjzSITQIasY6gkAdNekiWn+NgofTwIlTkScKb+3khIoPUk8M1kQGCk572p+J/XiWFw4SVcRjEwSWdBg1hgCPG0DtznilEQE0MIVdy8FdMRUYSCKa1kSnDnv7xImqcVt1pxb8/Ktau8jiI6REfoBLnoHNXQDaqjBqLoET2jV/RmPVkv1rv1MRstWPnOPvoD6/MHB1iXQA==</latexit>

ma = 16

<latexit sha1_base64="XP9UJlvSjMqqRn/aQvYWgX3nVQk=">AAACInicbVDLSgMxFM3UV62vUZdugqXgxjIjxceu6MaNUME+oFNLJk3b0MyD5E6xhPkWN/6KGxeKuhL8GNPHQlsPBA7n5OaeHD8WXIHjfFmZpeWV1bXsem5jc2t7x97dq6kokZRVaSQi2fCJYoKHrAocBGvEkpHAF6zuD67Gfn3IpOJReAejmLUC0gt5l1MCRmrbFx6wB5i8o31B6CDVXkCgT4nQN2lbe0Mi4z7Hfoo94AFT2HXu9XEpTdt23ik6E+BF4s5IHs1QadsfXieiScBCoIIo1XSdGFqaSOBUsDTnJYrFJgHpsaahITHbWnoSLcUFo3RwN5LmhIAn6u8JTQKlRoGJWRjHV/PeWPzPaybQPW9pHsYJsJBOF3UTgSHC475wh0tGQYwMIVRykxXTPpGEgmk1Z0pw57+8SGonRfe06N6W8uXLWR1ZdIAO0RFy0Rkqo2tUQVVE0SN6Rq/ozXqyXqx363N6NWPNZvbRH1jfPxHKpSg=</latexit> M
'
b
⇥

10
�
4

<latexit sha1_base64="GsUTiz++hui2SKd4GNG4toymRjQ=">AAACDHicbVC7TgJBFJ31ifhCLW02EhNscJcYtSTaWKKRRwIrmR3uwoTZR2buGslmP8DGX7Gx0BhbP8DOv3FYKBQ8ySQn5577mONGgiu0rG9jYXFpeWU1t5Zf39jc2i7s7DZUGEsGdRaKULZcqkDwAOrIUUArkkB9V0DTHV6O6817kIqHwS2OInB82g+4xxlFLXULxQ7CA2ZzEldQNkyTTEluIC2pY/+ucpRql1W2MpjzxJ6SIpmi1i18dXohi30IkAmqVNu2InQSKpEzAWm+EyuI9C7ah7amAfVBOUl2RGoeaqVneqHUL0AzU393JNRXauS72ulTHKjZ2lj8r9aO0Tt3Eh5EMULAJou8WJgYmuNkzB6XwFCMNKFMcn2ryQZUUoY6v7wOwZ798jxpVMr2adm+PilWL6Zx5Mg+OSAlYpMzUiVXpEbqhJFH8kxeyZvxZLwY78bHxLpgTHv2yB8Ynz+syZv8</latexit>

Re(s/m2)

<latexit sha1_base64="GsUTiz++hui2SKd4GNG4toymRjQ=">AAACDHicbVC7TgJBFJ31ifhCLW02EhNscJcYtSTaWKKRRwIrmR3uwoTZR2buGslmP8DGX7Gx0BhbP8DOv3FYKBQ8ySQn5577mONGgiu0rG9jYXFpeWU1t5Zf39jc2i7s7DZUGEsGdRaKULZcqkDwAOrIUUArkkB9V0DTHV6O6817kIqHwS2OInB82g+4xxlFLXULxQ7CA2ZzEldQNkyTTEluIC2pY/+ucpRql1W2MpjzxJ6SIpmi1i18dXohi30IkAmqVNu2InQSKpEzAWm+EyuI9C7ah7amAfVBOUl2RGoeaqVneqHUL0AzU393JNRXauS72ulTHKjZ2lj8r9aO0Tt3Eh5EMULAJou8WJgYmuNkzB6XwFCMNKFMcn2ryQZUUoY6v7wOwZ798jxpVMr2adm+PilWL6Zx5Mg+OSAlYpMzUiVXpEbqhJFH8kxeyZvxZLwY78bHxLpgTHv2yB8Ynz+syZv8</latexit>

Re(s/m2)

<latexit sha1_base64="GJ/1vSI28wAkPM5FIlbadxNzaLs=">AAACBnicbVDLSsNAFJ3UV62vqksRQosgCDXpQl0G3bhwUcE+oIlhMp20g5MHMzdiCFm58QP8CTcuFHHrN7jr3zh9LLT1wMDhnHvnzBwv5kyCYQy1wsLi0vJKcbW0tr6xuVXe3mnJKBGENknEI9HxsKSchbQJDDjtxILiwOO07d1djPz2PRWSReENpDF1AtwPmc8IBiW55X0b6AOM78k8jsldnkk3uzLz4+C2nrvlqlEzxtDniTklVatiHz0PrbThlr/tXkSSgIZAOJayaxoxOBkWwAineclOJI1VCu7TrqIhDqh0snF8rh8opaf7kVAnBH2s/t7IcCBlGnhqMsAwkLPeSPzP6ybgnzkZC+MEaEgmQX7CdYj0USd6jwlKgKeKYCKYeqtOBlhgAqq5kirBnP3yPGnVa+ZJzbw2q9Y5mqCI9lAFHSITnSILXaIGaiKCHtELekPv2pP2qn1on5PRgjbd2UV/oH39ABvfnH8=</latexit>

sL1/m2
<latexit sha1_base64="9ZohK2WLFUCcbLEtiPTBWKt1SYc=">AAACBnicbVDLSsNAFJ3UV62vqksRQosgCDXpQl0G3bhwUcE+oI1hMp22gzNJmLkRQ8jKjR/gT7hxoYhbv8Fd/8bpY6GtBwYO59w7Z+b4EWcKLGto5BYWl5ZX8quFtfWNza3i9k5DhbEktE5CHsqWjxXlLKB1YMBpK5IUC5/Tpn93MfKb91QqFgY3kETUFbgfsB4jGLTkFfc7QB9gfE/qc0zuslR56VU1Oxa31cwrlq2KNYY5T+wpKTulztHz0ElqXvG70w1JLGgAhGOl2rYVgZtiCYxwmhU6saKRTsF92tY0wIIqNx3HZ+aBVrpmL5T6BGCO1d8bKRZKJcLXkwLDQM16I/E/rx1D78xNWRDFQAMyCerF3ITQHHVidpmkBHiiCSaS6beaZIAlJqCbK+gS7Nkvz5NGtWKfVOxru+ycownyaA+V0CGy0Sly0CWqoToi6BG9oDf0bjwZr8aH8TkZzRnTnV30B8bXDx1pnIA=</latexit>

sL2/m2
<latexit sha1_base64="ObgjHZ4nDVjogIgy4/tnARDbbD0=">AAACDXicbVC7TgJBFJ31ieADtbSZCCZWuEuhlkQbS0zkkbC4mR0GmDD7yMxdItnsD9j4KzaaaIyNhb2dH6K1w0Kh4EkmOTnnvua4oeAKTPPTWFhcWl5Zzaxlc+sbm1v57Z26CiJJWY0GIpBNlygmuM9qwEGwZigZ8VzBGu7gfOw3hkwqHvhXMApZ2yM9n3c5JaAlJ1+0gd1AOid2BaGDJFZObA+JDPscu8mRd11OnHzBLJkp8DyxpqRQKX49vg1z31Un/2F3Ahp5zAcqiFItywyhHRMJnAqWZO1IsVAvIz3W0tQnHlPtOL0iwQda6eBuIPXzAafq746YeEqNPFdXegT6atYbi/95rQi6p+2Y+2EEzKeTRd1IYAjwOBrc4ZJRECNNCJVc34ppn0hCQQeY1SFYs1+eJ/VyyTouWZdWoXKGJsigPbSPDpGFTlAFXaAqqiGKbtE9ekLPxp3xYLwYr5PSBWPas4v+wHj/AZLpoOo=</latexit>

s'b/m2

<latexit sha1_base64="GsUTiz++hui2SKd4GNG4toymRjQ=">AAACDHicbVC7TgJBFJ31ifhCLW02EhNscJcYtSTaWKKRRwIrmR3uwoTZR2buGslmP8DGX7Gx0BhbP8DOv3FYKBQ8ySQn5577mONGgiu0rG9jYXFpeWU1t5Zf39jc2i7s7DZUGEsGdRaKULZcqkDwAOrIUUArkkB9V0DTHV6O6817kIqHwS2OInB82g+4xxlFLXULxQ7CA2ZzEldQNkyTTEluIC2pY/+ucpRql1W2MpjzxJ6SIpmi1i18dXohi30IkAmqVNu2InQSKpEzAWm+EyuI9C7ah7amAfVBOUl2RGoeaqVneqHUL0AzU393JNRXauS72ulTHKjZ2lj8r9aO0Tt3Eh5EMULAJou8WJgYmuNkzB6XwFCMNKFMcn2ryQZUUoY6v7wOwZ798jxpVMr2adm+PilWL6Zx5Mg+OSAlYpMzUiVXpEbqhJFH8kxeyZvxZLwY78bHxLpgTHv2yB8Ynz+syZv8</latexit>

Re(s/m2)

<latexit sha1_base64="GJ/1vSI28wAkPM5FIlbadxNzaLs=">AAACBnicbVDLSsNAFJ3UV62vqksRQosgCDXpQl0G3bhwUcE+oIlhMp20g5MHMzdiCFm58QP8CTcuFHHrN7jr3zh9LLT1wMDhnHvnzBwv5kyCYQy1wsLi0vJKcbW0tr6xuVXe3mnJKBGENknEI9HxsKSchbQJDDjtxILiwOO07d1djPz2PRWSReENpDF1AtwPmc8IBiW55X0b6AOM78k8jsldnkk3uzLz4+C2nrvlqlEzxtDniTklVatiHz0PrbThlr/tXkSSgIZAOJayaxoxOBkWwAineclOJI1VCu7TrqIhDqh0snF8rh8opaf7kVAnBH2s/t7IcCBlGnhqMsAwkLPeSPzP6ybgnzkZC+MEaEgmQX7CdYj0USd6jwlKgKeKYCKYeqtOBlhgAqq5kirBnP3yPGnVa+ZJzbw2q9Y5mqCI9lAFHSITnSILXaIGaiKCHtELekPv2pP2qn1on5PRgjbd2UV/oH39ABvfnH8=</latexit>

sL1/m2
<latexit sha1_base64="9ZohK2WLFUCcbLEtiPTBWKt1SYc=">AAACBnicbVDLSsNAFJ3UV62vqksRQosgCDXpQl0G3bhwUcE+oI1hMp22gzNJmLkRQ8jKjR/gT7hxoYhbv8Fd/8bpY6GtBwYO59w7Z+b4EWcKLGto5BYWl5ZX8quFtfWNza3i9k5DhbEktE5CHsqWjxXlLKB1YMBpK5IUC5/Tpn93MfKb91QqFgY3kETUFbgfsB4jGLTkFfc7QB9gfE/qc0zuslR56VU1Oxa31cwrlq2KNYY5T+wpKTulztHz0ElqXvG70w1JLGgAhGOl2rYVgZtiCYxwmhU6saKRTsF92tY0wIIqNx3HZ+aBVrpmL5T6BGCO1d8bKRZKJcLXkwLDQM16I/E/rx1D78xNWRDFQAMyCerF3ITQHHVidpmkBHiiCSaS6beaZIAlJqCbK+gS7Nkvz5NGtWKfVOxru+ycownyaA+V0CGy0Sly0CWqoToi6BG9oDf0bjwZr8aH8TkZzRnTnV30B8bXDx1pnIA=</latexit>

sL2/m2
<latexit sha1_base64="ObgjHZ4nDVjogIgy4/tnARDbbD0=">AAACDXicbVC7TgJBFJ31ieADtbSZCCZWuEuhlkQbS0zkkbC4mR0GmDD7yMxdItnsD9j4KzaaaIyNhb2dH6K1w0Kh4EkmOTnnvua4oeAKTPPTWFhcWl5Zzaxlc+sbm1v57Z26CiJJWY0GIpBNlygmuM9qwEGwZigZ8VzBGu7gfOw3hkwqHvhXMApZ2yM9n3c5JaAlJ1+0gd1AOid2BaGDJFZObA+JDPscu8mRd11OnHzBLJkp8DyxpqRQKX49vg1z31Un/2F3Ahp5zAcqiFItywyhHRMJnAqWZO1IsVAvIz3W0tQnHlPtOL0iwQda6eBuIPXzAafq746YeEqNPFdXegT6atYbi/95rQi6p+2Y+2EEzKeTRd1IYAjwOBrc4ZJRECNNCJVc34ppn0hCQQeY1SFYs1+eJ/VyyTouWZdWoXKGJsigPbSPDpGFTlAFXaAqqiGKbtE9ekLPxp3xYLwYr5PSBWPas4v+wHj/AZLpoOo=</latexit>

s'b/m2
<latexit sha1_base64="9ZohK2WLFUCcbLEtiPTBWKt1SYc=">AAACBnicbVDLSsNAFJ3UV62vqksRQosgCDXpQl0G3bhwUcE+oI1hMp22gzNJmLkRQ8jKjR/gT7hxoYhbv8Fd/8bpY6GtBwYO59w7Z+b4EWcKLGto5BYWl5ZX8quFtfWNza3i9k5DhbEktE5CHsqWjxXlLKB1YMBpK5IUC5/Tpn93MfKb91QqFgY3kETUFbgfsB4jGLTkFfc7QB9gfE/qc0zuslR56VU1Oxa31cwrlq2KNYY5T+wpKTulztHz0ElqXvG70w1JLGgAhGOl2rYVgZtiCYxwmhU6saKRTsF92tY0wIIqNx3HZ+aBVrpmL5T6BGCO1d8bKRZKJcLXkwLDQM16I/E/rx1D78xNWRDFQAMyCerF3ITQHHVidpmkBHiiCSaS6beaZIAlJqCbK+gS7Nkvz5NGtWKfVOxru+ycownyaA+V0CGy0Sly0CWqoToi6BG9oDf0bjwZr8aH8TkZzRnTnV30B8bXDx1pnIA=</latexit>

sL2/m2
<latexit sha1_base64="ObgjHZ4nDVjogIgy4/tnARDbbD0=">AAACDXicbVC7TgJBFJ31ieADtbSZCCZWuEuhlkQbS0zkkbC4mR0GmDD7yMxdItnsD9j4KzaaaIyNhb2dH6K1w0Kh4EkmOTnnvua4oeAKTPPTWFhcWl5Zzaxlc+sbm1v57Z26CiJJWY0GIpBNlygmuM9qwEGwZigZ8VzBGu7gfOw3hkwqHvhXMApZ2yM9n3c5JaAlJ1+0gd1AOid2BaGDJFZObA+JDPscu8mRd11OnHzBLJkp8DyxpqRQKX49vg1z31Un/2F3Ahp5zAcqiFItywyhHRMJnAqWZO1IsVAvIz3W0tQnHlPtOL0iwQda6eBuIPXzAafq746YeEqNPFdXegT6atYbi/95rQi6p+2Y+2EEzKeTRd1IYAjwOBrc4ZJRECNNCJVc34ppn0hCQQeY1SFYs1+eJ/VyyTouWZdWoXKGJsigPbSPDpGFTlAFXaAqqiGKbtE9ekLPxp3xYLwYr5PSBWPas4v+wHj/AZLpoOo=</latexit>

s'b/m2

<latexit sha1_base64="48HgjWA85V72snNCh06FyaZ46vk=">AAACA3icbVDLSgMxFM3UV62vUXe6CZaCqzIjRV0W3bisYB/QGUomzbShmQfJHbEMA278FTcuFHHrT7jzb8y0s9DWA4HDOffmJMeLBVdgWd9GaWV1bX2jvFnZ2t7Z3TP3DzoqSiRlbRqJSPY8opjgIWsDB8F6sWQk8ATrepPr3O/eM6l4FN7BNGZuQEYh9zkloKWBeeQAe4DZPaknCJ1kqVW3rIZTywZmNac58DKxC1JFBVoD88sZRjQJWAhUEKX6thWDmxIJnAqWVZxEsVhHkBHraxqSgCk3nWVnuKaVIfYjqU8IeKb+3khJoNQ08PRkQGCsFr1c/M/rJ+BfuikP4wRYSOdBfiIwRDgvBA+5ZBTEVBNCJddvxXRMJKGga6voEuzFLy+TzlndPq/bt41q86qoo4yO0Qk6RTa6QE10g1qojSh6RM/oFb0ZT8aL8W58zEdLRrFziP7A+PwBYzmXVQ==</latexit>

0.004%

sφb = (m + mb)2

Im[s]

Re[s]

Some amplitude results
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<latexit sha1_base64="52aL0PjG86nzGnHqi976x3mPqr8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkiLoRim5cVrAPaEOZTCft0MkkzNyIJWTjr7hxoYhbP8Odf+M0zUJbDwwczrmvOX4suAbH+baWlldW19ZLG+XNre2dXXtvv6WjRFHWpJGIVMcnmgkuWRM4CNaJFSOhL1jbH99M/fYDU5pH8h4mMfNCMpQ84JSAkfr2YQ/YI+RzUl8QOs7SkFzVsr5dcapODrxI3IJUUIFG3/7qDSKahEwCFUTrruvE4KVEAaeCZeVeolls5pMh6xoqSci0l+aLM3xilAEOImWeBJyrvztSEmo9CX1TGRIY6XlvKv7ndRMILr2UyzgBJulsUZAIDBGepoEHXDEKYmIIoYqbWzEdEUUomMzKJgR3/suLpFWruudV9+6sUr8u4iihI3SMTpGLLlAd3aIGaiKKMvSMXtGb9WS9WO/Wx6x0ySp6DtAfWJ8/iKWXAQ==</latexit>

ma = 2
<latexit sha1_base64="Dj6vPPCnN4Bkm6UWJBya5dN7fn8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEpLoRim5cVrAPaEOZTCft0MkkzNyIJWTjr7hxoYhbP8Odf+M0zUJbDwwczrmvOX4suAbH+baWlldW19ZLG+XNre2dXXtvv6WjRFHWpJGIVMcnmgkuWRM4CNaJFSOhL1jbH99M/fYDU5pH8h4mMfNCMpQ84JSAkfr2YQ/YI+RzUl8QOs7SkFzVsr5dcapODrxI3IJUUIFG3/7qDSKahEwCFUTrruvE4KVEAaeCZeVeolls5pMh6xoqSci0l+aLM3xilAEOImWeBJyrvztSEmo9CX1TGRIY6XlvKv7ndRMILr2UyzgBJulsUZAIDBGepoEHXDEKYmIIoYqbWzEdEUUomMzKJgR3/suLpHVWdWtV9+68Ur8u4iihI3SMTpGLLlAd3aIGaiKKMvSMXtGb9WS9WO/Wx6x0ySp6DtAfWJ8/jrmXBQ==</latexit>

ma = 6
<latexit sha1_base64="u8h9Uy1eONRHkKDZo18t6kt2YsE=">AAACAXicbVDLSgMxFM3UVx1fo24EN4NFcFUmLqqbYtGNywr2AW0pmTTThmYeJHfEMowbP0U3LhRx6we4dyP+jem0C209EDicc29OctxIcAWO823kFhaXllfyq+ba+sbmlrW9U1dhLCmr0VCEsukSxQQPWA04CNaMJCO+K1jDHV6M/cYNk4qHwTWMItbxST/gHqcEtNS19trAbiG7J3EFocM08UkZl9KuVXCKTgZ7nuApKZx9mOXo4cusdq3Pdi+ksc8CoIIo1cJOBJ2ESOBUsNRsx4pFOoD0WUvTgPhMdZIsObUPtdKzvVDqE4Cdqb83EuIrNfJdPekTGKhZbyz+57Vi8E47CQ+iGFhAJ0FeLGwI7XEddo9LRkGMNCFUcv1Wmw6IJBR0aaYuAc9+eZ7Uj4u4VMRXuFA5RxPk0T46QEcIoxNUQZeoimqIojv0iJ7Ri3FvPBmvxttkNGdMd3bRHxjvP2cvmn4=</latexit>

ma = 16

<latexit sha1_base64="6JBsNFZlhu3/pw9SwqioMaF35Uo=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWLkbBKu6mUMugjYVFBPOAPJbZyWwyZPbhzF0xLFva+Cs2IorYCv6Anb/hB4iTTQpNPDBwOOe+5jghZxJM81PLzMzOzS9kF3NLyyura/r6RlUGkSC0QgIeiLqDJeXMpxVgwGk9FBR7Dqc1p3869GvXVEgW+JcwCGnLw12fuYxgUJKtbzeB3kA6J3Y4Jv0kvmoX7fjcSg68djGx9bxZMFMY08Qak3xp1/yKH7/fy7b+0ewEJPKoD4RjKRuWGUIrxgIY4TTJNSNJQ7UHd2lDUR97VLbi9IDE2FNKx3ADoZ4PRqr+7oixJ+XAc1Slh6EnJ72h+J/XiMA9bsXMDyOgPhktciNuQGAMUzE6TFACfKAIJoKpWw3SwwITUNnlVAjW5JenSbVYsA4L1oWVL52gEbJoC+2gfWShI1RCZ6iMKoigW3SPntCzdqc9aC/a66g0o417NtEfaG8/NIyeiA==</latexit>

q2L1/m
2

<latexit sha1_base64="GjlBsNNUz3GnNDtBBWDwSW5bw5c=">AAACCHicbVC7SgNBFJ2NrxhfUUsLF6NgFXe3UMugjYVFBPOAvJidTJIhsw9n7oph2NLGX7ERUcRW8Afs/A0/QJxsUmjigYHDOfc1xw05k2BZn0ZqZnZufiG9mFlaXlldy65vlGUQCUJLJOCBqLpYUs58WgIGnFZDQbHnclpx+6dDv3JNhWSBfwmDkDY83PVZhxEMWmplt+tAbyCZo1yOST9WV02npc6d+MBrOnErm7PyVgJzmthjkivsWl/q8fu92Mp+1NsBiTzqA+FYyppthdBQWAAjnMaZeiRpqPfgLq1p6mOPyoZKDojNPa20zU4g9PPBTNTfHQp7Ug48V1d6GHpy0huK/3m1CDrHDcX8MALqk9GiTsRNCMxhKmabCUqADzTBRDB9q0l6WGACOruMDsGe/PI0KTt5+zBvX9i5wgkaIY220A7aRzY6QgV0hoqohAi6RffoCT0bd8aD8WK8jkpTxrhnE/2B8fYDNhaeiQ==</latexit>

q2L2/m
2

<latexit sha1_base64="GjlBsNNUz3GnNDtBBWDwSW5bw5c=">AAACCHicbVC7SgNBFJ2NrxhfUUsLF6NgFXe3UMugjYVFBPOAvJidTJIhsw9n7oph2NLGX7ERUcRW8Afs/A0/QJxsUmjigYHDOfc1xw05k2BZn0ZqZnZufiG9mFlaXlldy65vlGUQCUJLJOCBqLpYUs58WgIGnFZDQbHnclpx+6dDv3JNhWSBfwmDkDY83PVZhxEMWmplt+tAbyCZo1yOST9WV02npc6d+MBrOnErm7PyVgJzmthjkivsWl/q8fu92Mp+1NsBiTzqA+FYyppthdBQWAAjnMaZeiRpqPfgLq1p6mOPyoZKDojNPa20zU4g9PPBTNTfHQp7Ug48V1d6GHpy0huK/3m1CDrHDcX8MALqk9GiTsRNCMxhKmabCUqADzTBRDB9q0l6WGACOruMDsGe/PI0KTt5+zBvX9i5wgkaIY220A7aRzY6QgV0hoqohAi6RffoCT0bd8aD8WK8jkpTxrhnE/2B8fYDNhaeiQ==</latexit>

q2L2/m
2

<latexit sha1_base64="GjlBsNNUz3GnNDtBBWDwSW5bw5c=">AAACCHicbVC7SgNBFJ2NrxhfUUsLF6NgFXe3UMugjYVFBPOAvJidTJIhsw9n7oph2NLGX7ERUcRW8Afs/A0/QJxsUmjigYHDOfc1xw05k2BZn0ZqZnZufiG9mFlaXlldy65vlGUQCUJLJOCBqLpYUs58WgIGnFZDQbHnclpx+6dDv3JNhWSBfwmDkDY83PVZhxEMWmplt+tAbyCZo1yOST9WV02npc6d+MBrOnErm7PyVgJzmthjkivsWl/q8fu92Mp+1NsBiTzqA+FYyppthdBQWAAjnMaZeiRpqPfgLq1p6mOPyoZKDojNPa20zU4g9PPBTNTfHQp7Ug48V1d6GHpy0huK/3m1CDrHDcX8MALqk9GiTsRNCMxhKmabCUqADzTBRDB9q0l6WGACOruMDsGe/PI0KTt5+zBvX9i5wgkaIY220A7aRzY6QgV0hoqohAi6RffoCT0bd8aD8WK8jkpTxrhnE/2B8fYDNhaeiQ==</latexit>

q2L2/m
2

<latexit sha1_base64="9eKYvZfKzyXNIDMeYO0owSyU1nQ=">AAACGXicbVDLSsNAFJ34tr6iLt0MFkE3NRFRl0U3LhWsLTQhTKa3dnDycOamWEJ+w42/4saFIi515d84jV1o64GBwzn3NSdMpdDoOF/W1PTM7Nz8wmJlaXlldc1e37jWSaY4NHgiE9UKmQYpYmigQAmtVAGLQgnN8PZs6Df7oLRI4iscpOBH7CYWXcEZGimwHQ/hHss5eSgZvy3y3bsg3I/2PJ6g1wGJLMi9PlNpT9CwKAK76tScEnSSuCNSJSNcBPaH10l4FkGMXDKt266Top8zhYJLKCpepiE1i9kNtA2NWQTaz8uLCrpjlA7tJsq8GGmp/u7IWaT1IApNZcSwp8e9ofif186we+LnIk4zhJj/LOpmkmJChzHRjlDAUQ4MYVwJcyvlPaYYRxNmxYTgjn95klwf1Nyjmnt5WK2fjuJYIFtkm+wSlxyTOjknF6RBOHkgT+SFvFqP1rP1Zr3/lE5Zo55N8gfW5zcrzqGk</latexit> (q
b
/m

)
co
t
� '

b

<latexit sha1_base64="V3PdCl9VsDRyK2k22CYedXw3P04=">AAACBXicbVC7TsMwFHXKq5RXgBGGiAqpLCWpEDBWsDAWiT6kNkSO67RWnQf2DaKKsrDwKywMIMTKP7DxN7hpBmg5kqWjc+71sY8bcSbBNL+1wsLi0vJKcbW0tr6xuaVv77RkGAtCmyTkoei4WFLOAtoEBpx2IkGx73LadkeXE799T4VkYXAD44jaPh4EzGMEg5Icfb8H9AGyexKXYzJKk8qd4x77R7e11NHLZtXMYMwTKydllKPh6F+9fkhinwZAOJaya5kR2AkWwAinaakXSxqpEDygXUUD7FNpJ1l6ahwqpW94oVAnACNTf28k2Jdy7Ltq0scwlLPeRPzP68bgndsJC6IYaECmQV7MDQiNSSVGnwlKgI8VwUQw9VaDDLHABFRxJVWCNfvledKqVa3TqnV9Uq5f5HUU0R46QBVkoTNUR1eogZqIoEf0jF7Rm/akvWjv2sd0tKDlO7voD7TPH6RjmKU=</latexit>

(qb/m)2

Consistencies and breakdowns
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}

F�1
3 (EL, L) = 0

<latexit sha1_base64="+sIgpHluowcoeFijUzCVtG1FFfM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKmhJVNCNUBTFRRcV7APaGCbTSTt0MgkzE6HELvwVNy4UcetvuPNvnLRZqPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjDKSV1RxUgrEgQFHiNNb3CR+s17IiQN+a0aRsQJUI9Tn2KktOSaW/DqLjmwR+5R6dKt7lf3IIRnVsE1i1bZGgNOEzsjRZCh5pqfnW6I44BwhRmSsm1bkXISJBTFjIwKnViSCOEB6pG2phwFRDrJ+P4R3NVKF/qh0MUVHKs/JxIUSDkMPN0ZINWXf71U/M9rx8o/dRLKo1gRjieL/JhBFcI0DNilgmDFhpogLKi+FeI+EggrHVkagv335WnSOCzbVtm+OS5WzrM48mAb7IASsMEJqIBrUAN1gMEDeAIv4NV4NJ6NN+N90pozsplN8AvGxzffgpLD</latexit><latexit sha1_base64="+sIgpHluowcoeFijUzCVtG1FFfM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKmhJVNCNUBTFRRcV7APaGCbTSTt0MgkzE6HELvwVNy4UcetvuPNvnLRZqPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjDKSV1RxUgrEgQFHiNNb3CR+s17IiQN+a0aRsQJUI9Tn2KktOSaW/DqLjmwR+5R6dKt7lf3IIRnVsE1i1bZGgNOEzsjRZCh5pqfnW6I44BwhRmSsm1bkXISJBTFjIwKnViSCOEB6pG2phwFRDrJ+P4R3NVKF/qh0MUVHKs/JxIUSDkMPN0ZINWXf71U/M9rx8o/dRLKo1gRjieL/JhBFcI0DNilgmDFhpogLKi+FeI+EggrHVkagv335WnSOCzbVtm+OS5WzrM48mAb7IASsMEJqIBrUAN1gMEDeAIv4NV4NJ6NN+N90pozsplN8AvGxzffgpLD</latexit><latexit sha1_base64="+sIgpHluowcoeFijUzCVtG1FFfM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKmhJVNCNUBTFRRcV7APaGCbTSTt0MgkzE6HELvwVNy4UcetvuPNvnLRZqPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjDKSV1RxUgrEgQFHiNNb3CR+s17IiQN+a0aRsQJUI9Tn2KktOSaW/DqLjmwR+5R6dKt7lf3IIRnVsE1i1bZGgNOEzsjRZCh5pqfnW6I44BwhRmSsm1bkXISJBTFjIwKnViSCOEB6pG2phwFRDrJ+P4R3NVKF/qh0MUVHKs/JxIUSDkMPN0ZINWXf71U/M9rx8o/dRLKo1gRjieL/JhBFcI0DNilgmDFhpogLKi+FeI+EggrHVkagv335WnSOCzbVtm+OS5WzrM48mAb7IASsMEJqIBrUAN1gMEDeAIv4NV4NJ6NN+N90pozsplN8AvGxzffgpLD</latexit><latexit sha1_base64="+sIgpHluowcoeFijUzCVtG1FFfM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKmhJVNCNUBTFRRcV7APaGCbTSTt0MgkzE6HELvwVNy4UcetvuPNvnLRZqPXAhcM593LvPV7EqFSW9WXkZmbn5hfyi4Wl5ZXVNXN9oyHDWGBSxyELRctDkjDKSV1RxUgrEgQFHiNNb3CR+s17IiQN+a0aRsQJUI9Tn2KktOSaW/DqLjmwR+5R6dKt7lf3IIRnVsE1i1bZGgNOEzsjRZCh5pqfnW6I44BwhRmSsm1bkXISJBTFjIwKnViSCOEB6pG2phwFRDrJ+P4R3NVKF/qh0MUVHKs/JxIUSDkMPN0ZINWXf71U/M9rx8o/dRLKo1gRjieL/JhBFcI0DNilgmDFhpogLKi+FeI+EggrHVkagv335WnSOCzbVtm+OS5WzrM48mAb7IASsMEJqIBrUAN1gMEDeAIv4NV4NJ6NN+N90pozsplN8AvGxzffgpLD</latexit>

F (EL, L) +M�1(EL) = 0
<latexit sha1_base64="Nd188V9uKUrYrU/JJ0mNLOl9KmI=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VpUUsigm6EoiguKlSwD2hjmEwn7dDJJMxMhBLyB278FTcuFHHr1p1/Y9JmodYDFw7n3Mu99zgBo1IZxpeWm5mdm1/ILxaWlldW1/T1jab0Q4FJA/vMF20HScIoJw1FFSPtQBDkOYy0nOF56rfuiZDU57dqFBDLQ31OXYqRSiRb34WXpQu7tl8rQwj3YNdDaoARi67ju+jAjFOvfGoUbL1oVIwx4DQxM1IEGeq2/tnt+Tj0CFeYISk7phEoK0JCUcxIXOiGkgQID1GfdBLKkUekFY3/ieFOovSg64ukuIJj9edEhDwpR56TdKb3yr9eKv7ndULlnlgR5UGoCMeTRW7IoPJhGg7sUUGwYqOEICxocivEAyQQVkmEaQjm35enSfOwYhoV8+aoWD3L4siDLbANSsAEx6AKrkAdNAAGD+AJvIBX7VF71t6090lrTstmNsEvaB/f+d6Y2A==</latexit><latexit sha1_base64="Nd188V9uKUrYrU/JJ0mNLOl9KmI=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VpUUsigm6EoiguKlSwD2hjmEwn7dDJJMxMhBLyB278FTcuFHHr1p1/Y9JmodYDFw7n3Mu99zgBo1IZxpeWm5mdm1/ILxaWlldW1/T1jab0Q4FJA/vMF20HScIoJw1FFSPtQBDkOYy0nOF56rfuiZDU57dqFBDLQ31OXYqRSiRb34WXpQu7tl8rQwj3YNdDaoARi67ju+jAjFOvfGoUbL1oVIwx4DQxM1IEGeq2/tnt+Tj0CFeYISk7phEoK0JCUcxIXOiGkgQID1GfdBLKkUekFY3/ieFOovSg64ukuIJj9edEhDwpR56TdKb3yr9eKv7ndULlnlgR5UGoCMeTRW7IoPJhGg7sUUGwYqOEICxocivEAyQQVkmEaQjm35enSfOwYhoV8+aoWD3L4siDLbANSsAEx6AKrkAdNAAGD+AJvIBX7VF71t6090lrTstmNsEvaB/f+d6Y2A==</latexit><latexit sha1_base64="Nd188V9uKUrYrU/JJ0mNLOl9KmI=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VpUUsigm6EoiguKlSwD2hjmEwn7dDJJMxMhBLyB278FTcuFHHr1p1/Y9JmodYDFw7n3Mu99zgBo1IZxpeWm5mdm1/ILxaWlldW1/T1jab0Q4FJA/vMF20HScIoJw1FFSPtQBDkOYy0nOF56rfuiZDU57dqFBDLQ31OXYqRSiRb34WXpQu7tl8rQwj3YNdDaoARi67ju+jAjFOvfGoUbL1oVIwx4DQxM1IEGeq2/tnt+Tj0CFeYISk7phEoK0JCUcxIXOiGkgQID1GfdBLKkUekFY3/ieFOovSg64ukuIJj9edEhDwpR56TdKb3yr9eKv7ndULlnlgR5UGoCMeTRW7IoPJhGg7sUUGwYqOEICxocivEAyQQVkmEaQjm35enSfOwYhoV8+aoWD3L4siDLbANSsAEx6AKrkAdNAAGD+AJvIBX7VF71t6090lrTstmNsEvaB/f+d6Y2A==</latexit><latexit sha1_base64="Nd188V9uKUrYrU/JJ0mNLOl9KmI=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VpUUsigm6EoiguKlSwD2hjmEwn7dDJJMxMhBLyB278FTcuFHHr1p1/Y9JmodYDFw7n3Mu99zgBo1IZxpeWm5mdm1/ILxaWlldW1/T1jab0Q4FJA/vMF20HScIoJw1FFSPtQBDkOYy0nOF56rfuiZDU57dqFBDLQ31OXYqRSiRb34WXpQu7tl8rQwj3YNdDaoARi67ju+jAjFOvfGoUbL1oVIwx4DQxM1IEGeq2/tnt+Tj0CFeYISk7phEoK0JCUcxIXOiGkgQID1GfdBLKkUekFY3/ieFOovSg64ukuIJj9edEhDwpR56TdKb3yr9eKv7ndULlnlgR5UGoCMeTRW7IoPJhGg7sUUGwYqOEICxocivEAyQQVkmEaQjm35enSfOwYhoV8+aoWD3L4siDLbANSsAEx6AKrkAdNAAGD+AJvIBX7VF71t6090lrTstmNsEvaB/f+d6Y2A==</latexit>

Hansen & Sharpe (2014)

Romero-López, Sharpe, Blanton, RB, & Hansen (2019)

Dawid, Islam, & RB (2023)
Jackura, RB, Dawid, Islam, & McCarty (2020)
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Consistencies and breakdowns
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<latexit sha1_base64="52aL0PjG86nzGnHqi976x3mPqr8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkiLoRim5cVrAPaEOZTCft0MkkzNyIJWTjr7hxoYhbP8Odf+M0zUJbDwwczrmvOX4suAbH+baWlldW19ZLG+XNre2dXXtvv6WjRFHWpJGIVMcnmgkuWRM4CNaJFSOhL1jbH99M/fYDU5pH8h4mMfNCMpQ84JSAkfr2YQ/YI+RzUl8QOs7SkFzVsr5dcapODrxI3IJUUIFG3/7qDSKahEwCFUTrruvE4KVEAaeCZeVeolls5pMh6xoqSci0l+aLM3xilAEOImWeBJyrvztSEmo9CX1TGRIY6XlvKv7ndRMILr2UyzgBJulsUZAIDBGepoEHXDEKYmIIoYqbWzEdEUUomMzKJgR3/suLpFWruudV9+6sUr8u4iihI3SMTpGLLlAd3aIGaiKKMvSMXtGb9WS9WO/Wx6x0ySp6DtAfWJ8/iKWXAQ==</latexit>

ma = 2
<latexit sha1_base64="Dj6vPPCnN4Bkm6UWJBya5dN7fn8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEpLoRim5cVrAPaEOZTCft0MkkzNyIJWTjr7hxoYhbP8Odf+M0zUJbDwwczrmvOX4suAbH+baWlldW19ZLG+XNre2dXXtvv6WjRFHWpJGIVMcnmgkuWRM4CNaJFSOhL1jbH99M/fYDU5pH8h4mMfNCMpQ84JSAkfr2YQ/YI+RzUl8QOs7SkFzVsr5dcapODrxI3IJUUIFG3/7qDSKahEwCFUTrruvE4KVEAaeCZeVeolls5pMh6xoqSci0l+aLM3xilAEOImWeBJyrvztSEmo9CX1TGRIY6XlvKv7ndRMILr2UyzgBJulsUZAIDBGepoEHXDEKYmIIoYqbWzEdEUUomMzKJgR3/suLpHVWdWtV9+68Ur8u4iihI3SMTpGLLlAd3aIGaiKKMvSMXtGb9WS9WO/Wx6x0ySp6DtAfWJ8/jrmXBQ==</latexit>

ma = 6
<latexit sha1_base64="u8h9Uy1eONRHkKDZo18t6kt2YsE=">AAACAXicbVDLSgMxFM3UVx1fo24EN4NFcFUmLqqbYtGNywr2AW0pmTTThmYeJHfEMowbP0U3LhRx6we4dyP+jem0C209EDicc29OctxIcAWO823kFhaXllfyq+ba+sbmlrW9U1dhLCmr0VCEsukSxQQPWA04CNaMJCO+K1jDHV6M/cYNk4qHwTWMItbxST/gHqcEtNS19trAbiG7J3EFocM08UkZl9KuVXCKTgZ7nuApKZx9mOXo4cusdq3Pdi+ksc8CoIIo1cJOBJ2ESOBUsNRsx4pFOoD0WUvTgPhMdZIsObUPtdKzvVDqE4Cdqb83EuIrNfJdPekTGKhZbyz+57Vi8E47CQ+iGFhAJ0FeLGwI7XEddo9LRkGMNCFUcv1Wmw6IJBR0aaYuAc9+eZ7Uj4u4VMRXuFA5RxPk0T46QEcIoxNUQZeoimqIojv0iJ7Ri3FvPBmvxttkNGdMd3bRHxjvP2cvmn4=</latexit>

ma = 16

<latexit sha1_base64="6JBsNFZlhu3/pw9SwqioMaF35Uo=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWLkbBKu6mUMugjYVFBPOAPJbZyWwyZPbhzF0xLFva+Cs2IorYCv6Anb/hB4iTTQpNPDBwOOe+5jghZxJM81PLzMzOzS9kF3NLyyura/r6RlUGkSC0QgIeiLqDJeXMpxVgwGk9FBR7Dqc1p3869GvXVEgW+JcwCGnLw12fuYxgUJKtbzeB3kA6J3Y4Jv0kvmoX7fjcSg68djGx9bxZMFMY08Qak3xp1/yKH7/fy7b+0ewEJPKoD4RjKRuWGUIrxgIY4TTJNSNJQ7UHd2lDUR97VLbi9IDE2FNKx3ADoZ4PRqr+7oixJ+XAc1Slh6EnJ72h+J/XiMA9bsXMDyOgPhktciNuQGAMUzE6TFACfKAIJoKpWw3SwwITUNnlVAjW5JenSbVYsA4L1oWVL52gEbJoC+2gfWShI1RCZ6iMKoigW3SPntCzdqc9aC/a66g0o417NtEfaG8/NIyeiA==</latexit>

q2L1/m
2

<latexit sha1_base64="GjlBsNNUz3GnNDtBBWDwSW5bw5c=">AAACCHicbVC7SgNBFJ2NrxhfUUsLF6NgFXe3UMugjYVFBPOAvJidTJIhsw9n7oph2NLGX7ERUcRW8Afs/A0/QJxsUmjigYHDOfc1xw05k2BZn0ZqZnZufiG9mFlaXlldy65vlGUQCUJLJOCBqLpYUs58WgIGnFZDQbHnclpx+6dDv3JNhWSBfwmDkDY83PVZhxEMWmplt+tAbyCZo1yOST9WV02npc6d+MBrOnErm7PyVgJzmthjkivsWl/q8fu92Mp+1NsBiTzqA+FYyppthdBQWAAjnMaZeiRpqPfgLq1p6mOPyoZKDojNPa20zU4g9PPBTNTfHQp7Ug48V1d6GHpy0huK/3m1CDrHDcX8MALqk9GiTsRNCMxhKmabCUqADzTBRDB9q0l6WGACOruMDsGe/PI0KTt5+zBvX9i5wgkaIY220A7aRzY6QgV0hoqohAi6RffoCT0bd8aD8WK8jkpTxrhnE/2B8fYDNhaeiQ==</latexit>

q2L2/m
2

<latexit sha1_base64="GjlBsNNUz3GnNDtBBWDwSW5bw5c=">AAACCHicbVC7SgNBFJ2NrxhfUUsLF6NgFXe3UMugjYVFBPOAvJidTJIhsw9n7oph2NLGX7ERUcRW8Afs/A0/QJxsUmjigYHDOfc1xw05k2BZn0ZqZnZufiG9mFlaXlldy65vlGUQCUJLJOCBqLpYUs58WgIGnFZDQbHnclpx+6dDv3JNhWSBfwmDkDY83PVZhxEMWmplt+tAbyCZo1yOST9WV02npc6d+MBrOnErm7PyVgJzmthjkivsWl/q8fu92Mp+1NsBiTzqA+FYyppthdBQWAAjnMaZeiRpqPfgLq1p6mOPyoZKDojNPa20zU4g9PPBTNTfHQp7Ug48V1d6GHpy0huK/3m1CDrHDcX8MALqk9GiTsRNCMxhKmabCUqADzTBRDB9q0l6WGACOruMDsGe/PI0KTt5+zBvX9i5wgkaIY220A7aRzY6QgV0hoqohAi6RffoCT0bd8aD8WK8jkpTxrhnE/2B8fYDNhaeiQ==</latexit>

q2L2/m
2

<latexit sha1_base64="GjlBsNNUz3GnNDtBBWDwSW5bw5c=">AAACCHicbVC7SgNBFJ2NrxhfUUsLF6NgFXe3UMugjYVFBPOAvJidTJIhsw9n7oph2NLGX7ERUcRW8Afs/A0/QJxsUmjigYHDOfc1xw05k2BZn0ZqZnZufiG9mFlaXlldy65vlGUQCUJLJOCBqLpYUs58WgIGnFZDQbHnclpx+6dDv3JNhWSBfwmDkDY83PVZhxEMWmplt+tAbyCZo1yOST9WV02npc6d+MBrOnErm7PyVgJzmthjkivsWl/q8fu92Mp+1NsBiTzqA+FYyppthdBQWAAjnMaZeiRpqPfgLq1p6mOPyoZKDojNPa20zU4g9PPBTNTfHQp7Ug48V1d6GHpy0huK/3m1CDrHDcX8MALqk9GiTsRNCMxhKmabCUqADzTBRDB9q0l6WGACOruMDsGe/PI0KTt5+zBvX9i5wgkaIY220A7aRzY6QgV0hoqohAi6RffoCT0bd8aD8WK8jkpTxrhnE/2B8fYDNhaeiQ==</latexit>

q2L2/m
2

<latexit sha1_base64="9eKYvZfKzyXNIDMeYO0owSyU1nQ=">AAACGXicbVDLSsNAFJ34tr6iLt0MFkE3NRFRl0U3LhWsLTQhTKa3dnDycOamWEJ+w42/4saFIi515d84jV1o64GBwzn3NSdMpdDoOF/W1PTM7Nz8wmJlaXlldc1e37jWSaY4NHgiE9UKmQYpYmigQAmtVAGLQgnN8PZs6Df7oLRI4iscpOBH7CYWXcEZGimwHQ/hHss5eSgZvy3y3bsg3I/2PJ6g1wGJLMi9PlNpT9CwKAK76tScEnSSuCNSJSNcBPaH10l4FkGMXDKt266Top8zhYJLKCpepiE1i9kNtA2NWQTaz8uLCrpjlA7tJsq8GGmp/u7IWaT1IApNZcSwp8e9ofif186we+LnIk4zhJj/LOpmkmJChzHRjlDAUQ4MYVwJcyvlPaYYRxNmxYTgjn95klwf1Nyjmnt5WK2fjuJYIFtkm+wSlxyTOjknF6RBOHkgT+SFvFqP1rP1Zr3/lE5Zo55N8gfW5zcrzqGk</latexit> (q
b
/m

)
co
t
� '

b

<latexit sha1_base64="V3PdCl9VsDRyK2k22CYedXw3P04=">AAACBXicbVC7TsMwFHXKq5RXgBGGiAqpLCWpEDBWsDAWiT6kNkSO67RWnQf2DaKKsrDwKywMIMTKP7DxN7hpBmg5kqWjc+71sY8bcSbBNL+1wsLi0vJKcbW0tr6xuaVv77RkGAtCmyTkoei4WFLOAtoEBpx2IkGx73LadkeXE799T4VkYXAD44jaPh4EzGMEg5Icfb8H9AGyexKXYzJKk8qd4x77R7e11NHLZtXMYMwTKydllKPh6F+9fkhinwZAOJaya5kR2AkWwAinaakXSxqpEDygXUUD7FNpJ1l6ahwqpW94oVAnACNTf28k2Jdy7Ltq0scwlLPeRPzP68bgndsJC6IYaECmQV7MDQiNSSVGnwlKgI8VwUQw9VaDDLHABFRxJVWCNfvledKqVa3TqnV9Uq5f5HUU0R46QBVkoTNUR1eogZqIoEf0jF7Rm/akvWjv2sd0tKDlO7voD7TPH6RjmKU=</latexit>

(qb/m)2
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<latexit sha1_base64="52aL0PjG86nzGnHqi976x3mPqr8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkiLoRim5cVrAPaEOZTCft0MkkzNyIJWTjr7hxoYhbP8Odf+M0zUJbDwwczrmvOX4suAbH+baWlldW19ZLG+XNre2dXXtvv6WjRFHWpJGIVMcnmgkuWRM4CNaJFSOhL1jbH99M/fYDU5pH8h4mMfNCMpQ84JSAkfr2YQ/YI+RzUl8QOs7SkFzVsr5dcapODrxI3IJUUIFG3/7qDSKahEwCFUTrruvE4KVEAaeCZeVeolls5pMh6xoqSci0l+aLM3xilAEOImWeBJyrvztSEmo9CX1TGRIY6XlvKv7ndRMILr2UyzgBJulsUZAIDBGepoEHXDEKYmIIoYqbWzEdEUUomMzKJgR3/suLpFWruudV9+6sUr8u4iihI3SMTpGLLlAd3aIGaiKKMvSMXtGb9WS9WO/Wx6x0ySp6DtAfWJ8/iKWXAQ==</latexit>

ma = 2
<latexit sha1_base64="Dj6vPPCnN4Bkm6UWJBya5dN7fn8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEpLoRim5cVrAPaEOZTCft0MkkzNyIJWTjr7hxoYhbP8Odf+M0zUJbDwwczrmvOX4suAbH+baWlldW19ZLG+XNre2dXXtvv6WjRFHWpJGIVMcnmgkuWRM4CNaJFSOhL1jbH99M/fYDU5pH8h4mMfNCMpQ84JSAkfr2YQ/YI+RzUl8QOs7SkFzVsr5dcapODrxI3IJUUIFG3/7qDSKahEwCFUTrruvE4KVEAaeCZeVeolls5pMh6xoqSci0l+aLM3xilAEOImWeBJyrvztSEmo9CX1TGRIY6XlvKv7ndRMILr2UyzgBJulsUZAIDBGepoEHXDEKYmIIoYqbWzEdEUUomMzKJgR3/suLpHVWdWtV9+68Ur8u4iihI3SMTpGLLlAd3aIGaiKKMvSMXtGb9WS9WO/Wx6x0ySp6DtAfWJ8/jrmXBQ==</latexit>

ma = 6
<latexit sha1_base64="u8h9Uy1eONRHkKDZo18t6kt2YsE=">AAACAXicbVDLSgMxFM3UVx1fo24EN4NFcFUmLqqbYtGNywr2AW0pmTTThmYeJHfEMowbP0U3LhRx6we4dyP+jem0C209EDicc29OctxIcAWO823kFhaXllfyq+ba+sbmlrW9U1dhLCmr0VCEsukSxQQPWA04CNaMJCO+K1jDHV6M/cYNk4qHwTWMItbxST/gHqcEtNS19trAbiG7J3EFocM08UkZl9KuVXCKTgZ7nuApKZx9mOXo4cusdq3Pdi+ksc8CoIIo1cJOBJ2ESOBUsNRsx4pFOoD0WUvTgPhMdZIsObUPtdKzvVDqE4Cdqb83EuIrNfJdPekTGKhZbyz+57Vi8E47CQ+iGFhAJ0FeLGwI7XEddo9LRkGMNCFUcv1Wmw6IJBR0aaYuAc9+eZ7Uj4u4VMRXuFA5RxPk0T46QEcIoxNUQZeoimqIojv0iJ7Ri3FvPBmvxttkNGdMd3bRHxjvP2cvmn4=</latexit>

ma = 16

<latexit sha1_base64="6JBsNFZlhu3/pw9SwqioMaF35Uo=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWLkbBKu6mUMugjYVFBPOAPJbZyWwyZPbhzF0xLFva+Cs2IorYCv6Anb/hB4iTTQpNPDBwOOe+5jghZxJM81PLzMzOzS9kF3NLyyura/r6RlUGkSC0QgIeiLqDJeXMpxVgwGk9FBR7Dqc1p3869GvXVEgW+JcwCGnLw12fuYxgUJKtbzeB3kA6J3Y4Jv0kvmoX7fjcSg68djGx9bxZMFMY08Qak3xp1/yKH7/fy7b+0ewEJPKoD4RjKRuWGUIrxgIY4TTJNSNJQ7UHd2lDUR97VLbi9IDE2FNKx3ADoZ4PRqr+7oixJ+XAc1Slh6EnJ72h+J/XiMA9bsXMDyOgPhktciNuQGAMUzE6TFACfKAIJoKpWw3SwwITUNnlVAjW5JenSbVYsA4L1oWVL52gEbJoC+2gfWShI1RCZ6iMKoigW3SPntCzdqc9aC/a66g0o417NtEfaG8/NIyeiA==</latexit>

q2L1/m
2

<latexit sha1_base64="GjlBsNNUz3GnNDtBBWDwSW5bw5c=">AAACCHicbVC7SgNBFJ2NrxhfUUsLF6NgFXe3UMugjYVFBPOAvJidTJIhsw9n7oph2NLGX7ERUcRW8Afs/A0/QJxsUmjigYHDOfc1xw05k2BZn0ZqZnZufiG9mFlaXlldy65vlGUQCUJLJOCBqLpYUs58WgIGnFZDQbHnclpx+6dDv3JNhWSBfwmDkDY83PVZhxEMWmplt+tAbyCZo1yOST9WV02npc6d+MBrOnErm7PyVgJzmthjkivsWl/q8fu92Mp+1NsBiTzqA+FYyppthdBQWAAjnMaZeiRpqPfgLq1p6mOPyoZKDojNPa20zU4g9PPBTNTfHQp7Ug48V1d6GHpy0huK/3m1CDrHDcX8MALqk9GiTsRNCMxhKmabCUqADzTBRDB9q0l6WGACOruMDsGe/PI0KTt5+zBvX9i5wgkaIY220A7aRzY6QgV0hoqohAi6RffoCT0bd8aD8WK8jkpTxrhnE/2B8fYDNhaeiQ==</latexit>

q2L2/m
2

<latexit sha1_base64="GjlBsNNUz3GnNDtBBWDwSW5bw5c=">AAACCHicbVC7SgNBFJ2NrxhfUUsLF6NgFXe3UMugjYVFBPOAvJidTJIhsw9n7oph2NLGX7ERUcRW8Afs/A0/QJxsUmjigYHDOfc1xw05k2BZn0ZqZnZufiG9mFlaXlldy65vlGUQCUJLJOCBqLpYUs58WgIGnFZDQbHnclpx+6dDv3JNhWSBfwmDkDY83PVZhxEMWmplt+tAbyCZo1yOST9WV02npc6d+MBrOnErm7PyVgJzmthjkivsWl/q8fu92Mp+1NsBiTzqA+FYyppthdBQWAAjnMaZeiRpqPfgLq1p6mOPyoZKDojNPa20zU4g9PPBTNTfHQp7Ug48V1d6GHpy0huK/3m1CDrHDcX8MALqk9GiTsRNCMxhKmabCUqADzTBRDB9q0l6WGACOruMDsGe/PI0KTt5+zBvX9i5wgkaIY220A7aRzY6QgV0hoqohAi6RffoCT0bd8aD8WK8jkpTxrhnE/2B8fYDNhaeiQ==</latexit>

q2L2/m
2

<latexit sha1_base64="GjlBsNNUz3GnNDtBBWDwSW5bw5c=">AAACCHicbVC7SgNBFJ2NrxhfUUsLF6NgFXe3UMugjYVFBPOAvJidTJIhsw9n7oph2NLGX7ERUcRW8Afs/A0/QJxsUmjigYHDOfc1xw05k2BZn0ZqZnZufiG9mFlaXlldy65vlGUQCUJLJOCBqLpYUs58WgIGnFZDQbHnclpx+6dDv3JNhWSBfwmDkDY83PVZhxEMWmplt+tAbyCZo1yOST9WV02npc6d+MBrOnErm7PyVgJzmthjkivsWl/q8fu92Mp+1NsBiTzqA+FYyppthdBQWAAjnMaZeiRpqPfgLq1p6mOPyoZKDojNPa20zU4g9PPBTNTfHQp7Ug48V1d6GHpy0huK/3m1CDrHDcX8MALqk9GiTsRNCMxhKmabCUqADzTBRDB9q0l6WGACOruMDsGe/PI0KTt5+zBvX9i5wgkaIY220A7aRzY6QgV0hoqohAi6RffoCT0bd8aD8WK8jkpTxrhnE/2B8fYDNhaeiQ==</latexit>

q2L2/m
2

<latexit sha1_base64="9eKYvZfKzyXNIDMeYO0owSyU1nQ=">AAACGXicbVDLSsNAFJ34tr6iLt0MFkE3NRFRl0U3LhWsLTQhTKa3dnDycOamWEJ+w42/4saFIi515d84jV1o64GBwzn3NSdMpdDoOF/W1PTM7Nz8wmJlaXlldc1e37jWSaY4NHgiE9UKmQYpYmigQAmtVAGLQgnN8PZs6Df7oLRI4iscpOBH7CYWXcEZGimwHQ/hHss5eSgZvy3y3bsg3I/2PJ6g1wGJLMi9PlNpT9CwKAK76tScEnSSuCNSJSNcBPaH10l4FkGMXDKt266Top8zhYJLKCpepiE1i9kNtA2NWQTaz8uLCrpjlA7tJsq8GGmp/u7IWaT1IApNZcSwp8e9ofif186we+LnIk4zhJj/LOpmkmJChzHRjlDAUQ4MYVwJcyvlPaYYRxNmxYTgjn95klwf1Nyjmnt5WK2fjuJYIFtkm+wSlxyTOjknF6RBOHkgT+SFvFqP1rP1Zr3/lE5Zo55N8gfW5zcrzqGk</latexit> (q
b
/m

)
co
t
� '

b

<latexit sha1_base64="V3PdCl9VsDRyK2k22CYedXw3P04=">AAACBXicbVC7TsMwFHXKq5RXgBGGiAqpLCWpEDBWsDAWiT6kNkSO67RWnQf2DaKKsrDwKywMIMTKP7DxN7hpBmg5kqWjc+71sY8bcSbBNL+1wsLi0vJKcbW0tr6xuaVv77RkGAtCmyTkoei4WFLOAtoEBpx2IkGx73LadkeXE799T4VkYXAD44jaPh4EzGMEg5Icfb8H9AGyexKXYzJKk8qd4x77R7e11NHLZtXMYMwTKydllKPh6F+9fkhinwZAOJaya5kR2AkWwAinaakXSxqpEDygXUUD7FNpJ1l6ahwqpW94oVAnACNTf28k2Jdy7Ltq0scwlLPeRPzP68bgndsJC6IYaECmQV7MDQiNSSVGnwlKgI8VwUQw9VaDDLHABFRxJVWCNfvledKqVa3TqnV9Uq5f5HUU0R46QBVkoTNUR1eogZqIoEf0jF7Rm/akvWjv2sd0tKDlO7voD7TPH6RjmKU=</latexit>

(qb/m)2

Explicit breakdown of the Lüscher 
formalism assuming no left hand cuts



outline
an example of the full procedure being done
integral equations
angular momentum projection
toy model calculations
consistency checks and the breakdown of Lüscher
Efimov physics 

Romero-López, Sharpe, Blanton, RB, & Hansen (2019) 
Hansen, RB, Edwards, Thomas, & Wilson (2020) 
Jackura, RB, Dawid, Islam, & McCarty (2020)
Dawid, Islam, & RB (2023)
Jackura, RB (to appear)
Dawid, RB, Islam, Jackura,  (to appear)



Unitary limit: 
Pole in the two-body scattering amplitude at threshold:

Infinite tower of geometrically-separated three-body bound states:  where  

a → ∞

EN /EN+1 = λ2 λ = 22.69438...

M ⇠ 1

p cot � � ip
=

1

ip
<latexit sha1_base64="4quOH35zlSNpvWzbYk4DwiO7F7I=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwY5kRRTdC0Y0boYJ9QGcomTTThmYeJHeEMsyXuPFX3LhQRHClf2OmHURbDwROzrmX5BwvFlyBZX0ZpYXFpeWV8mplbX1jc8vc3mmpKJGUNWkkItnxiGKCh6wJHATrxJKRwBOs7Y2ucr99z6TiUXgH45i5ARmE3OeUgJZ65qkTEBhSItKbzFE8wI4vCU3tLI0dGoHTZwLIEY+zix9DX3pm1apZE+B5Yhekigo0euaH049oErAQqCBKdW0rBjclEjgVLKs4iWIxoSMyYF1NQxIw5aaTeBk+0Eof+5HUJwQ8UX9vpCRQahx4ejIPo2a9XPzP6ybgn7spD+MEWEinD/mJwBDhvCvc55JREGNNCJVc/xXTIdE1gG60okuwZyPPk9ZxzbZq9u1JtX5Z1FFGe2gfHSIbnaE6ukYN1EQUPaAn9IJejUfj2Xgz3qejJaPY2UV/YHx+AzSAo8M=</latexit><latexit sha1_base64="4quOH35zlSNpvWzbYk4DwiO7F7I=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwY5kRRTdC0Y0boYJ9QGcomTTThmYeJHeEMsyXuPFX3LhQRHClf2OmHURbDwROzrmX5BwvFlyBZX0ZpYXFpeWV8mplbX1jc8vc3mmpKJGUNWkkItnxiGKCh6wJHATrxJKRwBOs7Y2ucr99z6TiUXgH45i5ARmE3OeUgJZ65qkTEBhSItKbzFE8wI4vCU3tLI0dGoHTZwLIEY+zix9DX3pm1apZE+B5Yhekigo0euaH049oErAQqCBKdW0rBjclEjgVLKs4iWIxoSMyYF1NQxIw5aaTeBk+0Eof+5HUJwQ8UX9vpCRQahx4ejIPo2a9XPzP6ybgn7spD+MEWEinD/mJwBDhvCvc55JREGNNCJVc/xXTIdE1gG60okuwZyPPk9ZxzbZq9u1JtX5Z1FFGe2gfHSIbnaE6ukYN1EQUPaAn9IJejUfj2Xgz3qejJaPY2UV/YHx+AzSAo8M=</latexit><latexit sha1_base64="4quOH35zlSNpvWzbYk4DwiO7F7I=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwY5kRRTdC0Y0boYJ9QGcomTTThmYeJHeEMsyXuPFX3LhQRHClf2OmHURbDwROzrmX5BwvFlyBZX0ZpYXFpeWV8mplbX1jc8vc3mmpKJGUNWkkItnxiGKCh6wJHATrxJKRwBOs7Y2ucr99z6TiUXgH45i5ARmE3OeUgJZ65qkTEBhSItKbzFE8wI4vCU3tLI0dGoHTZwLIEY+zix9DX3pm1apZE+B5Yhekigo0euaH049oErAQqCBKdW0rBjclEjgVLKs4iWIxoSMyYF1NQxIw5aaTeBk+0Eof+5HUJwQ8UX9vpCRQahx4ejIPo2a9XPzP6ybgn7spD+MEWEinD/mJwBDhvCvc55JREGNNCJVc/xXTIdE1gG60okuwZyPPk9ZxzbZq9u1JtX5Z1FFGe2gfHSIbnaE6ukYN1EQUPaAn9IJejUfj2Xgz3qejJaPY2UV/YHx+AzSAo8M=</latexit><latexit sha1_base64="4quOH35zlSNpvWzbYk4DwiO7F7I=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwY5kRRTdC0Y0boYJ9QGcomTTThmYeJHeEMsyXuPFX3LhQRHClf2OmHURbDwROzrmX5BwvFlyBZX0ZpYXFpeWV8mplbX1jc8vc3mmpKJGUNWkkItnxiGKCh6wJHATrxJKRwBOs7Y2ucr99z6TiUXgH45i5ARmE3OeUgJZ65qkTEBhSItKbzFE8wI4vCU3tLI0dGoHTZwLIEY+zix9DX3pm1apZE+B5Yhekigo0euaH049oErAQqCBKdW0rBjclEjgVLKs4iWIxoSMyYF1NQxIw5aaTeBk+0Eof+5HUJwQ8UX9vpCRQahx4ejIPo2a9XPzP6ybgn7spD+MEWEinD/mJwBDhvCvc55JREGNNCJVc/xXTIdE1gG60okuwZyPPk9ZxzbZq9u1JtX5Z1FFGe2gfHSIbnaE6ukYN1EQUPaAn9IJejUfj2Xgz3qejJaPY2UV/YHx+AzSAo8M=</latexit>

Efimov physics

Vitaly Efimov
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<latexit sha1_base64="XP9UJlvSjMqqRn/aQvYWgX3nVQk=">AAACInicbVDLSgMxFM3UV62vUZdugqXgxjIjxceu6MaNUME+oFNLJk3b0MyD5E6xhPkWN/6KGxeKuhL8GNPHQlsPBA7n5OaeHD8WXIHjfFmZpeWV1bXsem5jc2t7x97dq6kokZRVaSQi2fCJYoKHrAocBGvEkpHAF6zuD67Gfn3IpOJReAejmLUC0gt5l1MCRmrbFx6wB5i8o31B6CDVXkCgT4nQN2lbe0Mi4z7Hfoo94AFT2HXu9XEpTdt23ik6E+BF4s5IHs1QadsfXieiScBCoIIo1XSdGFqaSOBUsDTnJYrFJgHpsaahITHbWnoSLcUFo3RwN5LmhIAn6u8JTQKlRoGJWRjHV/PeWPzPaybQPW9pHsYJsJBOF3UTgSHC475wh0tGQYwMIVRykxXTPpGEgmk1Z0pw57+8SGonRfe06N6W8uXLWR1ZdIAO0RFy0Rkqo2tUQVVE0SN6Rq/ozXqyXqx363N6NWPNZvbRH1jfPxHKpSg=</latexit> M
'
b
⇥

10
�
4

<latexit sha1_base64="52aL0PjG86nzGnHqi976x3mPqr8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkiLoRim5cVrAPaEOZTCft0MkkzNyIJWTjr7hxoYhbP8Odf+M0zUJbDwwczrmvOX4suAbH+baWlldW19ZLG+XNre2dXXtvv6WjRFHWpJGIVMcnmgkuWRM4CNaJFSOhL1jbH99M/fYDU5pH8h4mMfNCMpQ84JSAkfr2YQ/YI+RzUl8QOs7SkFzVsr5dcapODrxI3IJUUIFG3/7qDSKahEwCFUTrruvE4KVEAaeCZeVeolls5pMh6xoqSci0l+aLM3xilAEOImWeBJyrvztSEmo9CX1TGRIY6XlvKv7ndRMILr2UyzgBJulsUZAIDBGepoEHXDEKYmIIoYqbWzEdEUUomMzKJgR3/suLpFWruudV9+6sUr8u4iihI3SMTpGLLlAd3aIGaiKKMvSMXtGb9WS9WO/Wx6x0ySp6DtAfWJ8/iKWXAQ==</latexit>

ma = 2
<latexit sha1_base64="Dj6vPPCnN4Bkm6UWJBya5dN7fn8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEpLoRim5cVrAPaEOZTCft0MkkzNyIJWTjr7hxoYhbP8Odf+M0zUJbDwwczrmvOX4suAbH+baWlldW19ZLG+XNre2dXXtvv6WjRFHWpJGIVMcnmgkuWRM4CNaJFSOhL1jbH99M/fYDU5pH8h4mMfNCMpQ84JSAkfr2YQ/YI+RzUl8QOs7SkFzVsr5dcapODrxI3IJUUIFG3/7qDSKahEwCFUTrruvE4KVEAaeCZeVeolls5pMh6xoqSci0l+aLM3xilAEOImWeBJyrvztSEmo9CX1TGRIY6XlvKv7ndRMILr2UyzgBJulsUZAIDBGepoEHXDEKYmIIoYqbWzEdEUUomMzKJgR3/suLpHVWdWtV9+68Ur8u4iihI3SMTpGLLlAd3aIGaiKKMvSMXtGb9WS9WO/Wx6x0ySp6DtAfWJ8/jrmXBQ==</latexit>

ma = 6

<latexit sha1_base64="Zr+WpKcc54bO7GTJ6LTq5FWicsA=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZkepGKLpxWcE+oB1KJk3b0ExmSO6IZRg3/oobF4q49S/c+Tem01lo64HA4Zx7c5LjR4JrcJxvq7C0vLK6VlwvbWxube/Yu3tNHcaKsgYNRajaPtFMcMkawEGwdqQYCXzBWv74euq37pnSPJR3MImYF5Ch5ANOCRipZx90gT1Adk/iC0LHaRKQS7ea9uyyU3Ey4EXi5qSMctR79le3H9I4YBKoIFp3XCcCLyEKOBUsLXVjzSITQIasY6gkAdNekiWn+NgofTwIlTkScKb+3khIoPUk8M1kQGCk572p+J/XiWFw4SVcRjEwSWdBg1hgCPG0DtznilEQE0MIVdy8FdMRUYSCKa1kSnDnv7xImqcVt1pxb8/Ktau8jiI6REfoBLnoHNXQDaqjBqLoET2jV/RmPVkv1rv1MRstWPnOPvoD6/MHB1iXQA==</latexit>

ma = 16

<latexit sha1_base64="XP9UJlvSjMqqRn/aQvYWgX3nVQk=">AAACInicbVDLSgMxFM3UV62vUZdugqXgxjIjxceu6MaNUME+oFNLJk3b0MyD5E6xhPkWN/6KGxeKuhL8GNPHQlsPBA7n5OaeHD8WXIHjfFmZpeWV1bXsem5jc2t7x97dq6kokZRVaSQi2fCJYoKHrAocBGvEkpHAF6zuD67Gfn3IpOJReAejmLUC0gt5l1MCRmrbFx6wB5i8o31B6CDVXkCgT4nQN2lbe0Mi4z7Hfoo94AFT2HXu9XEpTdt23ik6E+BF4s5IHs1QadsfXieiScBCoIIo1XSdGFqaSOBUsDTnJYrFJgHpsaahITHbWnoSLcUFo3RwN5LmhIAn6u8JTQKlRoGJWRjHV/PeWPzPaybQPW9pHsYJsJBOF3UTgSHC475wh0tGQYwMIVRykxXTPpGEgmk1Z0pw57+8SGonRfe06N6W8uXLWR1ZdIAO0RFy0Rkqo2tUQVVE0SN6Rq/ozXqyXqx363N6NWPNZvbRH1jfPxHKpSg=</latexit> M
'
b
⇥

10
�
4

<latexit sha1_base64="GsUTiz++hui2SKd4GNG4toymRjQ=">AAACDHicbVC7TgJBFJ31ifhCLW02EhNscJcYtSTaWKKRRwIrmR3uwoTZR2buGslmP8DGX7Gx0BhbP8DOv3FYKBQ8ySQn5577mONGgiu0rG9jYXFpeWU1t5Zf39jc2i7s7DZUGEsGdRaKULZcqkDwAOrIUUArkkB9V0DTHV6O6817kIqHwS2OInB82g+4xxlFLXULxQ7CA2ZzEldQNkyTTEluIC2pY/+ucpRql1W2MpjzxJ6SIpmi1i18dXohi30IkAmqVNu2InQSKpEzAWm+EyuI9C7ah7amAfVBOUl2RGoeaqVneqHUL0AzU393JNRXauS72ulTHKjZ2lj8r9aO0Tt3Eh5EMULAJou8WJgYmuNkzB6XwFCMNKFMcn2ryQZUUoY6v7wOwZ798jxpVMr2adm+PilWL6Zx5Mg+OSAlYpMzUiVXpEbqhJFH8kxeyZvxZLwY78bHxLpgTHv2yB8Ynz+syZv8</latexit>

Re(s/m2)

<latexit sha1_base64="GsUTiz++hui2SKd4GNG4toymRjQ=">AAACDHicbVC7TgJBFJ31ifhCLW02EhNscJcYtSTaWKKRRwIrmR3uwoTZR2buGslmP8DGX7Gx0BhbP8DOv3FYKBQ8ySQn5577mONGgiu0rG9jYXFpeWU1t5Zf39jc2i7s7DZUGEsGdRaKULZcqkDwAOrIUUArkkB9V0DTHV6O6817kIqHwS2OInB82g+4xxlFLXULxQ7CA2ZzEldQNkyTTEluIC2pY/+ucpRql1W2MpjzxJ6SIpmi1i18dXohi30IkAmqVNu2InQSKpEzAWm+EyuI9C7ah7amAfVBOUl2RGoeaqVneqHUL0AzU393JNRXauS72ulTHKjZ2lj8r9aO0Tt3Eh5EMULAJou8WJgYmuNkzB6XwFCMNKFMcn2ryQZUUoY6v7wOwZ798jxpVMr2adm+PilWL6Zx5Mg+OSAlYpMzUiVXpEbqhJFH8kxeyZvxZLwY78bHxLpgTHv2yB8Ynz+syZv8</latexit>

Re(s/m2)

<latexit sha1_base64="GJ/1vSI28wAkPM5FIlbadxNzaLs=">AAACBnicbVDLSsNAFJ3UV62vqksRQosgCDXpQl0G3bhwUcE+oIlhMp20g5MHMzdiCFm58QP8CTcuFHHrN7jr3zh9LLT1wMDhnHvnzBwv5kyCYQy1wsLi0vJKcbW0tr6xuVXe3mnJKBGENknEI9HxsKSchbQJDDjtxILiwOO07d1djPz2PRWSReENpDF1AtwPmc8IBiW55X0b6AOM78k8jsldnkk3uzLz4+C2nrvlqlEzxtDniTklVatiHz0PrbThlr/tXkSSgIZAOJayaxoxOBkWwAineclOJI1VCu7TrqIhDqh0snF8rh8opaf7kVAnBH2s/t7IcCBlGnhqMsAwkLPeSPzP6ybgnzkZC+MEaEgmQX7CdYj0USd6jwlKgKeKYCKYeqtOBlhgAqq5kirBnP3yPGnVa+ZJzbw2q9Y5mqCI9lAFHSITnSILXaIGaiKCHtELekPv2pP2qn1on5PRgjbd2UV/oH39ABvfnH8=</latexit>

sL1/m2
<latexit sha1_base64="9ZohK2WLFUCcbLEtiPTBWKt1SYc=">AAACBnicbVDLSsNAFJ3UV62vqksRQosgCDXpQl0G3bhwUcE+oI1hMp22gzNJmLkRQ8jKjR/gT7hxoYhbv8Fd/8bpY6GtBwYO59w7Z+b4EWcKLGto5BYWl5ZX8quFtfWNza3i9k5DhbEktE5CHsqWjxXlLKB1YMBpK5IUC5/Tpn93MfKb91QqFgY3kETUFbgfsB4jGLTkFfc7QB9gfE/qc0zuslR56VU1Oxa31cwrlq2KNYY5T+wpKTulztHz0ElqXvG70w1JLGgAhGOl2rYVgZtiCYxwmhU6saKRTsF92tY0wIIqNx3HZ+aBVrpmL5T6BGCO1d8bKRZKJcLXkwLDQM16I/E/rx1D78xNWRDFQAMyCerF3ITQHHVidpmkBHiiCSaS6beaZIAlJqCbK+gS7Nkvz5NGtWKfVOxru+ycownyaA+V0CGy0Sly0CWqoToi6BG9oDf0bjwZr8aH8TkZzRnTnV30B8bXDx1pnIA=</latexit>

sL2/m2
<latexit sha1_base64="ObgjHZ4nDVjogIgy4/tnARDbbD0=">AAACDXicbVC7TgJBFJ31ieADtbSZCCZWuEuhlkQbS0zkkbC4mR0GmDD7yMxdItnsD9j4KzaaaIyNhb2dH6K1w0Kh4EkmOTnnvua4oeAKTPPTWFhcWl5Zzaxlc+sbm1v57Z26CiJJWY0GIpBNlygmuM9qwEGwZigZ8VzBGu7gfOw3hkwqHvhXMApZ2yM9n3c5JaAlJ1+0gd1AOid2BaGDJFZObA+JDPscu8mRd11OnHzBLJkp8DyxpqRQKX49vg1z31Un/2F3Ahp5zAcqiFItywyhHRMJnAqWZO1IsVAvIz3W0tQnHlPtOL0iwQda6eBuIPXzAafq746YeEqNPFdXegT6atYbi/95rQi6p+2Y+2EEzKeTRd1IYAjwOBrc4ZJRECNNCJVc34ppn0hCQQeY1SFYs1+eJ/VyyTouWZdWoXKGJsigPbSPDpGFTlAFXaAqqiGKbtE9ekLPxp3xYLwYr5PSBWPas4v+wHj/AZLpoOo=</latexit>

s'b/m2

<latexit sha1_base64="GsUTiz++hui2SKd4GNG4toymRjQ=">AAACDHicbVC7TgJBFJ31ifhCLW02EhNscJcYtSTaWKKRRwIrmR3uwoTZR2buGslmP8DGX7Gx0BhbP8DOv3FYKBQ8ySQn5577mONGgiu0rG9jYXFpeWU1t5Zf39jc2i7s7DZUGEsGdRaKULZcqkDwAOrIUUArkkB9V0DTHV6O6817kIqHwS2OInB82g+4xxlFLXULxQ7CA2ZzEldQNkyTTEluIC2pY/+ucpRql1W2MpjzxJ6SIpmi1i18dXohi30IkAmqVNu2InQSKpEzAWm+EyuI9C7ah7amAfVBOUl2RGoeaqVneqHUL0AzU393JNRXauS72ulTHKjZ2lj8r9aO0Tt3Eh5EMULAJou8WJgYmuNkzB6XwFCMNKFMcn2ryQZUUoY6v7wOwZ798jxpVMr2adm+PilWL6Zx5Mg+OSAlYpMzUiVXpEbqhJFH8kxeyZvxZLwY78bHxLpgTHv2yB8Ynz+syZv8</latexit>

Re(s/m2)

<latexit sha1_base64="GJ/1vSI28wAkPM5FIlbadxNzaLs=">AAACBnicbVDLSsNAFJ3UV62vqksRQosgCDXpQl0G3bhwUcE+oIlhMp20g5MHMzdiCFm58QP8CTcuFHHrN7jr3zh9LLT1wMDhnHvnzBwv5kyCYQy1wsLi0vJKcbW0tr6xuVXe3mnJKBGENknEI9HxsKSchbQJDDjtxILiwOO07d1djPz2PRWSReENpDF1AtwPmc8IBiW55X0b6AOM78k8jsldnkk3uzLz4+C2nrvlqlEzxtDniTklVatiHz0PrbThlr/tXkSSgIZAOJayaxoxOBkWwAineclOJI1VCu7TrqIhDqh0snF8rh8opaf7kVAnBH2s/t7IcCBlGnhqMsAwkLPeSPzP6ybgnzkZC+MEaEgmQX7CdYj0USd6jwlKgKeKYCKYeqtOBlhgAqq5kirBnP3yPGnVa+ZJzbw2q9Y5mqCI9lAFHSITnSILXaIGaiKCHtELekPv2pP2qn1on5PRgjbd2UV/oH39ABvfnH8=</latexit>

sL1/m2
<latexit sha1_base64="9ZohK2WLFUCcbLEtiPTBWKt1SYc=">AAACBnicbVDLSsNAFJ3UV62vqksRQosgCDXpQl0G3bhwUcE+oI1hMp22gzNJmLkRQ8jKjR/gT7hxoYhbv8Fd/8bpY6GtBwYO59w7Z+b4EWcKLGto5BYWl5ZX8quFtfWNza3i9k5DhbEktE5CHsqWjxXlLKB1YMBpK5IUC5/Tpn93MfKb91QqFgY3kETUFbgfsB4jGLTkFfc7QB9gfE/qc0zuslR56VU1Oxa31cwrlq2KNYY5T+wpKTulztHz0ElqXvG70w1JLGgAhGOl2rYVgZtiCYxwmhU6saKRTsF92tY0wIIqNx3HZ+aBVrpmL5T6BGCO1d8bKRZKJcLXkwLDQM16I/E/rx1D78xNWRDFQAMyCerF3ITQHHVidpmkBHiiCSaS6beaZIAlJqCbK+gS7Nkvz5NGtWKfVOxru+ycownyaA+V0CGy0Sly0CWqoToi6BG9oDf0bjwZr8aH8TkZzRnTnV30B8bXDx1pnIA=</latexit>

sL2/m2
<latexit sha1_base64="ObgjHZ4nDVjogIgy4/tnARDbbD0=">AAACDXicbVC7TgJBFJ31ieADtbSZCCZWuEuhlkQbS0zkkbC4mR0GmDD7yMxdItnsD9j4KzaaaIyNhb2dH6K1w0Kh4EkmOTnnvua4oeAKTPPTWFhcWl5Zzaxlc+sbm1v57Z26CiJJWY0GIpBNlygmuM9qwEGwZigZ8VzBGu7gfOw3hkwqHvhXMApZ2yM9n3c5JaAlJ1+0gd1AOid2BaGDJFZObA+JDPscu8mRd11OnHzBLJkp8DyxpqRQKX49vg1z31Un/2F3Ahp5zAcqiFItywyhHRMJnAqWZO1IsVAvIz3W0tQnHlPtOL0iwQda6eBuIPXzAafq746YeEqNPFdXegT6atYbi/95rQi6p+2Y+2EEzKeTRd1IYAjwOBrc4ZJRECNNCJVc34ppn0hCQQeY1SFYs1+eJ/VyyTouWZdWoXKGJsigPbSPDpGFTlAFXaAqqiGKbtE9ekLPxp3xYLwYr5PSBWPas4v+wHj/AZLpoOo=</latexit>

s'b/m2
<latexit sha1_base64="9ZohK2WLFUCcbLEtiPTBWKt1SYc=">AAACBnicbVDLSsNAFJ3UV62vqksRQosgCDXpQl0G3bhwUcE+oI1hMp22gzNJmLkRQ8jKjR/gT7hxoYhbv8Fd/8bpY6GtBwYO59w7Z+b4EWcKLGto5BYWl5ZX8quFtfWNza3i9k5DhbEktE5CHsqWjxXlLKB1YMBpK5IUC5/Tpn93MfKb91QqFgY3kETUFbgfsB4jGLTkFfc7QB9gfE/qc0zuslR56VU1Oxa31cwrlq2KNYY5T+wpKTulztHz0ElqXvG70w1JLGgAhGOl2rYVgZtiCYxwmhU6saKRTsF92tY0wIIqNx3HZ+aBVrpmL5T6BGCO1d8bKRZKJcLXkwLDQM16I/E/rx1D78xNWRDFQAMyCerF3ITQHHVidpmkBHiiCSaS6beaZIAlJqCbK+gS7Nkvz5NGtWKfVOxru+ycownyaA+V0CGy0Sly0CWqoToi6BG9oDf0bjwZr8aH8TkZzRnTnV30B8bXDx1pnIA=</latexit>

sL2/m2
<latexit sha1_base64="ObgjHZ4nDVjogIgy4/tnARDbbD0=">AAACDXicbVC7TgJBFJ31ieADtbSZCCZWuEuhlkQbS0zkkbC4mR0GmDD7yMxdItnsD9j4KzaaaIyNhb2dH6K1w0Kh4EkmOTnnvua4oeAKTPPTWFhcWl5Zzaxlc+sbm1v57Z26CiJJWY0GIpBNlygmuM9qwEGwZigZ8VzBGu7gfOw3hkwqHvhXMApZ2yM9n3c5JaAlJ1+0gd1AOid2BaGDJFZObA+JDPscu8mRd11OnHzBLJkp8DyxpqRQKX49vg1z31Un/2F3Ahp5zAcqiFItywyhHRMJnAqWZO1IsVAvIz3W0tQnHlPtOL0iwQda6eBuIPXzAafq746YeEqNPFdXegT6atYbi/95rQi6p+2Y+2EEzKeTRd1IYAjwOBrc4ZJRECNNCJVc34ppn0hCQQeY1SFYs1+eJ/VyyTouWZdWoXKGJsigPbSPDpGFTlAFXaAqqiGKbtE9ekLPxp3xYLwYr5PSBWPas4v+wHj/AZLpoOo=</latexit>

s'b/m2

<latexit sha1_base64="48HgjWA85V72snNCh06FyaZ46vk=">AAACA3icbVDLSgMxFM3UV62vUXe6CZaCqzIjRV0W3bisYB/QGUomzbShmQfJHbEMA278FTcuFHHrT7jzb8y0s9DWA4HDOffmJMeLBVdgWd9GaWV1bX2jvFnZ2t7Z3TP3DzoqSiRlbRqJSPY8opjgIWsDB8F6sWQk8ATrepPr3O/eM6l4FN7BNGZuQEYh9zkloKWBeeQAe4DZPaknCJ1kqVW3rIZTywZmNac58DKxC1JFBVoD88sZRjQJWAhUEKX6thWDmxIJnAqWVZxEsVhHkBHraxqSgCk3nWVnuKaVIfYjqU8IeKb+3khJoNQ08PRkQGCsFr1c/M/rJ+BfuikP4wRYSOdBfiIwRDgvBA+5ZBTEVBNCJddvxXRMJKGga6voEuzFLy+TzlndPq/bt41q86qoo4yO0Qk6RTa6QE10g1qojSh6RM/oFb0ZT8aL8W58zEdLRrFziP7A+PwBYzmXVQ==</latexit>

0.004%

increasing a



the Efimov evolution
sφb = (m + mb)2

Im[s]

Re[s]

Dawid, RB, Islam, Jackura,  (to appear)κ = − 3m − sb



Efimov bound states
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<latexit sha1_base64="O34qhx3TlEBZ7u5UawUe0jAbhds=">AAACGXicbZDLSsNAFIYnXmu9RV26CRbBhdRJbU2XRSm4rGAvkIYwmU7aoZMLMxOhhLyGG1/FjQtFXOrKt3GadqGtBwY+/v+cmTO/FzMqJITf2srq2vrGZmGruL2zu7evHxx2RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcb30z97gPhgkbhvZzExAnQMKQ+xUgqydVh2s8vsfnQc1JYvrKqJqyewzK0apYFFZiXFVivZU3XvGi6lczVS8rMy1gGcw4lMK+Wq3/2BxFOAhJKzJAQtglj6aSIS4oZyYr9RJAY4TEaElthiAIinDRfKjNOlTIw/IirE0ojV39PpCgQYhJ4qjNAciQWvan4n2cn0q87KQ3jRJIQzx7yE2bIyJjGZAwoJ1iyiQKEOVW7GniEOMJShVlUIZiLX16GTqVsqvzuqqXG9TyOAjgGJ+AMmMACDXALWqANMHgEz+AVvGlP2ov2rn3MWle0+cwR+FPa1w/6V5vY</latexit><latexit sha1_base64="O34qhx3TlEBZ7u5UawUe0jAbhds=">AAACGXicbZDLSsNAFIYnXmu9RV26CRbBhdRJbU2XRSm4rGAvkIYwmU7aoZMLMxOhhLyGG1/FjQtFXOrKt3GadqGtBwY+/v+cmTO/FzMqJITf2srq2vrGZmGruL2zu7evHxx2RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcb30z97gPhgkbhvZzExAnQMKQ+xUgqydVh2s8vsfnQc1JYvrKqJqyewzK0apYFFZiXFVivZU3XvGi6lczVS8rMy1gGcw4lMK+Wq3/2BxFOAhJKzJAQtglj6aSIS4oZyYr9RJAY4TEaElthiAIinDRfKjNOlTIw/IirE0ojV39PpCgQYhJ4qjNAciQWvan4n2cn0q87KQ3jRJIQzx7yE2bIyJjGZAwoJ1iyiQKEOVW7GniEOMJShVlUIZiLX16GTqVsqvzuqqXG9TyOAjgGJ+AMmMACDXALWqANMHgEz+AVvGlP2ov2rn3MWle0+cwR+FPa1w/6V5vY</latexit><latexit sha1_base64="O34qhx3TlEBZ7u5UawUe0jAbhds=">AAACGXicbZDLSsNAFIYnXmu9RV26CRbBhdRJbU2XRSm4rGAvkIYwmU7aoZMLMxOhhLyGG1/FjQtFXOrKt3GadqGtBwY+/v+cmTO/FzMqJITf2srq2vrGZmGruL2zu7evHxx2RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcb30z97gPhgkbhvZzExAnQMKQ+xUgqydVh2s8vsfnQc1JYvrKqJqyewzK0apYFFZiXFVivZU3XvGi6lczVS8rMy1gGcw4lMK+Wq3/2BxFOAhJKzJAQtglj6aSIS4oZyYr9RJAY4TEaElthiAIinDRfKjNOlTIw/IirE0ojV39PpCgQYhJ4qjNAciQWvan4n2cn0q87KQ3jRJIQzx7yE2bIyJjGZAwoJ1iyiQKEOVW7GniEOMJShVlUIZiLX16GTqVsqvzuqqXG9TyOAjgGJ+AMmMACDXALWqANMHgEz+AVvGlP2ov2rn3MWle0+cwR+FPa1w/6V5vY</latexit><latexit sha1_base64="O34qhx3TlEBZ7u5UawUe0jAbhds=">AAACGXicbZDLSsNAFIYnXmu9RV26CRbBhdRJbU2XRSm4rGAvkIYwmU7aoZMLMxOhhLyGG1/FjQtFXOrKt3GadqGtBwY+/v+cmTO/FzMqJITf2srq2vrGZmGruL2zu7evHxx2RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcb30z97gPhgkbhvZzExAnQMKQ+xUgqydVh2s8vsfnQc1JYvrKqJqyewzK0apYFFZiXFVivZU3XvGi6lczVS8rMy1gGcw4lMK+Wq3/2BxFOAhJKzJAQtglj6aSIS4oZyYr9RJAY4TEaElthiAIinDRfKjNOlTIw/IirE0ojV39PpCgQYhJ4qjNAciQWvan4n2cn0q87KQ3jRJIQzx7yE2bIyJjGZAwoJ1iyiQKEOVW7GniEOMJShVlUIZiLX16GTqVsqvzuqqXG9TyOAjgGJ+AMmMACDXALWqANMHgEz+AVvGlP2ov2rn3MWle0+cwR+FPa1w/6V5vY</latexit>

ma
<latexit sha1_base64="Xk3gsjqZxtRcBwMXy/gxlQ4lHoQ=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCoJRMbZ0ui25cVrAXmA4lk6ZtaOZCkhHKMA/hxldx40IRty7c+Tam01lo64HAx/+fk5z8XsSZVAh9Gyura+sbm4Wt4vbO7t6+eXDYlmEsCG2RkIei62FJOQtoSzHFaTcSFPsepx1vcjPzOw9USBYG92oaUdfHo4ANGcFKS33zPOlllzhi5LkJKl/ZVQtVL1AZ2TXbRhqsywqq11Ifp32zpPWs4DJYOZRAXs2++dUbhCT2aaAIx1I6FoqUm2ChGOE0LfZiSSNMJnhEHY0B9ql0k2yfFJ5qZQCHodAnUDBTf08k2Jdy6nu608dqLBe9mfif58RqWHcTFkSxogGZPzSMOVQhnCUEB0xQovhUAyaC6V0hGWOBidI5FnUI1uKXl6FdKVs6urtqqXGdx1EAx+AEnAEL2KABbkETtAABj+AZvII348l4Md6Nj3nripHPHIE/ZXz+AGwimpo=</latexit><latexit sha1_base64="Xk3gsjqZxtRcBwMXy/gxlQ4lHoQ=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCoJRMbZ0ui25cVrAXmA4lk6ZtaOZCkhHKMA/hxldx40IRty7c+Tam01lo64HAx/+fk5z8XsSZVAh9Gyura+sbm4Wt4vbO7t6+eXDYlmEsCG2RkIei62FJOQtoSzHFaTcSFPsepx1vcjPzOw9USBYG92oaUdfHo4ANGcFKS33zPOlllzhi5LkJKl/ZVQtVL1AZ2TXbRhqsywqq11Ifp32zpPWs4DJYOZRAXs2++dUbhCT2aaAIx1I6FoqUm2ChGOE0LfZiSSNMJnhEHY0B9ql0k2yfFJ5qZQCHodAnUDBTf08k2Jdy6nu608dqLBe9mfif58RqWHcTFkSxogGZPzSMOVQhnCUEB0xQovhUAyaC6V0hGWOBidI5FnUI1uKXl6FdKVs6urtqqXGdx1EAx+AEnAEL2KABbkETtAABj+AZvII348l4Md6Nj3nripHPHIE/ZXz+AGwimpo=</latexit><latexit sha1_base64="Xk3gsjqZxtRcBwMXy/gxlQ4lHoQ=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCoJRMbZ0ui25cVrAXmA4lk6ZtaOZCkhHKMA/hxldx40IRty7c+Tam01lo64HAx/+fk5z8XsSZVAh9Gyura+sbm4Wt4vbO7t6+eXDYlmEsCG2RkIei62FJOQtoSzHFaTcSFPsepx1vcjPzOw9USBYG92oaUdfHo4ANGcFKS33zPOlllzhi5LkJKl/ZVQtVL1AZ2TXbRhqsywqq11Ifp32zpPWs4DJYOZRAXs2++dUbhCT2aaAIx1I6FoqUm2ChGOE0LfZiSSNMJnhEHY0B9ql0k2yfFJ5qZQCHodAnUDBTf08k2Jdy6nu608dqLBe9mfif58RqWHcTFkSxogGZPzSMOVQhnCUEB0xQovhUAyaC6V0hGWOBidI5FnUI1uKXl6FdKVs6urtqqXGdx1EAx+AEnAEL2KABbkETtAABj+AZvII348l4Md6Nj3nripHPHIE/ZXz+AGwimpo=</latexit><latexit sha1_base64="Xk3gsjqZxtRcBwMXy/gxlQ4lHoQ=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCoJRMbZ0ui25cVrAXmA4lk6ZtaOZCkhHKMA/hxldx40IRty7c+Tam01lo64HAx/+fk5z8XsSZVAh9Gyura+sbm4Wt4vbO7t6+eXDYlmEsCG2RkIei62FJOQtoSzHFaTcSFPsepx1vcjPzOw9USBYG92oaUdfHo4ANGcFKS33zPOlllzhi5LkJKl/ZVQtVL1AZ2TXbRhqsywqq11Ifp32zpPWs4DJYOZRAXs2++dUbhCT2aaAIx1I6FoqUm2ChGOE0LfZiSSNMJnhEHY0B9ql0k2yfFJ5qZQCHodAnUDBTf08k2Jdy6nu608dqLBe9mfif58RqWHcTFkSxogGZPzSMOVQhnCUEB0xQovhUAyaC6V0hGWOBidI5FnUI1uKXl6FdKVs6urtqqXGdx1EAx+AEnAEL2KABbkETtAABj+AZvII348l4Md6Nj3nripHPHIE/ZXz+AGwimpo=</latexit>



Efimov bound states
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<latexit sha1_base64="O34qhx3TlEBZ7u5UawUe0jAbhds=">AAACGXicbZDLSsNAFIYnXmu9RV26CRbBhdRJbU2XRSm4rGAvkIYwmU7aoZMLMxOhhLyGG1/FjQtFXOrKt3GadqGtBwY+/v+cmTO/FzMqJITf2srq2vrGZmGruL2zu7evHxx2RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcb30z97gPhgkbhvZzExAnQMKQ+xUgqydVh2s8vsfnQc1JYvrKqJqyewzK0apYFFZiXFVivZU3XvGi6lczVS8rMy1gGcw4lMK+Wq3/2BxFOAhJKzJAQtglj6aSIS4oZyYr9RJAY4TEaElthiAIinDRfKjNOlTIw/IirE0ojV39PpCgQYhJ4qjNAciQWvan4n2cn0q87KQ3jRJIQzx7yE2bIyJjGZAwoJ1iyiQKEOVW7GniEOMJShVlUIZiLX16GTqVsqvzuqqXG9TyOAjgGJ+AMmMACDXALWqANMHgEz+AVvGlP2ov2rn3MWle0+cwR+FPa1w/6V5vY</latexit><latexit sha1_base64="O34qhx3TlEBZ7u5UawUe0jAbhds=">AAACGXicbZDLSsNAFIYnXmu9RV26CRbBhdRJbU2XRSm4rGAvkIYwmU7aoZMLMxOhhLyGG1/FjQtFXOrKt3GadqGtBwY+/v+cmTO/FzMqJITf2srq2vrGZmGruL2zu7evHxx2RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcb30z97gPhgkbhvZzExAnQMKQ+xUgqydVh2s8vsfnQc1JYvrKqJqyewzK0apYFFZiXFVivZU3XvGi6lczVS8rMy1gGcw4lMK+Wq3/2BxFOAhJKzJAQtglj6aSIS4oZyYr9RJAY4TEaElthiAIinDRfKjNOlTIw/IirE0ojV39PpCgQYhJ4qjNAciQWvan4n2cn0q87KQ3jRJIQzx7yE2bIyJjGZAwoJ1iyiQKEOVW7GniEOMJShVlUIZiLX16GTqVsqvzuqqXG9TyOAjgGJ+AMmMACDXALWqANMHgEz+AVvGlP2ov2rn3MWle0+cwR+FPa1w/6V5vY</latexit><latexit sha1_base64="O34qhx3TlEBZ7u5UawUe0jAbhds=">AAACGXicbZDLSsNAFIYnXmu9RV26CRbBhdRJbU2XRSm4rGAvkIYwmU7aoZMLMxOhhLyGG1/FjQtFXOrKt3GadqGtBwY+/v+cmTO/FzMqJITf2srq2vrGZmGruL2zu7evHxx2RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcb30z97gPhgkbhvZzExAnQMKQ+xUgqydVh2s8vsfnQc1JYvrKqJqyewzK0apYFFZiXFVivZU3XvGi6lczVS8rMy1gGcw4lMK+Wq3/2BxFOAhJKzJAQtglj6aSIS4oZyYr9RJAY4TEaElthiAIinDRfKjNOlTIw/IirE0ojV39PpCgQYhJ4qjNAciQWvan4n2cn0q87KQ3jRJIQzx7yE2bIyJjGZAwoJ1iyiQKEOVW7GniEOMJShVlUIZiLX16GTqVsqvzuqqXG9TyOAjgGJ+AMmMACDXALWqANMHgEz+AVvGlP2ov2rn3MWle0+cwR+FPa1w/6V5vY</latexit><latexit sha1_base64="O34qhx3TlEBZ7u5UawUe0jAbhds=">AAACGXicbZDLSsNAFIYnXmu9RV26CRbBhdRJbU2XRSm4rGAvkIYwmU7aoZMLMxOhhLyGG1/FjQtFXOrKt3GadqGtBwY+/v+cmTO/FzMqJITf2srq2vrGZmGruL2zu7evHxx2RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNcb30z97gPhgkbhvZzExAnQMKQ+xUgqydVh2s8vsfnQc1JYvrKqJqyewzK0apYFFZiXFVivZU3XvGi6lczVS8rMy1gGcw4lMK+Wq3/2BxFOAhJKzJAQtglj6aSIS4oZyYr9RJAY4TEaElthiAIinDRfKjNOlTIw/IirE0ojV39PpCgQYhJ4qjNAciQWvan4n2cn0q87KQ3jRJIQzx7yE2bIyJjGZAwoJ1iyiQKEOVW7GniEOMJShVlUIZiLX16GTqVsqvzuqqXG9TyOAjgGJ+AMmMACDXALWqANMHgEz+AVvGlP2ov2rn3MWle0+cwR+FPa1w/6V5vY</latexit>

E
2
/E

3
<latexit sha1_base64="SSGE3xB2CdB1Yw9Uu8S9xxp+92k=">AAACGnicbZDLSgMxFIYz9VbrrerSTbAILqQm42i7LErBZQV7gXYYMmnahmYuJBmhDH0ON76KGxeKuBM3vo3pZaGtBwIf/39OcvL7seBKI/RtZVZW19Y3spu5re2d3b38/kFDRYmkrE4jEcmWTxQTPGR1zbVgrVgyEviCNf3hzcRvPjCpeBTe61HM3ID0Q97jlGgjeXmcdqaXtGXfd1NUtJGDSvgMFR27dIUuDSAHl217DKuefV71LsZevmDEacFlwHMogHnVvPxnpxvRJGChpoIo1cYo1m5KpOZUsHGukygWEzokfdY2GJKAKTedbjWGJ0bpwl4kzQk1nKq/J1ISKDUKfNMZED1Qi95E/M9rJ7pXdlMexolmIZ091EsE1BGc5AS7XDKqxcgAoZKbXSEdEEmoNmnmTAh48cvL0LCLGBXxnVOoXM/jyIIjcAxOAQYlUAG3oAbqgIJH8AxewZv1ZL1Y79bHrDVjzWcOwZ+yvn4AS9mb+A==</latexit><latexit sha1_base64="SSGE3xB2CdB1Yw9Uu8S9xxp+92k=">AAACGnicbZDLSgMxFIYz9VbrrerSTbAILqQm42i7LErBZQV7gXYYMmnahmYuJBmhDH0ON76KGxeKuBM3vo3pZaGtBwIf/39OcvL7seBKI/RtZVZW19Y3spu5re2d3b38/kFDRYmkrE4jEcmWTxQTPGR1zbVgrVgyEviCNf3hzcRvPjCpeBTe61HM3ID0Q97jlGgjeXmcdqaXtGXfd1NUtJGDSvgMFR27dIUuDSAHl217DKuefV71LsZevmDEacFlwHMogHnVvPxnpxvRJGChpoIo1cYo1m5KpOZUsHGukygWEzokfdY2GJKAKTedbjWGJ0bpwl4kzQk1nKq/J1ISKDUKfNMZED1Qi95E/M9rJ7pXdlMexolmIZ091EsE1BGc5AS7XDKqxcgAoZKbXSEdEEmoNmnmTAh48cvL0LCLGBXxnVOoXM/jyIIjcAxOAQYlUAG3oAbqgIJH8AxewZv1ZL1Y79bHrDVjzWcOwZ+yvn4AS9mb+A==</latexit><latexit sha1_base64="SSGE3xB2CdB1Yw9Uu8S9xxp+92k=">AAACGnicbZDLSgMxFIYz9VbrrerSTbAILqQm42i7LErBZQV7gXYYMmnahmYuJBmhDH0ON76KGxeKuBM3vo3pZaGtBwIf/39OcvL7seBKI/RtZVZW19Y3spu5re2d3b38/kFDRYmkrE4jEcmWTxQTPGR1zbVgrVgyEviCNf3hzcRvPjCpeBTe61HM3ID0Q97jlGgjeXmcdqaXtGXfd1NUtJGDSvgMFR27dIUuDSAHl217DKuefV71LsZevmDEacFlwHMogHnVvPxnpxvRJGChpoIo1cYo1m5KpOZUsHGukygWEzokfdY2GJKAKTedbjWGJ0bpwl4kzQk1nKq/J1ISKDUKfNMZED1Qi95E/M9rJ7pXdlMexolmIZ091EsE1BGc5AS7XDKqxcgAoZKbXSEdEEmoNmnmTAh48cvL0LCLGBXxnVOoXM/jyIIjcAxOAQYlUAG3oAbqgIJH8AxewZv1ZL1Y79bHrDVjzWcOwZ+yvn4AS9mb+A==</latexit><latexit sha1_base64="SSGE3xB2CdB1Yw9Uu8S9xxp+92k=">AAACGnicbZDLSgMxFIYz9VbrrerSTbAILqQm42i7LErBZQV7gXYYMmnahmYuJBmhDH0ON76KGxeKuBM3vo3pZaGtBwIf/39OcvL7seBKI/RtZVZW19Y3spu5re2d3b38/kFDRYmkrE4jEcmWTxQTPGR1zbVgrVgyEviCNf3hzcRvPjCpeBTe61HM3ID0Q97jlGgjeXmcdqaXtGXfd1NUtJGDSvgMFR27dIUuDSAHl217DKuefV71LsZevmDEacFlwHMogHnVvPxnpxvRJGChpoIo1cYo1m5KpOZUsHGukygWEzokfdY2GJKAKTedbjWGJ0bpwl4kzQk1nKq/J1ISKDUKfNMZED1Qi95E/M9rJ7pXdlMexolmIZ091EsE1BGc5AS7XDKqxcgAoZKbXSEdEEmoNmnmTAh48cvL0LCLGBXxnVOoXM/jyIIjcAxOAQYlUAG3oAbqgIJH8AxewZv1ZL1Y79bHrDVjzWcOwZ+yvn4AS9mb+A==</latexit>

ma
<latexit sha1_base64="Xk3gsjqZxtRcBwMXy/gxlQ4lHoQ=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCoJRMbZ0ui25cVrAXmA4lk6ZtaOZCkhHKMA/hxldx40IRty7c+Tam01lo64HAx/+fk5z8XsSZVAh9Gyura+sbm4Wt4vbO7t6+eXDYlmEsCG2RkIei62FJOQtoSzHFaTcSFPsepx1vcjPzOw9USBYG92oaUdfHo4ANGcFKS33zPOlllzhi5LkJKl/ZVQtVL1AZ2TXbRhqsywqq11Ifp32zpPWs4DJYOZRAXs2++dUbhCT2aaAIx1I6FoqUm2ChGOE0LfZiSSNMJnhEHY0B9ql0k2yfFJ5qZQCHodAnUDBTf08k2Jdy6nu608dqLBe9mfif58RqWHcTFkSxogGZPzSMOVQhnCUEB0xQovhUAyaC6V0hGWOBidI5FnUI1uKXl6FdKVs6urtqqXGdx1EAx+AEnAEL2KABbkETtAABj+AZvII348l4Md6Nj3nripHPHIE/ZXz+AGwimpo=</latexit><latexit sha1_base64="Xk3gsjqZxtRcBwMXy/gxlQ4lHoQ=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCoJRMbZ0ui25cVrAXmA4lk6ZtaOZCkhHKMA/hxldx40IRty7c+Tam01lo64HAx/+fk5z8XsSZVAh9Gyura+sbm4Wt4vbO7t6+eXDYlmEsCG2RkIei62FJOQtoSzHFaTcSFPsepx1vcjPzOw9USBYG92oaUdfHo4ANGcFKS33zPOlllzhi5LkJKl/ZVQtVL1AZ2TXbRhqsywqq11Ifp32zpPWs4DJYOZRAXs2++dUbhCT2aaAIx1I6FoqUm2ChGOE0LfZiSSNMJnhEHY0B9ql0k2yfFJ5qZQCHodAnUDBTf08k2Jdy6nu608dqLBe9mfif58RqWHcTFkSxogGZPzSMOVQhnCUEB0xQovhUAyaC6V0hGWOBidI5FnUI1uKXl6FdKVs6urtqqXGdx1EAx+AEnAEL2KABbkETtAABj+AZvII348l4Md6Nj3nripHPHIE/ZXz+AGwimpo=</latexit><latexit sha1_base64="Xk3gsjqZxtRcBwMXy/gxlQ4lHoQ=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCoJRMbZ0ui25cVrAXmA4lk6ZtaOZCkhHKMA/hxldx40IRty7c+Tam01lo64HAx/+fk5z8XsSZVAh9Gyura+sbm4Wt4vbO7t6+eXDYlmEsCG2RkIei62FJOQtoSzHFaTcSFPsepx1vcjPzOw9USBYG92oaUdfHo4ANGcFKS33zPOlllzhi5LkJKl/ZVQtVL1AZ2TXbRhqsywqq11Ifp32zpPWs4DJYOZRAXs2++dUbhCT2aaAIx1I6FoqUm2ChGOE0LfZiSSNMJnhEHY0B9ql0k2yfFJ5qZQCHodAnUDBTf08k2Jdy6nu608dqLBe9mfif58RqWHcTFkSxogGZPzSMOVQhnCUEB0xQovhUAyaC6V0hGWOBidI5FnUI1uKXl6FdKVs6urtqqXGdx1EAx+AEnAEL2KABbkETtAABj+AZvII348l4Md6Nj3nripHPHIE/ZXz+AGwimpo=</latexit><latexit sha1_base64="Xk3gsjqZxtRcBwMXy/gxlQ4lHoQ=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCoJRMbZ0ui25cVrAXmA4lk6ZtaOZCkhHKMA/hxldx40IRty7c+Tam01lo64HAx/+fk5z8XsSZVAh9Gyura+sbm4Wt4vbO7t6+eXDYlmEsCG2RkIei62FJOQtoSzHFaTcSFPsepx1vcjPzOw9USBYG92oaUdfHo4ANGcFKS33zPOlllzhi5LkJKl/ZVQtVL1AZ2TXbRhqsywqq11Ifp32zpPWs4DJYOZRAXs2++dUbhCT2aaAIx1I6FoqUm2ChGOE0LfZiSSNMJnhEHY0B9ql0k2yfFJ5qZQCHodAnUDBTf08k2Jdy6nu608dqLBe9mfif58RqWHcTFkSxogGZPzSMOVQhnCUEB0xQovhUAyaC6V0hGWOBidI5FnUI1uKXl6FdKVs6urtqqXGdx1EAx+AEnAEL2KABbkETtAABj+AZvII348l4Md6Nj3nripHPHIE/ZXz+AGwimpo=</latexit>ma/�

<latexit sha1_base64="qZhQbcOBbA0LAy8y1Wj23VVOG1U=">AAACHHicbVBJS8NAGJ3UrdYt6tFLsAgepE5itD0WvXisYBdIQ5lMJ+3QycLMRCghP8SLf8WLB0W8eBD8N07THLT1wcDjvW+b58WMCgnht1ZaWV1b3yhvVra2d3b39P2DjogSjkkbRyziPQ8JwmhI2pJKRnoxJyjwGOl6k5uZ330gXNAovJfTmLgBGoXUpxhJJQ30i7SfD3H4yHNTWLOgDevmGazZVv0KXioCbbNhWVmAzvtMzR2ibKBXlZzDWCZmQaqgQGugf/aHEU4CEkrMkBCOCWPppohLihnJKv1EkBjhCRoRR9EQBUS4aX5XZpwoZWj4EVcvlEau/u5IUSDENPBUZYDkWCx6M/E/z0mk33BTGsaJJCGeL/ITZsjImCVlDCknWLKpIghzqm418BhxhKXKs6JCMBe/vEw6Vs2ENfPOrjavizjK4Agcg1NggjpoglvQAm2AwSN4Bq/gTXvSXrR37WNeWtKKnkPwB9rXD1wenco=</latexit><latexit sha1_base64="qZhQbcOBbA0LAy8y1Wj23VVOG1U=">AAACHHicbVBJS8NAGJ3UrdYt6tFLsAgepE5itD0WvXisYBdIQ5lMJ+3QycLMRCghP8SLf8WLB0W8eBD8N07THLT1wcDjvW+b58WMCgnht1ZaWV1b3yhvVra2d3b39P2DjogSjkkbRyziPQ8JwmhI2pJKRnoxJyjwGOl6k5uZ330gXNAovJfTmLgBGoXUpxhJJQ30i7SfD3H4yHNTWLOgDevmGazZVv0KXioCbbNhWVmAzvtMzR2ibKBXlZzDWCZmQaqgQGugf/aHEU4CEkrMkBCOCWPppohLihnJKv1EkBjhCRoRR9EQBUS4aX5XZpwoZWj4EVcvlEau/u5IUSDENPBUZYDkWCx6M/E/z0mk33BTGsaJJCGeL/ITZsjImCVlDCknWLKpIghzqm418BhxhKXKs6JCMBe/vEw6Vs2ENfPOrjavizjK4Agcg1NggjpoglvQAm2AwSN4Bq/gTXvSXrR37WNeWtKKnkPwB9rXD1wenco=</latexit><latexit sha1_base64="qZhQbcOBbA0LAy8y1Wj23VVOG1U=">AAACHHicbVBJS8NAGJ3UrdYt6tFLsAgepE5itD0WvXisYBdIQ5lMJ+3QycLMRCghP8SLf8WLB0W8eBD8N07THLT1wcDjvW+b58WMCgnht1ZaWV1b3yhvVra2d3b39P2DjogSjkkbRyziPQ8JwmhI2pJKRnoxJyjwGOl6k5uZ330gXNAovJfTmLgBGoXUpxhJJQ30i7SfD3H4yHNTWLOgDevmGazZVv0KXioCbbNhWVmAzvtMzR2ibKBXlZzDWCZmQaqgQGugf/aHEU4CEkrMkBCOCWPppohLihnJKv1EkBjhCRoRR9EQBUS4aX5XZpwoZWj4EVcvlEau/u5IUSDENPBUZYDkWCx6M/E/z0mk33BTGsaJJCGeL/ITZsjImCVlDCknWLKpIghzqm418BhxhKXKs6JCMBe/vEw6Vs2ENfPOrjavizjK4Agcg1NggjpoglvQAm2AwSN4Bq/gTXvSXrR37WNeWtKKnkPwB9rXD1wenco=</latexit><latexit sha1_base64="qZhQbcOBbA0LAy8y1Wj23VVOG1U=">AAACHHicbVBJS8NAGJ3UrdYt6tFLsAgepE5itD0WvXisYBdIQ5lMJ+3QycLMRCghP8SLf8WLB0W8eBD8N07THLT1wcDjvW+b58WMCgnht1ZaWV1b3yhvVra2d3b39P2DjogSjkkbRyziPQ8JwmhI2pJKRnoxJyjwGOl6k5uZ330gXNAovJfTmLgBGoXUpxhJJQ30i7SfD3H4yHNTWLOgDevmGazZVv0KXioCbbNhWVmAzvtMzR2ibKBXlZzDWCZmQaqgQGugf/aHEU4CEkrMkBCOCWPppohLihnJKv1EkBjhCRoRR9EQBUS4aX5XZpwoZWj4EVcvlEau/u5IUSDENPBUZYDkWCx6M/E/z0mk33BTGsaJJCGeL/ITZsjImCVlDCknWLKpIghzqm418BhxhKXKs6JCMBe/vEw6Vs2ENfPOrjavizjK4Agcg1NggjpoglvQAm2AwSN4Bq/gTXvSXrR37WNeWtKKnkPwB9rXD1wenco=</latexit>

λ2 ≈ 515



Efimov resonances

Dawid, RB, Islam, Jackura,  (to appear)
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q2L1/m
2

<latexit sha1_base64="GjlBsNNUz3GnNDtBBWDwSW5bw5c=">AAACCHicbVC7SgNBFJ2NrxhfUUsLF6NgFXe3UMugjYVFBPOAvJidTJIhsw9n7oph2NLGX7ERUcRW8Afs/A0/QJxsUmjigYHDOfc1xw05k2BZn0ZqZnZufiG9mFlaXlldy65vlGUQCUJLJOCBqLpYUs58WgIGnFZDQbHnclpx+6dDv3JNhWSBfwmDkDY83PVZhxEMWmplt+tAbyCZo1yOST9WV02npc6d+MBrOnErm7PyVgJzmthjkivsWl/q8fu92Mp+1NsBiTzqA+FYyppthdBQWAAjnMaZeiRpqPfgLq1p6mOPyoZKDojNPa20zU4g9PPBTNTfHQp7Ug48V1d6GHpy0huK/3m1CDrHDcX8MALqk9GiTsRNCMxhKmabCUqADzTBRDB9q0l6WGACOruMDsGe/PI0KTt5+zBvX9i5wgkaIY220A7aRzY6QgV0hoqohAi6RffoCT0bd8aD8WK8jkpTxrhnE/2B8fYDNhaeiQ==</latexit>

q2L2/m
2

<latexit sha1_base64="GjlBsNNUz3GnNDtBBWDwSW5bw5c=">AAACCHicbVC7SgNBFJ2NrxhfUUsLF6NgFXe3UMugjYVFBPOAvJidTJIhsw9n7oph2NLGX7ERUcRW8Afs/A0/QJxsUmjigYHDOfc1xw05k2BZn0ZqZnZufiG9mFlaXlldy65vlGUQCUJLJOCBqLpYUs58WgIGnFZDQbHnclpx+6dDv3JNhWSBfwmDkDY83PVZhxEMWmplt+tAbyCZo1yOST9WV02npc6d+MBrOnErm7PyVgJzmthjkivsWl/q8fu92Mp+1NsBiTzqA+FYyppthdBQWAAjnMaZeiRpqPfgLq1p6mOPyoZKDojNPa20zU4g9PPBTNTfHQp7Ug48V1d6GHpy0huK/3m1CDrHDcX8MALqk9GiTsRNCMxhKmabCUqADzTBRDB9q0l6WGACOruMDsGe/PI0KTt5+zBvX9i5wgkaIY220A7aRzY6QgV0hoqohAi6RffoCT0bd8aD8WK8jkpTxrhnE/2B8fYDNhaeiQ==</latexit>

q2L2/m
2

<latexit sha1_base64="GjlBsNNUz3GnNDtBBWDwSW5bw5c=">AAACCHicbVC7SgNBFJ2NrxhfUUsLF6NgFXe3UMugjYVFBPOAvJidTJIhsw9n7oph2NLGX7ERUcRW8Afs/A0/QJxsUmjigYHDOfc1xw05k2BZn0ZqZnZufiG9mFlaXlldy65vlGUQCUJLJOCBqLpYUs58WgIGnFZDQbHnclpx+6dDv3JNhWSBfwmDkDY83PVZhxEMWmplt+tAbyCZo1yOST9WV02npc6d+MBrOnErm7PyVgJzmthjkivsWl/q8fu92Mp+1NsBiTzqA+FYyppthdBQWAAjnMaZeiRpqPfgLq1p6mOPyoZKDojNPa20zU4g9PPBTNTfHQp7Ug48V1d6GHpy0huK/3m1CDrHDcX8MALqk9GiTsRNCMxhKmabCUqADzTBRDB9q0l6WGACOruMDsGe/PI0KTt5+zBvX9i5wgkaIY220A7aRzY6QgV0hoqohAi6RffoCT0bd8aD8WK8jkpTxrhnE/2B8fYDNhaeiQ==</latexit>

q2L2/m
2

<latexit sha1_base64="9eKYvZfKzyXNIDMeYO0owSyU1nQ=">AAACGXicbVDLSsNAFJ34tr6iLt0MFkE3NRFRl0U3LhWsLTQhTKa3dnDycOamWEJ+w42/4saFIi515d84jV1o64GBwzn3NSdMpdDoOF/W1PTM7Nz8wmJlaXlldc1e37jWSaY4NHgiE9UKmQYpYmigQAmtVAGLQgnN8PZs6Df7oLRI4iscpOBH7CYWXcEZGimwHQ/hHss5eSgZvy3y3bsg3I/2PJ6g1wGJLMi9PlNpT9CwKAK76tScEnSSuCNSJSNcBPaH10l4FkGMXDKt266Top8zhYJLKCpepiE1i9kNtA2NWQTaz8uLCrpjlA7tJsq8GGmp/u7IWaT1IApNZcSwp8e9ofif186we+LnIk4zhJj/LOpmkmJChzHRjlDAUQ4MYVwJcyvlPaYYRxNmxYTgjn95klwf1Nyjmnt5WK2fjuJYIFtkm+wSlxyTOjknF6RBOHkgT+SFvFqP1rP1Zr3/lE5Zo55N8gfW5zcrzqGk</latexit> (q
b
/m

)
co
t
� '

b

<latexit sha1_base64="V3PdCl9VsDRyK2k22CYedXw3P04=">AAACBXicbVC7TsMwFHXKq5RXgBGGiAqpLCWpEDBWsDAWiT6kNkSO67RWnQf2DaKKsrDwKywMIMTKP7DxN7hpBmg5kqWjc+71sY8bcSbBNL+1wsLi0vJKcbW0tr6xuaVv77RkGAtCmyTkoei4WFLOAtoEBpx2IkGx73LadkeXE799T4VkYXAD44jaPh4EzGMEg5Icfb8H9AGyexKXYzJKk8qd4x77R7e11NHLZtXMYMwTKydllKPh6F+9fkhinwZAOJaya5kR2AkWwAinaakXSxqpEDygXUUD7FNpJ1l6ahwqpW94oVAnACNTf28k2Jdy7Ltq0scwlLPeRPzP68bgndsJC6IYaECmQV7MDQiNSSVGnwlKgI8VwUQw9VaDDLHABFRxJVWCNfvledKqVa3TqnV9Uq5f5HUU0R46QBVkoTNUR1eogZqIoEf0jF7Rm/akvWjv2sd0tKDlO7voD7TPH6RjmKU=</latexit>

(qb/m)2
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