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Why three body physics is important? 

What toy model are we using? 

What is the left hand cut? 

How were the orange points derived from 
Lüscher formalism? 

How were the solid lines derived from 
solving Integral equations?
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Why Three Body Physics?
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Interesting resonances decay to three particle final states under strong interactions
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Phenomenology
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DD⇡

Physical Threshold

Threshold on the lattice
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m⇡ = 280 MeV
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Why Three Body Physics?
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T+
cc(3872)

<latexit sha1_base64="Q0OGKYd5VnjJcBGTuiHtak9rneo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBAiQtgVUY9BLx4jmAckMcxOZpMhs7PrTK8QlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXeXH0th0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa66VPDpVC8hgIlb8aa09CXvOEPbyZ+44lrIyJ1j6OYd0LaVyIQjKKVmm7Je0hPxyfdQtEtu1OQReJlpAgZqt3CV7sXsSTkCpmkxrQ8N8ZOSjUKJvk4304Mjykb0j5vWapoyE0nnd47JsdW6ZEg0rYUkqn6eyKloTGj0LedIcWBmfcm4n9eK8HgqpMKFSfIFZstChJJMCKT50lPaM5QjiyhTAt7K2EDqilDG1HehuDNv7xI6mdl76Ls3Z0XK9dZHDk4hCMogQeXUIFbqEINGEh4hld4cx6dF+fd+Zi1LjnZzAH8gfP5A5EwjwM=</latexit>

0(1+)

<latexit sha1_base64="ijU4yIbbBxzoBrU7JIKfnPFjs1M=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBZBEEoioh6LevBYwX5Am5bNdtMu3Wzi7qZQQn+HFw+KePXHePPfuGlz0NYHA4/3ZpiZ58ecKe0431ZhZXVtfaO4Wdra3tnds/cPGipKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0R7eZ3xxTqVgkHvUkpl6IB4IFjGBtJO+u66CsOjHrnvXsslNxZkDLxM1JGXLUevZXpx+RJKRCE46VartOrL0US80Ip9NSJ1E0xmSEB7RtqMAhVV46O3qKTozSR0EkTQmNZurviRSHSk1C33SGWA/VopeJ/3ntRAfXXspEnGgqyHxRkHCkI5QlgPpMUqL5xBBMJDO3IjLEEhNtciqZENzFl5dJ47ziXlbch4ty9SaPowhHcAyn4MIVVOEealAHAk/wDK/wZo2tF+vd+pi3Fqx85hD+wPr8AYQSkKQ=</latexit>

D0D0⇡+

Interesting resonances decay to three particle final states under strong interactions

Particle Data Group, 2022
LHCb collaboration, 2022

M. Padmanath, 2022
Meng-Lin Du, 2023

Experiment

Lattice

Phenomenology

<latexit sha1_base64="ijU4yIbbBxzoBrU7JIKfnPFjs1M=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBZBEEoioh6LevBYwX5Am5bNdtMu3Wzi7qZQQn+HFw+KePXHePPfuGlz0NYHA4/3ZpiZ58ecKe0431ZhZXVtfaO4Wdra3tnds/cPGipKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0R7eZ3xxTqVgkHvUkpl6IB4IFjGBtJO+u66CsOjHrnvXsslNxZkDLxM1JGXLUevZXpx+RJKRCE46VartOrL0US80Ip9NSJ1E0xmSEB7RtqMAhVV46O3qKTozSR0EkTQmNZurviRSHSk1C33SGWA/VopeJ/3ntRAfXXspEnGgqyHxRkHCkI5QlgPpMUqL5xBBMJDO3IjLEEhNtciqZENzFl5dJ47ziXlbch4ty9SaPowhHcAyn4MIVVOEealAHAk/wDK/wZo2tF+vd+pi3Fqx85hD+wPr8AYQSkKQ=</latexit>

D0D0⇡+
<latexit sha1_base64="CD4owZ3GYCUywWKmJOUURhE1jQY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSIIQsmKqMeiPXisYD+g3ZZsmm1Ds9k1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbm+bHg2mD87aysrq1vbOa28ts7u3v7hYPDuo4SRVmNRiJSTZ9oJrhkNcONYM1YMRL6gjX84d3Ub4yY0jySj2YcMy8kfckDTomxklfpYFTpnKN2zDu4WyjiEp4BLRM3I0XIUO0Wvtq9iCYhk4YKonXLxbHxUqIMp4JN8u1Es5jQIemzlqWShEx76ezoCTq1Sg8FkbIlDZqpvydSEmo9Dn3bGRIz0IveVPzPayUmuPFSLuPEMEnni4JEIBOhaQKoxxWjRowtIVRxeyuiA6IINTanvA3BXXx5mdQvSu5VyX24LJZvszhycAwncAYuXEMZ7qEKNaDwBM/wCm/OyHlx3p2PeeuKk80cwR84nz+D9JCk</latexit>

D0D+⇡0
<latexit sha1_base64="WOKD6Ti/4rEzjM3AyuRKoW0pQAk=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJUhJJUsT0WvXis0C9o07LZbtqlm03Y3Sgl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5XsSZ0rb9ba2tb2xubWd2srt7+weHuaPjpgpjSWiDhDyUbQ8rypmgDc00p+1IUhx4nLa88d3Mbz1SqVgo6noSUTfAQ8F8RrA2Uq/eTwiZ9i4LV5Vy6aKfy9tFew60SpyU5CFFrZ/76g5CEgdUaMKxUh3HjrSbYKkZ4XSa7caKRpiM8ZB2DBU4oMpN5ldP0blRBsgPpSmh0Vz9PZHgQKlJ4JnOAOuRWvZm4n9eJ9Z+xU2YiGJNBVks8mOOdIhmEaABk5RoPjEEE8nMrYiMsMREm6CyJgRn+eVV0iwVnZui83Cdr96mcWTgFM6gAA6UoQr3UIMGEJDwDK/wZj1ZL9a79bFoXbPSmRP4A+vzB3GnkSs=</latexit>

T+
cc(3872)

<latexit sha1_base64="eelsNcjSFzT47D/FQAI6fzp6j/A=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSKIQtkVUY9Fe/BYwX5guy3ZNNuGZpMlyQpl6b/w4kERr/4bb/4b03YP2vpg4PHeDDPzgpgzbVz321laXlldW89t5De3tnd2C3v7dS0TRWiNSC5VM8CaciZozTDDaTNWFEcBp41geDvxG09UaSbFgxnF1I9wX7CQEWys9FjppKfuGFU6Z91C0S25U6BF4mWkCBmq3cJXuydJElFhCMdatzw3Nn6KlWGE03G+nWgaYzLEfdqyVOCIaj+dXjxGx1bpoVAqW8Kgqfp7IsWR1qMosJ0RNgM9703E/7xWYsJrP2UiTgwVZLYoTDgyEk3eRz2mKDF8ZAkmitlbERlghYmxIeVtCN78y4ukfl7yLkve/UWxfJPFkYNDOIIT8OAKynAHVagBAQHP8ApvjnZenHfnY9a65GQzB/AHzucP6cOPxQ==</latexit>

D⇤0D+
<latexit sha1_base64="sdfbr//yDfEy4h5InV41MGFOawA=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIsgCmVGRF0WdeGygn1AO5ZMmmlDM5mQZIQyzG+4caGIW3/GnX9j2s5CWw/cy+Gce8nNCSRn2rjut1NYWl5ZXSuulzY2t7Z3yrt7TR0nitAGiXms2gHWlDNBG4YZTttSURwFnLaC0c3Ebz1RpVksHsxYUj/CA8FCRrCxUvf2MXUzZPvJadYrV9yqOwVaJF5OKpCj3it/dfsxSSIqDOFY647nSuOnWBlGOM1K3URTickID2jHUoEjqv10enOGjqzSR2GsbAmDpurvjRRHWo+jwE5G2Az1vDcR//M6iQmv/JQJmRgqyOyhMOHIxGgSAOozRYnhY0swUczeisgQK0yMjalkQ/Dmv7xImmdV76Lq3Z9Xatd5HEU4gEM4Bg8uoQZ3UIcGEJDwDK/w5iTOi/PufMxGC06+sw9/4Hz+ALMqkNE=</latexit>

D0D⇤+

<latexit sha1_base64="8moZ4ykxCXLN6Sg+Fv1Ljj+vazM=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgCGFXRD0GvXiMkBcka5iddJIhs7PrzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHsmaGcfoh3QgeZ8zaqzUqnVTxiYPZ91iyS27M5Bl4mWkBBmq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZvRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP61n3IZJwYlmy/qJ4KYiEyfJz2ukBkxtoQyxe2thA2poszYiAo2BG/x5WXSOC97l2Xv/qJUucniyMMRHMMpeHAFFbiDKtSBgYBneIU359F5cd6dj3lrzslmDuEPnM8fwuSPyg==</latexit>

T+
cc

<latexit sha1_base64="yPk2FLt9Z+CoTSF/dRdRpO0Y8eA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuiHoMmoPHCOYByRpmJ51kyOzsMjMrhCUf4cWDIl79Hm/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwup36zSdUmkfywYxj9EM6kLzPGTVWalYf07MJqXaLJbfszkCWiZeREmSodYtfnV7EkhClYYJq3fbc2PgpVYYzgZNCJ9EYUzaiA2xbKmmI2k9n507IiVV6pB8pW9KQmfp7IqWh1uMwsJ0hNUO96E3F/7x2YvrXfsplnBiUbL6onwhiIjL9nfS4QmbE2BLKFLe3EjakijJjEyrYELzFl5dJ47zsXZa9+4tS5SaLIw9HcAyn4MEVVOAOalAHBiN4hld4c2LnxXl3PuatOSebOYQ/cD5/AFuVju4=</latexit>

D⇤D
<latexit sha1_base64="Qsa2jrjm9d3cWCf7Zg6mr8rfVuU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRHjxWMG2hDWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjpk4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR3cxvPaHSPJGPZpxiENOB5BFn1FjJr9e7Ke+VK27VnYOsEi8nFcjR6JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhPdBBMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lzYuqd1X1Hi4rtds8jiKcwCmcgwfXUIN7aIAPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fa5KObw==</latexit>

DD⇡

Physical Threshold

Threshold on the lattice

<latexit sha1_base64="XJRwto9mcYsPg3IaZYP9mLtSQQ8=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYBXugmgaIWhjI0QwiZCEsLeZS5bsfbA7J4bjGv+KjYUitv4MO/+Nm+QKTXww8Hhvhpl5biSFRtv+tnJLyyura/n1wsbm1vZOcXevqcNYcWjwUIbq3mUapAiggQIl3EcKmO9KaLmjq4nfegClRRjc4TiCrs8GgfAEZ2ikXvHA73UiQS9opWrTDsIjJvQGmmmvWLLL9hR0kTgZKZEM9V7xq9MPeexDgFwyrduOHWE3YQoFl5AWOrGGiPERG0Db0ID5oLvJ9IGUHhulT71QmQqQTtXfEwnztR77run0GQ71vDcR//PaMXrVbiKCKEYI+GyRF0uKIZ2kQftCAUc5NoRxJcytlA+ZYhxNZgUTgjP/8iJpVsrOWdm5PS3VLrM48uSQHJET4pBzUiPXpE4ahJOUPJNX8mY9WS/Wu/Uxa81Z2cw++QPr8wd7epUQ</latexit>

m⇡ = 280 MeV

2



The Recipe 

Finite volume 
spectroscopy

Infinite-volume 
scattering amplitude 

Amplitude analysis, 
Bound-states and 

resonances 

Hansen and Sharpe, 2014, 2015
Mai and Döring, 2017
Briceño, Hansen and Sharpe, 2018
Hansen, Romero-Lopéz and Sharpe, 2020
Blanton and Sharpe, 2020
Jackura, 2022

Infinite-volume 
three-body K-matrix

3

<latexit sha1_base64="SFqyXnSkttLQbkD/vlkoUOesNmk=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE1GVRBBcuKtgHtCFMppN26GQSZiZiCfkVNy4UceuPuPNvnKZZaOuBgcM59zXHjzlT2ra/rdLK6tr6RnmzsrW9s7tX3a91VJRIQtsk4pHs+VhRzgRta6Y57cWS4tDntOtPrmd+95FKxSLxoKcxdUM8EixgBGsjedXaIJ+R+hyTSZbeeHeZV63bDTsHWiZOQepQoOVVvwbDiCQhFZpwrFTfsWPtplhqRjjNKoNE0diMxyPaN1TgkCo3zfdm6NgoQxRE0jyhUa7+7khxqNQ09E1liPVYLXoz8T+vn+jg0k2ZiBNNBZkvChKOdIRmQaAhk5RoPjUEE8nMrYiMscREm7gqJgRn8cvLpHPacM4bzv1ZvXlVxFGGQziCE3DgAppwCy1oA4EneIZXeLMy68V6tz7mpSWr6DmAP7A+fwB/15S9</latexit>

EL

<latexit sha1_base64="RerveUrWlXS1iV348QIovWcEZ4Q=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyVRUZdFN4KbCvYBbQiT6aQdOpmEmYlQQ77EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9q2v63Syura+kZ5s7K1vbNbre3td1SUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT25yv/tIpWKReNDTmLohHgkWMIK1kbxadRBiPSaYp3eZl55lXq1uN+wZ0DJxClKHAi2v9jUYRiQJqdCEY6X6jh1rN8VSM8JpVhkkisaYTPCI9g0VOKTKTWfBM3RslCEKImme0Gim/t5IcajUNPTNZB5TLXq5+J/XT3Rw5aZMxImmgswPBQlHOkJ5C2jIJCWaTw3BRDKTFZExlpho01XFlOAsfnmZdE4bzkXDuT+vN6+LOspwCEdwAg5cQhNuoQVtIJDAM7zCm/VkvVjv1sd8tGQVOwfwB9bnD/aYk0o=</latexit>

K3



= + + + ⋯
Assuming 

<latexit sha1_base64="RerveUrWlXS1iV348QIovWcEZ4Q=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyVRUZdFN4KbCvYBbQiT6aQdOpmEmYlQQ77EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9q2v63Syura+kZ5s7K1vbNbre3td1SUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT25yv/tIpWKReNDTmLohHgkWMIK1kbxadRBiPSaYp3eZl55lXq1uN+wZ0DJxClKHAi2v9jUYRiQJqdCEY6X6jh1rN8VSM8JpVhkkisaYTPCI9g0VOKTKTWfBM3RslCEKImme0Gim/t5IcajUNPTNZB5TLXq5+J/XT3Rw5aZMxImmgswPBQlHOkJ5C2jIJCWaTw3BRDKTFZExlpho01XFlOAsfnmZdE4bzkXDuT+vN6+LOspwCEdwAg5cQhNuoQVtIJDAM7zCm/VkvVjv1sd8tGQVOwfwB9bnD/aYk0o=</latexit>

K3
<latexit sha1_base64="P90b6eAJzBgAaKaynDpX7p3sQzI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHq7dXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl9eJs2zqndR9e7PK7WbPI4iHMExnIIHl1CDO6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AH8po0B</latexit>

= 0

<latexit sha1_base64="TObBkkmRp4YjJPXOEYyzyhVRFvc=">AAACOHicbVDLSsNAFJ3UV62vqEs3g0Vw05IUUTdC0YJuxAr2AU0Ik+m0HTp5MDMRSshnufEz3IkbF4q49QuctEH68MDAOefey9x73JBRIQ3jVcstLa+sruXXCxubW9s7+u5eUwQRx6SBAxbwtosEYdQnDUklI+2QE+S5jLTc4VVabz0SLmjgP8hRSGwP9X3aoxhJZTn6neUhOcCIxbUEXsDSn7xNnAq8hrO6NKct6svpplri6EWjbIwBF4mZkSLIUHf0F6sb4MgjvsQMCdExjVDaMeKSYkaSghUJEiI8RH3SUdRHHhF2PD48gUfK6cJewNVTm4zd6YkYeUKMPFd1piuK+Vpq/lfrRLJ3bsfUDyNJfDz5qBcxKAOYpgi7lBMs2UgRhDlVu0I8QBxhqbIuqBDM+ZMXSbNSNk/L5v1JsXqZxZEHB+AQHAMTnIEquAF10AAYPIE38AE+tWftXfvSvietOS2b2Qcz0H5+Aaeqq7s=</latexit>

D = �M2GM2 �M2

Z
GD

<latexit sha1_base64="maY5H75yoLbHAJO0Qagak9JdQn8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3ZWM+w==</latexit>q

, and all identical scalar particles 

<latexit sha1_base64="SrSP4/W47lQ7JFd/RfgS0+wwBRo="></latexit>

D =
�g

�p �m2
b

M'b
�g

�k �m2
b

Two-body bound-state residue
Two-body bound-state mass

<latexit sha1_base64="MBKkfHbeHwqmIvofmwdWfUEOsO0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpXnWjbrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6qwd15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH0cqjcw=</latexit>mb

<latexit sha1_base64="mFQcdlBR6Z0VaZjlNP3+sTDIt7E=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2ls12ki7dbMLuRiilP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLUsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZIphg2WiES1A6pRcIkNw43AdqqQxoHAVjC8mfqtJ1SaJ/LBjFL0YxpJHnJGjZXuo8dqr1R2K+4MZJl4OSlDjnqv9NXtJyyLURomqNYdz02NP6bKcCZwUuxmGlPKhjTCjqWSxqj98ezUCTm1Sp+EibIlDZmpvyfGNNZ6FAe2M6ZmoBe9qfif18lMeOWPuUwzg5LNF4WZICYh079JnytkRowsoUxxeythA6ooMzadog3BW3x5mTSrFe+i4t2dl2vXeRwFOIYTOAMPLqEGt1CHBjCI4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AHzso2V</latexit>

g2

4

bound-state, (b) bound-state, (b)

spectator, ( )φ spectator, ( )φ

Toy Model

Infinite volume integral equation

<latexit sha1_base64="xiOICXMYyyUnIPna4KVpLIO6d2A=">AAACFHicbVDLSgNBEJyNrxhfUY9eBoMgiGFXRb0IQUEELxGMBpJ1mZ10ksHZBzO9Ylj2I7z4K148KOLVgzf/xsnjoNGChqKqm+4uP5ZCo21/WbmJyanpmfxsYW5+YXGpuLxypaNEcajxSEaq7jMNUoRQQ4ES6rECFvgSrv3bk75/fQdKiyi8xF4MbsA6oWgLztBIXnGriXCPaQswow3aDBh2OZPpeebt0i166u3epNtORl16RG2vWLLL9gD0L3FGpERGqHrFz2Yr4kkAIXLJtG44doxuyhQKLiErNBMNMeO3rAMNQ0MWgHbTwVMZ3TBKi7YjZSpEOlB/TqQs0LoX+Kazf7Ue9/rif14jwfahm4owThBCPlzUTiTFiPYToi2hgKPsGcK4EuZWyrtMMY4mx4IJwRl/+S+52ik7+2XnYq9UOR7FkSdrZJ1sEocckAo5I1VSI5w8kCfyQl6tR+vZerPeh605azSzSn7B+vgGcl6cfA==</latexit>

det[K3 + F�1
3 ] = 0Finite volume Quantization condition

<latexit sha1_base64="AxXpFNeY3yqcYf9SppaeskPl4rY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+L2yxW36s5BVomXkwrkaPTLX71BzNKIK2SSGtP13AT9jGoUTPJpqZcanlA2pkPetVTRiBs/m186JWdWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xw2s+ESlLkii0WhakkGJPZ22QgNGcoJ5ZQpoW9lbAR1ZShDadkQ/CWX14lrYuqV6t695eV+k0eRxFO4BTOwYMrqMMdNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ANCVjOQ=</latexit>

0



5

Solution Process

<latexit sha1_base64="uB4B0DJZblIQ4VYNHYbm3lEsxbI=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaKqMuiGzdCBfuAdiiZNNOGZjJjkimUod/hxoUibv0Yd/6NmXYW2nogcDjnXu7J8WPBtXGcb1RYW9/Y3Cpul3Z29/YPyodHLR0lirImjUSkOj7RTHDJmoYbwTqxYiT0BWv749vMb0+Y0jySj2YaMy8kQ8kDTomxktcLiRlRItL7Wb/WL1ecqjMHXiVuTiqQo9Evf/UGEU1CJg0VROuu68TGS4kynAo2K/USzWJCx2TIupZKEjLtpfPQM3xmlQEOImWfNHiu/t5ISaj1NPTtZBZSL3uZ+J/XTUxw7aVcxolhki4OBYnAJsJZA3jAFaNGTC0hVHGbFdMRUYQa21PJluAuf3mVtGpV97LqPlxU6jd5HUU4gVM4BxeuoA530IAmUHiCZ3iFNzRBL+gdfSxGCyjfOYY/QJ8/s5ySDg==</latexit>

M2

<latexit sha1_base64="jh/RPbqew4sdLx68TT/xbWQ0Ze4=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQq6rIoBZcV7AOaECbTSTt0MhNmJpUSunLjr7hxoYhbv8Gdf+O0zUJbD1w4nHMv994TJowq7TjfVmFpeWV1rbhe2tjc2t6xd/eaSqQSkwYWTMh2iBRhlJOGppqRdiIJikNGWuHgZuK3hkQqKvi9HiXEj1GP04hipI0U2Ie14Ax6kvb6GkkpHmAtyLwhkkmfwnAc2GWn4kwBF4mbkzLIUQ/sL68rcBoTrjFDSnVcJ9F+hqSmmJFxyUsVSRAeoB7pGMpRTJSfTd8Yw2OjdGEkpCmu4VT9PZGhWKlRHJrOGOm+mvcm4n9eJ9XRlZ9RnqSacDxbFKUMagEnmcAulQRrNjIEYUnNrRD3kURYm+RKJgR3/uVF0jytuBcV9+68XL3O4yiCA3AEToALLkEV3II6aAAMHsEzeAVv1pP1Yr1bH7PWgpXP7IM/sD5/AJT7mJM=</latexit>

E3 ! E'b

<latexit sha1_base64="2+DxMZd2xr5NtlewPYdcZtyAyK8=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJRNRl0Y0boYJ9QBPCZDpph04ezEwKJWTjr7hxoYhbP8Odf+OkzUJbD1w4nHMv997jJ5xJZVnfRmVldW19o7pZ29re2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPbwu/O6FCsjh6VNOEuiEeRixgBCsteeaRE2I1Iphn97mXORMskhFDfu6ZdathzYCWiV2SOpRoeeaXM4hJGtJIEY6l7NtWotwMC8UIp3nNSSVNMBnjIe1rGuGQSjebPZCjU60MUBALXZFCM/X3RIZDKaehrzuLc+WiV4j/ef1UBdduxqIkVTQi80VBypGKUZEGGjBBieJTTTARTN+KyAgLTJTOrKZDsBdfXiad84Z92bAfLurNmzKOKhzDCZyBDVfQhDtoQRsI5PAMr/BmPBkvxrvxMW+tGOXMIfyB8fkDO/iW0Q==</latexit>

M'b

3-body Quantization Condition

2-body Lüscher formalism
LSZ

3-body Integral equations
Romero-López, Sharpe, Blanton, Briceño and Hansen, 2019
Jackura, Briceño, Dawid, Islam, and McCarty, 2020
Dawid, Islam and Briceño, 2023

<latexit sha1_base64="f/HBf9SL8Q/nNi33dLoo56dGmJ8=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiHjxWsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozG6nvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdS9+/Na47qoowxHcAyn4MElNOAOmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPdtWRYA==</latexit>D
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<latexit sha1_base64="9eKYvZfKzyXNIDMeYO0owSyU1nQ=">AAACGXicbVDLSsNAFJ34tr6iLt0MFkE3NRFRl0U3LhWsLTQhTKa3dnDycOamWEJ+w42/4saFIi515d84jV1o64GBwzn3NSdMpdDoOF/W1PTM7Nz8wmJlaXlldc1e37jWSaY4NHgiE9UKmQYpYmigQAmtVAGLQgnN8PZs6Df7oLRI4iscpOBH7CYWXcEZGimwHQ/hHss5eSgZvy3y3bsg3I/2PJ6g1wGJLMi9PlNpT9CwKAK76tScEnSSuCNSJSNcBPaH10l4FkGMXDKt266Top8zhYJLKCpepiE1i9kNtA2NWQTaz8uLCrpjlA7tJsq8GGmp/u7IWaT1IApNZcSwp8e9ofif186we+LnIk4zhJj/LOpmkmJChzHRjlDAUQ4MYVwJcyvlPaYYRxNmxYTgjn95klwf1Nyjmnt5WK2fjuJYIFtkm+wSlxyTOjknF6RBOHkgT+SFvFqP1rP1Zr3/lE5Zo55N8gfW5zcrzqGk</latexit> (q
b
/m

)
co
t
� '

b

Outline

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

(qb/m)2

Why the breakdown is important in 
three body physics? 

What toy model are we using? 

What is the left hand cut? 

How were the orange points derived from 
Lüscher formalism? 

How were the solid lines derived from 
solving Integral equations?

<latexit sha1_base64="3upFwxL218QtWxlQN4/2WM1PrnQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX83rlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDypGNeg==</latexit>

L1
<latexit sha1_base64="tgP/Z9Xw8CEy4BnlhDG/VN1jdRM=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0QtQzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjrVXulsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezUyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2naINwVt8eZk0qxXvouLdn5dr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDzBWNew==</latexit>

L2



Left Hand Cut

<latexit sha1_base64="qSJvR3pOBNj7C3c5PLhnkq204jA=">AAAB83icbVBNS8NAEN34WetX1aOXYBHqpSQi6rEogscq9gOaUDbbSbt0swm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSATX6Djf1tLyyuraemGjuLm1vbNb2ttv6jhVDBosFrFqB1SD4BIayFFAO1FAo0BAKxheT/zWIyjNY/mAowT8iPYlDzmjaCTPQ3jC7B4qNyfjbqnsVJ0p7EXi5qRMctS7pS+vF7M0AolMUK07rpOgn1GFnAkYF71UQ0LZkPahY6ikEWg/m948to+N0rPDWJmSaE/V3xMZjbQeRYHpjCgO9Lw3Ef/zOimGl37GZZIiSDZbFKbCxtieBGD3uAKGYmQIZYqbW202oIoyNDEVTQju/MuLpHladc+r7t1ZuXaVx1Egh+SIVIhLLkiN3JI6aRBGEvJMXsmblVov1rv1MWtdsvKZA/IH1ucPjcuRXg==</latexit>

Re(E)

<latexit sha1_base64="t3PhiAdrLSFOVPNEkUF5+Ogz6Mo=">AAAB83icbVBNSwMxEM36WetX1aOXYBHqpeyKqMeiCHqrYD+gu5Rsmm1Dk+ySzIpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwkRwA6777Swtr6yurRc2iptb2zu7pb39polTTVmDxiLW7ZAYJrhiDeAgWDvRjMhQsFY4vJ74rUemDY/VA4wSFkjSVzzilICVfB/YE2R3snJzMu6Wym7VnQIvEi8nZZSj3i19+b2YppIpoIIY0/HcBIKMaOBUsHHRTw1LCB2SPutYqohkJsimN4/xsVV6OIq1LQV4qv6eyIg0ZiRD2ykJDMy8NxH/8zopRJdBxlWSAlN0tihKBYYYTwLAPa4ZBTGyhFDN7a2YDogmFGxMRRuCN//yImmeVr3zqnd/Vq5d5XEU0CE6QhXkoQtUQ7eojhqIogQ9o1f05qTOi/PufMxal5x85gD9gfP5A4w6kV0=</latexit>

Im(E)

<latexit sha1_base64="EXr+zkawZMhXDkA2kUMc9B8B7d0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg0Zinrlil/150CrJMhJBXLUe+Wvbj8hqaDSEo6N6QS+smGGtWWE02mpmxqqMBnhAe04KrGgJszmB0/RmVP6KE60K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4JMyZVaqkki0VxypFN0Ox71GeaEssnjmCimbsVkSHWmFiXUcmFECy/vEqaF9Xgqho8XFZqt3kcRTiBUziHAK6hBvdQhwYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AkieQQg==</latexit>

'b
<latexit sha1_base64="9GcXJk0RDrSpSB1BU1+krIKqtd8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VjBfkAbymS7aZduNnF3Uyihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqyuo0FrFqBaiZ4JLVDTeCtRLFMAoEawbDu6nfHDGleSwfzThhfoR9yUNO0VipddEZoUoGvFsquxV3BrJMvJyUIUetW/rq9GKaRkwaKlDrtucmxs9QGU4FmxQ7qWYJ0iH2WdtSiRHTfja7d0JOrdIjYaxsSUNm6u+JDCOtx1FgOyM0A73oTcX/vHZqwhs/4zJJDZN0vihMBTExmT5PelwxasTYEqSK21sJHaBCamxERRuCt/jyMmmcV7yrivdwWa7e5nEU4BhO4Aw8uIYq3EMN6kBBwDO8wpvz5Lw4787HvHXFyWeO4A+czx/w44/p</latexit>

3'
<latexit sha1_base64="3upFwxL218QtWxlQN4/2WM1PrnQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX83rlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDypGNeg==</latexit>

L1
<latexit sha1_base64="tgP/Z9Xw8CEy4BnlhDG/VN1jdRM=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0QtQzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjrVXulsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezUyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2naINwVt8eZk0qxXvouLdn5dr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDzBWNew==</latexit>

L2
<latexit sha1_base64="1zl72Czq56gGbnw0wzZF3NT/n8c=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVa1xWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4iGM/g==</latexit>

t

<latexit sha1_base64="Mwwe95BAuiVfJrJJowTWBGIZDe4=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0WoiCUjoi6LLnRZwT5oE8pkOkmHTh7MTIQS8gtu/BU3LhRx686df+M0zUKrBy4czrmXe+9xY86ksqwvo7SwuLS8Ul6trK1vbG6Z2zttGSWC0BaJeCS6LpaUs5C2FFOcdmNBceBy2nHHV1O/c0+FZFF4pyYxdQLsh8xjBCstDczaNbQlC6DNI992me/XbE9gkvbgMURZ2jtCWS4fDsyqVbdywL8EFaQKCjQH5qc9jEgS0FARjqXsIytWToqFYoTTrGInksaYjLFP+5qGOKDSSfOPMniglSH0IqErVDBXf06kOJByEri6M8BqJOe9qfif10+Ud+GkLIwTRUMyW+QlHKoITuOBQyYoUXyiCSaC6VshGWGdiNIhVnQIaP7lv6R9UkdndXR7Wm1cFnGUwR7YBzWAwDlogBvQBC1AwAN4Ai/g1Xg0no03433WWjKKmV3wC8bHN/3Om9w=</latexit>

G ⇠ log

✓
Z � 1

Z + 1

◆

Branch points at 
<latexit sha1_base64="c0TMYwh7ZhoTYfOb7EhEX4QN7Ks=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6kUoevFYwX5ou5Rsmm1Dk2xIskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e0vLK6tr64WN4ubW9s5uaW+/YZJUE1onCU90K8KGciZp3TLLaUtpikXEaTMa3kz85hPVhiXy3o4UDQXuSxYzgq2THh7RFeoogYJuqexX/CnQIglyUoYctW7pq9NLSCqotIRjY9qBr2yYYW0Z4XRc7KSGKkyGuE/bjkosqAmz6cFjdOyUHooT7UpaNFV/T2RYGDMSkesU2A7MvDcR//PaqY0vw4xJlVoqyWxRnHJkEzT5HvWYpsTykSOYaOZuRWSANSbWZVR0IQTzLy+SxmklOK8Ed2fl6nUeRwEO4QhOIIALqMIt1KAOBAQ8wyu8edp78d69j1nrkpfPHMAfeJ8//mGPOw==</latexit>

Z = ±1

<latexit sha1_base64="P+/ApzLPZCzQdzdRBG9+IuQ1jbA=">AAAB+XicbVDLTgJBEJzFF+Jr1aOXjcQEL7hLjHokevGIRh4JrGR26IUJs4/M9BLJhj/x4kFjvPon3vwbB9iDgpV0UqnqTneXFwuu0La/jdzK6tr6Rn6zsLW9s7tn7h80VJRIBnUWiUi2PKpA8BDqyFFAK5ZAA09A0xveTP3mCKTiUfiA4xjcgPZD7nNGUUtd0+wgPGF6D5OSOgseK6dds2iX7RmsZeJkpEgy1LrmV6cXsSSAEJmgSrUdO0Y3pRI5EzApdBIFMWVD2oe2piENQLnp7PKJdaKVnuVHUleI1kz9PZHSQKlx4OnOgOJALXpT8T+vnaB/5aY8jBOEkM0X+YmwMLKmMVg9LoGhGGtCmeT6VosNqKQMdVgFHYKz+PIyaVTKzkXZuTsvVq+zOPLkiByTEnHIJamSW1IjdcLIiDyTV/JmpMaL8W58zFtzRjZzSP7A+PwBu9STEQ==</latexit>

Re(s/m2)

<latexit sha1_base64="3upFwxL218QtWxlQN4/2WM1PrnQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX83rlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDypGNeg==</latexit>

L1

<latexit sha1_base64="tgP/Z9Xw8CEy4BnlhDG/VN1jdRM=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0QtQzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjrVXulsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezUyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2naINwVt8eZk0qxXvouLdn5dr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDzBWNew==</latexit>

L2

6

<latexit sha1_base64="d5uxWM3sbijZNwAM8khS/YVojZM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGUS9CUASPEcwDkjXMTjrJkNnZZWZWCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDP1m0+oNI/kgxnH6Id0IHmfM2qs1NTkitw+VrrFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezcyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TnpcITNibAllittbCRtSRZmxCRVsCN7iy8ukUSl752Xv/qxUvc7iyMMRHMMpeHABVbiDGtSBwQie4RXenNh5cd6dj3lrzslmDuEPnM8fxBaOiw==</latexit>

s = E2

<latexit sha1_base64="EXr+zkawZMhXDkA2kUMc9B8B7d0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg0Zinrlil/150CrJMhJBXLUe+Wvbj8hqaDSEo6N6QS+smGGtWWE02mpmxqqMBnhAe04KrGgJszmB0/RmVP6KE60K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4JMyZVaqkki0VxypFN0Ox71GeaEssnjmCimbsVkSHWmFiXUcmFECy/vEqaF9Xgqho8XFZqt3kcRTiBUziHAK6hBvdQhwYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AkieQQg==</latexit>

'b
<latexit sha1_base64="nxzeOiYAYq4i4zQwG3P92IkHpfk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfeg1QcDj/dmmJkXKc6M9f0vr7Cyura+UdwsbW3v7O6V9w+aJkk1oQ2S8ES3I2woZ5I2LLOctpWmWESctqLR7cxvjak2LJEPdqJoKPBAspgRbJ30eN4dY62GDPXKFb/qz4H+kiAnFchR75U/u/2EpIJKSzg2phP4yoYZ1pYRTqelbmqowmSEB7TjqMSCmjCbHzxFJ07pozjRrqRFc/XnRIaFMRMRuU6B7dAsezPxP6+T2vg6zJhUqaWSLBbFKUc2QbPvUZ9pSiyfOIKJZu5WRIZYY2JdRiUXQrD88l/SPKsGl9Xg/qJSu8njKMIRHMMpBHAFNbiDOjSAgIAneIFXT3vP3pv3vmgtePnMIfyC9/ENSX2QEw==</latexit>

3'
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<latexit sha1_base64="9eKYvZfKzyXNIDMeYO0owSyU1nQ=">AAACGXicbVDLSsNAFJ34tr6iLt0MFkE3NRFRl0U3LhWsLTQhTKa3dnDycOamWEJ+w42/4saFIi515d84jV1o64GBwzn3NSdMpdDoOF/W1PTM7Nz8wmJlaXlldc1e37jWSaY4NHgiE9UKmQYpYmigQAmtVAGLQgnN8PZs6Df7oLRI4iscpOBH7CYWXcEZGimwHQ/hHss5eSgZvy3y3bsg3I/2PJ6g1wGJLMi9PlNpT9CwKAK76tScEnSSuCNSJSNcBPaH10l4FkGMXDKt266Top8zhYJLKCpepiE1i9kNtA2NWQTaz8uLCrpjlA7tJsq8GGmp/u7IWaT1IApNZcSwp8e9ofif186we+LnIk4zhJj/LOpmkmJChzHRjlDAUQ4MYVwJcyvlPaYYRxNmxYTgjn95klwf1Nyjmnt5WK2fjuJYIFtkm+wSlxyTOjknF6RBOHkgT+SFvFqP1rP1Zr3/lE5Zo55N8gfW5zcrzqGk</latexit> (q
b
/m

)
co
t
� '

b

Outline

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

(qb/m)2

Why the breakdown is important in 
three body physics? 

What toy model are we using? 

What is the left hand cut? 

How were the orange points derived from 
Lüscher formalism? 

How were the solid lines derived from 
solving Integral equations?

<latexit sha1_base64="3upFwxL218QtWxlQN4/2WM1PrnQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX83rlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDypGNeg==</latexit>

L1
<latexit sha1_base64="tgP/Z9Xw8CEy4BnlhDG/VN1jdRM=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0QtQzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjrVXulsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezUyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2naINwVt8eZk0qxXvouLdn5dr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDzBWNew==</latexit>

L2



°0.04 °0.03 °0.02 °0.01 0.00

°0.20

°0.15

°0.10

°0.05

0.00

0.05

0.10

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

)
co
t
� '

b
Romero-López, Sharpe, Blanton, Briceño and Hansen, 2019

Spectra obtained using 3-body Quantization condition
Phase shift calculated using 2-body Lüscher formalism 7

Phase Shifts from Lüscher formalism
<latexit sha1_base64="xiOICXMYyyUnIPna4KVpLIO6d2A=">AAACFHicbVDLSgNBEJyNrxhfUY9eBoMgiGFXRb0IQUEELxGMBpJ1mZ10ksHZBzO9Ylj2I7z4K148KOLVgzf/xsnjoNGChqKqm+4uP5ZCo21/WbmJyanpmfxsYW5+YXGpuLxypaNEcajxSEaq7jMNUoRQQ4ES6rECFvgSrv3bk75/fQdKiyi8xF4MbsA6oWgLztBIXnGriXCPaQswow3aDBh2OZPpeebt0i166u3epNtORl16RG2vWLLL9gD0L3FGpERGqHrFz2Yr4kkAIXLJtG44doxuyhQKLiErNBMNMeO3rAMNQ0MWgHbTwVMZ3TBKi7YjZSpEOlB/TqQs0LoX+Kazf7Ue9/rif14jwfahm4owThBCPlzUTiTFiPYToi2hgKPsGcK4EuZWyrtMMY4mx4IJwRl/+S+52ik7+2XnYq9UOR7FkSdrZJ1sEocckAo5I1VSI5w8kCfyQl6tR+vZerPeh605azSzSn7B+vgGcl6cfA==</latexit>

det[K3 + F�1
3 ] = 0

<latexit sha1_base64="AxXpFNeY3yqcYf9SppaeskPl4rY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+L2yxW36s5BVomXkwrkaPTLX71BzNKIK2SSGtP13AT9jGoUTPJpqZcanlA2pkPetVTRiBs/m186JWdWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xw2s+ESlLkii0WhakkGJPZ22QgNGcoJ5ZQpoW9lbAR1ZShDadkQ/CWX14lrYuqV6t695eV+k0eRxFO4BTOwYMrqMMdNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ANCVjOQ=</latexit>
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<latexit sha1_base64="9v2U+JS6POKXsc6uyb+/0IADCuY=">AAACJXicbVBNS8NAEN34bf2qevSyWARBKImIelAQBfFYwdpCE8JmM20XN9mwOxFL6J/x4l/x4kERwZN/xe3HQa0PBh7vzTAzL8qkMOi6n87U9Mzs3PzCYmlpeWV1rby+cWtUrjnUuZJKNyNmQIoU6ihQQjPTwJJIQiO6uxj4jXvQRqj0BnsZBAnrpKItOEMrheUTH+EBixiw3/J1V4WFf8901hU06vtcoR+DRPZTpXv0MtwP6Cl1w3LFrbpD0EnijUmFjFELy29+rHieQIpcMmNanpthUDCNgkvol/zcQMb4HetAy9KUJWCCYvhln+5YJaZtpW2lSIfqz4mCJcb0EnvhTsKwa/56A/E/r5Vj+zgoRJrlCCkfLWrnkqKig8hoLDRwlD1LGNfC3kp5l2nG0QZbsiF4f1+eJLf7Ve+w6l0fVM7Ox3EskC2yTXaJR47IGbkiNVInnDySZ/JK3pwn58V5dz5GrVPOeGaT/ILz9Q2erKUx</latexit>

det[⇢'b cot �'b + F2] = 0

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

(qb/m)2



<latexit sha1_base64="TObBkkmRp4YjJPXOEYyzyhVRFvc=">AAACOHicbVDLSsNAFJ3UV62vqEs3g0Vw05IUUTdC0YJuxAr2AU0Ik+m0HTp5MDMRSshnufEz3IkbF4q49QuctEH68MDAOefey9x73JBRIQ3jVcstLa+sruXXCxubW9s7+u5eUwQRx6SBAxbwtosEYdQnDUklI+2QE+S5jLTc4VVabz0SLmjgP8hRSGwP9X3aoxhJZTn6neUhOcCIxbUEXsDSn7xNnAq8hrO6NKct6svpplri6EWjbIwBF4mZkSLIUHf0F6sb4MgjvsQMCdExjVDaMeKSYkaSghUJEiI8RH3SUdRHHhF2PD48gUfK6cJewNVTm4zd6YkYeUKMPFd1piuK+Vpq/lfrRLJ3bsfUDyNJfDz5qBcxKAOYpgi7lBMs2UgRhDlVu0I8QBxhqbIuqBDM+ZMXSbNSNk/L5v1JsXqZxZEHB+AQHAMTnIEquAF10AAYPIE38AE+tWftXfvSvietOS2b2Qcz0H5+Aaeqq7s=</latexit>

D = �M2GM2 �M2

Z
GD

<latexit sha1_base64="maY5H75yoLbHAJO0Qagak9JdQn8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3ZWM+w==</latexit>q

Two body amplitude has a pole in the integration region

Singularity cut from the one particle exchange function

Momentum integration interval

<latexit sha1_base64="MfxpHtn9ftRJ/qRd/eyQXuS1qlk=">AAACC3icbVA9SwNBEN3z2/MrammzGAwRQrgTiTaCaKPYKJgo5ELY22x0ye7eZXdODEd6G/+KjYUitv4BO/+Nm+QKNT4YeLw3w8y8MBbcgOd9OROTU9Mzs3Pz7sLi0vJKbnWtZqJEU1alkYj0dUgME1yxKnAQ7DrWjMhQsKuwczzwr+6YNjxSl9CLWUOSG8XbnBKwUjO3WZAEH2C/goPALQTA7iE9lf0AnxW7zbBkSt3tZi7vlb0h8DjxM5JHGc6buc+gFdFEMgVUEGPqvhdDIyUaOBWs7waJYTGhHXLD6pYqIplppMNf+njLKi3cjrQtBXio/pxIiTSmJ0PbKQncmr/eQPzPqyfQ3m+kXMUJMEVHi9qJwBDhQTC4xTWjIHqWEKq5vRXTW6IJBRufa0Pw/748Tmo7Zb9S9i9284dHWRxzaANtoiLy0R46RCfoHFURRQ/oCb2gV+fReXbenPdR64STzayjX3A+vgGKU5g6</latexit>

ma = 16

Im K(qb, s, q)

<latexit sha1_base64="bCd3/eHKWUZ4fjy4mWSjJNV07tc="></latexit>

K(p, s, q) =
q2

(2⇡)2!q
GS(p, s, q)M2(q, s)

<latexit sha1_base64="qSJvR3pOBNj7C3c5PLhnkq204jA=">AAAB83icbVBNS8NAEN34WetX1aOXYBHqpSQi6rEogscq9gOaUDbbSbt0swm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSATX6Djf1tLyyuraemGjuLm1vbNb2ttv6jhVDBosFrFqB1SD4BIayFFAO1FAo0BAKxheT/zWIyjNY/mAowT8iPYlDzmjaCTPQ3jC7B4qNyfjbqnsVJ0p7EXi5qRMctS7pS+vF7M0AolMUK07rpOgn1GFnAkYF71UQ0LZkPahY6ikEWg/m948to+N0rPDWJmSaE/V3xMZjbQeRYHpjCgO9Lw3Ef/zOimGl37GZZIiSDZbFKbCxtieBGD3uAKGYmQIZYqbW202oIoyNDEVTQju/MuLpHladc+r7t1ZuXaVx1Egh+SIVIhLLkiN3JI6aRBGEvJMXsmblVov1rv1MWtdsvKZA/IH1ucPjcuRXg==</latexit>

Re(E)

<latexit sha1_base64="t3PhiAdrLSFOVPNEkUF5+Ogz6Mo=">AAAB83icbVBNSwMxEM36WetX1aOXYBHqpeyKqMeiCHqrYD+gu5Rsmm1Dk+ySzIpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwkRwA6777Swtr6yurRc2iptb2zu7pb39polTTVmDxiLW7ZAYJrhiDeAgWDvRjMhQsFY4vJ74rUemDY/VA4wSFkjSVzzilICVfB/YE2R3snJzMu6Wym7VnQIvEi8nZZSj3i19+b2YppIpoIIY0/HcBIKMaOBUsHHRTw1LCB2SPutYqohkJsimN4/xsVV6OIq1LQV4qv6eyIg0ZiRD2ykJDMy8NxH/8zopRJdBxlWSAlN0tihKBYYYTwLAPa4ZBTGyhFDN7a2YDogmFGxMRRuCN//yImmeVr3zqnd/Vq5d5XEU0CE6QhXkoQtUQ7eojhqIogQ9o1f05qTOi/PufMxal5x85gD9gfP5A4w6kV0=</latexit>

Im(E)

<latexit sha1_base64="EXr+zkawZMhXDkA2kUMc9B8B7d0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg0Zinrlil/150CrJMhJBXLUe+Wvbj8hqaDSEo6N6QS+smGGtWWE02mpmxqqMBnhAe04KrGgJszmB0/RmVP6KE60K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4JMyZVaqkki0VxypFN0Ox71GeaEssnjmCimbsVkSHWmFiXUcmFECy/vEqaF9Xgqho8XFZqt3kcRTiBUziHAK6hBvdQhwYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AkieQQg==</latexit>

'b
<latexit sha1_base64="9GcXJk0RDrSpSB1BU1+krIKqtd8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VjBfkAbymS7aZduNnF3Uyihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqyuo0FrFqBaiZ4JLVDTeCtRLFMAoEawbDu6nfHDGleSwfzThhfoR9yUNO0VipddEZoUoGvFsquxV3BrJMvJyUIUetW/rq9GKaRkwaKlDrtucmxs9QGU4FmxQ7qWYJ0iH2WdtSiRHTfja7d0JOrdIjYaxsSUNm6u+JDCOtx1FgOyM0A73oTcX/vHZqwhs/4zJJDZN0vihMBTExmT5PelwxasTYEqSK21sJHaBCamxERRuCt/jyMmmcV7yrivdwWa7e5nEU4BhO4Aw8uIYq3EMN6kBBwDO8wpvz5Lw4787HvHXFyWeO4A+czx/w44/p</latexit>

3'
<latexit sha1_base64="3upFwxL218QtWxlQN4/2WM1PrnQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX83rlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDypGNeg==</latexit>

L1
<latexit sha1_base64="tgP/Z9Xw8CEy4BnlhDG/VN1jdRM=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0QtQzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjrVXulsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezUyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2naINwVt8eZk0qxXvouLdn5dr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDzBWNew==</latexit>

L2
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<latexit sha1_base64="1zl72Czq56gGbnw0wzZF3NT/n8c=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVa1xWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4iGM/g==</latexit>

t



<latexit sha1_base64="qSJvR3pOBNj7C3c5PLhnkq204jA=">AAAB83icbVBNS8NAEN34WetX1aOXYBHqpSQi6rEogscq9gOaUDbbSbt0swm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSATX6Djf1tLyyuraemGjuLm1vbNb2ttv6jhVDBosFrFqB1SD4BIayFFAO1FAo0BAKxheT/zWIyjNY/mAowT8iPYlDzmjaCTPQ3jC7B4qNyfjbqnsVJ0p7EXi5qRMctS7pS+vF7M0AolMUK07rpOgn1GFnAkYF71UQ0LZkPahY6ikEWg/m948to+N0rPDWJmSaE/V3xMZjbQeRYHpjCgO9Lw3Ef/zOimGl37GZZIiSDZbFKbCxtieBGD3uAKGYmQIZYqbW202oIoyNDEVTQju/MuLpHladc+r7t1ZuXaVx1Egh+SIVIhLLkiN3JI6aRBGEvJMXsmblVov1rv1MWtdsvKZA/IH1ucPjcuRXg==</latexit>

Re(E)

<latexit sha1_base64="t3PhiAdrLSFOVPNEkUF5+Ogz6Mo=">AAAB83icbVBNSwMxEM36WetX1aOXYBHqpeyKqMeiCHqrYD+gu5Rsmm1Dk+ySzIpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwkRwA6777Swtr6yurRc2iptb2zu7pb39polTTVmDxiLW7ZAYJrhiDeAgWDvRjMhQsFY4vJ74rUemDY/VA4wSFkjSVzzilICVfB/YE2R3snJzMu6Wym7VnQIvEi8nZZSj3i19+b2YppIpoIIY0/HcBIKMaOBUsHHRTw1LCB2SPutYqohkJsimN4/xsVV6OIq1LQV4qv6eyIg0ZiRD2ykJDMy8NxH/8zopRJdBxlWSAlN0tihKBYYYTwLAPa4ZBTGyhFDN7a2YDogmFGxMRRuCN//yImmeVr3zqnd/Vq5d5XEU0CE6QhXkoQtUQ7eojhqIogQ9o1f05qTOi/PufMxal5x85gD9gfP5A4w6kV0=</latexit>

Im(E)

<latexit sha1_base64="EXr+zkawZMhXDkA2kUMc9B8B7d0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg0Zinrlil/150CrJMhJBXLUe+Wvbj8hqaDSEo6N6QS+smGGtWWE02mpmxqqMBnhAe04KrGgJszmB0/RmVP6KE60K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4JMyZVaqkki0VxypFN0Ox71GeaEssnjmCimbsVkSHWmFiXUcmFECy/vEqaF9Xgqho8XFZqt3kcRTiBUziHAK6hBvdQhwYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AkieQQg==</latexit>

'b
<latexit sha1_base64="9GcXJk0RDrSpSB1BU1+krIKqtd8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VjBfkAbymS7aZduNnF3Uyihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqyuo0FrFqBaiZ4JLVDTeCtRLFMAoEawbDu6nfHDGleSwfzThhfoR9yUNO0VipddEZoUoGvFsquxV3BrJMvJyUIUetW/rq9GKaRkwaKlDrtucmxs9QGU4FmxQ7qWYJ0iH2WdtSiRHTfja7d0JOrdIjYaxsSUNm6u+JDCOtx1FgOyM0A73oTcX/vHZqwhs/4zJJDZN0vihMBTExmT5PelwxasTYEqSK21sJHaBCamxERRuCt/jyMmmcV7yrivdwWa7e5nEU4BhO4Aw8uIYq3EMN6kBBwDO8wpvz5Lw4787HvHXFyWeO4A+czx/w44/p</latexit>

3'
<latexit sha1_base64="3upFwxL218QtWxlQN4/2WM1PrnQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX83rlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDypGNeg==</latexit>

L1
<latexit sha1_base64="tgP/Z9Xw8CEy4BnlhDG/VN1jdRM=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0QtQzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjrVXulsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezUyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2naINwVt8eZk0qxXvouLdn5dr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDzBWNew==</latexit>

L2

Follows two-body unitarity condition:
<latexit sha1_base64="yDsKfKmB3yURKz/3JtTrmbTu5zE=">AAACGnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6rLoxo1QwT6gCWEynTZDJ5M4MymUNN/hxl9x40IRd+LGv3HSZqGtBwYO58zlnnv8mFGpLOvbKK2srq1vlDcrW9s7u3vm/kFbRonApIUjFomujyRhlJOWooqRbiwICn1GOv7oOvc7YyIkjfi9msTEDdGQ0wHFSGnJM+0pdEQQeakzRiIOKPQz6IRIBRix9Db7rU8dRh6g7ZlVq27NAJeJXZAqKND0zE+nH+EkJFxhhqTs2Vas3BQJRTEjWcVJJIkRHqEh6WnKUUikm85Oy2BNK304iIR+XMGZ+nsiRaGUk1CnruWp5aKXi/95vUQNLt2U8jhRhOP5okHCoIpg3hPsU0GwYhNNEBZUZ4U4QAJhpdus6BLsxZOXSfu0bp/X7buzauOqqKMMjsAxOAE2uAANcAOaoAUweATP4BW8GU/Gi/FufMy/loxi5hD8gfH1A94joWA=</latexit>

|⇢'bM'b|  1
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<latexit sha1_base64="sdi9kuzKJ5N/bw/6A8xjpN1f7Ws=">AAAB+XicbVDLTgJBEJzFF+Jr1aOXicTEE+4Sox6JXjyikUfCIpkdGpgw+8hML5Fs+BMvHjTGq3/izb9xgD0oWEknlarudHf5sRQaHefbyq2srq1v5DcLW9s7u3v2/kFdR4niUOORjFTTZxqkCKGGAiU0YwUs8CU0/OHN1G+MQGkRhQ84jqEdsH4oeoIzNFLHtj2EJ0zvYeJRfRY8ljt20Sk5M9Bl4makSDJUO/aX1414EkCIXDKtW64TYztlCgWXMCl4iYaY8SHrQ8vQkAWg2+ns8gk9MUqX9iJlKkQ6U39PpCzQehz4pjNgONCL3lT8z2sl2LtqpyKME4SQzxf1EkkxotMYaFco4CjHhjCuhLmV8gFTjKMJq2BCcBdfXib1csm9KLl358XKdRZHnhyRY3JKXHJJKuSWVEmNcDIiz+SVvFmp9WK9Wx/z1pyVzRySP7A+fwD9OZM8</latexit>

Re s/m2
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<latexit sha1_base64="1zl72Czq56gGbnw0wzZF3NT/n8c=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVa1xWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4iGM/g==</latexit>

t

<latexit sha1_base64="TObBkkmRp4YjJPXOEYyzyhVRFvc=">AAACOHicbVDLSsNAFJ3UV62vqEs3g0Vw05IUUTdC0YJuxAr2AU0Ik+m0HTp5MDMRSshnufEz3IkbF4q49QuctEH68MDAOefey9x73JBRIQ3jVcstLa+sruXXCxubW9s7+u5eUwQRx6SBAxbwtosEYdQnDUklI+2QE+S5jLTc4VVabz0SLmjgP8hRSGwP9X3aoxhJZTn6neUhOcCIxbUEXsDSn7xNnAq8hrO6NKct6svpplri6EWjbIwBF4mZkSLIUHf0F6sb4MgjvsQMCdExjVDaMeKSYkaSghUJEiI8RH3SUdRHHhF2PD48gUfK6cJewNVTm4zd6YkYeUKMPFd1piuK+Vpq/lfrRLJ3bsfUDyNJfDz5qBcxKAOYpgi7lBMs2UgRhDlVu0I8QBxhqbIuqBDM+ZMXSbNSNk/L5v1JsXqZxZEHB+AQHAMTnIEquAF10AAYPIE38AE+tWftXfvSvietOS2b2Qcz0H5+Aaeqq7s=</latexit>

D = �M2GM2 �M2

Z
GD

<latexit sha1_base64="maY5H75yoLbHAJO0Qagak9JdQn8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3ZWM+w==</latexit>q

<latexit sha1_base64="d5uxWM3sbijZNwAM8khS/YVojZM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGUS9CUASPEcwDkjXMTjrJkNnZZWZWCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDP1m0+oNI/kgxnH6Id0IHmfM2qs1NTkitw+VrrFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezcyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TnpcITNibAllittbCRtSRZmxCRVsCN7iy8ukUSl752Xv/qxUvc7iyMMRHMMpeHABVbiDGtSBwQie4RXenNh5cd6dj3lrzslmDuEPnM8fxBaOiw==</latexit>

s = E2



<latexit sha1_base64="MfxpHtn9ftRJ/qRd/eyQXuS1qlk=">AAACC3icbVA9SwNBEN3z2/MrammzGAwRQrgTiTaCaKPYKJgo5ELY22x0ye7eZXdODEd6G/+KjYUitv4BO/+Nm+QKNT4YeLw3w8y8MBbcgOd9OROTU9Mzs3Pz7sLi0vJKbnWtZqJEU1alkYj0dUgME1yxKnAQ7DrWjMhQsKuwczzwr+6YNjxSl9CLWUOSG8XbnBKwUjO3WZAEH2C/goPALQTA7iE9lf0AnxW7zbBkSt3tZi7vlb0h8DjxM5JHGc6buc+gFdFEMgVUEGPqvhdDIyUaOBWs7waJYTGhHXLD6pYqIplppMNf+njLKi3cjrQtBXio/pxIiTSmJ0PbKQncmr/eQPzPqyfQ3m+kXMUJMEVHi9qJwBDhQTC4xTWjIHqWEKq5vRXTW6IJBRufa0Pw/748Tmo7Zb9S9i9284dHWRxzaANtoiLy0R46RCfoHFURRQ/oCb2gV+fReXbenPdR64STzayjX3A+vgGKU5g6</latexit>

ma = 16

Im K(qb, s, q)

Logarithmic cut forms a circle around  
the end point of integration

<latexit sha1_base64="bCd3/eHKWUZ4fjy4mWSjJNV07tc="></latexit>

K(p, s, q) =
q2

(2⇡)2!q
GS(p, s, q)M2(q, s)

 is the spectator momenta corresponding to two-body bound-state energy, qb σq = m2
b

<latexit sha1_base64="qSJvR3pOBNj7C3c5PLhnkq204jA=">AAAB83icbVBNS8NAEN34WetX1aOXYBHqpSQi6rEogscq9gOaUDbbSbt0swm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSATX6Djf1tLyyuraemGjuLm1vbNb2ttv6jhVDBosFrFqB1SD4BIayFFAO1FAo0BAKxheT/zWIyjNY/mAowT8iPYlDzmjaCTPQ3jC7B4qNyfjbqnsVJ0p7EXi5qRMctS7pS+vF7M0AolMUK07rpOgn1GFnAkYF71UQ0LZkPahY6ikEWg/m948to+N0rPDWJmSaE/V3xMZjbQeRYHpjCgO9Lw3Ef/zOimGl37GZZIiSDZbFKbCxtieBGD3uAKGYmQIZYqbW202oIoyNDEVTQju/MuLpHladc+r7t1ZuXaVx1Egh+SIVIhLLkiN3JI6aRBGEvJMXsmblVov1rv1MWtdsvKZA/IH1ucPjcuRXg==</latexit>

Re(E)

<latexit sha1_base64="t3PhiAdrLSFOVPNEkUF5+Ogz6Mo=">AAAB83icbVBNSwMxEM36WetX1aOXYBHqpeyKqMeiCHqrYD+gu5Rsmm1Dk+ySzIpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwkRwA6777Swtr6yurRc2iptb2zu7pb39polTTVmDxiLW7ZAYJrhiDeAgWDvRjMhQsFY4vJ74rUemDY/VA4wSFkjSVzzilICVfB/YE2R3snJzMu6Wym7VnQIvEi8nZZSj3i19+b2YppIpoIIY0/HcBIKMaOBUsHHRTw1LCB2SPutYqohkJsimN4/xsVV6OIq1LQV4qv6eyIg0ZiRD2ykJDMy8NxH/8zopRJdBxlWSAlN0tihKBYYYTwLAPa4ZBTGyhFDN7a2YDogmFGxMRRuCN//yImmeVr3zqnd/Vq5d5XEU0CE6QhXkoQtUQ7eojhqIogQ9o1f05qTOi/PufMxal5x85gD9gfP5A4w6kV0=</latexit>

Im(E)

<latexit sha1_base64="EXr+zkawZMhXDkA2kUMc9B8B7d0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg0Zinrlil/150CrJMhJBXLUe+Wvbj8hqaDSEo6N6QS+smGGtWWE02mpmxqqMBnhAe04KrGgJszmB0/RmVP6KE60K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4JMyZVaqkki0VxypFN0Ox71GeaEssnjmCimbsVkSHWmFiXUcmFECy/vEqaF9Xgqho8XFZqt3kcRTiBUziHAK6hBvdQhwYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AkieQQg==</latexit>

'b
<latexit sha1_base64="9GcXJk0RDrSpSB1BU1+krIKqtd8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VjBfkAbymS7aZduNnF3Uyihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqyuo0FrFqBaiZ4JLVDTeCtRLFMAoEawbDu6nfHDGleSwfzThhfoR9yUNO0VipddEZoUoGvFsquxV3BrJMvJyUIUetW/rq9GKaRkwaKlDrtucmxs9QGU4FmxQ7qWYJ0iH2WdtSiRHTfja7d0JOrdIjYaxsSUNm6u+JDCOtx1FgOyM0A73oTcX/vHZqwhs/4zJJDZN0vihMBTExmT5PelwxasTYEqSK21sJHaBCamxERRuCt/jyMmmcV7yrivdwWa7e5nEU4BhO4Aw8uIYq3EMN6kBBwDO8wpvz5Lw4787HvHXFyWeO4A+czx/w44/p</latexit>

3'
<latexit sha1_base64="3upFwxL218QtWxlQN4/2WM1PrnQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX83rlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDypGNeg==</latexit>

L1
<latexit sha1_base64="tgP/Z9Xw8CEy4BnlhDG/VN1jdRM=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0QtQzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjrVXulsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezUyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2naINwVt8eZk0qxXvouLdn5dr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDzBWNew==</latexit>

L2

10

Phase Shifts from Integral Equations

Romero-López, Sharpe, Blanton, Briceño and Hansen, 2019
Jackura, Briceño, Dawid, Islam, and McCarty, 2020
Dawid, Islam and Briceño, 2023

<latexit sha1_base64="1zl72Czq56gGbnw0wzZF3NT/n8c=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVa1xWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4iGM/g==</latexit>

t

<latexit sha1_base64="TObBkkmRp4YjJPXOEYyzyhVRFvc=">AAACOHicbVDLSsNAFJ3UV62vqEs3g0Vw05IUUTdC0YJuxAr2AU0Ik+m0HTp5MDMRSshnufEz3IkbF4q49QuctEH68MDAOefey9x73JBRIQ3jVcstLa+sruXXCxubW9s7+u5eUwQRx6SBAxbwtosEYdQnDUklI+2QE+S5jLTc4VVabz0SLmjgP8hRSGwP9X3aoxhJZTn6neUhOcCIxbUEXsDSn7xNnAq8hrO6NKct6svpplri6EWjbIwBF4mZkSLIUHf0F6sb4MgjvsQMCdExjVDaMeKSYkaSghUJEiI8RH3SUdRHHhF2PD48gUfK6cJewNVTm4zd6YkYeUKMPFd1piuK+Vpq/lfrRLJ3bsfUDyNJfDz5qBcxKAOYpgi7lBMs2UgRhDlVu0I8QBxhqbIuqBDM+ZMXSbNSNk/L5v1JsXqZxZEHB+AQHAMTnIEquAF10AAYPIE38AE+tWftXfvSvietOS2b2Qcz0H5+Aaeqq7s=</latexit>

D = �M2GM2 �M2

Z
GD

<latexit sha1_base64="maY5H75yoLbHAJO0Qagak9JdQn8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3ZWM+w==</latexit>q
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8.9755 8.9760 8.9765

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

0.004%

<latexit sha1_base64="qSJvR3pOBNj7C3c5PLhnkq204jA=">AAAB83icbVBNS8NAEN34WetX1aOXYBHqpSQi6rEogscq9gOaUDbbSbt0swm7E7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSATX6Djf1tLyyuraemGjuLm1vbNb2ttv6jhVDBosFrFqB1SD4BIayFFAO1FAo0BAKxheT/zWIyjNY/mAowT8iPYlDzmjaCTPQ3jC7B4qNyfjbqnsVJ0p7EXi5qRMctS7pS+vF7M0AolMUK07rpOgn1GFnAkYF71UQ0LZkPahY6ikEWg/m948to+N0rPDWJmSaE/V3xMZjbQeRYHpjCgO9Lw3Ef/zOimGl37GZZIiSDZbFKbCxtieBGD3uAKGYmQIZYqbW202oIoyNDEVTQju/MuLpHladc+r7t1ZuXaVx1Egh+SIVIhLLkiN3JI6aRBGEvJMXsmblVov1rv1MWtdsvKZA/IH1ucPjcuRXg==</latexit>

Re(E)

<latexit sha1_base64="t3PhiAdrLSFOVPNEkUF5+Ogz6Mo=">AAAB83icbVBNSwMxEM36WetX1aOXYBHqpeyKqMeiCHqrYD+gu5Rsmm1Dk+ySzIpl6d/w4kERr/4Zb/4b03YP2vpg4PHeDDPzwkRwA6777Swtr6yurRc2iptb2zu7pb39polTTVmDxiLW7ZAYJrhiDeAgWDvRjMhQsFY4vJ74rUemDY/VA4wSFkjSVzzilICVfB/YE2R3snJzMu6Wym7VnQIvEi8nZZSj3i19+b2YppIpoIIY0/HcBIKMaOBUsHHRTw1LCB2SPutYqohkJsimN4/xsVV6OIq1LQV4qv6eyIg0ZiRD2ykJDMy8NxH/8zopRJdBxlWSAlN0tihKBYYYTwLAPa4ZBTGyhFDN7a2YDogmFGxMRRuCN//yImmeVr3zqnd/Vq5d5XEU0CE6QhXkoQtUQ7eojhqIogQ9o1f05qTOi/PufMxal5x85gD9gfP5A4w6kV0=</latexit>

Im(E)

<latexit sha1_base64="EXr+zkawZMhXDkA2kUMc9B8B7d0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg0Zinrlil/150CrJMhJBXLUe+Wvbj8hqaDSEo6N6QS+smGGtWWE02mpmxqqMBnhAe04KrGgJszmB0/RmVP6KE60K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4JMyZVaqkki0VxypFN0Ox71GeaEssnjmCimbsVkSHWmFiXUcmFECy/vEqaF9Xgqho8XFZqt3kcRTiBUziHAK6hBvdQhwYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AkieQQg==</latexit>

'b
<latexit sha1_base64="9GcXJk0RDrSpSB1BU1+krIKqtd8=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VjBfkAbymS7aZduNnF3Uyihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqyuo0FrFqBaiZ4JLVDTeCtRLFMAoEawbDu6nfHDGleSwfzThhfoR9yUNO0VipddEZoUoGvFsquxV3BrJMvJyUIUetW/rq9GKaRkwaKlDrtucmxs9QGU4FmxQ7qWYJ0iH2WdtSiRHTfja7d0JOrdIjYaxsSUNm6u+JDCOtx1FgOyM0A73oTcX/vHZqwhs/4zJJDZN0vihMBTExmT5PelwxasTYEqSK21sJHaBCamxERRuCt/jyMmmcV7yrivdwWa7e5nEU4BhO4Aw8uIYq3EMN6kBBwDO8wpvz5Lw4787HvHXFyWeO4A+czx/w44/p</latexit>

3'
<latexit sha1_base64="3upFwxL218QtWxlQN4/2WM1PrnQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX83rlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDypGNeg==</latexit>

L1
<latexit sha1_base64="tgP/Z9Xw8CEy4BnlhDG/VN1jdRM=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0QtQzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjrVXulsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezUyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2naINwVt8eZk0qxXvouLdn5dr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDzBWNew==</latexit>

L2

<latexit sha1_base64="tgP/Z9Xw8CEy4BnlhDG/VN1jdRM=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0QtQzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjrVXulsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezUyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2naINwVt8eZk0qxXvouLdn5dr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDzBWNew==</latexit>

L2
<latexit sha1_base64="3upFwxL218QtWxlQN4/2WM1PrnQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX83rlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDypGNeg==</latexit>

L1
<latexit sha1_base64="EXr+zkawZMhXDkA2kUMc9B8B7d0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg0Zinrlil/150CrJMhJBXLUe+Wvbj8hqaDSEo6N6QS+smGGtWWE02mpmxqqMBnhAe04KrGgJszmB0/RmVP6KE60K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4JMyZVaqkki0VxypFN0Ox71GeaEssnjmCimbsVkSHWmFiXUcmFECy/vEqaF9Xgqho8XFZqt3kcRTiBUziHAK6hBvdQhwYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AkieQQg==</latexit>

'b

11

Phase Shifts from Integral Equations

Romero-López, Sharpe, Blanton, Briceño and Hansen, 2019
Jackura, Briceño, Dawid, Islam, and McCarty, 2020
Dawid, Islam and Briceño, 2023

<latexit sha1_base64="1zl72Czq56gGbnw0wzZF3NT/n8c=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVa1xWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4iGM/g==</latexit>

t

<latexit sha1_base64="TObBkkmRp4YjJPXOEYyzyhVRFvc=">AAACOHicbVDLSsNAFJ3UV62vqEs3g0Vw05IUUTdC0YJuxAr2AU0Ik+m0HTp5MDMRSshnufEz3IkbF4q49QuctEH68MDAOefey9x73JBRIQ3jVcstLa+sruXXCxubW9s7+u5eUwQRx6SBAxbwtosEYdQnDUklI+2QE+S5jLTc4VVabz0SLmjgP8hRSGwP9X3aoxhJZTn6neUhOcCIxbUEXsDSn7xNnAq8hrO6NKct6svpplri6EWjbIwBF4mZkSLIUHf0F6sb4MgjvsQMCdExjVDaMeKSYkaSghUJEiI8RH3SUdRHHhF2PD48gUfK6cJewNVTm4zd6YkYeUKMPFd1piuK+Vpq/lfrRLJ3bsfUDyNJfDz5qBcxKAOYpgi7lBMs2UgRhDlVu0I8QBxhqbIuqBDM+ZMXSbNSNk/L5v1JsXqZxZEHB+AQHAMTnIEquAF10AAYPIE38AE+tWftXfvSvietOS2b2Qcz0H5+Aaeqq7s=</latexit>

D = �M2GM2 �M2

Z
GD

<latexit sha1_base64="maY5H75yoLbHAJO0Qagak9JdQn8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3ZWM+w==</latexit>q

<latexit sha1_base64="d5uxWM3sbijZNwAM8khS/YVojZM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGUS9CUASPEcwDkjXMTjrJkNnZZWZWCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDP1m0+oNI/kgxnH6Id0IHmfM2qs1NTkitw+VrrFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezcyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TnpcITNibAllittbCRtSRZmxCRVsCN7iy8ukUSl752Xv/qxUvc7iyMMRHMMpeHABVbiDGtSBwQie4RXenNh5cd6dj3lrzslmDuEPnM8fxBaOiw==</latexit>

s = E2
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<latexit sha1_base64="9eKYvZfKzyXNIDMeYO0owSyU1nQ=">AAACGXicbVDLSsNAFJ34tr6iLt0MFkE3NRFRl0U3LhWsLTQhTKa3dnDycOamWEJ+w42/4saFIi515d84jV1o64GBwzn3NSdMpdDoOF/W1PTM7Nz8wmJlaXlldc1e37jWSaY4NHgiE9UKmQYpYmigQAmtVAGLQgnN8PZs6Df7oLRI4iscpOBH7CYWXcEZGimwHQ/hHss5eSgZvy3y3bsg3I/2PJ6g1wGJLMi9PlNpT9CwKAK76tScEnSSuCNSJSNcBPaH10l4FkGMXDKt266Top8zhYJLKCpepiE1i9kNtA2NWQTaz8uLCrpjlA7tJsq8GGmp/u7IWaT1IApNZcSwp8e9ofif186we+LnIk4zhJj/LOpmkmJChzHRjlDAUQ4MYVwJcyvlPaYYRxNmxYTgjn95klwf1Nyjmnt5WK2fjuJYIFtkm+wSlxyTOjknF6RBOHkgT+SFvFqP1rP1Zr3/lE5Zo55N8gfW5zcrzqGk</latexit> (q
b
/m

)
co
t
� '

b
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Breakdown near Left Hand Cut
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particle-dimer states

three-particle states

L ! 1 from fit

spectrum

<latexit sha1_base64="9v2U+JS6POKXsc6uyb+/0IADCuY=">AAACJXicbVBNS8NAEN34bf2qevSyWARBKImIelAQBfFYwdpCE8JmM20XN9mwOxFL6J/x4l/x4kERwZN/xe3HQa0PBh7vzTAzL8qkMOi6n87U9Mzs3PzCYmlpeWV1rby+cWtUrjnUuZJKNyNmQIoU6ihQQjPTwJJIQiO6uxj4jXvQRqj0BnsZBAnrpKItOEMrheUTH+EBixiw3/J1V4WFf8901hU06vtcoR+DRPZTpXv0MtwP6Cl1w3LFrbpD0EnijUmFjFELy29+rHieQIpcMmNanpthUDCNgkvol/zcQMb4HetAy9KUJWCCYvhln+5YJaZtpW2lSIfqz4mCJcb0EnvhTsKwa/56A/E/r5Vj+zgoRJrlCCkfLWrnkqKig8hoLDRwlD1LGNfC3kp5l2nG0QZbsiF4f1+eJLf7Ve+w6l0fVM7Ox3EskC2yTXaJR47IGbkiNVInnDySZ/JK3pwn58V5dz5GrVPOeGaT/ILz9Q2erKUx</latexit>

det[⇢'b cot �'b + F2] = 02-body Lüscher 
formalism

<latexit sha1_base64="M47rXqWfKL2HE3y0Yy4C8fN6wZY="></latexit>

qb cot �'b = 8⇡
p
sM�1

'b + iqb

Solving Integral equations:
<latexit sha1_base64="2+DxMZd2xr5NtlewPYdcZtyAyK8=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJRNRl0Y0boYJ9QBPCZDpph04ezEwKJWTjr7hxoYhbP8Odf+OkzUJbD1w4nHMv997jJ5xJZVnfRmVldW19o7pZ29re2d0z9w86Mk4FoW0S81j0fCwpZxFtK6Y47SWC4tDntOuPbwu/O6FCsjh6VNOEuiEeRixgBCsteeaRE2I1Iphn97mXORMskhFDfu6ZdathzYCWiV2SOpRoeeaXM4hJGtJIEY6l7NtWotwMC8UIp3nNSSVNMBnjIe1rGuGQSjebPZCjU60MUBALXZFCM/X3RIZDKaehrzuLc+WiV4j/ef1UBdduxqIkVTQi80VBypGKUZEGGjBBieJTTTARTN+KyAgLTJTOrKZDsBdfXiad84Z92bAfLurNmzKOKhzDCZyBDVfQhDtoQRsI5PAMr/BmPBkvxrvxMW+tGOXMIfyB8fkDO/iW0Q==</latexit>

M'b

<latexit sha1_base64="f/HBf9SL8Q/nNi33dLoo56dGmJ8=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiHjxWsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozG6nvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdS9+/Na47qoowxHcAyn4MElNOAOmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPdtWRYA==</latexit>D

Romero-López, Sharpe, Blanton, Briceño and Hansen, 2019
Jackura, Briceño, Dawid, Islam, and McCarty, 2020

Dawid, Islam and Briceño, 2023

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

(qb/m)2
<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="3upFwxL218QtWxlQN4/2WM1PrnQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX83rlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDypGNeg==</latexit>

L1
<latexit sha1_base64="tgP/Z9Xw8CEy4BnlhDG/VN1jdRM=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0QtQzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjrVXulsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezUyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2naINwVt8eZk0qxXvouLdn5dr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDzBWNew==</latexit>

L2



Summary

• We have shown breakdown of the Lüscher formalism in the vicinity of the left 
hand cuts 


• We have addressed the complications in studying bound-state-spectator 
amplitude above and below threshold and shown possible solutions to them


• We have performed consistency checks with toy model that provides 
confidence for both finite-volume and infinite-volume formalisms 

13



Thank you 
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= + + + ⋯
<latexit sha1_base64="TObBkkmRp4YjJPXOEYyzyhVRFvc=">AAACOHicbVDLSsNAFJ3UV62vqEs3g0Vw05IUUTdC0YJuxAr2AU0Ik+m0HTp5MDMRSshnufEz3IkbF4q49QuctEH68MDAOefey9x73JBRIQ3jVcstLa+sruXXCxubW9s7+u5eUwQRx6SBAxbwtosEYdQnDUklI+2QE+S5jLTc4VVabz0SLmjgP8hRSGwP9X3aoxhJZTn6neUhOcCIxbUEXsDSn7xNnAq8hrO6NKct6svpplri6EWjbIwBF4mZkSLIUHf0F6sb4MgjvsQMCdExjVDaMeKSYkaSghUJEiI8RH3SUdRHHhF2PD48gUfK6cJewNVTm4zd6YkYeUKMPFd1piuK+Vpq/lfrRLJ3bsfUDyNJfDz5qBcxKAOYpgi7lBMs2UgRhDlVu0I8QBxhqbIuqBDM+ZMXSbNSNk/L5v1JsXqZxZEHB+AQHAMTnIEquAF10AAYPIE38AE+tWftXfvSvietOS2b2Qcz0H5+Aaeqq7s=</latexit>

D = �M2GM2 �M2

Z
GD

Assuming 
<latexit sha1_base64="RerveUrWlXS1iV348QIovWcEZ4Q=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyVRUZdFN4KbCvYBbQiT6aQdOpmEmYlQQ77EjQtF3Pop7vwbJ20W2npg4HDOvdwzx485U9q2v63Syura+kZ5s7K1vbNbre3td1SUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT25yv/tIpWKReNDTmLohHgkWMIK1kbxadRBiPSaYp3eZl55lXq1uN+wZ0DJxClKHAi2v9jUYRiQJqdCEY6X6jh1rN8VSM8JpVhkkisaYTPCI9g0VOKTKTWfBM3RslCEKImme0Gim/t5IcajUNPTNZB5TLXq5+J/XT3Rw5aZMxImmgswPBQlHOkJ5C2jIJCWaTw3BRDKTFZExlpho01XFlOAsfnmZdE4bzkXDuT+vN6+LOspwCEdwAg5cQhNuoQVtIJDAM7zCm/VkvVjv1sd8tGQVOwfwB9bnD/aYk0o=</latexit>

K3
<latexit sha1_base64="P90b6eAJzBgAaKaynDpX7p3sQzI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHq7dXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl9eJs2zqndR9e7PK7WbPI4iHMExnIIHl1CDO6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AH8po0B</latexit>

= 0

<latexit sha1_base64="maY5H75yoLbHAJO0Qagak9JdQn8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbOLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD3ZWM+w==</latexit>q

, and all identical scalar particles 

Leading order
 effective range expansion

<latexit sha1_base64="kBYICZW5oafqTRDO6XmPMUspJaw="></latexit>

M2 =
1

K�1
2 � i⇢

=
1

⇢ cot �0 � i⇢

=
16⇡

p
�q

� 1
a � i

q
�q

4 �m2

If a>0, we have a bound-state in the two body system with mass, 
<latexit sha1_base64="JPXAn+jqwQ65aSUZArQDRCURNKw=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN9aZQdSNUHTjsoJ9QDsdMmnahiaZMckIZShu/BU3LhRx61e4829M21lo64ELh3Pu5d57wphRpR3n28otLC4tr+RXC2vrG5tb9vZOTUWJxKSKIxbJRogUYVSQqqaakUYsCeIhI/VwcD326w9EKhqJOz2Mic9RT9AuxUgbKbD3eBDCS+i11L3UKW978Bi6J6jtjQK76JScCeA8cTNSBBkqgf3V6kQ44URozJBSTdeJtZ8iqSlmZFRoJYrECA9QjzQNFYgT5aeTF0bw0Cgd2I2kKaHhRP09kSKu1JCHppMj3Vez3lj8z2smunvhp1TEiSYCTxd1EwZ1BMd5wA6VBGs2NARhSc2tEPeRRFib1AomBHf25XlS80ruWcm9PS2Wr7I48mAfHIAj4IJzUAY3oAKqAINH8AxewZv1ZL1Y79bHtDVnZTO74A+szx8yqpVh</latexit>

mb = 2
p
m2 � 1/a2

<latexit sha1_base64="NcXC8ulgDykqzWb3SiCH0nxaXZM=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyUpoi6LbnQhVLAPaEKYTKft0MmDmRuxhOLGX3HjQhG3foU7/8ZJm4W2HrhwOOde7r3HjwVXYFnfxsLi0vLKamGtuL6xubVt7uw2VZRIyho0EpFs+0QxwUPWAA6CtWPJSOAL1vKHl5nfumdS8Si8g1HM3ID0Q97jlICWPHPfAfYA6XUwLjsBgQElIr0Ze9Vj7Jklq2JNgOeJnZMSylH3zC+nG9EkYCFQQZTq2FYMbkokcCrYuOgkisWEDkmfdTQNScCUm05eGOMjrXRxL5K6QsAT9fdESgKlRoGvO7Mz1ayXif95nQR6527KwzgBFtLpol4iMEQ4ywN3uWQUxEgTQiXXt2I6IJJQ0KkVdQj27MvzpFmt2KcV+/akVLvI4yigA3SIyshGZ6iGrlAdNRBFj+gZvaI348l4Md6Nj2nrgpHP7KE/MD5/ALLtlvc=</latexit>

Im(M2)

<latexit sha1_base64="WAMtB/BtTHjVW/YfUs3EFAJiK6Y=">AAAB/XicbVDLSgNBEJyNrxhf8XHzMhiEeAm7Iuox6EVvEcwDkrDMTibJkJnZdaZXjEvwV7x4UMSr/+HNv3GS7EETCxqKqm66u4JIcAOu++1kFhaXlleyq7m19Y3Nrfz2Ts2EsaasSkMR6kZADBNcsSpwEKwRaUZkIFg9GFyO/fo904aH6haGEWtL0lO8yykBK/n5vRawB0iu5ajYMrwniX93hP18wS25E+B54qWkgFJU/PxXqxPSWDIFVBBjmp4bQTshGjgVbJRrxYZFhA5IjzUtVUQy004m14/woVU6uBtqWwrwRP09kRBpzFAGtlMS6JtZbyz+5zVj6J63E66iGJii00XdWGAI8TgK3OGaURBDSwjV3N6KaZ9oQsEGlrMheLMvz5Pacck7LXk3J4XyRRpHFu2jA1REHjpDZXSFKqiKKHpEz+gVvTlPzovz7nxMWzNOOrOL/sD5/AEPmZT2</latexit>

Im(�q)

<latexit sha1_base64="CgN5Wj/iE15S0wP6fjt7ePTqOSA=">AAAB/XicbVDJSgNBEO2JW4xbXG5eGoMQL2FGRD0GvXiMYhbIhNDTqUma9Cx214hxCP6KFw+KePU/vPk3dpaDJj4oeLxXRVU9L5ZCo21/W5mFxaXllexqbm19Y3Mrv71T01GiOFR5JCPV8JgGKUKookAJjVgBCzwJda9/OfLr96C0iMJbHMTQClg3FL7gDI3Uzu+5CA+Y3sCw6GrRDVj77oi28wW7ZI9B54kzJQUyRaWd/3I7EU8CCJFLpnXTsWNspUyh4BKGOTfREDPeZ11oGhqyAHQrHV8/pIdG6VA/UqZCpGP190TKAq0HgWc6A4Y9PeuNxP+8ZoL+eSsVYZwghHyyyE8kxYiOoqAdoYCjHBjCuBLmVsp7TDGOJrCcCcGZfXme1I5LzmnJuT4plC+mcWTJPjkgReKQM1ImV6RCqoSTR/JMXsmb9WS9WO/Wx6Q1Y01ndskfWJ8/ETKU9w==</latexit>

Re(�q)

Two-body scattering
 amplitude

<latexit sha1_base64="RBKTcCf125ZjjcXGREUgVP4zak8=">AAACAnicbVDLSsNAFJ34rPEVdSVuBovFVUhqqXUhFN24rGAf0NQwmU7aoTNJmJkIJRQ3/oobF4q49Svc+TdOHwttPXDhzDn3MveeIGFUKsf5NpaWV1bX1nMb5ubW9s6utbffkHEqMKnjmMWiFSBJGI1IXVHFSCsRBPGAkWYwuB77zQciJI2jOzVMSIejXkRDipHSkm8dFjiCl9Ate55Z4H5wX9SvM/uiUvKtvGM7E8BF4s5IHsxQ860vrxvjlJNIYYakbLtOojoZEopiRkaml0qSIDxAPdLWNEKcyE42OWEET7TShWEsdEUKTtTfExniUg55oDs5Un05743F/7x2qsJKJ6NRkioS4elHYcqgiuE4D9ilgmDFhpogLKjeFeI+EggrnZqpQ3DnT14kjaLtlm33tpSvXs3iyIEjcAxOgQvOQRXcgBqoAwwewTN4BW/Gk/FivBsf09YlYzZzAP7A+PwBh/eTrA==</latexit>

ma = 16

m2
b = 3.984

Three Body Scattering Amplitude 



1. Introduce  

2. Project onto partial wave,            sector 
 
 
 

3. Soften singularities using non-zero epsilon, or isolate them 

4. Write as matrix equation: 
 
 

5. Recover the exact result by taking               ,             limit   

6.

<latexit sha1_base64="5u+lHaysx7nxvrdh1DuPzpK3Slo=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi6kYounFZwT6gCWUyvWmHTiZhZiKU0IUbf8WNC0Xc+hHu/BunaRbaemDgcM59zQkSzpR2nG+rtLK6tr5R3qxsbe/s7tn7B20Vp5JCi8Y8lt2AKOBMQEszzaGbSCBRwKETjG9mfucBpGKxuNeTBPyIDAULGSXaSH276uUzsoATOp5mGGMPOMdX2MHTvl1z6k4OvEzcgtRQgWbf/vIGMU0jEJpyolTPdRLtZ0RqRjlMK16qIDF7yBB6hgoSgfKz/IApPjbKAIexNE9onKu/OzISKTWJAlMZET1Si95M/M/rpTq89DMmklSDoPNFYcqxjvEsETxgEqjmE0MIlczciumISEK1ya1iQnAXv7xM2qd197zu3p3VGtdFHGVURUfoBLnoAjXQLWqiFqLoET2jV/RmPVkv1rv1MS8tWUXPIfoD6/MH3N6W7Q==</latexit>

` = 0

<latexit sha1_base64="pgzbF5SWvaGapixcRnet9ANIOBo=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIqMuiG5cV7AM6pWTStA3NJENyRylDf8GNv+LGhSJu3bnzb0yns9DWA4HDOfeVE8aCG/C8b6ewsrq2vlHcLG1t7+zuufsHTaMSTVmDKqF0OySGCS5ZAzgI1o41I1EoWCscX8/81j3Thit5B5OYdSMylHzAKQEr9dxKkM1IQ0HoeJpiHLDYcKEkDjQfjoBorR6wh6c9t+xVvQx4mfg5KaMc9Z77FfQVTSImgQpiTMf3YuimRAOngk1LQWJYbJeSIetYKknETDfNrpniE6v08UBp+yTgTP3dkZLImEkU2sqIwMgsejPxP6+TwOCym3IZJ8AknS8aJAKDwrN4cJ9rRkFMLCFUc3srpiOiCQUbYsmG4C9+eZk0T6v+edW/PSvXrvI4iugIHaMK8tEFqqEbVEcNRNEjekav6M15cl6cd+djXlpw8p5D9AfO5w+O0J10</latexit>

✏ ! 0

<latexit sha1_base64="y7Md1ZIh0zG7UxCDoXJR4WvvAKc=">AAACJHicbVDLSsNAFJ34rPUVdelmsAiuSlJEBRGKunAjVLAPaEKYTCbt0MmDmYlQQj7Gjb/ixoUPXLjxW5ykAW3rhYFzz7l35sxxY0aFNIwvbWFxaXlltbJWXd/Y3NrWd3Y7Iko4Jm0csYj3XCQIoyFpSyoZ6cWcoMBlpOuOrnK9+0C4oFF4L8cxsQM0CKlPMZKKcvRzq7gjdRnCoyyF0AqQHGLE0usMXvx2t5nT8KY6mDl6zagbRcF5YJagBspqOfq75UU4CUgoMUNC9E0jlnaKuKSYkaxqJYLEygcakL6CIQqIsNPCYAYPFeNBP+LqhBIW7N+NFAVCjANXTeY2xayWk/9p/UT6Z3ZKwziRJMSTh/yEQRnBPDHoUU6wZGMFEOZUeYV4iDjCUuVaVSGYs1+eB51G3Typm3fHteZlGUcF7IMDcARMcAqa4Aa0QBtg8AiewSt40560F+1D+5yMLmjlzh6YKu37B00PpTI=</latexit>

D = M2dM2

<latexit sha1_base64="rtCCRuuTUXCkRat9Kif3LfcpWxI="></latexit>

dS(p, s, k) = �GS(p, s, k)�
Z qmax

0
dq

q2

(2⇡)2!q
GS(p, s, q)M2(q, s)dS(q, s, k)

<latexit sha1_base64="jJPXN/uhMOH673wG+d/HfAGivlo=">AAACDXicbVDLSgMxFM34rPU16tJNsAquyoyIuiy6cSUV7AM6pWTSTBuaSYbkjlKG+QE3/oobF4q4de/OvzF9LLT1QOBwzn3lhIngBjzv21lYXFpeWS2sFdc3Nre23Z3dulGppqxGlVC6GRLDBJesBhwEayaakTgUrBEOrkZ+455pw5W8g2HC2jHpSR5xSsBKHfcwGM/IQkHoIM8wvgk07/WBaK0ecMBlBMO845a8sjcGnif+lJTQFNWO+xV0FU1jJoEKYkzL9xJoZ0QDp4LlxSA1LLELSY+1LJUkZqadjS/J8ZFVujhS2j4JeKz+7shIbMwwDm1lTKBvZr2R+J/XSiG6aGdcJikwSSeLolRgUHgUDe5yzSiIoSWEam5vxbRPNKFgAyzaEPzZL8+T+knZPyv7t6elyuU0jgLaRwfoGPnoHFXQNaqiGqLoET2jV/TmPDkvzrvzMSldcKY9e+gPnM8fUEycWg==</latexit>

N ! 1

<latexit sha1_base64="R4sf9iwlhz4zX7OUnb4UralP0uw="></latexit>

d(N, ✏) = �G(✏)� P ·G(✏) · M2(✏) · d(N, ✏)

<latexit sha1_base64="TO+odYq4zT8jNudrUfy6RiaCPQo="></latexit>

M'b = g2 lim
�p,�k!m2

b

dS

E1

bound-state, (b) bound-state, (b)

spectator, ( )φ spectator, ( )φ
<latexit sha1_base64="qdypOXGDmwA01D/ZWSZmV407PWQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPrlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJr OvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB3BGM+g==</latexit>p <latexit sha1_base64="8HotZ7L9jIC+JMZElREUEsd2+jQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD1H2M9Q==</latexit>

k

<latexit sha1_base64="vsDpfYbw0s5cDF7qjMYBdSqobT4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo1Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A4J2M/Q==</latexit>s

Solving Integral Equations:



Phase shifts:

°0.6 °0.4 °0.2 0.0 0.2

°0.6

°0.5

°0.4

°0.3

°0.2

°0.1

0.0

0.1

Real
Imag
FV w/o Cut

°0.06 °0.04 °0.02 0.00 0.02

°0.6

°0.4

°0.2

0.0

0.2

0.4

0.6

°0.04 °0.03 °0.02 °0.01 0.00

°0.20

°0.15

°0.10

°0.05

0.00

0.05

0.10

<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

E2



<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2
<latexit sha1_base64="nZtq+F/Z8VAieBcKpIJNWQIFtS8=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksQkUoSRH1IhS9eKxgP6CNYbPdtEt3k7C7KZTSi3/FiwdFvPozvPlv3LY5aPXBwOO9GWbmBQlnSjvOl5VbWl5ZXcuvFzY2t7Z37N29hopTSWidxDyWrQAryllE65ppTluJpFgEnDaDwc3Ubw6pVCyO7vUooZ7AvYiFjGBtJN8+6AyxTPoMBegKlQQ6RcIPTh4qvl10ys4M6C9xM1KEDDXf/ux0Y5IKGmnCsVJt10m0N8ZSM8LppNBJFU0wGeAebRsaYUGVN549MEHHRumiMJamIo1m6s+JMRZKjURgOgXWfbXoTcX/vHaqw0tvzKIk1TQi80VhypGO0TQN1GWSEs1HhmAimbkVkT6WmGiTWcGE4C6+/Jc0KmX3vOzenRWr11kceTiEIyiBCxdQhVuoQR0ITOAJXuDVerSerTfrfd6as7KZffgF6+MbeDuUYw==</latexit>

'b = (m+mb)
2

<latexit sha1_base64="SM8YqUPOhC0TCwBpak2+HGOiQYM=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMruIuqx6MVjBfsB7bZk02wbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PmjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2F47uZ33qiSrNYPppJQgOBh5JFjGBjpa7o+egC+aIf9vx+ueJW3TnQKvFyUoEc9X75qzuISSqoNIRjrTuem5ggw8owwum01E01TTAZ4yHtWCqxoDrI5jdP0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpCa6CTImk9RQSRaLopQjE6NZAGjAFCWGTyzBRDF7KyIjrDAxNqaSDcFbfnmVNP2qd1X1Hi4rtds8jiKcwCmcgwfXUIN7qEMDCCTwDK/w5qTOi/PufCxaC04+cwx/4Hz+AOw8kFA=</latexit>

m2 + 2m2
b

<latexit sha1_base64="wZvjVisDzysRYeb8QeStKdzMQ1w=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKQJVECBgrWBiLRB9Sm0aO67RWbSeyHaQq6sDCr7AwgBArH8HG3+C2GaDlSFf36Jx7Zd8TJowq7Tjf1srq2vrGZmGruL2zu7dvHxw2VZxKTBo4ZrFsh0gRRgVpaKoZaSeSIB4y0gpHN1O/9UCkorG41+OE+BwNBI0oRtpIgV3qRhLhrMKDsOfBM8h73mnPm2SmTwK77FSdGeAycXNSBjnqgf3V7cc45URozJBSHddJtJ8hqSlmZFLspookCI/QgHQMFYgT5WezIybwxCh9GMXSlNBwpv7eyBBXasxDM8mRHqpFbyr+53VSHV35GRVJqonA84eilEEdw2kisE8lwZqNDUFYUvNXiIfIpKJNbkUTgrt48jJpelX3ourenZdr13kcBVACx6ACXHAJauAW1EEDYPAInsEreLOerBfr3fqYj65Y+c4R+APr8wdss5at</latexit>

(m2
b �m2)2

m2

<latexit sha1_base64="rtCCRuuTUXCkRat9Kif3LfcpWxI="></latexit>

dS(p, s, k) = �GS(p, s, k)�
Z qmax

0
dq

q2

(2⇡)2!q
GS(p, s, q)M2(q, s)dS(q, s, k)

Kinematic Region of Interest

E3



Scattering Length, 
<latexit sha1_base64="EXr+zkawZMhXDkA2kUMc9B8B7d0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg0Zinrlil/150CrJMhJBXLUe+Wvbj8hqaDSEo6N6QS+smGGtWWE02mpmxqqMBnhAe04KrGgJszmB0/RmVP6KE60K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4JMyZVaqkki0VxypFN0Ox71GeaEssnjmCimbsVkSHWmFiXUcmFECy/vEqaF9Xgqho8XFZqt3kcRTiBUziHAK6hBvdQhwYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AkieQQg==</latexit>

'b
<latexit sha1_base64="KZHetwiV1yqNh/E4aXXDzyTax5c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPTdfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqlereveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDqkY2P</latexit>

b0
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/a

This work, η = 15

Romero-López et al.

NREFT Λ = 0.75m

∆
ρ
ϕ
b

ma

<latexit sha1_base64="krUaGQEHZra2dsyprg90yfX1APw=">AAAB+nicbVBNSwMxEM36WevXVo9egkXwVHdF1GNREI8V7Ae0S8mmaRuaTZZk1lrW/hQvHhTx6i/x5r8xbfegrQ8GHu/NMDMvjAU34HnfztLyyuraem4jv7m1vbPrFvZqRiWasipVQulGSAwTXLIqcBCsEWtGolCweji4nvj1B6YNV/IeRjELItKTvMspASu13UIL2COkNzU8PFGYJjBuu0Wv5E2BF4mfkSLKUGm7X62OoknEJFBBjGn6XgxBSjRwKtg430oMiwkdkB5rWipJxEyQTk8f4yOrdHBXaVsS8FT9PZGSyJhRFNrOiEDfzHsT8T+vmUD3Mki5jBNgks4WdROBQeFJDrjDNaMgRpYQqrm9FdM+0YSCTStvQ/DnX14ktdOSf17y786K5assjhw6QIfoGPnoApXRLaqgKqJoiJ7RK3pznpwX5935mLUuOdnMPvoD5/MHx7KTsQ==</latexit>

FV w/o cut

<latexit sha1_base64="YAV8jko67B6wj5z1pnY3goj4/WE=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAInsKuiHoMiqC3COYBSQizk04yZHZ2nekVwxIv/ooXD4p49S+8+TdOHgdNLGgoqrrp7gpiKQx63rczN7+wuLScWcmurq1vbLpb22UTJZpDiUcy0tWAGZBCQQkFSqjGGlgYSKgEvYuhX7kHbUSkbrEfQyNkHSXagjO0UtPdrSM8YHqtEDqaSXp5l4ycQdPNeXlvBDpL/AnJkQmKTfer3op4EoJCLpkxNd+LsZEyjYJLGGTriYGY8R7rQM1SxUIwjXT0wYAeWKVF25G2pZCO1N8TKQuN6YeB7QwZds20NxT/82oJts8aqVBxgqD4eFE7kRQjOoyDtoQGjrJvCeNa2Fsp7zLNONrQsjYEf/rlWVI+yvsnef/mOFc4n8SRIXtknxwSn5ySArkiRVIinDySZ/JK3pwn58V5dz7GrXPOZGaH/IHz+QMkhZdW</latexit>

Integral Equation

<latexit sha1_base64="GoXE2hdvsoEFN7N7DHr4FOSmkWA=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnFmEByhL3NXLJkd+/Y3RNCyD+wsVDE1n9k579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4M/WbT6gNT9SDHaUYStpXPOaMWifdS9otV/yqPwNZJkFOKpCj3i1/dXoJyyQqywQ1ph34qQ3HVFvOBE5KncxgStmQ9rHtqKISTTieXTohJ07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FVOOYqzSwqNl8UZ4LYhEzfJj2ukVkxcoQyzd2thA2opsy6cEouhGDx5WXyeFYNLqrB3Xmldp3HUYQjOIZTCOASanALdWgAgxie4RXevKH34r17H/PWgpfPHMIfeJ8/j+mNYg==</latexit>ma

<latexit sha1_base64="TdAtgLQ5tvKtk7zdyp3WSi3DPcI="></latexit>

lim
q!0

q cot �'b = � 1

b0
Fit to leading order effective range expansion to 

get  scattering length, φb b0

Hints at possible trimers

<latexit sha1_base64="3YNtNeX6qHXWpw+38rD6B7kaqNI="></latexit>

M'b =
8⇡

p
s

q cot �'b � iq
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0

E4

Romero-López, Sharpe, Blanton, Briceño and Hansen, 2019
Jackura, Briceño, Dawid, Islam, and McCarty, 2020

Bedaque, Hammer, van Kolck, 1999
<latexit sha1_base64="po2BsIpnETleiPf9CBxJbH2FXHI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E1GPRi8cKxhbaUCbbTbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T941EmmKPNpIhLVDlEzwSXzDTeCtVPFMA4Fa4Wj26nfemJK80Q+mHHKghgHkkecorGSH/bcM+xVa27dnYEsE68gNSjQ7FW/uv2EZjGThgrUuuO5qQlyVIZTwSaVbqZZinSEA9axVGLMdJDPjp2QE6v0SZQoW9KQmfp7IsdY63Ec2s4YzVAvelPxP6+Tmeg6yLlMM8MknS+KMkFMQqafkz5XjBoxtgSp4vZWQoeokBqbT8WG4C2+vEwez+veZd27v6g1boo4ynAEx3AKHlxBA+6gCT5Q4PAMr/DmSOfFeXc+5q0lp5g5hD9wPn8AENKOMw==</latexit> b 0
/a
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Three body breakups

<latexit sha1_base64="WxliW3DbxhwH+0SBFN7K8MM6gR8=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU90tRT0WvXisYD+gu5Zsmm1Dk+ySZIWy9G948aCIV/+MN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfDvzO09UaRbLBzNJaCDwULKIEWys5PuaDQXujy/EY61frrhVdw60SrycVCBHs1/+8gcxSQWVhnCsdc9zExNkWBlGOJ2W/FTTBJMxHtKepRILqoNsfvMUnVllgKJY2ZIGzdXfExkWWk9EaDsFNiO97M3E/7xeaqLrIGMySQ2VZLEoSjkyMZoFgAZMUWL4xBJMFLO3IjLCChNjYyrZELzll1dJu1b1Lqvefb3SuMnjKMIJnMI5eHAFDbiDJrSAQALP8ApvTuq8OO/Ox6K14OQzx/AHzucPiPeRWw==</latexit>

�k/m
2

bound-state, (b)

spectator, ( )φ

<latexit sha1_base64="ASYKN2yka7l/tZnVK2Qt2N3Tp00=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXtqkiHoRiiJ4rGA/oE3LZrtpl+4mYXcj1NJf4sWDIl79Kd78N27bHLT1wcDjvRlm5vkxZ0o7zre1srq2vrGZ2cpu7+zu5ez9g7qKEklojUQ8kk0fK8pZSGuaaU6bsaRY+Jw2/OHN1G88UqlYFD7oUUw9gfshCxjB2khdO6dKolNGV6hwWxKnnXLXzjtFZwa0TNyU5CFFtWt/tXsRSQQNNeFYqZbrxNobY6kZ4XSSbSeKxpgMcZ+2DA2xoMobzw6foBOj9FAQSVOhRjP198QYC6VGwjedAuuBWvSm4n9eK9HBpTdmYZxoGpL5oiDhSEdomgLqMUmJ5iNDMJHM3IrIAEtMtMkqa0JwF19eJvVy0T0vuvdn+cp1GkcGjuAYCuDCBVTgDqpQAwIJPMMrvFlP1ov1bn3MW1esdOYQ/sD6/AGoz5El</latexit>

s/m2 = (E/m)2

<latexit sha1_base64="FbQCVdWHzWjylBGeUaMC06yQRIY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KqMegF48RzQOSJcxOZpMh81hmZoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTv3WE9WGKfloxwkNBR5IFjOCrZMeRmeiV674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2ezUCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8Tmrj6zBjMkktlWS+KE45sgpN/0Z9pimxfOwIJpq5WxEZYo2JdemUXAjB4svLpHleDS6rwf1FpXaTx1GEIziGUwjgCmpwB3VoAIEBPMMrvHnce/HevY95a8HLZw7hD7zPHwvajaU=</latexit>

k/m

<latexit sha1_base64="JIdBHV4Nym9sQ3JB612Gpady9rg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1UvVrVu7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6CEjW0=</latexit>

}

E5

Romero-López, Sharpe, Blanton, Briceño and Hansen, 2019
Jackura, Briceño, Dawid, Islam, and McCarty, 2020

<latexit sha1_base64="IDU+PWt2O4JDQv06LGmDuVdZKyk="></latexit>

�k/m
2 =

✓
(
p
s� !k)

2 � k2
◆
/m2
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<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2

<latexit sha1_base64="lTbDxnwTTUOqRu9ytXXolhl92bQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KqMegCB4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDRgsaiqpuuruihDNjff/LKywtr6yuFddLG5tb2zvl3b2mUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxpdT/3WI9WGKflgxwkNBR5IFjOCrZPub05Er1zxq/4M6C8JclKBHPVe+bPbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jIKX0UK+1KWjRTf05kWBgzFpHrFNgOzaI3Ff/zOqmNL8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy//Jc3TanBeDe7OKrWrPI4iHMAhHEMAF1CDW6hDAwgM4Ale4NXj3rP35r3PWwtePrMPv+B9fAPR541/</latexit>

E/m

<latexit sha1_base64="EXr+zkawZMhXDkA2kUMc9B8B7d0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg0Zinrlil/150CrJMhJBXLUe+Wvbj8hqaDSEo6N6QS+smGGtWWE02mpmxqqMBnhAe04KrGgJszmB0/RmVP6KE60K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4JMyZVaqkki0VxypFN0Ox71GeaEssnjmCimbsVkSHWmFiXUcmFECy/vEqaF9Xgqho8XFZqt3kcRTiBUziHAK6hBvdQhwYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AkieQQg==</latexit>

'b
<latexit sha1_base64="Zy7qDFV51/LGIwQb+T1Jlf5IDsY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiFw8eKtgPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0wEN9b3v73Cyura+kZxs7S1vbO7V94/aBqVasoaVAml2yExTHDJGpZbwdqJZiQOBWuFo5up33pi2nAlH+w4YUFMBpJHnBLrpKbpZXd40itX/Ko/A1omOCcVyFHvlb+6fUXTmElLBTGmg/3EBhnRllPBJqVualhC6IgMWMdRSWJmgmx27QSdOKWPIqVdSYtm6u+JjMTGjOPQdcbEDs2iNxX/8zqpja6CjMsktUzS+aIoFcgqNH0d9blm1IqxI4Rq7m5FdEg0odYFVHIh4MWXl0nzrIovqvj+vFK7zuMowhEcwylguIQa3EIdGkDhEZ7hFd485b14797HvLXg5TOH8Afe5w9kpo8D</latexit>sL1

<latexit sha1_base64="Xvs7Vurtu2/FJo1xdQ5xBoX0sjQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxYOHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91hPVhin5YMcJDQUeSBYzgq2TmqaX3VUnvVLZr/gzoGUS5KQMOeq90le3r0gqqLSEY2M6gZ/YMMPaMsLppNhNDU0wGeEB7TgqsaAmzGbXTtCpU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4UZk0lqqSTzRXHKkVVo+jrqM02J5WNHMNHM3YrIEGtMrAuo6EIIFl9eJs1qJbioBPfn5dp1HkcBjuEEziCAS6jBLdShAQQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AFmK48E</latexit>sL2

<latexit sha1_base64="04PFgd7dSG+F0ubDrVju1gh2dNI="></latexit>

MII
'b(s) =

M'b(s)

1 + 2i⇢'b(s)M'b(s)

<latexit sha1_base64="MhMhVVdAyjz2KMUdKTtCFBhKLDM=">AAACCnicbVDJSgNBEO1xjXEb9eilNQiewoyIegx68SJEMQtkQujpVJImPQvdNcEwzNmLv+LFgyJe/QJv/o2d5aCJDwoe71VRVc+PpdDoON/WwuLS8spqbi2/vrG5tW3v7FZ1lCgOFR7JSNV9pkGKECooUEI9VsACX0LN71+N/NoAlBZReI/DGJoB64aiIzhDI7XsAw/hAdM7yKgXMOxxJtObrJV6A6binqB+1rILTtEZg84Td0oKZIpyy/7y2hFPAgiRS6Z1w3VibKZMoeASsryXaIgZ77MuNAwNWQC6mY5fyeiRUdq0EylTIdKx+nsiZYHWw8A3naNz9aw3Ev/zGgl2LpqpCOMEIeSTRZ1EUozoKBfaFgo4yqEhjCthbqW8xxTjaNLLmxDc2ZfnSfWk6J4V3dvTQulyGkeO7JNDckxcck5K5JqUSYVw8kieySt5s56sF+vd+pi0LljTmT3yB9bnDxXMmyU=</latexit> R
eM

'
b

<latexit sha1_base64="KudlD4tM3jGIVuRkUqRxRdj9bTI=">AAACFnicbVC7SgNBFJ31GeNr1dJmMAg2hl0RtRRtTCGoGBWy6zI7uTFDZh/M3BXDsl9h46/YWChiK3b+jZNHoYkHBg7nnMvce8JUCo2O821NTE5Nz8yW5srzC4tLy/bK6pVOMsWhzhOZqJuQaZAihjoKlHCTKmBRKOE67Bz3/Ot7UFok8SV2U/AjdheLluAMjRTY2x7CA+YXUFAvYtjmTOanRZB790ylbUHD4jYfRGq1ogjsilN1+qDjxB2SChniLLC/vGbCswhi5JJp3XCdFP2cKRRcQlH2Mg0p4x12Bw1DYxaB9vP+WQXdNEqTthJlXoy0r/6eyFmkdTcKTbK3uh71euJ/XiPD1oGfizjNEGI++KiVSYoJ7XVEm0IBR9k1hHElzK6Ut5liHE2TZVOCO3ryOLnaqbp7Vfd8t3J4NKyjRNbJBtkiLtknh+SEnJE64eSRPJNX8mY9WS/Wu/UxiE5Yw5k18gfW5w8k56Ce</latexit> R
eM

II '
b

<latexit sha1_base64="X7+Jxyk3DHbAMom9pTNg/v1RI+w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RjQkkS5idzCZD5rHMzAphySd48aCIV7/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w8ejUo1oS2iuNKdCBvKmaQtyyynnURTLCJO29H4JvfbT1QbpuSDnSQ0FHgoWcwItk66F7jSr9b8uj8DWiZBQWpQoNmvfvUGiqSCSks4NqYb+IkNM6wtI5xOK73U0ASTMR7SrqMSC2rCbHbqFJ04ZYBipV1Ji2bq74kMC2MmInKdAtuRWfRy8T+vm9r4KsyYTFJLJZkvilOOrEL532jANCWWTxzBRDN3KyIjrDGxLp08hGDx5WXyeFYPLurB3XmtcV3EUYYjOIZTCOASGnALTWgBgSE8wyu8edx78d69j3lryStmDuEPvM8fxMWNdg==</latexit>ma

<latexit sha1_base64="Xvs7Vurtu2/FJo1xdQ5xBoX0sjQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxYOHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91hPVhin5YMcJDQUeSBYzgq2TmqaX3VUnvVLZr/gzoGUS5KQMOeq90le3r0gqqLSEY2M6gZ/YMMPaMsLppNhNDU0wGeEB7TgqsaAmzGbXTtCpU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4UZk0lqqSTzRXHKkVVo+jrqM02J5WNHMNHM3YrIEGtMrAuo6EIIFl9eJs1qJbioBPfn5dp1HkcBjuEEziCAS6jBLdShAQQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AFmK48E</latexit>sL2

Binding energies

1st Bound-state

2nd Bound-state

3rd Bound-state

Amplitude on the 
Second Riemann Sheet

2nd Virtual-state

3rd Virtual-state

1st Virtual-state

<latexit sha1_base64="GVq7psfK/Zu/2kHgBewQLzs/8+Q=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbUDbbTbt0swm7k0IJ/ReeBAXx6r/x5L9x2+agrQ8GHu/NMDMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx41TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfGnNtRKwecZJwP6IDJULBKFrpqTumOhkKEpBeueJW3TnIKvFyUoEc9V75q9uPWRpxhUxSYzqem6CfUY2CST4tdVPDE8pGdMA7lioaceNn84un5MwqfRLG2pZCMld/T2Q0MmYSBbYzojg0y95M/M/rpBje+JlQSYpcscWiMJUEYzJ7n/SF5gzlxBLKtLC3EjakmjK0IZVKNgVv+edV0ryoeldV7+GyUrvN8yjCCZzCOXhwDTW4hzo0gIGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8AXENkHw=</latexit>

'b

Three-Body Bound-states and Virtual States

<latexit sha1_base64="R8FvI3hAIvzCDs+u2mPedj/KVIo=">AAAB+nicbVDJTgJBEO3BDXEb9OilIzHBC84Qox6JXjyikSUBJD1NAR16lnTXqGTkU7x40Bivfok3/8ZmOSj4kkpe3qtKVT0vkkKj43xbqaXlldW19HpmY3Nre8fO7lZ1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LNG1yO/do9KC3C4BaHEbR81gtEV3CGRmrb2SbCIyY3MKJ5fezfFY/ads4pOBPQReLOSI7MUG7bX81OyGMfAuSSad1wnQhbCVMouIRRphlriBgfsB40DA2YD7qVTE4f0UOjdGg3VKYCpBP190TCfK2Hvmc6fYZ9Pe+Nxf+8Rozd81YigihGCPh0UTeWFEM6zoF2hAKOcmgI40qYWynvM8U4mrQyJgR3/uVFUi0W3NOCe32SK13M4kiTfXJA8sQlZ6RErkiZVAgnD+SZvJI368l6sd6tj2lryprN7JE/sD5/ABY0kzs=</latexit>

Re(s/m2)

E6



100 101 102 103 10410°11

10°9

10°7

10°5

10°3

10°1

<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2

<latexit sha1_base64="lTbDxnwTTUOqRu9ytXXolhl92bQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KqMegCB4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDRgsaiqpuuruihDNjff/LKywtr6yuFddLG5tb2zvl3b2mUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxpdT/3WI9WGKflgxwkNBR5IFjOCrZPub05Er1zxq/4M6C8JclKBHPVe+bPbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jIKX0UK+1KWjRTf05kWBgzFpHrFNgOzaI3Ff/zOqmNL8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy//Jc3TanBeDe7OKrWrPI4iHMAhHEMAF1CDW6hDAwgM4Ale4NXj3rP35r3PWwtePrMPv+B9fAPR541/</latexit>

E/m

<latexit sha1_base64="EXr+zkawZMhXDkA2kUMc9B8B7d0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg0Zinrlil/150CrJMhJBXLUe+Wvbj8hqaDSEo6N6QS+smGGtWWE02mpmxqqMBnhAe04KrGgJszmB0/RmVP6KE60K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4JMyZVaqkki0VxypFN0Ox71GeaEssnjmCimbsVkSHWmFiXUcmFECy/vEqaF9Xgqho8XFZqt3kcRTiBUziHAK6hBvdQhwYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AkieQQg==</latexit>

'b
<latexit sha1_base64="Zy7qDFV51/LGIwQb+T1Jlf5IDsY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiFw8eKtgPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0wEN9b3v73Cyura+kZxs7S1vbO7V94/aBqVasoaVAml2yExTHDJGpZbwdqJZiQOBWuFo5up33pi2nAlH+w4YUFMBpJHnBLrpKbpZXd40itX/Ko/A1omOCcVyFHvlb+6fUXTmElLBTGmg/3EBhnRllPBJqVualhC6IgMWMdRSWJmgmx27QSdOKWPIqVdSYtm6u+JjMTGjOPQdcbEDs2iNxX/8zqpja6CjMsktUzS+aIoFcgqNH0d9blm1IqxI4Rq7m5FdEg0odYFVHIh4MWXl0nzrIovqvj+vFK7zuMowhEcwylguIQa3EIdGkDhEZ7hFd485b14797HvLXg5TOH8Afe5w9kpo8D</latexit>sL1

<latexit sha1_base64="Xvs7Vurtu2/FJo1xdQ5xBoX0sjQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxYOHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91hPVhin5YMcJDQUeSBYzgq2TmqaX3VUnvVLZr/gzoGUS5KQMOeq90le3r0gqqLSEY2M6gZ/YMMPaMsLppNhNDU0wGeEB7TgqsaAmzGbXTtCpU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4UZk0lqqSTzRXHKkVVo+jrqM02J5WNHMNHM3YrIEGtMrAuo6EIIFl9eJs1qJbioBPfn5dp1HkcBjuEEziCAS6jBLdShAQQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AFmK48E</latexit>sL2

<latexit sha1_base64="04PFgd7dSG+F0ubDrVju1gh2dNI="></latexit>

MII
'b(s) =

M'b(s)

1 + 2i⇢'b(s)M'b(s)

<latexit sha1_base64="MhMhVVdAyjz2KMUdKTtCFBhKLDM=">AAACCnicbVDJSgNBEO1xjXEb9eilNQiewoyIegx68SJEMQtkQujpVJImPQvdNcEwzNmLv+LFgyJe/QJv/o2d5aCJDwoe71VRVc+PpdDoON/WwuLS8spqbi2/vrG5tW3v7FZ1lCgOFR7JSNV9pkGKECooUEI9VsACX0LN71+N/NoAlBZReI/DGJoB64aiIzhDI7XsAw/hAdM7yKgXMOxxJtObrJV6A6binqB+1rILTtEZg84Td0oKZIpyy/7y2hFPAgiRS6Z1w3VibKZMoeASsryXaIgZ77MuNAwNWQC6mY5fyeiRUdq0EylTIdKx+nsiZYHWw8A3naNz9aw3Ev/zGgl2LpqpCOMEIeSTRZ1EUozoKBfaFgo4yqEhjCthbqW8xxTjaNLLmxDc2ZfnSfWk6J4V3dvTQulyGkeO7JNDckxcck5K5JqUSYVw8kieySt5s56sF+vd+pi0LljTmT3yB9bnDxXMmyU=</latexit> R
eM

'
b

<latexit sha1_base64="KudlD4tM3jGIVuRkUqRxRdj9bTI=">AAACFnicbVC7SgNBFJ31GeNr1dJmMAg2hl0RtRRtTCGoGBWy6zI7uTFDZh/M3BXDsl9h46/YWChiK3b+jZNHoYkHBg7nnMvce8JUCo2O821NTE5Nz8yW5srzC4tLy/bK6pVOMsWhzhOZqJuQaZAihjoKlHCTKmBRKOE67Bz3/Ot7UFok8SV2U/AjdheLluAMjRTY2x7CA+YXUFAvYtjmTOanRZB790ylbUHD4jYfRGq1ogjsilN1+qDjxB2SChniLLC/vGbCswhi5JJp3XCdFP2cKRRcQlH2Mg0p4x12Bw1DYxaB9vP+WQXdNEqTthJlXoy0r/6eyFmkdTcKTbK3uh71euJ/XiPD1oGfizjNEGI++KiVSYoJ7XVEm0IBR9k1hHElzK6Ut5liHE2TZVOCO3ryOLnaqbp7Vfd8t3J4NKyjRNbJBtkiLtknh+SEnJE64eSRPJNX8mY9WS/Wu/UxiE5Yw5k18gfW5w8k56Ce</latexit> R
eM

II '
b

<latexit sha1_base64="X7+Jxyk3DHbAMom9pTNg/v1RI+w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RjQkkS5idzCZD5rHMzAphySd48aCIV7/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w8ejUo1oS2iuNKdCBvKmaQtyyynnURTLCJO29H4JvfbT1QbpuSDnSQ0FHgoWcwItk66F7jSr9b8uj8DWiZBQWpQoNmvfvUGiqSCSks4NqYb+IkNM6wtI5xOK73U0ASTMR7SrqMSC2rCbHbqFJ04ZYBipV1Ji2bq74kMC2MmInKdAtuRWfRy8T+vm9r4KsyYTFJLJZkvilOOrEL532jANCWWTxzBRDN3KyIjrDGxLp08hGDx5WXyeFYPLurB3XmtcV3EUYYjOIZTCOASGnALTWgBgSE8wyu8edx78d69j3lryStmDuEPvM8fxMWNdg==</latexit>ma

<latexit sha1_base64="Xvs7Vurtu2/FJo1xdQ5xBoX0sjQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxYOHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91hPVhin5YMcJDQUeSBYzgq2TmqaX3VUnvVLZr/gzoGUS5KQMOeq90le3r0gqqLSEY2M6gZ/YMMPaMsLppNhNDU0wGeEB7TgqsaAmzGbXTtCpU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4UZk0lqqSTzRXHKkVVo+jrqM02J5WNHMNHM3YrIEGtMrAuo6EIIFl9eJs1qJbioBPfn5dp1HkcBjuEEziCAS6jBLdShAQQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AFmK48E</latexit>sL2

Binding energies

1st Bound-state

2nd Bound-state

3rd Bound-state

Amplitude on the 
Second Riemann Sheet

2nd Virtual-state

3rd Virtual-state

1st Virtual-state

<latexit sha1_base64="GVq7psfK/Zu/2kHgBewQLzs/8+Q=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbUDbbTbt0swm7k0IJ/ReeBAXx6r/x5L9x2+agrQ8GHu/NMDMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx41TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfGnNtRKwecZJwP6IDJULBKFrpqTumOhkKEpBeueJW3TnIKvFyUoEc9V75q9uPWRpxhUxSYzqem6CfUY2CST4tdVPDE8pGdMA7lioaceNn84un5MwqfRLG2pZCMld/T2Q0MmYSBbYzojg0y95M/M/rpBje+JlQSYpcscWiMJUEYzJ7n/SF5gzlxBLKtLC3EjakmjK0IZVKNgVv+edV0ryoeldV7+GyUrvN8yjCCZzCOXhwDTW4hzo0gIGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8AXENkHw=</latexit>

'b

Three-Body Bound-states and Virtual States

<latexit sha1_base64="R8FvI3hAIvzCDs+u2mPedj/KVIo=">AAAB+nicbVDJTgJBEO3BDXEb9OilIzHBC84Qox6JXjyikSUBJD1NAR16lnTXqGTkU7x40Bivfok3/8ZmOSj4kkpe3qtKVT0vkkKj43xbqaXlldW19HpmY3Nre8fO7lZ1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LNG1yO/do9KC3C4BaHEbR81gtEV3CGRmrb2SbCIyY3MKJ5fezfFY/ads4pOBPQReLOSI7MUG7bX81OyGMfAuSSad1wnQhbCVMouIRRphlriBgfsB40DA2YD7qVTE4f0UOjdGg3VKYCpBP190TCfK2Hvmc6fYZ9Pe+Nxf+8Rozd81YigihGCPh0UTeWFEM6zoF2hAKOcmgI40qYWynvM8U4mrQyJgR3/uVFUi0W3NOCe32SK13M4kiTfXJA8sQlZ6RErkiZVAgnD+SZvJI368l6sd6tj2lryprN7JE/sD5/ABY0kzs=</latexit>

Re(s/m2)

E7 



100 101 102 103 10410°11

10°9

10°7

10°5

10°3

10°1

<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2

<latexit sha1_base64="lTbDxnwTTUOqRu9ytXXolhl92bQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KqMegCB4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDRgsaiqpuuruihDNjff/LKywtr6yuFddLG5tb2zvl3b2mUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxpdT/3WI9WGKflgxwkNBR5IFjOCrZPub05Er1zxq/4M6C8JclKBHPVe+bPbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jIKX0UK+1KWjRTf05kWBgzFpHrFNgOzaI3Ff/zOqmNL8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy//Jc3TanBeDe7OKrWrPI4iHMAhHEMAF1CDW6hDAwgM4Ale4NXj3rP35r3PWwtePrMPv+B9fAPR541/</latexit>

E/m

<latexit sha1_base64="EXr+zkawZMhXDkA2kUMc9B8B7d0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg0Zinrlil/150CrJMhJBXLUe+Wvbj8hqaDSEo6N6QS+smGGtWWE02mpmxqqMBnhAe04KrGgJszmB0/RmVP6KE60K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4JMyZVaqkki0VxypFN0Ox71GeaEssnjmCimbsVkSHWmFiXUcmFECy/vEqaF9Xgqho8XFZqt3kcRTiBUziHAK6hBvdQhwYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AkieQQg==</latexit>

'b
<latexit sha1_base64="Zy7qDFV51/LGIwQb+T1Jlf5IDsY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiFw8eKtgPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0wEN9b3v73Cyura+kZxs7S1vbO7V94/aBqVasoaVAml2yExTHDJGpZbwdqJZiQOBWuFo5up33pi2nAlH+w4YUFMBpJHnBLrpKbpZXd40itX/Ko/A1omOCcVyFHvlb+6fUXTmElLBTGmg/3EBhnRllPBJqVualhC6IgMWMdRSWJmgmx27QSdOKWPIqVdSYtm6u+JjMTGjOPQdcbEDs2iNxX/8zqpja6CjMsktUzS+aIoFcgqNH0d9blm1IqxI4Rq7m5FdEg0odYFVHIh4MWXl0nzrIovqvj+vFK7zuMowhEcwylguIQa3EIdGkDhEZ7hFd485b14797HvLXg5TOH8Afe5w9kpo8D</latexit>sL1

<latexit sha1_base64="Xvs7Vurtu2/FJo1xdQ5xBoX0sjQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxYOHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91hPVhin5YMcJDQUeSBYzgq2TmqaX3VUnvVLZr/gzoGUS5KQMOeq90le3r0gqqLSEY2M6gZ/YMMPaMsLppNhNDU0wGeEB7TgqsaAmzGbXTtCpU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4UZk0lqqSTzRXHKkVVo+jrqM02J5WNHMNHM3YrIEGtMrAuo6EIIFl9eJs1qJbioBPfn5dp1HkcBjuEEziCAS6jBLdShAQQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AFmK48E</latexit>sL2

<latexit sha1_base64="04PFgd7dSG+F0ubDrVju1gh2dNI="></latexit>

MII
'b(s) =

M'b(s)

1 + 2i⇢'b(s)M'b(s)

<latexit sha1_base64="MhMhVVdAyjz2KMUdKTtCFBhKLDM=">AAACCnicbVDJSgNBEO1xjXEb9eilNQiewoyIegx68SJEMQtkQujpVJImPQvdNcEwzNmLv+LFgyJe/QJv/o2d5aCJDwoe71VRVc+PpdDoON/WwuLS8spqbi2/vrG5tW3v7FZ1lCgOFR7JSNV9pkGKECooUEI9VsACX0LN71+N/NoAlBZReI/DGJoB64aiIzhDI7XsAw/hAdM7yKgXMOxxJtObrJV6A6binqB+1rILTtEZg84Td0oKZIpyy/7y2hFPAgiRS6Z1w3VibKZMoeASsryXaIgZ77MuNAwNWQC6mY5fyeiRUdq0EylTIdKx+nsiZYHWw8A3naNz9aw3Ev/zGgl2LpqpCOMEIeSTRZ1EUozoKBfaFgo4yqEhjCthbqW8xxTjaNLLmxDc2ZfnSfWk6J4V3dvTQulyGkeO7JNDckxcck5K5JqUSYVw8kieySt5s56sF+vd+pi0LljTmT3yB9bnDxXMmyU=</latexit> R
eM

'
b

<latexit sha1_base64="KudlD4tM3jGIVuRkUqRxRdj9bTI=">AAACFnicbVC7SgNBFJ31GeNr1dJmMAg2hl0RtRRtTCGoGBWy6zI7uTFDZh/M3BXDsl9h46/YWChiK3b+jZNHoYkHBg7nnMvce8JUCo2O821NTE5Nz8yW5srzC4tLy/bK6pVOMsWhzhOZqJuQaZAihjoKlHCTKmBRKOE67Bz3/Ot7UFok8SV2U/AjdheLluAMjRTY2x7CA+YXUFAvYtjmTOanRZB790ylbUHD4jYfRGq1ogjsilN1+qDjxB2SChniLLC/vGbCswhi5JJp3XCdFP2cKRRcQlH2Mg0p4x12Bw1DYxaB9vP+WQXdNEqTthJlXoy0r/6eyFmkdTcKTbK3uh71euJ/XiPD1oGfizjNEGI++KiVSYoJ7XVEm0IBR9k1hHElzK6Ut5liHE2TZVOCO3ryOLnaqbp7Vfd8t3J4NKyjRNbJBtkiLtknh+SEnJE64eSRPJNX8mY9WS/Wu/UxiE5Yw5k18gfW5w8k56Ce</latexit> R
eM

II '
b

<latexit sha1_base64="X7+Jxyk3DHbAMom9pTNg/v1RI+w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RjQkkS5idzCZD5rHMzAphySd48aCIV7/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w8ejUo1oS2iuNKdCBvKmaQtyyynnURTLCJO29H4JvfbT1QbpuSDnSQ0FHgoWcwItk66F7jSr9b8uj8DWiZBQWpQoNmvfvUGiqSCSks4NqYb+IkNM6wtI5xOK73U0ASTMR7SrqMSC2rCbHbqFJ04ZYBipV1Ji2bq74kMC2MmInKdAtuRWfRy8T+vm9r4KsyYTFJLJZkvilOOrEL532jANCWWTxzBRDN3KyIjrDGxLp08hGDx5WXyeFYPLurB3XmtcV3EUYYjOIZTCOASGnALTWgBgSE8wyu8edx78d69j3lryStmDuEPvM8fxMWNdg==</latexit>ma

<latexit sha1_base64="Xvs7Vurtu2/FJo1xdQ5xBoX0sjQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxYOHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91hPVhin5YMcJDQUeSBYzgq2TmqaX3VUnvVLZr/gzoGUS5KQMOeq90le3r0gqqLSEY2M6gZ/YMMPaMsLppNhNDU0wGeEB7TgqsaAmzGbXTtCpU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4UZk0lqqSTzRXHKkVVo+jrqM02J5WNHMNHM3YrIEGtMrAuo6EIIFl9eJs1qJbioBPfn5dp1HkcBjuEEziCAS6jBLdShAQQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AFmK48E</latexit>sL2

Binding energies

1st Bound-state

2nd Bound-state

3rd Bound-state

Amplitude on the 
Second Riemann Sheet

2nd Virtual-state

3rd Virtual-state

1st Virtual-state

<latexit sha1_base64="GVq7psfK/Zu/2kHgBewQLzs/8+Q=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbUDbbTbt0swm7k0IJ/ReeBAXx6r/x5L9x2+agrQ8GHu/NMDMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx41TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfGnNtRKwecZJwP6IDJULBKFrpqTumOhkKEpBeueJW3TnIKvFyUoEc9V75q9uPWRpxhUxSYzqem6CfUY2CST4tdVPDE8pGdMA7lioaceNn84un5MwqfRLG2pZCMld/T2Q0MmYSBbYzojg0y95M/M/rpBje+JlQSYpcscWiMJUEYzJ7n/SF5gzlxBLKtLC3EjakmjK0IZVKNgVv+edV0ryoeldV7+GyUrvN8yjCCZzCOXhwDTW4hzo0gIGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8AXENkHw=</latexit>

'b

Three-Body Bound-states and Virtual States

<latexit sha1_base64="R8FvI3hAIvzCDs+u2mPedj/KVIo=">AAAB+nicbVDJTgJBEO3BDXEb9OilIzHBC84Qox6JXjyikSUBJD1NAR16lnTXqGTkU7x40Bivfok3/8ZmOSj4kkpe3qtKVT0vkkKj43xbqaXlldW19HpmY3Nre8fO7lZ1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LNG1yO/do9KC3C4BaHEbR81gtEV3CGRmrb2SbCIyY3MKJ5fezfFY/ads4pOBPQReLOSI7MUG7bX81OyGMfAuSSad1wnQhbCVMouIRRphlriBgfsB40DA2YD7qVTE4f0UOjdGg3VKYCpBP190TCfK2Hvmc6fYZ9Pe+Nxf+8Rozd81YigihGCPh0UTeWFEM6zoF2hAKOcmgI40qYWynvM8U4mrQyJgR3/uVFUi0W3NOCe32SK13M4kiTfXJA8sQlZ6RErkiZVAgnD+SZvJI368l6sd6tj2lryprN7JE/sD5/ABY0kzs=</latexit>

Re(s/m2)

E8 



100 101 102 103 10410°11

10°9

10°7

10°5

10°3

10°1

<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2

<latexit sha1_base64="lTbDxnwTTUOqRu9ytXXolhl92bQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KqMegCB4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDRgsaiqpuuruihDNjff/LKywtr6yuFddLG5tb2zvl3b2mUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxpdT/3WI9WGKflgxwkNBR5IFjOCrZPub05Er1zxq/4M6C8JclKBHPVe+bPbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jIKX0UK+1KWjRTf05kWBgzFpHrFNgOzaI3Ff/zOqmNL8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy//Jc3TanBeDe7OKrWrPI4iHMAhHEMAF1CDW6hDAwgM4Ale4NXj3rP35r3PWwtePrMPv+B9fAPR541/</latexit>

E/m

<latexit sha1_base64="EXr+zkawZMhXDkA2kUMc9B8B7d0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg0Zinrlil/150CrJMhJBXLUe+Wvbj8hqaDSEo6N6QS+smGGtWWE02mpmxqqMBnhAe04KrGgJszmB0/RmVP6KE60K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4JMyZVaqkki0VxypFN0Ox71GeaEssnjmCimbsVkSHWmFiXUcmFECy/vEqaF9Xgqho8XFZqt3kcRTiBUziHAK6hBvdQhwYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AkieQQg==</latexit>

'b
<latexit sha1_base64="Zy7qDFV51/LGIwQb+T1Jlf5IDsY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiFw8eKtgPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0wEN9b3v73Cyura+kZxs7S1vbO7V94/aBqVasoaVAml2yExTHDJGpZbwdqJZiQOBWuFo5up33pi2nAlH+w4YUFMBpJHnBLrpKbpZXd40itX/Ko/A1omOCcVyFHvlb+6fUXTmElLBTGmg/3EBhnRllPBJqVualhC6IgMWMdRSWJmgmx27QSdOKWPIqVdSYtm6u+JjMTGjOPQdcbEDs2iNxX/8zqpja6CjMsktUzS+aIoFcgqNH0d9blm1IqxI4Rq7m5FdEg0odYFVHIh4MWXl0nzrIovqvj+vFK7zuMowhEcwylguIQa3EIdGkDhEZ7hFd485b14797HvLXg5TOH8Afe5w9kpo8D</latexit>sL1

<latexit sha1_base64="Xvs7Vurtu2/FJo1xdQ5xBoX0sjQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxYOHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91hPVhin5YMcJDQUeSBYzgq2TmqaX3VUnvVLZr/gzoGUS5KQMOeq90le3r0gqqLSEY2M6gZ/YMMPaMsLppNhNDU0wGeEB7TgqsaAmzGbXTtCpU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4UZk0lqqSTzRXHKkVVo+jrqM02J5WNHMNHM3YrIEGtMrAuo6EIIFl9eJs1qJbioBPfn5dp1HkcBjuEEziCAS6jBLdShAQQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AFmK48E</latexit>sL2

<latexit sha1_base64="04PFgd7dSG+F0ubDrVju1gh2dNI="></latexit>

MII
'b(s) =

M'b(s)

1 + 2i⇢'b(s)M'b(s)

<latexit sha1_base64="MhMhVVdAyjz2KMUdKTtCFBhKLDM=">AAACCnicbVDJSgNBEO1xjXEb9eilNQiewoyIegx68SJEMQtkQujpVJImPQvdNcEwzNmLv+LFgyJe/QJv/o2d5aCJDwoe71VRVc+PpdDoON/WwuLS8spqbi2/vrG5tW3v7FZ1lCgOFR7JSNV9pkGKECooUEI9VsACX0LN71+N/NoAlBZReI/DGJoB64aiIzhDI7XsAw/hAdM7yKgXMOxxJtObrJV6A6binqB+1rILTtEZg84Td0oKZIpyy/7y2hFPAgiRS6Z1w3VibKZMoeASsryXaIgZ77MuNAwNWQC6mY5fyeiRUdq0EylTIdKx+nsiZYHWw8A3naNz9aw3Ev/zGgl2LpqpCOMEIeSTRZ1EUozoKBfaFgo4yqEhjCthbqW8xxTjaNLLmxDc2ZfnSfWk6J4V3dvTQulyGkeO7JNDckxcck5K5JqUSYVw8kieySt5s56sF+vd+pi0LljTmT3yB9bnDxXMmyU=</latexit> R
eM

'
b

<latexit sha1_base64="KudlD4tM3jGIVuRkUqRxRdj9bTI=">AAACFnicbVC7SgNBFJ31GeNr1dJmMAg2hl0RtRRtTCGoGBWy6zI7uTFDZh/M3BXDsl9h46/YWChiK3b+jZNHoYkHBg7nnMvce8JUCo2O821NTE5Nz8yW5srzC4tLy/bK6pVOMsWhzhOZqJuQaZAihjoKlHCTKmBRKOE67Bz3/Ot7UFok8SV2U/AjdheLluAMjRTY2x7CA+YXUFAvYtjmTOanRZB790ylbUHD4jYfRGq1ogjsilN1+qDjxB2SChniLLC/vGbCswhi5JJp3XCdFP2cKRRcQlH2Mg0p4x12Bw1DYxaB9vP+WQXdNEqTthJlXoy0r/6eyFmkdTcKTbK3uh71euJ/XiPD1oGfizjNEGI++KiVSYoJ7XVEm0IBR9k1hHElzK6Ut5liHE2TZVOCO3ryOLnaqbp7Vfd8t3J4NKyjRNbJBtkiLtknh+SEnJE64eSRPJNX8mY9WS/Wu/UxiE5Yw5k18gfW5w8k56Ce</latexit> R
eM

II '
b

<latexit sha1_base64="X7+Jxyk3DHbAMom9pTNg/v1RI+w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RjQkkS5idzCZD5rHMzAphySd48aCIV7/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w8ejUo1oS2iuNKdCBvKmaQtyyynnURTLCJO29H4JvfbT1QbpuSDnSQ0FHgoWcwItk66F7jSr9b8uj8DWiZBQWpQoNmvfvUGiqSCSks4NqYb+IkNM6wtI5xOK73U0ASTMR7SrqMSC2rCbHbqFJ04ZYBipV1Ji2bq74kMC2MmInKdAtuRWfRy8T+vm9r4KsyYTFJLJZkvilOOrEL532jANCWWTxzBRDN3KyIjrDGxLp08hGDx5WXyeFYPLurB3XmtcV3EUYYjOIZTCOASGnALTWgBgSE8wyu8edx78d69j3lryStmDuEPvM8fxMWNdg==</latexit>ma

<latexit sha1_base64="Xvs7Vurtu2/FJo1xdQ5xBoX0sjQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxYOHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91hPVhin5YMcJDQUeSBYzgq2TmqaX3VUnvVLZr/gzoGUS5KQMOeq90le3r0gqqLSEY2M6gZ/YMMPaMsLppNhNDU0wGeEB7TgqsaAmzGbXTtCpU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4UZk0lqqSTzRXHKkVVo+jrqM02J5WNHMNHM3YrIEGtMrAuo6EIIFl9eJs1qJbioBPfn5dp1HkcBjuEEziCAS6jBLdShAQQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AFmK48E</latexit>sL2

Binding energies

1st Bound-state

2nd Bound-state

3rd Bound-state

Amplitude on the 
Second Riemann Sheet

2nd Virtual-state

3rd Virtual-state

1st Virtual-state

<latexit sha1_base64="GVq7psfK/Zu/2kHgBewQLzs/8+Q=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbUDbbTbt0swm7k0IJ/ReeBAXx6r/x5L9x2+agrQ8GHu/NMDMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx41TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfGnNtRKwecZJwP6IDJULBKFrpqTumOhkKEpBeueJW3TnIKvFyUoEc9V75q9uPWRpxhUxSYzqem6CfUY2CST4tdVPDE8pGdMA7lioaceNn84un5MwqfRLG2pZCMld/T2Q0MmYSBbYzojg0y95M/M/rpBje+JlQSYpcscWiMJUEYzJ7n/SF5gzlxBLKtLC3EjakmjK0IZVKNgVv+edV0ryoeldV7+GyUrvN8yjCCZzCOXhwDTW4hzo0gIGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8AXENkHw=</latexit>

'b

Three-Body Bound-states and Virtual States

<latexit sha1_base64="R8FvI3hAIvzCDs+u2mPedj/KVIo=">AAAB+nicbVDJTgJBEO3BDXEb9OilIzHBC84Qox6JXjyikSUBJD1NAR16lnTXqGTkU7x40Bivfok3/8ZmOSj4kkpe3qtKVT0vkkKj43xbqaXlldW19HpmY3Nre8fO7lZ1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LNG1yO/do9KC3C4BaHEbR81gtEV3CGRmrb2SbCIyY3MKJ5fezfFY/ads4pOBPQReLOSI7MUG7bX81OyGMfAuSSad1wnQhbCVMouIRRphlriBgfsB40DA2YD7qVTE4f0UOjdGg3VKYCpBP190TCfK2Hvmc6fYZ9Pe+Nxf+8Rozd81YigihGCPh0UTeWFEM6zoF2hAKOcmgI40qYWynvM8U4mrQyJgR3/uVFUi0W3NOCe32SK13M4kiTfXJA8sQlZ6RErkiZVAgnD+SZvJI368l6sd6tj2lryprN7JE/sD5/ABY0kzs=</latexit>

Re(s/m2)

E9 



100 101 102 103 10410°11

10°9

10°7

10°5

10°3

10°1

<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2

<latexit sha1_base64="lTbDxnwTTUOqRu9ytXXolhl92bQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KqMegCB4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDRgsaiqpuuruihDNjff/LKywtr6yuFddLG5tb2zvl3b2mUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxpdT/3WI9WGKflgxwkNBR5IFjOCrZPub05Er1zxq/4M6C8JclKBHPVe+bPbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jIKX0UK+1KWjRTf05kWBgzFpHrFNgOzaI3Ff/zOqmNL8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy//Jc3TanBeDe7OKrWrPI4iHMAhHEMAF1CDW6hDAwgM4Ale4NXj3rP35r3PWwtePrMPv+B9fAPR541/</latexit>

E/m

<latexit sha1_base64="EXr+zkawZMhXDkA2kUMc9B8B7d0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg0Zinrlil/150CrJMhJBXLUe+Wvbj8hqaDSEo6N6QS+smGGtWWE02mpmxqqMBnhAe04KrGgJszmB0/RmVP6KE60K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4JMyZVaqkki0VxypFN0Ox71GeaEssnjmCimbsVkSHWmFiXUcmFECy/vEqaF9Xgqho8XFZqt3kcRTiBUziHAK6hBvdQhwYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AkieQQg==</latexit>

'b
<latexit sha1_base64="Zy7qDFV51/LGIwQb+T1Jlf5IDsY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiFw8eKtgPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0wEN9b3v73Cyura+kZxs7S1vbO7V94/aBqVasoaVAml2yExTHDJGpZbwdqJZiQOBWuFo5up33pi2nAlH+w4YUFMBpJHnBLrpKbpZXd40itX/Ko/A1omOCcVyFHvlb+6fUXTmElLBTGmg/3EBhnRllPBJqVualhC6IgMWMdRSWJmgmx27QSdOKWPIqVdSYtm6u+JjMTGjOPQdcbEDs2iNxX/8zqpja6CjMsktUzS+aIoFcgqNH0d9blm1IqxI4Rq7m5FdEg0odYFVHIh4MWXl0nzrIovqvj+vFK7zuMowhEcwylguIQa3EIdGkDhEZ7hFd485b14797HvLXg5TOH8Afe5w9kpo8D</latexit>sL1

<latexit sha1_base64="Xvs7Vurtu2/FJo1xdQ5xBoX0sjQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxYOHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91hPVhin5YMcJDQUeSBYzgq2TmqaX3VUnvVLZr/gzoGUS5KQMOeq90le3r0gqqLSEY2M6gZ/YMMPaMsLppNhNDU0wGeEB7TgqsaAmzGbXTtCpU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4UZk0lqqSTzRXHKkVVo+jrqM02J5WNHMNHM3YrIEGtMrAuo6EIIFl9eJs1qJbioBPfn5dp1HkcBjuEEziCAS6jBLdShAQQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AFmK48E</latexit>sL2

<latexit sha1_base64="04PFgd7dSG+F0ubDrVju1gh2dNI="></latexit>

MII
'b(s) =

M'b(s)

1 + 2i⇢'b(s)M'b(s)

<latexit sha1_base64="MhMhVVdAyjz2KMUdKTtCFBhKLDM=">AAACCnicbVDJSgNBEO1xjXEb9eilNQiewoyIegx68SJEMQtkQujpVJImPQvdNcEwzNmLv+LFgyJe/QJv/o2d5aCJDwoe71VRVc+PpdDoON/WwuLS8spqbi2/vrG5tW3v7FZ1lCgOFR7JSNV9pkGKECooUEI9VsACX0LN71+N/NoAlBZReI/DGJoB64aiIzhDI7XsAw/hAdM7yKgXMOxxJtObrJV6A6binqB+1rILTtEZg84Td0oKZIpyy/7y2hFPAgiRS6Z1w3VibKZMoeASsryXaIgZ77MuNAwNWQC6mY5fyeiRUdq0EylTIdKx+nsiZYHWw8A3naNz9aw3Ev/zGgl2LpqpCOMEIeSTRZ1EUozoKBfaFgo4yqEhjCthbqW8xxTjaNLLmxDc2ZfnSfWk6J4V3dvTQulyGkeO7JNDckxcck5K5JqUSYVw8kieySt5s56sF+vd+pi0LljTmT3yB9bnDxXMmyU=</latexit> R
eM

'
b

<latexit sha1_base64="KudlD4tM3jGIVuRkUqRxRdj9bTI=">AAACFnicbVC7SgNBFJ31GeNr1dJmMAg2hl0RtRRtTCGoGBWy6zI7uTFDZh/M3BXDsl9h46/YWChiK3b+jZNHoYkHBg7nnMvce8JUCo2O821NTE5Nz8yW5srzC4tLy/bK6pVOMsWhzhOZqJuQaZAihjoKlHCTKmBRKOE67Bz3/Ot7UFok8SV2U/AjdheLluAMjRTY2x7CA+YXUFAvYtjmTOanRZB790ylbUHD4jYfRGq1ogjsilN1+qDjxB2SChniLLC/vGbCswhi5JJp3XCdFP2cKRRcQlH2Mg0p4x12Bw1DYxaB9vP+WQXdNEqTthJlXoy0r/6eyFmkdTcKTbK3uh71euJ/XiPD1oGfizjNEGI++KiVSYoJ7XVEm0IBR9k1hHElzK6Ut5liHE2TZVOCO3ryOLnaqbp7Vfd8t3J4NKyjRNbJBtkiLtknh+SEnJE64eSRPJNX8mY9WS/Wu/UxiE5Yw5k18gfW5w8k56Ce</latexit> R
eM

II '
b

<latexit sha1_base64="X7+Jxyk3DHbAMom9pTNg/v1RI+w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RjQkkS5idzCZD5rHMzAphySd48aCIV7/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w8ejUo1oS2iuNKdCBvKmaQtyyynnURTLCJO29H4JvfbT1QbpuSDnSQ0FHgoWcwItk66F7jSr9b8uj8DWiZBQWpQoNmvfvUGiqSCSks4NqYb+IkNM6wtI5xOK73U0ASTMR7SrqMSC2rCbHbqFJ04ZYBipV1Ji2bq74kMC2MmInKdAtuRWfRy8T+vm9r4KsyYTFJLJZkvilOOrEL532jANCWWTxzBRDN3KyIjrDGxLp08hGDx5WXyeFYPLurB3XmtcV3EUYYjOIZTCOASGnALTWgBgSE8wyu8edx78d69j3lryStmDuEPvM8fxMWNdg==</latexit>ma

<latexit sha1_base64="Xvs7Vurtu2/FJo1xdQ5xBoX0sjQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxYOHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91hPVhin5YMcJDQUeSBYzgq2TmqaX3VUnvVLZr/gzoGUS5KQMOeq90le3r0gqqLSEY2M6gZ/YMMPaMsLppNhNDU0wGeEB7TgqsaAmzGbXTtCpU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4UZk0lqqSTzRXHKkVVo+jrqM02J5WNHMNHM3YrIEGtMrAuo6EIIFl9eJs1qJbioBPfn5dp1HkcBjuEEziCAS6jBLdShAQQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AFmK48E</latexit>sL2

Binding energies

1st Bound-state

2nd Bound-state

3rd Bound-state

Amplitude on the 
Second Riemann Sheet

2nd Virtual-state

3rd Virtual-state

1st Virtual-state

<latexit sha1_base64="GVq7psfK/Zu/2kHgBewQLzs/8+Q=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbUDbbTbt0swm7k0IJ/ReeBAXx6r/x5L9x2+agrQ8GHu/NMDMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx41TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfGnNtRKwecZJwP6IDJULBKFrpqTumOhkKEpBeueJW3TnIKvFyUoEc9V75q9uPWRpxhUxSYzqem6CfUY2CST4tdVPDE8pGdMA7lioaceNn84un5MwqfRLG2pZCMld/T2Q0MmYSBbYzojg0y95M/M/rpBje+JlQSYpcscWiMJUEYzJ7n/SF5gzlxBLKtLC3EjakmjK0IZVKNgVv+edV0ryoeldV7+GyUrvN8yjCCZzCOXhwDTW4hzo0gIGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8AXENkHw=</latexit>

'b

Three-Body Bound-states and Virtual States

<latexit sha1_base64="R8FvI3hAIvzCDs+u2mPedj/KVIo=">AAAB+nicbVDJTgJBEO3BDXEb9OilIzHBC84Qox6JXjyikSUBJD1NAR16lnTXqGTkU7x40Bivfok3/8ZmOSj4kkpe3qtKVT0vkkKj43xbqaXlldW19HpmY3Nre8fO7lZ1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LNG1yO/do9KC3C4BaHEbR81gtEV3CGRmrb2SbCIyY3MKJ5fezfFY/ads4pOBPQReLOSI7MUG7bX81OyGMfAuSSad1wnQhbCVMouIRRphlriBgfsB40DA2YD7qVTE4f0UOjdGg3VKYCpBP190TCfK2Hvmc6fYZ9Pe+Nxf+8Rozd81YigihGCPh0UTeWFEM6zoF2hAKOcmgI40qYWynvM8U4mrQyJgR3/uVFUi0W3NOCe32SK13M4kiTfXJA8sQlZ6RErkiZVAgnD+SZvJI368l6sd6tj2lryprN7JE/sD5/ABY0kzs=</latexit>

Re(s/m2)

E10



100 101 102 103 10410°11

10°9

10°7

10°5

10°3

10°1

<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2

<latexit sha1_base64="lTbDxnwTTUOqRu9ytXXolhl92bQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KqMegCB4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDRgsaiqpuuruihDNjff/LKywtr6yuFddLG5tb2zvl3b2mUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxpdT/3WI9WGKflgxwkNBR5IFjOCrZPub05Er1zxq/4M6C8JclKBHPVe+bPbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jIKX0UK+1KWjRTf05kWBgzFpHrFNgOzaI3Ff/zOqmNL8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy//Jc3TanBeDe7OKrWrPI4iHMAhHEMAF1CDW6hDAwgM4Ale4NXj3rP35r3PWwtePrMPv+B9fAPR541/</latexit>

E/m

<latexit sha1_base64="EXr+zkawZMhXDkA2kUMc9B8B7d0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg0Zinrlil/150CrJMhJBXLUe+Wvbj8hqaDSEo6N6QS+smGGtWWE02mpmxqqMBnhAe04KrGgJszmB0/RmVP6KE60K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4JMyZVaqkki0VxypFN0Ox71GeaEssnjmCimbsVkSHWmFiXUcmFECy/vEqaF9Xgqho8XFZqt3kcRTiBUziHAK6hBvdQhwYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AkieQQg==</latexit>

'b
<latexit sha1_base64="Zy7qDFV51/LGIwQb+T1Jlf5IDsY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiFw8eKtgPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL0wEN9b3v73Cyura+kZxs7S1vbO7V94/aBqVasoaVAml2yExTHDJGpZbwdqJZiQOBWuFo5up33pi2nAlH+w4YUFMBpJHnBLrpKbpZXd40itX/Ko/A1omOCcVyFHvlb+6fUXTmElLBTGmg/3EBhnRllPBJqVualhC6IgMWMdRSWJmgmx27QSdOKWPIqVdSYtm6u+JjMTGjOPQdcbEDs2iNxX/8zqpja6CjMsktUzS+aIoFcgqNH0d9blm1IqxI4Rq7m5FdEg0odYFVHIh4MWXl0nzrIovqvj+vFK7zuMowhEcwylguIQa3EIdGkDhEZ7hFd485b14797HvLXg5TOH8Afe5w9kpo8D</latexit>sL1

<latexit sha1_base64="Xvs7Vurtu2/FJo1xdQ5xBoX0sjQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxYOHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91hPVhin5YMcJDQUeSBYzgq2TmqaX3VUnvVLZr/gzoGUS5KQMOeq90le3r0gqqLSEY2M6gZ/YMMPaMsLppNhNDU0wGeEB7TgqsaAmzGbXTtCpU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4UZk0lqqSTzRXHKkVVo+jrqM02J5WNHMNHM3YrIEGtMrAuo6EIIFl9eJs1qJbioBPfn5dp1HkcBjuEEziCAS6jBLdShAQQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AFmK48E</latexit>sL2

<latexit sha1_base64="04PFgd7dSG+F0ubDrVju1gh2dNI="></latexit>

MII
'b(s) =

M'b(s)

1 + 2i⇢'b(s)M'b(s)

<latexit sha1_base64="MhMhVVdAyjz2KMUdKTtCFBhKLDM=">AAACCnicbVDJSgNBEO1xjXEb9eilNQiewoyIegx68SJEMQtkQujpVJImPQvdNcEwzNmLv+LFgyJe/QJv/o2d5aCJDwoe71VRVc+PpdDoON/WwuLS8spqbi2/vrG5tW3v7FZ1lCgOFR7JSNV9pkGKECooUEI9VsACX0LN71+N/NoAlBZReI/DGJoB64aiIzhDI7XsAw/hAdM7yKgXMOxxJtObrJV6A6binqB+1rILTtEZg84Td0oKZIpyy/7y2hFPAgiRS6Z1w3VibKZMoeASsryXaIgZ77MuNAwNWQC6mY5fyeiRUdq0EylTIdKx+nsiZYHWw8A3naNz9aw3Ev/zGgl2LpqpCOMEIeSTRZ1EUozoKBfaFgo4yqEhjCthbqW8xxTjaNLLmxDc2ZfnSfWk6J4V3dvTQulyGkeO7JNDckxcck5K5JqUSYVw8kieySt5s56sF+vd+pi0LljTmT3yB9bnDxXMmyU=</latexit> R
eM

'
b

<latexit sha1_base64="KudlD4tM3jGIVuRkUqRxRdj9bTI=">AAACFnicbVC7SgNBFJ31GeNr1dJmMAg2hl0RtRRtTCGoGBWy6zI7uTFDZh/M3BXDsl9h46/YWChiK3b+jZNHoYkHBg7nnMvce8JUCo2O821NTE5Nz8yW5srzC4tLy/bK6pVOMsWhzhOZqJuQaZAihjoKlHCTKmBRKOE67Bz3/Ot7UFok8SV2U/AjdheLluAMjRTY2x7CA+YXUFAvYtjmTOanRZB790ylbUHD4jYfRGq1ogjsilN1+qDjxB2SChniLLC/vGbCswhi5JJp3XCdFP2cKRRcQlH2Mg0p4x12Bw1DYxaB9vP+WQXdNEqTthJlXoy0r/6eyFmkdTcKTbK3uh71euJ/XiPD1oGfizjNEGI++KiVSYoJ7XVEm0IBR9k1hHElzK6Ut5liHE2TZVOCO3ryOLnaqbp7Vfd8t3J4NKyjRNbJBtkiLtknh+SEnJE64eSRPJNX8mY9WS/Wu/UxiE5Yw5k18gfW5w8k56Ce</latexit> R
eM

II '
b

<latexit sha1_base64="X7+Jxyk3DHbAMom9pTNg/v1RI+w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RjQkkS5idzCZD5rHMzAphySd48aCIV7/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7Syura+Ud6sbG3v7O5V9w8ejUo1oS2iuNKdCBvKmaQtyyynnURTLCJO29H4JvfbT1QbpuSDnSQ0FHgoWcwItk66F7jSr9b8uj8DWiZBQWpQoNmvfvUGiqSCSks4NqYb+IkNM6wtI5xOK73U0ASTMR7SrqMSC2rCbHbqFJ04ZYBipV1Ji2bq74kMC2MmInKdAtuRWfRy8T+vm9r4KsyYTFJLJZkvilOOrEL532jANCWWTxzBRDN3KyIjrDGxLp08hGDx5WXyeFYPLurB3XmtcV3EUYYjOIZTCOASGnALTWgBgSE8wyu8edx78d69j3lryStmDuEPvM8fxMWNdg==</latexit>ma

<latexit sha1_base64="Xvs7Vurtu2/FJo1xdQ5xBoX0sjQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxYOHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91hPVhin5YMcJDQUeSBYzgq2TmqaX3VUnvVLZr/gzoGUS5KQMOeq90le3r0gqqLSEY2M6gZ/YMMPaMsLppNhNDU0wGeEB7TgqsaAmzGbXTtCpU/ooVtqVtGim/p7IsDBmLCLXKbAdmkVvKv7ndVIbX4UZk0lqqSTzRXHKkVVo+jrqM02J5WNHMNHM3YrIEGtMrAuo6EIIFl9eJs1qJbioBPfn5dp1HkcBjuEEziCAS6jBLdShAQQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AFmK48E</latexit>sL2

Binding energies

1st Bound-state

2nd Bound-state

3rd Bound-state

Amplitude on the 
Second Riemann Sheet

2nd Virtual-state

3rd Virtual-state

1st Virtual-state

<latexit sha1_base64="GVq7psfK/Zu/2kHgBewQLzs/8+Q=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPbUDbbTbt0swm7k0IJ/ReeBAXx6r/x5L9x2+agrQ8GHu/NMDMvSKQw6LrfTmFtfWNzq7hd2tnd2z8oHx41TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfGnNtRKwecZJwP6IDJULBKFrpqTumOhkKEpBeueJW3TnIKvFyUoEc9V75q9uPWRpxhUxSYzqem6CfUY2CST4tdVPDE8pGdMA7lioaceNn84un5MwqfRLG2pZCMld/T2Q0MmYSBbYzojg0y95M/M/rpBje+JlQSYpcscWiMJUEYzJ7n/SF5gzlxBLKtLC3EjakmjK0IZVKNgVv+edV0ryoeldV7+GyUrvN8yjCCZzCOXhwDTW4hzo0gIGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8AXENkHw=</latexit>

'b

Three-Body Bound-states and Virtual States

<latexit sha1_base64="R8FvI3hAIvzCDs+u2mPedj/KVIo=">AAAB+nicbVDJTgJBEO3BDXEb9OilIzHBC84Qox6JXjyikSUBJD1NAR16lnTXqGTkU7x40Bivfok3/8ZmOSj4kkpe3qtKVT0vkkKj43xbqaXlldW19HpmY3Nre8fO7lZ1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LNG1yO/do9KC3C4BaHEbR81gtEV3CGRmrb2SbCIyY3MKJ5fezfFY/ads4pOBPQReLOSI7MUG7bX81OyGMfAuSSad1wnQhbCVMouIRRphlriBgfsB40DA2YD7qVTE4f0UOjdGg3VKYCpBP190TCfK2Hvmc6fYZ9Pe+Nxf+8Rozd81YigihGCPh0UTeWFEM6zoF2hAKOcmgI40qYWynvM8U4mrQyJgR3/uVFUi0W3NOCe32SK13M4kiTfXJA8sQlZ6RErkiZVAgnD+SZvJI368l6sd6tj2lryprN7JE/sD5/ABY0kzs=</latexit>

Re(s/m2)

E11



Three-Body Bound-states and Virtual States

100 101 102 103 10410°11

10°9

10°7

10°5

10°3

10°1

<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2

<latexit sha1_base64="lTbDxnwTTUOqRu9ytXXolhl92bQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KqMegCB4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDRgsaiqpuuruihDNjff/LKywtr6yuFddLG5tb2zvl3b2mUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxpdT/3WI9WGKflgxwkNBR5IFjOCrZPub05Er1zxq/4M6C8JclKBHPVe+bPbVyQVVFrCsTGdwE9smGFtGeF0UuqmhiaYjPCAdhyVWFATZrNTJ+jIKX0UK+1KWjRTf05kWBgzFpHrFNgOzaI3Ff/zOqmNL8OMySS1VJL5ojjlyCo0/Rv1mabE8rEjmGjmbkVkiDUm1qVTciEEiy//Jc3TanBeDe7OKrWrPI4iHMAhHEMAF1CDW6hDAwgM4Ale4NXj3rP35r3PWwtePrMPv+B9fAPR541/</latexit>

E/m

<latexit sha1_base64="EXr+zkawZMhXDkA2kUMc9B8B7d0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9pl5JNs21okg1JtlCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWju5nfGlNtWCIf7UTRUOCBZDEj2DrpqTvGWg0Zinrlil/150CrJMhJBXLUe+Wvbj8hqaDSEo6N6QS+smGGtWWE02mpmxqqMBnhAe04KrGgJszmB0/RmVP6KE60K2nRXP09kWFhzERErlNgOzTL3kz8z+ukNr4JMyZVaqkki0VxypFN0Ox71GeaEssnjmCimbsVkSHWmFiXUcmFECy/vEqaF9Xgqho8XFZqt3kcRTiBUziHAK6hBvdQhwYQEPAMr/Dmae/Fe/c+Fq0FL585hj/wPn8AkieQQg==</latexit>
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Recovering Efimov Physics
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Efimov’s Prediction, l2 = 515.035

For finite two body scattering length, , we have a 
finite number of three body bound-states

For a specific scattering length, we take the ratio 
of the binding energies of two consecutive three-body 

bound-states

For increasing scattering length, the ratio becomes  
close to Efimov’s prediction 

ma
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1. System dynamics fixed by two-body scattering length only.
2. Bound state pole in the integration interval, numerically most demanding scenario.
3. Finite volume results are available for comparison
4. Hints at Efimov Physics:

Unitarity Limit: 
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Geometrically separated, infinite tower of  three-body bound-states:
<latexit sha1_base64="sjV+N6ECVfr9XfWccZx1YxAegEc=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIAg1KaJuhKIUXJUK9gFtDJPJpB06mYSZiVBCNv6KGxeKuPUz3Pk3TtsstHpg4HDOPdy5x4sZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGWUCExaOGKR6HpIEkY5aSmqGOnGgqDQY6Tjja4nfueBCEkjfqfGMXFCNOA0oBgpLbnmXt1NG8d2Bi9h3W2c9JmO+ui+6pplq2JNAf8SOydlkKPpmp99P8JJSLjCDEnZs61YOSkSimJGslI/kSRGeIQGpKcpRyGRTjo9IIOHWvFhEAn9uIJT9WciRaGU49DTkyFSQznvTcT/vF6iggsnpTxOFOF4tihIGFQRnLQBfSoIVmysCcKC6r9CPEQCYaU7K+kS7PmT/5J2tWKfVezb03LtKq+jCPbBATgCNjgHNXADmqAFMMjAE3gBr8aj8Wy8Ge+z0YKRZ3bBLxgf3wuolMg=</latexit>

EN+1 = EN/�2

<latexit sha1_base64="yojDTj1+2fG5Sf4ip4kdz2dYGq4=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4CkkttS6EohuXFewD2lAmk0k7dPJgZiKW0F9x40IRt/6IO//GaZuFth4YOJxzLvfO8RLOpLLtb2NtfWNza7uwU9zd2z84NI9KbRmngtAWiXksuh6WlLOIthRTnHYTQXHocdrxxrczv/NIhWRx9KAmCXVDPIxYwAhWWhqYpT7XYR+ja1SpWLWr6kV9YJZty54DrRInJ2XI0RyYX30/JmlII0U4lrLn2IlyMywUI5xOi/1U0gSTMR7SnqYRDql0s/ntU3SmFR8FsdAvUmiu/p7IcCjlJPR0MsRqJJe9mfif10tVUHczFiWpohFZLApSjlSMZkUgnwlKFJ9ogolg+lZERlhgonRdRV2Cs/zlVdKuWE7Ncu6r5cZNXkcBTuAUzsGBS2jAHTShBQSe4Ble4c2YGi/Gu/GxiK4Z+cwx/IHx+QOp3pI/</latexit>

� = 22.69438

Review

16

in !gure  4. As long as this dissociation is weak, the trimer 
resnonances are narrow and follow the E!mov scenario. They 
can therefore be quali!ed as E!mov states. In fact, it is the 
situation encountered in ultra-cold atomic gases—see sec-
tion 2.1.7.2. For very strong losses by dissociation, the trimer 
resonances are broad and a theoretical study indicates that the 
E!mov spectrum is rotated in the complex energy plane [119], 
where the imaginary part of the energy correspond to the reso-
nance width.

2.1.5.2. Structure. Although the peculiar energy spectrum 
of E!mov states is often presented as their de!ning charac-
teristic, their spatial structure is also worth considering, as 
it makes them very different from other three-body bound 
states such as water or ozone molecules. Ozone molecules, 
for instance, have a relatively well de!ned geometry, with an 
O–O length of about 0.127 nm and an O–O–O angle of about 
117°. Although the electrons are delocalised around the oxy-
gen nuclei, the relative positions of the nuclei are quite local-
ised, as a result of the strong binding interaction provided by 

the bonding electrons. E!mov states, on the other hand, are 
very diffuse objects without a well de!ned geometry.

In the intuitive picture of the E!mov attraction, the par-
ticles keep moving back and forth between one another, 
thereby inducing the E!mov attraction that keeps them 
together. Thus, for an E!mov state made of atoms, one 
may say that the atoms themselves play the role of bonding 
electrons by performing an exchange motion. The electrons 
play a role only when the atoms come in contact, within the 
radius of their electronic cloud, which is on the order of a 
few tenths of nanometre for light atoms. The motion of the 
atoms, on the other hand, occurs at distances larger than 
the size of their electronic cloud, around three times for the 
ground state and much more for excited states. As result, 
E!mov states of atoms are much larger and diffuse than 
usual molecules. This is shown in !gure  6 for the case of 
helium-4 trimers, whose excited state is typically !fty times 
or more larger than ozone molecules.

In addition to the broad distribution of sizes, there is also 
a broad distribution of geometries for three particles form-
ing an E!mov state. The most probable geometries in this 

Figure 6. Ozone molecule (O3) compared to E!mov states of helium-4 atoms (He3) on the same scale. Each molecule is represented 
schematically as a typical snapshot of its geometry. The ozone molecule is enlarged to show its structure (readers of the electronic version 
are invited to zoom in). The nuclei are represented by small dots (red for oxygen, blue for helium), and the electronic cloud is shown as a 
grey halo. For the helium trimers, the atomic cloud formed by the motion of the helium atoms is shown as a light blue halo. The structure 
of the excited helium trimer is closest to that of an ideal E!mov state, which is typically described by an elongated triangle con!guration. 
The structural properties of the ground helium trimer do not conform fully to those of E!mov states, but are nonetheless very different from 
more compact molecules like O3.
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<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2
<latexit sha1_base64="nZtq+F/Z8VAieBcKpIJNWQIFtS8=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksQkUoSRH1IhS9eKxgP6CNYbPdtEt3k7C7KZTSi3/FiwdFvPozvPlv3LY5aPXBwOO9GWbmBQlnSjvOl5VbWl5ZXcuvFzY2t7Z37N29hopTSWidxDyWrQAryllE65ppTluJpFgEnDaDwc3Ubw6pVCyO7vUooZ7AvYiFjGBtJN8+6AyxTPoMBegKlQQ6RcIPTh4qvl10ys4M6C9xM1KEDDXf/ux0Y5IKGmnCsVJt10m0N8ZSM8LppNBJFU0wGeAebRsaYUGVN549MEHHRumiMJamIo1m6s+JMRZKjURgOgXWfbXoTcX/vHaqw0tvzKIk1TQi80VhypGO0TQN1GWSEs1HhmAimbkVkT6WmGiTWcGE4C6+/Jc0KmX3vOzenRWr11kceTiEIyiBCxdQhVuoQR0ITOAJXuDVerSerTfrfd6as7KZffgF6+MbeDuUYw==</latexit>

'b = (m+mb)
2

<latexit sha1_base64="SM8YqUPOhC0TCwBpak2+HGOiQYM=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMruIuqx6MVjBfsB7bZk02wbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PmjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2F47uZ33qiSrNYPppJQgOBh5JFjGBjpa7o+egC+aIf9vx+ueJW3TnQKvFyUoEc9X75qzuISSqoNIRjrTuem5ggw8owwum01E01TTAZ4yHtWCqxoDrI5jdP0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpCa6CTImk9RQSRaLopQjE6NZAGjAFCWGTyzBRDF7KyIjrDAxNqaSDcFbfnmVNP2qd1X1Hi4rtds8jiKcwCmcgwfXUIN7qEMDCCTwDK/w5qTOi/PufCxaC04+cwx/4Hz+AOw8kFA=</latexit>

m2 + 2m2
b

<latexit sha1_base64="wZvjVisDzysRYeb8QeStKdzMQ1w=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKQJVECBgrWBiLRB9Sm0aO67RWbSeyHaQq6sDCr7AwgBArH8HG3+C2GaDlSFf36Jx7Zd8TJowq7Tjf1srq2vrGZmGruL2zu7dvHxw2VZxKTBo4ZrFsh0gRRgVpaKoZaSeSIB4y0gpHN1O/9UCkorG41+OE+BwNBI0oRtpIgV3qRhLhrMKDsOfBM8h73mnPm2SmTwK77FSdGeAycXNSBjnqgf3V7cc45URozJBSHddJtJ8hqSlmZFLspookCI/QgHQMFYgT5WezIybwxCh9GMXSlNBwpv7eyBBXasxDM8mRHqpFbyr+53VSHV35GRVJqonA84eilEEdw2kisE8lwZqNDUFYUvNXiIfIpKJNbkUTgrt48jJpelX3ourenZdr13kcBVACx6ACXHAJauAW1EEDYPAInsEreLOerBfr3fqYj65Y+c4R+APr8wdss5at</latexit>

(m2
b �m2)2

m2

11

<latexit sha1_base64="rtCCRuuTUXCkRat9Kif3LfcpWxI="></latexit>

dS(p, s, k) = �GS(p, s, k)�
Z qmax

0
dq

q2

(2⇡)2!q
GS(p, s, q)M2(q, s)dS(q, s, k)

<latexit sha1_base64="TnV0S9o3kcxQHZD0ibE7AumlbMY=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJUKGVXRD0WvQheKtgPaJeSTbNtaJLdJlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2FmXhBzpo3rfjsrq2vrG5u5rfz2zu7efuHgsKGjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLyd+s0nqjSL5KMZx9QXuC9ZyAg2Vmrdl+KyLo/OuoWiW3FnQMvEy0gRMtS6ha9OLyKJoNIQjrVue25s/BQrwwink3wn0TTGZIj7tG2pxIJqP53dO0GnVumhMFK2pEEz9fdEioXWYxHYToHNQC96U/E/r52Y8NpPmYwTQyWZLwoTjkyEps+jHlOUGD62BBPF7K2IDLDCxNiI8jYEb/HlZdI4r3iXFe/holi9yeLIwTGcQAk8uIIq3EEN6kCAwzO8wpszcl6cd+dj3rriZDNH8AfO5w+yEo8Y</latexit>

K(p, s, q)<latexit sha1_base64="SOdL9YrhCZmvx90HGkMxHWioNS0=">AAACBnicbVDLSgNBEJz1GeMr6lGEwWCIEMKuSPQiBL0oXiKYB2RDmJ1MkiEzu+tMrxiWnLz4K148KOLVb/Dm3zh5HDSxoKGo6qa7ywsF12Db39bc/MLi0nJiJbm6tr6xmdraruggUpSVaSACVfOIZoL7rAwcBKuFihHpCVb1ehdDv3rPlOaBfwv9kDUk6fi8zSkBIzVTexlJzpyC6yYzLrAHiK/kwMXX2TCnc3eHzVTaztsj4FniTEgaTVBqpr7cVkAjyXyggmhdd+wQGjFRwKlgg6QbaRYS2iMdVjfUJ5LpRjx6Y4APjNLC7UCZ8gGP1N8TMZFa96VnOiWBrp72huJ/Xj2C9mkj5n4YAfPpeFE7EhgCPMwEt7hiFETfEEIVN7di2iWKUDDJJU0IzvTLs6RylHcKeefmOF08n8SRQLtoH2WRg05QEV2iEiojih7RM3pFb9aT9WK9Wx/j1jlrMrOD/sD6/AH2v5bm</latexit>

ma = 16

Im K(p, s, q)

 is the spectator momenta corresponding to two-body subchannel energy, p σp = 2m2

Singularities in Region of Interest



<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2
<latexit sha1_base64="nZtq+F/Z8VAieBcKpIJNWQIFtS8=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksQkUoSRH1IhS9eKxgP6CNYbPdtEt3k7C7KZTSi3/FiwdFvPozvPlv3LY5aPXBwOO9GWbmBQlnSjvOl5VbWl5ZXcuvFzY2t7Z37N29hopTSWidxDyWrQAryllE65ppTluJpFgEnDaDwc3Ubw6pVCyO7vUooZ7AvYiFjGBtJN8+6AyxTPoMBegKlQQ6RcIPTh4qvl10ys4M6C9xM1KEDDXf/ux0Y5IKGmnCsVJt10m0N8ZSM8LppNBJFU0wGeAebRsaYUGVN549MEHHRumiMJamIo1m6s+JMRZKjURgOgXWfbXoTcX/vHaqw0tvzKIk1TQi80VhypGO0TQN1GWSEs1HhmAimbkVkT6WmGiTWcGE4C6+/Jc0KmX3vOzenRWr11kceTiEIyiBCxdQhVuoQR0ITOAJXuDVerSerTfrfd6as7KZffgF6+MbeDuUYw==</latexit>

'b = (m+mb)
2

<latexit sha1_base64="SM8YqUPOhC0TCwBpak2+HGOiQYM=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMruIuqx6MVjBfsB7bZk02wbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PmjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2F47uZ33qiSrNYPppJQgOBh5JFjGBjpa7o+egC+aIf9vx+ueJW3TnQKvFyUoEc9X75qzuISSqoNIRjrTuem5ggw8owwum01E01TTAZ4yHtWCqxoDrI5jdP0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpCa6CTImk9RQSRaLopQjE6NZAGjAFCWGTyzBRDF7KyIjrDAxNqaSDcFbfnmVNP2qd1X1Hi4rtds8jiKcwCmcgwfXUIN7qEMDCCTwDK/w5qTOi/PufCxaC04+cwx/4Hz+AOw8kFA=</latexit>

m2 + 2m2
b

<latexit sha1_base64="wZvjVisDzysRYeb8QeStKdzMQ1w=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKQJVECBgrWBiLRB9Sm0aO67RWbSeyHaQq6sDCr7AwgBArH8HG3+C2GaDlSFf36Jx7Zd8TJowq7Tjf1srq2vrGZmGruL2zu7dvHxw2VZxKTBo4ZrFsh0gRRgVpaKoZaSeSIB4y0gpHN1O/9UCkorG41+OE+BwNBI0oRtpIgV3qRhLhrMKDsOfBM8h73mnPm2SmTwK77FSdGeAycXNSBjnqgf3V7cc45URozJBSHddJtJ8hqSlmZFLspookCI/QgHQMFYgT5WezIybwxCh9GMXSlNBwpv7eyBBXasxDM8mRHqpFbyr+53VSHV35GRVJqonA84eilEEdw2kisE8lwZqNDUFYUvNXiIfIpKJNbkUTgrt48jJpelX3ourenZdr13kcBVACx6ACXHAJauAW1EEDYPAInsEreLOerBfr3fqYj65Y+c4R+APr8wdss5at</latexit>

(m2
b �m2)2

m2
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<latexit sha1_base64="rtCCRuuTUXCkRat9Kif3LfcpWxI="></latexit>

dS(p, s, k) = �GS(p, s, k)�
Z qmax

0
dq

q2

(2⇡)2!q
GS(p, s, q)M2(q, s)dS(q, s, k)

We are here

Two-body poles enclosing the end-point 
of integration

<latexit sha1_base64="MfxpHtn9ftRJ/qRd/eyQXuS1qlk=">AAACC3icbVA9SwNBEN3z2/MrammzGAwRQrgTiTaCaKPYKJgo5ELY22x0ye7eZXdODEd6G/+KjYUitv4BO/+Nm+QKNT4YeLw3w8y8MBbcgOd9OROTU9Mzs3Pz7sLi0vJKbnWtZqJEU1alkYj0dUgME1yxKnAQ7DrWjMhQsKuwczzwr+6YNjxSl9CLWUOSG8XbnBKwUjO3WZAEH2C/goPALQTA7iE9lf0AnxW7zbBkSt3tZi7vlb0h8DjxM5JHGc6buc+gFdFEMgVUEGPqvhdDIyUaOBWs7waJYTGhHXLD6pYqIplppMNf+njLKi3cjrQtBXio/pxIiTSmJ0PbKQncmr/eQPzPqyfQ3m+kXMUJMEVHi9qJwBDhQTC4xTWjIHqWEKq5vRXTW6IJBRufa0Pw/748Tmo7Zb9S9i9284dHWRxzaANtoiLy0R46RCfoHFURRQ/oCb2gV+fReXbenPdR64STzayjX3A+vgGKU5g6</latexit>

ma = 16

Im K(qb, s, q)

 is the spectator momenta corresponding to two-body subchannel energy, qb σq = m2
b

<latexit sha1_base64="bCd3/eHKWUZ4fjy4mWSjJNV07tc="></latexit>

K(p, s, q) =
q2

(2⇡)2!q
GS(p, s, q)M2(q, s)

Singularities in Region of Interest



<latexit sha1_base64="MfxpHtn9ftRJ/qRd/eyQXuS1qlk=">AAACC3icbVA9SwNBEN3z2/MrammzGAwRQrgTiTaCaKPYKJgo5ELY22x0ye7eZXdODEd6G/+KjYUitv4BO/+Nm+QKNT4YeLw3w8y8MBbcgOd9OROTU9Mzs3Pz7sLi0vJKbnWtZqJEU1alkYj0dUgME1yxKnAQ7DrWjMhQsKuwczzwr+6YNjxSl9CLWUOSG8XbnBKwUjO3WZAEH2C/goPALQTA7iE9lf0AnxW7zbBkSt3tZi7vlb0h8DjxM5JHGc6buc+gFdFEMgVUEGPqvhdDIyUaOBWs7waJYTGhHXLD6pYqIplppMNf+njLKi3cjrQtBXio/pxIiTSmJ0PbKQncmr/eQPzPqyfQ3m+kXMUJMEVHi9qJwBDhQTC4xTWjIHqWEKq5vRXTW6IJBRufa0Pw/748Tmo7Zb9S9i9284dHWRxzaANtoiLy0R46RCfoHFURRQ/oCb2gV+fReXbenPdR64STzayjX3A+vgGKU5g6</latexit>

ma = 16

Im K(qb, s, q)

<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2
<latexit sha1_base64="nZtq+F/Z8VAieBcKpIJNWQIFtS8=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksQkUoSRH1IhS9eKxgP6CNYbPdtEt3k7C7KZTSi3/FiwdFvPozvPlv3LY5aPXBwOO9GWbmBQlnSjvOl5VbWl5ZXcuvFzY2t7Z37N29hopTSWidxDyWrQAryllE65ppTluJpFgEnDaDwc3Ubw6pVCyO7vUooZ7AvYiFjGBtJN8+6AyxTPoMBegKlQQ6RcIPTh4qvl10ys4M6C9xM1KEDDXf/ux0Y5IKGmnCsVJt10m0N8ZSM8LppNBJFU0wGeAebRsaYUGVN549MEHHRumiMJamIo1m6s+JMRZKjURgOgXWfbXoTcX/vHaqw0tvzKIk1TQi80VhypGO0TQN1GWSEs1HhmAimbkVkT6WmGiTWcGE4C6+/Jc0KmX3vOzenRWr11kceTiEIyiBCxdQhVuoQR0ITOAJXuDVerSerTfrfd6as7KZffgF6+MbeDuUYw==</latexit>

'b = (m+mb)
2

<latexit sha1_base64="SM8YqUPOhC0TCwBpak2+HGOiQYM=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMruIuqx6MVjBfsB7bZk02wbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PmjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2F47uZ33qiSrNYPppJQgOBh5JFjGBjpa7o+egC+aIf9vx+ueJW3TnQKvFyUoEc9X75qzuISSqoNIRjrTuem5ggw8owwum01E01TTAZ4yHtWCqxoDrI5jdP0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpCa6CTImk9RQSRaLopQjE6NZAGjAFCWGTyzBRDF7KyIjrDAxNqaSDcFbfnmVNP2qd1X1Hi4rtds8jiKcwCmcgwfXUIN7qEMDCCTwDK/w5qTOi/PufCxaC04+cwx/4Hz+AOw8kFA=</latexit>

m2 + 2m2
b

<latexit sha1_base64="wZvjVisDzysRYeb8QeStKdzMQ1w=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKQJVECBgrWBiLRB9Sm0aO67RWbSeyHaQq6sDCr7AwgBArH8HG3+C2GaDlSFf36Jx7Zd8TJowq7Tjf1srq2vrGZmGruL2zu7dvHxw2VZxKTBo4ZrFsh0gRRgVpaKoZaSeSIB4y0gpHN1O/9UCkorG41+OE+BwNBI0oRtpIgV3qRhLhrMKDsOfBM8h73mnPm2SmTwK77FSdGeAycXNSBjnqgf3V7cc45URozJBSHddJtJ8hqSlmZFLspookCI/QgHQMFYgT5WezIybwxCh9GMXSlNBwpv7eyBBXasxDM8mRHqpFbyr+53VSHV35GRVJqonA84eilEEdw2kisE8lwZqNDUFYUvNXiIfIpKJNbkUTgrt48jJpelX3ourenZdr13kcBVACx6ACXHAJauAW1EEDYPAInsEreLOerBfr3fqYj65Y+c4R+APr8wdss5at</latexit>

(m2
b �m2)2

m2

13

<latexit sha1_base64="rtCCRuuTUXCkRat9Kif3LfcpWxI="></latexit>

dS(p, s, k) = �GS(p, s, k)�
Z qmax

0
dq

q2

(2⇡)2!q
GS(p, s, q)M2(q, s)dS(q, s, k)

We are here

Two-body branch points enclosing 
one end-point of the integration interval

<latexit sha1_base64="bCd3/eHKWUZ4fjy4mWSjJNV07tc="></latexit>

K(p, s, q) =
q2

(2⇡)2!q
GS(p, s, q)M2(q, s)

 is the spectator momenta corresponding to two-body bound-state energy, qb σq = m2
b

Singularities in Region of Interest



<latexit sha1_base64="rtCCRuuTUXCkRat9Kif3LfcpWxI="></latexit>

dS(p, s, k) = �GS(p, s, k)�
Z qmax

0
dq

q2

(2⇡)2!q
GS(p, s, q)M2(q, s)dS(q, s, k)

<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2
<latexit sha1_base64="nZtq+F/Z8VAieBcKpIJNWQIFtS8=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksQkUoSRH1IhS9eKxgP6CNYbPdtEt3k7C7KZTSi3/FiwdFvPozvPlv3LY5aPXBwOO9GWbmBQlnSjvOl5VbWl5ZXcuvFzY2t7Z37N29hopTSWidxDyWrQAryllE65ppTluJpFgEnDaDwc3Ubw6pVCyO7vUooZ7AvYiFjGBtJN8+6AyxTPoMBegKlQQ6RcIPTh4qvl10ys4M6C9xM1KEDDXf/ux0Y5IKGmnCsVJt10m0N8ZSM8LppNBJFU0wGeAebRsaYUGVN549MEHHRumiMJamIo1m6s+JMRZKjURgOgXWfbXoTcX/vHaqw0tvzKIk1TQi80VhypGO0TQN1GWSEs1HhmAimbkVkT6WmGiTWcGE4C6+/Jc0KmX3vOzenRWr11kceTiEIyiBCxdQhVuoQR0ITOAJXuDVerSerTfrfd6as7KZffgF6+MbeDuUYw==</latexit>

'b = (m+mb)
2

<latexit sha1_base64="SM8YqUPOhC0TCwBpak2+HGOiQYM=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMruIuqx6MVjBfsB7bZk02wbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PmjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2F47uZ33qiSrNYPppJQgOBh5JFjGBjpa7o+egC+aIf9vx+ueJW3TnQKvFyUoEc9X75qzuISSqoNIRjrTuem5ggw8owwum01E01TTAZ4yHtWCqxoDrI5jdP0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpCa6CTImk9RQSRaLopQjE6NZAGjAFCWGTyzBRDF7KyIjrDAxNqaSDcFbfnmVNP2qd1X1Hi4rtds8jiKcwCmcgwfXUIN7qEMDCCTwDK/w5qTOi/PufCxaC04+cwx/4Hz+AOw8kFA=</latexit>

m2 + 2m2
b

<latexit sha1_base64="wZvjVisDzysRYeb8QeStKdzMQ1w=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKQJVECBgrWBiLRB9Sm0aO67RWbSeyHaQq6sDCr7AwgBArH8HG3+C2GaDlSFf36Jx7Zd8TJowq7Tjf1srq2vrGZmGruL2zu7dvHxw2VZxKTBo4ZrFsh0gRRgVpaKoZaSeSIB4y0gpHN1O/9UCkorG41+OE+BwNBI0oRtpIgV3qRhLhrMKDsOfBM8h73mnPm2SmTwK77FSdGeAycXNSBjnqgf3V7cc45URozJBSHddJtJ8hqSlmZFLspookCI/QgHQMFYgT5WezIybwxCh9GMXSlNBwpv7eyBBXasxDM8mRHqpFbyr+53VSHV35GRVJqonA84eilEEdw2kisE8lwZqNDUFYUvNXiIfIpKJNbkUTgrt48jJpelX3ourenZdr13kcBVACx6ACXHAJauAW1EEDYPAInsEreLOerBfr3fqYj65Y+c4R+APr8wdss5at</latexit>

(m2
b �m2)2

m2

Two body amplitude has a pole in the integration region

Singularity cut from the one particle exchange function

Momentum integration interval

Set  spectator momenta corresponding to two body bound statep, k = qb
<latexit sha1_base64="MfxpHtn9ftRJ/qRd/eyQXuS1qlk=">AAACC3icbVA9SwNBEN3z2/MrammzGAwRQrgTiTaCaKPYKJgo5ELY22x0ye7eZXdODEd6G/+KjYUitv4BO/+Nm+QKNT4YeLw3w8y8MBbcgOd9OROTU9Mzs3Pz7sLi0vJKbnWtZqJEU1alkYj0dUgME1yxKnAQ7DrWjMhQsKuwczzwr+6YNjxSl9CLWUOSG8XbnBKwUjO3WZAEH2C/goPALQTA7iE9lf0AnxW7zbBkSt3tZi7vlb0h8DjxM5JHGc6buc+gFdFEMgVUEGPqvhdDIyUaOBWs7waJYTGhHXLD6pYqIplppMNf+njLKi3cjrQtBXio/pxIiTSmJ0PbKQncmr/eQPzPqyfQ3m+kXMUJMEVHi9qJwBDhQTC4xTWjIHqWEKq5vRXTW6IJBRufa0Pw/748Tmo7Zb9S9i9284dHWRxzaANtoiLy0R46RCfoHFURRQ/oCb2gV+fReXbenPdR64STzayjX3A+vgGKU5g6</latexit>

ma = 16

Im K(qb, s, q)

Above  thresholdφb

15

<latexit sha1_base64="bCd3/eHKWUZ4fjy4mWSjJNV07tc="></latexit>

K(p, s, q) =
q2

(2⇡)2!q
GS(p, s, q)M2(q, s)

Complications in obtaining amplitude



<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2
<latexit sha1_base64="nZtq+F/Z8VAieBcKpIJNWQIFtS8=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksQkUoSRH1IhS9eKxgP6CNYbPdtEt3k7C7KZTSi3/FiwdFvPozvPlv3LY5aPXBwOO9GWbmBQlnSjvOl5VbWl5ZXcuvFzY2t7Z37N29hopTSWidxDyWrQAryllE65ppTluJpFgEnDaDwc3Ubw6pVCyO7vUooZ7AvYiFjGBtJN8+6AyxTPoMBegKlQQ6RcIPTh4qvl10ys4M6C9xM1KEDDXf/ux0Y5IKGmnCsVJt10m0N8ZSM8LppNBJFU0wGeAebRsaYUGVN549MEHHRumiMJamIo1m6s+JMRZKjURgOgXWfbXoTcX/vHaqw0tvzKIk1TQi80VhypGO0TQN1GWSEs1HhmAimbkVkT6WmGiTWcGE4C6+/Jc0KmX3vOzenRWr11kceTiEIyiBCxdQhVuoQR0ITOAJXuDVerSerTfrfd6as7KZffgF6+MbeDuUYw==</latexit>

'b = (m+mb)
2

<latexit sha1_base64="SM8YqUPOhC0TCwBpak2+HGOiQYM=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMruIuqx6MVjBfsB7bZk02wbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PmjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2F47uZ33qiSrNYPppJQgOBh5JFjGBjpa7o+egC+aIf9vx+ueJW3TnQKvFyUoEc9X75qzuISSqoNIRjrTuem5ggw8owwum01E01TTAZ4yHtWCqxoDrI5jdP0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpCa6CTImk9RQSRaLopQjE6NZAGjAFCWGTyzBRDF7KyIjrDAxNqaSDcFbfnmVNP2qd1X1Hi4rtds8jiKcwCmcgwfXUIN7qEMDCCTwDK/w5qTOi/PufCxaC04+cwx/4Hz+AOw8kFA=</latexit>

m2 + 2m2
b

<latexit sha1_base64="wZvjVisDzysRYeb8QeStKdzMQ1w=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKQJVECBgrWBiLRB9Sm0aO67RWbSeyHaQq6sDCr7AwgBArH8HG3+C2GaDlSFf36Jx7Zd8TJowq7Tjf1srq2vrGZmGruL2zu7dvHxw2VZxKTBo4ZrFsh0gRRgVpaKoZaSeSIB4y0gpHN1O/9UCkorG41+OE+BwNBI0oRtpIgV3qRhLhrMKDsOfBM8h73mnPm2SmTwK77FSdGeAycXNSBjnqgf3V7cc45URozJBSHddJtJ8hqSlmZFLspookCI/QgHQMFYgT5WezIybwxCh9GMXSlNBwpv7eyBBXasxDM8mRHqpFbyr+53VSHV35GRVJqonA84eilEEdw2kisE8lwZqNDUFYUvNXiIfIpKJNbkUTgrt48jJpelX3ourenZdr13kcBVACx6ACXHAJauAW1EEDYPAInsEreLOerBfr3fqYj65Y+c4R+APr8wdss5at</latexit>

(m2
b �m2)2

m2

       on the real  axiss

Follows two-body unitarity condition:
<latexit sha1_base64="yDsKfKmB3yURKz/3JtTrmbTu5zE=">AAACGnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6rLoxo1QwT6gCWEynTZDJ5M4MymUNN/hxl9x40IRd+LGv3HSZqGtBwYO58zlnnv8mFGpLOvbKK2srq1vlDcrW9s7u3vm/kFbRonApIUjFomujyRhlJOWooqRbiwICn1GOv7oOvc7YyIkjfi9msTEDdGQ0wHFSGnJM+0pdEQQeakzRiIOKPQz6IRIBRix9Db7rU8dRh6g7ZlVq27NAJeJXZAqKND0zE+nH+EkJFxhhqTs2Vas3BQJRTEjWcVJJIkRHqEh6WnKUUikm85Oy2BNK304iIR+XMGZ+nsiRaGUk1CnruWp5aKXi/95vUQNLt2U8jhRhOP5okHCoIpg3hPsU0GwYhNNEBZUZ4U4QAJhpdus6BLsxZOXSfu0bp/X7buzauOqqKMMjsAxOAE2uAANcAOaoAUweATP4BW8GU/Gi/FufMy/loxi5hD8gfH1A94joWA=</latexit>

|⇢'bM'b|  1

<latexit sha1_base64="FHWjthes38/en3uOO/Y3xGhvFJc="></latexit>

M'b
Above  thresholdφb

-0.6
-0.4
-0.2
0.0
0.2
0.4
0.6
0.8
1.0

8.980 8.985 8.990 8.995 9.000

-0.02

0.02

0.06

0.10

0.14

8.980 8.985 8.990 8.995 9.000

10−6

10−4

10−2

100
102
104

8.980 8.985 8.990 8.995 9.000

ρ
ϕ
b
M

ϕ
b

Real

Imag

ma = 16

η = 15

(q
/m

)
co
t
δ ϕ

b

Romero-López et al.

ma = 16

η = 15

∆
ρ
ϕ
b

(E/m)2

ma = 16

η = 15

ma = 16

η = 15

<latexit sha1_base64="sdi9kuzKJ5N/bw/6A8xjpN1f7Ws=">AAAB+XicbVDLTgJBEJzFF+Jr1aOXicTEE+4Sox6JXjyikUfCIpkdGpgw+8hML5Fs+BMvHjTGq3/izb9xgD0oWEknlarudHf5sRQaHefbyq2srq1v5DcLW9s7u3v2/kFdR4niUOORjFTTZxqkCKGGAiU0YwUs8CU0/OHN1G+MQGkRhQ84jqEdsH4oeoIzNFLHtj2EJ0zvYeJRfRY8ljt20Sk5M9Bl4makSDJUO/aX1414EkCIXDKtW64TYztlCgWXMCl4iYaY8SHrQ8vQkAWg2+ns8gk9MUqX9iJlKkQ6U39PpCzQehz4pjNgONCL3lT8z2sl2LtqpyKME4SQzxf1EkkxotMYaFco4CjHhjCuhLmV8gFTjKMJq2BCcBdfXib1csm9KLl358XKdRZHnhyRY3JKXHJJKuSWVEmNcDIiz+SVvFmp9WK9Wx/z1pyVzRySP7A+fwD9OZM8</latexit>

Re s/m2

16



<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2
<latexit sha1_base64="nZtq+F/Z8VAieBcKpIJNWQIFtS8=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksQkUoSRH1IhS9eKxgP6CNYbPdtEt3k7C7KZTSi3/FiwdFvPozvPlv3LY5aPXBwOO9GWbmBQlnSjvOl5VbWl5ZXcuvFzY2t7Z37N29hopTSWidxDyWrQAryllE65ppTluJpFgEnDaDwc3Ubw6pVCyO7vUooZ7AvYiFjGBtJN8+6AyxTPoMBegKlQQ6RcIPTh4qvl10ys4M6C9xM1KEDDXf/ux0Y5IKGmnCsVJt10m0N8ZSM8LppNBJFU0wGeAebRsaYUGVN549MEHHRumiMJamIo1m6s+JMRZKjURgOgXWfbXoTcX/vHaqw0tvzKIk1TQi80VhypGO0TQN1GWSEs1HhmAimbkVkT6WmGiTWcGE4C6+/Jc0KmX3vOzenRWr11kceTiEIyiBCxdQhVuoQR0ITOAJXuDVerSerTfrfd6as7KZffgF6+MbeDuUYw==</latexit>

'b = (m+mb)
2

<latexit sha1_base64="SM8YqUPOhC0TCwBpak2+HGOiQYM=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMruIuqx6MVjBfsB7bZk02wbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PmjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2F47uZ33qiSrNYPppJQgOBh5JFjGBjpa7o+egC+aIf9vx+ueJW3TnQKvFyUoEc9X75qzuISSqoNIRjrTuem5ggw8owwum01E01TTAZ4yHtWCqxoDrI5jdP0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpCa6CTImk9RQSRaLopQjE6NZAGjAFCWGTyzBRDF7KyIjrDAxNqaSDcFbfnmVNP2qd1X1Hi4rtds8jiKcwCmcgwfXUIN7qEMDCCTwDK/w5qTOi/PufCxaC04+cwx/4Hz+AOw8kFA=</latexit>

m2 + 2m2
b

<latexit sha1_base64="wZvjVisDzysRYeb8QeStKdzMQ1w=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKQJVECBgrWBiLRB9Sm0aO67RWbSeyHaQq6sDCr7AwgBArH8HG3+C2GaDlSFf36Jx7Zd8TJowq7Tjf1srq2vrGZmGruL2zu7dvHxw2VZxKTBo4ZrFsh0gRRgVpaKoZaSeSIB4y0gpHN1O/9UCkorG41+OE+BwNBI0oRtpIgV3qRhLhrMKDsOfBM8h73mnPm2SmTwK77FSdGeAycXNSBjnqgf3V7cc45URozJBSHddJtJ8hqSlmZFLspookCI/QgHQMFYgT5WezIybwxCh9GMXSlNBwpv7eyBBXasxDM8mRHqpFbyr+53VSHV35GRVJqonA84eilEEdw2kisE8lwZqNDUFYUvNXiIfIpKJNbkUTgrt48jJpelX3ourenZdr13kcBVACx6ACXHAJauAW1EEDYPAInsEreLOerBfr3fqYj65Y+c4R+APr8wdss5at</latexit>

(m2
b �m2)2

m2

       on the real  axiss

Follows two-body unitarity condition:
<latexit sha1_base64="yDsKfKmB3yURKz/3JtTrmbTu5zE=">AAACGnicbVDLSsNAFJ3UV62vqEs3g6XgqiQi6rLoxo1QwT6gCWEynTZDJ5M4MymUNN/hxl9x40IRd+LGv3HSZqGtBwYO58zlnnv8mFGpLOvbKK2srq1vlDcrW9s7u3vm/kFbRonApIUjFomujyRhlJOWooqRbiwICn1GOv7oOvc7YyIkjfi9msTEDdGQ0wHFSGnJM+0pdEQQeakzRiIOKPQz6IRIBRix9Db7rU8dRh6g7ZlVq27NAJeJXZAqKND0zE+nH+EkJFxhhqTs2Vas3BQJRTEjWcVJJIkRHqEh6WnKUUikm85Oy2BNK304iIR+XMGZ+nsiRaGUk1CnruWp5aKXi/95vUQNLt2U8jhRhOP5okHCoIpg3hPsU0GwYhNNEBZUZ4U4QAJhpdus6BLsxZOXSfu0bp/X7buzauOqqKMMjsAxOAE2uAANcAOaoAUweATP4BW8GU/Gi/FufMy/loxi5hD8gfH1A94joWA=</latexit>

|⇢'bM'b|  1

<latexit sha1_base64="FHWjthes38/en3uOO/Y3xGhvFJc="></latexit>

M'b
Above  thresholdφb
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Romero-López et al.

ma = 16

η = 15

∆
ρ
ϕ
b

(E/m)2

ma = 16

η = 15

ma = 16

η = 15

<latexit sha1_base64="sdi9kuzKJ5N/bw/6A8xjpN1f7Ws=">AAAB+XicbVDLTgJBEJzFF+Jr1aOXicTEE+4Sox6JXjyikUfCIpkdGpgw+8hML5Fs+BMvHjTGq3/izb9xgD0oWEknlarudHf5sRQaHefbyq2srq1v5DcLW9s7u3v2/kFdR4niUOORjFTTZxqkCKGGAiU0YwUs8CU0/OHN1G+MQGkRhQ84jqEdsH4oeoIzNFLHtj2EJ0zvYeJRfRY8ljt20Sk5M9Bl4makSDJUO/aX1414EkCIXDKtW64TYztlCgWXMCl4iYaY8SHrQ8vQkAWg2+ns8gk9MUqX9iJlKkQ6U39PpCzQehz4pjNgONCL3lT8z2sl2LtqpyKME4SQzxf1EkkxotMYaFco4CjHhjCuhLmV8gFTjKMJq2BCcBdfXib1csm9KLl358XKdRZHnhyRY3JKXHJJKuSWVEmNcDIiz+SVvFmp9WK9Wx/z1pyVzRySP7A+fwD9OZM8</latexit>

Re s/m2

16



<latexit sha1_base64="MfxpHtn9ftRJ/qRd/eyQXuS1qlk=">AAACC3icbVA9SwNBEN3z2/MrammzGAwRQrgTiTaCaKPYKJgo5ELY22x0ye7eZXdODEd6G/+KjYUitv4BO/+Nm+QKNT4YeLw3w8y8MBbcgOd9OROTU9Mzs3Pz7sLi0vJKbnWtZqJEU1alkYj0dUgME1yxKnAQ7DrWjMhQsKuwczzwr+6YNjxSl9CLWUOSG8XbnBKwUjO3WZAEH2C/goPALQTA7iE9lf0AnxW7zbBkSt3tZi7vlb0h8DjxM5JHGc6buc+gFdFEMgVUEGPqvhdDIyUaOBWs7waJYTGhHXLD6pYqIplppMNf+njLKi3cjrQtBXio/pxIiTSmJ0PbKQncmr/eQPzPqyfQ3m+kXMUJMEVHi9qJwBDhQTC4xTWjIHqWEKq5vRXTW6IJBRufa0Pw/748Tmo7Zb9S9i9284dHWRxzaANtoiLy0R46RCfoHFURRQ/oCb2gV+fReXbenPdR64STzayjX3A+vgGKU5g6</latexit>

ma = 16

Im K(qb, s, q)

<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2
<latexit sha1_base64="nZtq+F/Z8VAieBcKpIJNWQIFtS8=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksQkUoSRH1IhS9eKxgP6CNYbPdtEt3k7C7KZTSi3/FiwdFvPozvPlv3LY5aPXBwOO9GWbmBQlnSjvOl5VbWl5ZXcuvFzY2t7Z37N29hopTSWidxDyWrQAryllE65ppTluJpFgEnDaDwc3Ubw6pVCyO7vUooZ7AvYiFjGBtJN8+6AyxTPoMBegKlQQ6RcIPTh4qvl10ys4M6C9xM1KEDDXf/ux0Y5IKGmnCsVJt10m0N8ZSM8LppNBJFU0wGeAebRsaYUGVN549MEHHRumiMJamIo1m6s+JMRZKjURgOgXWfbXoTcX/vHaqw0tvzKIk1TQi80VhypGO0TQN1GWSEs1HhmAimbkVkT6WmGiTWcGE4C6+/Jc0KmX3vOzenRWr11kceTiEIyiBCxdQhVuoQR0ITOAJXuDVerSerTfrfd6as7KZffgF6+MbeDuUYw==</latexit>

'b = (m+mb)
2

<latexit sha1_base64="SM8YqUPOhC0TCwBpak2+HGOiQYM=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMruIuqx6MVjBfsB7bZk02wbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PmjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2F47uZ33qiSrNYPppJQgOBh5JFjGBjpa7o+egC+aIf9vx+ueJW3TnQKvFyUoEc9X75qzuISSqoNIRjrTuem5ggw8owwum01E01TTAZ4yHtWCqxoDrI5jdP0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpCa6CTImk9RQSRaLopQjE6NZAGjAFCWGTyzBRDF7KyIjrDAxNqaSDcFbfnmVNP2qd1X1Hi4rtds8jiKcwCmcgwfXUIN7qEMDCCTwDK/w5qTOi/PufCxaC04+cwx/4Hz+AOw8kFA=</latexit>

m2 + 2m2
b

<latexit sha1_base64="wZvjVisDzysRYeb8QeStKdzMQ1w=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKQJVECBgrWBiLRB9Sm0aO67RWbSeyHaQq6sDCr7AwgBArH8HG3+C2GaDlSFf36Jx7Zd8TJowq7Tjf1srq2vrGZmGruL2zu7dvHxw2VZxKTBo4ZrFsh0gRRgVpaKoZaSeSIB4y0gpHN1O/9UCkorG41+OE+BwNBI0oRtpIgV3qRhLhrMKDsOfBM8h73mnPm2SmTwK77FSdGeAycXNSBjnqgf3V7cc45URozJBSHddJtJ8hqSlmZFLspookCI/QgHQMFYgT5WezIybwxCh9GMXSlNBwpv7eyBBXasxDM8mRHqpFbyr+53VSHV35GRVJqonA84eilEEdw2kisE8lwZqNDUFYUvNXiIfIpKJNbkUTgrt48jJpelX3ourenZdr13kcBVACx6ACXHAJauAW1EEDYPAInsEreLOerBfr3fqYj65Y+c4R+APr8wdss5at</latexit>

(m2
b �m2)2

m2

17

<latexit sha1_base64="rtCCRuuTUXCkRat9Kif3LfcpWxI="></latexit>

dS(p, s, k) = �GS(p, s, k)�
Z qmax

0
dq

q2

(2⇡)2!q
GS(p, s, q)M2(q, s)dS(q, s, k)

We are here

Two-body pole lies on top of the logarithmic cut

<latexit sha1_base64="bCd3/eHKWUZ4fjy4mWSjJNV07tc="></latexit>

K(p, s, q) =
q2

(2⇡)2!q
GS(p, s, q)M2(q, s)

 is the spectator momenta corresponding to two-body bound-state energy, qb σq = m2
b

Singularities in Region of Interest
Below  thresholdφb



<latexit sha1_base64="MfxpHtn9ftRJ/qRd/eyQXuS1qlk=">AAACC3icbVA9SwNBEN3z2/MrammzGAwRQrgTiTaCaKPYKJgo5ELY22x0ye7eZXdODEd6G/+KjYUitv4BO/+Nm+QKNT4YeLw3w8y8MBbcgOd9OROTU9Mzs3Pz7sLi0vJKbnWtZqJEU1alkYj0dUgME1yxKnAQ7DrWjMhQsKuwczzwr+6YNjxSl9CLWUOSG8XbnBKwUjO3WZAEH2C/goPALQTA7iE9lf0AnxW7zbBkSt3tZi7vlb0h8DjxM5JHGc6buc+gFdFEMgVUEGPqvhdDIyUaOBWs7waJYTGhHXLD6pYqIplppMNf+njLKi3cjrQtBXio/pxIiTSmJ0PbKQncmr/eQPzPqyfQ3m+kXMUJMEVHi9qJwBDhQTC4xTWjIHqWEKq5vRXTW6IJBRufa0Pw/748Tmo7Zb9S9i9284dHWRxzaANtoiLy0R46RCfoHFURRQ/oCb2gV+fReXbenPdR64STzayjX3A+vgGKU5g6</latexit>

ma = 16

Im K(qb, s, q)

<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2
<latexit sha1_base64="nZtq+F/Z8VAieBcKpIJNWQIFtS8=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksQkUoSRH1IhS9eKxgP6CNYbPdtEt3k7C7KZTSi3/FiwdFvPozvPlv3LY5aPXBwOO9GWbmBQlnSjvOl5VbWl5ZXcuvFzY2t7Z37N29hopTSWidxDyWrQAryllE65ppTluJpFgEnDaDwc3Ubw6pVCyO7vUooZ7AvYiFjGBtJN8+6AyxTPoMBegKlQQ6RcIPTh4qvl10ys4M6C9xM1KEDDXf/ux0Y5IKGmnCsVJt10m0N8ZSM8LppNBJFU0wGeAebRsaYUGVN549MEHHRumiMJamIo1m6s+JMRZKjURgOgXWfbXoTcX/vHaqw0tvzKIk1TQi80VhypGO0TQN1GWSEs1HhmAimbkVkT6WmGiTWcGE4C6+/Jc0KmX3vOzenRWr11kceTiEIyiBCxdQhVuoQR0ITOAJXuDVerSerTfrfd6as7KZffgF6+MbeDuUYw==</latexit>

'b = (m+mb)
2

<latexit sha1_base64="SM8YqUPOhC0TCwBpak2+HGOiQYM=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMruIuqx6MVjBfsB7bZk02wbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PmjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2F47uZ33qiSrNYPppJQgOBh5JFjGBjpa7o+egC+aIf9vx+ueJW3TnQKvFyUoEc9X75qzuISSqoNIRjrTuem5ggw8owwum01E01TTAZ4yHtWCqxoDrI5jdP0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpCa6CTImk9RQSRaLopQjE6NZAGjAFCWGTyzBRDF7KyIjrDAxNqaSDcFbfnmVNP2qd1X1Hi4rtds8jiKcwCmcgwfXUIN7qEMDCCTwDK/w5qTOi/PufCxaC04+cwx/4Hz+AOw8kFA=</latexit>

m2 + 2m2
b

<latexit sha1_base64="wZvjVisDzysRYeb8QeStKdzMQ1w=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKQJVECBgrWBiLRB9Sm0aO67RWbSeyHaQq6sDCr7AwgBArH8HG3+C2GaDlSFf36Jx7Zd8TJowq7Tjf1srq2vrGZmGruL2zu7dvHxw2VZxKTBo4ZrFsh0gRRgVpaKoZaSeSIB4y0gpHN1O/9UCkorG41+OE+BwNBI0oRtpIgV3qRhLhrMKDsOfBM8h73mnPm2SmTwK77FSdGeAycXNSBjnqgf3V7cc45URozJBSHddJtJ8hqSlmZFLspookCI/QgHQMFYgT5WezIybwxCh9GMXSlNBwpv7eyBBXasxDM8mRHqpFbyr+53VSHV35GRVJqonA84eilEEdw2kisE8lwZqNDUFYUvNXiIfIpKJNbkUTgrt48jJpelX3ourenZdr13kcBVACx6ACXHAJauAW1EEDYPAInsEreLOerBfr3fqYj65Y+c4R+APr8wdss5at</latexit>

(m2
b �m2)2

m2

18

<latexit sha1_base64="rtCCRuuTUXCkRat9Kif3LfcpWxI="></latexit>

dS(p, s, k) = �GS(p, s, k)�
Z qmax

0
dq

q2

(2⇡)2!q
GS(p, s, q)M2(q, s)dS(q, s, k)

We are here

Logarithmic cut forms a circle around  
the end point of integration

<latexit sha1_base64="bCd3/eHKWUZ4fjy4mWSjJNV07tc="></latexit>

K(p, s, q) =
q2

(2⇡)2!q
GS(p, s, q)M2(q, s)

 is the spectator momenta corresponding to two-body bound-state energy, qb σq = m2
b

Singularities in Region of Interest
Below  thresholdφb



<latexit sha1_base64="MfxpHtn9ftRJ/qRd/eyQXuS1qlk=">AAACC3icbVA9SwNBEN3z2/MrammzGAwRQrgTiTaCaKPYKJgo5ELY22x0ye7eZXdODEd6G/+KjYUitv4BO/+Nm+QKNT4YeLw3w8y8MBbcgOd9OROTU9Mzs3Pz7sLi0vJKbnWtZqJEU1alkYj0dUgME1yxKnAQ7DrWjMhQsKuwczzwr+6YNjxSl9CLWUOSG8XbnBKwUjO3WZAEH2C/goPALQTA7iE9lf0AnxW7zbBkSt3tZi7vlb0h8DjxM5JHGc6buc+gFdFEMgVUEGPqvhdDIyUaOBWs7waJYTGhHXLD6pYqIplppMNf+njLKi3cjrQtBXio/pxIiTSmJ0PbKQncmr/eQPzPqyfQ3m+kXMUJMEVHi9qJwBDhQTC4xTWjIHqWEKq5vRXTW6IJBRufa0Pw/748Tmo7Zb9S9i9284dHWRxzaANtoiLy0R46RCfoHFURRQ/oCb2gV+fReXbenPdR64STzayjX3A+vgGKU5g6</latexit>

ma = 16

Im K(qb, s, q)

<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2
<latexit sha1_base64="nZtq+F/Z8VAieBcKpIJNWQIFtS8=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksQkUoSRH1IhS9eKxgP6CNYbPdtEt3k7C7KZTSi3/FiwdFvPozvPlv3LY5aPXBwOO9GWbmBQlnSjvOl5VbWl5ZXcuvFzY2t7Z37N29hopTSWidxDyWrQAryllE65ppTluJpFgEnDaDwc3Ubw6pVCyO7vUooZ7AvYiFjGBtJN8+6AyxTPoMBegKlQQ6RcIPTh4qvl10ys4M6C9xM1KEDDXf/ux0Y5IKGmnCsVJt10m0N8ZSM8LppNBJFU0wGeAebRsaYUGVN549MEHHRumiMJamIo1m6s+JMRZKjURgOgXWfbXoTcX/vHaqw0tvzKIk1TQi80VhypGO0TQN1GWSEs1HhmAimbkVkT6WmGiTWcGE4C6+/Jc0KmX3vOzenRWr11kceTiEIyiBCxdQhVuoQR0ITOAJXuDVerSerTfrfd6as7KZffgF6+MbeDuUYw==</latexit>

'b = (m+mb)
2

<latexit sha1_base64="SM8YqUPOhC0TCwBpak2+HGOiQYM=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMruIuqx6MVjBfsB7bZk02wbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PmjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2F47uZ33qiSrNYPppJQgOBh5JFjGBjpa7o+egC+aIf9vx+ueJW3TnQKvFyUoEc9X75qzuISSqoNIRjrTuem5ggw8owwum01E01TTAZ4yHtWCqxoDrI5jdP0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpCa6CTImk9RQSRaLopQjE6NZAGjAFCWGTyzBRDF7KyIjrDAxNqaSDcFbfnmVNP2qd1X1Hi4rtds8jiKcwCmcgwfXUIN7qEMDCCTwDK/w5qTOi/PufCxaC04+cwx/4Hz+AOw8kFA=</latexit>

m2 + 2m2
b

<latexit sha1_base64="wZvjVisDzysRYeb8QeStKdzMQ1w=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKQJVECBgrWBiLRB9Sm0aO67RWbSeyHaQq6sDCr7AwgBArH8HG3+C2GaDlSFf36Jx7Zd8TJowq7Tjf1srq2vrGZmGruL2zu7dvHxw2VZxKTBo4ZrFsh0gRRgVpaKoZaSeSIB4y0gpHN1O/9UCkorG41+OE+BwNBI0oRtpIgV3qRhLhrMKDsOfBM8h73mnPm2SmTwK77FSdGeAycXNSBjnqgf3V7cc45URozJBSHddJtJ8hqSlmZFLspookCI/QgHQMFYgT5WezIybwxCh9GMXSlNBwpv7eyBBXasxDM8mRHqpFbyr+53VSHV35GRVJqonA84eilEEdw2kisE8lwZqNDUFYUvNXiIfIpKJNbkUTgrt48jJpelX3ourenZdr13kcBVACx6ACXHAJauAW1EEDYPAInsEreLOerBfr3fqYj65Y+c4R+APr8wdss5at</latexit>

(m2
b �m2)2

m2
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<latexit sha1_base64="rtCCRuuTUXCkRat9Kif3LfcpWxI="></latexit>

dS(p, s, k) = �GS(p, s, k)�
Z qmax

0
dq

q2

(2⇡)2!q
GS(p, s, q)M2(q, s)dS(q, s, k)

Contour Deformation
Below  thresholdφb



<latexit sha1_base64="wq6H54QY7aS5r7JvL4du/erIRys=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0Wveitgv2A7lKyabYNTbJLMiuWpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdDP1249MGx6rBxgnLJBkoHjEKQEr+T6wJ8ju5KRqTnvliltzZ8DLxMtJBeVo9Mpffj+mqWQKqCDGdD03gSAjGjgVbFLyU8MSQkdkwLqWKiKZCbLZzRN8YpU+jmJtSwGeqb8nMiKNGcvQdkoCQ7PoTcX/vG4K0VWQcZWkwBSdL4pSgSHG0wBwn2tGQYwtIVRzeyumQ6IJBRtTyYbgLb68TFpnNe+i5t2fV+rXeRxFdISOURV56BLV0S1qoCaiKEHP6BW9Oanz4rw7H/PWgpPPHKI/cD5/ANMBkYs=</latexit>

Im(s)

<latexit sha1_base64="ns9/4K9UfELGuv8h5mBuT7lfuoE=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXRD0GvXiMYh6QXcLspDcZMvtgplcMS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqDk0ey1h1fKZBigiaKFBCJ1HAQl9C2x/dTP32Iygt4ugBxwl4IRtEIhCcoZFcF+EJs3uYVPVpr1yxa/YMdJk4OamQHI1e+cvtxzwNIUIumdZdx07Qy5hCwSVMSm6qIWF8xAbQNTRiIWgvm908oSdG6dMgVqYipDP190TGQq3HoW86Q4ZDvehNxf+8borBlZeJKEkRIj5fFKSSYkynAdC+UMBRjg1hXAlzK+VDphhHE1PJhOAsvrxMWmc156Lm3J1X6td5HEVyRI5JlTjkktTJLWmQJuEkIc/klbxZqfVivVsf89aClc8ckj+wPn8A1JKRjA==</latexit>

Re(s)
<latexit sha1_base64="pzjs8jan9WDsSPTizDRmJHKnzsk=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuFfVY9OKxgv2Adi3ZNNvGJpslyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJIrRBJJeqHWBNOYtowzDDaTtWFIuA01Ywupn6rSeqNJPRvRnH1Bd4ELGQEWys1CyfidOHaq9YcivuDGiZeBkpQYZ6r/jV7UuSCBoZwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsjbCg2k9n107QiVX6KJTKVmTQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUxbFiaERmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIRneIU3RzovzrvzMW/NOdnMIfyB8/kDNhWOPQ==</latexit>

(3m)2
<latexit sha1_base64="nZtq+F/Z8VAieBcKpIJNWQIFtS8=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksQkUoSRH1IhS9eKxgP6CNYbPdtEt3k7C7KZTSi3/FiwdFvPozvPlv3LY5aPXBwOO9GWbmBQlnSjvOl5VbWl5ZXcuvFzY2t7Z37N29hopTSWidxDyWrQAryllE65ppTluJpFgEnDaDwc3Ubw6pVCyO7vUooZ7AvYiFjGBtJN8+6AyxTPoMBegKlQQ6RcIPTh4qvl10ys4M6C9xM1KEDDXf/ux0Y5IKGmnCsVJt10m0N8ZSM8LppNBJFU0wGeAebRsaYUGVN549MEHHRumiMJamIo1m6s+JMRZKjURgOgXWfbXoTcX/vHaqw0tvzKIk1TQi80VhypGO0TQN1GWSEs1HhmAimbkVkT6WmGiTWcGE4C6+/Jc0KmX3vOzenRWr11kceTiEIyiBCxdQhVuoQR0ITOAJXuDVerSerTfrfd6as7KZffgF6+MbeDuUYw==</latexit>

'b = (m+mb)
2

<latexit sha1_base64="SM8YqUPOhC0TCwBpak2+HGOiQYM=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMruIuqx6MVjBfsB7bZk02wbmmSXJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PmjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2F47uZ33qiSrNYPppJQgOBh5JFjGBjpa7o+egC+aIf9vx+ueJW3TnQKvFyUoEc9X75qzuISSqoNIRjrTuem5ggw8owwum01E01TTAZ4yHtWCqxoDrI5jdP0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpCa6CTImk9RQSRaLopQjE6NZAGjAFCWGTyzBRDF7KyIjrDAxNqaSDcFbfnmVNP2qd1X1Hi4rtds8jiKcwCmcgwfXUIN7qEMDCCTwDK/w5qTOi/PufCxaC04+cwx/4Hz+AOw8kFA=</latexit>

m2 + 2m2
b

<latexit sha1_base64="wZvjVisDzysRYeb8QeStKdzMQ1w=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJDKQJVECBgrWBiLRB9Sm0aO67RWbSeyHaQq6sDCr7AwgBArH8HG3+C2GaDlSFf36Jx7Zd8TJowq7Tjf1srq2vrGZmGruL2zu7dvHxw2VZxKTBo4ZrFsh0gRRgVpaKoZaSeSIB4y0gpHN1O/9UCkorG41+OE+BwNBI0oRtpIgV3qRhLhrMKDsOfBM8h73mnPm2SmTwK77FSdGeAycXNSBjnqgf3V7cc45URozJBSHddJtJ8hqSlmZFLspookCI/QgHQMFYgT5WezIybwxCh9GMXSlNBwpv7eyBBXasxDM8mRHqpFbyr+53VSHV35GRVJqonA84eilEEdw2kisE8lwZqNDUFYUvNXiIfIpKJNbkUTgrt48jJpelX3ourenZdr13kcBVACx6ACXHAJauAW1EEDYPAInsEreLOerBfr3fqYj65Y+c4R+APr8wdss5at</latexit>

(m2
b �m2)2

m2
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Below  thresholdφb

8.75 8.80 8.85 8.90 8.95
-2.5

-1.5

-0.5

0.5

1.5

2.5 Real
Imag
FV w/o Cut

8.9755 8.9760 8.9765

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

0.004%

Shifted slightly into the complex 
s plane by Im(s)=10−5

<latexit sha1_base64="0nd6kYDS1QcyErD49JuWiYxutJc=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiCVgSqJELAgVbAwMBSJPqQ2jRzXaa3aSWQ7SFWUH2DhV1gYQIiVnY2/wW0zQOFIV/fonHtl3+PHjEplWV9GYWFxaXmluFpaW9/Y3DK3d5oySgQmDRyxSLR9JAmjIWkoqhhpx4Ig7jPS8kdXE791T4SkUXinxjFxORqENKAYKS155oH00hs7gxewGwiE0wr3/J4DjyHvOUc9J0t1zzyzbFWtKeBfYuekDHLUPfOz249wwkmoMENSdmwrVm6KhKKYkazUTSSJER6hAeloGiJOpJtOr8ngoVb6MIiErlDBqfpzI0VcyjH39SRHaijnvYn4n9dJVHDupjSME0VCPHsoSBhUEZxEA/tUEKzYWBOEBdV/hXiIdCpKB1jSIdjzJ/8lTadqn1bt25Ny7TKPowj2wD6oABucgRq4BnXQABg8gCfwAl6NR+PZeDPeZ6MFI9/ZBb9gfHwDRUeZyw==</latexit>

sL1 =
(m2

b �m2)2

m2
<latexit sha1_base64="3YcfDclpOlhEqWmcCwsitjcZ8Ok=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEQShJEHUjFN24cFHBPqBNw2Q6aYfOTMLMRCih4K+4caGIW7/DnX/jtM1CWw9cOJxzL/feEyaMKu0431ZhaXllda24XtrY3NresXf3GipOJSZ1HLNYtkKkCKOC1DXVjLQSSRAPGWmGw5uJ33wkUtFYPOhRQnyO+oJGFCNtpMA+UEF2543hFeRdD55Cjwdh1wvsslNxpoCLxM1JGeSoBfZXpxfjlBOhMUNKtV0n0X6GpKaYkXGpkyqSIDxEfdI2VCBOlJ9Nzx/DY6P0YBRLU0LDqfp7IkNcqREPTSdHeqDmvYn4n9dOdXTpZ1QkqSYCzxZFKYM6hpMsYI9KgjUbGYKwpOZWiAdIIqxNYiUTgjv/8iJpeBX3vOLen5Wr13kcRXAIjsAJcMEFqIJbUAN1gEEGnsEreLOerBfr3fqYtRasfGYf/IH1+QMTQZOg</latexit>

sL2 = m2 + 2m2
b

       on the real  axiss
<latexit sha1_base64="FHWjthes38/en3uOO/Y3xGhvFJc="></latexit>

M'b


